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I 2 RODTOCTION.

Amid the extraordinary complexities of
organic chemistry it is only natural that certain
particular aspects of the subject should attract
general and continuous attention. In the study of
the chemistry of naphthalene which, by reason of the
possibilities of isomerism, constitutes a relatively
enormous field, we find that especial attention has
been devoted to its peri-derivatives, that is, those
compounds in which the 1:8-(or 4:5-) posltions are
substituted.

This is not only because of the interesting
and significant analogy in behaviour between certain
peri-derivatives of naphthalene and the corresponding
ortho-derivatives of benzene, the former frequently
possessing the properties of the latter to an enhanced
degree, but is also due, firstly, to the ready
accessibility of certain compounds of this type and,
secondly, to their reactivity, which enables them tol
be used in the synthesis of numerous and important

derivatives.
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Peri-halogenated Naphthoic Acids.

Among the most interesting peri-derivatives
are the 8-halogeno-l-naphthoic acids. Early
Investigations of peri-substituted naphthoic acids
include the comprehensive researches of Ekstrand
(J. prakt. Chem., 1888, 38, 139, 241). The only
8-halogeno~-l-naphthoic acid to be prepared by him was

the 8-chloro-acid, obtained by the application of the
Sandmeyer reaction to naphthastyril.

NH —CO NH, COOH

e

Kalb (Ber., 1914, 47, 1724) employed a some-

1 COOH

what different synthesis of 8=-chloro=-l-naphthoic acid
in the preparation of anthanthrone. 1:8~Chloro-
naphthylamine was converted by the Sandmeyer reaction
into the nitrile, the latter on hydrolysis yielding
the acid amide. The amide was then treated with

nitrous acid to form 8-chloro-~l-naphthoic acid.

(ef)| CN Cl CONH_ ClL COOH

CO-Q0-CO-C

The replacement of nitro-groups by halogen
under various conditions has been familiar for some
time, thionyl chloride being a particularly useful
reagent. Rule and Spence (J., 1929, 2516) observed
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the ready replacement of the nitro-group in 8-nitre-
l-naphthoic acid on warming the acid in benzene
solution with thionyl chloride, thus yielding 8-chloro-
l-naphthoiec acid.

COOH COOH

Soremay 2>

Rule and Barnett (J., 1932, 175) employed
this reaction in various forms for the preparation of
8=-chloro- and 8-bromo-l-naphthoic acids, and also the
more efficlent mercuration process of Whitmore and co=-
workers (J.A.C.S., 1929, 51, 1831, 3363). This consists
of the mercuration of naphthalic acid to give anhydro-
8-hydroxy-mercuri-l-naphthoic acid which, on treatment
with bromine (or chlorine), ylelds the 8-halogeno-l-
naphthoic acid (cf. Rule and co-workers, J., 1934, 170).

HOOC COOH

While 8=iodo-l-naphthoic acid could not be
obtained by either of these methods, it has been
successfully prepared by Goldstein and Francey (Helv.,
1932, 15, 1362) by means of a modification of the

Sandmeyer reaction with naphthastyril.
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The Ullmenn Reaction.

One of the most important reactions of
halogenated aromatic compounds is the Ullmann Reaction.
This reaction was discovered by Ullmann in 1900 (Ber.,
1901, 34, 2174; Ann., 1904, 332, 38), and is carried
out by heating the compound with finely powdered
copper ("copper bronze"), when a dinuclear compound

with a new carbon to carbon linkage is formed, the

halogen being eliminated as cuprous halide. Thus,
diphenyl is formed by heating iodobenzene with copper
powder at 230°C. in a sealed tube.

Oree — OO e

It was found by Ullmann that while the
reaction with copper bronze proceeds smoothly with
almost all iodo-compounds, the corresponding bromo-
and chloro-compounds only react When a certain lability
is conferred upon the halogen atom by the presence of
other substituents. For example, while m- and p-
nitro-chlorobenzenes (or -bromobenzenes) were unreactive,
the o-nitro-isomers reacted readily to give 2:2'-dinitro-
diphenyl.

27 >C1 —_— —— )
NG, No, No,

Similarly, 2:5-dibromo-nitrobenzene gave &

good yield of 2:2'-dinitro-4:4'-dibromo-diphenyl.



~N o, NO, NOL

When a carbomethoxy group is in the ortho-
position to the halogen, however, an additional p-
nitro=-group had a considerable activating effect.
While methyl o-iodo- benzoate apparently did not react
below 200°C., methyl 2-bromo-5-nitro-benzoate reacted
readily at 180°C. Strong activation was also

apparent in the case of methyl 3-nitro-4-bromo-benzoate.

COOCH, cHoOC
200 CI 2
COOCH, CH,ODJC COOCH,
|
oC.

z f“
g Lk g
2 5 B oA =0 g

When two nitro-groups are ortho to the

halogen, as in pieryl chloride, the reaction tends to
become explosive unless carried out in an inert

solvent such as nitrobenzene.

NO, NO, NO,
NO L ) NOL ~N Oz.
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The reaction is equally suitable for
naphthalene derivatives and has found extensive
application. More recently, stimulated partly by the
interest of certain substituted diphenyl and related
compounds with regard to optical activity due to
restricted rotation, it has been applied to the
formation of unaymmetrical derivatives from mixtures
of halogenated compounds.

The first recorded instance of this variation
of the reaction is the preparation of 2:3'=-ditolyl
from a mixture of o~ and m-iodotoluenes by Mayer and
Freitag (Ber., 1921, 54, 356). The unsymmetrical
product was separated in a yield of 27-30% by

repeated fractional distillation.

CH:‘ CHi CH_., CH3

Spath and Gibian (Monats., 1930, 55, 342)
prepared 2:4:3':4!'-totramethoxy-diphenyl from 1l:2-
and l:3-dimethoxy-4-iodobenzenes. The yleld of the
compound, isolated by fractional crystallisation, was

relatively low.

2 Cu
-t
CH30<:>I IOOCH‘E oizhenir' CH30<:>_<}OC_H3
CHO ac
3 Hy cho OcH,

Turner and co=-workers have found a
particularly successful case of this method of preparing
unsymmetrical diphenyl derivatives. Gull and Turner
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(J., 1929, 491) obtained a 20% yield of 2:4-dinitro;
diphenyl from iodobenzene and 2:4-dinitro-chloro-

benzene, no diphenyl being isolated.

~NO g HO?_

3

By heating plcryl chloride, igadobenzene and
copper powder at about 200°C., 2:4:6-trinitro-diphenyl
was obtained. No yield is quoted but no hexanitro-
diphenyl was detected, 1ts apparent non-formation

being attributed to spatial effects.

ND:_ i\{l o,
e D 2=n GO
NO, NO,

Lesslie and Turner (J., 1930, 1758) state

that when equimolecular quantities of ethyl 2-chloro-
3:5-dinitro-benzoate and an aromatic iodo-compound

are heated together in presence of copper bronze,

ethyl 2:4-dinitro-diphenyl-6-carboxylates‘alone are
formed. In this manner they obtalned the unsymmetrical

diphenyls indicated overleaf.
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:—‘NOL i Yield .
N = >C1 —~ IQ —_— NOQ/ > 54 o/o
Seetihs cooc H
COOC He c HooC
NO, No,
NGO~ +Cl + I-< ye— iy NO}_ / / \ 6 S oo
cooc Hy Sty < Hooc Ct by

The same workers (J., 1931, 1188) have
prepared ethyl 3:5-dinitro-6-a-naphthyl-benzoate by
heating a-iodo-naphthalene and ethyl 2-chloro-3:5-

dinitro-benzoate with copper bronze at 180°C,.

NO

E =

NO. coo Cz.Hs

CapTeI

Though quoting only a 53% yield of the
unsymmetrical compound, they state that no dinaphthyl
or diphenyl derivative is formed.

Adams and co=-workers (cf. J.A.C.S., 1930,
52, 5263; 1932, 54, 4426, 4434; etc.) have also

prepared a number of uhsymmetrical diphenyl derivatives
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by the Ullmann reaction, but the yields quoted (10-27%)
do not allow of any quantitative interpretation.

Examples are given below.

<} {2 e <_>%j

COC‘)QH COOC.H
! NG,
cocxH cooct X X =Cl,Br F,

¥ X=cCH  Cl E&erQ s

o anatar Vg

COOC H OCHS OCH

Rule and Barnett (J., 1932, 2728) concluded
from their investigation that methyl o-iodo-benzoate
and methyl 8-bromo-l-naphthoate were comparable in
reactivity with one another. Barnett (Thesis,
Edinburgh, 1932) carried out the Ullmann reaction with
copper bronze between these two compounds and obtained,
at 190-200°C., a 47% yield of dimethyl 8-(o=-carboxy-
phenyl)=-l-naphthoate, no other product being then

Asolated.

Br COOCH

CHjOOC
COOCH,
| coocH
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Anthanthrone.

Anthanthrone was prepared by Kalb (loc.cit.)
from the ethyl ester of 8-chloro-l-naphthoic acid by
submitting it to the Ullmann reaction with copper
bronze at 290°C. Extraction with acetone yielded the
diethyl 1l:1'-dinaphthyl-8:8'-dicarboxylate (I), which
was converted quantitatively to anthanthrone (III) by

the action of concentrated sulphuric acid.

I I i
W CO
CO
C'zHSO B CH HOOC 2
2 5 OC

This reaction proceeds in two stages, as
indicated by the colour-changes; the almost colourless
cold solution becomes an intense red which changes
gradually, or qulickly on heating, to a pure green.
Anthanthrone is precipitated as an orange-yellow solid
on pouring the solution into water. Kalb suggests
that the intermediate product is the carboxy-benzo-
benzanthrone (II). (Compare, however, p. 38). The
structure of anthanthrone was confirmed by a similar

synthesis from diethyl 1:1'=dinaphthyl-2:2'=-dicarboxylate.
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COOC,H, o

C}_H .00 C

P

While anthanthrone dyes cotton orange-yellow
from a magenta-coloured vat, it is not widely used.
Its derivatives, however, occupy a more important
place. In general, the substituted anthanthrones of
the dye industry, usually of unknown constitution,
are prepared eilther by substitution in the parent com-
pound or in the dinaphthyl compound prior to ring-
closure.

Two examples of substituted anthanthrones
of known constitution may be glven. 4:9-Dinitro-
anthanthrone was prepared (I.G. Farb., E.P. 327, 712)
by nitrating naphthastyril to give 5-nitro-8-amino-l=-
naphthoic acid, which was then dlazotised and treated
with ammoniacal cuprous oxide. Elimination of the
diazo-group occurred, yielding the dinaphthyl
dicarboxylic acid, which on ring-closure formed the
yellow 4:9=-dinitro-anthanthrone.
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HOOC

Owing to 1rreversible reduction of the
nitro-groups to amino-groups, the dye is blue after
re-oxidation from the alkaline reducing vat.

Corbellini and Barbare (G. Chim. ind.
appl., 1933, 15, 335) have described the preparation
of 4:9-dibrom-anthanthrone by the following method
(Cf. p. 99). a-Naphtholc acid, prepared by the action
of hydrochloric acid on the mercuration product of
naphthalic acid,was brominated (position 5), nitrated
(position 8) and reduced to S5-bromo-naphthastyril.

The latter was diazotised and treated with ammoniacal
cuprous oxide, ylelding 4:4'-dibromo-l:1'dinaphthyl-
8:8'=dicarboxylic acid, which on treatment with con-
centrated sulphuric acid yielded 4:9-dibrom-anthanthrone,

a red crystalline compound, dyeing cotton an orange
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colour from a violet vat.

CO- U EI) (NIH_CJO
B By
[:;::E:i:]\\]co
HQOC COoH  ——————
» o]
B Br
Benzanthrone.

While it 1s only recently that the Ullmann
reaction has enabled a direct connection between
8-halogenated-l-naphthoic acids and benzanthrone, the
earlier homologue of anthanthrone, to be established,
this compound has been known for some time and occuples
an important position as a dye-intermediate.

It was first prepared by Bally (Ber., 1905,
38, 194) by the action of glycerol and sulphuric acid
on anthraquinone in presence of a reducing agent.

The reaction is supposed (Bally and Scholl, Ber., 1911,

44, 1656) to proceed as follows: some anthraquinone
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is reduced to anthrone which combines with acrolein
(formed from glycerol with sulphuric acid) to form an
aldol:~

CH
CHOCH:CH, CF{}H\CH

X QK;J*°u«

The aldol then loses water and hydrogen to
yield benzanthrone, the liberated hydrogen reducing
more anthraquinone.

Meerwein (J. prekt. Chem., 1918, [2], 97,
284) has proposed an alternative mechanism to avoid
the assumption of this unusual eyclisatien. Since it
is known that anthrone adds te unsaturated substances
such as benzal-malonic ester, the anthraquinone nucleus
becoming attached to the carbon of the double bond
further removed from the ester-group, Meerweinmn suggests
that the first stage of benzanthrone formation is
addition of this type, followed by ring-clesure at the

aldehyde group:-

/CQ" i

CH =CR-cHO Cin cHO k/
A998
m /\C/\/ F e e

In modern practice, the anthraquinecne 1s
reduced in situ with copper powder and sulphuric acid,
followed by addition of glycerol at 120°C.
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An interesting synthesis of benzanthrone
was made by Scholl and Seer (Ann., 1912, 394, 111)
by "baking" l-benzoyl-naphthalene with aluminium
chloride at 100 - 150°C. (a process of aerisal
oxidation).

Another synthesis of benzanthrone which
leaves no doubt as to its structure was that carried
out by Schaarschmidt (Ber., 1918, 51, 1082).
Allochrysoketone~carboxylic acid (II) was prepared by
the action of aluminium chloride in hot benzene on
l-phenyl-naphthalene~2:3-dicarboxylic anhydride (I).
When II is slowly heated above its melting-point it
loses carbon dioxide to form benzofluorenone (III).
Fusion with alkali converts this compound into orthe-
l-naphthyl-benzoic acid (IV). The acid chlorlde of
this compound 1s converted quantitatively inte
benzanthrone by solution in benzene and treatment

with aluminiuwm chloride.



_0oC
o ~
oC HOOC
COOH cocdlL
—_— —

\
g0 N

Benzanthrone forms yellow needles of melting-
point 170-171°C., dissolving in concentrated sulphuric acid
with deep red colour (cf., A. G. Perkin, J., 1920, 696).
On chlorination it yields a monochloro-derivative of
m.p. 182°., described as 3-chloro-benzanthrone, and
on further chlorination a mixture of isomeric dichloro-
derivatives results (Cahn, Jones, and Simonsen, J., 1933,
444), Bromo-derivatives are also known (see pp. 56, 58).
Nitration of benzanthrone in nitrobenzene gives 3-nitro-
benzanthione, while in acetic or sulphuric scid solution,
a mixture of méono-nitro-benzanthrones is obtained
(cf. p. 59). The hydroxy- and methoxy-derivatives have
a special interest in connection with dyestuffs.

The systematic numbering of benzanthrone and
its more complicated derivatives is somewhat confusing.

The systems formerly in general use are based on the
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anthracene nucleus and are given below (I and II).
The "International Numbering" (III) is employed in
this thesis and in most of the present-day technical

literature.

The practical importance of benzanthrone

lies mainly in its use as an intermediste for the
"Benzanthrone Colours"., Benzanthrone and its sub-
stituted derivatives are not highly coloured, and
altpough it forms a greenish~-yellow hydro-sulphite

vat conteining dihydrobenzanthrone, it is of no value
as & colouring matter. Bally, the discoverer of
benzenthrone, found, however, (Ber., 1905, 58, 195;
G.P. 185221) that fusiomn with caustic alkall at 230~
240°C, yielded a dark-blue vat-dye, dibenzanthrone.

It has since been shown that union occurs at the points

3 and 4 .

g Gy
P D e

i Bl a7

)

QcC ' \—/ co

h J

B3e31s4:4'-dibenzanthrone.
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The commercial product, originally known as
Viclanthrone, comes on the market as Indanthrene Dark
Blue B.0., Caledon Dark Blue B, etc. It dyes cotton
from a reddish-violet "strongly" alkaline hydrosulphite
vat at 60°C. in very fast dark-blue shades and, in
admixture with Indanthrone, navy-=blue.

The structure of dibenzanthrone is confirmed
by its synthesis from 4:4'-dibenzoyl-l:1'dinaphthyl
by baking with aluminium chleride (Scholl and Seer,
Ann., 1912, 394, 126).

2890 -
Ssteey

Iso-dibenzanthrone, the symmetrical isomer
of dibenzanthrone, (Isoviolanthrone, Indanthrene
Violet R extra, Caleden Purple R) was originally
prepared (G.P. 194252) by the action of alcoholic

potash at 140°C. on 3-chloro-benzanthrone.



19.
Q—<— cl 3 -—io —2 HCl
G, Stetsfing, —<:>

Iso=-dibenzanthrone.

More recently it has been prepared by the
action of alcoholic potash on 3:3'=-dibenzanthronyl
sulphides end selenides (G.P. 448262, B.P. 242,620 ;
| B.P. 367,462, etc.). Its close relationship to
perylene is shown by its preparation from dibenzoyl=-
perylene (or 3:9-dibromo=4:10-dibenzoyl-perylene) by
baking with aluminlum chloride (Scholl and Seer, loc.

cit. )I

CoO



20,

Rule and Pursell (J., 1935, in the press)
repeated Barnett's preparation of dimethyl 8-(o-carboxy-
phenyl)=-l-nsphthoate, obteining, at 215-220°%C., a
maxlmm yleld of 36% of the unsymmetrical compound,
while dimethyl 1:1'dinaphthyl-8:8'~dicarboxylate was
also isclated. The action of concentrated sulphuric
acid on the phenyl-naphthyl dicarboxylic ester was
exemined and the formation of ll-carboxy-benzanthrone

was demonstrated.

7
ooc
SHe CooCH, HooC €e

1l-carboxy-benzanthrone.

Rule and Bigelow (J., 1935, in the press)
in an attempt to prepare l:ll-keto-benzanthrone by
& further ring-closure of the carboxyl group, showed
that the more vigorous action of concentrated sulphuric
acid also led to partial decarboxylation to
benzanthrone, accompanied by oxidation of the acid to
the lactone of l-hydroxy=-ll-carboxy=-benzanthrone.
Ring-closure to the expected keto-benzanthrone only

occurred to a slight extent.



K
CHoC CHOOC HOOC co co
COOCH, :::::[:::ji————r —_
oc co

o] &

0

1:11-keto-benzanthrone.

1:11-Keto-benzanthrone was, -however, found
to be resdily prepared by the action of phosphorus
pentoxide on the ll-carboxy-acid dissolved in molen
phthalic anhydride at 200°C. It is an orange-yellow
substance of melting-point 328-9°C., very stable and

possessing no strong dyeing properties.

The work described in the present thesis
falls into two main parts: (a) an examination of the
influence of experimental conditions and of substituents,
chiefly Br- and NOg- , in the phenyl and naphthyl
nuclei, upon the course of the following Ullmann

reaction:
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Hal.  cooch, TN
| )
~ 7N CHOO ©OCH,
L\\ and L\Y//L Cuw cooc,
—_— +
AN i CoocH
Hal, 3

+ cHpoc. COOCH,

\

(b) the conversion of the phenyl-naphthyl and di-
naphthyl dicarboxylic esters so obtained inteo
derivatives of benzanthrone and anthanthrone

respectively.



23.

IT. SUMMARY Of EXPERIMENTAL WORK

And DISCUSSION Of RESULTS.

I. The Ullmann Reaction between 8-Bromo-1-

naphthoates and o-Halogeno~benzoates.

The Ullmann reaction between mixtures of
halogenated compouﬁds would not normally be expected
to furnish a satisfactory method for the prepsration
of unsymmetrical derivatives, In fact, the theoretical
yield of unsymmetrical product to be anticipated from
a mixture of equimolecular proportions of two halo-
genated compounds, which are presumed to be equally
reactive in the formation of dinuclear compounds, is
only 333%.

oRA * ORIX — HER < RIRY - RR?

Many cases in which the anticipated
difficulty of isolating the unsymmetriéal product has
been encountered are, in fact, on record. A close
approximation to the theoreticel result has been
obtained by Mayer and Freitag (loc. cit., p. 6) who
obtained from a mixture of o- and m-iodo-toluenes, in
which presumebly neither steric nor activation effects
will be marked, a yield of about 30% of the unsymmetri-
cal ditolyl by careful fractional distillation.

'In view of this, it 1s the more noteworthy

that the method has nevertheless proved conspicuously
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satisfactory in certain cases, one of the most success-
ful being the reactions between methyl 8-bromo-l-
naphthoate and methyl o-iodo-benzoate carried out by
Rule and co-workers (J., 1935, in the press). Further
work on this reaction and its application to substituted
derivatives are now described.

The general method adopted for carrying out
the reactions was as follows: the mixed esters were
stirred and heated in an oil-bath maintained at the
desired temperature. Copper bronze was added in portions
and the reaction completed by further heating. The
organic compounds were then extracted with acetone and
the solvent removed. Any solid products, consisting
of phenyl-naphthyl dicarboxylic ester, alone or together
with dinaph#tyl dicarboxylic ester, which could be
isolated by the addition of ether to the extract were
removed and treated separately with concentrated
(93 = 4%) sulphuric acid at 100°C. for one hour. This
treatment sufficed to convert the former ester to
ll-carboxy~-benzanthrone and the latter to ahthanthrone,
these products being then separated by means of alkali,
The residusl mixed esters were treated in a simillar
manner; the alkali-insoluble anthanthrone was readily
isolated, and the benzanthrone-carboxylic acid was
separated from other acidic products by crystallisation,
a process which is satisfactory in view of the com-
parative insolubility of the compound in question.

In the case of the more readily soluble unsubstituted
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derivative (p. 102) the phenyl-naphthyl dicarboxylic
ester was determined for the most pert as ll-carbo-
methoxy-benzanthrone (produced by sulphuric acid treate-
ment at 50°C.), the separation of the latter from
anthanthrone being effected by means of alcohol.

It 1s evident that this procedure, by which
the relatively insoluble dinaphthyl derivative,
anthanthrone, is isolated directly in a state of com-
parative purity, allows a reasonably exact estimate of
the yield of the symmetrical dinaphthyl product to be
made. The estimation of the yield of unsymmetrical
product is less exact, but is sufficiently aeqﬁrate to
serve as a basis for the comparisons made in this dise
cussion; the fact that 80 - 90% of the naphthoate used
could generally be accounted for and that the results
were quite closely reproducible, substantiates this
claim, (A1l yields quoted in this connection are
based on the naphthoate used).

Since the reaction is carried to completion
in each case, no exact estimate of reaction velocities
can be obtained. If, however, the particular reaction
leading to the formation of the unsymmetrical product
has been favoured under the conditions employed, the
product from this reaction will appear in proportionately
larger amount. (It may be noted that 1f the reaction
leading either to diphenyl or to dinaphthyl derivatives
is the one actually stimulated, the ylelds of both

these products are increased). In some cases certain
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conclusions can be drawn, however, from the regularities
observed.

The effect of varying conditions on the
reaction between methyl 8-bromo-l-naphthoate and methyl
o-lodo~benzoate was first examined. Pursell (Thesis,
Edin., 1933) had examined this reaction and concluded
that the optimum yield of unsymmetrical product (36%)
was obtained at 220°C. Barnett (Thesis, Edin., 1932)
quoted a yield of 47%, obtained by working at 190 = 200°,
These ylelds, obtained by recrystallisation of the esters,
are not strictly comparable. Though Pursell stated
that the reaction was incomplete bélow 200°, this was
not found to be the case in the present work and, in
fact, no significant difference was noted whether the
reaction was carried out at 200° or 180°. At the
latter temperature, using equimolecular proportions of
naphthoate and benzoate, the yield of dinsphthyl
derivative was 31%, and of unsymmetrical phenyl-naphthyl
compound 54%. Under similar conditions, but empléying
two molecular proportions of the benzoate, the ylelds
were 11% and 75% respectively. This figure represents
the maximum yleld of unsymmetrical product so far
obtained from this reaction, and since it was desired to
obtain reasonable yields of the unsymmetrical compounds,
these optimum conditions were employed throughout for

purposes of comparison.

The effect of varying the reactive halogen

in the benzoate was next examined, The use of the
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o-bromo-benzolc ester gave a 44% yield of anthanthrone,
the yield of unsymmetrical preduct falling to 41% ;
employing methyl o-chloro-benzoate, the yleld of
anthanthrone rose to 71%. (p. 106).

COOCH,
HOOC
CDOCH

X = I, 5T Y,
=B Az, 44 %%
X =] I TE iy I )

There is no doubt that the decrease in yield of the
unsymme trical product is due to the decreasing activity
of the benzoate; the series in which lodine 1is more
reactive than bromine, which is in turn more active
than chlorine (I > Br > (Cl) is well known in various
reactions involving nuclear halogen substituents.

Rule and Barnett (J., 1932, 2728) concluded
that methyl o-iodo-benzoate and methyl 8-bromo-l-
naphthoate were compsrable in halogen reactivity,
although Barnett (Thesis, Edin., 1932) suggested that
the minimum temperature at which the iodo-benzoate was
readily converted into diphenic ester was about 250°C.,
while the S~bromo-naphthoate reacted at a lower
temperature, 180°C, Nevertheless, Barnett carried out
the reaction with a mixture of these esters at 190-200°.

The above suggestion regarding the minimum temperature
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of reaction of iodobenzoic ester is based on the
description of the formation of diphenic ester by
Ullmann (Ann., 1904, 332, 70 ). While Ullmann's
statement is not quite clear, it would seem to imply
that the reactlon proceeds very slowly at 200° and that
a temperature of 240 - 250° is necessary to complete 1it.
This, however, is not the case; a small-scale experi-
ment (not described in the experimental section of this
thesls) showed that the reaction set in vigorously at
150°C., The 8=bromo-naphthoate reacted at the same
temperature, but more slowly. The conclusion that the
two compounds are of similar activity would seem
warranted, however, since the replacement of the iodo=-
benzoate by the less reactive bromo- or chloro-sster
enables the naphthoate to combine with i1tself to a
greater extent, to the detriment of the yield of un-
symmetrical product.

Pursell (Thesis, Edin., 1933) comments on
"the remarkable variations caused by different samples of
copper bronze" as employed in Ullmann reactions. In
this connection Haldane (Thesis, Edin. 1934) has compared
the effect of a number of different samples on the
reaction between o-iodo-benzoic aclid and sodium methoxide,
the reaction being stimulated to widely varying degrees,

as shown on the following page.



29,

A B C E. No
catalyst
Sample of copper Gattermann's IS 6 B.DH B.D.H. | present.
Velocity Constant o2*7 286 15°5 277 3°73 X
(Kso ) 19c%

Ratio 87,660 76,680 56,190 7,428 1

Three kinds of copper were employed in the
Ullmann Reactions described in the present thesis.
Copper bronze (A) is the sample B, referred to in the
Table above and originally obtained from Imperial
Chemical Industries, Limited; copper bronze (B) is a
second sample from I.C.I., Ltd., and copper powder
(Gattermann) is the metal prepared as given in Houben-
Weyl (Die Methoden der org. Chem., 1922, Ed., II, 567)
by precipltation from copper sulphate solution with
zine dust. The last-named product was filtered off,
washed with dilute hydrochloric acid and distilled
water and preserved under water. Before use it was
filtered off and washed with alcohol and ether. Check
determinations showed that these samples all had a very
similar activity. A fourth sample (B.D.H.), however,
proved to be practicﬁlly uselsss. The active samples
exhibited a red copper colour; the inactive speclimen
was of a brassy tint.

The Ullmenn reaction was then applied to

further substituted derivatives of the halogenated
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esters, and the results obtained when using methyl
5:8~dibromo- and S5-nltro-8-bromo-naphthoates are next
dealt with. The former in reaction with two moles
of o-lodo-benzolc ester at 180° gave a yleld of 49%
of unsymmetrical derivative, isolated in the form of
S=bromo-ll-carboxy-benzanthrone, while the dinaphthyl
product (4:9-dibrom-anthanthrone) amounted to 52% (péi107).

COOCH,
HOOC
* 2
COOCH,

=497, 32 %
Under similar conditions, the 5-nitro-8-bromo-

naphthoate gave 49% of the unsymmetrical derivative,

3-nitro=-ll-carboxy=-benzanthrone, and 35% of dinaphthyl
Nao,

derivative, (p. 137).
j}
HooC! co co
+ 2 e
COBCH, \1::;/J\\v/J

NG, NO,
49 % 357

The Introduction of a nitro=-group in
position 5 has previously been found to activate the
halogen in 8-bromo-l-naphthoic acid and its methyl
ester in the reaction with sodium methoxide (Haldane,
Thesis, Edin., 1934) and the presence of substituent
nitro-groups in certain positions has also been shown

to affect the reactivity of halogen atoms in the
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reaction with copper bronze (Ullmann, loc. cit., p. 4).
It appears likely, therefore, that the reduction in the
yield of unsymmetrical product following on the intro-
duction of substituents into the naphthoate molecule
is due to the inereased readiness with which the
substituted naphthoate can react with itself to form
a dinaphthyl dicarboxylic ester, The electro-negative
substituent bromine in position 5 has exerted a similar
effect to that of the nitro-group, the magnitude of
which, surprisingly enough, is very similar. It is
evident that the activation due to the presence of the
carbomethoxy group is confined to the bromine atom in
position 8, no evidence for the S-bromine atom having
reacted being obtained.

The reaction was next extended to the case of
substituted o-halogeno~benzoates. Methyl S5-nitro-2=-
iodobenzoate reacted with the 8=bromo-naphthoic ester
under the same conditions to glve a 41% yield of the
unsymmetrical derivative in the form of 9-nitro-ll-
carboxy-benzanthrone, 43% of anthanthrone being isolated.
Using the corresponding nitro-bromo-benzoate, the
yield of unsymmetrical product fell to 33%, while 60%
of the naphthoate was accounted for as anthanthrone.

(pp.143, 145).

Br COOCH, NO,
HOQC

Ak

W cooc H

E R 41 % A3 .
X = B, 33 . 607, .
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In the case of the corresponding bromine=-
substituted ester, methyl S=bromo-2-iodo~benzoate,
an additional complication ensues, owing to the
reactivity of the bromine atom. This was evident
from the fact that an inseparable mixture of products
was obtained by heating the ester itself with copper
bronze. By maintaining the usual temperature con-
ditions (180°) carefully, however, this activity was
minimised and a 60% yield of the unsymmetrical product
in the form of 9-bromo-ll-carboxy-benzanthrone, was
obtained, the anthanthrone amounting to 28%. The
fact that the almost the whole of the iodine had
reacted was checked in this and some other cases by
analysing the copper halide residues for iodine (by
the method described on p. 66 ), when it was found
that about 90% of the iodine in the iodo-benm ate was
accounted for. The results suggest that the effect
of the bromine substituent in position 5 of the
benzoate 1s similar to but less in magnitude than that
of the nitro-group in the same position. At a
temperature of 220°, the yield of unsymmetrical product
had fallen considerably, amounting to 27%, whereas
that of anthanthrone rose to 53%. This change may
possibly be due to a more rapid increase in the
reactivity of the polysubstituted benzoate with
temperature, as compared with the bromo-naphthoate;

no comparative figures are available, however (p.l24).
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Br ooCH, B
HOOC co o
+.2 B, * oc
CDOCHj
i

At 180°C,, 60°, Eal .

AL 2207, Sl 537,

More pronounced difficulty was experienced
when methyl 2:4-dibromo-benzoate was employed in
reaction with the bromo-naphthoic ester at 220°, and
in fact no unsymmetrical derivative was isolated in a
pure state (p. 150). ‘The yield of snthanthrone was
56%. As the bromine atoms are ortho and para to the
activating carbomethoxy group, it was to be expected
that the reaction would exhibit greater complexity.

Reactions carried out with methyl 4-nitro-
2-1icdo-benzoate and methyl 6-nitro-2-icdo-benzoste were
unsatisfactory. In the former case, the yield of
anthenthrone at 180° was 70%, and?gzo°, 63%. The
acidic products of the hydrolysis did not yield the
expected 8=-nitro-ll-carboxy=-benzanthrone. In the case
of the latter reaction, due no doubt to steric hindrance,
difficulty was experienced in purifying both fractions.

The reaction was also carried out with
reactents, both of which contained additional
substituents. If the effects of substitution were

similar to those deduced above, viz., an increase in
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the speed of the reections involving the suvbstituted
compound, it might be expected that the result of
introducing further substituents into both reactants
would be a tendency to restore the balance and give an
increased yield of the unsymmetrical product. This,
however, was not found to be the case. When methyl
5:8=dibromo-l~naphthoate and methyl S5-bromo-2-icdo~
benzoate reacted at 180° the yleld of unsymmetrical
product isolated as 3:9-dibromo=-ll-cerboxy=-benzanthrone
was 49%, dibrom-snthanthrone accounting for a further
38% of the naphthoate. A small amount of a second
alkali-insoluble compound which had the propertles of
a brown vat-dye was also detected; 1t 1s suggested
that this is produced by further reaction between the
5:5'=dibromo=-dinaphthyl-dicarboxylic ester and the
naphthoate. In this reaction, a rise of temperature
to 220° did not produce a marked change in the yields;
41% of dibrom-anthanthrone was obtained and 36% of the

benzanthrone-carboxylic acid. (p. 130).

B Br
Br  COOCH, Br
= ’ = oe
CooCH,
Br I
B Br
At BOCE, A49% , 387

At 22070, 36% , 41 %e.
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Although the expected change in the sense of a larger
yield of the unsymmetricel product has not been realised,
the influence of substitution in both reactants appears
to have maintained the equality of reactivity over =
wider range of temperature than was observed when only
one reactant is activated.

The reactions carried out with both compounds
containing nitro-groups in the 5-positions was even
less satisfactory than in the last case discussed above;
the yield of dinaphthyl derivative at 180° amounted to
75%, but the acidic benzanthrone products,which must
have been comparatively small in quantity, could not
be purified.(p. 152).

The effects of substitution thus agree in
some measure with the view that the reactivity of the
halogen atom influences the success of the reaction in
vielding the desired mixed product, although no explana-
tion of the unexpectedly high yield in the case of the
unsubstituted esters can be suggested. Attention was
therefore turned to examples of simlilar reactions which
have been recorded in the literature.

The most striking of these is undoubtedly
the type of reaction discovered by Turner and co=-workers
(loc. elte, Ds ). The reaction between picryl
chloride and iodobenzene (Gull and Turner, J., 1929,
491) attrected immediate notice and is therefore

discussed in detail,

Iodobenzene, according to the experience of
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Ullmenn (Ann., 1904, 332, 38), did not react at its
bolling=-point with copper bronze to form diphenyl and
1t was necessary to heat the mixture to 230° under
pressure, This was now verified in the present work
and in addition it was found that even in solution in
boiling nitrobenzene (temperature of mixture, 205°C.,)
no reaction took place. Picryl chloride, on the other
hand, is so reactive that the mixture with copper bronze
explodes at about 135°; in boiling nitrobenzene, the
reaction proceeds smoothly with formation of hexanitro-
diphenyl (Ullmann, loc. cit.).

Gull and Turner heated an equimolecular
mixture of pieryl chloride and iodobenzene st 200 =
205° with gradual addition of copper bronze, and
obtained as the sole product, the unsymmetrical com=-
pound, 2:4:6-~trinitro-diphenyl. As the solvent
employed for extracting the mixture was alcohol, in
which hexanitro-diphenyl is stated to be practically
insoluble (Ullmenn, loo. cit.) and, moreover, since no
actual yield was quoted, some doubt attached to this
result. In addition, the suggestion that the non-
formation of hexanitro-diphenyl can be attributed to
spatial effects appears inadequate in view of the dis~
proportionate activities of the two reactants.

This experiment was therefore repeated
(p. 148) and at 195 - 203° it was found that 2:4:6-
trinitro~-diphenyl was in fact the sole detectable
product. The yield was 75%, decomposition probably
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accounting for the remaining 25%. As it was possible
that the temperature in this experiment might have risen
locally to a point where the iodobenzene would be
normally reactive, the reaction was carried out at 160-65°.

The yleld of 2:4:6~trinitro-diphenyl was 85%.

NO,_ NO,

<<*ﬂ> 2007c, Y5 %
NO; Cl = F — NG
_ S a (60°C, 85
NO, O,
Another highly successful reaction of this

type consists in the coupling of ethyl 2:4-dinitro-2-
chloro-benzoate with aromatic iodo-compounds, when the
sole product is said to consist of the unsymmetrical
compound (Lesslie and Turner, J., 1930, 1758). Both
picryl chloride and the dinitro-chloro-benzoate are com-
pounds of quite exceptional reactivity; the lability
of the chlerine atom in the former is well estsblished
and the ester has been shown to possess remarkeable
activity towards sodium methoxide (Haldane, Thesis, Edin.
1934). It almost appears that such compounds are able
to induce some special form of activation in another
halogenated compound in the presence.of copper bronze,
Evidently the available data allow no parallel
to be drawn between this type of resction and that
occurring between naphthoates and benzoates, The com=-
plexity of the governing factors, which may include
steric hindrance, activation by substituents, the
lability of the reacting halogen, and possibly some form
of molecular association, renders any fruitful discussion

impossible in the present state of our knowledge.
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IT. The Hydrolysis and Cyclisation of Dinaphthyl
and Phenyl-naphthyl Dicarboxylic Esters: the

Cyclisation of ll-Carboxy-benzenthrones.

The conversion of dimethyl 1l:1'-dinaghthyl-
8:8'~-dicarboxylate into anthanthrone by treatment with
sulphuric acid (Kalb, Ber., 1914, 41, 1724) and the
suggested explanation of the colour changes which occur
have already been mentioned (p. 10). During the
cyclisation of dimethyl 4:4'-dibromo-l:1l'=dinaphthyl-
8:8'=dicarboxylate to dibrome-snthanthrone (p. 100) it
was noted that the intermediate red colouration of the
sulphuric acid solution was relatively persistent and
advantage was taken of this te 1solate the intermediate
compound. This was accomplished by warming the ester
with sulphuric acid for 10 minutes at 50°C. and pouring
the still red solution into water. The product con=
sisted of unchanged dimethyl ester mixed with the
methyl ester of 3:9-dibromo-10:ll-benzo-benzanthrone-
4'-carboxylic acid, no acidic product being isolated.

A similar result was obtained with the unsubstituted

ester.
¥ Br

C
HS(‘DO
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The comparative stability of the monomethyl
ester formed under these conditions is evident. It
gives a red solution in sulphuric acid (characteristic
of a benzenthrone derivative) which is relatively
stable under conditions of temperature and concentra-
tion in which the corresponding free acid rapidly gives
the green colouration characteristic of anthanthrone
formation. These results indicate that the free acid
is the immediate precursor of the anthanthrone, but
Kalb's assumption that the red intermediate solution
corresponds to the existence of the free mono-carboxylic
acid is not correct since, under the conditions
employed, this will pass immediately into the anthanthrone.

The interesting point about this hydrolysis
is the stability of the 4'=carbomethoxy group, which is
shown by the fact that while the benzobenzanthrone
carboxylic ester was isolated in a yield of about 50%,
no anthanthrone was detected. This is doubtless due
to increased steric hindrance consequent on the elimina-
tion of any possibility of free rotation about the bond
joining the two naphthyl nuclei. The configuration of
the dinaphthyl dicarboxylic ester may be represented
diagrammatically as in fig. I, where the planar naphthyl
nuclei are inclined &b an angle to one another. After
one ring has been formed, however, the two nuclel must
lie in the same plane and it is evident from the
increased resistance to hydrolysis which is offered to

the remaining ester group, that the second nucleus 1is
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now closer and exerts a greater screening effect.

i s

co
Ugooc OCH, CHOOC

A similar stability can be traced in the fact
that benzobenzanthrone-4'-carboxylic acid offers
resistance to certain dehydrating agents (weaker than
sulphuric acid) which are nevertheless able to bring
about the closure of the first benzanthrone ring.

This, while it would evidently be impossible to prepare
the acld from 1l:1l'=dinaphthyl=-8:8'=dicarboxylic acid
by treatment with concentrated sulphuric acid, it can
be prepared by the action of zinc chloride in acetié
acid solution (Cassella G.m.b.h., C., 1928, I, 231l1).

ZnCl, cO
=
HOOC HOOC

It was found also that the dibromo-dinaphthyl-
dicarboxylic ester underwent ring-closure more slowly
then the unsubstituted compound, the reaction requiring
at least ten times as long at 50°C. to reach completion,

as judged by the appearance of a pure green colouration.
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Since there is no question of additionsl steric
hindrance due to the bromine atoms, this effect
apparently arises from an increased stability of the
molecule as a whole.

Rule and co-workers (J., 1935, in the press)
in a study of the hydrolysis of dimethyl 8-(o-carboxy-
phenyl)-l=naphthoate, have shown that the primary
product obtained by the action of concentrated sulphuric
acid was ll-carbomethoxy-benzanthrone. From the
alkaline hydrolysis of the dimethyl ester, an ester-
acld was isolated to which the constitution of methyl
8= (o=-carboxy~-phenyl}=l-naphthoate could be assigned,
since on treatment with sﬁlphuric acid in the cold for
a short period, it gave a quantitative yield of 1l-
carboxy-benzanthrone, a treatment which would have
converted the isomeric cerbomethoxy-phenyl-l-naphthoile

acid into ll=-carbomethoxy=-benzanthrone.

a.Ika“ a 4

HOOC
HOOC COOCH, co
H,50,
cold
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Although this result is not commented on in
the above papers, it may be noted that it presents an
interesting anomaly. While the alkaline hydrolysis
has taken the course to be expected on the usual ideas
of steric hindrance, the ester-group attached to the
phenyl nucleus being attacked prior to the peri=-ester
group, the aclid hydrolysis has taken the opposite course.
Indeed, the resistance offered by ll-carbomethoxy=-
benzanthrone is remarkasble; for example, it is only
hydrolysed to an extent of about 33% by treatment with
sulphuric acid at 50°C., for four hours (p. 104). This
contrasts not only with the ready hydrolysils and ring-
closure of the ester-group in the peri-position in the
same molecule, but also with the comparatively ready
cyclisation of the carbomethoxy-group in the benzo-
benzanthrone derivative discussed above, which is
complete in less than an hour under the same conditions

(be 101 )

~
cHpOC co L co co o
2 s CHOOC —

Aot 553051 < | hour, |IOOL.

In the absence of any further examples of
these phenomena it can only be concluded that the rates

of hydrolysis are in some way dependent both on the
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medium and on the general character of the reacting
molecule; these effects appear to predominate, in the
instance mentioned, over those to be expected on the
usual grounds of steric hindrance due to adjacent

groups.

The hydrolysis of dimethyl 3-bromo-8-po-
carboxy~-phenyl)~-l-naphthoate by concentrated sulphuric

acid was found in the present work to follow the same
course as that of the unsubstituted ester, 3-bromo-1ll-
carbomethoxy-benzanthrone being obtained in a yield of
75% by treatment at 50°C. for 3 hours, approximately
the same rate of hydrolysis as in the case of the
unsubstituted ester.(p. 110).

In the case of all the phenyl-naphthyl
dicarboxylic esters dealt with, the closure of the
benzanthrone ring and hydrolysis of the ll-carbomethoxy-
group was complete after treatm@np with concentrated
sulphuric acid at 100°C. for one hour, and this was in
fact the treatment employed in working up the mixed
esters obtained from the Ullmann reaction (cf. p.108),

The substituted ll-carboxy=-benzanthrones
obtained by this method (3-bromo=-, 9-bromo-, 3:9-dibromo-,
3-nitro-, 9-nitro- ; see p.46a) were yellow crystalline
compounds which dissolved in sulphuric acid with a
blood-red colour, substitution having no apparent effect

on the colour. The bromo carboxylic acids dissolved
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in alkali to give orange to red solutions with strong
green fluorescence; the nitro-acids gave red, non-
fluorescent solutions, The sodium salt of 3:9-dibromo-
ll-carboxy-benzanthrone was only sparingly soluble in

water.

Cyclisation of ll-Carboxy-benzanthrones.

When this research was originally undertaken,
it was hoped to investigate effects of substitution on
the further cyclisation of these acids to l:ll-keto-
benzanthrones, a novel type of derivative, This
expectation was based on some work carried out by
Pursell (Thesis, Edin., 1933) who had obtained a neutral
product, believed to be the desired ketone, by the
action of concentrated sulphuric acid on benzanthrone-
ll-carboxylic acid at high temperatures; moreover, it
was then believed that an equilibrium of the following
kind existed between the acid and the ketone in

sulphuric acid solution:

HOOC coO H.SO, co

The true nature of the neutral product
obtained in this manner was established later by Rule

and Bigelow (loc. cit.), who found that it consisted
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of a mixture of the ketone and benzanthrone, together
with traces of the lactone of l<hydroxy-ll-carboxy-
benzanthrone produced by oxidation. (Some sulphona-
tion also occurred at high temperatures). Further,
the formation of the ketone was not reversible in the
presence of sulphuric acid.

A similar state of affairs was found in the
present work on treating 3-bromo-ll=-carboxy-benzanthrone
with concentrated sulphuric acid at 140° or 160°C,
(p.120). 3=-Bromo~benzanthrone, the 3-bromo-"latctone
and a third product (not purified but probably the
ketone) were isolated. As this method was useless
either as a preparative method or for any quantitative
comparison, it was abandoned.

To prepare the l:ll-ketones, recoursgiﬁad to
the method employed by Rule and Bigelow. This consists
of the treatment of the acid, dissolved in molten
phthalic anhydride at 200°C., with excess of phosphorus
pentoxide over a period of two hours (cf., e.g., p. 115
The 1liquid is then poured into alkali and the insoluble
diketone filtered off and purified by crystallisation.

Alternatively, the dehydration may be carried
out in boiling nitrobenzene; in the case of the
9-nitro-compound, the product obtained on cooling the
solution required no further purification; in the case
of the 9=-bromo-ketone, it was necessary first to remove

a certain amount of alkali-insoluble material in order
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to obtaln a pure product. In phthal ic anhydride
solution, the dehydration appeared to be complete in
every case, since no significant amount of acidic
product was ever isolated from the alkaline filtrates;
the yields of crude ketone amounted to 80 - 90%., -No
specific effects of substitution on the cyclisation
were apparent. Unfortunately it did not prove possible
to synthesise, by the method employed, ll-carboxy-
benzanthrones contalning substituents in positions 2
or 10, which might have exerted a considerable spatial
effect on the cyclisation.

In this manner, 3-bromo-, 9=bromo=-, 3:9=-
dibromo-, 3-nitro- and 9-nitro-l:ll-ketobenzanthrones
were prepared. They were brightly~-coloured crystalline
compounds, ranging in colour from orange to red, the
d=nitro=compound having the 1lightest colour and the
dibromo-ketone the deepest. The mono-substituted
derivatives dissolve in concentrated sulphuric acid to
give purple solutions; a concentrated solution of the
3:9-dibromo~derivative was purple in colour with blue
fluorescence, but on dilution, the solution became
blue in colour with purple fluorescence.

The melting-points of these compounds present
curious features (see Table opposite). While substitu-
tion by either bromine or a nitro-group raises the
melting-point of benzanthrone or 11-carboxy-benzanthrone,
the melting=-point of the l:ll-ketone is lowered to a

greater or less extent. This is particularly marked
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in the case of the 9-bromo-kstone which melts 88°C.
lower than the unsubstituted compound., Similarly, the
3:9-dibromo~l:1l-keto-benzanthrone melts 28° lower
than the parent compound, although a rise of 82° was
produced by the introduction of the two bromine atoms
into ll=-carboxy=-benzanthrone. The effects of sub-
stitution can therefore only be described as irregular.

d=-Bromo=-l:ll-keto-benzanthrone possesses a
wellmarked sintering-point, only removed by heat-
treatment. In the crystalline form or in a finely-
divided state as obtained by pouring its solution into
water, 1t sinters sharply at a temperature varying
between 180° and 200°, thereafter remaining unaltered
till it melts at 326 - 8°C., A sample which has been
heated to over 200° does not exhibit this behaviour
but melts at 326 = 8° without previous change; after
recrystallisation, however, the sintering-point is
again observed. 3=Nitro=l:ll-keto-benzanthrone shows
the same effect but to a less marked extent. This
point 1is discussed in further detail in the experimental
section (p.116).

Benzanthrone itself is of no value as a
vat-dyestuff, as it has only a weak affinity for the
fibre. 1l:11-Keto-benzanthrone is reduced by alkaline
hydrosulphite and the solution re-oxidises in air,
but this material is apparently of little value as a
dye, since not only 1is the salt of the leuco-compound

sparingly soluble in water, but the ketone is unstable
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to alkalis. The substituted ketones are open to the
same objections, the insolubility of the leuco~-compounds
being particularly marked, 5=Nitro-benzanthrone is
more readily reduced by alkaline hydrosulphite, a deep
blue vat being formed from which the pink 3-amino-
benzanthrone is deposited on oxidation. As this
property receives no mention in the literature, it is
probable that the dyeing properties are unsatisfactory.
The nitro-keto-benzanthrones, however, vatted no more
readily than the halogenated compounds, a suspension
of purple material (amino-keto-benzanthrone ? ) being
formed in a weakly-coloured solution which only coloured
cotton feebly. Methyl 3:9-dibromo-l1l0:ll=benzo-
benzanthrone~-4'!-carboxylate (formula, p.38 ), in con=-
trast, vatted comparatively readily, giving a purple
vat (resembling that of anthanthrone) which deposited
the orange ester on re-oxidation.

The instability of the fluorenone ring in
l:11-keto=benzanthrone towards alkalis has been
mentioned above, A small=scale experiment with 3-
bromo~l:ll=keto=~benzanthrone showed that prolonged
bolling with alkali opened the ring, with the production
of a mixture of carboxylic aclds, doubtless l- and
ll-carboxy~benzanthrones. The hydrolysis required
considerably longer than that of the unsubstituted
ketone, but this is probably due to the smaller
solubility of the bromo-derivative.(p. 118).

ll:11'-Dicarquy-dibenzanthrone has been
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prepared (Rule and co-workers, loc. cit.) by the alkali
fusion of ll-carboxy-benzanthrone and the product
cyclised to a blue vat-dye, diketo=-dibenzanthrone, by
the action of phosphorus pentoxide in phthalic anhydride.
Isodibenzanthrone may be prepared in good yield and
high purity by the action of alcoholic alkali on the
dibenzanthronyl selenide obtained by the action of
selenium on 3~bromo~benzanthrone. The same reaction,
the mechanism of which is somewhat obscure, has now
been employed for the preparation of 1l:11'-dicarboxy-
isodibenzanthrone from 3-bromo-ll-carboxy-benzanthrone
(p.121).

As in the case of dibenzanthrone-dicarboxylic
acid, the dicarboxy-isodibenzanthrone exhibited some-
what greater stability towards dehydrating agents than
the corresponding benzanthrone derivative. A neutral
product was, however, obtained by more prolonged treat-
ment with phosphorus pentoxide at a higher temperature,
but it is somewhat doubtful whether this consisted |
entirely of the expected é@iketone, as although a portion
behaved in the expected manner as a dyestuff, some
material unaffected by hydrosulphite was also present
(or was produced by reduction ? ). Both fractions,
nevertheless, dissolved in sulphuric acid with a green
colour, characteristic of isodibenzanthrone.

A regularity can be traced in the stability
and ease of formation of the five-membered ketone rings

in the series fluorenone, keto-benzanthrone, diketo-
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dibenzanthrone, which holds also for the substituted
derivatives. Fluorenone, fluorenone-carboxylic acids
and benzo-fluorenone can be obtained by dehydration of
the corresponding carboxy-acids by the action of con-
centrated sulphuric acid, zinc chloride, aluminium
chloride, etc., under conditions which leave ll-carboxy-
benzanthrone unaffected (cf. Pursell, Thesis, Edin.,
1933). The five-membered ring in fluorenone compounds
is stable towards aqueous alkali, which is, however,
able to attack the l:ll-ketone ring in keto-benzanthrones,
owing no doubt to the greater molecular tension in the
benzanthrone derivatives., "In fluorenone the strain
in the five-membered ring may be relieved by a slight
adjustment of the loose diphenyl system, a distortion
which is not so readily tolerated by the more rigid
benzanthrone molecule." (Rule and Bigelow, J., 1935,
in the press). The resistance of dicarboxy-dibenzan-
throne and =-isodibenzanthrone towards dehydrating agents
is in keeping with the still greater rigidity of its
molecular structure. The resistance offered by diketo=-
dibenzanthrone to alkali can be attributed to its
insolubility, a factor which also has an effect on the

stability of substituted keto-benzanthrones.



5l.

ITI. Orientation of Benzanthrone Derivatives.

Two methods are in general available for the
orientation of derivatives obtained by substitution in
a parent compound. These are (1) graduated synthesis,
and (2) degradation to kmown products. Both these
methods are applicable to a certain extent in the
benzanthrone series and some discussion of them is
given here in connection with the results described in
the experimental section of this thesis.

commonly

The two methods/employed for the synthesis
of benzanthrone, apart from that based on the Ullmann
reaction employed in this thesis, are (1) the "Skraup
synthesis" from anthraquinones or their reduction
products, anthrones (p. 13), and (2) the synthesis of
benzanthrones by "baking" a-benzoyl-naphthalenes with
aluminium chloride, a process of dehydrogenation intro-
duced by Scholl and Seer (p. 15). Of these, the
former is of less interest in connection with the
orientation of the products, since a number of
possitilities arise, depending on the number and position
of the substituents in the anthraquinone nucleus.

For example, a 2-substituted-anthraquinone may

theoretically give rise to four substituted benzanthrones

on reduction and condensation with glycerol:
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A 2:6-disubstituted anthraguinone can give

rise to two isomeric benzanthrones, thus:

k) X Cf%
———=.c and
XI:::I:;E;[:::[ XI:;//\tc/\\ c ”

While it is of interest that in some cases
only one of the possible isomers is formed, e.g.
4:9~dichloro-benzanthrone being obtained from 2:6-
dichloro=-anthraquinone (I.G., 1927, D.P. 450,445;
Luttringhaus and Neresheimer, Ann., 1929, 473,279 ;
cf, also the analegous dibromo=~compound, I.G., lec.cit.)
the method possesses obvious disadvantaeges when applied
to the determination of orientation.

The second method 1s, however, more adapted
to this purpose since, in some cases at any rate, the
position of the substituent 1s completely defined.

As an example, the synthesis of 2-hydroxy-benzanthroné
(M.L.B., 1923, D.P. 413738) may be given since this
compound is mentioned later. 6-Hydroxy=-l-naphthoyl
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chloride is converted into the benzoyl derivative and the latter
baked with aluminium chloride to give 2~hydroxy-benzan-

throne:

g Ok OH
o '
—_—
cloc ocC AICL ac

When the substituvent is in the benzene ring, however,

the orientation of the product obtained by this process
cannot always be predicted.

Alternatively, benzoyl chloride may be con-
densed with naphthalene, either component carryling a
substituent. In the case of meta-substituted benzoyl
chlorides, two possibilities arise (apart from the
possible formation of both a- and B-naphthyl-phenyl-
ketones), as the benzanthrone derivative obtained by
ring-cleosure of the a-naphthyl ketone may be either a

9~ or an ll-substituted derivative:

%
cocl [:i:l\ f/k\\ | co |
—_ | = et | oT
The degradation of benzanthrones to derivatives
of enthraquinone by means of oxidation has proved very
fruitful in establishing the constitution of substituted

derivatives. Oxidation may be conveniently carried

out with chromic acid, which converts the benzanthrone
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system into anthraquinone-l-carboxylic ecid or a
derivative thereof, many examples of which are known
or can by synthesised.

Benzanthrone itself is converted by this
means into anthraquinone-l-carboxylic acid (Liebermann
and Roka, Ber., 1908, 41, 1425), while the same zcid
is produced by oxidation of benzenthrones containing

substituents in the benz-nucleus (positions 1, 2 or 3).

COOH
CcO
— (I
o co

An exsmple of the use of this method nay be
cited. A chloro- benzanthrone has been prepareéd by
condensing m-chloro-benzoyl chloride with naphthalene
and treating the product with aluminium chloride
(Scholl and Seer, Ber., 1922, 55, 109). As previously
indicated, the product might be either 9~ or ll=-chloro-
benzanthrone; that it 1ls actually the former is shown
by oxidation to 6-chlore=-anthraguinone~l-carboxylic
acid, the structure of which was proved by decarboxyla-

tion to B=-chloro-anthraquinone.

e et ]

The mono=-chlorination product of benzanthrone
yields anthraquinone-l-carboxylic acid on oxidatioen,
indicating that the substituent has entered the
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benz-nucleus; the dichlorination product of m.p.
267 - 268°C. yields 6-chloro-anthraquinone-l=-
carboxylic acid, indicating that the second chlorine
atom has entered position 9 (Cahn, Jones and Simonsen,

Je, 1933, 444).

The synthetic method described in this thesis,
viz., the coupling of a peri-halogenc-naphtheoate and
an o=halogeno~-benzoate by means of the Ullmann reaction,
follewed by treatment of the unsymmetrical phenyl-
naphthyl dicafboxylic ester with sulphuric acid, which
results in the formation of the benzanthrone system
contalning the carboxyl group derived from the benzoate
in position 11, is free from any of the uncertainty
associated with the methods described above, and the
constitution of the product may be deduced directly
from that of the original reactants. The fact that
the carboxyl-group is in position 11 is confirmed by
the ring-closure which occurs, though with more
difficulty than in the case of the six-membered ring,
yielding 1l:ll-keto-benzanthrone (Rule and Bigelow, J.,
1935, in the press). For the preperation of benzan-
throne derivatives without a carbexyl-group, the above
acids may be decarboxylated, conveniently by the action
of copper bronze in boiling quinoline (Hurtley, J.,
1929, 1870; Shephard, Winslaw and Johnson, JhCiB.y
1930, 2084; Davies, Heilbron and Irving, Jde, 1932,
2715) . |
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CHOOC
3 CHeo € HoOC o
Br  COOCH, - OOCH, ;
"-CO&
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Ci = CoO
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Though only a few compounds have sc¢ far been
prepared by this methed, they have served to give a
definite proof, which has been hitherto lacking, of
some of the positions in which substitution can teake

place in the benzanthrone nucleus.

Constitution of Some Halogenated Benzanthrones.

3-Bromo-benzanthrone, m.p. 176 - 7°C., pre-
pared from methyl 5:8~-dibromo-l-naphthoate and methyl
o-iocdo-benzoate by the above method, was identical
with the product obtained by direct bromination of
benzanthrone in acetic acid solution or aqueous sus-
pension (p. 112). The proof of this erientation,
which has been generally accepted, rested hitherto on
(1) oxidation to a bromine-free anthraquinone-l-

carboxylic acid, which established that the bromine was
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situated in the benz-nucleus and (2) the formation of
iso=-dibenzanthrone by elimination of two molecules of
hydrogen halide on alkali fusion. While the latter
could only occur if the halecgen did actually occupy
position 3, this armgment may appear inconclusive
(Cahn, Jones and Simonsen, loc. cit.) "owing to (a)
the great mobility of halogen.atoms attached to the
Bz-nucleus of benzanthrone and (b) the peculiar
tautomerism of the benzoyl-dinaphthyls reported by
Littringhaus and Neresheimer (loc. cit.)."
In view of the confirmation supplied above,
_there now appears to be no reason for believing that
any re-srrangement takes place at high temperatures or
that position 3 is not that first attacked on bromina-
tion. While the analogous chloro=-cempound has not
been synthesised by this method, a compound ldentical
with the product obtained by direct chlorination of
benzanthrone has been obtained in these laboratories
(J, L. Grieve, unpublished) by chlorination of 1ll=-
carboxy-benzanthrone and subsequent decarboxylation.
Since ll-carboxy-benzanthrone also brominates in
position 3, there is no reason to doubt that halogena-
tion of benzanthrone takes place primarily in position

3.

Further chlorination of benzanthrone has
been shown (Cahn, Jones and Simonsen, loc. clt.) to
result in the formation of & mixture of isomeric

dichloro-benzanthrones (the proportions formed depending
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on conditions), to which the constitutions of 3:9-
and 3:ll-dichloro-benzanthrones can be assigned.
Bromination, however, appears to give a homogeneous
product (B.A.S.F., 1908, D.P, 193959), m.p. 256°C.,
which may be designated as 3:9-dibromo-benzanthrone,
since the products obtained by decarboxylation of
3:9=-dibromo~ll~-carboxy-benzanthrone and by bromination
of 3-bromo-benzanthrone in aqueous suspension have proved
to be identical (p. 135). It is evident, thereforse,
that the halogen atom in position 3 inhibits substitu-
tion in the benz-nucleus to a greater extent than the
ketonic group inhibits substitution in the ring con-
taining positions 8, 9, 10 and 11, since a second sub-

stituent enters the latter and not the former nucleus.

9-Bromo-benzanthrone was prepared by de-
carboxylation of 9=-bromo-ll-carboxy~-benzanthrone. It
possessed the same melting-point (183°C) as is recorded
for the product obtained by reducing 4:9-dibromo-

benzanthrone in alkaline medium (I.G.,1927,D.P. 450,445)

(p. 12%)s
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Constitution of Nitro-benzanthrones.

(ef, Martinet and Drobatscheff, Chem. et Ind., 1929,
21, 227).

When benzenthrone is nitrated in nitro-
benzene solution at 40 - 50°C., a mono-nitro-benzanthrone
of m.p. 248 - 9°C. is formed (B.A.S.F., Add™* No. 6435
to F.P. 349531). When benzanthrone is nitrated in
boiling glaclial acetlc acid, the main product is
stated to be an isomeric nitro-benzanthrone, m.p. 305 - 7°C.
(B.A.S.F. lec. eit.) In sulphuric acid, a
mixture of the two isomers is produced.

Martinet and Drobatsacheff (loc. cit.) state
that both these isomers on more energetic nitration
give a dinitro-benzanthrone, m.p. 268°C., for which
the constitution of 3:9-dinitro-benzanthrone 1is
suggested., This would lead to the far mulation of the
mono-nitro-benzanthrones as the 3- and 9~ nitro
derivatives, the suggestion being made that the former
is the lower melting isomer, which is produced under
less vigorous conditions of nitration.

3-Nitro-benzanthrone, synthesised during the
present investigation from methyl 5-nitro-8-=bromo-1l-
naphthoate and methyl o-icdo-benzoate by the method
described above, melted at 248 = 9°C. and was identical
with the product obtained by nitration of benzanthrone
in nitrobenzene (p.l4l ). 9-Nitro-benzanthrone,
prepaered in the same way from methyl 8~bromo-l-

nephthoate and methyl 5-nitro-2-icdo-benzoate, melted
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at 291 - 2°C. and depressed the melting-point of the
second nitration product (m.p. 305 = 7°) obtainable
from benzanthrone (p. 146).

The statement that both the mono-nitro pro-
ducts of the direct nitration of benzanthrone give the
game 3:9=dinitro-derivative is evidently erroneous.
There is some ground for assuming dinitration to yield
the 3:9=dinitro-derivative, since the 3-position is
apparently the most readily attacked and, as in the
case of the halogenated derivatives, the 9-position
appears the most likely for further attack. Moreover,
while the mono=-nitro-derivatives obtained by direct
nitration give orange non-fluorescent solutions in
concentrated sulphuric acid, 9-nitro-benzanthrone gives
a yellow so lution with bright green fluorescence.
Dinitro~benzanthrone is described as giving a similar
fluorescence which may thus be characteristic of the
nitro-group in position 9.

Unfortunately, this compound could not be
synthesised, as it was not found possible to isolate
the dinitro-carboxy acid from the products of the
Ullmann reaction. For the same reason it was not possible

to prepare 8- and 10-nitro-benzanthrones (p. 151).

Oxidation of Benzanthrones.

When benzanthrone is oxidised in sulphuric
acid solution at 0° with manganese dioxide, 2-hydroxy-

benzanthrone is obtained (Scottish Dyes, E.P., 251313,
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278112, 278496). When oxidation is carried out by
means of aqueous potassium hydroxide and potassium
chlorate, best in the presence of anthraguinone, at
about 250°C., 4-hydroxy-benzanthrone is the main pro=-
duct (Perkin and Spencer, J., 1922, 121, 474).

It has been mentioned above that ll-carboxy-
benzanthrone halogenates in position 3 and nitration
has alsc been shown to occur in that position
(J. L. Grieve, in these laboratories, unpublished).
Oxidation of this compound appears to occur in a some-
what unexpected position, however, for Rule and
Bigelow (J., 1935, in the press)concludé that the
procduct obtained either by the action of concentrated
sulphuric acid at high temperature or of chromic acid
on an aqueous suspension of the acid, is the lactone

of l-hydroxy=-ll-carboxy-benzanthrone.

o
HOOC e

C O

While this compound reacted in the expected
manner with alkalies, it proved very resistant to
methylation. Perkin and Bradshaw (J., 1922, 121, 911)
record that difficulty was experienced in methylating
the lactone of 4-hydroxy-3-carboxy-benzanthrone
(prepared by the action of alkali and a sugar on
2-hydroxy-enthraquinone) and it seems that the
6-membered lactone ring is even more resistant teo

methylating agents. The presence of this ring also
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appears to stabilise the molecule towards oxidising
agents, since under those conditions which lead to the
oxidation of benzanthrones to anthraquinone-l-carboxylic
acids, ll-carboxy-benzanthrone yields the "lactone",
which does not yield an anfhraquinone-carboxylic acid
on further treatment (l:ll-keto-benzanthrone is alse
highly resistant to oxidation).

A compound for which an anglogous structure
1s suggested was obtained during the present work frém
3=bromo=ll=-carboxy=-benzanthrone by the action of chromiec
acld (p. 119) or (together with 3-brome-benzanthrone
and an unidentified neutral product, probably the
1:11-ketone) by the action of concentrated sulphuric
acid at 140 - 160°C. (p. 120). (It may be noted that
sulphonation appears to take place readily only in
position 3, since 3-bromo-ll-carboxy-benzanthrone gives
no sulphonic acids under conditions where ll-carboxy=-
benzanthrone is attacked to a considerable extent).
No support for this formulation is available, apart
from the analysis figures and the characteristic
lactone-like solubility in hot alkali, and the
occurrence of oxidation in position 1 appears as a
novel and somewhat unexpected phenomenon, of which
additional confirmation is desirable. The orientation
is the more unusual when it is remembered that the
2:2'=positions in the diphenyl system (corresponding

to the 1l:1l-positions in benzanthrone) are considered
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to resemble ortho-positions most closely (Kenner and
Turner, J., 1911, 99, 2101 ; Kenner, J., 1913, 103,
613), and that the presence of a carboxyl-group in
position 11 would hardly be expected to favour attack
on position 1.
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A 30 i 1 EXPERIMENTAL SECTION.

The experimental work carried out is
described in the following pages.

Yields are quoted as percentages of the
theoretical amount obtalnable. All melting-points
are corrected, the thermometer used having been
standardised against short-stermed "standard thermometers".
Analysis figures are given for all new compounds and

the method of anal ysis noted.

Methods of Analysis.

Bromine was estimated by several methods.
The method of Ter Meulen (Ter Meulen and Heslinga, Rec.
Trav. Chim., 1923, 42, 1093), which consists of the
hydrogenation of the compound in presence of ammonia
and estimation of the ammonium halide by Volhard's
volumetric method, proved satisfactory for compounds
of comparatively low m.p. (below about 250°C.). For
higher melting compoundsof the benzanthrone type,
however, results were not sufficlently accurate, as the
high temperature required to hydrogenate the compound
resaulted in the formation of a fog of ammonium halide
which could not be trapped, leading to low results,

The method of Carius was resorted to, but
in the case of bromo-l:ll-keto-benzanthrones it was

found that even treatment with fuming nitric acld at
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300°C. for ten hours was insufficient to oxidise all
the organic material. For this reason, C and H
determinations (micro-determinations by Dr A. Schoeller,
Berlin) are quoted for these compounds.

Later, a steel bomh (Parr, Pringsheim) was
made available and sodium peroxide was found to be a
satisfactory agent for the oxidation. The seml-micro
method of Heiﬁ, Hoyer and Klar (Zeit. analyt. Chem.,
1928, 75, 161) proved very satisfactory and as little
as 20 = 30 mgm, was required for an analysls, the
halide being estimated volumetrically by Volhard's
method for bromine or Lang's cyanide method (below)
for iodine.

Nitrogen was estimated by the micro~Dumas
method. Difficulty was again experienced in the
analysis of compounds of the benzanthrone type, especially
nitro=ll=carboxy~-benzanthrones, and 1t was necessary
to employ a silica tube and heat to as high a tempera-
ture as possible without causing the dissociation of
carbon dioxide. Even so, low results were obtalned;
the constitution of these compounds was, however, con-
firmed by decarboxylation to the corresponding nitro-
benzanthrones, which analyséd correctly, within the

limit of experimental error.
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The estimation of cuprous iodide in the
mixture of cuprous lodide and bromide formed in the
Ullmann reactions was carried out by boiling the
residue, after removal of organic material, with dilute
sodium hydroxide solution, filtering the solution of
sodlium halides and making up to a known volume, In
suitable portions, iodide was determined volumetrically
by Lang's cyenide method (Lang, Z. anorg., 1922, 122,
332 ; Mitchell and Ward, Modern Methods of Quanti-
tative Analysis, p. 6), by acidifying strongly with
hydrochloric acid, adding potassium cyanide and starch
solution and titrating with M/40 potassium iodate

solution to decolourisation of the starch.

2Cul + 2Na0H — 2NaI + Cup,0 + HZ0
3H

KI0; + 2I' + J3HCN 3ICN + 3Hp0 + K
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PREPARATIONS.

8-Bromo-l-naphthoic acid.

(Ruie end co-workers, J.C.S., 1934, 170).

(a) Mercuration of naphthalic acid.

54 gm. naphthalic acid
21 gm. sodium hydroxide
55 gm. yellow mercuric oxide.

The sodlum hydroxide and naphthalic acid
were dissolved in 1200 ml. of water with héating. The
solution was filtered and placed in a 2-litre flask
fitted with a reflux condenser. The mercuric oxide
was dissolved in a mixture of 40 c.c. glacial acetic
acid and 150 c.c. water with hesting, filtered and
added to the flask. The contents were then made dis-
tinetly acid with acetiec acid, when a light-coloured
suspension formad.. The mixture was boiled for 96
hours, after which a test portion (containing solid in
suspension) was completely soluble in sodium hydroxide
solution. The precipitate was filtered off, well
washed with water and dried at 110°C.

Yield: 88 gm. = 97%.

HcoC COOH Hg co

; ococ
Hg( Ha), s +CO, + 2CHCOOH
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(b) Bromination of mercury-compound.

80 gm. anhydro-8-hydroxy-
mercuri-l-naphthoic acid.

34 gm. bromine.

The mercury-compound was suspended in
300 c.c. of glacial acetic acid and 50 c.c. of water
were added. The mixture was cooled in ice and water
and efficlently stirred. Bromine, dissoived in
150 c.c. concentrated sodium bromide solution, was
then added drop by drop over three hours, after which
the mixture was warmed to 90°C. and the clear solution
poured into 2 litres of cold water. After standing
overnight, the crystalline solid was filtered off and
extracted with 8«2 litres of bolling water. The
crystals which deposited on cooling the filtrate were
filtered off and dried.

Wt. 39 gm. M.p. 160 - 170°C.

The crude acid was then recrystallised from
benzene.

Yield: 33 gn. (57%). Mopo 1’?8000

Hg co COOH

Br
A e—————— //f:I:i:] + HqBr
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Methyl 8-bromo-l-nephthoate.

(Rule and Barnett, J.C.S., 1932, 175).
15 gm. 8=-bromo=~l-naphthoic
acid.
30 c.c. thionyl chloride (purified).
50 c.c. methyl alcohol (dry).

The acid and thionyl chloride were boiled
under reflux on the water-bath until a clear solution
was obtained and fumes ceased to be evolved. Excess
thionyl chloride was distilled off on a boiling-water
bath, end finally under reduced pressure. The acid
chloride was allowed to cool and the methyl alcohol
added in small quantities. Vigorous evolution of
hydrochloric acid occurred and the reaction was then
completed by boiling the mixture for half-an-hour.

Most of the alcohol was removed on the steam-
bath and the liquid ester taken up in ether, washed
with dilute sodium hydroxide and then with water. The
ethereal solution was dried over calcium chloride and
the ether removed in vacuo. The residual light~brown
syrup solidified on standing or chilling to a cream-
coloured solid.

Yield: 15 gm. (95%). M.p. 31=-32°C.

B+ COOH B cOCl By COOCH,
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5:8-Dibromo~1-naphtholc acid.

Thls acid was prepared by Rule, Pursell and
Brown (l.c.) in 57% yield by the action of bromine
in acetlc acld solution on 8-bromo-l-naphthoic acid
at 150°C. in a sealed tube. It is identical with
that prepared by Goldstein and Francey (Helv., 1932,
15, 1362) from S-brom-naphthastyril. Although Brown
(Thesis, Edin., 1934) had investigated various other
methods of bromlnation without success, the following
simple method was found to give improved yields of a
high quality of purity.

30 gm., 8=-bromo=-l-naphtholc
acid.

100 c.c. glacial acetic acid.

30 gm, Dbromine.

The above were placed in a 250 c.c, flask
fitted with a ground-in water condenser and boiled
gently for 4 to 5 hours, when hydrobromic acid fumes
were no longer evolved. After cooling, the crystall-
ine material was filtered off, washed with a little
cold acetic acld and dried in the oven.

Yield: 34 gm. (86%). M.p. 230-32°C.

Though slightly brown in colour, this
material is sufficiently pure for esterification,etc.
Recrystallised from alcohol, it forms white plates

of melting-point 232°C.
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B COOH By COOH
+Br, —— + HB4

Br

Methyl 5:8-dibromo=~l-naphthoate.

30 gm. 5:8=dibromo=-l-naphthoic
acj.do

60 c.c. thionyl chloride (purified).
100 c.c. methyl alcohol (dry).

The acid chloride was formed as aescribed
in the preparation of the 8-bromo-naphthoate (p.69 ).
After treatment with methyl alcohol, the ester was
extracted as before, washed with dilute alkali and
water, and the ether evaporated off. The semi-solid
ester was then recrystallised from 50% alcohol.

Yield: 30 gm. (96%). M.p. 73°C.

B CoOOH coc1 cooc H

—Q0—C

Br
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5—Nitro-a—bromo-l-nggpthoic acid,

(Rule and co=-workers, J., 1934, 170).
10 gm. 8=bPfomo=-l-naphthoiec
acid.
15 c.c. concentrated nitric acid.

The above were mixed to a paste in a 250 c.c.
flask and heated on a water-bath at 65°. for two hours
with occasional stirring. After cooling, the mixture
was poured into 50 c.c. of water, allowed to settle
and filtered off. The yellow powder (10 gms.) was
bolled with 50 c.c. of alcohol, allowed to cool and
filtered.

Yield: 7°5 gm. (64%). M.p. 242-3°C.

Recrystallised from aqueous alcohol, it forms

yellow needles, M.p. 245°C.

Br COOH Br COOH

NO

Methyl 5-nitro-8-bromo=-1l-naphthoate.

(Rule and co=-workers, loc. cit.).

15 gm. 5=-nitro-8-bromo-l-naphthoic
acid.

30 c.c. thionyl chloride (purified).

50 c.c. methyl alcohol (dry).
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The acid chloride was formed as usual and
after treatment with methyl alcohol, the dark solution
was poured into dilute sodium carbonate solution.
After standing some time, the cream-coloured s 1id was
filtered off, washed with water and dried in the air.
Weight, 15 gm. The crude ester was recrystallised
from methyl aleohol as pale yellow needles.

Yield: 12°5 gm. (80%). M.p. 102=3°C.

The above authors quote m.p. 97°C. That
this is in error was shown by a determination with
their sample, which gave 103-4°C.

B+ COOH -1 cocl B COOCH A

NO, NO Noa

o=Iodo benzoic acid.

(Cohen and Rsper, J., 1904, 1272)

16 gm, anthranilic acid.

8 gm., sodium nitrite in 20 c.c.
water,

20 gm. potassium iodide in
50 c.c. water.

The acid was dissolved in dilute sulphuric

acid (25 c.c. concentrated acid in 125 c.c. water)
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and cooled in ice to 0°C. The sodium nitrite solution
was added slowly with stirring until excess was present,
the femperatura being maintained at 0°. The
potassium lodide solution was then added slowly with
stirring and the mixture allowed to stand at room
temperature overnight. It was then warmed on the
steam~bath till effervescence ceased. After cooling,
free iodine was removed with sodium bisulphite, and
the buff=coloured solid filtered off and washed with
water. It was then recrystallised from dilute acetic
acid.

Yield: 22 gm. (76%). M.p. 160°C.

COOH COOH

NH, I

Methyl o-iodo-bsenzoate.

(Cohen and Raper, loc. cit.).

50 gm. o=iodo benzoic acid
200 gm. methyl alcohol.
20 gm. concentrated sulphuric acd

The above were boiled together under reflux
for 15 hours. Most of the excess alcohol was then

boiled off and the liquid poured into water and
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neutralised with so0lid sodium carbonate. The ester
was extracted with ether and the extract shaken with
dilute alkali and water, After drylng, the ether
was removed and the crude ester distilled under
reduced pressure,

Yield: 45 gm. (85%). B.p. 145°C./15 mm.

COCH C.C)OC('I'3
I I

5=-Bromo-anthranilic acid.

(ef. Wheeler, J.A.C.S., 1909, 31, 566).

Anthranilic acid, 50 gm., was dissolved in
500 c.c. of glacial acetic acid and cooled to 15°C.
Bromine, 60 gm., was dropped in with mechanical
stirring at such a rate that the temperature was
maintained at 15-16°C. The white solid was filtered
off and extracted with about 8 litres of boiling
water, After cooling, the crystals from the filtrate
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were filtered off and dried.

Yield: 50 gm. (63%). M.p. 210°C.

COOH COOH COOH

NH; :B-r- i NHAH B"?’ H O NH:,
—_— -__-2__:'_
B B+

5=-Bromo=2-iodo benzolc acid.

43 gm., S5~bromo-anthranilic
acid.

14 gm. sodium nitrite in 30 c.c.
water.

34 gn, potassium iodide in 70 c.c.
water.

The finely-powdered acld was suspended in a
solution of 50 c.c. of concentrated sulphuric acid in
300 c.c, of water, cooled to 0° and diazotised with
the sodium nitrite. The potassium iodide solution
was then added with stirring and the mixture allowed
to stand overnight. After warming on the steam-bath
till effervescence ceased and removing free iodine
with sodium bisulphite, the mixture was allowed to
cool and the solid filtered off and washed with water,

The crude acid was then recrystallised from dilute
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acetic acid,

CoOoH COoH

NH

B Br

Methyl S5~bromo~-2-iodo-benzoate.

50 gm. S5=bromo-2-iodo benzoic
acld.

200 gm. methyl aleohol.
20 gm. concentrated sulphuric
acid.
The above were boiled under reflux for

15 hours, excess alcohol removed and the ester
extracted with ether. The extract was shaken with
water, dilute alkali and water again. After drying,
ether was removed and the syrupy ester recrystallised

from methyl alcohol, part solidifying from an oil and
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part forming white needles.
Yield: 40 gm. (77%). M.p. 45-46°C.
Analysis (sodium peroxide method): -
found: I, 37°0% ;

calculated for C H,0,BrI, 37°2%.

COOH COOCH3
T £

o=Chlorobenzoic acid.

(Graebe, Ann., 1893, 276, 54).

137 gm, anthranilic acid.

S0 ce.C. concentrated hydrochloric
acid in 75 c.c. of
water.

7°0 gm. sodium nitrite in 20 c.c.
water.

The anthranilic acid was diazotised at 0°C.
in the usual way and the diazo-solution added slowly
with stirring to an ice-cold solution of cuprous
chloride, made by beiling 7 gm. of cupric chloride in
a solution of 50 c.c. of concentrated hydrochloric

acid in 15 c.c. of water with 4 gm. of copper powder.
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The solid product was filtered off, washed and re-
crystallised from dilute alcohol with addition of

animal charcoal.

Yield: 11 gm. (70%). M.p. 138°C.

Methxl o=-chlorobenzoate.,

10 gm. o=-chlorobenzoic acid.
40 gm., methyl alcohol.

5 gm. concentrated sulphuric acid.

The procedure was the same as in the case
the analogous o-iodo-acid (p. 74 ).
Yield: 10 gm. (92%). B.p. 120°/20 mm.

o-Bromobenzoic acid.

(Holleman and De)Bruyn, Rec. trav, chim., 1901, 20,
210).

50 gm. anthranilic aecild.

115 c.c. hydrobromic acid
(5.G. 1°49).

31+25 gm. copper sulphate (CuSO,.5Hg0).
25+75 gm. sodium bromide.

of
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147+5 gm. hydrobromic acid
(8.G. 1°49) :

1645 gm. copper filings.

50 gm. sodium nitrite in 250 c.c.
water.

A solution of cuprous bromide was made by
boiling together copper sulphate, sodium bromide,
hydrobromic acid and copper filings until decolourised
and added to a solution of the anthranilic acid made
by boiling with 115 c.c. hydrobromic acid and 900 c.c.
of water. To the warm mixture (30-40°C.) the sodium
nitrite solution was slowly added with stirring,and
after cooling the crude bromo-acid was filtered off
and recrystallised from water.

Yield: 65 gm. (88%). M.p. 149°C.

Methyl o-bromo=-benzoate.

10 gm. o~bromobenzoic acid.
40 gm, methyl alcohol.
5 gm. concentrated sulphuric
acid.
The method was the same as for the iodo-
end chloro-gcids. (p. 74).
Yield: 10 gm. (93%). B.p. 130°C./15 mm,
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S5~-Nitro-2-bromo-benzoic sacid.

(Holleman and de Bruyn, Rec. Trav. Chim., 1901,
20, 211).
15 gm. o-bromo-benzoic acid.

60 gm., fuming nitric acid (S.G. 1°52).

The o-bromo-benzoic acid was added in small
portions to the nitric acid contained in a smsll
flask. The solution was stirred with a thermometer
after each addition and the temperature kept between
20° and 25°, the flask being cooled in ice-water if
necessary. After complete addition, the solution
was allewed to stand for halfe-en-hcur and then poured
on to 500 gm. of ice and water. The white precipitate
was filtered off, washed with cold water and re-
crystallised from about 400 c.c. ¢of water as colour-
less needles.

Yield: 16 gm. (85%). M.p. 178-9°C.

(The pure compound melts at 180°).

Methzl S5=nitro-2-bromo-benzoate.

(Ullmenn and Bielecki, Ber., 1901, 34, 21).

15 gm., 5=-nitre-2~brome-~benzoic acid.
50 c.c. methyl alcochol.
5 gm. concentrated sulphuric acid.

The above were boiled under reflux for
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18 hours, the solution allowed to cool and diluted
with water. The precipltated solid was filtered off,
washed with sodium carbonate solution and water and
dried in the air. The crude ester (15 gm.) was
recrystallised from about 40 c.c. of methyl alcohol,
forming leng colourless needles,

Yield: 13 gm. (82%). M.p. 81 - 82°.

COOH CoOH CZOOC_H_,I

B Br Br
T e —
= NO, NQ,

5=-Nitre-2-icde~benzoic acid.

(ef. Gumbel, Ber., 1893, 26, 2474).

The action of nitric acid on o-icdo~benzoic
acid leads first to the formation of o-iodoso-benzoic
acid, then to a nitro-icdoso~benzoic acid and finally,
at high temperatures, to the nitro-o-iedo-benzolc acid
of m.p. 193°C. The orientation of the compound is not
given in Bellstein. On the usual considerations, the
nitro-group will enter either the 5- or the 3~position;
that the 5-position is the one actually attacked has
been shown by the graduated synthesis of 3=-nitro-2-iocdo-
benzoic acid, m.p. 206°C. (James, Kenner and Stubbing,

J., 1920, 773). The series of mono-nltro-c-iodo-
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benzolc acids has been completed by the preperation of
the previously unknown 6-nitro-2-icdo-benzoic acid
(p. 85).

20 gm. o-iedo~-benzoic acid.,
300 gm. concentrated sulphuric acid.
100 gm. fuming nitric acid.

The o-iodo-benzoic acid was added to the
mixed acids in a 500 c.c flask fitted with a ground-in
reflux water-condenser. The flesk was placed in an
oll-bath, the temperature of which was slowly raised
to 175-180°C. and maintained there for five hours,
After cooling, the colourless solution was poured on
to 1000 gm. of ice and water and the white solid which
deposited was filtered off.

In order to convert any o-icdoso=-acid to the
o-iodo~aclid, the sclld was suspended in 500 c.c. of
boiling water and 10 gm. of potassium iodide added.
Free iodine was removed by addition of solid sodium
bisulphite and then sufficient glaciel acetic acld
was added to bring the solid into solution. on
cooling, fine colourless needles were formed.

Yield: 15 gm. (64%). M.p. 192-3°C.
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Methyl 5-nitro-2-icdo-benzoate.

This compound can be prepared according to
Reverdin (Ber., 1897, 30, 3002) by heating methyl
o-iodo~benzoate with fuming nitric acid"until the
reaction slackens somewhat." This method proved
unrelisble in practice and a considerable amount of the
o-iodo~benzolc acid is formed by hydrolysis, It is
therefore preferable to nitrate e-iodo-benzoic acid
as described and esterify the product in the usual way.
15 gm, S5=nitro-2-icdo-benzoic
acid.
100 gm. methyl alcohol,

10 gm. concentrated sulphuric
acid.

The above were boiled under reflux for 15
hours and allowed to cool. The crystalline deposit
was filtered off, washed with dilute sodium carbonate
and water, and dried in the alr,

Yield: 12°5 gm. (80%). M.p. 122-3°C.

COOH COOH COOCH,

—_— = e
NO{ NO

2
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6=Nitro-2-lodo-benzoic acid.

() 3-Nitro-phthalic acid.

(Organic Syntheses, 7, 70).

Phthalie snhydride, 500 gm., was dissolved
in 650 c.c. of concentrated sulphuric acid in a 2 litre
besker and mechanically stirred. The beaker was
placed in a large jar and heated to 80° by passing
steam into the jar. The steam was then shut off and
210 c.c. of fuming nitric acid added at such a rate as
to maintein the temperature at 100 - 110° (about 2
hours). 900 c.c. of concentrated nitric acid were
then added and steam passed for 2 hours longer. After
standing overnight, the mixtuwe was added to 1°5 litres
of iced water and flltered repeatedly through & Buchner
funnel without paper until the filtrate was clear.
The moist solid was returned to the beaker and well
stirred with 200 c.c. of water to remeve 4~-nitro-
phthalic acid. The undisselved solid was filtered
off and recrystallised from about 300 c.c. of water.

Yield: 210 gm. (30%). M.p. 210 - 15°C, with

decomposition (sealed tube).

(b) 3-Nitro-phthalamide.

(Bogert and Boroschek, J.A.C.S., 1901,
23, 747).

The imide of 3-nitro-phthalic acid is best
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prepared by the action of heat on the scid ammonium
salt.

S-Nitro-phthalic acid, 100 gm., was dissolved
in 200 c.c. of hot water and the solution made salksline
with concentrated ammonis. Excess ammonis was boiled
off and 100 gm. of finely-powdered 3-nitro-phthaliec
acld added with stirring. On cooling, the acid
ammonium phthalate separated and was filtered off and
dried. Wt. 200 gm.

The acild salt was placed in a wide-necked
flask and the flask immersed in an oil-bath maintained
at 225° until the whole was in a state of quiet fusion
(2 = 3 hours). The li@uid was then poured into a
mortar and, after solidifying, finely powdered.

Yield: 160 gm. of pale yellow powder,
M.p. 214 - 16°,

(88% of theory, base? on 3-nitro-phthalic
acid,. ).

(¢) 6-Nitro-phthalamic acid.

(Kehn, Ber., 1902, 35, 3863).

Finely-powdered 3-nitro-phthalimide, 140 gm.,
was added to 2920 c.c. of N/2 potassium hydroxide
solution and mechanically stirred at room temperature

until solution was complete (3 hours). The solution
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was then acidified with 730 c.c. of 2 N. hydrochleric
acid and after standing for some time the white crystals
of 6-nitro-phthalamic acid were filtered off and dried.
Yield: 110 gm. (72%). Decomposes at 150=5°
to give the imide, M.p. 214 - 16°C.

(d) 6-Nitro-anthranilic scid.

(¢f. Haldane, Thesis, Edin. 1934).

A standard hypochlorite solution containing
47 gm. of sodium hypochlorite and 50 gm. of sodium
hydroxide per litre was prepared by passing chlorine
into a solution of 100°5 gm. of sodium hydroxide in
400 c.c. of water and 400 gm., of ice until the increase
in welight was 44°8 gm, The volume was then made up
to 1 litre. |
A Hofmann Reaction was carried out as
follews:
50 gm. 6-nitro-phthalamic acid.
376 c.c. standard hypochlorite solution.

20 gm. sodium hydroxide in 50 c.c.
water.

150 c.c. concentrated hydrochleric acid.

The hypochlorite solution was cooled to 0°
and mechanically stirred. The finely-powdered
6-nitro-phthalamic acid was added in portions, the
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temperature being maintained between 0° and 5°. = The
sodium hydroxide was then added and the yellow solution
heated on a water-bath to 80° and maintained there for
ten minutes. The now dark red solution was then
cooled in ice and acidified slowly and with stirring
with the hydrochloric acid. The yellow crystalline
precipitate was filtered off, washed with water and
dried.

Yield: 40 gm. (92%). M.p. 187-8° with
decomp.

Crystallisation from water gives the acid in the form
of yellow needles, m.p. 189°C. (decomp.). Kahn (loc.
cit.) describes this compound as yellow plates of
melting-point 180°C. (decomp.). Bogert and Chambers
(J.A.C.S., 1905, 27, 649) describes it as yellow

needles but quote no melting-point.

Analysis (micro-Dumas):- found: N, 15°6% ;
calculated for C,HgO,Np , 15°3%.

(e) 6=-Nitro-2-icdo-benzoic acid.

Witt's method of diazotisation yielded a
much purer product than sould be obtalined by diezotisa~-
tion with sulphuric acid and sodium nitrite.
20 gm. 6-nitro-anthranilic
acid.
12+5 gm. potassium metabisulphite
(Ka8205)
45 ¢.c. fuming nitric acid.
17 gm. 1odine.

33 gm. potassium iodide in minimum
- quantity of water.
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The nitriec acid was stirred and cooled to 0°,
The 6-nitro-anthranilic acid and metabisulphite were
finely ground together in a mortar and added in
portions, the temperature being kept below 5°. The
viscous liquid was poured on to 220 gm. of crushed
ice and the solution of the iodine in the potassium
iodide added with stirring. Vigorous effervescence
occurred and black solid separated, After standing
for half-an-hour, free iodine was removed by the
addition of sodium bisulphite and the orange solid
filtered off, washed with water and dried.

Yield: 25 gm. (77% of theory). M.p. 185-7°C.
Recrystallised from water it forms pele

yellow needles of melting-point 188-9°C,
Analysis:- found: N, $505% ; calculated for
C,H,0,NI, 4:8 %.

Methyl 6-nitro-2-iodo=-benzoate.

The first attempt to prepare the methyl
ester from 6-nitro-2-icdo~benzoic acid by the usual
method, employing thionyl chloride and methyl alcohol,
resulted in the production of a dark-coloured tar.
(Decomposition seemed to occur during the removal of
thionyl chloride in vacuo on a boilling water-bath).
The tar was dissolved in hot benzene and petroleum-
ether (B.p. 60° - 80°) added. Some dark tar was

first deposited; when signs of crystallisation
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appeared, the liquid was decanted and chilled. The
crystalline product was filtered off and, as it was
dark in colour, recrystallised from methyl alcohol,
when it formed buff-coloured needles of melting-point
95 = 94°C. The yleld was only 5 gm. from 15 gm. of
acid.
The ester can be satisfactorily prepared by
way of the silver salt.
| 6=Nitro-2-iodo=-benzoic acid, 12 gm., was
dissolved in dilute ammonia solution and excess ammonia
boiled off; silver nitrate, 7 gm., dissolved in 30 c.c.
of water was then added and the mixture cooled. The
silver salt separated as a buff=-coloured crystalline
deposit, which was filtered off and dried. Wedight,
16 gm. The silver salt was boiled under reflux with
50 gm. of methyl iodide for 3 hours. The mixture was
then extracted with three 100 c.c. portions of methyl
alcohol, the filtrates reduced in volume and the
crystalline ester filtered off after cooling.
Yield: 10 gm. (80%). M.p. 93 = 94°C.
After a second recrystallisation from methyl
alcohol, the ester melted sharply at 94°C.
Analysis:~- found: N, 4-7% ;3 calculated for
CgHgO4NI, 46 %.
Note. It is essential to adhere throughout
to the conditions stated above. Even slight
variations result in the production of highly

impure products.
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COOH o o
b"O =Sl - "‘NH e NH,
OOH COOH
NG,

N =
; H, £ 1 T
CooH COOH 00Ag -
NO, NO, No, NO.
-

2-Todo-4~nitro~benzoic acid.

(a) 2=Amino-4-nitro-toluene,

(Cohen and Dakin, J., 1902, 81, 1333).

50 gm. o=toluidine
500 gm. concentrated sulphuric acid.
50 gm. potassium nitrate.

10 c.c. fuming nitric acid.

The o=toluidine dissolved in the sulphuriec
acid was cooled to 0°C. end the potassium nitrate,
finely powdered, gradually added with stirring, so
that the temperature rose to 10°. Finally, the

fuming nitric acid was added. The mixture was poured
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on to a small quantity of ice and the solid sulphate

of the base drained from excess acid. The sulphate

was then suspended in water and decomposed with solid

sodium carbonate. The 2-emino=4-nitro-toluene was

filtered off, dried and recrystallised from alcohol.
Yield: 40 gm. (56%). M.p. 106°C.

(b) 2-Acetamino-4-nitro=toluene.

(Noelting and Collin, Ber., 1884, 17, 269).

50 gm. 2=amino-4-nitre-toluens.
75 gm. acetic anhydride.

The above were bolled together under reflux
for ten minutes, cooled and poured inte water. The
80l11id was filtered off and recrystallised from dilute
alecohol as light yellow needles.

Yield: 58 gm. (90%). M.p. 150 - 151°C.

(¢) 2=Amino-4-nitro-benzoic acid.

(Wheeler and Johns, Amer. Chem. J., 1910,
44, 445).

35 gm. 2-2cetamino~-4-nitro-toluene.
90 gm. crystallised magnesium sulphate.

90 gm. potassium permangenate.

The nitro-toluene was suspended in one litre
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of hot water and the magnesium sulphate added. Steam
was passed in and the permanganate, dissolved in two |
litres of water, added in portions at intervals.
After three hours, the contents of the flask were
filtered hot and the filtrate evaporated to a volume
of 500 c.c. The solution was made alkaline with
ammonla, filtered and acidified with hydrochloric acid,
The bulky white precipitate of the acetamino acid was
filtered off and dried. It was then dissolved in
200 c.c. of aleochol containing 15 c.c. of concentrated
sulphuric acid and digested for an hour on the steam-
bath, The orange crystalline precipitate of the
amino acid was filtered off, washed with water and
dried. A further quantity was obtained by diluting
the filtrate and recrystallising the solid from alcohol,
Yield: 25 gm. (76%). M.p. 263°C.

(d) 2=Iodo~4-nitro-benzoic acid.

(Wheeler and Johns, loc. cit.)

34 gm, 2-amino-4-nitro-benzoic acid.
300 c.c. of 40% sulphuric acid.

12 gm. sodium nitrite in minimum
amount of water.

30 gm. potassium iodide in 50 c.c.
water.

The finely-powdered amino acld was suspended
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in the sulphuric acid, cooled to 0 - 5°C. and stirred
for two hours with gradusl addition of the sodium
nitrite. The mixture was then poured on to ice

(300 gm.) and treated with the potassium iodide. Free
iodine was removed with solid sodium bisulphite and
the solid recrystallised from water as long yellow
prisms.

Yield: 40 gm. (73%). M.p. 141 - 2°C,

Methyl 2-iodo-4-nitro-benzoate.

(Willgerodt and Gartner, Ber., 1908, 41, 2817).

25 gm. 2=iodo-4-nitro-benzoic
acid.

150 gm. methyl alcohol.

15 gm. concentrated sulphuric
acid,

The above were boiled under reflux for 18
hours and allowed to cool. The crystalline deposit
was filtered off, washed with water and recrystallised
from methyl alcohol as buff-coloured needles.

Yield: 18 gm. (69%). M.p. 87 = 88°C.
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Attempted Preparation of 4-Bromo=-2-iodo-benzolec Acid.

The essential intermediate for this pre=-
paration, 4-bromo-anthranilic acid, has been prepared
by a tedious process of many stages from p-bromaniline
(Claus and Séheulen, J. prakt., 1891, [2] , 43, 204).
No ylelds and few detalils are given. It was hoped
to prepare 1t by another method recorded by Waldmann
(J. prakt., 1930, 126, 60). This consisted of the
bromination of phthalic anhydride in alkaline solution
to give 4-bromo?phthalic acld, which was converted to
the anhydride by distillation, the latter forming the
imide on fusion with urea. The imide was then con=-
verted to the 4-bromo-anthranilic acid by the Hofmann
Reaction. No yield was quoted, however, and 1t was
found that while 4-bromo=-phthalimide may be readily
prepared as described, the action of sodium hypochlorite
gave an inseparable mixture of isomeric acids. This

preparation was therefore abandoned.

2:4-Dibromo=-benzoic acid.

The corresponding dibromo-acld was, however,
readily prepared by a simpler method than those
previously recorded.

(a) 2:4=-Dibromo~toluene.

(ef. Erdmann, Ber., 1891, 24, 2769, for the
corresponding chloro=-compound).
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40 gm. m-toluylene-diamine
300 c.c., hydrobromic acid (S.G. 1°49)
83 gm. copper sulphate (CuSO,.5H;0)
21 gm. copper powder
69 gm. sodium bromide
400 c.c. hydrobromic acid (S.G. 1°49)
100 gm. sodium nitrite in 1 litre
of water
The base (B.D.H. product, recrystallised from
water) was dissolved in 300 c.c. of hydrobromic aeid
and 100 c.c. of water and added to a solution of
cuprous bromide made by boiling copper sulphate, sodium
bromide and copper powder with 400 c.c. of hydrobromic
acid till decolourised. The mixture was warmed to
60 = 70°C. and the sodium nitrite solution was added
with shaking through a tap-funnel which delivered below
the surface of the liquid. After heating on the steam-
bath for an hour, the supernatant liquid was decanted
and the residual oil distilled in steam, taken up in
ether and washed with alkali and water, The ethereal
solution was dried over calcium chloride and the ether
evaporated off, leaving a yellow oil which did not
solidify.
Yield: 48 gm. (58%).
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(b) R2:4~Dibromo=benzoic acid.

(Miller, J., 1892, 61, 1033).

2:4-Dibromo~toluene, 48 gm., was boiled under
reflux for several days with 1°5 1. of dilute nitric
acld (1 volume of acid of density 1°42 to 3% volumes
of water) until most of the oil had disappeared. The
solld which separated on cooling was filtered off,
taken up in sodium carbonate solution and extracted
with ether. The dibromo-benzm ic acid obtained on
acidification was recrystallised as white needles from
dilute nitric acid.

Yield: 20 gm. (37%). M.p. 169°C.

(¢) Methyl 2:4-Dibromo=-benzoate.

20 gm., 2:4-dibromo=-benzolc
acid

100 gm. methyl alcohol

10 gm., concentrated sulphuric
acid.

The esterification was carried out in the
usual way and the product recrystallised from methyl

alcohol.
Yield: 17 gm. (81%). M.p. 33=34°C,
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Dimethyl 4:4'-Dibromo-l:l'-dinaphthxl-B:S'-

dicarboxylate.
Br
By CCIOCH3
> 10 CHooC COOCH + 2. CLI.BT
2 _ 3 L 2
By
B+

6 gm. methyl 5:8-dibromo-l-
naphthoate.

4 gm, copper bronze.

The ester was placed in a small flask fitted
with stirring apperatus and heated in an oil-bath at
210 - 220°C. The copper bronze was added in small
guantitles and the resulting paste stirred at the
above temperature for two hours longer. After cooling,
the sollid was broken up and extracted repeatedly with
acetonse. The extract was evaporated down till
crystallisation set in and, after cooling, the colour-
less plates formed were filtered off and dried.

Yield: 2°5 gm. (55%). M.p. 205°C.

Corbellini end Barbaro (G. chim. ind. appl.,
1933, 15, 335) quote the m.p. of this ester as
204°5 - 205°.



99.

4:9=-Dibrom-anthanthrone.

B

Dimethyl 4:4'-dibromo=-l:1'-dinaphthyl=-8:3"'-
dicarboxylate, 2°5 gm., was placed in 40 c.c. of con-
centrated sulphuric acid and heated at 100° on a
boiling water=bath for an hour. The orange solution
rapidly became dark red in colour, with a green
fluorescence, and changed slowly to a deep green.
After cooling, the solution was poured into 400 c,c,.
of water and the red flocculent preciplitate filtered
off, washed with water and dried.

Yield: 2°3 gm. (quantitative), M.p. > 360°C,

The red powder may be obtalned in the form
of fine red needles by recrystallisation from nitro-
benzene, with practically no losspf material. It
dissolves readily in warm alkaline sodium hydrosulphite
solution to give a deep violet-coloured vat, Cotton
immersed in the wvat, washed and dried, is dyed a fast
shade of orange or red.

The same compound has been prepared by
Corbellini and Barbaro (loc. cit.) by the action of
sulphuric acid in the cold on the corresponding

dicarboxylic acid (see p. 12).
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Methyl 3:9-Dibromo=10:l1l-benzobenzanthrone=4"«

carboxylate (II).

By
Br

C'.HBODC COOCH CH OOQ

IR X

During the ring-closure of the dibromo-
dinaphthyl-dicarboxylic ester (I) to dibrom-
anthanthrone (III) by heating in sulphuric acid
solution, it was observed that the intermediate red
colouration was relatively persistent. This suggested
that it might be possible to isolate the intermediate
compound in which the ring-closure was only complste
on one half of the molecule. Thls was accomplished

as described below.

Dimethyl 4:4'=-dibromo~l:1l'~dinaphthyl-8:8"~
dicarboxylate, 1°5 gm., was warmed with 25 c.c. of
concentrated sulphuric acid at 50°C. for ten minutes.
The red solution was poured inte 200 c.c. of water and
the orange precipitate filtered off. The so0lid was
warmed with dilute alkall to remove any acidic com=-
ponent, but the filtrate was not coloured and deposited
no solid on acidifiecation. The residue was dried and

extracted with 30 c.c. of hot acetone to remove any
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unchanged dimethyl ester. The orange residue (0°75 gm.)
was recrystallised from glacial acetic acid, in which
1t was moderately soluble, as square plates of deep
orange- colour and m.p. 231 - 32°, which on a second
crystallisation rose to the final value of 233°C.
The insolubility in alkali and the red colour given
with sulphuriec acid suggested that the compound was
the ester-ketone II.

Analysis (Ter Meulen): found, Br, 32°3% ;

calculated for Cz H,20:Br, , 32°2%.

Methyl 10:1l=-Benzobenzanthrone-4'!-~carboxylate.

CoOCH, — Co

CHOO CHPOC

In view of the above result, it seemed of
interest to examine the case of the unsubstituted
dinaphthyl-dicarboxylic ester. A qualitative test
showed that anthanthrone formation took place more
rapidly than in the case of the dibromo-sster, the
colowr of the sulphuric acid solution becoming pure
green in less than an hour at 50°C., while nearly
twelve hours was required for the change to occur with

the substituted ester.
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The following procedure was adopted:

1 gm. of dimethyl 1:1'dinaphthyl-8:8'~-
dicarboxylate (m.p. 142°C,) was placed in 15 c.c. of
concentrated sulphuric acid at 50° for three minutes.
The reddish=brown solution was poured inte 100 c.c. of
water and the ysllow product filtered off. It was
completely insoluble in alkali and after two recrys-
tallisations from alcohol, there was obtained 0°4 gm.
of stout yellow needles of m.p. 154°C.

Analysis: found, C. 81°4% ;3 H, 4°16%.
Calculated for CgogH,405 , C, 81°7% ;
H, 4°16%.

Reaction between Methyl 8-Bromo=-l-naphthoate and

Methyl o-Halogeno-benzoates : ll-Carboxy-benzanthrone,

11-Carbomethoxy-benzanthrone and Anthanthrone.

COOCH COC£H3
CHOOC c%oo
coocH
hisess QQ HOOC
OCH
CHooC ?0
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The first experiment describes in detall the method
adopted for carrying out the Ullmann reaction and

working up the products.

1) 4 gm, methyl 8-bromo-l-naphthoate.

8 gm. methyl o=-iodo=-benzoate
(2 molecular proportions).

4 gm, copper bronze A (4 molecular
proportions).

The esters were melted together in a small
stoppered flask fitted with an efficient stirrer and
heated in an oll=bath at 180°C. Copper was added in
small portions through an inlet-tube over about half-
an-hour and the resulting paste stirred at 180° for
a further half-hour. The temperature was then raised
te 215 = 220° for four hours. After cooling, the
mixture was extracted by boiling with four successive
50 c.c. portions of acetone under reflux and filtering
from copper and cuprous halide. Acetone was evaporated
off on the water-bath and 40-50 c.c. of ether added.
After scratching and allowing to stand, the white solid
which deposited was filtered off and washed with a
little ether. It welghed 2°75 gm. and melted at
131-2°C.

(M.p. of dimethyl 8-(o-carboxy-phenyl)-l-
naphthoate, 132°C.)

This product was placed in a flask with
40 c.c. of concentrated (93%) sulphuric acid and

maintained in a water-bath at 50°C. for four hours.
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After cooling, the bl&od-red solution was pouréd into
400 c.c. of water and the yellow solid filtered off.
The solld was then warmed with dilute sodium hydroxide
and the undissolved yellow solid (ll-carbomethoxy-
benzanthrone)filtered off and dried. Weight, 1°63 gm,
M.p., 158-9°, Recrystallised from alcohol, it
melted at 160°.

The orange alkaline filtrate, which had a
strong green fluorescence, was acidified with dilute
sulphuric acld and the yellow precipitate of ll-carboxy-
benzanthrone was filtered off and dried. Weight,
0°8 gn. M.p., 270 = 72°. These weights of benzan-
throne derivatives correspond to 2°'75 gn. of the
phenyl-naphthyl dicarboxylic ester, which was therefore
obtained directly in a yield of 57%. (A1l %age yields
in these reactions are based on the original weight of
naphthoate used, the benzoate being generally present
in excess).

The ethereal filtrate from the ester was
freed from solvent and treated with 100 c.c. of 93%
sulphuric acid at 50° for four hours, after which the
alkali-insoluble fraction (anthanthrone + ll-carbo-
methoxy-benzanthrone) was separated. It weighed
0°91 gm. and on extraction with alcohol yielded a
residue of 0°25 gm. of anthanthrone (an orange powder
giving a green solution in sulphuric acid and a violet
hydrosulphite vat. The alcoholic filtrate on

evaporation gave 0°66 gm. of ll-carbomethoxy-benzanthrone
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(m.p. 157 = 9°). Purification of the acidic residusal
products containing iodo-benzoic and diphenic acids in
addition to the benzanthrone-carboxy acid is
impracticable in the case of the easily soluble un-
substituted compound.

The yield of anthanthrone corresponds to
11% of theory and the bensanthrone derivatives isolated
correspond to a 75% yield of the unsymmetrical phenyl-
naphthyl compound. The 14% of bromo-naphthoate
unaccounted for is present (in part, at any rate) as

ll-carboxy-benzanthrone in the acidic residue.

2) 4 gm. methyl 8-bromo-l-naphthoate.
4 gm., methyl o~iodo-benzoate.
4 gm., copper bronze A.

This reaction, using equimolecular proportions
of the esters, was carried out under the same conditions
as described above. The esters obtained from the
ether solution welighed 2°75 gm. and on sulphuric acid
treatment gave 0°47 gm. of anthanthrone, 0°52 gm. of
ll-carboxy-benzanthrone and 1°31l gm. of ll-carbomethoxy-
benzanthrone. The residue yielded 0°25 gm. of
anthanthrone and 0°3 gm. of ll=-carbomethoxy=benzanthrone.
The yleld of dinaphthyl derivative from the Ullmann
reaction was therefore 31% and that of the unsymmetrical

phenyl-naphthyl compound was 54%.
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3) The above proportions were again employed
but the temperature was maintained at 200 - 206°
instead of 180°C. 2°9 gm., of mixed esters were _
obtained which on treatment with sulphuric acid at 100°
gave 0°5 gm. (22%) of anthanthrone and 1°95 gm. (47%)
of llecarboxy=-benzanthrone, The residue was not
worked up, but the yleld had evidently not altered
greatly from the previous case in which the ylelds of
dinaphthyl and phenyl=-naphthyl compounds from the
esters were 20% and 43% respectively.

4) 4 gm, methyl 8=-bromo-l-naphthoate.
7+1 gm. methyl o-bromo-benzoate.

4 gm., copper bronze A,

This reaction, using two molecular propor-
tions of the o-bromobenzoic ester, was carried out at
180°C. The yield of anthanthrone was 44%, whilst
2 gm., (41%) of pure phenyl-naphthyl ester was obtalned.
The results are therefore less satisfactory than those

obtained using methyl o-iodo-benzoate.

5) 4 gm methyl 8-bromo-l-naphthoate.
53 gm. methyl o-chloro-benzoate.
4 gm. copper bronze A.

Employing two molegular proportions of the
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o=chloro-benzoic ester under the same conditions, the
yield of the symmetrical dinaphthyl derivative rose
to 70%. No unsymmetrical product was isolated.

Reaction between Methyl 5:8-Dibromo-l-naphthoate

and Methyl o-Iodo-benzoate : 3=Bromo-ll=-carboxy-

benzanthrone and 4:9=-Dibrom=anthanthrone.

x w gon )
CHooc HOOC o

+ COOCH
— by S |
Cu use, 7
By
l Cu Br By
Br Br
H,85, -
CHBDOC cooc H, oc
Bt

10 gm. methyl 5:8-dibromo~l-
naphthoate.

16 gm. methyl o=-iodo-benzoate
(2 moleculer proportions).

10 gm. copper powder (Gattermsnn).

The esters were melted and stirred at 180°

(oil-bath temperature) and the copper added in portions

over half-sn~hour. The paste was stirred at 180° for
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a further half-hour and then at 215 - 220° for four
hours longer, After extraction with acetone and
removal of the solvent, the addition of ether pre-
cipitated a white solid, which was filtered off,
washed with ether and dried. It weighed 6°4 gm, and
consisted of mixed phenyl-nephthyl and dinap hthyl
dicarboxylic esters,

The mlixed product was heated with 100 c.c.
of concentrated sulphuric acid on a bolling water-bath
for one hour, cooled and poured into water. The
orange precipltate was filtered off, boiled with dilute

residue
alkaell and filtered. The insoluble/was 4:9-dibrom-
anthanthrones; 1t was red in colour, dissolving in
sulphuric acid to give a green solution and in alkaline
hydrosulphite solution to give a violet "vat".
Welght, 0°5 gm.

The orange-red filtrate fluoresced with a
green colour, and yilelded on acidification a yellow
precipitate which was filtered off and driled. It
weighed 5°0 gm., and melted at 310 - 12°C, with slight
previous sintering. Recrystallisation from alcohol
(250 c.c. per gm.) gave fine yellow needles of m.p.
314 - 15°, raised to 315 - 16° by crystallisation from
nitrobenzene (10 c.c. per gm.).

Analysis (Carius): found, Br. 22°3% ;

calculated for 3~bromo-ll-carboxy-benzanthrone,

C,gHo05Br, 22°6%.
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The ethereal filtrate from the esters was
evaporated to dryness and simllarly treated with 150 c.c.
of concentrated sulphuric scid and worked(np as usual,
The alkali-insoluble residue (dibrom-anthanthrone)
weighed 1°65 gm. Only a small amount of 3-brcmo=ll=-
carboxy-benzanthrone (m.p. 312 - 15°) was obtained by
recrystallising the acidice compounds from elcchol.

The total yield of dibrom-asnthanthrone
(2+15 gm.) corresponds to 32% of theory; the yield of
3=bremo-ll-carboxy~benzanthrone (5°0 gm.) corresponds

to 49%.

Dimethyl 5-Bromo-8-(o-carboxy-phenyl)=-l-naphthoate.

B+ COOCH, coc:c.H3

+

Br

By
5 gm, methyl 5:8-dibromo-l-naphthoate.

8 gm. methyl o-lodo-benzoate.

4 gm, copper bronze A.

The Ullmann coupling was carried oubt as
before and the acetone extract treated with ether.
The white crystalline precipitate was filtered off and
washed with a little cold ether. It welghed 2°55 gm.

and melted at 152 - 4°C. Recrystallisation from
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ligroin yielded 2°4 gm., of colourless needles of
mn.Pe 186%.
Anslysis (Ter Meulen); found, Br 19°9% ;
calculated for CgoH, s04Br, 20°0%.

The yield amounts to 44% of theory and hence
the use of a different sample of copper bronze has not
greatly altered the yield of unsymmetrical phenyl-
naphthyl compound from that quoted in the first case
(49%) .

3=Bromo=-1l1l-carbomethoxy-benzanthrone.

HsSo,

CHOOC — e CHOBC
Ry coocH, 3 co
Br By
1 gm. dimethyl 5-bromo-8-(o-carboxy-phenyl)-
l-nephthoate.

15 ¢.c. concentrated (93%) sulphuric acid.

The above were placed in a flask and heated
on a water~bath at 50°C. for three hours. The blood-
red solution was cooled and poured into 1850 c.c. of
water., A yellow-brown precipitate was formed which
was filtered off, boiled with dilute alkall and filtered
from insoluble material. The latter was a light
yellow powder, weighing 0°68 gm. and melting at 191-2°.
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Recrystallised from alcohol, the methyl 3-bromo-
benzanthrone-ll-carboxylate formed pale yellow needles
of m.p. 193 = 4°, raised to 194° on further crystallisa-
tion. The yield is 74%.

Analysis (Ter Meulen): found, Br 21°6%;
calculated for C, H,,0;Br, 21°8%

The alkaline filtrate on acidification
yvielded 0°2 gm. (24%) of 3-bromo=-ll-casrboxy-benzanthrone.
The hydrolysis of the methyl ester can be completed by
prdonging the treatment at 50° or raising the tempera=-

ture to 100° for one hour.

3=-Bromo~benzanthrone: Decarboxylation of 3-Bromo=-

ll=-carboxy-benzanthrone.

HooC N co - co

Br
3-Bromo-ll-carboxy-benzanthrone, 1 gm., was

dissolved in 5 c.c. of boiling quinoline and 0°3 gm.

of copper bronze added in small portions. Efferves-
cence occurred and boiling was continued for 15 minutes.
After cooling somewhat, the solution was filtered and
the copper residue washed with ether. The filtrate
was poured into dilute hydrochleric acid to dissolve
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the quinoline and the brown solid filtered off, washed
wlth warm sodium carbonate solution and water, and
dried. Weight, 0°6 gm. M.p., 166 - 7°C.

After several crystallisations from chloro-
benzene and alcohol, it was ebtained in the form of
yellow plates of m.p. 176 = 7°C., which was not
depressed by admixture With the product obtained by the

direct bromination of benzanthrone.

Anthranol.

(Liebermann and Gimbel, Ber., 1887, 20, 1854).

Anthraquinone, 20 gms., was dissolved in
800 gm. of glacial acetic acid by warming. Tin, 50 gmn.,
and a crystal of copper sulphate were added and the
solution was boiled gently under reflux. Fuming
hydrochleric acid (prepered by passing dry HC1l gas into
the cooled concentrated acid until its density was 1°5),
90 c,c., was then added in portions at such intervals
as to maintain a steady evelution of hydrogen. At the
end of two hours, a test portion, on cooling, deposited
no anthraquinone. The liquid was then poured inteo
feour litres of cold water, 200 c.c. of concentrated
hydrochloric acid added and the white solid filtered
off and dried.

Yield: 18 gm. (90%). M.p., 165 - 170°C.
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Benzanthrone.

(Bally and Scholl, Ber., 1911, 44, 1656).

18 gm. anthanthrol.
270 gm, 82% sulphuric acid.
18 gm. glycerol.

The above were mixed end heated cautiously
te 120° in an oil-bath for four hours. After cooling,
the liquid was poured into three litres of cold water
and the greenish solid filtered off. It was then
boiled with 200 c.c. of 1% sodium hydroxide solution,
filtered, washed with water and dried. The crude
-benzanthrone was recrystallised from alcohel with the
addition of animal charcoal,

Yield: 12 gm. (56%). M.p., 168 = 169°C.

A portion was sublimed and again crystallised

from alcohol, forming pale yellow needles of m.p,.
171 = 2%.
(An improved preparation of benzanthrone is

given in Orgenic Syntheses XIV, p. 4).

Jd-Bromo=benzanthrone.

(B.A.8.F., D.P. 193959 ; G., 1908, I, 1112).

25 gm. benzanthrone.

175 gm. bromine.

The above were placed in 50 c.c. of glacial
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acetlic acld in a flask with ground-in reflux con-
denser and heated on the bolling water-bath for an
hour. After cooling, the crystalline material was
filtered off. It weighed 2°5 gm. and melted about
150°C. After recrystallisation from alcohol and
chlorobenzene (twice) there was obtained 1 gm. of pale
yellow plates, m.p. 172 = 3° (mixed m.p. with benzan-
throne, 135 - 40°).

Sublimation, followed by a further crystallisa-
tion from alcohol, raised the melting-point to 176 - 7°.
Luttringhaus and Neresheimer (Ann., 1929, 473, 259)
by repeated crystallisation of the commercial product

from chlorobenzene, raised the m.p. te 178°C.

e A

< Sahedy Q%

3-Bromo-1 : ll=-keto=-benzanthrone.

S

HooC co i co

| ~-HO oC

—
Br B
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1 gm. 3-bromo-ll=carboxy=-
benzanthrone.

30 gm. phthalic aphydride.

1 gm. phosphorus pentoxide.

The carboxy-acid was placed in a small flask
and the phthalic anhydride added. The stoppered flask
was heated in an oll-bath at 200°C. and when complete
solution had occurred, half of the phosphorus pentoxide
was dusted in rapidly. The yellow solution became
darker and after half-sn-hour, the remainder of the
pentoxide was added. The now dark-red solution was
heated for one and a half hours further, coocled some-
what and the liquid poured out with stirring into a
hot solution of 16 gm. of sodium hydroxide in 300 c.c.
of water, The solution was raised to the boiling-
point and, after cooling somewhat, filtered from a pale
orange precipitate. (The alkaline filtrate was red
in colour with green fluorescence, but acidification
of the boiling solution discharged the colour without
appreciable precipitation occurring).

Alkali-insoluble fraction. The insoluble

residue weighed 0°8 gm. (84%) and melted at about 320°C.
after sintering at 190 = 200°. Recrystallised from
glacial acetic acid, it formed fine orange needles
which sintered at 200° and melted at 326 = 8°C,

Further recrystallisation from benzene and chlorcbenzene

effected no alteration of this state of affairs.
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‘As some doubt as to the purity of this pro-
duct was entertained, its further examination is
detalled below. The substance is insoluble in hot
strong elkalis and only partly soluble in a hot alkaline
hydrosulphite vat, forming a yellow suspension in a
greenish~brown liquid. It 1s readily soluble in con-
centrated sulphuric acid to give a purple-red solution
from which it is recovered unchanged on pouring inte
water. It may be recrystallised from boiling glacial
acetic acid, benzene, chlorobenzene or nitrobenzene,in
which it is fairly soluble, or from a large volume of
absolute alcohol. From all of these solvents, it forms
fine orange-red needles, which shrink together at about
200°C., forming a solid mess which remains unaltered
ti11l1 325°C,, when it softens, melting finally at 326 - 8°C,

On cooling, crystals appeer in the melt at 326°C.

A bromine estimation (Ter Meulen; found,
Br, 24°3% ;3 3=bromo-l:ll=keto-benzanthrone requires
23+9%) indicated that the substance was certainly a
dehydration product of the carboxy-acid. Molecular
welght estimations in benzene solution (Menzies-Wright
method) gave the values 332, 335, 336 (Theory, 335) and
thus eliminated the possibility that a dimolecular
anhydride was present.

In an attempt to prepare a sample which did
not sinter before melting, sublimation was resorted to.

By sublimation under reduced pressure at 230 = 240°C. ,|
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a yellow sublimate was obtained on a water-cooled tube.
This possessed no crystalline form under the micro-
scope, sintered at 180°, forming a solid orange mass
which melted at 325 - 7°C. By continuing the sublime-
tion at 300 - 310°, orange needles were formed to the
lower ends of which were attached small red lumps of
roughly cubical shape. The needles and lumps were
separated under the lens; the former sintered and
melted as before, the latter did not sinter, but
melted at 326 - 8°, solidifying at 326° and remelting
at 325 = 7°C. Finally, a crystalline sample which
sintered at 200° was melted and allowed to solidify.
The red mass when powdered was orange in colour; it
did not sinter but melted sharply at 325 - 7°, Re~-
crystallised from glacial acetic acid, it formed orange
needles which sintered at 195° and melted at 326 - 8°C.

Analysis: found, C,64°2% 3 H, 2°0%.

Calculated for C,gH,05Br ; H, 2°:1%, C, 64°5%.

The above evidence indicates that sintering

at about 200°C. is characteristic of 3=-bromo-l:ll-keto=-
benzanthrone in the crystalline or micro-crystalline
form and is confirmed by the preparation of a compound
showing exactly similar effects (alone or mixed with
the above), obtained by brominating l:ll-keto-benzan-
throne (J. L. Griesve, in these laboratories, un-

published).
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Treatment of 3-~bromo=-l:ll-keto-benzanthrone with

alkali.

The cyciised product (0°5 gm.)was boiled
under reflux with 25 c.c. of approximately 10% sodium
hydroxide solution for 48 hours. The alkali-insoluble
material was filtered off and dried. It weiZghed 0°2 gm.
and conslsted of unchanged diketone. The alkaline
filtrate was deep-red in colour with intense gréen
fluorescence and gave on acidifieation 0°3 gm. of yellow
powder, m.p. 255 = 275°, sintering at 230°, This was
dissolved in boiling alcochol and,on cooling, the solution
deposited 0°17 gm of yellow powder, m.p. 275 = 85°,
sintering at 260°. Addition of water to the filtrate
gave 0°l gm., of similar material, m.p. 250 = 57°,
sintering at 235°.

No further separation was effected, but it
appears probable that the acidic product of the
hydrolysis of the diketone is a mixture of the 1ll-
carboxy~-acid and an isomer of lewer melting point,

3=bromo-l-carboxy-benzanthrone.

RGOC CO and S
oC = HOOG
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Lactone of 3-Bromo-l-hydroxy-ll-carboxy=-benzanthrone:

Oxidation of 3~Bromo-ll=carboxy-benzanthrone.

3~Bromo=-ll-carboxy~-benzanthrone, 08 gnm.,
was dissolved in 8 c.c. of concentrated sulphuric acid.
The red solution was diluted with 60 c.c. of water;
giving a yellow suspension of the acid in a finely
divided state. Chromic acid, 3°2 gm., was then added
and the mixture stirred at its bolling-point for 12
hours, cooled, diluted with water and filtered. The
recovered pale-yellow solid weighed 0°5 gm. and melted
at 315 = 20°, Crystallisation from chlorobenzene
gave 0°42 gm. (53%) of pale-yellow needles, m.p. 321 -
3°C., unaltered by further crystallisation.

The substance is insoluble in cold alkali
and dissolves slowly on heating to give a purple
solution with red fluorescence. The original material
is recovered on acidification. By analogy with the
compound obtained by Rule and Bigelow, this compound
is assigned the structure of the lactone of the 1=-
hydroxy-acid, in agreement with the analysis figures
given below.

Found: C, 61°3% ;3 H, 2°03%.
Calculated for C,gH,03Br : C, 61°55% ; H, 2°0%.

HOOC o HOOC Co ocC co
1 ER Sy s ]
HO ©
SN ' ™,
B By

By
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Treatment of 3-Bromo-ll-carboxy-benzanthrone with

Sulphuric Acid.

(1) 3-Bromo-ll-carboxy-benzanthrone, 0°8 gm.,
was heated with 12 c.c. of concentrated (93%) sulphuriec
acid at 140 - 145°C. for one hour. The red solution
was poured into water, yielding a yellow precipitate,
which was filtered off, boiled for a short time with
dilute sodium hydroxide and filtered. The yellow
insoluble residue weighed 0°21 gm., and melted over a
wide range. Reerystallisation from alcohol gave
0°11l gm. of yellow powder, m.p. 180 = 240° (see below).
The purple alkaline solution gave on acldification,
056 gm. of yellow powder, m.p. 270 - 310°.

(2) 3-Bromo-ll-carboxy-benzanthrone, 1 gm., was
heated with 20 c.c. of 93% sulphuric acid at 160° for
an hour. The alkali-insoluble fraction weighed 0°25 gm.
and on crystallisation from alcohol gave 0°15 gm. of
yellow material, m.p. 180 - 240°, This was combined
with the similar fraction from (1) and repeatedly
crystallised from alcohol and chlorobenzene, Complete
purification, however, could not be effected and the
final m.p. was over a range at 305 - 10°,

The alcoholic filtrate was evaporated dowmn

and ylelded 0°06 gm., of yellow crystals, m.p. 160 - 163°.
Several crystallisations from alcohol gave yellow plates
of m.p. 168 = 70°, and, mixed with 3-bromo-benzanthrone

(m.p. 172 = 3°), 169 = 71%
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The purple alkaline filtrate gave on scldi-
fication 0°7 gm. of yellow powder. This was bolled
out with alcohol, in which it was sparingly soluble,
and recrystallised from chlorobenzene as yellow needles,
m.p., 319 = 321° and, in admixture with the lactone of
3=bromo~l-hydroxy-ll-carboxy=-benzanthrone, 320 - 322°C.

The occurrence of decarboxylation and oxida-
tion in this reaction 1s thus esteblished: 1t is
probable that the second neutral produect is 3-bromo-l:

ll=keto=benzanthrone.

11:11'-Dicarboxy-5:3'~-dibenzanthronyl selenide.

(Cf. BaBE. 567’462; Co, 1932, II, 2544).

COOH COOH

G=BE

HooC

2 gm. 3-bromo=-ll=-carboxy-
benzanthrone.

2 gm., selenium, finely powdered.
0*5 gm., fused sodium acetate.
100 c.c. tetralin.
The above were boiled under refiux for two
hours. Thé carboxy-acid dissolved to form a clear
orange solution; after an hour, an ofange deposlt

began to form, After cooling, the 'solid was filtered
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off and washed free from tetralin with alcochol. The
80lid was then dissolved in hot dilute sodium hydroxide,
filtered hot from excess selenium and the purple sclution
(which deposited the sparingly soluble sodium salt on
cooling) acidified with hydrochloric acid., The orange-
yellow precipitate of dicarboxy-dibenzanthronyl-selenide
was filtered off, washed with water and dried.

Yield: 1°75 gm. (98%). M.p. > 360°.

Selenium Analysis, The compound was heated with

sodium peroxide in a steel bomb, the sodlum selenate
formed reduced with sulphur dioxide in hydrechloric
scid solution and the precipitated selenlium filtered
off and weighed.

0°2985 gm. of compound gave 0f0361 gm, of selenlum.

Found: Se, 12°4% ; calculated for CgoH;g0¢Se, 12°8%.

llﬁll'-Dicarbe;x:isodibenzanthrone.

COOH
61/

- HOOC
1+4 gm, 11l:11'-dicerboxy~3:3'=-dibenzan~
thronyl selenide.
6 gm. potassium hydroxide

12 e.c. ebsolute alcohol.



123.

The above were stirred together in a nickel
tube and graduelly heated to 150° in an oil=-bath. The
mixture frothed and became dark blue in colour.
Heating and stirring were continued for half-sn-hour
and the melt was bolled out with water. The dark blue
alkaline solution was filtered and acidified. The
dark blue flecculent precipitate of 11:11'-dicarboxy-
isodibenzanthrone was filtered off, washed and dried.

Yield: 1°18 gm. (97%4). M.p. > 360°C.
The compound is soluble in alkali and concentrated
sulphuric acid with dark blue colour but practically

insoluble in all organic solvents,

Attempted Preparation of 1:11:1':11'-Diketo-isc-

dibenzanthrone,

When 1l:11'=dicarboxy-isodibenzenthrone was
heated with sulphuric scid at 140° for an hour or with
phosphorus pentoxide in phthalic anhydride at 200° for
two hours, no alkali-insoluble residue was detected.

When 1 gm., of the acid was heated with 1 gm.
of phosphorus pentoxide in 30 gm. of phthalic anhydride
at 220 - 230° for 3 hours, 0°7 gm. of alkali-insoluble
material was obtained. (The alkaline filtrate was
deep purﬁlish-red in colour). The insoluble sub-
stance was scluble in concentrated sulphuric acid with

a deep green colour (iso~dibenzanthrone dissolves in
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sulphuric acid with bright green colour), and scluble
to some extent with a violet colour in hot elkeline
hydrosulphite solution. Cotton immersed in the vat and
allowed to oxidise in air was dyed purple, resembling
that given by isodibenzanthrone, though not so vivid.
The non-vattable residue was black in colour, dissolving
in concentrated sulphuric acid with a dirty green
colour, but even sfter reprecipitation with water, it
was not affected by hydrosulphite.

It may be noted that l:ll-keto-benzanthrones
give an insoluble residue on treatment with alkaline
hydrosulphite, but in the absence of any convenlent
method of purifying such high-molecular products as
dibenzanthrones and consequent difficulty of proving
homogeneity, it is not easy to determine whether the
expected ring=-clesure has taken plsace.

Reaction between Methyl 8-Bromo-l-naphthoate and

Methyl 5-Bromo-2-icdeo-berizoate : 9-Bromo-ll-carboxy-

benzanthrone.
Br Br
Br COOCH, Br
CHOO HOO co
2 OCH: | ————>r
-+ —_— 3

0C Ha
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In some early attempts to carry through this
reactlion, in which the coupling was carried out at 180°
and the reaction completed at 220°, difficulty was
experienced in purifying the products. Ullmenn (Ann.,
1904, 332, 56) records difficulty in obtaining homo-
geneous products from reactions with bromo-icdo=benzenes,
and it was found in the present work that no pure
diphenic ester derivative could be obtained by heating
methyl S5-bromo-2-icdo~benzoate with copper bronze at
190 = 200°., The bromine atom in position 5 evidently
possesses considerable reactivity; but by carefully
mainteining the temperature at 180°, a good yield of
the unsymmetrical product was obtained in the reaction
with 8~-bromo-naphthoic ester. Homogeneous products
could alse be isclated by working at 220° throughout,
but the yield of unsymmetrical product was considerably

smaller .

4 gm, methyl 8-bromo=-l-naphthoate

103 gm. methyl S5-bromo-2-icdo-
benzoate

6 gm. copper bronze (B)

The mixed esters were stirred at 180°C. (bath
temperature) and the copper added in small portions over
about forty minutes. The paste was stirred and heated
for a further three hours and then extracted with
acetone. No solid was precipitated on additien of
ether to the extract and, after removal of solvent,

the syrupy esters were treated with 100 c.c. of
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concentrated sulphuric acid at 100° for an hour and
seperated with alkall in the ususal way. The insoluble
residue of anthanthrone weighed 0°65 gm. (28%) and

gave the correct colour reactions. The alkaline
filtrate was red in coleour with strong green fluores-
cence and gave a yellew precipitate on acidification.
This was filtered off, dried and recrystaellised from
nitrobenzene (20 c.c.),yielding 3°23 gm. of jellow
needles, m.p. 312 - 314°C. Recrystallisation from
alcohol (100 c.c. per gm.) or nitrobenzene raised the
m.p. to 315 = 316°C., unaltered on further crystallisa-
tion. The yield is 60% of theory.

Analysis. - Found: Br, 22°7% ; calculated for
C,gHgO03Br, 22°6%. |

A repetition, using the same quantities but
carried out at 220° for four hours, gave 1°22 gm. (53%)
of anthanthrone and 1°45 gm. (27%) of 9-bromo-ll=-
carboxy-benzanthrone, m.p. 3156 - 16°C.

An earlier experiment, in which 7+7 gm. of
methyllB-bromo-l-naphthoate, 15 gm. (1% molecular
proportiens, instead of two) of methyl S-bromo-2-icdo-
benzoate, and 10 gm. of copper powder (Gattermann)
were used, gave at 215 = 220°, 71% of anthanthrone and

22% of 9~bromo-ll-carboxy-benzanthrone, m.p. 312 - 15°,
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O9=Bromo=benzanthrone = Decarboxylation of 9~Bromo-

ll-carboxy~-benzanthrone.

B+ Br

HQOC Cco ~CO co

9-Bromo=-ll-carboxy-benzanthrone, 0°5 gm.,
was dissolved in 3 c.c. of boilling quinoline and 0°2 gm,
of copper bronze added in portions. After cooling,
the mixtuwre was poured inte dilute hydrochleric acid
and the brownish solid (mixed with copper bronze)
filtered off and washed with warm alkali and water.
After drying, the compound was dissolved in boiling
chlorobenzene, filtered from the copper and allowed to
crystallise. Yield: 0°25 gn. M.p. 180 - 182°C.

Recrystallisation from alcohol and chloro-
benzene gave yellow plates of m.p. 182 - 183°C. The
melting-point of 9-bromo-benzanthrone, obtalned by the
reduction of 4:9-dibromo-benzanthrone in alkaline

medium, is given in G.P. 450,445 (I.G.) as 183°C.
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9-Bromo=1l:ll-keto-benzanthrone.

Br P

- OC I

1l gm. 9~bromo-ll-carboxy-benzanthrone.
1*5 gm. phosphorus pentoxide.
30 gm. phthaliec anhydride.

The acid and anhydride were heated together
in an oil-bath at 200°C. To the yellow solution
0*75 gm. of phosphorus pentoxide was added. The solution
darkened and half-an-hour later the remainder of the
phosphorus pentoxide was added. The solution was
heated for one and a half hours more, cooled somewhat
and poured into a hot solution of 16 gm. of sodium
hydroxide in 300 c.c. of water. The mixture was raised to the
boiling~-point and the yellow precipitate filtered off and
dried. Weight: 0°8 gm. (84%). M.p. 230 - 235°C,
with previous sintering.

The alkaline filtrate was somewhat red in
colour, with green fluorescence, but acidification of
the hot solution discharged the colour without any
appreciable precipitation occurring. Recrystallisation
of the alkali-insoluble compound from benzene (80 c.c.)
yielded 0°7 gm. of orange needles, m.p. 237 - 9°,
sintering at 230°C. Crystallisation from glacial



129.

acetic acid raised the melting-point to the final value
of 239 = 40°C,
Analysis. - Found: C, 64°4% ; H, 2+1%.
Calculated for C,gH,0.Br: C, 64°5% ;
H, 2°1%.
Molecular weight (Menzies-~Wright method):
found: 329, 331, 336; theory, 335.
of
An alternative method/cyclisation was tried,
but proved more troublesome. 9-Bfomo-11-carboxy-
benzanthrone, 1 gm., was dissolved in 10 c.c. of
boilling nitrobenzene, 1°5 gm. of phosphorus pentoxide
added in two portions and the mixture boiled for two
hours. After cooling, the deposited solid was filtered
off, washed with alcohol and boiled with alkali, The
insoluble diketone was filtered off, dried and re-
crystallised ffom chlerobenzene. Yield, 0°6 gm.(63%).
M.p. 238 = 9°C. The alkaline filtrate, which was
purple in colour, gave on acidification a yellow pre-

cipitate (0°2 gm.), m.p. 305 - 310°C.
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Reaction between Methyl 5:8=Dibromo~l-naphthoate and

Methyl S~bromo-2-iodo-benzoate : 3:9-Dibromo-11-

carboxy-benzanthrone.

Br OOCH, Br
CHooC HOOC co
COOCH, |
+ _— B e
OOCHJ
B

5 gm. methyl 5:8-dibromo-l-naphthoste.

10 gm, methyl S5-bromo-2-icdo=-benzoate,
10 gm. copper bronze (B).

The mixture of esters was stirred at 180°
(bath temperature) and the copper bronze added slowly
over a period of 45 minutes. Heating was continued
for three hours and the cooled mixture then extracted
with acetone, The syrupy esters failed to solidify
on addition of ether and, after removal of solvent,
were treated with 1850 c.c. of concentrated sulphuric
acid at 100° for an hour. The purple-red solution
gave an orange precipitate on pouring into water, which
was filtered off and extracted with alkali, The red
insoluble residue (1°71 gm.) gave a purple colouration
with sulphuric acld and was again treated with sulphuric
acid (30 c.c.) and separated with 4 kali,

Alkali-insoluble fraction. The residue

(1+27 gm.) was red in colour, but gave a purple seolution
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in sulphuric acid, which became greenish-violet on
warming., Further treatment with sulphuric acid pro-
duced no appreciable change and the coleur reaction
was unaltered. The solid was extracted with threé
(50 c.c.) portions of nitrobenzene by boiling under
reflux and filtering. The filtrate, on cooling,
deposited 0°7 gm. of 4:9-dibromanthanthrone as red
needles, dissolving in sulphuric acid with pure green
colouration and dyeing cotton red from a violet vat.
The residue (0°45 gm.) was brown in colour,.dissolving
with purplish-green colour in sulphuric acid. From
this, 0°35 gm. of dibromanthanthrone was obtained by
further treatment, the residve (0.06 gm.) consisting
of a brown powder, acting as a brown vat dye. Since
the bromine atom in methyl 5-bromo-2-icdo-benzoate is
reactive, it 1s possible that further coupling could
ocecur with the 5:8=-dibromo-nephthoate, with production
of the compound (I), which on treatment with sulphuric
acid would yield an alkali-insoluble compound (II)

which would also funcdtion as a vat dye.

[over
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Br B

cHpOoC CoocH,+ 2 _ OOCH,

Br / CH.SD [ale} cOO C'HJ

CO: e OC :
/
- CHooC
co ©OcC
Br

I

y

This mey be the impurity present in the
dibrom-anthanthrone which obscures the green colour-
reaction with sulphuric acid. As only a small quantity
is present, and the effect on the calculation of the
yield of anthanthrone small, the yield (1°27 gm.) of
product derived solely from the naphthoate may bé
accepted as 38%.

3:9~Dibromo~-ll-carboxy-benzanthrone.

The red alkaline filtrates, with green
fluorescence, which deposited the sparingly soluble
sodium salt of 3:9~dibromo-ll-cerboxy~benzanthrone
on cooling, were acidified and the yellow precipitate
filtered off, washed, dried and recrystallised from
nitrebenzene (100 c.c.). The yellow needles were
filtered off, washed with alcohol and dried.

Yield, 3°06 gm. (49%). M.p. 352 = 4°C., (decomp.).
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Further crystallisation from nitrobenzene raised the
m.p. to 354 - 6°C. (decomp.).

Analysis, - Found: Br, 36°*7%; calculated for
C,gHg0sBrg , 37°0%.

A previous experiment cerried out at 215 -

220° (bath temperatuwre), using the following quantities:

8 gm, methyl 5:8-dibromo~-l-naphthoate
16 gm, methyl S5-bromo=-2-iodo-benzoate
10 gm. copper powder (Gattermann)

yielded 23 gm. (41%) of alkseli-insoluble material and

3+65 gm. (36%) of 3:9-dibromo-ll-carboxy-benzanthrone.

3:9-Dibromo~benzanthrone; Decarboxylation of 3:9-

Dibromo-ll=-carboxy=benzanthrone.

HOOC -co,

—_—
B C BF)Q\?

O O

3:9-Dibromo-ll~carboxy-benzanthrone, 1 gm.,
was dissolved in 10 c.c. of quinoline maintained at
its boiling-point in an oil-bath. Copper bronze,
0°*3 gm., was added in small portions, when effervescence
occurred and the solution darkened. After 15 minutes,

the solutlion was cocled and poured into dilute hydro-
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chloric acid. The resulting brown soclid was filtered
off, washed with water, warm sodium carbonate sclution
and water again. After drying, it was dissolved in‘
30 c.c. of boiling chlorocbenzene, filtered hot and
allowed to ccol. Long golden-yellow needles crystallised
out and were filtered off, washed with alecohol and
dried.

Yield: 0°45 gm. (50%). M.p. 255 = 6°C.

3:9=Dibromo=-benzanthrone.

(D.P, 193959, C. 1908, I, 1112).

A first experiment, in which 0°*5 gm 3-bromo-
benzanthrone was boiled under reflux in 15 c.c. glacial
acetic aclid with 0°26 gm. bromine for two hours,
resulted in the recovery of the material unchanged.

¥

1 gm, 3-bromobenzanthrone, finely
powdered.

06 gm. bromine.

The above were placed in 50 c.c. water and
heated for 3 hours on the bolling water-bath under
reflux. After cooling, the fine suspension was poured
off (m.p. of solid recovered, 165 - 70°C.) and a
quantity of darker-coloured material which remained on
the foot of the flask was removed and dried. On

recrystallisation from chlorobenzene, this yielded
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0¢3 gm. of fine yellow needles of melting-point

265 = 6°C., and giving no depresaion when mixed with
a sample of 3:9-dibromo-benzanthrone (p. 133) of m.p.
255 - 6°C.

B,

) :Bw* (i
(@]

0

32 9=-Dibromo-1:1l-keto~benzanthrone.

HOOC LA

0=0

5
o}
1 gm. 3:9~dibromo~ll-carboxy-benzanthrone.

30 gm., phthalic anhydride.,

1*5 gm. phosphorus pentoxide (in two portions).

The aclid and anhydride were heated together
in an oil=bath at 200°C; complete solution was not
attained. Half of the phosphorus pentoxide was then
added, when the solution darkened and all the solid
dissolved. After half-an-hour, the remainder of the

dehydrating agent was added and the heating continued
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for 13 hours. After cooling somewhat, the 1ligiid was
poured into a hot solution of 16 gm. of sodium hydroxide
in 300 c.c. of water, The solutiion was raised to the
‘boiling=-point and the flocculent red precipitate
filtered off, washed with water and dried. Weight,
085 gm. (90%). Crystallisation from chlorocbenzene
(about 50 c.c.) yielded 0°75 gm. of fine red needles,
m.p. 298 - 9° , sintering at 294°. A second recrys-
tallisation raised the melting=point to 299 = 300°C.
with sintering at 297°, unaltered by sublimation or
further crystallisation.
Analysis. - Found: C, 52°2%; H, 1°45%.
Calculated for C,gHg0gBrp: C, 52°2%;
H, 1°60%.
Molecular Wt.: Found, 420, 423.
Calculated, 414.

3:9-Dibromo keto-benzanthrone is slightly
soluble in boiling alcohol, acetone and acetic acid,
moderately so in benzene and chlorobenzene. It
dissolves readily in cold concentrated sulphuric acid,
to give a purple-red solution with blue fluorescencs,
which on dilution becomes violet-blue with purple
fluorescence. On pouring into water, the ketone is
recovered unchanged. On treatment with alkaline
sodium hydrosulphite, a yellow suspension in a brown
liquid is formed. Cotton placed in the vat is only

feebly coloured.
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Reaction between Methyl 5-Nitro-8-bromo-l-naphthoate

and Methyl o-Iodo~benzoate: Dimethyl 5-Nitro-8-

(o~carboxy-phenyl)—1-naphtheate, S=Nitro-ll=carboxy-

benzanthrone and 4:9-Dinitro-anthanthrone.

COOCH, coock,

& HBOOC HOOC
COOCH3 ——
HLSO*

NO

Z

Noa_
H 59
co
CHOOC COOC.H feYe
NO,

6 2 gm. methyl S5-nitro-8~bromo-l-
naphthoate.

105 gm. methyl o-iodo-benzoate.

6°*4 gm., copper bronze A.

The esters were mixed and stirred at 180°
(oil=-bath temperature) and the copper added over twenty
minutes. The heating and stirring of the resulting
paste were continued for a further two hours, after
which the solid was extracted with four (50 c.c.)
portions of boiling acetone, the acetone evaporated off
and ether added. A pale yellow powder separated slowly
and was filtered off, washed with ether and dried.
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Weight, 5 gm. M.p., 150 - 152°C.
Of these mixed esters, 2 gm. were reserved
for sulphuric acid treatment (see below). The remain- -
ing 3 gm. were recrystallised from alcohol, giving
2°25 gm. of pale yellow needles, m.p. 152 - 4°, A
second crystallisation from ligroin gave clusters of
needles, m.p. 154 - 5°, unaltered on further crystallisa-
tion. (The solid obtained by evaporating the alcoholic
mother-liquor melted at 180 - 210° and was assumed to
be partly dimethyl 4:4'-dinitro-l:1l'-dinaphthyl-8:8"'-
dicarboxylate, m.p. 240° (Puréell, Thesis, Edin., 1933).
Analysis (Micro-Dumas): found, N, 4°'1%.
Calculated for dimethyl 5-nitro-8-(o-carboxy-phenyl)-
l-naphthoate, CgoH, 50N, 3°83%.

3=Nitro-ll-carboxy-benzanthrone.

2.gm. of the above mixed esters (m.p. 150 =
152°C.,) were treated with 30 c.c., of concentrated
sulphuric acid on a bolling water-bath for one hour.
The yellow solution rapidly became blood-red and, after
cooling, was poured into 300 c.c. of water. A brown-
yellow precipitate formed and was filtered off and
heated for a short time with dilute sodium hydroxide
solution. The insoluble materisl was filtered off, |
washed and dried. It weighed 0°45 gm., was greenish-
brown in colour, dissolving in sulphuric acid with
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blood-red colour and forming a violet vat with hydro-
sulphite which dyed cotton blue. This was assumed to
be 4:9-dinitro-anthanthrone.

The alkaline filtrate (red-brown in colour,
without any fluorescence) was allowed to cool and
acidified with dilute hydrochloric acid (acidification
of the hot solution caused tarring). The yellow
flocculent precipitate was filtered off and dried.
Weight, 1°25 gm. M.p. 300 - 303° with decomposition.
Recrystallisation from alcohol (200 c.c.) gave 1°15 gmn,
of purplish-brown cubical crystals of m.p. 308 = 9°
(decomp.). On powdering, or dissolving in alkalil and
reprecipitating, a yellow powder of the same m.p. was
obtained. Further recrystallisation from glacial
acetic acid or nitrobenzene gave gélden-yellow needles
of m.p. 310° (decomp.). :

Analysis (Micro-Dumas): found, N, 3°8%.
Calculated for 5-nitro-ll-cgrboxyabenzanthrone,
CygHoOaN, 4°39%.

The residue obtained from the Ullmann
reaction after filtering off the esters was freed from
ether and treated with 100 c.c. of sulphuric acid at
100° for an hour. From this treatment, 0°27 gm. of
dinitro-anthanthrone was isolated. A simple calcula-
tion, based on the weights obtained from 2 gm. of the
mixed esters, shows that the yield of dinltro-
anthanthrone and therefore of dinaphthyl dicarboxyliec
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ester is 35%. The amount of 3-nltro-ll-carboxy-
benzanthrone corresponds to a yield of the un=-

symmetrical product of 49%.

A repetition was carried out with another
sample of copper bronze (B).

525 gm. methyl S5-nitro-8-bromo-
l-naphthoate.

8°9 gm. methyl o~iodo-benzoate.

53 gm. copper bronze B.

The solid esters obtained weighed 3°95 gm.
and melted at 149 - 52°. On treatment with sulphuric
acld they ylelded 0°95 gm. of dinitro~-anthanthrone and
2+45 gm. of 3-nitro=-ll-carboxy=-benzanthrone (m.p. 305-6°).
Recrystallisation from nitro-benzene gave 2°15 gm. of
yellow needles, m.p. 309 - 10° (decomp.). (These
welghts correspond to 3°90 gm. of esters).

The residue after removal of ether was
similarly treated and gave 0°27 gm. of dinitro-
anthanthrone. The yleld of dinsphthyl derivative was
therefore 36% of theory, and 45% of the theoretical
yield of the unsymmetrical product is accounted for
as 3-nitro-ll-carboxy-benzanthrone. These figures

agree well with those in the previous case.
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S=-Nitro-benzanthrone: Decarboxylation of 3-nitro-ll-

carboxy=-benzanthrone,

HoocC

NO Noa

2

024 gm. 3-nitro-ll=-carboxy-
benzanthrone,

0*l gm. copper bronze.
3 CoC. quinoline.

The carboxy acld was disgolved in the boil-
ing quinoline and the copper added in small portions.
Effervescence occurred and boiling was continued for
two minutes longer. (Further boiling was found to
give a product which could only be purified with
difficulty). The cooled mixture was treated with
hydrochloric acld to dissolve the quinoline and
filtered. The residue was washed with warm dilute
alkali and water and dried. The brown solid was
dissolved in bolling acetic acid, filtered from the
copper and cooled. Brown crystals were formed, m.p.
246 - 7°; recrystallisation from toluene yielded
brown needles, m.p. 248 - 9°, Yield: 0°08 gn.

The product obtained by nltrating benzanthrone
in nitrobenzene solution forms yellow needles of m.p.

248 - 9°, A mixed melting-point with the above
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compound was unchanged at 248 - 9°; the brown colour
of the specimen of 3-nitro-benzanthrone must be
ascribed to a trace of dark-coloured impurity: this
discolouration is quite general in products obtained

in this way.

3=Nitro=1l:ll-keto=-benzanthrone.

HOOC o C
[de) H.O oc @)

N Oa_ N O:.

1*5 gm. 3-nltro-ll-carboxy-
benzanthrone.

45 gm. phthalic anhydride.
2 gm. phosphorus pentoxide.

The carboxy acid was dissolved 1n the molten
anhydride with stirring at 200° (oil-bath). The
phosphorus pentoxide was added in two portions at
intervals of half-an-hour. The solution darkened
and after two hours heating was cooled somewhat and
poured into a solution of 24 gm. of sodium hydroxide
in 400 c.c. water. The mixture was raised to the
boiling peoint and the yellow insoluble precipitate
filtered off. Weight, 1°2 gm. (85%). The filtrate
was brown in colour with green fluorescence, but on

acidification a negligible amount of material was
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precipitated. The cyclised produvct was recrystallised
from benzene as orange needles (1°05 gm.) with a
metallic lustre. M.p., 280 - 81° sintering at 260°C.
Further crystallisation from chlorobenzene or nitro=-
benzene raised the melting point to 282 - 83° with
sintering at 265°C.

Analysis (Micro-Dumas): found, N. 4°45%.
theory, 4°65%.

3=Nitro-l:1l-keto-benzanthrone dissolves in
cold, concentrated sulphuric acid to give a purple-red
solution. When treated with alkaline hydrosulphite,
a violet-coloured suspension is formed in a red liquid;

cotton immersed in it is only feebly coloured.

Reaction between Methyl 8=Bromo-~l-naphthoate and Methyl

5=Nitro=-2-iodo=-benzoate : 9=-Nitro-ll-carboxy-

benzanthrone.

O
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4 gm. methyl 8-bromo-l-naphthoate.
9 gm, methyl 5-nitro-2-iodo-benzoate.

4 gm. copper bronze (B).

The mixed esters were stirr—ed at 180°
(bath temperature) and the copper added over a period
of twenty minutes, After two hours, the mixture was
extracted with acetone, the solvent removed and ether
added. After standing overnight, small clusters of
crystals had separated, These were filtered off and
dried. Weight, 0°82 gm. Reerystallisation from
methyl alcohol ylelded 0°7 gm., of colourless rhomboidal
plates, m.p. 177°C., not depressed by admixture with
authentic dimethyl 4:4'-dinitro-diphenate.

The product from the ethereal filtrate, after
removal of solwvent, was treated with 120 c.c. of con=
centrated sulphuric acid at 100° for an hour. The
alkali-insoluble residue (1°66 gm.) from this treatment
did not give a pure green colouration with sulphuric
acid and was therefore treated with 25 c.c. of acid at
100? for a further hour. The insoluble portion now
gave the correct colour-reaction for anthanthrone and
weighed 1°0 gm. (43%).

The red alkaline filtrates were combined and
acidified with dilute hydrochloric acid. The brovnlish-
yellow precipitate was filtered off and then extracted
with 400 .¢.c. of boiling water to remove the soluble

4:4'-dinitro-diphenic acid. The yellow residue of
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9-nitro-ll-carboxy-benzanthrone weighed 2°25 gm. (41%)

and melted at 280 - 283°. with dscompositibn. Re~
crystallisation from nitrobenzene (10 - 12 c.c.) gave

2405 gm, of yellow leaflets of m,p..286 = 287°C. (decomp.),
unaltered by further recrystallisation from glacial

acetic acid (100 c.c.).

Analysis (Micro-Dumas):-

Found: N, 3°9%; calculated for C,gHoOgN,
4-4%.

Reaction between Methyl 8-Bromo-l-naphthoate and

Methyl 5-nitro=-2=-bromo=benzoate.

5 gm., methyl 8-bromo-l-naphthoate.
10 gm. methyl 5-nitro-2-bromo~benzoate.

6 gm. copper bronze (B).

The reaction was carried out exactly as
desecribed above and yielded 2°5 gm. of dimethyl
dinitro-diphenate, 1°72 gm. (60%) of anthanthrone and
197 gm. (33%) of 9-nitro-ll-carboxy-benzanthrone,
m.p. 279 - 282°, raised to 285 - 286°C. (decomp.) on

recrystallisation.
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9-Nitro-benzanthrone : Decarboxylation of 9-Nitro-

ll-carboxy-benzanthrone.

NO, NO,

2

HOOC co i e}

0°*5 gm. 9=-nitro=-ll-carboxy-
benzanthrone.

0*2 gm, copper bronze.

5 c.c. quinoline.

The decarboxylation was carried out as in the
case of the 3-nitro-compound (p.l4l). Addition of
water to the acetic aclid filtrate threw out a brownishe
yellow precipitate (0°3 gm.) which was twice crystallised
from glaciel acetic acid, forming clusters of brown
needles, m.p. 291 -~ 2 °C., which dissolved in sulphuric
acid to give a yellow solution with bright green
fluorescence.,

Analysis (Micro-Dumas):-
Found: N, 4°8%; calculated for C,gHoOzN, 5°1%.

The second nitration product of benzanthrone
(see p. 59) melts at 305 - 7°C.; mixed with 9=-nitro-
benzanthrone, the melting-point ranged from 255 to

285°C.
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9-Nitro-l:1l=-keto-benzanthrone.

NO NO

2 S

HOOD o g co

—— = 00

)

1 gm. 9-nitro-ll-carboxy-benzanthrone,
1 gm. phosphorus pentoxide.
30 gm. phthalic anhydride.

The cyclisation of the aecid was carried out as
described before (p. 142). The orange alkali-insoluble
material weighed 0°55 gm. (58%) and on recrystallisation
from chlorobenzene (25 c.c.) gave 0°5 gm. of deep
orange needles of m.p. 315 - 316°, raised to 316 - 317°C.
on further crystallisation. The yield quoted is smaller
than usual in these reactions, but a large lump of black
material had formed on the foot of the flagk and pro=-
bably occluded some of the organic compounds,

An alternative method of cyclisation which
proved more successful was carried out as follows;

(ef. p. 129): 0°8 gm. of 9=nitro-ll-carboxy-benzan-
throne was dissolved in 10 c.c. of boliling nitrobenzene
and 0°8 gm. of phosphorus pentoxide added in two portions.
After two hours boiling, the liquid was poured off and
allowed to cool. The deposited orange needles were

filtered off, washed with alcohol and dried.
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Yield, 0°6 gm. (79%).  M.p. 315 = 316°C.
Analysis (Micro-Dumas):-

Found: N, 4°25%. Calculated for C,gH,0.N,
4°65%.

Picryl Chloride.

(Jackson and Gazzolo, Amer. Chem. J., 1900, 23, 384),

25 gm, picric acid.
50 gm. phosphorus pentachloride.

The above were mixed in a large flask fitted
with an air-condenser and gently warmed on the steam-
bath until the vigorous reaction had ceased and the
contents formed a dark red liquid. The flask was
cooled in ice and ice-water gradually added. The
solid was filtered off, dried, washed with ether and
crystallised from aleohol as yellow plates,

Yield;. 14 gm. (52%4). H.p. '839%.

2:4:6-Trinitro-diphenyl.

(Gull and Turner, J., 1929, 491).

NO NO

>+ i OO

NO, R,
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20 gm, plcryl chloride.
20 gm, iodo-benzene.

20 gm, copper bronze (B).

The picryl chloride and iodo=-benzene were
mixed in a small flask in an oil-bath at 195°C. and
stirred with a thermometer. The copper was added in
small portions over a period of 45 minutes, the mixture
being stirred after each addition and the temperature
maintained between 195° and 203° by removing the flask
occasionally from the bath. The mixture was heated
for a further 15 minutes and extracted with alcohol
(260 e.c.). On cooling, 2:4:6=-trinitro-diphenyl
separated and was filtered off. Weight, 14 gms,

M.p. 129 = 130°C. The filtrate on evaporation yielded
a further 3°5 gm., m.p. 127 = 9°. Total yield, 75%.

The residue was extracted with acetone, but the
product obtained on evaporation of the extract yielded
black, tarry material from which no pure compound was

isolated.

The reaction was repeated, using 14 gm. of
each of the reactants and maintaining the oil=bath at
155=-160°, The addition of copper occupied 40 minutes,
and the temperature of the mixture was maintained at
160 - 165°, Heating was continued for 20 minutes
further end the solid mass removed and extracted with

aleohol (200 c.c.) by suspending the solid in a paper
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thimble (Soxhlet) below a reflux condenser attached

to the flask containing the beiling alcohol (15 h&urs).
The alcoholic extract on cooling deposited 11°95 gm.
of trinitro~diphenyl in the form of square golden-
yellow plates, m.p. 129 - 130°, a further 1°:25 gm,
being obtained on evaporation of the filtrate. Total
yield: 85%.

Further Attempted Synthesis by the Ullmann Reaction.

As no homogeneous ungymmetrical products were
isolated from the following Ullmann reactions, they

are only briefly described.

(1) Reaction between Methyl 8-Bromo-l-naphthoate
(1 mol.) and Methyl 2:4-Dibromo-benzoate
(2 mols.).

The mixture at 215 - 220° gave 56% of
anthanthrone. The mixed acids obtained after hydroly-
sis could not be purified by crystallisation, nor could
the alkali-insoluble material obtained from them by
treatment with phosphorus pentoxide in phthalic
anhydride at 200° be separated by repeated crystallisa-
tion. It is possible that both bromine atoms of the
benzoate reacted with that of the naphthoate. The

formation of a mixture of neutral products may then be
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due to the decarboxylation of the 9-carboxy-
benzanthrone, and, in fact, evolution of gas was

observed during the treatment at 200°.

OOH
co HOO co Bt co
+ LT i

(2) Reaction between Methyl 8-Bromo-l-naphthoate

and Methyl 4-nitro-2~icdo-benzoate (2 mols.).

At 180° the yield of anthanthrone was 70%.
The alkali=-scluble materiasl formed a brown amorphous
powder which could not be crystallised and which did
not melt below 360°C. At 215 - 220°, the yileld of
anthanthrone was 63% end the acidic product was
similar to that obtained from treatment at 180°.

(3) Reaction between Methyl 8-bromo-l-naphthoate and

Methyl 6-nltro-2-icdo-benzoate.

The reaction was carried out at 180°, The
alkali~insoluble material after three successive
treatments with concentrated sulphuric acid at 100°

for an hour amounted to about 50%, but was apparently
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not quite pure anthanthrone. The acidic products
were black and uncrystallisable, decomposing at about

200°C.

(4) Reaction between Methyl 5-Nitro-8-bromo=-l-

naphthoate and Methyl S5-Nitro-2-icdo-benzoate,

At 180°, the yield of dinitro-snthanthrone
amounted to 75%. The alkaline filtrates yielded
tarry materida on acidification, which could not be
purified.

(5) No pure products were obtesined from the
reaction between methyl 4:5-dinitro=-8~bromo-l-

naphthoate and methyl o-iodo-benzoate at 180°.
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S UI\'H'-I!ARY .

The reaction between methyl 8-bromo=-l-
naphthoate and methyl o-iodo-benzoate employed by Rule
and co-workers for the synthesis of benzanthrone-ll-
carboxylic acid and ité derivaetives has been further
examined, and a method for the semi-quantitative
estimation of the yields developed. A maximum yield
of 75% of the unsymmetrical product was obtained,
increased concentration of the benzoate and a reduction
in the temperature at which the reaction was carried
out having a beneficiel effect. The effects of sub=-
stitution on the course of the reaction were investigated
and the suggestion is made that the reduction in the
yield of the unsymmetrical product occurring on the
introduction of the electro-negative substituents Br
and NOg; into position 5 in the nsphthyl or phenyl
nucleus 1s due to activation of the reacting halogen
which accelerate the rates of the reactions leading to
symmetrical products. The expected increase in the
yield of unsymmetrical product on introducing substituents
into both reactants was not observed, however, and it
is evident that this is not the only factor affecting
the yleld.

A suggestion is made that association may
be a contributory factor to the remarkably high yield
(eirca 90%) obteined with the unsubstituted reactants.

This conception, however, is apperently insufficient
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to explain the success of the reaction between picryl
chloride and iodobenzene under temperature conditions
under which the iodobenzene is normally unresctive
towards copper bronze. This reaction was re-examined
and concluded to involve, apparently, some novel form
of "activation" of the iodine atom.

The hydrolysis and cyclisation of the phenyl-
naphthyl and dinaphthyl dicarboxylic esters obtained
by this reaction were studied. The most noteworthy
feature emerging 1is the comparative stability of the
ester group attached to the 4!' peri-position in benzo-
benzanthrone carboxylic ester. This can be attributed
to incressed steric hindrance produced when the firee
rotation of the naphthyl nuclei is prevented by the
benzanthrone ring=-closure. The different courses
teken by the alkaline and acid hydrolysis of dimethyl
8~(o~-carboxy-phenyl)-l-nephthoate are pointed out and
the unexpected stability of the ester gmoup in ll-cerbo-
methoxy-benzanthrone is emphasised.

The cyclisation of some substituted ll-carboxy-
benzanthrones to l:ll-keto-benzanthrones by means of
phosphorus pentoxide in phthalic anhydride or nitro-
benzene at 200° was carried out, The products, whose
melting-peints show curious irregulerities, are highly
coloured but devoid of useful dyeing properties. The
greater difficulty of formetion, due apparently to the
higher tension of the five-membered ring in benzanthrone-

1l:11~ketone as compared with fluorenone, is noted.
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The decarboxylation of substituted ll-carboxy-
benzanthrones has enabled it to be definitely
established that halogenation of benzanthrone occurs
primarily in position 3. Further bromination takes
plece in position 9. The mono-nitration product of
benzanthrone of m.p. 248 - 29°C. was proved to be the
3=nltro=-derivative. The second mono=-nitration product
of benzanthrone, m.p. 305 = 7°C., described in the
literature is not the 9-nitro-derivative which has now

been obtained by synthesis.

In conclusioﬁ, the author wishes to express
his indebtedness to Dr H. G, Rule for valuable advice
and helpful encouragement throughout the course of this
work, and to make grateful acknowledgment to the
Carnegie Trust for the Universities of Scotland for a
Scholarship held during 1933 - 1935, and to Imperisal

Chemical Industries Limited for materials.




