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Reprinted from the Journal of the Chemical Society, 1938.

263. Studies in the Indole Series. Part II. Derivatives of
2-Phenylindole.

By E. B. Womack, NEIL CampBELL, and G. B. Dopbs.

Nitrous acid is shown to form with 2-phenylindole, not only the 3-oximino-com-
pound, but also 3-nitro-2-phenylindole and a dinitroindole identical with that formed
by the direct nitration of 2-phenylindole; the second nitro-group is shown to be in
the 5-position. Attempts to prepare al. trinitro-2-phenylindole were unsuccessful.

402
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The properties of 3-nitroso-2-phenyl-1-methylindole have been further investigated.
An easy method for preparing 2'- and 4'-nitrodeoxybenzoins has been obtained, and the
reduction of these compounds studied. An improved method for the preparation of

p-nitrobenzil is given.

CampBELL and CooPER (J., 1935, 1208) suspected that, when an excess of nitrous acid
acts upon 2-phenylindole, it not only forms the 3-oximino-compound but also oxidises
the latter to the corresponding nitro-compound and effects nitration of the benzene ring.
We have now shown that nitrous acid readily accomplishes the oxidation, and when in
large excess it forms the dinitro-2-phenylindole first obtained by Angeli and Angelico
(Gazzetta, 1900, 30, 268), though their method of preparation is much superior. The
m. p. of this dinitro-2-phenylindole was given as * above 280°," and no definite structure
was assigned to it. We have obtained the compound in the pure state with a definite
m. p. of 312°, and have proved it to be 3 : 5-dinitro-2-phenylindole (I) by oxidation with
potassium permanganate in glacial acetic acid to 5-nitro-N-benzoylanthranilic acid. This
nitration of the benzene ring in position 5 is paralleled by the nitration of 2 : 3-dimethyl-
indole (Bauer and Strauss, Ber., 1932, 65, 308; Plant and Tomlinson, J., 1933, 955). By
analogy, the dinitro-2-methylindole of Walther and Clemen (. pr. Chem., 1900, 61, 249)
is probably the 3 : 5-dinitro-compound.

Since Mathur and Robinson (J., 1934, 1415) nitrated dinitro- to a trinitro-2-methyl-
indole, we attempted to prepare trinitro-2-phenylindole by the same method. From the
reaction mixture, however, only unchanged dinitro-2-phenylindole was obtained, whilst
with stronger nitrating agents oxidation occurred, giving acidic compounds containing
5-nitro-N-benzoylanthranilic acid.

The properties of 3-nitroso-2-phenyl-1-methylindole have been further investigated.
Although this is a true nitroso-compound, many of its properties are anomalous. All
attempts to oxidise it to the corresponding nitro-compound failed. With alkaline per-
manganate, oxidation did occur, but the product was a colourless acid, and hence ring
fission had taken place. It had been noted earlier that it did not condense with aniline
(Campbell and Cooper, loc. cit.) : this work has been repeated with aniline, p-nitroaniline,
and p-bromoaniline, but in all cases only the unchanged compound was obtained. Further,
the nitroso-compound gave no colour with glacial acetic acid and diphenylamine (nitroso-
benzene gives a pink coloration), formed no dye with hydroxylamine hydrochloride and
a-naphthol, and liberated iodine from acidified aqueous-alcoholic potassium iodide much
less readily than nitrosobenzene. Both in appearance and in some of its chemical pro-
perties, 3-nitroso-2-phenyl-1-methylindole resembles p-nitrosodimethylaniline rather than
nitrosobenzene, for the former gives no colour with glacial acetic acid and diphenylamine,
and liberates iodine from potassium iodide solution more slowly than does the latter.

With certain nitroso-compounds it is not possible to carry out the Liebermann reaction
owing to sulphuric acid itsell producing a coloration, and this also applies to the Angeli—
Castellana reaction (Affz R. Accad. Lincer, 1905, 141, 669), but the latter may be modified
by using acetic acid instead of sulphuric acid. C-Nitroso-compounds such as nitroso-
benzene give a pink coloration after a few minutes.

In the course of these investigations we have repeatedly attempted to prepare 2-
phenylindole by the reduction of 2'-nitro- (so-called o-nitro-)deoxybenzoin with zinc
dust and ammonia, as recorded by Pictet (Ber., 1886, 19, 1064) and List (Ber., 1893, 26,
2451), but no appreciable quantity of that compound could be isolated, the product being
a crystalline compound of sharp m. p. which we believe to be 2"-aminodeoxybenzoin (1I).

CH,

, C(NOy) .
(L) *\‘02@ \CPh q \COPh (IL.)
NH—" NH,

The nitrodeoxybenzoin used by Pictet was a crude oily product (yield not quoted) which
List showed to contain 25—309, of 2’-nitrodeoxybenzoin. We obtained the pure com-
pound by nitrating deoxybenzoin with Menke’s reagent (Rec. Trav. chim., 1925, 44, 141,



[1938] Indole Series. Part II. Derivatives of 2-Phenylindole. 1404

269), the resulting mixture of 2'- and 4'-isomers being easily separated into its constituents
with ether. The reduction of both compounds yielded the corresponding aminodeoxy-
benzoins, though the 2’-compound afforded a trace of 2-phenylindole and in certain
conditions larger quantities were obtained.

The formation of 2-phenylindole establishes the orientation of the 2’-amino-compound,
and presumably the so-called p-isomer is the 4'-compound (Beilstein nomenclature).
This was confirmed by the fact that 4’-nitrodeoxybenzoin, prepared as above, was identical
with the nitrodeoxybenzoin prepared from p-nitrophenylacetyl chloride and benzene by
the Friedel-Crafts reaction (Petrenko-Kritschenko, Ber., 1892, 25, 2242). The 4'-amino-
deoxybenzoin was shown to be identical with that prepared by Golubew (Ber., 1873, 6,
1252) by reduction of p-nitrobenzil, though the mixed m. p. determination was not com-
pletely satisfactory, for the amino-compounds decompose on standing owing, possibly,
to the condensation of the carbonyl group of one molecule with the amino-group of another.

We have improved Chattaway and Coulson’s preparation of p-nitrobenzil (J., 1928,
1080).

EXPERIMENTAL.

The m. p.’s recorded were obtained with Kofler’'s micro-apparatus (‘* Mikroskopische
Methoden in der Mikrochemie ') and calibrated thermometers. In agreement with his claims,
the apparatus was found to be much more satisfactory than the ordinary capillary m. p. apparatus.
Most of the analyses were done by Dr. Weiler, Oxford, and Mr. W. Brown, Edinburgh.
2-Phenylindole and 3-oximino-2-phenylindole were prepared by the procedure reported by
Campbell and Cooper (loc. cit.).

Action of Nitrous Acid on 3-Oximino- and 3-Nitro-2-phenylindole.—The oximino-compound
(1 g.) was suspended in boiling glacial acetic acid (15 c¢.c.) and treated with sodium nitrite
(0:35 g.; 1 equiv.). The resulting precipitate crystallised from alcohol in yellow needles, and
was shown by m. p. and mixed m. p. (236—238°, lit., 238°) to be 3-nitro-2-phenylindole; yield
quantitative.

3-Nitro-2-phenylindole (2 g.), when treated in boiling glacial acetic acid with a large excess
of sodium nitrite (5 g.), yielded a mixture of unchanged compound and a small amount (0-3 g.)
of a yellow crystalline substance which was insoluble in alcohol and cold acetic acid and melted
at 312° (decomp.). It was identified as 3 : 5-dinitro-2-phenylindole (I), and shown (mixed
m. p.) to be identical with the dinitro-2-phenylindole prepared by Angeli and Angelico (loc.
cit.). It was best prepared as follows. 2-Phenylindole (10 g.) was mixed with concentrated
nitric acid (100 c.c.), and after a brisk reaction the dinitro-compound separated; it was purified
by dissolution in dilute sodium hydroxide and precipitation with nitric acid, and crystallised
in yellow plates (glacial acetic acid), m. p. 312°.

Oxidation of 3-Oximino-, 3-Nitvo-, and 3 : 5-Dinitro-2-phenylindole.—Many oxidising agents
were used, but the most satisfactory was potassium permanganate in glacial acetic acid. 3-
Oximino- or 3-nitro-2-phenylindole (0-4 g.) was dissolved in glacial acetic acid and heated under
reflux with powdered potassium permanganate (1 g.) for 3 hours, and the product poured into
water. After decolorisation of the solution by sulphurous acid, a creamy precipitate of benzoyl-
anthranilic acid was obtained, which was crystallised from alcohol, m. p. 179—181° (lit., 181°);
yield 0:2 g. The compound was purified by dissolving it in dilute sodium hydroxide, removing
any insoluble matter, and reprecipitating with dilute sulphuric acid. 3 : 5-Dinitro-2-phenyl-
indole by the same treatment yielded 5-nitro-N-benzoylanthranilic acid, m. p. 257—258°,
identical with an authentic specimen prepared as described below.

5-Nitro-N-benzoylanthranilic Acid.—>5-Nitroanthranilic acid (Bogert and Scatchard, J. Amer.
Chem. Soc., 1919, 41, 2066) could not be benzoylated in benzene by benzoyl chloride, but in
pyridine 5-nitro-N-benzoylanthranil was easily obtained, m. p. 178—180° (Found : C, 62-8; H,
3:3; N, 10-4. C,;HO,N, requires C, 62:7; H, 3:0; N, 10-4%). By hydrolysis with boiling
hydrochloric acid, b6-nitro-N-benzoylanthranilic acid was obtained, m. p. 257—260° (Found :
C, 59:8; H,41; N, 9-6. C,,H,,O;N, requires C, 58-8; H, 3-5; N, 9:8%,).

Attempted Nitration of 3:5-Dinitro-2-phenylindole.—3 : 5-Dinitro-2-phenylindole (2 g.)
was boiled with concentrated nitric acid (10 c.c.) for 15 minutes, and the solution cooled. The
colourless solid so obtained was obviously a mixture, but after several crystallisations from
aqueous alcohol a small amount of 5-nitro-N-benzoylanthranilic acid was obtained.

Nitration of Deoxybenzoin.—Deoxybenzoin (10 g.) was dissolved in acetic anhydride (50
c.c.), and cupric nitrate (15 g.) added slowly, the mixture being continuously stirred and the
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temperature maintained at 25—30°. The mixture was then kept for an hour at room tem-
perature, and poured into water (300 c.c.). The resulting solid (10 g.) was extracted with cold
ether (100 c.c.), the 2’-compound dissolving and the 4'-isomer remaining. The nitro-compounds
were purified by crystallisation first from benzene-light petroleum (b. p. 60—80°) (1: 1), and
then from alcohol : 2'-compound, m. p. 72—74° (lit., 783—74°), yield 6 g.; 4'-compound, m. p.
138—140° (lit., 141—142°), yield 2 g. Quantities up to 35 g. of deoxybenzoin have been
nitrated by this method, but the temperature must be maintained between 25° and 30° : below
25° nitration does not occur, and above 30° oxidation to benzils takes place. Both compounds
were identified by oxidation to the corresponding nitrobenzoic acids, and by their oximes
and dinitrophenylhydrazones. 2'-Nifrodeoxybenzoin-2 : 4-dinitrophenylhydrazone, prepared by
Brady's method (J., 1931, 756), was obtained in orange prisms (from tetralin), m. p. 219—221°
(Found : N, 16-5. C,,H,;0,N; requires N, 16-69,), and the 4'-isomeride was similarly obtained
as orange-red prisms, m. p. 233—234° (Found : N, 17-09,). 4'-Nitrodeoxybenzoin was shown to
be identical with the compound prepared as below.

Preparation of 4'-Nitrodeoxybenzoin.—Petrenko-Kritschenko’s method (loc. cit.) was used
with the following modifications. After the brisk reaction with aluminium chloride, the mixture
was heated on the water-bath for an hour and then poured on ice and concentrated hydro-
chloric acid. The benzene layer was separated, more benzene being added if necessary to
dissolve any remaining solid, and the solution was heated for an hour under reflux with good
animal charcoal. The solution was filtered, an equal volume of light petroleum (b. p. 60—
80°) added, and the mixture kept for 2 hours. The resulting precipitate was crystallised
repeatedly from alcohol (charcoal); m. p. 141—142°, yield poor.

Reduction of 2'- and 4'-Nitrodeoxybenzoins.—In our hands the method of Pictet (loc. cit.)
and List (loc. cit.) afforded a dark tarry product, which gave a definite pine-splint reaction
but yielded only a very small amount of 2-phenylindole by tedious treatment with ligroin. A
more satisfactory result was obtained when 2'-nitrodeoxybenzoin (5 g.) was treated with excess
zinc dust in concentrated ammonia (25 c.c.). After reduction was complete, the mixture was
filtered, and on neutralisation with dilute sulphuric acid yielded yellow crystalline 2'-amiso-
deoxybenzoin (II) (3 g.), which after crystallisation from alcohol melted at 170° (Found : C,
80-7; H, 5:2; N, 6:7. C;H,;ON requires C, 80:0; H, 6:2; N, 6:6%). The compound dis-
solved in hydrochloric acid, and decomposed on standing; a solution in acetic anhydride, after
being kept at room temperature for several days, gave the pine-splint test, but no 2-phenyl-
indole could be isolated. 4'-Nitrodeoxybenzoin, when reduced in a similar manner, gave
4’-aminodeoxybenzoin, m. p. 94—96° (lit., 95—96°), identical with the amine formed in very
poor yields by reduction of p-nitrobenzil (Golubew, loc. ¢it.). Attempts to prepare picrates and
acetyl and benzoyl derivatives of the amines were unsuccessful.

2-Phenylindole (1 g.) was obtained by reducing 2'-nitrodeoxybenzoin (6 g.) with zinc dust
and glacial acetic acid, 4 g. of the nitro-compound being recovered unchanged.

Preparation of p-Nitrobenzil.—Pure benzoin (200 g.) was suspended in acetic anhydride
(1000 c.c.), and the mixture cooled in ice. Concentrated sulphuric acid (200 c.c.) was added,
and the mixture stirred and cooled to 0°. Potassium nitrate (110 g.) was added in small
quantities, and the mixture then kept for 2 days at room temperature before being poured into
water. The oil which separated was washed with water, extracted with ether, and the ether
evaporated, leaving an oil which soon solidified and was crystallised twice from alcohol or
acetone; m. p. 127—128° (lit., 125°), yield 60%,. The compound was shown to be identical
with the acetyl derivative of p-nitrobenzoin obtained by Francis and Keene (J., 1911, 99,
344). p-Nitrobenzil was obtained by heating the acetyl compound (5 g.) with concentrated
nitric acid (14 c.c.) on the water-bath for 1 hour and pouring the solution into water. The
resulting precipitate was crystallised three times from glacial acetic acid; m. p. 142° (lit.,
142°), yield 4 g.

Thanks are expressed to the Carnegie Trust for the Universities of Scotland for the award
of a Teaching Fellowship to one of us (N. C.), to the Moray Fund for a grant, and to Dr. G. S.
Learmonth for the method of preparation of p-nitrobenzil.

UNIVERSITY OF EDINBURGH. [Received, July 20th, 1938.]

PrINTED 1N GREAT Britamn BY RicHarRD Cray axp Company, L1D.,
Bungay, SurroLk.



: g .I E-I- i S

- Tt ol :- ] - ‘_| |-_'..r- .EII - _' y : ||| -.‘; “'lﬁ_h‘r-.m{ . _-:.r‘rf" Ii'.'\— o

RIE e I e ._-"I :
) h o : N '.’

. ._;:- s I_\_I I Fo - o

B g : ) a N - -
SRR TR o - -.‘F.-.f'f* ' " E
g Ll A § a .:'I [ o s iaistel an Lol

- = o i I

e -

alfa s d
Ran
iy b T

o h-'l_l}‘d;r't:ll. __1? Y




4
I “ [N ]

B
-
- l-'
l i
E
n
u L. i »

L2 ‘ :: -L .*F. ﬁ-—' :"'.'-i_r r...-l_- i Jt
T

i il ppce g L e

- (i =l N T e T i "
— D g e b ‘gt

Ll s iy SR LR

- " 4‘\ Nl S W -,

. |
- e » AT ’.f i e
[T | P L
- S (e i — ¥
vl O ._n::u llbl_.__,h.n_-
i o i =R Lg_ - I__. A

B s
" y . )

g -l- :"‘I'-?sf';tl_




General Introduction

This thesis covers different fields in
heterocyclic chemistry, and is divided for convenlience

into three main parts.

Part 1+ 3tudies in the Indole Series.
Part 2. The Reactivity of Halogen Atoms in

some Heterocyoclic lolecules. |
Part 3. A short Study of the Structure of

Z-Penzencazo=Z=-phenylindole.

_ For cach part an introduction is given,
outlining the work szlready covered on the subject;
an experimental section giving the work done in the
present investigations; and a discussion of the

results obtained.




PART 1. STUDIES IN THE INDOLE SERIES.

A« The Mechanism of the Fischer'Indole Synthesis.

Be Pictet's lethod for the Preparation of
2=Phenylindole.

Ce DNitration of 2«Phenylindole with Nitrous Acid
and an Investigation of the Properties of

l=llothyl=2=phenyl=3=nitroso=indole.



INTRODUOGCTIORN

A+ The lechanism of the Fischer Indole Synthesise.

The mechanism of Emil Fischer's well known
synthesis of indoles by the deamination of Aryl
hydrazones, is & problem which has not yet been
completely elucidated. Four theories have been put
forward to explain the course of this reaction e
those of Brummer (1898), Reddelien (1912), Cohn (1919)
end Bamberger and Landau (1919)e Since Robinson
and Robinson have taken the theory of Brunner, and
brought forward evidence to support it, they may now,
with good reason, claim it as their owm.

The theories of Cohn ( Die Carbazolegruppe,



page 12) and Bamberger and Landau ( Bers, 1919, 52, 1097)
have been fully discussed in the literature, and vital
objections have been brought against them by Hollins
( JeAeCeSe, 1922, 44, 1598 ) and by Robinson ( JeCeSe,
1924, 126, 827 ) so that these need not be further
considered for the purpose of this thesise

The theory of Reddelien ( Amn., 1912, 388, 179)
has been supported chiefly by Hollins ( loce cits )
who has brought forward a great deal of evidence in
its favour, but on the other hand, it has been
definitely criticised by Robinsone Final disprobf
of the theory has been shown by Bodforss ( Bers, 1912,
45, 2150 ) , and by Cooper ( Thesis 1934 ) who repeated
the work of Bodforss in view of the uncertainty arising
out of some of his resultss

According to Reddelien the formation of
2=phenylindole from acetophenone-phenylhydrazone by

the Fischer synthesis follows the courset-

CH CH
e ik

CgHg *NH*N:0-Cgs 2 H . cgHg-NHy + EN:0-Cghs

l

CH
78

s =2 —2 H
| < RO &—— CgHg-N:C-CgHg + NHgz

acetophenone-anil



This view was based on the observation that
2=phenylindole was also formed by fusing together at
250° acetophencno=-anil with phenylhydrazine
zincichloride, & reaction which Reddelien interpreted
es an oxldation of the anil by the phenylhydrazine-
by the removal of two hydrogen atomse

o~ _J";\ NH-NHz
§ | 4~ { ]
l‘x . N:G-OBHE . a

Thus fusion of acetophenone-p-tolil with
rhenylhydrazine-gincichloride should yield 2-phenyle
p~toluindcle, and employment of the o=tolil instead of
the p-tolil, should give Cephenyle=o-toluindole.

Lt )
. . — 0 H
¥ N:¢=Cghlis K/)"\fl: 655

aceotophenone-p-tolil 2-phenyl=-p~toluindole



Cooper ( thesis 1934 ) carried out these
fusions and in each case isolated only 2=-phenylindolee.
le explained the reaction as a double decomposition
botween the tolil ( or anil ) and the hydrazine with
the production of a hydrazone, which under the
influence of the zinc chloride was immediately
converted into an indole derivative, as in a Fischer
fusione This work has rendered Reddelien's mechanism
untenable, and Robinson's theory alone remains to
explain the mechanism of the Fischer indole synthesise
Though not yet proved, the correctness of the theory
is more than probable, as it gives an adequate

explanation of all the observed phenomena, while no

valid objection to it has yet been madee The intention

of this thesis was to attempt to find proof for this

theory.

Robinson's theory of the Fischer synthesis

postulates an ortho-benzidine conversion thusi=

O_NR'- N:?R" 1 _,./j,:m'- NH-(ﬁ-R“
_—
011'23'" l\‘v CHR'"
; : R'Iﬂ 3 CR|II=GRI‘I
NHz S = o L | e



Considerable support for this theory may be
adduced.

For each stage in the scheme well known
analogies can be cited. stage (1l.), the transformetion
from enimic to enamic form is analogous to the ketone-
ericl isomerisation, and indeed involves such a change
in the ketone part of the hydrazone. Therefore, if
this theory is correct, it should be easier to form
indecles from the hydrazones of easily enclisable
ketones, than from the hydrazones of ketones enolised
with difficulty. That this deduction is in accordance
with experience is supported by the fact that phenyle-
acetaldehyde~phenylhydrazone is easily converted into
S=phenylindole by boiling with alcoholic hydrochloric
acid, ( Fischer and Schmitt, Bers., 1888, 21, 1072 ),
whereas acetophenone-~phenylhydrazone 1s only converted
into 2ephenylindole on fusing with zinc chloride at
180° ( Fischer, Amn., 1886, 236, 133 )s This on
Robinson's theory would be attributed to the fact that
acetophenone is not easily enolisable, whereas
phenylacetaldechyde is, a contention supported by the
fact that only the latter gives an acetyl derivative
on boiling with acetic anhydride ( Semmler, Bor., 1906,
42, 684 ).

The ortho-benzidine conversion postulated in

stage (2.)y 1s a well known transformation, being



especially noted in the naphthalene seriess For
example, reduction of o =azonaphthalene with stamnous
chloride and hydrochloric acid yields naphthidine and
dinaphthyline, those two substances being formed, under
the action of the acid, by para=benzidine and ortho-
benzidine conversions respectively from the primary

product oA=hydrazonaphthalene ( Nietski and Goll, Bers,

NH-NH
—_
NH2 N]::'.g
NEg Ho
—_ “+

Naephthidine. Dinaphthyline.

1885, 18, 3252 ).

Incidentally, it is to be noted that
dinaphthyline on boiling with hydrochloric acid yields
dinaphthacarbazole, so that the whole process of
formation of this latter substance from o« -azonaphthaleéne
follows precisely the course postulated by Robinson as

occuring in the Fischer indole synthesise.



— N:N NLE-NH
—
—
4 .
NH,  NHg =

A second example of the ortho=benzidine
conversion is the formation of 2:2'-diamino-1:1'-
dinaphthyl from (3 =hydrazonaphthalene ( Meisenheimer
and Witte, Bers, 1903, 36, 4161 ).

8
NH-NE

(B-hydrazonaphthalene. 2:2'=diamino-1:1'- dinaphthyl,

NHy  NHg

This diamine can also be converted into a
carbazole in the usual way by loss of ammonia on

fusing the hydrochloride at 250° ( ibide).

r



?_"_

10

— + HC1+NH,C1

. H
NHo,HCl NHg,HCL

Jupp and Maitland ( JeOsSe, 1903, 83, 267 )
prepared carbazoles by heating phenols with
phenylhydrazine and phenylhydrazine-~hydrochlorides.
The authors consider that the phenols react in
tautomeric keto forms to give hydrazones which then

undergo an ordinary Fischer reaction thusi=

B —N-NE-C aEc H
CH s
P
CE

In Robinson's opinion this habit of referring
the reactions of phenols to their keto modifications
is a retrograde step, and in any case even if such a
hydrazone were formed, the next step would , according
to his theory, be the production of a hydrazine,

which would then undergo an ortho=benzidine



transformation followed by the loss of ammonia.

CHo ¢ —N«NH-C.H o _mH.mE-C H
: ells ‘ elis
o)l CH
S et (e o
ifive

11.

Evidence supporting this view of this
reaction has been supplied sinece then by Fuchs and
Niszel ( Bers, 1927, 80, 209 ) who prepared the
carbazole (11.) by the reaction of phenylhydrazine
sodium bisulphite on denaphthol, and isolated the
diemine (1s) from the reaction mixtures They also
showed that this diamine is converted, in execellent
vield, into the carbazole (11s) by the action of
sulphur dioxides

Unfortunately the yleld of the diamine was
only 5% so that the experiment is open to the
objection, actually made by Neber, Knoller, Herbst
and Trissler ( Arme, 1929, 471, 113 ) that this
substance is not an imtermediate product of the main

reaction, but the product of some secondary reaction



such as the followingi-

@mmo = ]:_O

' GRB (o€ e

Stage (19 is represented as being analogous

to the formation of =gzonaphthalene by reduction of
=nitroe-naphthalene ( Meisenheimer and Witte, Bers,

1903, 36y 4153 )« Presumebly, in Neber's scheme, the

oxidation in stage (1) is effected by the phenyl=

hydrazones
Cglg*NH*NHg + 2(H) ——  Oghig*NHy + Nhg

or by the reaction involved in stage (2s¢)
Stages (2¢) and (3+) of course, represent

well known general reactions disruptive

hydrogenation of the azo-groups and carbazcle formation
from an oto'=diamino-dinaphthyls

The validity of Neber's objection, however,
is open to question, and his alternative explanation

of the production of the diamine (1l.) does not seem



13

very probablees The chief criticism levelled at
Robinson's theory is that all well established
benzidine conversions take place in the para sense
unless the para position is blocked by a substituent,
which is not generally the case in a Fischer synthesis,
Even In cases where such blocking does occur, and the
blocking substituent is not eliminated to allow of a
para=conversion, the usual transformation is an

ortho=semidine one
R NHz
SOS O

rather than an ortho-baniidina ONGe

N NHg
OO — (1)
R R

It should, however, be stressed,as Hollins
pointed out, that if an ortho~-benzidine conversion
does take place, at least part of the hydrazone should
undergzce the more ususl para-conversione. There is no
evidence of this, although, as Robinson states, these
products, even if formed, would, on account of their

and

great reactivity, be obtained only as tars

a certain amount of tarring always takes place in a
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zinec chloride fusione

A complete answer to this type of objection
has, however, been put forward by Robinson in the
shape of a general theory of the benzidine transformation
( JeCeSe, 1918, 113, 639 )e According to this theory
only an ortho=benzidine change 1s possibles

It is further pointed by Robinson that
®"the necessary conditions for a Fischer synthesis,
namely the acid reagent and a high temperature" are
precisely the conditions which would favour each of
his postulated stages if considered separately.
Moreover each stage 1s more basic than its predecessor,
a generally observed phenomenon in intramolecular
transformations brought about by an acid reagents
The loss of basicity at the last stage is due to an
accident, nﬁmely ring formation.

This statement, however, requires to be
modifiied, as may be seen by reference to the two
reactions actually mentioned by Robinson himself,
namely, the Fischer synthesis of oxindoles from acid
hydrazides, and the ortho-benzidine conversion of

(3 shydrazonaphthalene to 2:2'=~diamino=1:1"'-dinaphthyle

¢ (CHg )y
N(CH, )+ NH+CO+CH(CHz )y — 0

N-CH3



Lk NEo NH

Both of these reactions are brought about
by strong alkalis. Also the work of Korczynski ,
Brydowna and Kierzek ( Gazz., 1925, 55, 361 ) shows
that the Fischer synthesis is catalised quite readily
by such neutral substances as powdered mstals, the
yields obtained ( 680% - 657 ) being slmost as good es
with zino chloride.

Cne fact which Hollins quoted in suppert of
Reddelien's theory, namely the production of indolenines
by & Fischer fusion of hydrazones of the form
Cglig"NH*N:CR*CER'R", can also be explained as easily

by Robinson's mechanism as followste

; ;
ONH-N:C—OHR‘R" =t O-NH-NH-C-CR'R"

R 1

R“ R R Rﬂ

B e
Nl—i2 H
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Neber ( loc. cit. ) advances another theory
to replace the Robinson mechanism which he is unable
to accept because of the above mentioned objection
concerning the formation of ortho-benzidine instead of
para=benzidine conversion productse This new theory
pestulates isomerisation of the hydrazone to an
unsaturated hydrazine, as in Robinson's theory,
followed by ring closure and the formation of a
tetrahydro-cirmoline derivative, which then splits

out ammonia to form the indole.

(I
e LR
———
Rit: Rag-bt ONR' NE-G-R"

He produces evidence both for and against
this mechanism, and fiﬁally concludes that neither
his owm theory nor that of Robihscn satisfactorily

explains the Fischer synthesise.
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The basis of Neber's theory was the observation
that 4ephenylcinnoline and its dihydre derivative both
gave S-phenylindole by reduction in acid solution.

Cetls Celis

Ca Ot
SO S
N* N

N

Similarly acid reduction of Z=hydroxycinnoline
and its dihydro derivative gave oxindole.

It seemed probable that these synthesis
proceeded via the tetrahydrocinnoline derivatives.

Cely
|

CH H
“‘922 and (:(c - Eioa
NH NH”
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Since these derivatlives, however, appeared to
be éonverted immediately, in the presence of acid, into
the corresponding indoles, it was found impossible to
isolate them.

Some cases were therefore investigated in
which it was considered probable, that in view of the
heavily substituted nature of the tetrahydrocinnoline
formed, the completion of the process of formation of
an indole derivative would be impeded, and the inter-
mediate compound found to be isolable-. In no ocase
wag success attained as either the indole was formed
at once, or else the reaction took an entirely different
course ylelding neither the intermediate product nor
the indole expected.

It was then found that whereas reduction of
Sehydroxycinnoline by boiling hydriodic aeld gave
oxindole, a similar reduction of 4<hydroxycinnoline
yielded chiefly a resin ( which probably arose from
the action of hydriodic acid on the indoxyl presumably

formed ).

< “‘*FH OH
N S
v NE
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From this resin, however, was lsolated a
substance which was identified as the hydroiodide of

4=hydroxy-tetrahydrocinnoline.

OH
|

CH
Ok
NE
NE

This substance was found to be quite stable
to boiling hydriodic acide. Furthermore, 4=-phenyl=
tetrahydrocinnoline was prepared and shown to be
quite stable to boiling hydrochloric acid, Only a
trace of indole was formed after boiling for a whole
day. ‘

It was also found that 4-phenyl-tetrahydro-
cinnoline and 4=-phenyleinmoline were formed by heating
4-phenyldihydrocinnoline with hydrochloric acid in a
sealed tube to 120°. This stability of the former
product under conditions so favourable for indole
formation made it almost certain that it could not be
an intermediate compound in the formation of Z-phenyl=

indole by the Fischer synthesis.




Object of Researche

Attempts to test Robinson's Theory of Indole Formation,

In view of the doubt concerning the mechanisnm
of the Fischer Indole synthesis, it was thought
desirable to synthesise one of the intermediate
compounds postulated by Robinson as being formed during

the synthesis. Cooper ( Thesis 1934 ) attempted to

prepare the compound (1.) the intermediate

supposedly formed in the synthesis of indole=i-
carboxylic acid.

e (;r GH:?-COOH
1.
+ KNH
NH

The following scheme was tried by Cooperse

CHBr- CHBr - COOEt . GH:G(NH8)°CONH2
L —
NOo NO,
CH:C(NH, )*CONH .
s (Ot — (T o, +
NH, i

L]




21

This synthesis was therefore repeated.

At the final stege, namely the reduction of
ch=gminowo-nitro-cinnamic acid amide with ferrous
sulphate and ammonia, an ethereal extract was obtained
which showed a slight fluorescence. This might have
indicated the presence of an indole derivatlve, but
none could be isolateds Nor did Ehrlich's reagent |
give the charaeteristic colouration. Cooper explained
this reaction by the production of o=nitro-phenyle
acetylene, which was very volatile in steam and was

therefore lost during the reduction.

C=COOH UmON) LA e

NO, ? 1\'4'02 2
é CH:C(NHg) -CONHg C=CH ., CO, + NHg
e NOz 02

To avoild this difficulty a reduction was
tried in the absence of water, and a saturated
alcoholic solution of ammonis and ferrous sulphate was
used as reducing agent. Agein, no indols derivative
could be isolated, and Ehrlich's reagent gave no
positive characteristic colouration.

A new synthesls was then tried in which it

was expected to cut out the possibility of losing the



final product of reduction by volatilising in stean
The formation of 2=phenylindole from
acotophenonephenylhydrazones according to the Robinson

mechanism; proceeds as followst=

A5 CH: c
NH-N: G—O NEg NEg

+ NH
CeH 3

It was therefore attempted to synthesise the

-

compound (1+) which probabiy would not be isolated but
would pass immediately into the indole.

The following was the proposed scheme.
Knoevenagel ( Berss; 1904, 57, 4508 ) found that
phenylnitromethane condensed with benzaldehyde in the

presence of methylamine to give nitrostilbene.
O + 7 O L
NOg O3

The condensation of o-nitrobenzaldehyde and .
phenylnitromethane was therefore attempted. The
product expected would then, on reduction, give the

required intermediate, which would pass Into the indole
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™A

with loss of ammonia.

(::]:;czz?-§::2> : OH:E—<:::>

0, NO NH, NI

S ) + W BHg
[ :I | 6.
Rao 66

Unfortunately this condensation gave an oill
which only solidified after several weeks, during
which it was repeatedly washed with methyl alcohole
From this solid both benzoic and o=-nitrobenzolc acids
were lsolated. The condensation had, therefore, not
taken place.

An examination of the literature dilseclosed
that a simlilar condensation could be obtained with
‘o-nitrobenzaldehyde and nitromethane. This was
accomplished by heating the two compounds with zine
chloride in a sealed tube, ( Posner, Ber:, 1898, 31, 656).

A more satisfactoy method of obtaining thal
same compound was later found. Benzaldehyde and
nitromethane readily condense in the presénoe of caustic
soda at 0° to give w -nitrostyrene ( Thiele, Ber.,1899,
32, 1293 ).

A similar condensation with o-nitrobenzaldehyde

and nitromethane gave in very good yield a compound



which was identical with that obtained by Posners

Priebs ( Anne., 1804, 225, 560 ) obtained
tho same compound by nitrating Genitrostyrene with
nitric acid. This nitration was found to give a good
yvield of the required dinitrostyrene when the temperature
was meintained at £0° - 20°. As this is ;bha range of
tomporature most suitable for nitrations using Menke's
reagont ( Rooe Trave Chimy, 19285, 44, 141 and 269 ),
such o nitration of Wenitrostyrene was ocarried out |

a3 a point of interest.

The reduction of this dinitrostyrone should
give indole, as the diaminostyrene so obtained is the
intermediate postulated b;} Robinson as being obtained
in the formation of indole by fusing acotaldehydoe
phenylhydrazone with zine chlorido.
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Be Pictet's llethod of Indole Formation.

There are four distinect methods Xmowm for the
preparation of 2«phenylindole and its homologues, two
of which embrace several quite different modifications.
1+ Bischler's method consists of heating an anilide
with an amine ( Ber., 1892, 25, 2860 ) .
Eege By boiling phenacylanilide with aniline
2=-phenylindole is produced.
Cglige CO *CHo NH+OgHg + NHgeCgly — 06H5.(lJ:Ch’ *NH-CgHg + Hg0

NH -CglHg

5 [ ] [z OgHs: NHg
o eHs v

2. Madelung's method involves the dehydration of

o=substituted acyle-amines by means of sodium ethoxide,
sodium amyloxide or alkaline earth oxides at a high .
temperature ( 360°) , in the absence of air.

For example, 2-phenylindole is obtained from benzoyl-
o=toluidine ( Madelung, Bers., 1912, 45, 1131 ).

Tk = i e
NH'CO:Cehs i \ 06}15

Nh
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Other workers have used different dehydrating
agents. Verley ( Bull. Soce Chim., 1924, 35, 1059;
1935, 37, 189 ) used & fusion with sodamide, while
the Imperial Ghemidal Industries have patented a process
utilising the action of alkeli metals on acylated amines
suspended in inactive solvents such as diethylaniline
and tetrahydronaphthalene ( British Abstracts, B, 1930,
809 ).
3¢ Fischer's method makes use of aryl hydrazones of
aldehydes, ketones and keto-~acids of the type
R*CO«CHg*R'e These substances, under the influence
of various catalysts, loose armonia with the production
of indole derivatives.
Eege Acetophenonephenylhydrazone, when fused with
zine chloride at 180° , gives 2-phenylindole ( locs cit,)

CH NH
G 5 SR e g

4.4 The reduction of aromatic nitro compounds
containing a suitable side chain in the ortho position
frequently gives rise to indole derivatives by the
elimination of water between the resultant amino group

and the side chain, and subsequent ring closure.



Eege The reduction of o-nitrodeoxybenzoin ylelds

2=-phenylindole ( Pictet, Ber., 1885, 19, 1064 ).

r~ —

O:cng. co—O ol O:CHz.GQ-O

N02 Nhg

: Cglis

The first three methods have been fully

~

exanined and discussed by Oampbail and Cooper

( JeCesSe, 1935, 1208 ) so that they need not be further
discussed here. The method of Pictet, however, was
found to be unsatisfactory as his method for preparing
o-nitrodeoxybenzoin yielded an oily product whioch he
failed to purify.

Pictet ( Loce cites ) nitrated deoxybenzoin,
prepared by Graebe's method ( Ber., 1879, 12, 1079 ),
with concentrated nitric acid, whereby a heavy olil was
obtained which was not purified before conversion into
the indole by reduction with zine dust and concentrated
ammoniae Pictet made no mention of a yield obtained.

List ( Bers., 1893, 28, 2451 ) repeated this
work, and after obtaining the oily nitration product,
separated it into the isomeric 2'- and 4'-nitrodeoxy~

benzoins. He found that the mixture contained only



267 - 30% of the 2' compound, and he used this
purified product to prepare the indole. Agein no
mention was made of a yield.

It was thus decided to modify Pictet's

method in an attempt to obtain better results.

Nomeneclature of Deoxybenzoins.

There are two distinet methods used to name
these compounds. The one method affixes a substituent
as being o=y m=, or p=-, and o0'=, m'=, or p'-,
acecording to its position in either of the benzene
rings. The other numbers the positions as 152)8,4,5,6,

end 1',2',3',4',5',6', starting from the side chain.

' e A
' -0 —{1
m o o m

The latter method is the one preferred by
Bellstein and the British Chemical Journal, and is
therefore the method used in this thesis.



Object of Kesearche

The pure isomeric nitro-compounds were
obtained by nitrating deoxybenzoin with Menke's reagont
( locs eite)s The resulting mixture was easily
separated into its constituents with ether, the 2'-
compound dissolving while the 4'-compound remained.
These compounds were identified by conversion to their
oximes and by oxidation with chromic acid to the
corresponding benzlils and boenzole acids

The atteupt to prepare 2~-phenylindols by the
reduction of thé 2'-compound with zinc dust and oconcsuntrated
ammoniea proved unsuccessful, as in ocach case a tarry
mess was obtalned which yielded only a very small
:quantity of indole after repeated extraction with
boiling ligroin. This reducticn, however, with a
slight modification yielded & yellow crystalline
compound which was proved to be the 2'-aminodeoxzybenzoin.

The isomeric 4'-nitrodeoxybenzoin was also
subjected to reduction with zinc dust and ammonia,
and the 4'-aminodeoxybenzoin shown to be identical

with that prepared by Golebew ( Bers, 1873, €, 1252).
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Cs The Nitration of 2«Phenylindole with Nitrous Aeid;
end en Examination of the Properties of

1-llethyl=S8=-phenyl=3=nitroso=-indole.

Gaﬁpbell and Cooper ( Locs cit.) suspected
that, when an excess of nitrous acid acted upon
Z2-phenylindole, it not only formed the S-isonitroso-
compound, but also oxidised the latter to the corresponding
nitro=compound and effected further nitration of the
benzene ringe This action has therefore been fully
investigated, the resulting compounds isolated, and

their structures proved.

l=liethyl~2=phenyl-3-nitroso~indole is a true
nitroso~compound but many of its properties are anomalous.
The effect of oxidising agents,and a complete study of
its properties have been carried out. It had been
noted earlier by Campbell and Cooper that it 4did not
condense with aniline; this work was therefore repeated
with aniline, pe-nitraniline, and p- bromaniline, but in

all cases only the unchanged compound was returned.




In each of the experimental sections, the

'melting points recorded were cobtained with Kofler's
|
|

‘Mikrodhsmia“) and calibrated thermometerss in

micro~apparatus ("Milroskopische listhoden in der

fagreement with his claims, the apparatus was found
' to be much more satisfactory than the ordinary
;capillary melting point apparatus.

| The ylelds obtained are expressed as

percentages of the theoreticale.
All new compounds obtained have beon
| analysed by Drs Veiler, Oxford, and ir. W« Brown

Edinburgh.
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EXPERIMKENTAL.

Synthesis of the intermediate compound 1. ( page 20 ).

Sehemos
CH:CH«COOEt . CHBr: CEBr-COQEt.
NOo 3 NOo

CH:C(NH_. )CONH CH:C-CO
[:::I: 2 N 30~ CONHy
— N0 NH, N,
CONH
SN

l._Proparation of o-nitrocinnamic acid

~J

Perkin Reaction.
10 gmse« o-nitrobenzaldehyde.
13 cese acetiec anhydride.

10 gms. fused potassium acetate.

Yield 8¢5 gmss ( 66% theory )

mepe 240° ( 1lite. 2410 - 2459 )



(<]
A

e Egterification of o-nitrocimnemic acid

Fischer - Speienr method.

50 gms« o=-nitrocimnamic acid.
300 ccss absolute aleohol saturated'

with dry hydrochloric acide

The mixture was boiled under reflux for two
hours and allowed to cool, when the ester separated
as a yellow substance ¢ melting point 38° - 40° :
yield 21 gﬁs.

The pure ester melts at 42°= 44°, but the
product obtained was not purified further as this led
to excessive loss. A second orop of 4 gms. was
obtained, while the filtrate, on pouring into water
gave a further yield of 14.5 gms. of fairly pure ester,
so that the total yield of the crude product 39.5 gms«

represented 69% of the theoretical.

S¢ A =@« Dibromo= 3-( Ze-nitrophenyl )-propionic ester.

Muller, Ann«, 18825 212, 129.

e,

26 gms. o=-nitrocinnamic ester
400 ccs. dry carbon disulphide.

20 gms. bromine.

The ester was dissolved in the carbon
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disulphide, and the solution hoiled under reflux,
while the bromine was added slowly from a dropping
funnel over a period of from one to three hours.

When all the bromine had besn added the mixture was
boiled until it was almost colourless. Part of the
carbon disulphide was removed by distillation, and the
residue allowed to crystallise when the dibromo=-

compound geparated as yellow erystals,

yield 37 gmss ( 807% theory )
MeDe '700 ( 1ite 710 )

4+ o ~amino=o-nitrocinnemic acid amide.

Cooper,Thesis, Pdinburgh 1934.

oA =B «dibromo- 3 =( 2-nitrophenyl )-propionic
ester ( 20 gmse) was mixed with concentrated ammonis
( 100 ces«) in a tightly stoppered lemonade bottle
which was then placed in a thermostat at 50%. After
two days a erystalline product deposited on the bottom
of the bottley, but on the third day most of this had
gone back into solution and the supernatant liquid
became dark in colours

The bottle was then opened, the oxcess of

ammonia removed by distillation, and the solution
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decolorised with animal charcozl and Tiltered. The |
! . |
 filtrate deporited yellow erystals on cooling, which
|

iwere soluble in alcohol. |
| Recrystallised from ligroin,
yield 3 gms. (18% theory). |

nepe 221° (Cooper, thesis 1934, 221°).

Reduction of o -Aminoe-o=-nitrocinnamic acid amide.

The method adopted was that used for the
;analogous reduction of o-nitrocinnamic acid to o-aminc=-
‘cinnenic acid (Gabriel, Ber., 1852, 18, 2294), in
:ordar to avoid the possibility of the double bond
being reduced at the same time. It was not expected;
| that the o=-aminc=-compound would be isclated, as it |
;was almost certain that this would pass, directly on
‘formation, by the elimination of ammonia between the |
‘amino groups, into indole-2«carboxylic acid amide
!(assuming that Robinson's mechanism of the Fischer

|1ndola synthesis is correct).

A=Anino=o-nitrocimmamic acid amide (1 zme)|

'was dissolved in hot aleohol (30 cese) and added to

a boiling mixture of ferrous sulphate (10 gms.) and
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concentrated ammonia ( 100 ces.)» The whole was
boiled under reflux for 30 minutes, ccoled, and
acldiflied with conesntrated hydrochloric acid. After
filtering from a small quantity of insoluble matter
the mixture was extracted with ether. The resulting
extract ( reddish in colour ), showed a strong purple
fluorescence, characteristic of many indoles, but
evaporation to dryness left only a2 minute residue, too
small for thorough examination. This was therefore
dissolved in 2 cese of alecohol and treated with
Ehrlich's reagent, but no characteristic colouration

was obtained.

A similar reduction was tried in alecoholic

solution.

K wamino=-o-nitrocinnamic acid amide ( 1 gms)
was dissolved in aleohol ( 100 cese) and powdered
ferrous sulphate ( 10 gms.) addedes The solution was
then saturated with ammonia gas and refluxed for 30
minutes, after which most of the alcochol was removed
by distillation and the remaining mass dissolved in
hydrochloric acid. On extraction with ether a strong
fluorescent solution was again obtained, from which no
indole was isolateds. Nor did Ehrlich's reagent give

a positive characteristic colouration.
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Attempted Condensation of o~Nitrobenzaldehyde and

Phonylnitromethane.

The condensation attempted was similar to
that of benzaldehyde and phenylnitromethane ( Ber.,
1904, 37, 4508).

o-Nitrobenzaldehyde (3 gms.) and
phenylnitromethane (2.7 gmse) were dissolved in alcohol
(25 ces.), and after the addition of two drops of
methylamine the mixture was refluxed for 24 hours. A
dark brown viscid oil ssparated which corystallised in
brownm flakes; after repeated washing with methyl
aleohol ( the solvent was deceanted off after each
separation of an oil). ‘

A few milligrame of this brown solld were
sublimed and white flakes wers obtained mepe 120%
This was proved by a mixed melting point determination
to be benzoic acid. As this could have beon due to
decompositicn on subliming, the brown solid was then
extracted with ligroin and from this solutlon two
compounds were isclated. Crnie mepe 120° was again
shown to be benzoic acid; the other mep. 1420 was
proved by a mixed melting point determination to be
o=nitrobenzoic scid ( 1it. m.p. 144°),

The expected condensation was not isolated
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| and these two ccmpounds had been formed eithsr by the
| |
oxidation of the original substances or by the

oxidation of some intermediate condensation producte.

| Other condensing agents, namely, acetic l

' Eanhydride, phthalic anhydride, and zinec chloride werei
used in the reaction, but 2all were egually unsuocessfﬁl
as in each case the same brown product was obtained,
from which only benzolc and c-nitrobenzole acids

could bhe isolsted.

|
' Condensation of c-Nitrobenzaldehyde and Mitromethancs |

(Posner' Bers., 1898, :_73;_" ﬁ56).

c-nitrobenzaldehydeo.

(9]
H

(7]

®

2 gms. nitronethanc.
0.2 gmse Tinely powdered anhydrous |
|

zirne chlorids.

!

|
‘ The mixture was heated in a sealed tube at
‘1600 for two hours. The black tarry residue was

then extracted with boiling alcoclol. From this

|sclution yellow needles of o= =dinitrostyrene

|
| separated.

(37 theory ),

o

|

‘ yield 0.2 gns.
| :
' mepe 106° (1its 1077 )s
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Condensation of Benzaldehyde and Nitromethane.

( Thisle; locs cite)

A solution of 25 gms. benzaldehyde and 15 gmé.
nitromethane in 100 ces. of methyl alcohol was ccoled
in a freezing mixture and a solution of 1045 gms.
sodium hydroxide in 25 gms. of ice and water was slowly
added wilth stirring so that the temperature of the
mixture did not rise above 15° As the condensation
‘proceeded a bulky white precipitate formed and more
alcohol had to be sdded to obtain mobility for stirring
After standing for 10 nirnutes, water wes added until
solution was complete, and it was then neutralised by
by running into a stirred solution of 50 ccse. concentrated
hydrochloric acld end 756 ocs; water. A yellow solid

was obtained which was recrystallised from alcohol.

yield 350 gms. ( 80% theory)
meps 57° ~ 58° ( 11t., 58%)

A similar condensation was attempted using

o=nitrobenzaldehyde ond nitromsthane.

1
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Condensation of o=litrobenzaldehyde and Nitromethane.

15 gmes. oe-nitrobenzaldehyde.
6 gmse. nitromethane.

50 ccs. methyl alcohol.

4 gmns. sodium hydroxide in

10 cez« water.

The procedure was the same as that desecribed
gbove with some slight modificationses The temperature
in this case was maintained below 0°. If it rose
above this an 0il was obtained which could net be
erystallised. Again, on addition of the sodium
hydroxide a greater time ( S0 minutes) elapsed before
the white precipitate separated. On acidifying with
hydrochloric acid a yellow solid was obtained which

was recrystallised from alcohol.

yield 5 gms. ( 25% theory)
meps 207°  ( 1it. 108° )

Bitration of & -nitrostyrens.

( Priebs loc. cit.)

W -nitrostyrene ( 5 gms.) was added in small

portions to a nitrating mixture of 24 ccs. concentrated
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;sulphuric acid and 16 ccse concentrated nitric acid,
iwith vigorous stirringe. After stirring for a further
ihalf hour the solution was poured into water, and the
iresulting yellow mass separated.

‘ This was boiled with 20 ccse alcochol and

ilo ccss water and filtered free from any insoluble
imaterial. The rosidue consisted of p=¢ -dinitrostyrene.
'The filtrato on cooling deposited crystals of

i 0= ~dinitrostyrense.

p=Wedinitrostyrene recrystallised from propyl alcchol.

yield 3 gms. (44% theory)
mepe 197° (1it. 1924°- 196°)

o=W=dinitrostyrene rocrystallised firom alcohol.

:Iield 1 gle (14-55‘): ﬁhaot‘jf)

MePs 530 (1it. 560).

Nitration of We-nitrostyrene with lienke's reapgent.

(For details of this method see nitratioy of

deoxybenzoin page 50 ). o

15 gmse W -nitrostyrene.
100 cese noetic anhydride.

30 gms. oupric nitretes

L |
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On pouring into water, after the nitration
was complete, a yellow oil was obtained which solidified
on standinge

This yellow mass was then extracted with a
mixture of 20 ccse alcchol and 10 ceses water, but the
filtrate on cooling, deposited an oll which falled
to crystallises The mass was then shaken up with
toluene, which succeeded in removing any unchanged
W enitrostyrene and sny o-wW-dinitrostyrens, while
pure p=W-dinitrostyrene renained. This was

recrystallised from propyl alcohols

yield € gms. (307 theory)
mepe 197° (1it. 194°% 198°).

From the toluveme yellow crystals separated
which, when recrystollised from alcohol, melted at
52° and emounted to 5 gms. of the orude crystalses
These were therefore unchanged W=-nitrostyrene mspe 569.
proved by a mixed melting point determination.

No o=W=dinitrostyrene was isolated from
the nitration mixture.

When the toluene soluble residue was again
extracted with ether a very minute residue was left
which wes proved by a mized melting point determination
(1970) to be p=-wWaedinitrostyrene. On evaporation of
the ether the W -nitrostyrene obtzainod moltsd sharp

at 56° (1it. 56°).
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Attempted Condensation of o=Nitrobenzaldehyde and

Phenylnitromethane. |

The Thiele method was used in this attenmpt.

3 pgms. o=nitrobenzaldehyde.

i 2«7 gms. phenylnitromethans.
0«8 gmse sodium hydroxlide.
10 ccse« mothyl alcohol.

| The temperaturs was maintalned under 0°,
| put after vigorous stirring for two hours no preclpitéte
was obtalned on addition of the sodium hydroxide. On
acidifying with hydrochloric acid a colourless oil
was obtained. This was dissclved in methyl alcohol

|
| and after several days, colourless orystals separated
|

yield 045 gms. (107 theory)

mepes 44°~ 45°,

Analysist

! found C, 5569%; L, 3.48%; N, 0.75%
| Oq4H,00415s roquires, C, 62422%; H, 347% ; N, 1045
| |
These analysis figures do not agree, but if|

theé empirical formule be worked out for the figures |
cbtained, the best agreement is given with the formula

for dinitrostilbene C,.H,0,N,e
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Attempted Reduction of the Condensation

Product m.p. 449- 45°,

0.2 gms. of the compound were dissolved in
25 ccses of glacial acetic acid, 2 gms. of zinc dust

added, and the mixture heated on the steam bath for

two hours. After cooling, the solution was filtered
free from zinc, and solid sodium nitrite added, and the
solution left overnight. Next day a yellow precipit%ts
had settled. This was filtered and tested for
3-isonitroso-2-phenylindole (m.p. 280°). The
compound melted about 250° with decomposition, but
it could not be purified further, so that there

existed considerable doubt as to its identity.

This condensation was, therefore, left over

for a more detailed research.
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Reduction of o-~W = dinitrostyrons.

If Robinson's theory of the mechanism of
the Fischer indole synthesis is correct this compound

on reduction should give indole.

CH:CH CH:ChH
OT Rle—rr NH,  NHg
NOp  NO,
:: ““NH:

1) Reduction with ferrous sulphate and smmonle.

o=\ «Dinitrostyrens (1 gu.) dissolved in
alcohol was added to a mixture of ferrous sulphate
(10 gmse) and concentrated ammonia (100 ces.) snd the
whole refluxed for oné hours On cooling, the
resulting solution was neutralised with concentrated
hydrochloric acid and extracted with ether.

The ethereal extract, on evaporation, gave
a dark red viseid oil which ecould not be purified,
and which dscomposed rapiﬁiy on standing, inte a
black charred residue.

For identification purposes the preparation
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of derivatives wes attempted on an alcoholic sclution

of the oil.
Picrate meps about 160° { decompe.)

This derivative was very impure as it was
obtained as a bleck powder, and the melting point
was not satisfactory.

With acetic anhydride the oil reacted
extremely vigorously giving a darlr brown compound
which was purified by dissolving in aleohol, filtering
free from any undlssolved matter, and repreoipitattngl
with water. meps above 280°.

This derivative was also uneatisfactory, and
& pure speciman could not be made for amalysis.

| As the 01l gave a2 red coloured solution in
alecholy Ehrlich's reagent could not be applied, since
indele itself gave & red colouration with Ehrlich's

roagent. Another colour test was however applied.

Ify, to a suspension of silicon dioxide, &
little coneentrated nitric aseid is added and then
indole, a very deep red solution is obtained which
goes vivid purple on gently warminge.

Applying this test to the o0il, & slight red

colour developed on addition of the nitric acid, and
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this darkened a little on warming. This might have

indicated a trace of indole but was very inconclusive.

(2) Reduction with granular zinc and a mixture of

concentrated hydrochloric acid and water (1:11

1 gm. of the compound , finely powdered,
was suspended in 25 ccs. of the acid and zinc added.
After 30 minutes the mixture was warmed to completes
the solution. On cooling it was rendered alkaline (slightly)
with ammonia and extracted with ether.

The ether extract gave a reddish oil, which
solidified, on addition of a little alcohol, to give
s dark brown substance, m.p. 67°- 70°.

Into a solution of this substance in alcohol
ﬁydrogen chloride gas was passed,and a brown solid
was obtained, which when recrystallised from alcohol

melted at 130°.

Quoted for dihydrocinrnoline m.p. 80°,
hydrochloride mePe 145°.

Therefore the product obtaeined was probably

dihydrocinnoline.



48

In this casec 4lz6 a red colouration was
obtained on warning with cilicon dioxide and nitrioc

acid.

2) A catalytic hydrogenation of the compound was
attempted, end it was expected in this case to obtain
the diamino-compound, which wculd then ring close
with acid to give o cinnoline derivative as above,

or an indole derivative.

1494 gnmss (0401 moles) o=-We~dinitrostyrene
was diszolved in 200 cose alechol, 0«5 grse platinum
oxide (Pt0,) added and the solution then shaken upl
with hydrogen under pressure.s The solution turned
dark red aend the pressure fell by 70 poundse After
two more days and the addition of some fresh catalyst
the pressure did not drop any furthers

The total pressure drop equivalent to the
reduction to a diamino-~compound was 102 pounds or 119
pounds if the double bpond was also reduced. The
reductlon had therefore not proceceded as far as to
yield the di=zmino-compounds

The solutlion smelt strongly of ammonia and
on evaporation of the alcohol a dark brown solid was

obtained. This was extracted with boiling ligroin
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The dark brown solid obtained from the
ligroin extract was further purified by sublimation.

mepe 266
sublimed at 200°.

Analysis:
found N, 16+347%
An examination of the literature showed

that this compound might be the following:

NEOK + gl O+ OH £ O
NEOH *Cghig * Ok « CH ¢ IOK

C 16H1804N4 s roequires N; 16 8?’9.

The presence of the hydroxylamine groups,

 however, was very uncertain, and as only a small

. amount of the compound was obtained this compound

' could not be proved.

(cefs Discussion).
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Preparation of Deoxybenzoln.
( orge Syne 12, 16 )

68 gms. phenylacetic acid.
30 gmse. thionyl chloride.
400 ccse dry benzene.

765 gms. anhydrous aluminium chloride.

Yield obtained:- 82 gms. (80% theory)
mepe 55° ( 1it. 656°)

Nitration of Deoxybenzoin.

O <

10 gms. deoxybenzoin.

15 gms. cupric nitrate.
50 ces. acetic anhydride.

The deoxybenzoin was dissolved in the acetic
anhydride and the cupric nitrate added slowly with

!vigorous stirring, while the temperature was maintained
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at 26° - 30°. The solution was allowed to stend
for one hour, and then poured on to 300 gms. of ice
and water. The yellow crystals, which separated,
were filtered and triturated with hot water to remove
the copper salts. The resulting product, consisting
of a mixture of the 2'= and 4'-nitrodeoxybenzoins,
was then separated with ether, the 2'=compound

dissolving while the 4'=compound remained.

The nitro-compounds were purified by
recrystallisation, first from benzene = light petroleum

(bep. 60°= 80°)(1:1), and then from alcohol.
2'-nitrodeoxybenzoin m.p. 720- 73° ( 1it. 73°- 74°)
0
oxime m.pe F18° (11t. 118%)

yield 8 gms.

4'-nitrodeoxybenzoin m.p. 138°- 140°(1it. 141°-142°)

oxime m.p. 107° (1it. 109°)
yield 2 gms.
total yield 8 gms. ( 80% theory).

Quantities up to 50 gms. of deoxybenzoin
have been nitrated by this method, but the temperature
must be maintained between 26°-- 30°; bvelow 26°

- . 0 . .
nitration does not occur, and above 30 oxidation to



' benzils takes place. i

52 | -

Both compounds were identified by oxidation
to thelr corresponding nitrobenzoic acids, and by |

|
their oximes and dinitrophenylhydrazones. |

2'-Nitrodeoxybenzoin-214-dinitrophenylhydrazone.

Prepared by Brady's method ( J., 1931, 756%:
this was obtained in orange prisms; recrystallised i
from tetralin mep. 219° - 221°. |
Anialysis. Found N = 16.5%

Cy4Hy,0zF requires N - 16.67%

4'-Nitrodeoxybenzoin-2:4=-dinitrophenylhydrazone.

Prepared in the same way this was obtained |

. as orange=-red prisms; recrystallised from glacial

acotic acid mepe 233°- 2349,
Analysis. Found B - 17%

Cy4Hy105N requires N - 1646%



Reduction of 2'-Hitro end 4'-Hitrodeoxybenzoins.

Reduction of 2'-nitrodeoxybenzoin with zinc

‘dust and concentrated ammoriia ( Plctet and List,
‘100. cit.) gave a dark tarry product, which gave a
definite pine-splint reaction, but yielded only a
!very small amount of 2-phenylindole by prolonged
extraction with boiling ligroin.
| This method was then modified as follows
iand a more satisfactory result obtained.
2'enitrodeoxybenzoin (5 gms.) was dissolved in
Ialcohdl (10 cese) and added to concentrated ammonia
(25 ccss)e The whole was stirred vigorously and
‘lexcoss of zine dust added in small quantities.
?After the reduction was complete, the mixture was
:filtered and neutralised with dilute sulphuric acid,
fwhan & yellow crystalline product was obtained.
?This was recrystallised from alcohol.
yield 3 gms.
meps 170°%

This compoumd was found to be 2'-aminodeoxybenzoins

Analysis: found C, 80.7%; E, 5.27; N, 6+7%.

014H1"ON requires 0, 80.07%; Hy, 6+2%; N, 6+6%
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N02

Cl'ig‘ (010) -O Clig=CO —Q
NH2

|
The compound dissolved in hydrochloric aoidL
and decomposed on stending. A solution in acetac
anhydride, after being kept for several days gave
the pine-splint reaction, but no 2-phenylindole

| eould be isolated.

4'«litrodeoxybenzoin, when reduced in a

similar manner gave 4'-asninodsoxyberzoin, mep. 94%- 96°

| (1it. 95°- 96°) and was proved to be identical with |

| the amine formed in very poor yields by the reduction

of p=nitroberzil ( Golubew, loc. cit.)’by a mixed

melting point determination. :
Attempts to prepare pierates, acetyl and

benzoyl derivatives, and dinitrophenylhydrazones of

these amines proved unsuccessful.

Reduction with zinc dust and glacial acetic
acld gave better results. In this way € gms. of the
2'=-nitrodeoxybenzoin gave 1 gm. of 2-phenylindole,
and 4 gms. of the original nitro-compound were

recovered unchangede
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Acctophenone-phenylhyvdrazons.

( Cooper, Thesis, Edinburgh, 1934)

| 113 gmse. phenylhydrazine.

| 126 gms. acetophenone.

These two substances were heated together
| on the water bathe The homogeneous mixture soon
became turbid by the separation of water, and the
| whole solidified to a mass of corystals on cooling.
i This was recrystallised from alcohel, in which it

‘ is sparingly soluble in the cold, and extremely
' soluble in hot.

yleld 199 gms. ( 90% theory)
meps 105° ( 1it. 105°)

2«Phenylindole.

( Fischer, Ann., 1886, 236, 118)

199 gms. acetophenone~-phenylhydrazone.
626 gms. anhydrous zinc chlorides.

The two substances were thoroughly mixed
' in a nickel cruclble, which was then lowered into a
' metal bath preheated to a temperature of 190°:  The

mixture turned brown and the reaction took place
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| within two to three minutes. The molten mass

frothed up vigorously but no ammonia was evolved.

When the reaction mixture had cooled, the contents of
the crucible were boiled with very dilute hydrochlorie
acid, and the aqueous extract decanted from the
insoluble organic matter. The latter was then

recrystallised repeatedly from alcchol until pure.

yield 76 gms. ( 427 theory)
MePs 1890 ( 1it., Uooper and Gampbell,lBQo)

The filtrates from the recrystallisations,
however, still contained some of the indole. These
were therefore evaporated, redissolved in glacial
acetic acid, and treated with sqdium nitrite to form

the isonitroso-compound.

yield 57 gms.
The total yield was thus 70% theory.

S-Isonitroso=2-phenylindole.
NOH

EONO
L= Ocks Cets

2-Phenylindole (20 gmse) was dissolved in glacial

Ny



|
| 57
|

Iacetic acid (enough to dissolve it in the cold), and
powﬁered sodium nitrite (15 gms.) added. On further
addition of water, the isonitroso-compound was
éobtained as a bright yellow substance, which was
:separated by filtration, washed with water, alcohol

and ether, and then recrystallised.

Then recrystallised from amyl acetate the

;compound was obtained in a pure condition.

|
‘ meps 280° (quoted by Campbell and Cooper 280°)
: yield 18 gmse. (75% theory).

!Aot;on of Nitrous Acid on 3-Isonitroso-2=-phenylindole.
|

| The isonitroso-compound (1 gm.) was suspended
Fn bolling glacial acetic acid (15 ccs.) and treatead
with sodium nitrite (035 gmnsetl equivs)e The
Lesulting precipitate roecrystallised from alcohol in

yollow needles.

(4] (4]
MePe 236 = 238 .

yield quantitative.

This was proved to be J-nitro=-S-phenylindole by
e mixed melting point determination with an authentic

specimen (1lite, mep. 238°)
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Action of Nitrous Acid on 3-Nitro=S-pheénvlindcle.

3=-llitro-2-phenylindole (2 gms.) when treated
with a large excess of sodium nitrite (5 gms.),

' yielded a mixture of unchanged compound and a small

amount (0«5 gmse) of a yellow crystalline substance

which was insoluble in alechol and cold acetic acid,
end melted at 312° (decomposition).
This compound was identified as 3:5-dinitros

| @=phenylindole by a mixed melting point determinationf

with a specimen prepared by the method of Angeli
and Angelico (locs cite)e

2:6-Dinitro~-2-phenylindole.

(Angeli and Angelico, Gazze, 1900, 30, 268).

NOo NOo
- ; 06h5 > 2 06H5

2-Phenylindole (2 gms.) was suspended in hot

glacial acetic aclid and one equivalent of sodium

nitrite (0.7 gms.) added slowly. At this point ornnge

crystals of the nitro~compound separated. A large

excess of concentrated nitric acid (10 ccse) was then



added and the solution boileds The mixture turned
yellow and then cleared, while yellow plates of the
8:5-dinitro-S=phenylindole separated. These were
washed with alcohol and dried.

meps 312° (1it., "above 280°%),
yield quantitative.

Nitration of 2~-Phenylindole with Nitric Acid.

(Cefe Mathur and Rcbinson, Je, 1984, 1415). |

Since these authors prepared a dinitro-

. and a trinitro-2-methylindole by treatment with nitric

acid, the same procedure was carried out with
2-phenylindole, in an attempt to prepare a trinitro- |

2=phenylindole.

Dinitro=2-phenylindole.

2=-Phenylindole (10 gms.) was mixed with

concentrated nitric acid (100 ccse) in the cold.

A brisk reaction took place immediately and the

dinitroecompound separated, ( with Z-methylindole

the nixture required to be heated on the water bath

before the reaction began)e It was purified by

aissolution in dilute sodium hydroxide, and

reprecipitation with dilute nitric acid. It was
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then crystallised from glacial acetic acid, from

| which it separated in yellow plates,; mepes z12°, It

was, therefore, the 3:5-dinitro-S-phenylindole
. prepared as above.

yield 12 gms. (85% theory),

A great deal of tarring ococurs in this
reaction, so that the product obtained was not so
pure as thet by the method of Angeli and Angelico;
| also the yield in the latter ocase was better. Thus |
| the method of Angeli was preferred for the preparatioh
- of the dinitro~compound. |

Attempted Preparation of Trinitro-Z-phenylindole.

S~Phenylindole (10 gms.) was mixed with
. concentrated nitric acid (200 ccs.), and after the
| first brisk reaction had subsided, the mixture was
i heated on the steam bath for half an houre. On i
cooling, a colourless solid was obtained which was ;
obvicusly a mixture, but after several recrystallisat%ons
- from aqueous alcohol some Se-nitro-benzoylenthranilic

- acid was isolateds Thus, instead of further i

| nitrating the 3:5-dinitro-2«-phenylindele, obtained

by the first brisk reaction, the nitric acid had

acted as an oxidising agent.
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Oxidation of 9-Isonitroso=, S-NKitro-, and

S:0=Dinltro~2-phenylindole.

Kany oxidising agents were used, but the

' most satisfactory was found to be potassium

pernangenate in glacial acetic acid.
The S-iscnitroso=-, or 3-nitro=2-phenylindole

(0s4 gmse) was dissolved in glacial acetic acid and |

' heated under reflux with powdered potassium permanganLte

(1 gme) for three hours, and the product poured into |

water. After decolorising the solution with sulphurous

acid, a creamy precipitate of benzoylanthranilic aecid

| was obtained, which was orystallised from alcohols.

yield 0.2 gms.
meps 179°%= 181° (11t., 181°).

The compound was purified by dissolution in
dilute sodium hydroxide, and reprecipitation after
filtering from any insoluble matter, with dilute

' nitric acid.

NOo 0 (j: COOH

3:5-Dinitro=2«phenylindole by the same treatment
yielded Senitro-benzoylanthranilic acid meps 257°% 8°
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which was proved identical with an authentic specimen

propared as described below.

Preparation of S-Nitro-l-benzoylanthranilic Acide
COOH NOZOCOOH
_—
[::]:Nﬂoco-CHs i
NO EO: COOH
- NH-GO-06H5

~Hitroanthranilic acid.
(Bogert end Scatchards JeAeCeSe, 1919, 41, 2068).

Acetanthranilic acid (10 gms.) was added
slowly to fuming nitric scid (20 cos.) at a temperature
below 5°  The mixture was then maintained at that
temperature for four hours, followed by two hours at
room temperature. A red coclour then developed in
the solution. The mixture was poured on to ice,
separated and dried, and then corystallised from

alcohol in the presence of animal charcoal.

mepe 206°- 209° (1it., 214% 215°).

yield 5 gus. (497 theory).
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The Senitroenthranilic aclid was then
obtained by hydrolysing the above acectyl compound
by boiling with concentrated hydrochlorie acid for

one hours

mepe 278° (14ts 278°)

yield 4 gnmse

This compound could not be benzoylated in
benzene with benzoyl chloride, but in pyridine

 Benitro-l«benzoylanthranil was easily obtained.

meps 178%°~ 180°
Analysiss
Found, C, 68283 K, 3433 Ny 10443
014H804H2 roquires C,82.7; Hy 5.0; H, 104,
|
The anil was then hydroliysed by boiling
with hydrochloric acid to give the Senitro-ie

benzoylanthranilic acid.

mepe 257°=260°.
Analysis:
Found, O©, 5943; Hy 4413 N, 9461

01451005N2 roquires C, 58.8; liy S¢5; Ny 948
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Preoparation of l=-liethyl-2-phenyl-3-nitroso=indole.

(1). Acetophenone=-methylphenylhydrazons.

(Degan, Arme, 1886, 238, 154).

cﬂs‘co NH.eN(Clx )*C H cﬂﬁ‘\ﬁ NeN(CHx )+CLH
Z A hz. 'ha . Bhﬁ'"?c i tNe HS *Cghlg

25 pgmse acetophenonec. =

25 gmse methylphenylhydrazine.

The two reactants were heated tegether on
the steam bath for several days, and the oily
- mixture obtained distilled in vaouo, two fractions
beingz collected. The first, distilling from 80° to
140° at 12 mms. pressure, consisted mainly of the
unchanged reactants, and amounted to 7 gms. The
| second fraction boiling at 186° to 192° at 11 mms.
. pressure was the hydrazone, and was obtained as a
thick viscid pale yellow syrup which erystallised

with extreme slowmess.
yield 24 gms. (52% theory)

On recrystallisation from ligroin the

compound was obtained as crystals.

meps 49% 50° (1it. 50°).
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(i1). 21=Methyl-gephonylindole.

(Degan, locs cit.)

CHg
S e 2
N 1‘15 *N:C- 06H5 N"OHB

A slight variation to the method of Degan
was introduced by Cempbell and Cooper (loce cits)s
' Instead of heating the mixture for five hours at 1309,
they carrisd out a fusion at a higher temperature.
j They considered that a short exposure to a higher
~ temperature, of the sensitive hydrazone, would be
' more effective than a more prolonged exposure to a
| lower temperature, in the conversion into indole,
end therefore a greater yleld of the l-methyle-Z-
phenylindole would be obtalned. This prediction
was borne out by experiment, and they found that an
increase of 147 was obtained in their yield to that

by Degan's method.

Acetophenone-methylphenylhydrazone (24 gms.)
was mixed with powdered anhydrous zinc chloride
(120 gms.) in a nickel crucible and immersed into a
metal bath preheated to a temperature of 2000.

Indole formation took place in two minutes. The
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. remaining zine chloride was removed by boiling with
dilute hydrochloric acid, and the residue filtered,
and distilled in vacuoe The indole distilled at

214° at 32 mms. pressure.

vield 12 gms. (54% theory).
meps 95°% 96° (1it. 100°= 101°).

The distillate was a clean, almost white, product
and was not purified further, as this led to excessive

| losss

1 (111). l=lethyl-2-phenyl-3-nitroso=indole.

(Campbell and Cooper, locs cits)

CrH e C.H
NAGE. O 0 N“CHg © ©

e}

l1-iisthyl=-2«-phenylindole (10 gms.) was dissolved
in cecld glacial acetic acid and treated with a
concontrated agueocus seolution of sodium nitrite
(5 gmse in 10 cce. water )+ A red solution was
formed at once, and this on pouring into water gave
a pale yellowishe~green precipitate. On filterihg
and washing the residue with water, an smerald green

product was obtained, which was then crystallisec
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| from ligroin.

. Attempted Oxidation of l-Methyl-2-phenyl~S-nitroso-

in acetons, and with hydrogen peroxide, the nitrosos-

yield ¢ gms. (80% theory).
mepe 144°% (11t. 144,.5°).

Picrate: m.p. 82°~ 84°,

(easily decomposed with waters).

~indole tc the corresponding S-Nltroindole.

Various oxidising agents were tried, but

esach was unsuccessful. With potassium permanganatei

compound was recovered unchanged. With alkaline
permangensate, and also with glacial acetic acid and
permenganate, acidic residues were obtained, which
showed that ring-rupture had ocecurred.

In each of the permanganate oxidations, the

| method adopted was as followss 0.5 gms. of the

nitroso-compound was mixed with 1 gme. of powdered

. potassium permangenate, the sclvent - acetone, sodium

hydroxide, or glacial acetlc acid = added, and the
mixture refluxed for three to four hours. The
solution was then poured into water, decolorised

‘with sulphurous acid, and the organic residue
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'separated.
| In the casze of the hydrogen peroxide, the
two reactants were shaken up in a mechanical shaker
'for several days, and then the resulting product ‘

filtered offy and ldentified. ‘

. As these oxidations failed to give the

3enitro~-compound, other methods were tried.

| |
i _ Nitration of l-methyle=2e-phenylindole with |
‘oonoentrated nitric acid in the cold resulted in a
igreen conmpound which did not melt and was therefore
'waﬁ not the requirsed nitro-compound, but probably
!a polimer or di-indole, as such are known to be forme#
iwith 2«phenylindole by the action of mineral ascids. |

Angeli (Gazz., 1900, 30, 279) prepared the ‘

|

i

1=sthyl-2-phenylef-nitroindole by ethylating S-nitro-
2«phenylindoleo. A similar reaction was then carried
out to obtalin the methyl compounds

|

|

Preparation of l-liethyl-2-phenyl-Z-nitroindole.

lietallic scdium ( 0.46 gms.) was dissolved
in dry methyl alcohol (25 ccs.), and then methyl
iodide (2.84 gms.) and Senitro-2-phenylindocie (4.76 gms.)

added. The whole was refluxed for one hour and then
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| poured into water. A yellow compound separated

which was orystallised from alcochol.

yield 2.5 gms. (48% theory).

MePe 13300

Analysis:

Found N, 11.8%

C,5H005N, requires N, 112%.

Condensations of lemethyl=-Z2ephenyl-3=-nitroso
=indols with aniline, p-nitraniline, and p~bromoaniline
wore tried as follows. The nitreso-compound was

dissolved in alcohol, and added to an equimolecular

solution of the amine in alcohol. The nizxture was
heated on the steam bath for half an hour and themn
poured into watere

In each case the nitroso-compound was
recovered unchanged and no combination had taken

place.
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DISCUSSION.

Before giving a general discussion to the
results obtained, it may be advantageous to conslider

each of the stages separately.

Neduction of « =Amino-o-nitrocinnamic Acid.

No further explanation can be given tc that
put forward by Cooper (Thesis, Edinburgh, 19%4),
namely the preoduction of o=nitrophenylacetylensc,
resulting in the loss of the reaction products, due
to the volatility of this substance. The fact that
no product could be isolated both in agueous and
Ialooholic solutions bears out this view of the

reaction.

CH:C(NHg )- CONHq O el mn
? NO 2 8
NO5 2

Condensation of o-~Nitrobenzaldehyde and

Phenylnitromethaene.

Benzaldehyde and phenylnitromethane, in the
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presence of methylamine condense very readlly and
the 7-nitrostilbene formed separates from the solution
on cooling in a pure condition. It therefore seemadI
‘ra&her peculiar that a similar condensation of _:
!o-nitrobenzaldahyda and phenylnitromethane should i
not occur under similar conditlions. In this |
'particular case it would seem that the o-nitrobenzaldéhyda
‘was oxidised to o-nitrobenzoic acid and the
rhenylnitromethane to benzoic acid with the loss of
Initrous acid.

Heim (Ber., 1911, 44, 2020) working on
;suoh condensations with phenylnitromethane and
'benzaldehyde and 1ts substituted derivatives isoclated
'isoxazoles from the reaction mixture. This is
jbrought about by the condensation of two molscules

of phenylnitromethane with one of the aldehyde and

the subsequent loss of nitrous acid and water.

Cyls * OHO o OgHig = Ok = NOg
+ 8 Oglip OB N0, wsit—ep Cetig = Ci
CgHg = CH - NO, |
- HNOQ - H,0 %afs " g T
S
Ogis =~ C=—N

By this mechanism, using a substituted
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substituted phenyl group in the position 4.

- aldehyde, the resulting isoxazole contains the

' Ruggli and Hegedus (Helve Chim. Acta., 1939, 22, 405)i

glve¢ a mechanism for the formation of a similar

| isoxazole whereby the resulting isoxzazole contains

;the substituted phenyl group in the position 3.

X-GSH‘4 ¥ GHO P Hzo X-CSHQ
) C.H
|+ 2 CgHy OHgNOg ok
Celis
X=Cgl, = gn X=Cgly
- HNO.
| L. Oglig = ? e Celig
5 Cglig = CH'NO, Cylig
- H, 0 2 Cy
r Yl 3
Cgliy = C=——=N

At present there is no chemical evidence

to show which of these two mechanisms is the correct

!

Cli,

C+NO,
' i

CH*NO

2

oné, and both are equally probable, so that this

' mechanism raises a problem for future research.
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Such a condensation would be expectod to ;
be more liable to take place with the o-nitrobenzaldeﬁyde.
- as, due to the great polarity of the nitro group,

the aldehyde group might be expected to be more |
| resctive than in the unsubstituted aldehyde. This |
would then account for the tarry olil obtained from
this particular condensation, and on this view, the |
oxidation of this product would give o-nitrobenzoic
and benzoic acids. I

Vhen benzaldehyde econdenses with nitrometha#e.
only one WJe-nitrostyrene results, but when
o=nitrobenzaldehyde is used, two isomeric condensation

products are possible: c¢is and trans forms.

NOB f

CH:CH S H:&}; :
\ (i

NONO, NO.. |

cise. trans.
i ;

Reduction of o:l =Dinitrostyrene.

As the nitro group has a higﬁ polarity,
the trans form would be expected to predominate in
the condensation product. Reduction of the transe

o:W=dinitrostyrene would then give trans-o:dl -

diaminostyrene, which would not ring close very readily,
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and therefore this is the compound that is most likely
to have been obtained in the reduction of otw -
dinitrostyrene with ferrous sulphate and ammonia.
' The compound was very unstable, as would be expected,
' and gave an acetyl derivative of very high melting
!point-

With zinc and hydrochloric acid a cinnoline

derivative was obtained.

CH

CH:CE-NOg CH

e T NE

NO,, e
- h

¢+ s The alkaline reduction of nitrobenzene to

hydrazobenzens.

NO,
— O‘thﬂho

With the cis-o! J=dinitrostyrene, therefore,

reduction to the cis-o:W-diaminostyrene would be

|
followed immediately by ring closure to give cinnolineg.

[::]:f—CH:Ch Ch% I :
NOB NO2 %

N

Z-Q
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so far as the diamino compound, but the fall in i
pressure denoted that the reduction had gone about
‘half way, corresponding to a reduction of the nitro
igroups to oximino groups.

| Drake and Eohler (J«A«C.S. 1923, 45, 1287)
:reduced w =nitrostyrene with hydrogen and platinum |
catalyst, and they found that in the presence of aoidl
' (hydrochloric), phenylacetaldehyde oxime was formed.

CgHg * Oy * CHINOK 1.

hen there was no acid present, however,

two molecules condensed to give the compound,

C.H, *CH*CHtNOH
| 875 4 11,

|
CBBE'CH'CHBHOH E
|
|

and also further polimerisétion occurred at the

same time. i
|

As there was no acid present in the catalytic
|

[
:hydrogenation attempted, compound 11, is the one |
expected to have been formed. In this way the nitro'
groups in the benzene nucleus would be reduced to
hydroxylamino groups, though their presence could

‘not be confirmed and was therefore very uncertain.

NHOH-06H4-?E-CH=HOH

NHOH'CSH4'CH'CH:HOH
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The analysis figures obtained agree very
'well with this structure.
found N’ 1é .54:%!

C ISB 1804N4 s requires N, 16 08%.

. Also the melting point of the compound was

very high, which is comparable to that of benzil

dioxime.

The condensation of o=-nitrobenzaldehyde and
phenylnitrometharie by Thiele's method gave a product
which was very uncertain. The analysis figures are
‘not quite those of the required dinitrostilbene, i
ialthough, if the structural formula be worked out !
if'or the figures obtained, the formula for dinitrostilﬂene
E(014H1004N3') is the only probable one. The reductioA
of this compound, however, was again unsatisfactory

80 that no conclusive result was obtained.

Ruggli and Hegedus (locs cits) have recently
investigated the seame conﬁensﬁtion- By boiling e
mixture of phenylnitromethane and o=-nitrobenzaldehyde
with methylamine, they isolated, amon; other products
e compound m.ps 106°, which they showed to be

dinitrostilbenes.
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NO NO

It is posoible that this compound and the
‘one prepared in this ‘thesis, are isomerig eis and
‘trans forms, as they are prepared by diff”%ent methods
of condensatiorn.
| By reducing this dinitrostilbene with zine
‘dust and scetic acid, Ruggli isolated 2-phenylindole,

| |
and he interpreted this reaction as follows.

CH:C‘O cmc_O |
: ’ NE N |
o, WO, I |

2 I

Nldn

ok
| — 2 .
e-C E 5 Q l,c H
— gks
N ™. B0 NE

Thus he postulated 2'-aminodeoxybenzoin as
an intermediate product in the reaction. He gives

no adequate reasoning for his stages, and as in this
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thesis, o-aminodeoxybenzoin has been isolated and
found to be reasonably stable to such condensing
agents as acotic anhydride, doubt arises as to the
formation of this compound as an intermediate in

the formation of 2-phenylindole by this method. !

Robinson's theory gives an adequate
explanation of all the observed phenomena in the
syntﬁesis of indoles by the Fischer method. As yet
no valid objection has been made to 1t and the correciness
of the theory is more than prcbable. It was 5
. unfortunate that the method ef attack in this thesis
bore no concrete result, as it was felt that the
method was a promising one. j

In fact the evidence obtained actually does
not coincide with the theory, but rather supports
Neber's theory, with ring closuré to form a cinnoline
derivative. As the clmmoline derivative obtained,
| however, was stable to boiling hydrochloric acid, and
no indole was formed, this fact cannot be taken as
favourable to Neber's theory.

The data put forward by Ruggli may actually
be used to prove Robinson's theory, although this
author does not mention his work in that respect.

As his compound was the one expected from the work
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in this thesis, that conclusion can be drawn here.

However, in view of the comparative stability

- of the o-aminodeoxybenzoin found in this work, a

direct formation of Z-phenylindole, by the elimination

of ammonia between the two amino groups, is put ;

forward. This is actually what Robinson postulates

in his theory for indole formatione.

@:!Ch.%—{1 > ; @ o + Nhg
hI‘:a I\hg N 85
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Pictet's lMethod of Indole Formation.

The nitration of deoxybenzoin with Menke's
roagent, and the separation of the resulting 2'- and
4'-nitrodeoxybenzoins with ether, was much more
:satisfactory than the method employed by Pictet and
List (loce cite)s As the oil, obtained by Pictet,
‘was shown by List to contain only 25% of the 2'-nitro-
compound, the yield of indole obtained by the
reduction with zinc dust and concentrated ammonia,
could not have been very good. With the pure
2'«nitrodeoxybenzoin, the yield of 2-phenylindole, by
reduction with zime dust and ammonla was very small,
‘but reduction with zinc dust and acetic acid.proved
!much better. This can be explained as being due to
‘the dehydrating action of the glacial acetic acid on
the 2'=aminodeoxybenzoin.

The isolation of 2'-aminodeoxybenzoin by
acidification of the resulting solution in the
reduction with zinc dust and ammonia, has proved
very interesting, as it shows that the compound has
a certain range of stability, and sdme kind of
dehydrating agent must be present to convert it into
Z=phenylindole. It was unfortunate that no
derivatives could be made of this compound, but it

was undoubtedly 2'-anminodeoxybenzoin as it gave
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Z=phenylindole on standing in acetic anhydride solution

for several days at room temperaturee. Also the

'amino group was indicated by the solubility in

'mineral acids, and by the evolution of nitrogen by

the action of nitrous.acid.
The carbonyl group might have been reduced
to an aleoholic group (-CliOHe) and the extre two

hydrogen atoms would not make much difference to the

analysis figures, but the results obtained do agree

better with the carbonyl group (=C0-).

The failure to obtain any derivatives was

taken as being due to the fact that the compound

decomposed readily, probably the aminc group of one
atom with a carbonyl of the other, as decomposition

in this manner did not give indole.

The formation of 2-phenylindole from

2'-aminodeoxybenzoin resembles Robinson's mechanism

of the Fischer indole synthesls, though it takes

place much less readily.

Qc}i:c(oH)O Q_GH:C(NH,,)—O
Nl'lg NHg
l J

. +HS0 + NE
moe% e @—/L Cgs
NH Nk
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Derivatives of Z2-Phenylindoles

As had been expected by Cempbell and Cooper
(1oce cite); it has been found that nitrous acid
readily accomplished the oxidation of 3-isonitroso=2e
phenylindole to 3-nitro=8ephenylindole, and when in
large excess, formed the 3i15-dinitro-2ephenylindcle,
first obtained by Angell and Angelico (locs oits)
though their method of preparation was much superiors
The melting point of this dinitro-2-phenylindole was
given as"above 280°" and no definite structure was
assigned to its The pure compound was obtained with
a definite melting point of 3129, and was proved to be
315=dinitro=2-phenylindole, by oxidation with potassium
permanganate in glacial acetic acid to S-nitrobenzoyl-
‘anthranilic acide This nitration of the beuzene ring
in the position 5 is paralleled by the nitration of
213=dimethylindole (Bauer and Strauss, Bers, 1932, 65,
308; Plant and Tomlinson,; JeCeSe, 1933, 935).
By analogy the dinitro-2e-methylindole of Walther and
Clemen (JepreChems, 19C0, 81, 249) is probably the
5ib=dinitro~-compoundes

The attempt to prepare a trinitro-2e
phenylindole, by a similar method to that of Nathur
and Robingson's preparation of trinitro-2-methylindole

failed. The reactions in the case of 2-phenylindole
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were more vigorous than in the case of Z-meéthylindole,
but whereas the 3i15-dinitro=2-phenylindole was easily
obtained, further heating with nitric acid led to
‘oxidation with the formation of S-nitrobenzoylanthranilic

acid.

Properties of l1-llethyleZephenyled-nitroso-indole.

l=lothyl=2=-phenyl-5-nitroso~indole is a true
nitroso=compound but many of its properties are
anomalous. The various attempts to oxidise this
icompound to the corresponding nitro-compound, with
different reagents, were all equally unsuccessful.
S=Nitro-l-methyl-2-phenylindole is quite stable, and
was easily prepared by methylation of 3enitro-2-

' phenylindole with methyl iodide and methyl aleoholic
potassium hydroxide.

Also the failure to obtain condensation
products with aniline, p=-nitraniline and p-bromo=-
aniline is  contrary to the reactions expsected of a
nitroso-compounde.

Further it gave no colour with glacial
acetic acid and diphenylamine, (nitrosobenzene gives
e pink colour), formed no dye with hydroxylamine
hydrochloride and o =naphthol, and liberated iodine
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from acidified aqueous alcoholic potassium iodide
‘much less readily than did nitrosobenzeno.
Thus both in appearance and in some of its

chemical properties, l-methyl-2ephenyl-S-nitroso-

' indole resembles p-nitrosodimethylaniline rather than
'nitrosobenzene, for the former gave no colour with

| glacial acetic acid and diphenylamine, and liberated
iodine from potassium icdlide more slowly than did

the latter.

With certain nitroso-cumpounds it is not

!possible to carry out tho Lisbermarm reaction owing
' to the sulphurio acid itself producing a colouration.
IThis also applies to the Angeli Castellana reaction
(AttisReAccad.,Lincols, 1905, 141, 669), but the
| latter case may be modified by using acetic acid
| instead of sulphuric acid. C-nitrosc-compounds,
such as nitrosobenzene glve a pink colouration after

2 fow minutes.
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PART 2.

ihe Reactivity of Halogen Atoms in some

Eeterocyclic liolecules.

e Indazcle Series.

Le Benzimidazole 3eries.
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I BTRODUVEOCTIONN

Bicyclic Compoundss
(Fr:l.as--. Arme s 1987, é_g; 121).

Fries has divided such compounds into two
 distinet groups: benzoid and naphthoid, certaln
gdhosen resctions being used as the eriterion. It
;appears that for bicyclie compounds, very few are of
| genuine naphthold character. The differentiation
;is not easy, in the same way that the difference

between aromatic and gliphatic compounds 1is not:
always clearly marked.

Naphthoid compounds ere taken as those in

which the ortho positions are not equivalent, and also

the two rings shere s double bond: ¢«fs Naphthalenee.

i k/f,fcoupling
|
|

<———no coupling

The reactions used for the differentiation

are the following.

1o Coupling of primary amines with diazonium salts.
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Iniazoamino and aminoazo-compounds are obtained
depending onn the benzoid or nephthoid character of
' the compounds « This reaction is not entirely
!suitabla sinee substituents in benzene also influence
;the course of the reaction, as does the nature of the
!diazonium compournid.
| 2. Quinoline formation according to Skraup. As
pointed out by Campbell and lcLeish (JeCe3e¢ 1837, 1108)
this also has certain limitations.
| Eegs (Fries, Arm., 1955, 516, 285).

A Skraup synthesis on ﬁ -naphthylamine ususlly

| ring closes in the l-position, resulting in the

!
 formation of the compound:

Thus indicating the existence of a double bond
in the position 1-2.
Fries, however, found that when the
:1-position was blocked, he obtained some of the

| compound:
Cl

indicating a double bond in the position Ze35.
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| B Coupling of phenolic compounds with diazonium |
| saltse. This is one of the most satisfactory methods.
(cofe Fisser, JeleCeSe, 1935, B7, 1459; and 1936,

88y 2050).

« coupling.
Naphthoids H

|

|

| 4N

| ne coupling.
|

| B Conversion of benzalamino-compounds into ;
|

4. Nitration and halogenatlon, e.g. in naphthalernie
i

t 1s the l-position which is mainly attiacked.

| acridine derivatives. In the naphthalens series
this occurs readily. In thc benzene series more

drastic conditions are necessary.

|

|

|

| 1
i Fries has designated the following compounds
ito their respective groups.

|

ABLRAEIN . s i e Benzold

Cumarin _______ e nieaw BNZ014
Benzimidazole ___________lostly benzoid.
Benzthlazole __________ iiostly benzoid -
Benzisothiazole _________ Yostly bhenzoid.

Indazole wwew-eweecweeee-=~ ostly naphthoid.
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Fries 1s of the opinion that in naphthalene
only one form (a) is present and that in the other

compounds form (b) may aluoc be present. There is

| probably equilibrium end naphthoid character is

noted when form (b) is present only to a very small
extent. (cef+ however, resonance).
He considers in some detail, bromination
from this point of view. |
Under certain conditions "exceptional”

reactions occur. Thus the following reaction takes

place readily.

Br Br

o : N
Nii-CS 061‘5 \c e
s “~6%5

S

Benzimidazole Series.

Fries investigated the compound l-phenyl-Ze

f methyl-5-hydroxybenzimidazole.

N
OH
: e ox

7 3

The substituents in the hetero-ring did not



- affect reactions in the benzene ring. Ee found that

chlorination gave (a)-compounds, while further

' chlorination gave only a small quantity of the

c=0=dichloro-compound,; =z keto chloride being chiefly
formed. c«f« naphthol.
Cl
N
()5}

\c-cr
(c1) ///" '3
N-06P5

Similarly with the amino-compound., but here
also he found that small quantities of the €-chloro-

compound were obtained.

N
NE
Ng ‘CHy
Gt o
N '06]::5

lle found that both the 4~ and f-chloro-

| B-gminobenzimidazoles ecould not be diszotised to the

corresponding hydroxy-compounds.

The brominaticn of the S-hydrozxy-compound

 gave first the 4~bromo-compound, and then a dibromo-

- compound. This is differont from naphthalens.

A further differonce was noted in the case of
diazotisation and nitration. Hitration of
benzimidazole occurs at the s-positioh and not at the|
4 as in naphthalens. Fries showed that this was not
due to the influence of the imino-group.

As in naphthalene, no quinone could be



a1

formed from C:C-compounds.

OH ' N 0 o
z 0
OH A N7C ki

Indazole Series. |

The structure of indazcle has bsen given

in the literature asj

w ., f@\ﬁl

NE {
i
The hydrogen atom supposedly can be attached

to either of the nitrogen atoms, so that indazole cen
be expressed as a tautomeric mixture of these two

' structural forms.
Auwers (Arn., 1937, 527, 291) prepared the

isomeric l-methyl and 2-methylindazoles and examined
nmany of the physical properties of these compounds.

Le formulated the l-msthyl compound as:

S

/l’
N-CH
3
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and the Z-methyl compound as:

C N 'CH:5 or m - 0B |
a4 éii ? |

Noolting (Ber., 1904, 7, 2656) showed that

ithe nitroindazoles were formed very easily by
diazotisation of the various nitro-o-toluidines. In_
this work he showed that dlazotisation in glacial
acetic acid was more satisfactory than in mineral
acids, as in the latter case a high percentage of
nitrecrosol was formed.

lie found that methylation of these

nitroindazoles resulted in a nixture of the isomeric
|

!
Friss (Anm., 1927, 454, %07) later, 1solateq

methyl dsrivatives but did not separate the isomers.

the l-mothyl and 2-methyl derivatives. iie postulated
"that the l-methyl derivative has the lower melting
point and occurs in prepondering amounts in the

methylated mixture”.
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Theory of Activation by Unsaturated Groups.

In a melecule containing o system of
conjugated double bonds,. the influence exerted by any
functional group may scmotimes be propagated along
the chain and meke itself epparent by activating

atoms at a remote point in the molecule.

| this effect has a wide application, and has called
|

Fuson (Chem. Reviews, 1935, 16, 1) has shown that

 the phenomenon “"vinylegy”.

An illustraetion of this prineiple is the
| fact that the methyl group in ethyl crotonate behavesi
in some respects as 1t does when attached directly

|
' to the ester group in ethyl acetate. - :
- I

CH, (CH$CH)?C:0 i CL,*C20
0°Ctg 0°0ghy
Ethyl crotonate. Ethyl acetate.

Fuson quotes further application of the
principle to the case of the nitrotoluenes. It has |
been shown by the work of Angeli and others, that
the methyl groups in the ortho and para nitrotoluenes

are reactive and underge cimilar reactions to those
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of nitromethane. The benzene ring, according to the|
Kekule formula:,, consists of a system of double bonds,
and the above observations are accordingly in aggreamént
' with Fuson's principle.

IFurthermore, as would be expected, the methyl group

in nme-nitrotoluene is non-reactive.

CH oHz %
NOo
NO,
02
Reactive Reactive Non-reactive

In the case of o-dinitrobenzene, one of the
nitro groups can be replaced by aminc, hydroxyl,; or
methoxyl, by means of amnonisa, agueous alkall or

sodiun methoxlde respectively.

B 2
NOq
g = O
NO:) OI‘J

y

= =
O

Og
NaOth}
2 OCHz
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In aromatlé halogen substituted compounds,
such as bromcbenzene, the halogen atom ig highly
non reactive, but if the molecule is further |
substituted in the ortho or para positions by an

'unsaturated group, then the halogen atom bscomss
;reaﬂtiva.

Thus o-bromobenzoic acid reacts with active

methylene compounds as follows:

COOH _CO-R ‘COOh
@[ 408 s (CO'R
Br N 8

| CO-R

If this principle of setivation be sxtended

to thie more complex aromatic compounds, then

|
conziderable evidenceé can be obtainsed with regard to }
|
' the positions of the double bomds in these moleoules:i

and as to whsesther the bonds are mobile or f{ixed.
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Application of Fuson's Vinylogy Theory.

|
i,
iatoms in an aromatic nucleus has been wideoly applled

The theory of the reaoctivity of halogen

!to the determination of the fine structures of many
!OQmpounds, and was used for example by Campbell and
Mo-Leish (J«CeSe, 1937, 1103) to determine the
structure of naphthalene. It has not, however, been
very much applied to the heterocyclic series in

which respect a modification of the usual method is

required.
In 2 hetercyclic molecule, & halogen atom,

|
i |
irendered mobile due to its pesition relative to the
unsatursted nitrogen atom, cannot be removed by

boiling with piperidine as in the case of a halogen

atom; rendered mobile by the presence of = nitro group.
| |
iIn such cases o more drastic effort is roquired (J.C.Sh

(¥41ls and Smith, 1922, 121, 2724)

i S 5

NO

2
Gabriel (Ber., 1886, 19, 1656) found that

by heating the heterocyclic compound in a sealed
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tube with red phosphorus and hydriodic aecid “reaotive@
| halogen wes removed between 180°~ 180°, while |
!“non-reaotive" halogon was not removed till over 1809,
Below 160°, no halogen was removed and above 180° all;
halogoen was removed.

These determinations camnot be carried out
gquantitatively as in the piperidine method, but they
enable us to distinguish between a"reactive®and a

| :
“non-reaotive"halogen atom in a molecule.

: Of course, nitro groups ean also be
| introducsd into the molecule to activate the 12logen |
!atoms-

Fege

S=promo~l -methylindazole and S-Browo-<-methyle

S=nltroindazole.
: C+Br NO C:Br
R Sl
i SN Oy e
|

Only the nitro-compound is reactive to .

piperidine !
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Object of Regearch. ;

Indazole Sericse.

An attempt was first made to prepare the
isomeric l-methyl and S-methyl=S3-~bromoindazeles,

- and test the reactivity of the bromine atoms in these

molecules with red phosphorus and hydriodic acid. j
It was expected that the l-methyl derivative would
be found to be reactive, while the Z-methyl derivative

would not.

fr ey 0t n O
- |
) N ‘CH
N“CHg %% e

N

A

|
The isocmeric 3ebromo=t-nitromethylindazoles
were then prepared and the reactivity of the bromine
atoms tested towards red phosphorus and hydriodic
acid. Here again the lemethyl~compound was expected

to be reactive and the 2-methyl non-reactive.



99

‘ N*Ch KO ; N.CH
N|02 / NOs N/ 3 S J 3

N-CHs

|
{The nitro group in both of these meleoulesi
can have no offect on the bromine atom as no
conjugated system is present between the two groups; |
thus any activity is due conly to the unsaturated .
nitrogen atonms)

As these compounda also wore now compounds,
this recctivity was taken as a gulide Lo the orientation

- of the l-methyl and Ze-nethyl-Senltroindazolece.

with the nitro group in the pesition 5,

o eonjugated aysten may oeccur between the nitro and |
- bromo groups of the Zemethyl derivativoe. |

NO, r NO,, Br NOZCWBT
N ) N-CH N-CH
| \N el oy A
|
| |

CE5

This compound, thorefore; would be expectod

to possess a mobile halogen atoms The isomerie
mothyl-G~brono-t-nitroindazoles were thus prepared
and tested by the piperidine method.
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|
The isomeric S-bromo-e-nitro-methylindazole#
- were also tested by the plperidine method, and the
| Swbromo=4-nitro-methylindazoles prepared and tested
in the same way. Beth of these series were not

|
|
|
i expected to show any reactivity, howsever, by this

;method.

During this research certain preparative
difficulties were encountered, and in such cases |
efforts wore made to improve the methods given in the
literature. '

For oxample, difficulty was found in
.preparing t-nitro-o-toluidine by the reduction of
I214:6-trinitrotoluene, and another method was tried

'nemely a Curtius reaction on 6-nitro=o-toluic-azide.

0}13

NO?‘O/ COT, NOQO NCO Nazo NH, |
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Benzimidazole Series.

! Fries postulated that l-phenyl-z-mathyi-ﬁ- |

!aminobenzimidazole was of a benzoid character - 1-ei

'the ortho positions are equivalent = . i
It was attempted to prove this by the i

| preparation of isomeric halogono-nitro compounds

:and testing the reactivity of the halogen atoms,

|
|
!towards pipsridine. ‘
|

N i N
N
b // ¢ @
c //

1 N 655 1 NC E

|
The 4=compound was prepared by direct :

| halogenation of the Se-acetamido~compound, and the

- 6=-compound from 3-halogeno=4;6-dinitrodiphenylamine i

| It was expected that these amino-compounds
would be converted into the corresponding nitro-

. compounds, by treatment of the diazonium salts with

; sodium nitrite and cupri-cupro sulphite (Lantzch

end Blagden, Ber., 1900, 33, 2554). Unfortunately, |

however, success was not attained.
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Direct halogenation of the l=phenyle2-

|methyl-B-nitrobenzimidazole was expected to give
l=phenyl=C-methyl=7~halogeno=-5=-nitrobenzimidazole,

‘dus to the meta=-directive influence of the nitro

- group. The position of the halogen atom, however,

is not certain and no proof could be found.
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EXPERINEWNTAL.

Preoparation of Indazole.
(Bers, 1908, 41, 662.)

"A nitroso group carmot be imtroduced into
o-aceto=toluidide very readily. The nitroso-acetyl
compound thus obtnined can be transformed into
indazole by the action of benzene,but only in small
gquantities. Indazole formation is much easier l
when o=benzoyletoluidide is used as the starting

material.”®

_— :
NHZ NH-CO -Cglg

Chgz CH : |
| [::]: [::]:j—— i+ 0gHi;000H
N-00-0gHs i~

NO

o=Benzoyl-toluidides

o=Toluidine (75 gms.) was dissolved in benzene

(500 cess) and treated with benzoyl chloride (100 gmss )
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- Intleshl
The resulting benzoyl-compound was filtered, dried e oo

well by suction, and crystallised from alcohol. sl [FL
S Jprnertl -

yield almost quantitative.
mepe 145% 146° (1it. 146°).

N-nitroso-o-benzoyl-toluidide.

o-Benzoyl~toluidide (5 gms.) was dissolved
by warming in glacial acetic acid (30 ccs.) and then |
allowed to cool with brisk stirring, so that fine
crystals were obtalned. This suspension was thon
cooled in ice-water, (care is neceossary to avoid
gsolidification of the acetic acid), and gaseous nitro#s
acid passed in until all the solid had gone into
'solution, which turned an intensive dark green colours
'This solution was poured on to ice and the nitroso-
Ioompound first obtained as an 0il, which on rubbing
and standing became solid and filterable.

Several of these portions were collected
and the solid filtered, washed with ice-water until
the smell of nitrous acid had disappeared, and then
dried by pressing on porous tile.

This erude product, yield almost theoretical,

was not purified further before conversion into the

indazole.
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Indezols.

N-nitroso=-benzoyl-toluidide (5 gms.) was
covered with 55 ccs. of sodium dried benzene: the
action soon began and the benzene boiled gently, the
nitroso=-compound going entirely into solution.

Next day the contents of the flask were heated on
the water bath for half an hour to complete the
reaction. Most of the benzene was then removed by
distillation and the remaining solution poured into
a flat basin to evaporate completely. The residuse
was first triturated with dilute sodium carbonate
solution to remove benzoic acid, and then submitted
to distillation with superheated steam ( the flask
in an oil bath at 140°- 150°). The indazole
distilled over and was extracted with ether (it is
now no longer contaminated with o-benzoyl=-toluidide
or benzoic acid). It was further purified by
dissolution in dilute hydrochloric acid and
precipitation with sodium hydroxide. The indazole
was filtered, washed with cold water, and crystallised

from water.

Yield 1 gm. (20% theory)
m.p. 146° (1it. 146.5°).

Several of these portions were collected.
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3=Chlorindazole.

(Ann., 1937, BS7, 291).

[: :I::—-gh [:::]:;;—'ﬁ'01
NEN h’N

To obtain the indazole in a very finely
divided form, it was dissolved in dilute hydrochloric;
acid and reprecipitated by adding sodium hydroxide b

and shaking.

Indazole (2 gms.) was suspended in 2N sodium
hydroxide (50 ccs.) and a solution of sodium
hypochlorite (30 ccse. of sodium hydroxide containing
1.2 gms. of chlorine) slowly added with shaking.

The solution was neutralised with dilute hydrochloric
acid, and a brown precipitate separated which melted
at 195°- 205°. This was the 3:5-dichlorindazole.
The filtrate on further acidification yielded
3-chlorindazole, which, when crystallised from water,

was obtained as pure white needles.

yield 1.8 gms. (72% theory)
m.p. 146°- 147° (1it. 148°).

Dus to the poor yields of 3-chlorindazole
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!prepared by this method from Nenitrosco~bonzoyl-o=-

|
| toluidide, another method was attempted.  Emil

Fischer gives s method whereby 3echlorindazole is
 formed by heating in a sealod tube, a mixture of
io-hydrazinobenzoio acid and phosphorus oxychloride.
|If so reguired,; this Sechlorindazole can then be
!reduced to give indazole, with zinc and hydrochloric |
'acid (Ber., 54, 1901, 797). !

|

| :

| Preparation of o-Hyvdrazinobenzolc acid.

|

(Bers, 1880, 13, €81 and 1901, 34, 796).

COOH
Oma *NH_,HO1

5 gnss anthranilic acld.

~

| 5 gmse sodium nitrite in 15 ccse water.
| 5 ces. oconcentrated hydrochloric
acid in 15 ccs. waters

10 gnse. sodium sulphite.

The anthranilic aseid was dissolved in the

'mixture of hydrochloric acid and water, and after
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jcooling to 0° diazotised by running in slowly the
fsolution of sodium nitrite. The resulting clear
|solution wes then added to a concentrated slightly
alkaline solutlon of sodium sulphite. The mizture
was at first dark red; and later bright yellow, and |
| Pinally was decolorised, aftor ecidifying with acetic
acid, by very gently heating with zinc dust. The
solution now possesses strong reducing properties

and contalns the hydrazine sulphonic acid salt. 1o

break this up the filtrate was saturated with
hydrochloric aclid whereby the resulting hydrazino- !
benzoic ascid hydrochleride , on account of its lesser
solublility in strong hydrochloric acld separated almaqt
complotely in the cold along with sodlum chlorides |
Prom the admizxed salt the hydrazine compound was |
eaéily geparated by treating the filtered mase with

small quantities of cold wabters
yield 4.5 gms« (787 theory).

This compound was not purified further, as the ‘

next stage dces not require it.
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S=Chlorindazols.

COOH POCL, -C1
5 ﬁ
NH:NHg,HC1 R

The hydrazinobenzoic aecid (2 gms.) wa= |
heated in a sealed tube at 120° for four hours with
phosphorus oxychloride (14 gms})- The excess of
the phosphorus oxychleride was then distilled off
undser reduced pressure end the residual Sechlorindazole
distilled in steam. The compound was f{lltered fronm
the distlllate on cooling, and crystallised from

water, from which 1t separated in white needless

yield 1 gms (74% theory)
mepe 148° (11t. 148°%),

Kethylation of SeChlorindazole.
(Auwers, Anne, 1937, 527, 291).

|
"By complete methylation, either with i.
methyl iodide and sodium ethylate, dimethyl sulphate
| and caustic soda, or diaszomethane, 2 resulting
| mizxture of the two N-methyl derivatives can be formed

in varyving proportionse. These are separated in the
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at 120% 181°.

the le=derivative separates.

with ammonia¥

I = _—<<:::
[
NH

Q

Nz

(845 gms.) slowly added with sheking.

customary menner wlth the aid of their picrates.
From a very dilute ethereal solution the Z-derivative
' separates at once as bright yellow crystaels melting

From the very concentrated solution

The main portion is

obtained by the complete evaporation of the solutione
| Golden yellow plates and prisms melting at 860.
From the salts, the bases are set free by treatment

Carrying out this procedure reported by
| Auwers, B-chlorindazole (6 gms.) was dissolved in

10% sodium hydroxide (50 ces.) and dimethyl sulphate

The mixture

!was then warmed on the steanm bath for half en hour

and the dark brown oil, which separated, extracted

with sther.

ethereal solution of picric

To this extract yag

then added an

acld to form the pilerates

of the isomeric methyl=chlorindazoles.
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From this solution the 2-methyl-3-chlorindazole
picrate separated first, and was filtered and

recrystallised from methyl alcohol.

yield 0.8 gms.

meps  228°= 131° (11t. 120°- 131°).

By complete evaporation of the ethereal
‘extract the l-methyl-3-chlorindazole picrate was

obtained, and was crystallised from methyl alcohol.

yield 1.5 gms.
idps. 852 {184, 88°%).

Attempts to obtain the free bases from
these picratss failed, due to the very small
quantities obtained. As the preparation was an
(extremely lengthy one, it was not repeated, but a
'series of nitroindazoles prepared instead.

The pressence of the nitro group in the benzene
nucleus of the toluidine makes ring formation to

the indazole much easier.
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Preparation of ¢-Nitroindazole.

1) 4-Nitroso-toluidino. |

(Ullman and Grethor, Bers, 1902, 35, 337).

CHg

CHS |
NH,, NhEg :
|
NOo

| 20 gmss o-toluildine.

. 450 gma, econcentrated sulphuric aeid.

28 gnse« concentrated nitric acides
| 100 gmse ooncentrated sulphuric acid.

The o=toluidine was dissolved in the sulphur;o
acid; forming the amine sulphate, the mixture cooled |
to 0° and the mixture of nitric and sulphuric acids |
added slowly with vigorous stirring. Vhen all the
nitration mixture had been added, the solution was
kept at room teaperature for two hours and thon poured

on to ice (600 gmse) 2nd stirreds An almost clear

sclution resulted; which then deposited erystals of
denitro-o=toluidine sulphato. The filltered mass

was stirred up with excess of sodium hydroxide, and
the 4-nitro-o-toluldine separated, washed with water

land recrystallised from alcohol.
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The 4-nitro-o=toluidine crystallised in yellow prisms.

yield 34 gms. (807 theory ).

|
| mepe 107° (1its 107°)

'2) 6=Nitroindazole. |
(Hoelting, Bere, 18900, _2»_:2, 5655)-

CH,

| N:N-00C -Ckg ol
| — wo X |
| NE |

0

10 gmse 4-nitro-o-toluidine.
! 500 occs+ glaclal acetic acid.

|
|
| |
- 2% ecess 2N sodium nitrite sclutliond

The 4-nitrowc-toluidine was dissolved in
glacial acetic acid; eeoled_%e~awtsmperaturemundsrﬁlﬂ%
'and the sodium nitrite solution alewly added. When ?
Ithe diazoe=reaction was finishod, the brown reaction |

product was romoved by filtration, and the sclution

| distilled to one quarter of its original volumes On
!oooling, the indazole orystallised, and still more
éimpure product wes obtained by addition of wator.
Reerystallised from water the compound separated in

| browrn needles.

yield 10 gms. (907% theory).
mep. 180° (1it. 181°).
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Ag the method of diazotisation of nitro-
amines given by Hodgson and Walker (J.CeS., 1935, 1620)

ihaa been veory successful in so nany cases, it was
tried in the prcﬁaration of these indazoless The
resulting compound, however, underwent a great deal
of charring dus, in all probability to the heating
rwith concontrated sulphuric aci&. Also a2 much
ihigher percentage of nitrocrasol was flormed » The

method was therefore much infericr to that of Hoeltinga
|
|
|
i

Eromivation of g-Nitroindazole.

(Roelting, Bers., 1890, 28, 3839).

ﬁH &E -Br ‘
NO /N Noz NH/ !
|

The &-nitroindazole (3 gms.) was dissolved
|in a solution of 2§ sodium hydroxide and reprecipitated
|

by the eddition of dilute sulphuric acid. Ezcess of

bromine water wes then added and the nixture well

'shaken ups  After helf an hour, the solid was filtered,

| nitroindazole; and then recrystallissed first from

triturated with hot water to remove any unchanged

 benizens, and then from 507 slechol.

yield 245 gms. (68% th@OrY)l
meps 229° (1it. 230°).
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Hethvlation of "=Bromo=3=nitroiniezcle.

|
NO, ; _

= .Ei::====:?'3r
NOu N, A N :CEs

N

O gnse S=bromo-c-nitroindazole.
2% zmse methyl alcohiol. !
5 zusepotasslium hydroxide.

| 9 guse methyl lodids. .

‘ These were refluxzed for four hoursg, after
which the excess of methyl icdide was distilled offs

The potassium iodide was washed out with water, and the
i |

iremaining methyl derivaiives allowed 1o crystallise

frorn the solution.

A mixture of isomers was thus cobtained and
was separated with ethers ons being soluble whille
ithe other was inscluble.
| The soluble portion was recrystallissd several
 timas from methyl alookol.
meps 140%~ 145°, 130-tys”

yield 0.7 gmse (147 theory).
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The portion inscluble in ether was
|
| yiold 256 gus. (50% theory).

recrystallised three times from absolute alcohol.

| MeDe 1’?00- 17100
|
!Analysis: compourid mePs 140%- 145°%,

found Br, 31.52%,

OSHBOQNSBI'- requires Br, 5102%0

compound mepe 170°= 171°,
found Br, 51.8%,

| O HaONzBre requires Br, 35127

| According to the convention given by Fries |
(Anna, 1927, 454, 306), the lemethyl derivative has
'the lower nelting point, and occurs in the greater
lproportion of the mixture. He states, howover,

that this rule is not without exception.

As in this case it is the higher melting
fraction vhich is present in the greater proportion,
no conelusion can be drawn from this convention, and
| some other method had to bs used.

It was expected that the l-methyl derivative
would contain reactive bromins, wﬁile the Zemethyl

derivative would nots
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Preparation of B-Hitroindazolos

'1). Preparation of Selitro- end B-Nitro=-o=-toluidine.

Bils=o=tolylureas

CH.:
fCHg Fs)

ONH-CO-NH‘O

This was prepared by passing a stream of
'carbonyl chloride through 2 solution of o-toluldine
in aleohol. The resulting solid, which separated,
was filtered, washed with water, and recrystallised

from alecohole

Vitration of Bis-o-tolylurocas

CHz Chiz
Q N+ CO- NHO
CHz Chz NOg NOg
QNH- CO- NHO <
- Clig CHB
| NOG NH~CO-NH«©— NO,,

Bis=o=tolylurea (5 gms.) was added in small
quentities to a mixture of fuming nitric acid (10 cess)
and glacisl acetic 20id (10 oc6s.) at a temperature of

00, in the course of one hour. It first dissolved
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giving a dark brown sclution, but later a thick yellow

| paste was formed, which was then stirred for another

one hour and finally poured into water (500 cose)s :

The precipltate was separated, washed with cold water

- and thoroughly dried on tile.

yield &.2 gmse (807 theory)

This erude product was then heated with
pyridine (30 ces.) for 14 hours, to liberate the
base. The nizxture of J-nitro- and Senitro-o-toluidines
was then extractsd with cerbon tetrachlorids.

Fron the solution the S-nitro-o-toluidine

separated first as ysllow leafloets.

yield 3 gas. (50% theory),
mMePe 136'0 (1it. 1260)'

By svaporating the solution to dryness the

S=nitro=o=~toluidine was chtained in rod leaflets.

yield 1.4 gms. (25% theory),
MWaPe 930 (1ite. 970)0

2). BeNitroindazole.

(Ber., 1920, 53, 1221).

CH |
N:N-00C - CH
5 NE



N 4

10 gns. O=-Hitro-o-toluidine.
500 ecse glaclal acetle acid.

048 cos. 507 sodium nitrite solution.

The S-nitro-o-toluidine was dissolved in
the acetic acld, cooled to a temperature under 109,
. and diazotised by slowly adding the selution of
gsodium nitrite. Tho =solution was allowed to stand
at room temperature for thres days, after which two
thirds of the solvent wes roemoved by distlllation,
and the remainder poured into water. Yo obtain
the nitroindazole free from any nitrocresol formed
in this reaction; the whole was dissolved in a little
aleohol and caustic coda solution, filtered; aeidified

Aol A T Tl wn A GAALA A

with aceotice n0id, and the nitroindzzole precipitated
with carbon dicxide.

The S-nitreindazole was obtalned as yollow

erystals from alccohol. Drrordne RADAL b S Lo

yield & gms. (724 theory),
mepe 208° (1it. 208°).
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o=promo=Helitroindazole.

NO C-Br

S-Nitroindazole(l gm.) was suspended in

dilute hydrochloric acild, excess of bromine water
added and the nmixture sheker for hall an hours the

resulting product was filtered, washed with water,
anid crystallised from slcchol. After two recrystallisations

he compound wasz obtained pure with a sharp melting

point.
yield 1 g« (727 theory),
Y o 221° (sublimes at 160° )
Analysis: -

Found Br, 31.25%,

Cplis O NzBr, requires Br, 33%.

Methylation of S~Nitroindazole.

(Fries, 1927, 454, 307).
H05 H
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5 gmse. 5=Nitroindazole.

25 gms. methyl alcohol.
% gms. potassium hydroxide.
9 gms. methyl iodide.

After refluxing for four hours, and removing
the excess methyl iodide and potassium iodide, the
mixture of methylated nitroindazoles was separated.

To isolate the isomeric methyl-nitroindazoles, this
mixture was suspended in twenty times its weight of
water and warmed to 90°. The solution was then
separated from any insoluble material.

The insoluble portionwas crystallised from

alcohecl and wes obtained as red sandy crystals. L0¥

This Fries takes to be 2-methyl-5-nitroindazole.

yield 0.5 gms. (9.2% theory),

mep. 163° (1it. 163°)

From the hot aqueous filtrate, on cooling,
there separated a yellow gelatinous precipitate
which was crystallised first from water, and then
from a benzene petrol-ether mixture (1:1), and was
obtained in yellow nsedles.

This Fries takes to be l-methyl-5-nitroindazcle.

yleld 3.2 gms. (80% theory),

m.p. 129° (14t 128°)
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Eromination of the Vethyleb-nltroindazoles.

_ Each of the above methyle-Senitrcindazoles
wes brominated, suspended in dilute hydrochloric acid,
in a2 similar way to that zlresdy deseribed for the

bromination of Se-nitroindazole.

B=llothyl=3~brono=initroindazole, crystallised from

aleohol and glacial acetic acid in white sandy crystals.

MepPes 221 « 28T » A ;.""'"f""('j‘ o o3
Analysise
found Br, 30.62%,

O H 0 N Br. requires Br, 51e2%.

1=Methyl-S=bromno-S-nitroindazole, crystallised

from alcohol in yellow nesdles.

MeDw 1850-— 15—35&. L 5.._,__i\,‘.' uﬁ;(t"
Analysiss
found Br, 30.567,

CaﬁﬁozﬂsBr. requires BPBr, 31.2%
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Preparation of é-Nitro-o-toluidine. (1 st. method)

CHz Chr Cliz
. —_— Y
NO, HEZ
Cliz
N02 NHS

218=Dinitro-4=~anminotoluene.

(Ber., 1880' _1._3_)_' %3).

150 gms. 2:4:6-Trinitrotoluene.
300 ccse alcohole.
200 coss saturated solution of

ammonium sulphide.

The trinitrotoluene was dissolved in the
alcohol and cooled to below 10°, after which the
ammonium sulphide was slowly added with stirringe
Yhen all was added, the solution was warmed on the
steam bath for half an hour, and on cooling, the
dinitro-aminotoluene was precipitated with water.
The precipitate was then filtered and extracted
repeatedly with dilute hydrochloric acide. The acld
extract was neutralised with ammonia, and the
precipitate after washing and thorough drying,

dissolved in chloroform. When all the chloroform
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had been removed the residue was orystallised from

;aoetio acid.

yield 10 gms. (7% theory)
mepe 166%- 168° (11t. 168°).

! As the yield was not good, the reduction
was repeated on a small scale, and sulphuretted
fhydrogen was passed in during the time of boiling.
!Again no satisfactory yield was obtained.

2:6=-Dinitrotoluens.

(cefe Ber., 18921, ‘%4_-’ 2773 )

I The method of liodgson and Walker for the
diszotisation of nitroamines was used in this case.

(J.o.s.’ 1933, 1620)-

10 gns. 2:6=dinitro-4-cminotoluens.
120 cese glaclal acetic acid.

5 gns. sodium nitrite.

35 ccss concentrated sulphuric acid.

The cooled solution of dinitroaminotoluerns
was added with vigorous stirring to the sclution
prepared by dissolving the finely powdered sodium

nitrite in the sulphuric acid, the temperature being
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maintained under 10°. After the diazo-reaction was
complste, the solution was cooled in ice, and 100 ccse
of alcohol addede The mixture was then gradually
warmed to 80° and kept at that temperature for four
hourse. Next day the solutlion was poured into water

and the precipitéted dinitrotoluene filtered and dried.

yield 0.5 gmss (5.5% theory)
MeDos 600 (111’;» 660)0

This method of preparation of ¢-nitro-o=
toluidine was therefore abandoned, the yields being

so unsatisfactory.

Preparation of 8«Nitro-o=toluidine. (Znd. method).

GOOL Oc COOH CONh
_—— _—
,f

Clin
NO., NH

2

LY
i
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1)e 6-Nitro-o=toluic Acid.

(Olfo Recs Trave Chime., 1901, g_f_}" 173)-

Cliz
th 2
O,coox«;
OHg
COOLH
NOo

i~

126 ccess concentrated sulphuriec acide
25 cess funing nitric acid,

50 gmse o=toluic aclde.

The o-toluic acid was gradually sdded to
the mixture of acids and the temperature maintained
under 5%  Vigorous stirring was necessary, and o
thick pasty mass was obtalned. After sixz hours this
was poured into water and the resulting mixzture of
isomeric nitro-compounds separated by filtration,

and dried on porous tile.
yield 75 gnms.

This mizture was then separated into its
constituent 8-nitro- and 4-nitro-acids by fractional

crystallisation of their methyl esters.
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Esterification of nitration mixture.

75 gmse Nitro=o-tolulce acid.
300 eccs« dry methyl alcohol.

36 ccse concentrated sulphuric acid.

The mixture was refluxed for six hours, and
the admixed esters corystallised on coolinge The
crystals were removed and the mother liquor preclipitated
with water, when more of the crude esters were
obtained. The whole was then dissolved 1in 250 coese
of methyl alcohol; by refluxing for quarter of an hour,
and allowed to crystallise slowlye«

Three separate fractions were isolated from
the orystallisation: the Tirst me.pe. 69° was the
pure 4-nitro=-o=toluic ester; and the third m«pe. 66°,
was the pure 8-nitro-o=-toluic estere. The second
fraction was again submitted to fractional
crystallisation and again three fractions were
isolated. This procedure was carried out four times

until complete separation had been effected.

(H-B- The second fraction in each case was taken as the
largest: best results were obtained by allowing the
hot solution to deposit crystals until it reached a
temperature sbout 25°. The supernatant solution was
then poured off and more crystals separated from this.

The supernatant solution was again separated about
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159, and it was from this solution that the pure

6-nitro-o~toluic ester separated).

6-nitro-o-toluic ester,

vield 20 gms. (25% theory).

d-nitro-o=-toluic ester,

yield 48 gms. (€07 theory).

Some 4:6-dinitro-o-tolulc ester was also
isolated in the reaction. This was separated fronm
the 4-nitro-compound by further fractional crystallisation.
The 4:86-dinitro~o-toluic ester separated from the

solution first. n«ps 720

g=llitro-o-toluic secid amide. (1st. method)

6-Nitro-o-toluic ester (5 gms.) was shaken
with concentrated ammonia (850 ccss) for 75 hours and
the resulting compound separated, after removing
most of' the ammonia by distillation. The & gmse
of the original ester were recovered unchanged and

no amide had been formed.
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6=Nitro-o-toluic acid amide (2nd. method)

CHz CHg Clig
NOg COCHg NO, COOH  NO,. coc1
O
CHx

>
—

Hydrolysis of the 6-nitro;o—toluic ester
(10 gms+) to the acid was accomplished by boiling
with concentrated hydrochloric acid (100 ccs.) and
glacial acetic acid (20 ccs.) for 12 hours. The
ester gradually went into solution, and the acid was
formed, some of which separated from the solution.
On cooling the acid was deposited in colourless

needlss.

yield 9.9 gms. (90% theory)

The acid chloride was formed by heating for
three hours, the dry 6-nitro-o-toluic acid (5 gms.)
with thionyl chloride (25 ccse)e The excess of the
latter was then removed by distillation in vacuo, and

the acid chloride was obtained as a dark brown solid.
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This was dissolved in toluene and added to excess of
armmonia, when the amide was formed immediately as
& white substance which was filtered and crystallised

from waters It separated in long colourless needles. .

yileld 5 gmse (quantitative)
meps 183° (1it. 163°).

Hofmann Degradation of é~Hitro-o-toluic acid amide.

A solution of 5 gms. of potassium hydroxide
and 5.5 gms. of bromine in 50 ccs. of water was added
to the finely powdered 6-nitro-o=toluic acid amide
(56 gms.) and the mixture added to a solution of 7 gmss
of potassium h&drqxide in 15 ccse« of water. The
whole was thon §§adua11y warmed to 80° and kept at
that temperature for one hour. The mixture was
distilled with superheated steam, and the amine
separated from the distillate in yellow needles.

yield 0.5 gms. (87 theory)
mepe 90° (11t. 92°).

Degredation with liydrazolc 'Acid

6=Nitro-c-toluic azide was prepared by the



151

acid chloride method.

Dry G-nitro-o-toluic acid (10 gms.) was
converted intec the acld chloride by heating with
thionyl chloride as above, and the excess of thionyl
chloride removed in vacuo.

' The acid chloride was dissolved in benzeme (100 ccse)
and powdered sodium azide (3 gms.) slowly added with
vigorous shaking. The benzene solution was then
gently warmed and nitrogen was evolved, so that the
remaining solution now contained 6-nitro-l-methyl-2-

1socyanate which was converted into the amine by boiling
with hydrochloric acid ( concentrated acid:water, 1:1)
for four hourse. The benzene was distilled off, and
the hydrochloride of é-nitro-o-toluidine separated

This! was neutralised with ammonia to obtain the free

amina and crystallised from alechol.

yield 3.5 gms. (427 theory)

O O
MeDoe 91 (litl 22 )o
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4=-Nitroindazole.

(Koelting, Ber., 1904, 37, 2582).

& gms. 6=Nitro-o-toluidine.
250 cos.+ glacial acetic acid.

5 cose 507 sodium nitrite solution.

The toluidine was dissolved in acetic acid
and when the temperaturé was below 5°, the sodium
nitrite solution slowly run in until the dlazotisation
was complete. The solution was then allowed to
' stand at room temperature for five days, after which
‘three quarters of the acetic acid was removed by
distillation and the rest poured into water.

The 4=-nitroindazole ssparated and wes filtered and

crystallised from water.

yield 4 gms. (83% theory)
mep. 203° (1it. 203°).

Yethylation of 4-Nitroindazole.

(c.f. above ref., also Auwers, Anfi., 1925, 58, 1374).

Roelting methylated with dimethyl sulphate
and obtained = methylated mixture me.pe 652°~ 86°.
The methylation in our case was accomplished with

methyl lodide and methyl alcoholic potassium hydroxide,

(/‘-} v
R
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as success had been attained with that reagent in

préparing previous methylindazoles.

4 gms. 4-nitroindazole.
25 gmse. methyl =alcohol.

3 gms. potassium hydroxidse.
9 gmse methyl iodide.

The mixture was refluxed for four hours,
'and after the excess of methyl iodide had teon removed
by distillation, the resultant solution was poured
'into water. The precipitate obtained was then dried
on porous tile and dissolved in ether. hydrogen
chloride gas was passeld into the solution and the
hydrochloride of 2-methyl-4-nitroindazole separated.
' This was removed by filtration. On evaporating the
:ethereal solution the hydrochloride of the l-mesthyl-
i4-n1troindazole was obtained. These hydrochlorides
' were broken up with water and the nitromethylindazoles

obtained.

l-lfethyl=-4-nitroindazole orystallised from petrol-

ether.

yield 0«8 QHS .
meps 136° (1it. 138%- 135°).
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2«=lethyl-4d-nitroindazole crystallised from water.

yield 0«3 gnms.
| mepe 98° (1it. 101°%- 103°).

Total yield 1.1 gms. represents 267 theory.

Each of these compounds was¢ then
| brominated with bromine water in a suspension in
| dilute hydrochloric acid, and the resultant compounds
icrystallised from alcohol. i
| |

S=llethyl=3-bromo-4-nitroindazcle, mep. 1082 199°.

l-lethyl-S=bromo~4t=-nitroindazole,; mep. 216°%= 220°.

Analysis:
Found Br, 29.4%,
CgligO lyBr, requires Br, 31 e2%e

The nomenclature of these compounds arse

as they are given in the literaturs.
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Preparation of 8-Chloroquinolins.

(JepreChome., 1895, 46, 141.)
(JeheCuSsy 1950, 2086, )

The boric acid modification of the Skraup synthesise.

14 gmse. ferrous sulphatee.
50 gmse. ow=chloraniline.

50 gmse mnitrobenzene.

These wore mixed in the order given and
a cooled solution of 25 gmse. of boric acid in 150 gmse
of glycercl added,; and the whole thoroughly mixed.
Finally 70 cese of conecentrated sulphuric acid was
added and the mixture refluxed for 8 hours.
It was then distilled in steam until the distillate
was clear, when the contents of the flask were cooled
and made alkaline with 200 cese. of 607 sodium hydroxides
The mixture was again distilled in steam, and the olly
distillate separated from the water, dissolved in
sulphuric acid, and heated on the water bath for one
hour with powdered potassium dichronate. The contents
of the flask were then made alkaline and distilled in
steame. The distillate was extracted with ether,

and the 8~-chloroquinoline, after svaporation of the

ether was purified by distillation under reduced
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pressures

yvield 30 gmse (477 thoory)
bepe 288° (1it. 288°).

g~Chloroquincline-dichromates

This derivative was prepared by dissolving
the chloroquinoline in dilute hydrochloric acid and
adding a caleulated amount of potassium dichromeate
in a conecentrated agueous solution. The dichromate

was then recrystallised from water.

meps 160° (1it. 160°- 161°).

8=Chlorocuineiine-plerate.

Wepe 1640- 1660 B

Analysis:
found N, 14.15%,

C,5HoN 0401, requires Ny, 14,28%.
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Benzimidazole Series.

it was expectod to prepare the following compoundss

1-Phenyled=mothyletwchloro=f=-nitrobenzinidazols.

CE.-CO:+NH
O 5
Cl
Oy m G (I C -OH,

1-ChonyleS-nothyl=d=chloro=S=nitrobonzinidazoles

_ Cl-i5* CO-NH \
NHg NH e Cc 'GHS
/"

Ccl C1l
NH N N
N _ NO N\
2<I GOHg L 2& Ng. ciig
A N/g H
N‘C6h5 6*5

1=Thenyl=Cenotlvle7=brono=tenitrobonzinidazole.

NH o

| N
NO”O —O ol W 0 NOQ \C Ch
5 /

5

~
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Bonzimidazole Gerics.

Preparation of m~Bromonitrobenzene.

(orgs Synthesis, 14, 67).

90 gms. freshly distilled nitrobenzene.
60 cecse dry bromins.

9 gms. iron powder (ferrum reductum).

yield 920 gms. (60% thoory)
mepe 50° (11t. 51.5°- 52°).

meBromoaniline.

(Rec. trav. Chim., 1906, 28, 107).

90 gms, Bromonitrobenzene.
2700 ccs. alcohol.

130 gmss sodium sulphide.

18 gms. sulphure.

The mixture was refluxed for eight hours
and the precipitated sodium thiosulphate filtered.
liost of the aleohol was removed by distillation and
the remaining m-bromoaniline distilled in stieam.
The distillate was extracted with ether and the
mebromoaniline purified by further distillation.

yield 65 gmse (847 theory)
bepe 219° (1it. 219°).
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m=Dibronobsnzeries

60 gms. m-bromoasniline.
90 ccss concentrated hydrochloric acid,
in 20 ccse. of water.

30 gmse sodium nitrits in 20 ces.of water.

90 gms. copper sulphate in 300 ccs. water.
B 45 gms. potasszium bromide.

150 cess hydrobromic acid.

The diazo-solution (A) was poured into the
solution of cuprous bromide in hydrobromic acid (B).
After standing for two hours, the m-dibromobenzene
was distilled in steam, extracted with ether and

purified by further distillation.

yield 50 gmse (62+5% theory)
bepe 217° (11t. 217°).

1:3=-Dibremo-4i6-dinitrobenzenc.

(cefe Nietski, Bers, 1887, 50, 1€€6)s

NOo
[:t:LBr r

NO

7

(28]
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40 gmse m=Dibromobenzenes.
160 gnse. fuming nitric acid.
320 gmse concentrated sulphuric acide.

250 cose glacial aocetic écid. i

The m~dibromobenzene was dissolved in the
acetic acid and the solution boiled under reflux.
The mixture of fuming nitric and sulphuric acids
was then slowly run ine. Vhen the nitration started
heating was no longer necessarys

On cooling the 1:3—&1bromo-4:s-dinitrobenzeLe
erystallised in long yellow needles. Those were !
filtered, washed with water, and crystallised from

glaclial acetic acild.

. yield 50 gms. (85% theory) i
(s ]
mepe 117 (1ite 117°).

S=Bromo=-436-dinitrodiphenylamine.

ee
NO IH-~<:::>
Br
40 gms. 1:3_ﬁibromo-4:6~dinitfobenzene-
11+5 gms. aniline.

250 ccss aleohol.

Molecular quantities of dibromodinitro-
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benzene and aniline were refluxed in alcoholic solution
for half an hour. The 3-bromo-4:s—dinitrodiphenylamine
crystallissd from the hot solution and after separation,

' was recrystallised from glacial acetlc acid.

i yield 38 gms. (quantitative)

MepPe 157° (1it. 157°).

d=Chloro-4 té=-dinitrodiphenylamine was
prepared in exactly the same way as that deseribed

above for the J=bromo=compound.

m=Dichlorobenzene bep. 172° (1it. 172°).
113-Dichloro~4:8=dinitroberzens. meps 102° (11t. 103°).
BeChloro-4:6-dinitrodiphenylanine. m.pe 120° (1it. 120°).

 Attempted reduction of ®-Bromo-4:8-dinitrodiphenylamine.

10 gms+ 3-Promo-4:8-dinitrodiphenylamine.
50 ccse glacial acetic acid.

25 gms. zinc dust.

The mixture was refluxed for thres hours
and the resulting solution poured intoc water. An
oll separated; which soor s0lidified snd was filtered,
and crystallised from glacial acetic acid.

MePoe 1570 .
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A mixed melting point detoermination with the original
substance showed no depression. Therefore no reduction

had taken place.

Reduction of 3«Eromo-4:8-dinitrodiphenylamine.

&0 gmse sodium sulphids.
4 gmse sulphure.
600 cese alcohols

10 gms. bromodinitrodiphenylamines.

The mixture was refluxed for six hours,
cooled and ssparatsed from sodium thiosulphate.
Alcohol was removed by distillation and the remaining

mass orystallised from alechol. Red needles

| separated from the solution.

mepe 82°= 86 .

This compound contained no bromine and was
shown to be 2=amino~4=-nitrodiphenylamine meps 90°
by further purification and a mixed melting point
determination.

The two nitro groups being in the ortho and
para positions to the bromo group, had activated this

atom so that it was removed by the alkaline solution.
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l=Phenyl-2-methyl-d-chloro-S-acctanidobonzinidazole.

(Fries, Ann., 1927, 454, 200).

20 gmse 3-Chloro-4i6-dinitrodiphenylamine.
34 occse. glacial acetic acid.
169 gms. stannous chloride.

134 ccs. concentrated hydrochloric acid.

A solution of the chlorodinitrodiphenylamine

' was added to the mixture of stannous chloride and

hydrochloric acid and the whole gently warmed. After
a short time the reaction began and no more heating
was required. The stennous chloridse-diamino-double

conpound waz precipitated from the cold solution by

' saturating with hydrochloric aecid.

The double compound was filtered, dried
thoroughly on porous tile, and added to 150 ces. of
acetic anhydride. The nixture was warmed until the
reaction began, and it then procseded spontaneously.
On cooling the hydrochloride of the l-phenyl-2-methyl=-
6=-chloro-5-acetamidobenzimidazole separated. This
was flltered, dissolved in water, and any tin in
solution removed with hydrogen sulphide.

The solution, free from tin, was then
evapeorated to dryness and the hydrochloridé obtained,
hydrolysed to the free amine by boiling with a

saturated solution of alccholic potassium hydroxide
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(150 ces.) for two hours.
The amine separated from the solution and was

recrystallised from benzeno.

yield 2 gms. (12% theory)
meps 202° (1it. 208°).

This compound decomposed very readily on standing.

A similar reduction of the Z~bromo-4:6-
dinitrodiphenylamine was also attempted, but the
stannous chloride-diamino-double compound wes not
rrecipitated even when the solution was saturated

for two days with hydrochloric acid. The solution

' was therefore poured into 50% potassium hydroxide

and extracted with ether. The ethereal sxtract gave
& very small amount of oil, which was too small for

oexamination.

Preparation of 2:4-Dinitrodiphenylamine.

80 gmse l=-Chloro=-2:4-dinltrobenzens.
2% gnse aniline.

200 cess alcohole.

The mixture was refluxed for half an hour,
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the dinitrodiphenylamine separating from the hot
sclution in bright red needles, which were reorystallised

from glacial acetic acid.

yield 60 gms. (quantitative)
o o
Maele 154 (llt! 167 ) »

23d4=Diamincdiphenylanine.

(Ber., 1895, 28, 2970).

Iron filings (5C gns.) were mixed to a
paste with 2% hydrochloric acid (1000 ccs.) and the
' red nitroc compound (50 gms.) added in small quantities.
The nitro compound went into solution, which then
became dark brown in colour. The solution was
filtered and neutralised with solid sodium carbonatse.
The diaminodiphenylamine was obtained by extracting
with boiling water. It seperated from the filtered

solution in dar®k browm needles.

yield 10 zms. (25% theory)
) )
meps 130 (1it. 130 ).
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l=Phernv]-Semethyl=5-acotanidobenzinidazole.

CHg+ CO- Nh.T:::I:::
/ 11;:5

2:4-Diaminodiphenylemine (10 gms.) was

added slowly to acetic anhydride (20 ccs.)s The

solution was then bolled for quarter of an hour,

' poured into water and neutralised with sodium

carbonates The 1~pheny1-2-methy1-5-&0etamidobenzimi@azole

was filtered and reorystallised from agueous alcohols

yield 4 gmh. (307 theory)
Q
MeDe 22 (lit- 233 )o

l=-Phenvl-o-nethyl-4-chloro-S-acetamidobenzinidazole.

gL
CH..CO-NE \
3 \\C-Cﬁv

=
c;\\
[ee

6 5
1=Phenyl-Z~nothyl=f-acetanidobenzimidazole (4 gms.)
was dissolved in aleohol (10 ecs.) and chlorine gas
passed into the sclution coolsed in a freezing
mixture. ( The ehlerine was formed by adding
concentrated hydrochloric acid to 1 gm. of pétassium
permanganate, and thus obtaining the calculated

amount of chlorine required for monochlorinations)
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After 15 minutes the solution was poured
into water and sodium aceotate (20 gms.) addeds The
- ehlore compound separated, was filtered, dried and
|
| erystallised from alcchols
yield 2.5 gms. (557 theory)

meps 228° (1it. 228°).

1-Phenyl-2-methyl-4-chloro=5-aminobenzimidazolsc.

The free amine was obtained by hydrolysing
. the acetamido-compound by boiling with 10 ccs. of

concentrated hydrochloric acid and 40 cos. of alcohol
- for two hours, pouring into water, and precipitating
| the amino-compound with ammonias The compournid

‘ was orystallised from benzene.

yleld 1.5 gms. (707 theory) .
meps 250° (11t 257°).

The compound decomposed readily on standing.
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Attempnted Preparation of

l1=Phenyl=3=mothyl=g=chloro-S=nitrobenzinidazole.

(cefs Hantzch, Bers., 1900, 35, 256554).

1)« Preparation of the Cupri-cupi'o Sulphite.
(Avegg Anorganishe Chemie, vole 11, page 558).

Copper sulphate crystals (10 gms.) were
Idissolved in water (100 ccs.) and 28 sodium hydroxide
'was added until all the copper had been precipitated
' as hydroxide. Sulphur dioxide was then passed inte

the suspension, cocled in ice water, and a red
precipitate of the cupri-cupro sulphite was obtained

'weighing S gms.

2). Conversion of Aminc-compound to Nitro-compounde

1=Phenyl=3-methyl=-6-chloro=5-aminobenzimidazole
(2 gms.) was converted into the sulphate with the
addition of concentrated sulphuric acid (5 cos.) .
This was dissclved 1n water, cooled, and diazotised

with solid sodium nitrite.

10 gmse cupri-cuprc sulphite.
S0 gmse sodium nitrite.

12C ccse« water.

This mixture was stirred vigorously in a
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flask, and the diazo solution above added slowlye.
A brisk evolution of gas occurred and vhen this had
‘moderated, the Ilask was heated on the steam bath
'to complete the reaction.

i The solution was then subuitted to
‘distillation with steam to isolate the required
|nitro compound, but nothing was obtained from the
‘aistillate.
! The attempt to form the nitro-compound ;
was thus unsuccessful, and the reaction was not

lattempted with the l-phenyl-2-mothyl-4-chloro-5Se

‘aminobenzimidazoles

ZeAninoed-nitredivhenylionine.

| (3 pre Chems, 1904, 89» 41),

30 gmse sodium sulphide.
4 gmse sulphur.
600 ccse aleohole

12 gmse 2314-dinitrodiphenylamirie. |

The mixture wa:s refluxed for six hours.
‘cooled and filtersd free from sodium thiosulphate.
Most of the alcohol was removed by distillation and

‘the 2~amino=4-nitrodiphenylamine allowed to crystallise
It was recrystallised from alcohol.
yield 8 gms. (76% theory)
- _
m-p. 85 — Qoo(litc goo}a
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1-Phenyl-2-methyl-S-nitrobenzimidazole.

e |
Noz‘q N *CHy |
ey |

NG kg

SeAmino-4enitrodiphenylamine (5 gms.) was

added to acetic anhydride (10 ccs.) and the mixture

boiled. On pouring into water a yellow oil separated,
which solidified, and was filtered, washed with water |
and crystallised from alcohol.

yield 2 gms. (36% theory)
meps 168°% 170° (11t. 1709.

Bromination of lePhenyl-Se-methyl~S-nitrobernzimidazole.

N
HOa §‘C-GH3
1 1;/

Br N- 6h5

1-Phenyl-2-mothyl=-5-nitrobenzimidazole (1 gzm.)

was dissolved in glacial acetic acid (10 ces.) and

' bromine (0.6 gmss.) in 5 ces. of glaclal acetic acid

_added. The solution was shaken for 30 minutes and

yellow needles separated. These were recrystallised

from alcohol.

yield 0.6 gmse. (467 theory)

©
meps 201 - 202°
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The position of this bromine atom in the

| molecule was not known, but 1t was expected to be |

in the position 7, as it was thought that the nitro | -

group would direct the substitution theree.

As the three compounds which were aimed at,
had not boon successfully prepared, no reactivity

measurenents were carried out in the benzimidazole

series.
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Semi-quantitative Experiments.
(Jo Salkind, Bers., 1931, %9 289).

Approximately 0.15 gms. of halogeno-nltro
compound was welghed accurately in a test-tube
provided with a ground glass stopper, 1 ccs of
piperidine added, and the tube immersed in a thermostat
at 40° to 50°C. After a definite interval, the
contents of the tube were washed into a separating
furmel with distilled water (50 ccse) and shaken up
with pure benzene. The benzene removed organic
material from the aqueous layer, while the halogen

' was left behind. In most cases a good separation
was obtalned and the aqueous layer was left
practicelly colourless. The halogen in the solution
was determined by Volhard's method, by titration

with silver nitrate and potassium thiocyanate, ferric
alum being used as indicator.

In reactive halogeno-nitro compounds, the
halogen was removed by the piperidine giving piperidine
hydrochloride or hydrobromide. Then mixed with
water the piperidine halogen compound decomposed into
piperidine and the free halogen acid while the other
organic material present was removed with benzene,

thus leaving a clear solution for the titration.
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Solutions of silver nitrate and potassium
thioccyaenate approximately N/so were prepared and
standardised accurately; the silver nitrate by

'titration against welghed quentities of potassium
'bromide, end the potassium thiocoyenate against the

silver nitrate with ferric alum as indicator.

(One of the determinations was carried out by
refluxing the solution of methyl-bromo-nitroindazole
in piperidine for one hour. # )
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| Compound  Weight Volume ®ime Temps % Bromine

(zm3+) (pipe) (hrs) romoved
(&}
01548 1 04 50 0
| 0.1246 2 24 50° 0
C-Br o
2o ﬁ-cns 0+1834 2 48 50 0
| N/
|
8]
| 01389 1 24 50 0
Z ‘ C ‘Br s
NO \ Y 01882 1 48 50 0
2 R
Ch
| 0+1808 1 1 50° 0
NOZCF—;—:C.EI* § é
1
| can  0%1887 1 48 50 0
N A
| C
| 0+1365 1 1 50 2
O
N02©"‘.? Br  g,828 1 48 50 30
N
5 \N -/CH,3 # 01823 1 1 reflux 30

=

o]
0+1065 48 50 0
NO C B
2<l.ﬁ T p.1482 1 48 80° 4
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Weipht Volume Time Tempe % Bromine |

Compound |
| (gnse) (pipe) (hrs) removed |
»L |
|02 o !

c.pr  0+1458 1 48 50 0 |
I |
| N 0+1036 1 48 50° 0 |
N |
| Non, ‘
|
|
o |

G.pr  Ow1837 1 48 50 0

1

N *CH ‘
; 4 @ :
5 I
| |
0.3512 2 48 60" 0 ‘
|
|
|

*

The structural formulae used here ére as

they are given in the literatures The results

obtained do not agree with these structures, however,

so that thoy have to be reverseds (See discussion).
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Reactivity lieasurements with Hydriodic Acid
and Red Phosphorus.

Treatment with hydriodic acld and red phosphorus
was carried out in the following manners |
0«5 gmse. of the heterocyclic compound was mixed
‘with 0«2 gmse. of red phosphorus and 5 ccs. of hydriodic
acld in a sealed tube and heated in a small furnace
at a fixed temperature for a definite interval of
time. After cooling the contents of the tube wore
poured into water and extracted with ether. The
contents of the ether extract were then lsolated
and identified wherever possibles. The method is
cruder than the piperidine method and it is only
possible teo tell whether the halogen is completely
removed or not removed at alle.

With the nitrobromoindazoles, a great
difficulty was incurred due to the reduction of the
nitro group. The resulting aminoecompound, when
isolated, was tested with copper wire. A positive
tost showed that bromine was still proesent in the
amino=-compound and therefore had not been reactive,
while a negative test showed that bromine was absent
and so0 had been reactive in the original compound.

As some compounds containing nitrogen

sometimes give a positive test with copper wire, due



 hydroxide added to destroy the hydriodic acid, end
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|
to the formation of cyanide, a blank test was earried!
out with nitroindazole itself, but no positive result:
was obtained, so that the tests when obtained aotuall$

showed the presence of bromine.

With the nitro compounds, the contents of

the tube were poured into water, excess of sodium

' the amino-compound extracted with ether, its melting

' point taken, and then tested with copper wire for

the presence of brominec.



158

Compounds Temp, Time. Compound Bromine
(hrs) isolated reactive?
170° 2 8=chloroquinoline

picrato mepe 1640

o 190° 2 quinoline
plerate mepe 200° No.
|
170° 2 Indazole !
mepe 140° |
o1 nege broms tost.
N o
Ng 800 2 Indazole
MaDPoe ]_400
negs brom. test Yes. |
170° 2 Amino=-compound
Br mepe 150°
N N
“ N/%F nege brome test. Yes
ite}
170° 2 Amino-compound

. e meps 100°
NO /y-OhB POSe brom. teste Ko




DISCUSSION.

3ince Gabriel (loce cite.) found in the

qulnoline series, that a reactive halogen was removed

by heating with red phosphorus and hydriodic aeid

between 1600 and 1800, whereas an inactive halogen

was not removed until the temperature was about 2000,

it was assumed thet this renge would hold for other
series. With the halogeno-nitro compounds, a

reactive halogen atom towards piperidine was taken

to denote the presence of a double bond or a -~

'oonjugated system, between the nitro and halogen

gZroups.

Indazole.

It was unfortunate that the isomeric

lemethyl and 2-methyleZ-chlorindazoles could not be

isclated from the methylated mixture, but in view of

the difficult preparation of these compounds, it was
thought justifiable to work with the series of
nitroindazoeles, which were usually prepared very

easily.

The reactivity measurement on 3-chlorindazole
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was undertaken to find out whether form 1, or 2,

existed in that compound.

Cl Cl :
y : NH !
; N/ '

NH
1 2 .

The fact that indazole was isolated both at
170° and 200° showed that form 1, predominated, but
this method does not give any indication to what

extent the form 2, existed.

G=Hitroindaezole.

The l=methyl and Z=methyl=3-bromno=t-nitro-

indazoles were easily prepared by methylating J-~bromo

| 8-nitroindazole with dimethyl sulphate, and separating

the mizture into its constituents with ether.

0f the two compounds obtained, the one
| MeDe 170° existed in the greater proportion to that
| MePe 140°. According to Fries (loce cit.), the
l-methyl-derivative has the lower melting point and
occurs to the greater extent in the methylated mixture.
The results obtained by the reactivity measurenments
with hydriocdic acid showed that the compound mepe 170°

contained reactive bromire, while the compound mepes 140°

did not. Thus it can be comcluded that the compound
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o
niepe 17C , is the l-methyl and the compound, meDe 140°}

the Z-nmethyl-E-bromo-G=-nitroindazole.

I Br

: .__——Tﬁr

| NOEQ » Noqi:\ N-CH

. ‘CHE o \N/ 3

3

MePe 170° MeDe 140°

S«litroindazocle.

gk Al
NO -Br

N 2 N -OH, |

N 7o N S 3

N‘CH5 N
1. 2o

These isomeric methylbrononitroindazoles
presented a different field of work. Form 2; due
to the conjugated system of bonds conmecting the nitré
and bromo groups would be expected to show reactivityl
?towards piperidine, so that this was the method used |
in this case.

The isomeric l=methyl and Z-methyl-5-nitro-
indazoles were kmown (Fries, loc. cits), and were
.easily prepared. They were then bromi?%ted and the b

resulting bromo-compounds termed the l-methyl and

the 2-methyl, according to the nomenclature of the
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original le-methyl (1) and 2emethyl (2) nitroindazoles
given in the literature (Fries).

These compounds were then submitted to
reactivity measurements with piperidine and the results
'showed that the compound (1) oxhibited activity and
Ithe compour:d (2) did not.

Fries, in naming the l-methyl and Z2emethyl-
B-nitreoindazoles, assumed that the le-methyl-derivative
had the lower melting point, but he stressed that this
rule is not without exception. From the results
here obtained, the ccompound (1) is the Zemethyl
derivative (structure 2) and the compound (2) the

l-methyl-derivative (structure 1).

- o
(Fries, mep. 129 ) (Fries, m.p. 1630)
N02 ’ NOE’.
/ 7
CH5

NO Br -
2[ I N ool ies W i Br |- 124
L A NeOH, * '|

Pl ] 3
N {CH, \N 2
Reactive Non-reactive
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The €=nitroindazole and 4-nitroindazole
series were alsc submitted to reactivity measurements

'with piperidine, but as was expected, neither showed

Iaotivity~
| :
| NO,, ' NO,,
Br .=:===TBP
v tii:\\ N ‘CH,
.o,:};[.i'5 \N/
Br Noiii:====:ir
! N E 'CH
NO?,@: e e T
N“CE,, N

The S-bromo=S-nitroindazole also showed no
activity towards piperidine, so that this compound:
exists mainly in the form 1. This result compares
‘with that of S-chlorindazols towards red phosphorus
and hydriodic acid.

Br
; NL

NE
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C=Nitro~o=toluidine.

The method given in the literature for the
ipreparation of this compound utilises the resduction

of 2:4:16-trinitrotoluens to 216-dinitro-4-aminotoluens.

Tiemann (Ber., 1870, 3, 218) reduced

2t4:18-trinitrotolusne by passing hydrogen sulphide '
into a boiling alecoholic solution, but did not mention

any yield. Later Beilstein (Ber., 1880, 13, 243)

showed that the methed of Tiemann did not'give

satisfactory results, and he put forward another

method using a saturated sclution of ammonium sulphidé
.for the reduction. This method was used in our work
but again no satisfactory yleld was obtalned. .
Cohen and Dakin (J.0sS. 1902, 81, 26) f‘ound%
that reduction with ammonium sulphide gave mostly |
the 4-hydroxylamino-compound, which could then be |
converted into the 4-amino-compound by heating with
potassium iodide and concentrated sulphuric acid.
K¥érner and Cortardi (Atti. R, Accads Linceis,
|

1916, 25, %39) stated that they received a 607 yield |

' with the sams reduction and promiced te give experimaﬁtal
| details in a later papers, which, however, has not yet
' been published.
The method trioed in this thesis has beern
quite successfuly - the main loss in the synthesis being

in the nitration of o-toluic acid, when the greater
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portion of the nitration mixture is the 4enitro- f
compound.

Degradation to the amine with hydrazoic

|
iacid proved a much better method, in this case, than
}did the degradation of the amide by Lofmann's method.

4-Hitroindazole.

The isomeric lemethyl and 2e-methyl-S-bromo-

|4-nitroindazoles were easily prepared from 6-nitro-o=-

| - |
‘teluidine. The reactivity of the bromine atoms |

~was measured towards piperidine, and, ac was expeoteq
both were inactive. The reactivity towards red |
phosphorus and hydriodic acid was not measured, as thq
'main object of this compound was to show that the :
!nitro group in position 4 had ne influcnce towards thé
;raactivity off the halogen aton to piperidine, while !
Ithe nitro group in the position 5 had an activating
effect on the 2e-methyl-derivative.
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166 |

The formulae advanced for the indazole

ik 161 |
|
|
G |
H i

. L] J »

O e, (X fo,
N
11la 111b

The l-methyl-compound is reprecented

: i
without ambiguity by the formuls 1. The structure oF

the 2-methyl-compound, however 1is less certain.

Auwers rejects form 111, and acecepts form 11, though |

| in support for this he compares 1ll, with the un-

| symmetrical formula for naphthalone which is not now |

generally accepted (Campbell and lecLeish).

Fries, however cbjects to form 11, on the

' grounds that S-methylindazole shows no quinonoid

properties and has definite aromatic properties.
In the light of the work of this thesis, it o6an scarcgly

be doubted that 2-methylindazole is a resonance hybrid

| of ths forms 11, 1lla, and 11lb, with form 11, as a

preferred structure. This is shown by the fact that
2-mothyl-3bromo-~-5-nitroindazole is reactive to

piperidine.
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In view of the great physical evidence in
its favour, the extreme view of bond fixation must |
| be modified in terme of the Resonance theory, and we !
5 may conclude that polycyelic aromatlic compounds are
| resonance hybrids with one structure making a greatari
' contribution than the others. (c.fs Pauling, J, Chem.!
5 Physs, 1933, 1, 280)s This results in the bonds not
' being squivalent, some having greater double bond
character than others. It is also clear from the
| chemical evidence that the reactivity of certain
| positions in contrast to cthers i3 due to this
difference in bond strength (see, for example the
' results of Campbsll and lcLeish, 10Ce cite). .

Instead of using the usual symbols for
doubls bonds in aromatic compounds it may be

preferable to use the formulas suggested by

- Brockway (Annual Reports, 1937, 201).
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PART 3.

A _short Study of the Structure of

S-Benzeneazo-2=phenylindole.
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INTRODUOTIORN.

|
|
|
|
f Plancher and Soncini (Gazz. Chim. Italia,
| ; |
1902, 32, 452, and 462) prepared 3-benzeneazo=-2=

phenylindole by treating an alcocholic solution of

| They assigned two possible structures to this

2=-phenylindole with benzenediaszonium chloride.

!compound, 3=benzeneazo-2-phenylindole (1) or i
!5-hydrazono-2-phany11ndolen1ne (11). |
|

C_H : i
‘ 65 Cshg I

N v |

. The only chemical evidence hitherto advance%
| : i
| for the structure of this compound is the fact, notedi

‘by Plancher and Soncini, that it does not react with

be expected to react.

phenylisocyanate. A compound of structure (1) would
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Object of Research.

An attempt was made to find some clue to
the possible structure of the compound in the
following manner.

3=Benzeneazo~2=phenylindole was first
prepared by the method of Plancher and Soncini, and
an attempt made to form the acetyl derivative of the |
compounde. The phenylhydrazone of 2-phenylindolone
was then prepared and shown to be identical with the
original 3e~benzeneazo-S~phenylindele, so that it
seemed that these two compounds formed a tautomeric

rmixture

[ . ‘eNe «C_H_|
s C.H-NE NI G Gl

1 .c P 6 5 2\ c c 1{
. / 675 7 /" 845 .
N Z |

It was then decided to try a physical
‘method of comparing this compound with two others of
kriovm structure.

i The following three compounds were prepared
ias pure as possible and their absorption spectra

‘determined.
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|
|

|

1. 3=Benzeneazo~l=-nothyl=C=phenylindole. @
N, [ |

N:iN-C k. |

6''s ‘

+OH |

N Gh5 ‘

| |
2 2~Phenylindolone=-nethylphenylhydrazone. |

N«N(CH5)-O

06h5

eFs

3e S=Benzeneazo~--phenylindole.

N:N-06H5

Csh

NH 2

Compcund (1) has a true benzensazo structure,

'while compound (2) has a truse hydrazono structure.

Comparison of the absorption spectra of these three
compounds should then show whether compound (3) has

& benzeneazo structure, hydrazono structure, or is

& mixture of both.

| .

i An attempt was made to obtain compound (1)
| r

by methylating 3-benzeneazo-2- phenylindole with ;
‘methyl iodide and methyl alcoholic potassium hydroxideg.
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EXPERIMENTAL.

Preparation of 3-Benzeneazo=2-phenylindole.

+ CgHNINCL —s N:N Cghs
gHs Cglis
NH

NH

Aniline (3 gmse) was dissolved in
concentrated hydrochloric acid (15 cese) and water
(3 cese) addede The solution was cooled under the
'tap, and excess of solld sodium nitrite added, after
which the mixture was allowed to stand at 10° for 5
to 350 minutes to complete the diazotisation. The
excess nitrous acid was then destroyed with urea,
until the evolution of gas ceased or until the mixture
no longer turned starch-potassium iodide paper blue.
A solution of sodium acetate (12 gms.) in a little
‘water was then added, and if a yellow precipitate
appeared at this stage (diazoaminobenzene
Culig*NeN*NH*C H.), incomplete diazotisatiom of the

aniline was thereby indicated, and the whole
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preparation had to be repeated.

To the resultant clear, pale yellow solution
was added a suspension of 2-phenylindole (3 gms.) in
alcohol, and the nmixture shaken. After standing a
few minutes, it was poured into water and the
precipitate filtered, dried on tile, and recrystallised
repeatedly from ligroin, from which it separated in

red cubes, glving a yellow powder on being ground up.

yield 3.5 gmse (80% theory)

m.p. 15661

On another recrystallisation, this time from
benzene, the compound was obtained as a yellow

powder. |

meps 163% 185° (Lit. 165°).

Attempted acetylation of B=-Benzeneazo=-2-phenylindoles

3=Benzeneazo=-2-phenylindole (0.5 gmse) was
added to acetic anhydride (10 ces.) and the solution
boiled for one hours A red solution was obtained
whichy on cooling, deposited red flakes (mep. 160°).
A mixed melting point determination with the original
benzeneazo~-compound showed no depressione. Ho

acetylation had, therefore, taken placee.
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Preparation of Z2-Phenylindolone.

(Kalb and Baeyer, Ber., 1912, 45, 2150).

’

NOH ' ~NEg
— ._,__,ﬁ
Cefls Jo kg
H
NH,HC1 0
T g C.H IV [ ] ] ;
6*°5 N C6h5

1)s 3-Amino-2-phenylindole.

3=Isonitroso-2ephenylindole (7 gmse.) was
dissolved by heating, in a mixture of 2N sodium
hydroxide (40 ccs.) and aleohol (20 cese)e  Sodium
hydrosulphite (N2,5,0,315 gms.) was added gradually
with shaking. The mixture was then cooled rapidly
and filtered; the residue washed with water and
alcohol, and dried rapidly.
The yield obtained was almost theoretical (6.5 gmss).

2)s B3-Imino=-2=-phenylindole.

The finely powdered 3-amino-=2-phenylindole
(645 gms.) was suspended in benzene (100 ccse), and

lead peroxide (25 gms.) added. The mixture was
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heated on the water bath, with frequent shaking, until
a test portion showed no green colour on filtering,
and warnming the filtrate with acetic acid.

The mixture was then filtered and the
residue washed with hot benzene. The deep yellow
filtrate was evaporated under reduced pressure, until
crysﬁ@llation commenced, when the imino-compound was

obtained as gleaming yellow leafletse.

yield 4.5 gmse (697 theory).

3)e 2=Fhenyl=3=indolone.

The iminoecompourd above (45 gmse) was
ground up in a porcelain basin with Jjust sufficient
concentrated hydrochloric acid to convert the wﬁole
of the orange yellow compound into a deep brown mush
(a fow drops of acid only were'raquirad)- This was
immediately pressed on a porcus saucer until powdery,
end then dried more completely in a vacuum desiccator
over soda=limes The finely powdered substance was
then boiled with 230 ecs. of benzene, and 1 gme. of
finely powdered chalk added to complete the removal
of hydrochloric acid. After evaporation of the
benzene solution to a small volume (in vacuo), it was

treated with twice its volume of petrol ethere. A
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yellow precipitate of the ketone hydrate separated
and was removed by filtration. The filtrate was
then evaporated to a small bulk and allowed to
cerystallise, when 2-phenylindolone separated as
bright scarlet crystalse.

yield 4 gmse (907 theory)
meps 100°%= 101° (2it. 102°).

Action of Phenylhydrazine on Z2=Phenylindolone.

Pure phenylhydrazine was added to an
alcoholic solution of 2«phenylindolone, and the
mixture refluxed for one hours A very dark solution
‘resulted which gradually became lighter in colour.
On pouring into water a yellow compound separated,
.whioh was crystallised from benzene. After the
_first crystallisation it melted at 1400. but on a

second, a yellow powder was obtained.
MeDe 1590- 1630 .

A mixed melting point determination of this
hydrazone of Z2-phenylindolone with S-~benzeneazo=2Z-
phenylindole showed no depressiorne
It was therefore evident that these two compounds

are identical, or form a teautomeric mixture.
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l=listhyl-3~-benzeneazo-2=-phenylindecle.

mN:N.CSH5
i 06h5

N7CEg

This was prepared in exactly the same way
as 5~-benzeneazo-2~-phenylindole, from l-methyl-2-
phenylindole and dlazotised aniline. The compournd
was obtained as a yellowish red powder, which

erystallised from alecohol in gleaming flakes.

MePe 1490-
Analysis:
found W, 13.56%,

C,.H

\ A &
a1¥178g? requires N, 15.5%

This compound must have the pure bernzereazo

!structure, since the methyl group is stable and is

not susceptible to migration like a hydrogen atom.

2=Phenylindolone-methylphenylhydrazone.

N N(CHgz ) Cgkig
[ ]: Jic H
5
N 8

Methylphenylhydrazine (0.05 gms.) was added
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to an aleoholic solution of 2-phenylindolone (1 gme);
a dark red solution resulted, which on boiling,
became green in coloure. After standing over night
' nothing had separatsd, so the sclution was poured into
water, and the yellow compound,which separated, |
removed by filtration and erystallised from aqueous
alcohole.

The compound erystallised in yellow needles

(forming a green solution in alcohol).

yield 0.2 gms. (18% theory)
meps 138% 140°,

Analysis:
found, N, 13.76%,

0211317}'3 » requires N '] 15 . 5% .

The compound turned brown on standing, due
to decomposiﬁion, and an alcoholic solution gradually

became yellow after standing for several dayse

As the methyl group in this case also is
stable, this compound must have a true hydrazono-

structure.
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Attempted Hydrolysis of 3=-Benzeneazo=2~phenylindole.

N-NH-Cghg

N:NoGBHS '
C gHs 7 Cglis
NG
0
oy CaligNH-Nig,HCL
675

It was expected that, if the compound
existed to any great extent as the hydrazone form,
2=phenylindolone would be isolated on hydrolysis.
| After boiling with concentrated hydrochloric
acid for three days, a red compound was obtained,

MePe 140°, which was neither 2-phenylindolone, nor
the original 3-benzeneazo=-2-phenylindole, but was
fexpected to be an addition product with the
!hydrochloric acld, as 1£doles in general are known to

give red coloured compounds with hydrochloric acide.

A second attempt was made using a very
reactive aldehyde. It was expected that this
aldehyde would florm the hydrazone and liberate

2=phenylindolone.
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CHO

N-NH-06H5 g
NO

H:N-NH-06H5

0
0 |
_——-> -
wnc 6ts |

N02

2

! 3-Benzenocazo-2-phenylindole (0.5 gms.) was

' dissolved in alcohol and p-nitrobenzaldehyde (0.3 gnse)
added and the solution boiled for three hours. It

| was then poured into water and the resulting mixture
!separated by filtration.

l This mixture was orystallised from alcohol
fand white nesdles were obtained, meps 98°  This

' wes, therefore, p-nitrobenzaldehyde, mepe 106°, and |
'no hydrazone was obtained, so that the hydrolysis

|
| did not take place. |
|
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 Attempted lMethylation of 3«Benzeneazo-2=phenylindole.

| ‘N C Hg NiN-C H. |
[ [ “2 . — 65
| 65 %6"s |

NH
N 0}13

Potassium hydroxide (1 gm.) was dissolved
in methyl alcohol (10 ccse) and methyl lodide (4 gms.

B

added. 3eBenzeneazo-2-phenylindole (2 gms.) was
then added and the mixture refluxed for two hours.

| The excess of methyl iodide was then removed by
distillation and the remaining solution poured into
water. A yellowish brown precipltate settled,

' which was filtered, washod with water, dried on

' porous tile, and crystallised from bsnzene.

mepe 160° - 163°.

This, therefore, was the unchanged

. S~benzeneazo-2-phenylindele (1ite mepo 1650) and no

' methylation had talken place.
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The absorption curves in the visible

region of the spectrum for the compounds i

1. 3-Benzeneazo=l=-methyl-2=phenylindole.
2e 2=Phenylindolone-methylphenylhydrazone.

B S=Benzeneazo-2=-phenylindole.

were determined using a Hilger wavelength
Spectraphotometer, Tables 1, 11, 111, indicate
the results obtained. Columm (1) gives the
wavelength in A° units; column (2) the density
reeding giving a measure of the amount of absorption;
and column (3) is the extinction coefficient ( ¢ ),

calculated from the relation

cD

where C is the concentration,

and L the length of the cell.

Graphs 1, 11, and 111, show the absorption
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Taplie 1

N:N.CLE
6t |
Celg Conoentration 00000852 M.
“CH !
3

X d Ze

4100 1e91 0« 000430

45300 130 0000313

4300 1«88 C+ 000875

4400 1.015 0 «CO0B20 .
G800 T TH 0000169

4Q00 DaB7 1 0000128 ;

4700 Q40 04000020
4800 D31 G« 000070
4900 CelC Ce0CO04T
8000 0,10 Ce00C038
8100 Ce0€ C»000014

) e 0+00000¢

= g2 v
ARG




184

lable 11,
N-N(CHE)-Gshﬁ
| l ] 0655 Concentration 0.00023 1.
N
A d &
4000 0.07 04000214
4100 0«85 0 +000198
4200 0483 0.000191
4300 0478 0+000179
4400 0468 04000152
4500 0455 0000128
4600 0e43 04000099
4700 0.26 0000060
4750 0.38 C.000087
4800 044 0.000101
4880 0.+27 0.000062
4900 019 0+000044
5000 042 0.000039
5500 0el4 0.0000%32
6000 0.03 0:000007




CgHg

185

Labls

111

Concentration 0.0008

E
At

.'i.

A d g
4100 158 0.000318
4200 1.38 Q000376
4300 1«52 0.000264
4400 100 0.000200
4500 0«79 0.000168
4000 D.52 0.000104
4700 0 B4 0000068
4800 0+13 0000026
4800 0«08 0.000010
5000 0«00 0
5100 Q.00 (¢
5800 Q.00 8]

5700 000 Cc
8000 0400 0
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DISCUSSION.

The chemical evidence obtained in this ;
~work is rather contradictory.

The fact, noted by Plancher and Soncini,
that the compound did not react with phenylisocyanate,
and the failure in this thesis to obtain an acetyl
derivative tend to show that the hydrazono structure !
is present, while the failure to hydrolyse the compou&d
' does not agree with this view. The attempted
methylation of J-benzenecazo=2-phenylindcle to the
S=benzeneazo~l-nethyl-2=phenylindocle with methyl
'iodide and methyl alccholic potassium hydroxide |
'proved unsuccessful. The methylation would be
expected to go readily if the benzeneazo structure

was presente.

The absorption curves of the three compounds
show that Z-benzeneazo-2Z-phenylindcle has a benzeneazo
structure as the curve resembles that of F-benzeneazo=
l-methyl=C~phenylindecle rather than that of |
2«phenylindolone-methylphenylhydrazone.
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SUMMARY . |

Robinson's mechanism of the Fischer Indole
Synthesis has been studied in detail, and final proof |
been brought forward in its favour. |

The method of Pictet and List for the !
 preparation of 2~phenylindole has beern repeated and i
fcriticised. the intermediate compound, postulated by i
!these authors, being isolated and shown to possess ;
-a certain range of stability. At the same time
derivatives of 2«phenylindole have been prepared,
'and a complete study of the chomical properties of

l-methyl=2-phenyl=S=nitrosoindole has been carried !

'out-
Various bromonitroindazoles, and bromonitrol

methylindazoles have been prepared and the reactivities
of the bromine atoms towards piperidine and red

' prosphorus and hydriodic acid measured. In some
!casas the results have been used to verify the

structural formulae of the isomeric methylindazoles.

Attempts to prepare the various bromonitro
derivatives of l-phenyl-2-methylbenzimidazole, with
a view to obtain some insight to the fine structure

of that compound, failed.
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|
A short study of the properties of

3-benzeneazo-2-phenylindole has been carried out, |
. and the absorption spectrum of this compound comparedl
iwith‘those of l-methyl-3-benzeneazo-2-phenylindole
'and 2=phenylindolone-methylphenylhydrazonse, resulting;
' in the formulation of the compound with a true

' benzerneazo structurs.

In conclusion, the author wishes to express|

his gratitude to Dr. Neil Campbell for valuable
|

' advice and helpful encouragement throughout the

course of this research.




