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I N TR OGDBOCDTON

0f the substitution derivatives of naphthalene,
' the peri-compounds, or those with substituents in the
1: 8- (or 4:5-) positions, are of particular importance,
haviné no exadt analogues in the benzene series.

i
T ry
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Their importance lies not only in the fact that
in general they possess the properties of the corres-
ponding ortho-substituted benzene derivatives to an
enhanced degree, but also, many of them are readily
accessible and have been employed in some remarkable
syntheses of more complex compounds.

Amongst these peri-derivatives, the 8-halogeno-
l-naphthoic acids have attracted special attention

during the last few years. The recent mercuration



method of Whitmore and co-workers (J.A.C.S., 1929, 81,
1831, 3363) has proved a satisfactﬁry source of the
acids and has been employed with marked success by
Rule and co-workers (J., 1934, 170). The method
consists in mercurating naphthalic acid by means of
mercuric acetate to give anhydro-8-hydroxymercuri-1l-
naphthoic acid which, on treatment with bromine (or

chlorine), yields the halogeno-acid.

HOOQC OOH Be COOH

o
He  co
Hqlooccus), @ Bay =,

A reaction which has been applied with outstand-
ing results to compounds of this last type is the
Ullmann reaction. Discovered by Ullmann in 1900 (Ber.|,
1901, 34, 21743 Ann., 1904, 332, 38), it consists in
heating halogenated aromatic compounds with finely
divided copper ( "copper bronze") whereby halogen is
eliminated as cﬁproua halide and a dinuclear product
results.

It was found by Ullmann that the reactiom pro-
ceeded smoothly with almost all iodo-compounds. For
example , diphenyl was formed by heating iodobenzene

with copper powder at 230°C in a sealed tube.

Oraee s O -

Corresponding bromo- and chloro-compounds, however,

were found to react only when an increased lability was



conferred upon the halogen by the presence of other sub-
stituents in certain positions. Thus, while m~- and
p-nitrochlorobenzene were unreactive, the o-nitro-

compound reacted readily to give 2:2'-dinitrodiphenyl.

2 QU + 20 — Q—D o G, Sagpe

NO, NOy NO7

A similar type of activation also appears to be
conferred upon the halogen by a carboxyl group in the
ortho-position.

An important development of the Ullmann reaction
was its application to the formation of unsymmetrical
products from mixtures of halogeno-compounds. Owing
partly to the interest in certain unsymmetrical di-
phenyls with respect to their optical activity, this
modification of the reaction has been employed exten-
sively in recent years. Turner and co-workers have
shown that the yield of unsymmetrical product is suzr-
prisingly large in many instances. For example,
Lesslie and Turmer (J., 1930, 1785) state that, when
egquimolecular quantities of ethyl 2-chloro-3: 5~dinitro-
benzoate and an aromatic iodo-compound are heated
together in the presence of copper powder, ethyl 2:4-
dinitrodiphenyl-6-carboxylates alone are formed. In
this wauner, m-iodotoluené gives a 68% yield of the

unsymmetricael product: -

B o)

Cooc Hs COOC, He
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The Ullmann reaction was first applied to 8-
halogeno-l-naphthoic acids, in the form of their esters,
by Kalb (Ber., 1914, 47, 1724) in his synthesis of the

dyestuff anthanthrone. The ethyl ester of 8-chloro-
l-naphthoic acid was subjected to treatment with copper

 powder at 290°C, and the resulting diethyl 1:1'-dinaph-
thyl-8: 8 '~dicarboxylate converted quantitatively to
anthanthrone by the action of concentrated sulphuric

acids -

COOC, s
CI-L H 504 co
QﬁOOC COOCH;
o

From their investigations, Rule and Barmett (J.,
1932, 2728) concluded that the halogens in methyl |
8-bromo-1- naphthoate and methyl o-iodobenzoate were
comparable in reactivity. Barnett (Thesis, Edinburgh,
1932) carried out the Ullmann reacti&n with these two
compounds and obtained at 190-200°C a 45% yield of

methyl 8- (o-carbomethoxyphenyl)-l-naphthoate.

I" COOCHs

CH,00C
COOLH,
COOCH,y

Rule and Pursell (J., 1935, 571) repeated Barmett's

 Preparation and showed that the phenylnaphthyl dicar-
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boxylate was converted quantitatively to a benzanthrone

carboxylic acid by the action of concentrated sulphuric

acid.

CH00C HOQC 0
COOCHy — — °

Benzanthrone

While it is only recently that the Ullmann reaction
has enabled a connection to be established between
8-halogeno-l-naphthoic acids and benzanthrone, the
latter compound has been known for some time and
occupies an important position as a dye-intermediate.

Discovered by Bally (Ber., 1905, 38, 194) during

. the course of his investiéations on the Skrauﬁ reaction
' with substituted anthraquinones, benzanthrone was orig-
inally prepared by heating anthraquinone with glycerol
- and sulphuric acid in the presence of a reducing agent.

IIn modern practice, this method is modified somewhat,

- the anthraquinone being reduced to anthrone by means of
copper powder and sulphuric acid prior to the addition

- of glycerol. The mechanism of the reaction is not

' fully understood. Two interpretations have been put
forward but, although neither is in complete agreement
with experimental evidence, there is no doubt that the

' Teaction involves a condensation between anthrone (I)

:and acrolein (formed from the glycerol and acid),
|
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followed by loss of water ana hydrogen to yield benz-

anthrone (II).

cHo-cwca,_
—H;O
- Hl
19

An 1nterest1ng synthe31s of benzanthrone was
carried out by Scholl and Seer (Ann., 1912, 394, 111)
and the method has been applied‘to the preparation of
various substituted derivatives. It consists in
"baking"” &-benzoylnaphthalenes with aluminium chloride,

a process of aerial oxidation.

QQ - QB

Another synthesis of benzanthrone, due to Schaar-
schmidt (Ber., 1918, 51, 1082), leaves no doubt as to
its strudture. This involved the preparation of ortho-
l-naphthylbenzoic acid, the acid chloride of which is
converted quantitatively into benzanthrone by treatment

‘with aluminium chloride.

COOH coql i

The systematic numbering of benzanthrone and its

deri i : .
ivatives is somewhat confusing. The systems for-



merly in use are based on the anthracene nucleus and

'are given below (I and II), the second being employed by
the Journal of tﬁe Chemical Society. The "International
System" of nomenclature (III), which is employed in

‘most of the present day technical literature and is
recomnended by Heilbron (Dictiomary of Organic Compounda),

is used throughout this thesis.

g %Q ¢

it
The practical importance of benzanthrone lies

chiefly in its use as an intermediate for the "Benz-
anthrone Colours’. Benzanthrone and its substituted
derivatives are not highly colouréd compounds and have
found no use as vat dyes. Indeed, 1t 1is questionable;
‘whether they form true vats with alkaline hydrosulphiteL
Bally, the discoverer of benzanthrone, found, however,
(Ber., 1905, 38, 195; G.P. 185221) that fusion with
daustic alkali at 230-240°C produced a dark-blue vat
dye, dibenzanthrone. It has since been shown (Scholl
‘and Seer, Ann., 1912, 394, 126) that union of two

‘moleculés occurs at the points 3 and 4.
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0:C C:0

—4H

The commercial product, originally known as
Violanthrone, appears on the market as Indanthreme Dark Blue
B.0., Caledon Dark Blue B etc. It dyes cotton in fery
fast dark-blue shades from a red-violet hydrosulphite
vat.

A second class of dyes has as its parent compound
isodibenzanthrone, the symmetrical isomeride of
dibenzanthrone. It is also known as Isoviolanthrone
:and was originally prepared (G.P. 194252) by the action

of alcoholic potash on 3-chlorobenzanthrone.

A cO
-
O:C 2}

=2HCL




More recently it has been prepared by the action
of alcoholic potash on the 3:3'-dibenzanthronyl sul-
phides and selenides (G.P. 4482623 B.P. 367462 etc. )

Rule and Pursell (loc. cit. ), in repeating
| Barnett's preparation of methyl 8- (o-carbomethoxyphenyl)-
l-naphthoate, carried out the Ullmﬁnn reaction at 215- :
.220°C and obtained a maximum yield of 40% of the unsym-
.metrical product. The action of concentrated sulphuric

acid at 100°C was shown to convert the ester quantitat-

ively into ll-carboxybenzanthrone.

c.,Hgooc HooC
' COOCH; —Hastay
COOCH,

The preparation has since been examined more
thoroughly and, by carrying out the Ullmann reaction at
a lower tempersture and employing excess of the iodoben-

Izoate, F.R. Smith (Thesis, Edinburgh, 1935) has increased
 the yield of unsymﬁetrical product considerably.

In an attempt to prepare 1l:1l-ketobenzanthrone(I)
by a further cyclisation of ll-carboxybenzanthrone,-Rule

' and Bigelow (J., 1935, 573) showed that the more vigorous
‘action of coﬁcentrated sulphuric acid led to partial
decarboxylation to benzanthrone, accompanied by oxid-
ation of the acid, while the expected ketobenzanthrone
occurred only tora slight extent. The oxidation

Product was provisionally formulated as the lactone of
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1-hydroxy-1l-carboxybenzanthrone (II). Treatment of the
phenylnaphthyl dicarboxylate with’auiphuric acid at
temperatures below 100°C allowed the isolation of the
intermediate product, ll-carbomethoxybenzanthrone, to

be effected.

CH,00C CHOOC Hood :
cooTh; 7 ; i

c-o OC C'O

I I

1: 11-Ketobenzanthrone was, however, found to be
'readily prepared by the action of phosphorus pentoxide
on a2 solution of the ll-carboxybenzanthrone in molten
phthalic anhydride at 200°C. It is a stable orange-
yellow compound, possessing no strong dyeing properties.

This synthetic method of approach to the benz-
anthrone series was employed (F.R. Smith, loc. cit.)
in the preparation of various derivatives and has
pProved valuable in the problem of orientation of
substituted benzanthrones.

The two general methods available for the orient-

ation of substitution derivatives of =z parent compound,
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namely graduated synthesis, and degradation to known
products, are both applicable to a certain extent in
' the benzanthrone series.

Two synthetic methods have commonly been employed

 for the preparation of benzanthrones. These are (I)

the "Skraup Synthesis" from anthraquinones (p. 5 )'aﬁd
(2) the synthesis by "baking" aﬂbenzoylnaphfhalenés

with aluminium chloride (p. 6 ). The former method is
of little interest inm coﬁnectidn with the orientation

of products because of the number of possibilities

which arise, depending on the number and position of
substituents in the anthraquinone nucleus. For example,
2 B-substituted anthraguinone may theoretically give

rise to four isomeric benzanthrones when treated with

glycerol and sulphuric acid.

X - X
and
:: ¢:0 co &0
dnd
0 & % ¢:o

From the point of view of orientation, however,

o

/

the second synthetic method is much more important, and
in many cases the position of the substituent is clearly
defined. The synthesis of 2-hydroxybenzanthrone

(M.I.B., 1923, D.P. 413738) may be given as an example.
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6-Hydroxy-l-naphthoyl chloride is converted to the
benzoyl derivative, which, on baking with aluminium

chloride, yields the benzanthrone:

OH
el ke
CLCo oc

When the substituent is in the benzene nucleus,

however, the orientation of the benzanthrone may not
always be predicted.

Alternatively, benzoyl chloride may be condensed
with naphthalene. With substituents in the naphthalene
nucleus, in this case, & number of possibilities again
arise. The same objection is present when meta-
substituted benzoyl chlorides are employed, since ring-
closure of the e~naphthyl ketone may lead to a 9- or

'an ll-substituted benzanthrone: -

+ o — Mhe_aiig and

A generzl method of attacking the problem of
orientation of subétituted benzanthrones is one involv-
ing an oxidation to derivatives of anthraquinone, a
degradation which has proved fruitful in establishing
the coustitution of a number of products. Oxidation

may be conveniently carried out by means of chromic
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acid, which converts benzanthrones to anthraguinone-
l-carboxylic acid or its derivatives, many of which
are known or can be synthesised.

Benzanthrone itself is converted by this means into
anthraquinone-l-carboxylic acid (Liebermann and Roka,
Ber., 1908, 41, 1425 Perkin, J;, 1920, ?06), while
the same acid is obtained from benzanthrones with sub- |
stituents in the benz-nucleus, i.e. in positions 1, 2

and 3. 2

OOH

¢o ¢a

The synthetic preparation of benzanthrones, due to
Rule and co-workers (loc. cit.),was a valuable addition
to these orientation.methods, since it is freg from any
of the uncertainty charadterising the aboye syntheses.
In the formation of substituted benzanthrones by this
method, the position of the substituent in the final
' product is clearly defined and may be deduced from that
of the substituent in the original reactants.

As already indicated, treatment of the phenyl-
naphthyl dicarboxylate with sulphuric acid results in
the formation of a benzanthrone system having the car-
boxyl group derived from the benzoate in position 11.
 For the preparation of benzanthrones containing no
carboxyl group, the acids may be decarboxylated con-
Veniently by the action of copper bronze in boiling

quinoline (Hurtley, J., 1929, 18703 Shephard, Winslaw
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and Johnson, J.A.C.8., 1930, 20843 Davies, Heilbron
and Irving, J., 1932; 2715).

As an example of the épplication of the "Ullmann
'Synthesis“tgo§§:tion of substituted benzanthrones, the
preparation of 3-bromobenzanthrone (F.R. Smith, loc.
cit.) may be given. In this case, hethyl o-iodo-~
' benzoate and methyl 5:8-dibromo-l-naphthoate were
subjected to treatment with copper powder and the
resulting phenylnaphthyl derivative cyclised with sul-
phuric acid to yield the benzanthrone carboxylic acid

which, on decarboxylation by the "copper-quinoline”

method, gave 3-bromobenzanthrone.

OOCH
CooC 3 COOCH;
HOOQC
Go
— N bl B
B+

Substitution of benzanthrone

Direct halogenation of benzanthrone in glacial
acetic acid solution, or in aqueous suspension (B.A.S.FT.,
D.P. 193959; C., 1908, I, 1112), yields the 3-halogeno-
derivatives. Proof of the orientation of the products

formerly rested on (1) oxidation to halogen-free anthra-
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'quinone-l-carboxylic acid, which established that the

halogen was situated in the benz-nucleus, and (2) the

formation of isodibenzanthrone by elimination of two

molecules of hydrogen halide on treatment with alkali.

|
‘While the latter could only occur if the halogen did

}actually occupy the 3-position, Cahn, Jones and

|Simonsen (J., 1933, 444) hold that this argument is

Iinconclusive owing to (a) the great mobility of halogens
attached to the benz-nucleus of benzenthrone and (o)

the peculiar tautomerism of benzoyldinaphthyls reported
by Luttringhaus and Neresheimer (Ann., 1929, 473, 259).

Doubts as to the structure of the bromination
!product of benzanthrone were dispelled by the synthesis
|of d3=-bromobenzanthrone described, the two products belng
:1dent1ca1. Although the 3-chlorobenzanthrone has not
ibeen synthesised by the "Ullmann method", there is now
‘no reason for believing that any rearrangement takes
;place at high temperatures or that position 3 is not
;that first attacked on halogenation.

Further chlorination of benzanthrone has been shown
;(Cahn, Jones znd Simonsen, loc. cit.) to result in the |
iformation of a mixture of isomeric dichloro-products to
iwhich the constitution of 3:9- and 3:1ll-dichlorobenz-
éanthrones can be assigned. Dibromination, however, would
;&ppear to give a homogeneous product which has been
gdesignated as the 33 9-dibromo-derivative (B.A.S.F., 1908,
(D.P, 193959). That this formulation is correct was

Proved by means of an "Ullmenn synthesis' of 3: 9-dibroumo-

!benzanthrone, im this case employing methyl 2-iodo-
l



16.

5ebromobenzoate and methyl 5: 8-dibromo-l-naphthoate
(F.R. Smith, loc. cit.).

I Although halogenation of benzanthrone takes place
primarily in the 3-position, it is evident, therefore,
that position 9 and, to a less extent, position 1l

are also open to attack.

Hal ogen ation.

co
It has been established (cf. Martinet and Drobat-

scheff, Chem. et Ind., 1929, g;, 227) that two mono-
nitration products of benzanthrone méy be formed,
depending on the conditions of mnitration employed. In
nitrobenzene at 40-50°C,a nitrobenzanthrone melting at
248-9°C is produced (B.A.S.F., Addn. mno. 6435 to

B.P. 349531) while nitration in boiling glacial acetic
acid solution yields an isomeric product melting at
305-7°C. In sulphuric acid solution, a mixture of

the two isomerides is said to be produced.

The lower-melting nitration product has been
designated as the 3-nitrobenzanthrone and confirmation
of the structure has been obtained, amongst other
methods, by an "Ullmann synthesisrr employing methyl
o-iodobenzoate and methyl 5-nitro-8-bromo-l-naphthoate
(FeR. Smith, loc. cit.).

- The second nitration product, melting at 305-7°C,
was believed for some time to have the nitro-group in

position 9 (Martinet and Drobatscheff, loc. cit.).
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Recently, however, it has been established that the

compound is 2-nitrobenzanthrone.
Proof of the structure of this product has not

been arrived at by any of the normal orientation methods
epplicable to benzanthrones.

B.P. 278651 (I.G.) reports the formation of a
jade-green dyastuff from this nitrobenzanthrone. The
latter was first reduced to the amine, which was diazot-
ised and boiled in water to yield the hydroxybenzanthrone.
Methylation, followed by fusion with alkali produced
the dimethoxydibenzanthrone, which, by comparison with
the synthetic dyestuff of B.P. 218255 (l.IL.B.) can be
assigned the constitution of 2:2'-dimefhoxy—3{5‘:4=4'-
dibenzanthrone. The original nitro-group must, there-
fore, have occupied the 2-position, and the stages of

' its conversion to the dyestuff are briefly as follows: -
NHy

NO,. OH
S—— —
o o o

OCH; OCH; OCHs

Further nitration of 3-nitrobenzanthrone or
dinitration of benzanthrone in nitric acid solution
yields a dinitro-product for which the constitution of

3: 9-dinitrobenzanthrone has been suggested. This
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suggestion has been substantiated by the formation of
ithe same dinitro-compound by further nitration of the
ig-nitrobenzanthrone, the latter having been synthesised
by F.R. Smith (loe. eit.) by applying the Ullmann

| :
ireaction to methyl 2-iodo-5-nitrobenzoate and methyl

| 8-bromo-l-ngphthoate.

Nitration.

ele]
Although positions & and 9 are attacked on nit-

ration as en halogenation, the formation of 2-nitro-
benzanthrone in glacial acetic acid solution appears as
an exception to the normel rule of substitution in
:benzanthrone.

Position 2, however, is not attacked only by nitriec
'acid, for oxidation with manganese dioxide in sulphuric
iacid at 0°C has been shown to yield the 2-hydroxy-
|benzanthrone (Scottish Dyes, E.P. 251313, 278112,
| 278496). '

! Apart from the oxidation already referred to, which
iresults in a degradation to anthraguinone-l-carboxylic |
iacid (p. 13), benzanthrone may be oxidised in a furtker
jmannef. Perkin and Spencer (J., 1922, 121, 474)
carried out the oxidation by meaﬁs of aqueous potassium
!hydroxide and potassium chlorate in the presence of
Ianthraquinone at about 250°C, the main product being
4-hydroxybenzanthrone.

The behaviour of the benzanthrone molecule on
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substitution can therefore only be described as

| irregular.

The work described in the present thesis falls

|
Iinto three parts:

(a) the chemistry of ll-carboxybenganthrone (I)

(b) the chemistry of l:ll-ketobenzanthrone (II)
and (e¢) the attempted preparation of l-carboxybenz-
anthrone (III) and a summary examination of

its chemistry.

HOOC '
co o <o Co

Hoac.



SUMMARY OF EXPERIMENTAL WORK AND

DISCUSSION OF RIESULTS.

I. The Chemistry of 11-Carboxybenzanthrone.

iSubstitution.

i From the anomalies exhibited by the benzanthrone
!molecule on substitution, there emerges the fact that
position 3 is the most reactive of the system. A con-
‘aideration of the structure of the molecule shows that
Ithis is not an unexpected result for, apart from the
ifact that it is situated in the only ring-system which
does not contain a chromophore tending to prevent sub-
stitution, the position may be regarded as related
;alternatively to an «-naphthalene or a 4-diphenyl pos-
|

fition, each the most reactive in the corresponding

System.
|
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The general effect of the introduction of 'a car-

'boxyl group into the ll-position may to a certain

|
extent be predicted, in as much as it is a group whose

‘presence in an aromatic nucleus tends to prohibit fur-
'ther substitution. It might be expected, for instance,

'that ll-carboxybenzanthrone would be more resistant to

:reagenta than the parent compound but that position 3

‘would still be primarily attacked on halogenation and

‘nitration. A second substituent, however, would not

be expected to enter the 9-position, as is the case

‘with benzanthrone itself, since the ring-system contain-

'ing this position has now two carbonyl groups attached.
|

HOOC :
<o

The behaviour of ll-carboxybenzanthrone towards

halogen and nitric acid was examined in the present work
|
;and the results of the examination were in agreement with
|
‘these considerations. It was found that the acid was

‘Mot attacked by halogen under conditions which yield
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|3-substituted derivatives with benzanthrone but that,
on more vigorous treatment, 3-halogeno-ll-carboxy-
benzanthrones were obtained.

The action of bromine on a solution-of ll~-carboxy-
‘benzanthrone in boiling nitrobenzene gave a somewhat
unexpected result, the acid being oxidised to the lactone
of l-hydroxy-1ll-carboxybenzanthrone (see p. 24) with

evolution of hydrogen bromide.

Treatment with nitric acid under various conditions
was found to bring about some interesting reactions.
A solution of ll-carboxybenzanthrone in concentrated
Sulphuric acid at 0°C yielded, on treatment with the
‘calculated amount of nitric acid, 3-nitro-ll-carboxy-
'benzaﬁthrone, but with the presence of excess reagent a
further reaction occurred with the formation of the
lactone of 3-nitro-l-hydroxy-ll-carboxybenzanthrone.
The structure of the latter was shown by its formation
(a) from the 3-nitro-acid on oxidation with chromic acid
énd (b) from the unsubstituted lactone on treatment with
excess nitric acid.

Perhaps the most interesting result arising from

the study of the action of nitric acid on ll-carboxy-



benzanthrone was the formation of the unsubstituted
‘lactone when glacial acetic acid was employed as solvent.
Under the conditions in which this reaction took place,
:benzanthrone itself yields the 2-nitro-derivative and it
?might have been expected that the lactone, containing
;what is virtually a hydroxyl group in the adjacent
'l—position, would nitrate the more readily in position 2.

'Oxidation alone appeared to take place, however, the

entrance of a nitro-group into the molecule apparently
being inhibited by the presence of the acetic acid.
The reactions with nitric acid are summarised 1in

the following scheme:

| HOOC o
O,
HNO; o
(HNOy
NOp
e HNOs (excess) \ oC <O

|
(@)
NO4
Of, ¢O NO,
Q

Apart from the side-reactions which occurred,

HOOL

apparently owing to the ease of formation of the lactone-
ring, the substitution of ll-carboxybenzanthrone was
found to follow the expected course in that 3-substit-

uted derivatives alone were formed. In no case was



there evidence of a second substituent entering the mol-~
ecule even under vigorous conditions of treatment.

The substituted benzénthrone carboxylic acids, of
which the 3-chloro-ll-carboxybenzanthrone was previously
unknown, are all yellow crystalline compounds of high
melting point. They dissolve in sulphuric acid with
a blood-red colouration and in aqueous alkali give
yellow solutions.

Orientation of the substitution products was sim-
plified by the fact that the 3-bromo- and 3-nitro-ll-
carboxybenzanthrones had already been synthesised by the
Ullmann reaction in these laboratories (F.R. Smith,
Thesis, Edinburgh, 1935). A comparisoﬁ of properties
and mixed melting points with specimens of these com-
Epounds was suificient to identify the products. In the
case of the 3-chloro-derivative, however, orientation |
was effected by decarboxylation to the chiorobenzanthrone
fand identification of the latter with the product of

direct halogenation of benzanthrone.

Oxidation.

a) The lactone of l—hydrogx-ll—carboxzbenzanthrone.

In an examination of the behaviour of ll-carboxy-
benzanthrone towards concentrated sulphuric acid at
high temperatures, Rule and Bigelow (J., 1935, 573)

:observed the formation of a high-melting compound for
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‘which the structure of the lactone of l-hydroxy-ll-
;carboxybenzanthrone was suggested. That it was actually

'an oxidation product was shown by its formation from ths

wr

1l1-acid on treatment with chromic acid under counditions

lwhich normally lead to the oxidation of benzanthrones to

}anthraquinone-1-carboxylic acids.

o
o

HOOC

¢ ¢S
Although the compound reacted in the expected

manner with alkalis, it proved very resistant to methyl;

ation, treatment with dimethyl sulphate or with silver
onide and methyl iodide leaving it unchanged. Perkin
%and Bradshaw, however, record (J., 1922, 121, 911) that
!difficulty was experienced in ﬁethylating the lachne
!of 4-hydroxy-3-carboxybenzanthrone (formed by the action
!Of a sugar on 2-hydroxyanthraquinoné) and it seemed
!possible that the 6-membered ring would be even more
éresistant to methylation.

On the other hand, oxidation in the l-position
would appear as a novel and unexpected phenomenon since
benzanthrone may be oxidised in positions 2 and 4 but
in no case is there evidence of reagents attacking
position 1. Such an oxidation is the more unusual when
it is remembered that the 2:2'-positions in the diphenyl

System (corresponding to the 1:1l-positions in benz-

anthrone) are considered to resemble ortho-positions
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(Kenner and Turner, J., 1911, 99, 210l1; Kenner, J.,

11913, 103, 613) and- the presence of a carboxyl group
'in the ll-position would hardly be expected to favour

attack in position 1.
In the present work, the frequent occurrence of

compounds having the supposed lactone structure, during
?the examination of the substitution of ll-carboxybenz-
‘anthrone, led to an attempt to confirm the orientation |
qu this interesting oxidation product. A successful
!synthesis of the compound was carried out, leaving no
}doubt as to the structure and proving conclusively that
!oxidation of ll-carboxybenzanthrone takes place in the
l-position.

The method involved the application of the Ullmann
freaction to methyl o-iodobenzoate and methyl 7-methoxy-
8-bromo-1l-naphthoate. Two molecular proportions of
the former and one of the latter were used and the mix-

ture treated at 175°C with copper bronze. The copper,

employed in this and other Ullmann reactions, was

supplied by Imperial Chemical Industries, Limited, and

possessed a typical copper-red colour in contrast to

less reactive specimens from other sources which had a

rical product of coupling, methyl 7-methoxy-8-(o-carbo-

| .
methoxyphenyl)-1-naphthoate, was isolated in 50% yield.

brassy tint. From the reaction mixture, the unsymmet-

iThe colourless, crystalline ester, on treatment with
|

concentrated sulphuric acid at 100°C, was converted

quantitatively into the lactone of l-hydroxy-ll-carboxyt




benzanthrone, identical with the oxidation product of

ll-carboxybenzanthrone.

Br CoocH; cHoOL S s
—==')
CHs

The lactone is a yellow, crystalline compound
which dissolves in aqueous alkali only on boiling to
give a very characteristic purple solution having a

green fluorescence.

b) Anthraguinone-1: 8~dicarboxylic acid.

It has already been noted that the oxidation of
:11-carboxyhenzanthrone with chromic acid does not pro-
ceed in the usual manner to yield an anthraquinone
%derivative. The formation of the lactone ring, which |
‘apparently requires an acid medium, would appear to

stabilise the system towards this reagent, for further

treatment does not bring about the expected degradation,
Recently, a second reagent, alkaline potassium
permanganate, has been employed (Allen and Overbaugh,
J.A.C.8. , 1935, 57, 740) to effect the degradation of
certain benzanthrones to derivatives of anthraguinone-
l-carboxylic acid. When this reagent was applied to
ll-carboxybenzanthrone, a small yield of a free acid,

' Very soluble in polar organic solvents, was obtained.




28.

;ﬂhe acid crystallised from alcohol in the form of 1ight:

yellow octahedra which melted with decomposition at

316-317°C.  From the manner of oxidation employed and |
|
|

the properties of the acid, it was concluded that the

compound was anthraquinone-1l:8-dicarboxylic acid, an

| |
interesting derivative not listed in the literature. |

HOOC COOH |

LCOR SR

To confirm this structure, however, it was necessary
1 |
|

:to show that the acid was indeed an anthraguinone derivr
' |

ative, the most obvious method being by decarboxylation.

F Decarboxylation experiments were first carried out|
Iwith the anthraquinone-l-carboxylic acid, obtained by
oxidising benzanthrone. This acid melts at 293-294°C
and it was thought that heating to the melting point

under diminished pressure might be sufficient to remove

|the carboxyl group, but the acid was found to sublime
iunchanged at 270°C and 12 mm. pressure. If, however,
a trace of copper bronze were added prior to melting
the acid, rapid gas-evolution was observed and the

product, on sublimation under reduced pressure, gave

yellow needles of anthraquinone. This convenient
Imethod of decarboxylation, which dispenses with the use|
!Of & solvent and gives an almost quantitative yield of
the neutral product, was applied to the new acid with al

.like result, a specimen of pure anthraquinone being
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obtained.

HOOC COOH

|

¢Q ¢o |

! s, A S
An analysis for carbon and hydrogen content left |

50 doubt as to the structure of the aeid.

The decarboxylation method would appear, from

several small experiments (not reported in the experi-

ental section of this work), to be of fairly wide

ks

epplication, slthough the presence of halogen probably |

interferes with the reaction. I

The Hydrolysis and Cyelisation of Phenylnaphthyl and

Dinaphthyl Dicarboxylic Esters.

During the synthesis of the lactone of l-hydroxy-
ll-carboxybenzanthrone, a study was made of the behav-

iour of the intermediate 7-methoxy-8-(o-carbomethoxy-

Fhenyl)-l-naphthoate (I) towards sulphuric acid and
alkalis. It was hopéd to supplement the synthesis by
partially cyclising the phenylnaphthyl derivative to
1-methoxy-11-carbomethoxybenzanthrone (II) and, by
hydrolysis of the latter to the free acid (III), follow;
Fd by decarboxylation, to obtain the hitherto unkmown

h-methoxybenzanthrone (IV).

|

Hy '
c CH, CHO |

I .

w

l

_—
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| The preparation failed owing to the peculiar be- |
@aviour of the intermedizste products but valuable infori

|
mation regarding the cyclisation of such compounds was

afforded. In the hydrolysis and cyclisation of phenyll
naphthyl and dinaphthyl dicarboxylates, Rule and co- |
workers have already encountered some interesting facts%
a brief résum€ of which may be given.

The conversion of 1l:1'-dinaphthyl-8:8' dlcarboxylaLes
into anthanthrone by treatment with sulphuric acid
(Kalb, Ber., 1914, 47, 1724) is known to proceed in two,
’étages a8 indicated by colour changes; the almost
colourless cold solution becomes first an intense red i
which changes gradually, or more rapidly on heating, to
'a pure green. Anthanthrone is precipiteted as an |

orange-yellow solid on pouring the green solution into

water.

-

CH,00C OOCH; HOOC

| X = T3 o

——

| Kalb (loc. cit.) suggested that the intermediate

iproduct, giving rise to the red colour, is the carboxy-|
| benzobenzanthrone (VI). During an examination of this

reaction, however, F.R. Smith (Thesis, Edinburgh, 1935)

| succeeded in arresting the course of the cyclisation by

pouring the still red solution into water and showed

I

|
|
|
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that the intermediate compound is not the acid but the

ester, methyl 10: 11-benzobenzanthrone-4'-carboxylate.

The partially cyclised product was found to be compar-

atively stable towards sulphuric acid, the suggestion

being made that this is due to increased steric hind-

rance, consequent on the elimination of the possibility

of free rotation about the bond joining the two dinaph—_

thyl nuclei, the remaining ester group thus being i
|
|

'screened by the second naphthyl nucleus.
|

oC COOCH; , CHPOC
cnd

The monomethyl ester dissolves in concentrated !
;sulphuric acid to give a red solution (characteristic of
‘benzanthrone derivatives) which is relétively stable
‘under_conditions of temperature and concentration in
which the free acid rapidly gives the green colour

|
charscteristic of anthanthrone. It has been suggested

(F.R. Smith, loc. cit.) that the free acid is the im- .

mediate precursor of anthanthrone, but Kalb's assumption
|
ithat the red intermediate colour corresponds to the

e . : e o

eXistence of free monocarboxylic acid is not correct.

i

It may be pointed out, however, that there is no experi-
|

mental evidence to show that the cyclisation involves a
| |

bydrolysis followed by dehydration, and the direct remo%—

&l of methyl alcohol by the sulphuric acid, though less
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|

|1ikely, is a possibility.

| Rule and co-workers (J., 1935, 571, 573), in a

|study of the hydrolysis of me thyl 8-(0-carbomethoxy-
!phenyl)-l-naphtnoate (I), showed thaf the primary product,
!ontained by the actioh oI concentrated sulphuric acid,

1s ll-carbomethoxybenzanthrone(Il).  F¥rom the alkaline
ihydrolysis of the dimethyl estér,'an ester-acid was

;isolated to which the structure oi methyl 8-(o-carboxy-

!phenyl)-l—naphthoate (III) could Dbe assignea)since, on ?

%treatment for a short period with sulphuric acid in thei
;cold, it gave a quantitative yield of ll-carboxybenz- i
anthrone (IV), a treatment which would have converted |
the isomeric carbomethoxyphenyl-l-naphthoic acid into

1l-carbomethoxybenzanthrone.

c
ROOC S0k CHOOL B

| CO0CH; %

|

. 1 i

‘ ‘M§F ﬁk% |
|

| |

| noac st s | Meec ¢o |

] coocH, cola :

| ; |

|

o vz

Although this result is not commented upon in the
above papers, it may be noted that it presents an inter-
ieSting anomaly. While alkaline hydrolysis has taken
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!the course to be expected on the usual ideas of sterie
| |
hindrance, the ester group attached to the phenyl |

‘nucleus being attacked before the peri-ester group,

ireaction with sulphuric acid has taken the opposite course.
|The ll-carbomethoxybenzanthrone has, indeed, been shown

|(F.R. Smith, loc. cit.) to be remarkably resistant to

I
ihydrolysis with concentrated sulphuric acid, in contrast,
|

‘not only with the ready ring-closure of the ester group

'in the peri-position but also with the cyclisation of i
! ! |
| the carbomethoxy group in methyl 10: 11l-benzobenzanthrone-

i4‘—carboxylate mentioned above. i
i |
! The examination of methyl 7-methoxy-8-(o-carbo- I

Imethdxyphenyl)—l-naphthoate (V) in the present work |
|

afforded further interesting'considerations. By anal#gy
!with the behaviour of the phenylnaphthyl derivative ofi
Rule and Bigelow (J., 1935, 573), treatment with conceﬁ-
!trated sulphuric acid at 50°C might be expected to conﬁert

the ester into l-methoxy-ll-carbomethoxybenzanthrone |
. |
(VI). '

CHoC cHEOoC 3 o
0OCH, '
CHO CHO

|

| v i v

| Not only did such treatment bring about a complete
eyelisation to the lactone (VII), however, but the

‘action of concentrated sulphuric acid even for a short |

‘Period at room temperature was sufficient to produce



|
‘the lactone in quantitative yield. A variety of otheﬁ

|
reagents were found to effect this complete cyelisation

| but eventually the partially cyclised product was isoléted

| by treatment with sulphuric acid, diluted with glacial

acetic acid. Bven with this reagent, it was found
'difficult to arrest the course of the cyclisatiop, the‘
Ilactone ring seemingly being formed almost as readily
as the benzanthrone structure. The l-methoxy-11- ‘

carbomethoxybenzanthrone so obtained was a brilliant

yellow, crystalline product, dissolving in most organiﬁ

' solvents with a vivid green fluorescence. It was !
|

' rapidly converted to the lactone on treatment with colq
| concentrated sulphuric acid.
The behaviour of the phenylnaphthyl derivative and

of l-methoxy-ll-carbomethoxybenzanthrone is the more

;surpiising considering the resistance to acid hydrolysis

normally offered by an ether grouping as well as by the

ester group of ll-carbomethoxybenzanthrone already notéd-

It would now appear that the possibility, or otherwiseJ

iof formation of a stable 6-membered ring-structure is 4
idetermining factor in the action of concentrated sul-
;phuric acid on the ester group. : !
That the normal reactions of a group of atoms may |
;be entirely altered by the proximity in space of otheri
 groups is indicated by the behaviour of l-methoxy-11l-
!carbomethoxyhenzanthrone on mild hydrolysis with alkali.

A portion of this ester was refluxed with alcoholic

|P°ta8h for 5 hours when it was found to be largely
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converted to the 1act3?e. o I

CHLOOC @ ] Kool s &Of_ Ak |
CH( CHO Ko

Considering the ;;puted resis;;nce of the methoxyl

‘g;oup to such treatment, it would appear that the interr
mediate methoxy-acid, which could not be isolated, is
gquite unstable. It is possible that potassium methle
‘ate is eliminated during the treatment to form the
|lactone ring but, since the reaction took place in !
_alkaline-medium, the lactone structure, if formed, must
lhave been reopened immediately to form the double pot-
iassium salt. The actual mechanism can not therefore
ibe decided upon but, by some means, an apparent hydrol-
ysis of both methoxyl and carbomethoxyl groups results.

The behaviour, although unexpected, is, however, in good

agreement with the failure to methylate the lactone

reported by Rule and Bigelow (loc. cit.).

' Although no exactly analogous compounds appear to |
i |
'have been examined previously, a peculiar reaction of
2-methoxy-2 '-carboxydiphenyl reported by Rule and

Bretscher (J., 1927, 925) may be mentioned as further
|

have on the normal reactions of certain groups. In an

-illustratiﬁg the effect which spatial arrangement may

attempt to esterify this acid by way of the acid chlor-
|

ide, these authors found that the latter was unstable




‘eVen at -16°C and was rapidly converted to the lactone

by loss of methyl chloride.

COOH OCH; ol  OCH; LT '

SOC'Ii; ~CH;CL
The difference in the two cases is probably one of

degree only for, in the rigid benzanthrone structure, the
‘methoxyl and carboxyl groups are constantly held in
‘close contact and it is possible that methyl alcohol

‘may split off in a similar manner. This is supported |

by the result of alkaline hydrolysis of the phenyl-
| !
'naphthyl derivative (I) which gave the stable 7-methoxy-

8- (0-carboxyphenyl)-1l-naphthoic acid (II), in which the
. shnl |
acid and methoxyl groups may once more be separated by |

_ |
rotation round the phenylnaphthyl bond.

| 1 =
|

|

cHOOL: HoL HOOC e |
| ___} H |
' COOCH, OOH

EHO CHO, chp
5 15 e = NN e

All attempts to bring about the partial cyclisation
of this product to the ﬁethoxy~acid (II1) resulted in
failure, the lactone only being obtained.

A further consequence of the close proximity of
Substituents in the 1l: 1l-positions in benzanthrone was
/8hown by an experiment carried out with the lactone
‘itself (not given in the experimental section).
|
|



'Aceording to Rule and Bigelow (loc. cit.), the lactone

iof l-hydroxy-11-carboxybenzantﬁrone is not appreciably

_ : y . : !
‘soluble in agueous sodium carbonate, in agreement with |

ithe properties of stable lactones in general. This was
‘put down to the difficulty of opening the lactone ring.

|A portion of the lactone was dissolved in hot aqueous

|
|sodium hydroxide solution and, on passing in carbon

| |
dioxide, was found to be completely reprecipitated, |
| :
'leaving no trace of the characteristic red colour in the

solution. Since ll-carboxybenzanthrone is a compara—i
:tively strong acid, it can only be conecluded that the
imono—sodium salt (V) of the hydroxy-acid is unstable aﬁd
iloses sodium hydroxide to give the lactone. The inso#-

ubility of the lactone in water is probably a factor in

allowing this reaction to proceed to a finish. ‘

o — ‘

N
NaQO ol ¢ a00c; c-o 0:¢. %o
_C'gk.’, ety

. NaO HO

' o = .~ = NT
From an attempted preparation of l-carboxybenz-
anthrone (p. 52), a portion of dimethyl 1:1' -dinaphthyl-

| ;
| Rt 2'-dicarboxylate (VII) was isolated and the cyeclisation

' of the compound with concentrated sulphuric acid briefly
Iexamined. The conversion of this ester to antnanthro%e
!by sulphuric acid treatment is descrioed by Kuhn and
Albrecht (Ann., 1928, 465, 282) but no comment is made‘

regarding the course of the cyclisation. It was found

|
[
|
|
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!that the compound reguired much more vigorous treatment

to convert it to anthanthrone than the isomeric product
'of Kalb (loc. cit.). The colourless solution in con-
centrated sulphuric acid, on heating above 50°C, changed
:to a pale green which_gradually deepened and it was
noticeable that no intermediate red (benzanthrone)
‘colour made its appearance.

By treatment for half-an-hour at 50°C and pouring
|the almost colourless solution into water, the inter-
}mediate product of cyclisation, l:1l'-dinaphthyl-2:2'-
Idicarboxylic acid (VIII), was obtained. The reaction

would, therefore, appear to proceed as follows:

‘ COQCH; COOH

| chooc HOOC,

|

‘ o Wi Tt o
| The difference in behaviour of this ester and the
iisomeric o a'-gderivative is not readily accounted for,
‘but it would seem that a- and B-carboxylic acid groups
!are not cyclised with the same ease. The absence of
eny intermediate red colour corresponding to a benz-
anthrone derivative would indicate that the benzo-
%enzanthrone carboxylic acid (X) is quite unstable under

the conditions of temperature and concentration necessafy

to effect the first cyclisation.
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Atomic Scale Model of Part of the 1l-Carboxybenzanthrone

Molecule.

The thick line, AB, represents the bond joining
the carboxyl group to the benzanthrone nucleus.
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HOOC Hoo(

a4 x
|

I This last example is of importance, being the onlﬂ
|

| |
'case encountered in which there is definite experiments
evidence that the cyclisation proceeds by way of hydrol-

ysis. The examination serves to indicate the diversity

(of the factors which govern the hydrolysis and cyclis-!

e |
ration of such compounds.

' Ihe Attempted Resolution of 11-Carboxybenzanthrone.

The reactions of l-methoxy-ll-carbomethoxybenz-

ianthrone described above may be attributed to the close
|proximity of the substituents in the 1: 1l-positions. |
!The scale diagram opposite, which represents part of |
;the ll-carboxybenzanthrone molecule according to atomiJ
'radii quoted by Boys (Proc. Roy. Soc., 1934, 144, 683),
emphasises the proximity of the two positions in the
| benzanthrone system. Not only so, but the ready for-
Emation of the lactone on oxidation of the acid is made
.comprehensible, it being obvious from the model that,

' 8ince the oxygen atoms of the carboxyl group may approach
Ivery closely to the l-carbon atom, practically no addiQ
:tional strain is imposed on the structure by the formation

fof the lactone ring.
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The diagram, however, indicates a further conse-

guence of the spatial configuration, which is not
epparent from the normal method of representing the

molecule, namely, a considerable restriction to the

rotation of the carboxyl group by the blocking effect

of the hydrogen atom in position 1. Indeed, the |
. |
‘restriction to rotation is of much greater magnitude than

'in the case of many resolvable diphenyl derivatives i

'and the question of the existence of stereoisomeric |
forms of ll-carboxybenzanthrone immediately arises. ﬁhe
possible enantiomorphs are represented diagrammatically
in figs. I and II, where in the former the ketonic

oxygen is above the. plane of the paper and in the latt%r

:it lies below: i

| This consideration led to an attempt to resolve i
the acid. The brucine salt and £-menthy1 ester were |
prepared but repeated crystallisation of these deriv-
atives failed to effect any separation of isomers, the |
Specific rotations remaining constant throughout. The
brucine salt also failed to show mutarotation when
‘dissolved in pyridine and a portion, after repeated

;erystallisation, yielded an inactive specimen of the L
Original acid on hydrolysis. The examination, therefore,
i
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|gave no indication of the existence of stereoisomeric !
' forms of ll-carboxybenzanthrone.

i Recently, the suggestion has been put forward,

on physical considerations, that the carboxyl group, in
ithe free state at least, is a symmetrical one involving

'an electron "resonance" state. represented as follows:

g
w <:

| If this ie the case, then the existence of stereo-

Eisomeric forms of ll-carboxybenzanthrone obviously
;becomes impossible. The failure to resolve the agcid
in the form of the brucine salt was, therefore, not
!entirely unexpected since it is highly probably that,
iif the free acid possesses a "resonance" structure, a
Isimilar structure will be present in the form of its
isalte where electrovalent linkages are involved.

| Waters, however, states (Physical Aspects of
!Organic Chemistry, Routledge, p. 396) that "resonance"i
is also probable in esters and amides of carboxy acids
and the failure to resolve the menthyl ester would
appear to be in support of the "resonance" state.

On so scanty evidence, however, it is impossible
to draw definite conclusions. A more thorough exam- |
ination of the acid and related compounds is desirable
and might lead to an experimental method of establish-

'ing more precisely the constitution of the carboxyl !

[ gl‘oup-
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X | The Chemistry of 1l:1l-Ketobenzanthrone.

Substitution

|
i The position at which substituents will enter the
il:ll-ketobenzanthrone molecule is not readily predicted
for, in contrast to benzanthrone and ll-carboxybenz-
ianthrone, all ring systems in the diketo-derivative
|have ketonic groups attached, tending to retard sub-
'stitution. From the previously noted reactivity of
!the S3-position in benzanthrone, however, it might be
expected that this position would still be primarily
attacked on substitution and the fact that it is meta
to a ketonic grouping is in support of this suggestion.
It is also reasonable to suppose that substituents will

‘not readily enter the 1:1ll-ketobenzanthrone molecule.

co
oc

The results of an examination of the halogenation
‘and nitration of 1: 11-ketobenzanthrone were in generall
iagreement with these considerations. Halogenation,

icarried out on an aqueous suspension of the compound,

:was found to yield the 3-halogeno-derivative exclusively.

iProlonged treatment with excess bromine under these

conditi i i
Conditions gave, rather unexpectedly, a quantitative
|

——
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yield of pure 3-bromo-1: 1l-ketobenzanthrone. The com-
'pound crystallised from glacial scetic acid in stout red
Ineedles and proved identical with the synthetic product
‘obtained by F.R. Smith (loc. cit.) by means of an
5"Ullmann Synthesis". The pure chloro-derivative was
obtained in somewhat smaller yield than that recorded
for the bromo-compeund but the presence of isomeric
products was not detected. It was orientated by
‘identification with the product of cyclisation of 3-
chloro-1ll-carboxybenzanthrone.
| The action of chlorine on the ketone in glacial
:acetic acid solution at 100°C also yielded 3-chloro-1l:
ll-ketobenzanthrone but in this solvent there was a
itendency for a second chlorine atom to enter the mole-
icule. For example, further treatment with chlorine
gave a dichlorination product which melted over a
!amall range of temperature, not appreciably altered on
%crystallisation. In admixture with the 3-chloro-deriv-
ative, no depression of melting point occurred and the
product would appear to be a mixture of isomeric
dichloro-compounds which could not be separated by the
methods employed.

In contrast to the behaviour with chlorine, the
ketone was unaffected by prolonged treatment with brom-
ine in glacial acetic acid. Dibromination, however,

\Was readily effected by treatment with ligquid bromine

at the boiling point. From the product, a specimen
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of 3:9-dibromo-1: 11-ketobenzanthrone was isolated aftex

repeated crystallisation, the compound being shown to be

identical with that synthesised by F.R. Smith (loc. cit.).
The action of nitric acid on 1l: ll-ketobenzanthrone

was also examined, nitration with the calculated amount

of the reagent in concentrated sulphuric acid yielding
the 3-nitro-derivative. The small yield of pure pro-
duct recorded would indicate that other isomers were
formed during the reaction. Treatment with excess
'nitric acid alone or in sulphuric acid led to an oxid-
:ation of the ketone and a mixture of products of the
lactone-type was obtained from which no pure compound
Icould be isolated. Attempts to increase the yield

of 3-nitro-ketone were unsuccessful.

In glacial acetic acid solution, treatment of the
ketone with a large excess of nitric acid left it
unchanged, the entrance of a.nitrb—group into the mole-
cule again appearing to be inhibited by the presence

of the solvent. It may be noted that in concentrated
sulphuric acid or nitric acid solution a considerable
proportion of the ketone probably exists in the form

of the oxonium salt. The presence of the resulting
.positively charged pole or poles would be expected to
8till further diminish the ease with which substituents
could be introduced. A consideration of this factor,
however, does not appear to throw any light on the

behaviour of benzanthrone and its derivatives on sub-



45.

stitution in concentrated sulphuric acid, nitric acid

and glacial acetic acid respectively.

<o

! The position at which substituents enter the

il:ll—ketobenzanthrone molecule on monosubstitution is

ol

‘not unexpected. The entrance of a second bromine atom
at position 9, however, is rather surprising since it
‘might be thought that the ring system containing pos-
iitions 4, 5 and 6, and having only one ketonic group
‘attached, would be more readily attacked. It is poss%
ible that the original mixtures obtained on dihalogen-;
'ation contained compounds with substituents in that
Ering, even though none could be isolated by crystallis-
iation methods.

| The substituted ketobenzanthrones are highly col-
‘oured compounds but are of no use as vat dyes. Although
' they appear to form vats with alkaline hydrosulphite,

' the leuco-compounds show little affinity for cotton and
any colour which does adhere is largely removed with

' 80ap treatment. The halogenated compounds dissolve
'in concentrated sulphuric acid with blood-red colour-

‘ation, very dilute solutions of the disubstituted deriv-

|atives showing a 'blue colour. On treatment with

iaQUGOus alkali at the boiling point, all gradually go
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Iinto solution, presumably owing to the opening of the
;5-membered ketone ring to give a mixture of carboxylic
iacids (see below). The substituted derivatives, how= |
'ever, are less readily attacked on such tregtment than

'is l: 11-ketobenzanthrone itself.
‘Oxidation

It has already been noted that the presence of the
Ilactone ring in the lactone of l-hydroxy-ll-carboxy-
‘benzanthrone appears to stabilise the system towards
'oxidising agents. The same would seem to apply to the
i5-membered ketone ring, for 1l:ll-ketobenzanthrone proved
ivery resistant to oxidation with chromic acid. Although
on prolonged treatment a considerable loss of material
;occurred, no solid oxidation product could be obtained.
| The effect of alkaline oxidising agents was not
exsmined, since a mixture of products would undoubtedly
Iresult owing to the opening of the ketone ring which

occurs in the presence of alkalis (see below).

III 1-Carboxybenzanthrone.

Attempts to prepare l-carboxybenzanthrone.

Rule and Bigelow (J., 1935, 573) observed that
l: 11-ketobenzanthrone (I) is slowly attacked by aqueous

alkali at the boiling point to give a mixture of acids

consisting presumably of 1l-carboxybenzanthrone (11)



|
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This instability towards alkalis contrasts strongly
with the behaviour of fluorenone which is not appreciably
attacked by aqueous alkali. The difference probably
arises from the greater tension in the 1l: 1ll-ring in the
benzanthrone derivative. In fluorenone,"the strain in
the 5-membered ring may be relieved by a slight adjust-
ment of the loose diphenyl system, a distortion which
is not so readily tolerated by the more rigid benzan-
‘throne molecule"(Rule and Bigelow, loc. cit.).
; In an attempt to isolate l-carboxybenzanthrone,
‘Rule and Bigelow (unpublished) carried out an examin-
:ation of the acid mixture obtained from ketobenzanthrone
'and showed that repeated crystallisation of the acids or
their metsllic salts resulted in a concentration of the
Ill-carboxybenzanthrone and eventually led to the iso-
‘lation of a pure specimen of that isomeride. Treatment
of the mother liquors also failed to yield the l-acid.

In the present work, the examination of the acid

‘mixture was resumed. Attempts to obtain the l-acid by

partial esterification and by partial acidification of



48.

!an alkaline solution of the mixture failed to effect
'any apparent separation of the isomers. Likewise,

' fractional distillation of the mixed methyl esters
i(obtained by esterification of the acids) did not
!appear to bring about a concentration of either deriv-
lative.

; The attempt to obtain l-carboxybenzanthrone by
Eway of the ketone was therefore given up in favour of
an 'Ullmann Synthesis' similar to that of Rule and co-
workers (loc. cit.) for the preparation of ll-carboxy-
:benzanthrone.

i The proposed synthesis involved the application
:of the Ullmann reaction to methyl l-bromo-2-naphthoate
'and methyl o-iodobenzoate, followed by hydrolysis and
icyclisation of the resulting phenylnaphthyl derivative

'with concentrated sulphuric acid:

Br "COOCHS 5
Q0
OOCH COOCH; 304y
+3 — Cuy .
1 cusooc oo,

i A preparatien of l-bromo-2-naphthoic acid is
'ireported by Mayer and Sieglitz (Ber., 1922, 55, 1836,
i1859) by oxidation of the corresponding methylnaphthal-
€ne or the aldehyde. A more satisfactory preparation
!was devised during the present work, employing p-naph-
thylamine as the starting material. The amine was

‘Prominated according to the method of Franzen and Zidis
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(Jo prs Chem., 1913, 88, 755) and the bromoamine convert-

ed to the nitrile by application of the Sandmeyer

reaction, the latter yielding l-bromo-2-naphthoic acid
on hydrolysis. i

B B B+
NH. NH, CN LOOH
—=> — —>|

The Ullmann reaction was first carried out between
the methyl ester of this acid and methyl o-iodobenzoaté,
two molecular proportions of the former and one of the
latter being employed. The resulting mixture of esters
did not deposit any solid on treatment with ether and
chilling, and various attempts to isolate the phenyl-
naphthyl dicarboxylate proved unsuccessful. The mixed
product was therefore treatéd with concentrated sulphuric
acid at 100°C for one hour and the red solution poured|

into water to give a yellow solid. Since the original
|

‘mixture of esters contained three possible products

derived from the benzoate and naphthoate, namely the
diphenyl, phenylnaphthyl and dinaphthyl dicarboxylates,
it was expected that the product of sulphuric acid
treatment would consist of diphenic acid (I), l-carboxy-

benzanthrone (II), and anthanthrone (III).
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The product of such treatment was therefore boiled

T

out with water to remove diphenic acid, and the residue

then extracted with alkali, leaving anthanthrone as an
;insoluble solid which was filtered off. In this |
;manner was cbtained a light yellow acid product which
crystallised from glacial acetic acid in needles,
melting at 225-227°C. It dissolved in concentrated

' Sulphuric acid with & blood-red colouration and in
alkslis gave a yellow solution with green fluorescence.
.The acid appeared to be homogeneous and was at first
thought to be l-carboxybenzanthrone, a conclusion
Isupported by the fact that decarboxylation and further
Cyclisation gave, respectively, specimens of benzanthrone

and l: 11-ketobenzanthrone, although it was noted that
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 the yield of each product was very small. After rig-
!orous purification by crystallisation, however, the acid
' melted sharply at 228°C and no longer exhibited fluor-
escence in alkaline solution. The compound was

' analysed for carbon and hydrogen content and the results
isuggested that it was not a benzanthrone derivative but
}fluorenone-4-carboxylic acid. According to Graebe

‘and Aubin (Ann., 1888, 247, 275), this acid is slowly

' formed from diphenic acid on treatment with sulphuric

| acid at 100°C.

COOH cooH
—_ OC
[delall

The fluorenone carboxylic acid is a yellow com-
pound possessing some of the properties of benzanthrones.

It dissolves in concentrated sulphuric acid with a

' blood-red colouration but differs from the benzanthrone

carboxylic acids in showing no fluorescence in alkaline

isolution.

L

The properties of the original acid mixture before
icrYStallisation, however, suggested that l-carboxy-
:benzanthrone was formed to some extent in the prepar-
iation. Renewed attempts were made to isolate the inter-'-
‘Mediate phenylnaphthyl derivative, but without success

and Ullmann reactions were then modified in an endeavour

‘%o minimise the formation of the diphenyl derivative.
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‘In one experiment, two molecular proportions of the
inaphthoate and one of the benzoate were treated with

copper bronze and from the reaction product a consid-

erable gquantity of the dinaphthyl derivative :aepar.-a.ted..i

‘After removal of this compound, the residue was treated
\with sulphuric acid and again an acid portion was iso- |
llated which gppeared to be mainly the fluorenone deriv-
' ative.

‘ After wvarious unsuccessful attem@ts to remove the
|f1uorenone derivative from the acid mixtures, a Spec:i«l

:men of l-carboxybenzanthrone was obtained in the follow-

|ing manners

The mixed esters from an Ullmann coupling were |

ldistilled under reduced pressure in a flask fitted with
a long fractionating column. The bulk of the diphenié
ester distilled at 200°C at 12 mm. pressure and a

second fraction was collected, distilling at 225-240°C,

which contained the required phenylnaphthyl derivative.

| This fraction, forming a yellow syrup, was treated with
'sulphuric acid and from the product, by repeated cry-
Iatallisation, a yellow acid was obtained which melted
:at 285°¢C, The very small yield recorded (5% theory)
‘would indicate that the unsymmetrical product of coup-
lling was formed only to a slight extent during the |
;Ullmann treatment.

| The structure of the acid was confirmed by treat-
iing a portion with phosphorus pentoxide in molten

:phthalic anhydride at 200°C, a treatment which con-
|
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verted it quantitatively into 1l: 1l-ketobenzanthrone.

e o:C
HOQL

. A carbon-hydrogen analysis further confirmed the
identity of the acid.

1-Carboxybenzanthrone possesses typical benzanth-

'rone properties and resembles ll-carboxybenzanthrone
!very closely. It dissolves in alkalis to give a deep
yellow solution having a vivid green fluorescence and

|
|
iits solubility in water and in the usual organic sol-

‘vents is very similar to that of the ll-isomeride.

\Chemistrx of l-carboxvbenzanthrone.

‘ Owing to the difficulty experienced iﬁ preparing
‘l-carboxybenzanthrone and the small yield obtained,
!only a brief examination of its reactions could be
undertaken,

i A portion of the acid was successfully brominated
by prolonged treatment of an aqueous suspension with
‘bromine and a bright yellow mono-bromo-acid was formed

'in good yield.
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From a consideration of the substitution reactions
Iof ll-carboxybenzanthrone and 1l: 1ll-ketobenzanthrone
described above, it might be thought that the most
reactive position of the system would no longer be the

3-position but position 9. This, however, was not

found to be the case. In order to orientate the

bromo-l-carboxybenzanthrone, it was cyclised with
‘phosPhorus pentoxide treatment and red needles of the
|ketone were obtained which melted at 325-326°C. The

| compound proved identical, not with 9-bromo-1:1l-keto-
‘benzanthrone which melts at 239-240°C (ﬁ R. Smith, loc.
cit. ), but with the 3-bromo-derivative.

‘ Unfortunately, chlorination and nitration of the |
‘acid could not be examined but it would appear that thé
Einfluence of the carboxyl group in position 1, tending
;to prevent substitution in the Bz-ring, is not suffic-
‘ient to overcome the normal reactivity of the 3-positiqn

!in the benzanthrone system.

A small experiment with nitric acid yielded a
;yellow product, melting at 257°C, which dissolved in
'alkali only on boiling to give a blue solution. The
| compound, which could not be obtained in sufficient
‘quantity for examination, was probably a nitro-lactone
;of 1l1-hydroxy-1-carboxybenzanthrone.

The formation of the lactone ring with l-carboxy-
ibenzanthrone, however, does not appear to occur so

' readily as in the case of the ll-acid. Oxidation of

the 1-carboxybenzanthrone with chromic acid gave a
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good yield of anthraquinone-l-carboxylic acid and no

|lactone appeared to be formed during the treatment.

i HOOC
i : dooH

¢o &

During the early attempts to prepare l-carboxy-
benzanthrone, a portion of the fluorenone carboxylic
‘acid was nitrated in the belief that it was the reguired
‘benzanthrone derivative. In an attempt to orientate
Ethe nitration product, 5-nitrobenzanthrone was prepared
'by means of an "Ullmann Synthesis" and this preparation
'1s given in the experimental section.

! The synthesis consisted in coupling methyl 3-nitro-
8-bromo-1-naphthoate (I) and methyl o-iodobenzoate in
the presence of coypef bronze. From the reaction mix-
lture, the unsymmetrical product of coupling, methyl
3-nitro-8-(o0-carbomethoxyphenyl)-1l-naphthoate (II)

‘was isolatéd and on treatment witi suiphuric aéid was

converted into the 5-nitro-ll-carboxybenzanthrone (III).

Br  Coocw;
c.H,occ‘- nood i
= e CoodHy
NOy CoocH,
3
I NO2 NO,

=
=



56.

The acid is a light brown, crystalline compound,
idissolving in concentrated sulphuric acid to give a
éred colouration and in alkalis to form an orange-yellow
Isolution having no fluorescence.

Portions of the acid were converted respectively
' to the 5-nitrobenzanthrone (IV) by decarboxylation and
?to the 5-nitro-1: ll-ketobenzanthrone (V) by further

icyclisation.

HOO
co = <o ¢:0
— — oC
f NO; NO,, _ NO,,

| J\VA T
‘ The nitrobenzanthrone, which is not listed in the
literature, forms light brown needles, melting at 287°C,
and possesses the normal benzanthrone properties. The
‘diketone is an orange compound which gives a purple vat
HWith alkaline hydrosulphite but it appears to be of no
use as a vat dye, having little affinity for the cotton
ffibre.
| 5-Nitro-ll-carboxybenzanthrone has the melting
;Point 309°C, almost identical with that of the 3-nitro-
derivative (310°C). S8ince there exists some doubt as
Ito the value of mixed melting points as a means of -
Iidentification in such high-melting compounds of high
molecular weight, a melting point was taken of a mixture

of specimens of the two isomers. A considerable



' depression, approximately 20°C, was observed. Speci-

‘mens of 3-chloro-ll-carboxybenzanthrone and the lactone

of 3-nitro-l-hydroxy-ll-carboxybenzanthrone, both of
;which melt at 317-318°C, gave a similar depression of
Imelting point when mixed together. The behaviour of
 the dichlorination product of 1:1ll-ketobenzanthrone in |
Iadmixture with 3-chloro=-1: l1l-ketobenzanthrone reported
' above would therefore appear to be an exception and the
'eriterion of mixed melting points to be applicable to

| the identification of benzanthrone derivatives.
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EXPERIMNENTAL S ECT IO N;

The experimental work carried out is described in|

|the following pages. Yields of products are quoted
|

as percentages of the maximum theoretical amounts

' obtainable. Melting points are corrected, the ther-
|
|mometer used having been calibrated against short-

' stemmed "standard thermometers”. All new compounds

have been analysed and the method .of analysis is noted |

in each case.

lethods of Analysis.

Halogen was determined by the method of Ter lieulen

(Ter lieulen and Heslinga, Rec. Trav. Chim., 1923, 42,

‘1093) which consists in the hydrogenation of the com-

{Pound_in the presence of ammonia and estimation of the
;resulting ammonium halide by Volhard's volumetric method.
For high-melting compounds (above 250°C), however, the
method proved unsatisfactory and that“of Hein, Hoyer

and Klar (Zeit. analyt. Chem., 1928, 25, 161) was

resorted to. In this semi-micro method, the halogeno-



59.

|compound is oxidised by means of sodium peroxide, a
small steel bomb being employed, and the sodium halide
iestimated by VYolhard's method.
Nitrogen was estimated by the micro-Dumas method,
ibut in the case of benzanthrone derivatives heating to
a higher temperature than usual was necessary and

results were generally low.

for micro-analysis.

specimens of the more important compounds, howeve#,

were sent to Dr Schoeller (Berlin) or Dr Weiler (Oxford)



60 . |

PREPARATIOTRN S.

8-Bromo-l-naphthoic acid.

(Rule and 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 sodium hydroxide and naphthalic acid were .
| dissolved in 1200 c.c. water with heating. The solu—!
tion was filtered and placed in a 2-litre flask fitted!
with a reflux condenser. The mercuric oxide was dis-j
solved in a mixture of 40 c.c. glacial acetic acid and
1150 c.c. water with heating, the solution filtered and |
added to the flask. The contents were then made dis- |

|tinctly acid with acetic acid when a light coloured
Isuspension formed. 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, washed
well with water and dried at 110°C.
l Yield: 88 gu.. (97%).

A0
HOOC COOH

Hg- (ocotns )z. =%,
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b) Bromination of mercury compound.

: 80 gm. anhydro-8-hydroxymercuri-
|
| l-naphthoic acid.
|

34 gm. bromine.

The mercury compound was suspended in 300-c.c.

| glacial acetic acid and 50 c.c. water were added. The
| mixture was cooled in ice and water, efficiently stirred
' and the bromine, dissolved in 150 c.c. concentrated

sodium bromide solution, was added drop by drop over
;three hours. The mixture was then heated to 90°C
'and the clear brown solution poured into 2 litres of
icold water. After standing overnight, the crystalline
!precipitate was filtered off and extracted with 8-9
litres of boiling water. The crystals which deposited
‘on cooling the extract were filtered off and dried.

Wt. 39 gnm. M.p. 160-170°C.

The crude acid was recrystallised from benzene.

Yield: 33 gm. (57%) . .M.p. 178°C,

/0\
Hg co B coox

B‘I‘g‘

-
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Methyl 8-bromo-l-naphthoate.

i (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 together
|

under reflux on the water-bvath until a clear solution
wes obtained and fumes ceased to be evolved. Excess !
thionyl chloride was then removed by distillation,
finally under reduced pressure. The acid chloride i
was allowed to cool and the methyl alcohol carefully |
added in portions. Vigorous evolution of hydrochlorié
‘acid occurred and the reaction was completed by boiling
the mixture for half-an-hour.

Most of the methyl alcohol was then removed on
I’che steam-bath and the liquid ester taken up in ether.
The ethereal extract, after washing with dilute sodium
|hydroxide followed by water, %as 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.

Bx  CooH Be COC Bre COOCH;

501, CH0H
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7-Methoxy-8-bromo=l-naphthoic acid.
|
(Davies, Heilbron and Irving, J.C.S., 1932, 2715).

a) Oxalyl-bis-phenylimidochloride.

(Bauer, Ber., 1907, 40, 2650).

50 gm. oxanilide.
100 gm. phosphorus pentachloride.

|
|
|
‘ The oxanilide was suspended in 150 c.c. toluene,
ithe phosphorus pentachloride added and the mixture
‘heated gradually to the boiling point under reflux.
iHydrogen chloride was evolved and a clear solution

' gradually resulted. After refluxing for three hours, |

‘about 100 c.c. of the toluene were distilled off and

| the residue was allowed to cool. The green solid

|
‘which separgted was filtered and washed with petroleum

|
|ether (b.p. 40-60°C). !
|

Yield: 45 gm. (80%) . M.p. 113-114°C.
| : .
| The product, which was pure enough for the present

purpose, crystallises from ligroin in yellow needles,

‘melting at 115°C.

i _ ficdied .,
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b) 2-lethoxyacenaphtheneguinone.

(Staudinger, Goldstein and Schlenker,
Helv. chim. acta, 1921, 4, 342)
81 gm. aluminium chloride.
90 gm. B-naphthyl methyl ether (nerolin). |

|
| 82+2 gm. oxalyl-bis-phenylimidechloride. '

|

: The aluminium chloride, finely powdered but not I
ifreshly prepared, was suspended in 100 c.c. benzene and
ia solution of the nerolin and imidochloride in 500 c.c.
Ibenzene run in with vigorous stirring over a period ofi
iz hours. During the addition, the temperature was i
prevented from rising by cooling the mixture in water.i
!After a further 4 hours at ordinary temperature, the
imixture was heated at 50-55°C for half-an-hour, the i
:stirring being continued throughout. The product was |
then treated with 400 gm. ice and 80 c.c. conceﬁtrated
‘hydrochloric acid, the benzene was removed in steam and

the red residue filtered.

The solid residue, containing the quinone and
‘exeess nerolin, was treated with 500 c.c. of a 40% sol-
‘ution of sodium bisulphite and heated at 70-80°C for

15 minutes. An equal volume of cold water was then
|

added and the mixture filtered. The filtrate while

‘Btill warm was acidified with concentrated hydrochloric

ﬂacid and the yellow mass filtered, washed with water
|

and dried.
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Yield: 45 gm. (75%) . M.p. 219-220°C.
The quinone crystallised in yellow néedles from

glacial acetic acid, m.p. 222-223°C.

Bl

¢) 2-llethoxynaphthalic anhydride.

Staudinger and co-workers (loc. cit.) carried out

the oxidation of the quinone with potassium chromate.

IThe oxidation method of Whiston (J. Soec. Chem. Ind.,
11924, 43, 370), employing hydrogen peroxide, was tried !
iin the present work and proved more satisfactory. |
| The quinone (25 gm.) was ground to a smooth paste
iwith 100 ec.c. water and then stirred to a fine sus-
Pension with 150 c.c. sodium hydroxide solution (10%).
éThe suspension was heated to 40°C and& 250 c.c. hydrogen|
éPeroxide solution (3%) were run in, the temperature
Eeing raised to the boiling point during the addition.
The resulting yellow solution was filtered and the fil-
Frate acidified. The product, which appeared to be in
the form of the anhydride, weighed 26-5 gm. and melted
Et 259°C.

| The pure anhydride was obtained in the form of
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colourless needles by crystallisation from nitrobenzene.
Yield: 90-95 % theory. M.p. 260°C.

(©]
¢s” \d.o

‘ co——co '
l CHO CHO
HLO?_

d) Mercuration of the anhydride.

(Davies, Heilbron and Irving, loc. cit.)

50 gm. 2-methoxynaphthalic anhydride.
176 gm. sodium hydroxide.

48+5 gm. yellow mercuric oxide.

The sodium hydroxide and naphthalic anhydride were

dissolved in a litre of water with heating. A solution

lof the mercuric oxide in 240 c.c. of 20% acetic acid
éwas added and the resulting suspension boiled under
greflux until completely soluble in dilute sodium hydr-
oxide (100 hrs.). The anhydro-7-methoxy-8-hydroxy-
mercuri-l-naphthoic acid was filtered off, washed with '
water and dried.

Yield: ’7é-5 gn. (90%) .

o ; AN
& o Hg <o

' ChO CHO
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e) Bromination of the mercury compound.

(Davies, Heilbron and Irving, loc. cit.)

30 gm. mercury compound.
400 c.c. glacial acetic acid.

|
i 14 gm. bromine.

| The mercury compound was suspended in the boiling |
!glacial acetic acid and & solution of the bromine in

I75 ¢c.c. concentrated agueous sodium bromide run in over
15 minutes. The suspension gradually went into sol- ?
!ution and, when no solid remained, the solution was
fpoured into a litre of cold water and the light brown
iprecipitate filtered off, washed well with water and

dried.

" Weight: 18 gm. M.p. 191-194°C (decomp.) . |
‘ The product was crystallised from alcohol (100 c.c;}
%O-give almost colourless needles of the pure 7—methoxy;

8-bromo-1l-naphthoic acid.

Yield: 14 gm. (65%) . M.p. 196-197°C.

Hg <O Be CooM
CHE CHO
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Imethxl 7-methoxy-8-bromo-l-naphthoate.

25 gm. 7-methoxy-8-bromo-l-naphthoic acid.

|

|

‘ 50 c.c. thionyl chloride (purified).
‘ 90 c.c. methyl alecohol (dry).

|

| The acid chloride was formed as described in the
' preparation of the 8-bromonaphthoate (p. 62). After
treatment with methyl alcohol, the ester was extractéd
as before and the dry ethereal solution yielded the
Isolid ester on evaporation.

| Yield: 25 gm. (95%). M.p. 73-75°C.

! The ester crystallises in stout colourless needles
Efrom petroleum ether (b.p. 60-80°C), m.p. 79°C.

| Analysis (Ter Meulen): found, Br, 27:0% ;

i calculated for C;gH; ,05Br 27:1%.

Bvx CooH dodl 00CH3;

5 -Nitro-8-bromo-l-naphthoic acid.

(ef. R.R.H. Brown, Thesis, Edinburgh, 1934).

a) 3-Nitronaphthalic anhydride.

(Leuck, Perkins and Whitmore, J.A.C.S., 1929,
51, 1831).

50 gm. naphthalic acid.
500 c.c. concentrated sulphuric acid.

22 gm. sodium nitrate.



|
The naphthalic acid used was that supplied by i
British Drug Houses, Ltd., and contained a proportion

!
l a
|
‘of the anhydride. It was dissolved in the sulphurie

acid and the sodium nitrate gradually added with
stirring, the temperature being maintained below 20°C.|
After the addition, the mixture was heated on the boil-

|ing water-bath for 15 minutes, allowed to cool and

| ; ' :
| poured on ice when a yellow solid separated. It was

|
| filtered off, washed acid-free and dried at 100°C. The

|

erude product was then heated with 250 c.c. tolﬁene to

l |
| the boiling point, filtered hot and washed with benzenﬁ
i

and dried.

! Yield: 48 gnm. M.p. 247-250°C.

The pure anhydride was obtainéd by crystallisation

from nitrobenzene (100 c.c.).

| Yield: 45 gm. (75-80%). M.p. 252-253°C.

: () (o)
| - \
Cco o ¢S Sco

NO,.

b) Mercuration of the naphthalic anhydride.

(Leuck, Perkins and Whitmore, loc. cit.)

40 gm. 3-nitronaphthalic anhydride.
14 gm. sodium hydroxide.

36 gm. yellow mercuric oxide.



|
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[ The anhydride and sodium hydroxide were dissolved
‘in a litre of water with heating. The mercuric oxide,|

'dissolved in 120 c.c. water and 40 c.c. glacial acetici
|

acid, was added to the first solution and the mixture

J
\made acid with acetic acid. The yellow suspension

was refluxed for 100 hours and the mercury compound

'filtered off, washed with water and dried at 110°C.

Yield: 65 gm. (95%)-

| O 0
. ('.5 \QO H g/ \CO ‘
3 and I

NO2 Nog NO,| -

c) Bromination of the mercury compound. i

(R.R.H. Brown, loc. cit.) |

65 gm. mercury compound.

26 gm. bromine.

! The mercury compound was suspended in 600 c.c.
lglacial acetic acid at ordinary temperature and the
bromine, dissolved in 160 c.c. concentrated agueous
iandium bromide solution, run in with stirring over one
‘hour. The mixture was then heated at 90°C for 15 min-
;utes and the clear solution poured into 1500 c.c. cold!
water. The yellow precipitate was filtered, washed

With water and dried.

‘ Weight: 36 gm. M. p. 218-225°C.



|
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The product was crystallised twice from glacial
acetic acid when pure 3-nitro-8-bromo-l-naphthoic acid
was obtained in the form of yellow plates.

| Yield: 19 gm. (40%). M.p. 239-241°C.

o
Hér o

Br COOH

—_—
NO2, NO7.

This acid was orientated (R.R.H.Brown, loc. cit.) |
by dehalogenation, employing copper bronze in boiling

toluene, 3-nitro-l-naphthoic acid being obtained. !

‘Methyl 3-nitro-8-bromo-l-naphthoate. ‘

(cf. R.R.H. Brownm, loc. cit.)

| 15 gm. 3-nitro-8-bromo-l-naphthoic acid. ‘
30 ¢.c. thionyl chloride (purified). ‘

50 c.c. methyl alcohol (dry). i

R.R.H. Brown (loc. cit.) reports that difficulty
was experienced in forming the acid chloride of the
nitro=acid. After several attempts to improve the -
'yield, it was found that the acid chloride formed as
‘readily as in the case of the 8-bromonaphthoic acid,

iProvided the nitro-acid was first moistened with a few

drops of water.

The moistened acid was refluxed with the thionyl

chloride for half-an-hour, when complete solution
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‘occurred. On removing the thionyl chloride by dis-
IrItilla.‘cion the solid acid chloride was obtained. It
was powdered in a mortar, placed in a flask with the
'methyl alcohol and refluxed for 30 minutes. The pro-

duct, after removal of methyl alcohol, was extracted

'with ether in the usual manner to give a yellow Solid.

Yield: 15 gm. (95%) - M.p. 171-172°C.

The pure ester was obtained in yellow needles by |

crystallising from glacial acetic acid, m.p. 173°C.

: |
‘ B COOH - odl 6r coocw; |
|
SQCE.E <H0H ;
NO,. NOZL NOy

‘ -Bromo~-2-naphthoic acid.
|
| |

a) Aceto-p-naphthalide.

(Franzen and Eidis, J.,pr. Chem., 1913,
88, 755)

100 gm. p-naphthylamine.

70 gm. acetic anhydride.

i The maphthylamine was dissolved in 250 c.c. benzene
|
by heating on the water-bath and the acetic anhydride
‘was added in portions with stirring, a vigorous reaction

‘occurring. After the addition, the mixture was allowed

| |
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to cool amd the colourless crystalline mass was filter-

ed. The precipitate was washed with benzene and dried.

i
Yield: 120 gm. (95-100%). M.p. 133°C. |

Nt NH- O Hg
s

b) Aceto-l-bromo-2-naphthalide.

(Franzen and Eidis, loc. cit.)

37 gm. aceto-pf-naphthalide.

33 gm. bromine.

The aceto-p-naphthalide was dissolved in 200 c.c.
chloroform with heating and the bromine, dissolved in
40 c.c. chloroform, was run in with stirring over 15

minutes. The stirring was continued until the mixture

had cooled and the precipitate was filtered off. The

%product weighed 60-65 gm. at this stage and appeared
to contain some of the hydrobromide of the naphthalide.
It was stirred with 200 c.c. dilute sodium carbonate
solution till effervescence ceased then filtered off,

washed well with water and dried.

Yields 52 gm. (95-100%4). M.p. 138°C.

The compound crystallises from alcohol in colour-

less needles, m. p. 140°C.

| NH-COQH; NH-co-¢Hy
. ———
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¢) Hydrolysis of the bromonaphthalide. i

The hydrolysis to the free base is described by
Franzen and Eidis (loc. cit.). For the present pur-
pose, however, it was found more satisfactory to pre-

pare the hydrochloride of the base by a slight modific-

ation of the method.

The naphthalide (20 gm.) was dissolved in 100 c.c.
'alcohol with heating. Concentrated hydrochloric acid;
I(25 c.C. ) Was added and the mixture refluxed for one
ihour when crystals of the hydrochloride separated.

Most of the alcohol was then removed on the steam-bath

and the hydrochloride was filtered off, washed with a

little alcohol and dried. |

Yield: 19 gm. (95-100%). M.p. 219-220°C (decomp.|)

B“I‘ 61& |
NHEO-drg NH, AL |

d) 1-Bromo-2-naphthonitrile.

50 gm. bromonaphthylamine hydrochloride.

20 gm. sodium nitrite in 25 c.c. water.
(1) 120 gm. sodium cyanide in 300 c¢.c. water i
(1i) 100 gm. copper sulphate (CuS0,,5Hg0) in

400 ¢.c. water.

The finely powdered hydrochloride was suspended
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|in 150 c.c. water and 50 c.c. concentrated hydrochlorig
|acid were added. The suspension was cooled to 0-5°C
and diazotised with the sodium nitrite solution in the

usual manner till a slight excess was present.

A solution of cuprous cyanide was prepared by add-

ing solution (i) to (ii) with shaking and the mixture
filtéred from any residue.
The clear diazo-solution was added in portions to |

the vigorously stirred cuprous cyanide solution on.

stirred for a further 3 hours on the steam-bath, when

brown oily drops of the nitrile formed. After standin
overnight, the solid nitrile was filtered off and hyd-

rolysed to the acid without preliminary purification.

NHy HCL el <N

e) 1-Bromo-2-naphthoic acid.

The crude nitrile was refluxed for 24 hours with

an acid hydrolysing mixture consisting ofs:

! 400 c.c. glacial acetic acid.

200 c.c. concentrated sulphuric acid.

100 c.c. water.

The brown liquid was poured into 2 litres of cold

Li |

| the steam-bath. The brown precipitate which formed wa

8

g
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water and the crude acid which precipitated was fil-
tered off. It was added to 500 c.c. water, made dis-
|tinetly alkaline with sodium hydroxide and heated at
50°C for a short period and filtered. The filtrate on
lacidification yielded a light brown acid which was |

filtered off, washed well with water and dried.

Tields 21 gm. (43%). M. p. 187-189°C.

The acid was obtained, on crystallisation from
:benzene, in the form of colourless needles, m.p. 191°C.|
For conversion to the ester, however, it was found more

| economical to esterify the crude acid and purify the

ester. The acid has already been prepared (Mayer and |
| Sieglitz, Ber., 1922, 55, 1836) by oxidising the corres-

' ponding aldehyde, the melting point quoted being 186°C.

B+ Be
N CoOH

Methyl 1-bromo-2-naphthoate. !

‘ 15 gm. l-bromo-2-naphthoic acid (m.p. 187-189°C).
30 c.c. thionyl chloride (purified).

i 50 ¢.e., methyl alcohol (dry).

The ester was formed by way of the acid chloride
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as described in the preparation of the 8-bromo-1l-naph-

\thoate. It was necessary, however, to filter the eth-

ereal extract znd the ester was obtained as s red soli%

on removing the ether. It was purified by extraction
with petroleum ether (b.p. 40-60°C), |
Yield:s 14 gm. (90%). . p. 58-59°C.
The ester crystallised from light petroleﬁm ether

in colourless plates, melting at 60°C.

Analysis (Ter Meulen): found, Br, 30°*0%;
i calculaited for C,Hg05Br 30° 2%.

By
CooH coel CoOlH;
‘éOC.lg i C.MOH
|

o-Iodobenzoic acid.

| (Cohen and Raper, J., 1904, 1272)

80 gm. anthranilic acid. ;
|

40 gm. sodium nitrite in 100 c.c. water.

100 gm. potassium iodide im 250 c.c. water.

| The anthranilic acid was dissolved in dilute sul- |
phuric acid (125 c.c. conc. acid in 625 c.c. water)

| and cooled to 0-5°C in ice. The fine suspension which
formed was diazotised in the normel manner until a

slight excess of nitrite was present. The potassium
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iodide solution was then run in with stirring and the
| -
‘mixture allowed to stand overnight. The reaction was

' completed by warming on the steam-bath till efferves-
cence ceased. Free iodine was then removed with sod-
ium bisulphite and the iodo-acid was filtered off and

crystallised from dilute acetic acid. !

Yields 120 gm. (80%). M.p. l60°C.

CooH cooH
—_—
NH2 1

|
llethyl o-iodobenzoate.
ohen an aper, loc. cit.
Coh d R i it )
|

{ 50 gm. o-iodobenzoic acid.
200 gm. methyl alcohol.

20 gm. concentrated sulphuric acid.

The mixture was boiled under reflux for 15 hours, |

;after which most of the alcohol was removed on the steam-

 bath. The residue was poured into water and the liquid
!ester teken up in ether. The ethereal extract was i

| |
iwashed with dilute alkali, then with water and dried.

Ether was removed on the steam-bath and the ester|

fdistilled under reduced pressure to give a colourless |

liquid.

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

e,
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Coou coodu, |
)
i 1 |

i
ll-Carboxybenzanthrone and ll-Carbomethoxybenzanthrone.
|

(Rule and co-workers, J., 19355, 571, 573)

a) Methyl 8-(o-carbomethoxyphenyl)=-1l-naphthoate. |

50 gm. methyl o-iodobenzoate (2 mol.). S
25 gm. methyl 8-bromo-l-naphthoate (1 mol.).

30 gm. copper bronze.

The mixed esters were heated with stirring in an

oil-bath at 160°C. The copper was added in portions

over z period of one hour and when addition was com-
plete the temperature of the bath was raised to 175-
180°C. The mixture was maintained with stirring for é
further 4 hours at the latter temperature. The reactﬂon
product was boiled out with 200 c.c. acetone (in 3 porﬁions)
and the insoluble inorganic matter filtered off. Acef-

one was removed from the filtrate by heating in wvacuo |

| and the warm syrupy residue was treated with 25 c.c.

ether when crystals immediately deposited. After
8tanding overnight, these were filtered off, washed i
Wwith a little ether and dried.

Yield: 225 gm. M.p. 131-132°C. ‘
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The pure phenylnaphthyl dicarboxylate crystalliseé
|

in colourless rhombs from ligroin, m.p. 133°C. For

conversion te ll-carboxybenzanthrone, however, there ig

no need to purify the product.

=S ___I'D

Br  Coocu, ;
chpod :
COC-H; :
Coo¢us

i
i
[
|
|
|

b) 1ll-Carboxybenzanthrone.

10 gm. mixed esters from a).
80 c.c. sulphuric acid (96%). |
|
The mixture was heated with stirring at 100°C for:

‘ane hour and the red solution poured into water. The
| yellow precipitate was filtered off, added to 500 c.c. |
!water and the mixture made distinctly alkaline with
sodiwm hydroxide. The insoluble portion, after
warming to 60°C for a few minutes, was filtered off and
washed with warm water. It consisted largely of anth-
ianthrone. The filtrate, which was coloured red owing
‘to traces of lactone, was carefully acidified till the
|

' red colour disappeared and the slight precipitate was |
|

removed. On further acidification, the filtrate
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|
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Iyielded the ll-carboxybenzanthrone.,
Yield acid: 8°2 gm (71%). M.p. 271-272°C.

! Yield crude anthanthrone: 0°2 gm. (2%).
| The yields guoted are based on the bromonaphthoate

‘used in the previous experiment. 11-Carboxybenz-

anthrone crystallises from alcohol or glacial gcetic !

'acid in orange-yellow needles, melting at R273°C.

\ c¢nool HOOC s
‘ docd; 7
|

By carrying out the cyclisatiern of the mixed esters

at 50°C instead of 100°C and crystallising the product |

obtained on pouring into water, ll-carbomethoxybenz- |
anthrone was obtained. Crystallisation from alcohol |
Igave the pure exter in orange needles.

|
| Yield:s 65% theory. M.p. 160°C.

1: 11-Ketobenzanthrone.

|
(Rule and Bigelow, J., 1935, 573).
4 gm, ll-carboxybenzanthrone.
80 gm. phthalic anhydride.

4«7 gm. phosphorus pentoxide. i
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The scid was dissolved in the phthalic anhydride
with stirring at 200°C and the phosphorus pentoxide
|added in two portions at an interval of 30 minutes.

After 2 hours, the dark mixture was cooled somewhat and
poured into a solution of 50 gm. sodium hydroxide in

450 c.c. water. The orange precipitate was filtered
Ioff, washed well with hot water and dried.

Yield: 3+45 gm. (92%). M.p. 325-327°C.

The pure ketone, melting at 327-328°C, was obtained

iin stout orange needles on crystallisation from glacial

acetic acid.

+

o

The lactone of l-hydroxy-ll-carboxybenzanthrone.

(Rule and Bigelow, loc. cite.)

2 gm. 1ll-carboxybenzanthrone.
20 c.c. concentrated sulphuric acid.

8 gm. chromic acid.

The carboxybenzanthrone was dissolved in the sul-

' phuric acid with heating and a fine suspension obtained



i
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i

by adding 160 c.c. water. To this suspension at the
boiling point, the chromic acid was added in portions
(and the mixture was gently refluxed for 12 hours. The
product was then diluted with water and the pink pre-
cipitate of lactone filtered off.

‘ Yield: 1-20 gm. (60%). M.p. 340-350°C.
i It was crystallised from glacial acetic acid thrice

to form fine yellow brown needles, m.p. 356°C (40% yield).

HooC ¢:o 5 oc

o

'Anthraguinone-l-carboxylic acid.
|

(Perkins, J., 1920, 706)

2 gm. benzanthrone.

10 gm. chromic acid.
A solution of the benzanthrone in 20 c.c; boiling
Eglacial acetic acid was slowly treated with a solution
' of the chromic acid in 20 c.c. of 50% acetic acid over
'3 hours.  The product was then diluted with water and

;cooled overnight. The precipitate was collected, ex-

‘tracted with the minimum of dilute ammonia and filtered.
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'On acidification with hydrochloric acid, the filtrate
!deposited a light yellow precipitate of the carboxylic
| agids The pure anthraguinone-l-carboxylic acid was
\obtained in fine, almost colourless needles by erystal-
‘lisation first from concentrated nitric and then from
'alcohol.

Yield: 1. 0 gﬂl- (46%) . M. p. 293-294000

Coon
¢:o
Cf%—*ﬁ
' c¢o <o

‘Chlorination of 11-Carboxybenzanthrone: 3-Chloro-11-

jgarbo;xbenzanthrone.

Rooc: 2o HOOL”

(el 5 co

Cl

1) Chlorination in glacial acetic acid.

11-Carboxybenzanthrone (1 g. ) was dissolved in
8lacial acetic acid (50 c.c.) with heating. The sol-

Ution was maintained at 100°C on the boiling water-bath
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ia yellow crystalline deposit formed and the chlorine
stream was stopped after a further 10 minutes. The
‘mixture was then allowed to cool and the crystals were
filtered off, washed with a little acetic acid and
-dried.

Yields 073 gm. (63%). M.P. 307-309°C.

The product was crystallised from glacial acetic
!acid or nitrobenzene to form stout yellow needles which
;sintered at 305°C and melted at 317-318°C. This melt-

:ing point was not altered on further crystallisation.

|
'2) Chlorination in agueous suspension.

11-Carboxybenzanthrone (095 gm.) was dissolved in

5 cvc. concentrated sulphuric acid by warming and a fiqe

suspension of the acid formed by adding 25 c.c. water.

|
'The mixture was maintained at the boiling point and a
|

8low stream of chlorine passed in for 4 hours. The
yellow solid was then filtered off, washed acid-free and

:dried. The crude product weighed 0+ 58 gm. (100%) and

‘melted at 295-300°C.

The pure 3-chloro-ll-carboxybenzanthrone was ob-

itained in yellow needles by crystallisation from nitro-
ibenzene.

! Yield: 0-42 gm. (74%). M.p. 317-318°C.
‘ Analysis (Hein): found, Cl, 11.3%;
'!calculated for C,gHg04C1, 11° 5%.

|

|
|
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| The products from experiments 1) and 2) were ident-

‘ical, a mixed melting point with specimens of the two
:showing no depression. The 3-chloro~acid dissolves in
ialkalis to give a yellow solution with a vivid green
|fluorescence. In concentrated sulphuric acid, a
;bright red colouration is produced, the solution also

|
' showing a green fluorescence.

Decarboxylation of 3-Chloro-ll-carboxybenzanthrone:

d-Chlorobenzanthrone.

o0 ¢o —~CO,, co

Cl 1

1l gm. 3-chloro-ll-carboxybenzanthrone.
10 c.c. dry gquinoline.

0.3 gm. copper bronze.

The acid was dissolved in the quinoline in a
Pyrex test-tube and the mixture heated to the boiling
point in an oil-bath. The copper was then added in
Portions when vigorous effervescence occurred and after

.5 minutes the mixture darkened somewhat. The tube was
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immediately removed from the bath and the cooled conten&s
were poured into dilute hydrochloric acid. The brown
solid which separated was filtered off, washed with warm
alkali, then with water and dried. It was dissolved

'in 20 c.c. glacial acetic acid by boiling and the sol-

ution was filtered from the copper. The fil?rate on
icooling deposited fine brown needles.

| Yields 048 gm. (56%). M.p. 181-182°C.

i The compound was crystallised from glacial acetic
|acid and chlorobenzene to give light brown needles of
fpure 3-chlorobenzanthrone, m.p. 184°C. This melting
lpoint was not depressed by admixture with a specimen of
‘authentic 3-chlorobenzanthrone, m.p. 184- 5°C, prepared
;by direct chlorination of benzanthrone.

| |
' Ihe Action of Bromine on 1l-Carboxybenzanthrone.

|
| A variety of experiments were carried out before a

successful bromination of the acid was obtained. Treat-

‘ment of the acid with excess bromine in boiling glaciaf
acetic acid resulted only in bromination of the solvent
:and the ll-carboxybenzanthrone was recovered unchanged.
IThe action of the calculated =mount of bromine under
 Pressure at 150°C led to the formation of a mixture of
IS-bromo-1l—carboxybenzanthrone and the lactone of

l-hydroxy-11l-carboxybenzanthrone.
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|
!1 Bromination in aqueous suspension: 3-bromo-
|

1ll-car

l-carboxybenzanthrone.

A first experiment, in which 05 gm. ll-carboxy-
Ibenza.nthrone in agueous suspension was boiled with 03
igm. bromine for éne hour, resulted in the recovery of
Ithe material unchanged. Under these conditions,
_benzanthrone is readily brominated, according to
1D.P. 193959 (C., 1908, I, 1112).

i In a later experiment, a fine suspension of ll-car-
boxybenzanthrone (05 gm.) was formed by dissolving the
acid in 5 c.c. concentrated sulphuric acid and adding
29 c.c. water. Excess bromine (i gm. ) was added and

the mixture kept at the boiling point for 5 hours. The

yellow solid was filtered off, washed with water and

Yield: 0°63 gm. (98%). M.p. 293-298°C.

Hooc &0 Br, S

The pure 3-bromo-ll-carboxybenzanthrone was ob-

‘tained by crystallisation of the product from nitro-
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|
benzene when it formed yellow needles, sintering at 305°C
and melting at 315-316°C.
Yield: 0-45 gm. (70%).
The acid was identical with the synthetic product |
of ¥.R. Smith (loc. cit.) admixture with a specimen ofi
which, melting at 315-316°C, did not depress the melting

|
point.
|
|
2) Action of bromine in nitrobenzene: the lactone of
|1l-hydroxy-ll-carboxybenzgnthrone.

Hood s : i o .
Rot 7 g 5

0* 5 gm. ll-carboxybenzanthrone.

|
1

0*3 gm. bromine.

The carboxybenzanthrone and bromine were added to
89 ¢.c. nitrobenzene and the mixture hestéd at the
boiling point for 3 hours, when evolution of hydrogen !

bromide could no longer be detected. The solution was|

allowed to cool, ether (5 c.c.) was added and the mix- |

ture chilled in ice when fine yellow needles separated.
These were filtered off, washed with ether and dried. |




90.

|
'acetic acid gave yellow needles, melting at 356°C. It

The product on repeated crystallisation from glacial

idissolved in aqueous alkali only on boiling to give a
;purple, fluorescent solution and was identical with the
product of chromic acid oxidation of ll-carboxybenzanthrone
(p. 82), & mixed meltimg point with which confirmed thd
[ eatity, there belag ue depression.

That the oxidation was not brought about by the
nitrobenzene was shown by a repeat experiment in which
the bromine was omitted. In this case the ll-carboxy-
;benzanthrone was recovered unchanged.
i

The Action of Nitric Acid on ll-Carboxybenzanthrone.

|
| Hooc i
| :
|
’//////z NO
% .

Hao(:

co & | <o
A ]
\ / NQ,
5
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1) 3-Nitro-1l-carboxybenzanthrone.

| Hoog: ; loYele
(o) HNO; . 0
|
NO,

1*5 gm. ll-carboxybenzanthrone.

0+ 42 cc. nitric acid (S.G 1°42).

I The ll-carboxybenzanthrone wes dissolved in 30 c.c.
|concentra‘t‘.ed sulphuric acid and the solution cooled to
10°€C in ice. A cooled solution of the nitric acid (the
calculeted amount for mono-nitratiom) in 5 c.c. conéenJ
trated sulphuric acid was then added with stirring, the
icolour changing gradually from red to orange. After
15 minutes, the solution was poured into 200 c.c. water
!and made alkaline with dilute sodium hydroxide. The
iPurple colour was then discharged from the alkaline
Isolution by careful acidification and the slight pre-
icipitate (of nitro-lactone) was filtered off; leaving an
orange, non-fluorescent solution. The filtrate, on
further acidification, gave a yellow precipitate which
‘was filtered off, washed with water and dried.

Yield: 1-30 gm. (75%4). M.p. 292-295°C (decomp. ).

The product yielded pure 3-nitro-ll-carboxybenz-

anthrone, m. p. 310°C, after two crystallisations from



|
|
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'nitrobenzene, the yield being reduced to 45-50%. A
icomparison of coleour reactions and & mixed melting

'point with the synthetic compound of F.R. Smith (loc.
icit.) identified the compound as the 5-nitro-deriVativé.

! The nitration was repeated using g slight excess

‘of nitric acid, which resulted in the formation of a
‘larger proportion of nitro-lactone (see below); The
'lactone was also formed to a larger‘extent if-the tem-
perature of the nitration were allowed to rise. Attempts
|were made to increase the yield of 3-nitro-acid by
'nitration in nitrobenzene solution. Under conditions!
in which benzanthrone is readily nitrated, however, thé
‘acid was not attacked and on heating to 120°C, a vigorqus

Ireaction occurred accompanied by oxidation. No pure

‘compound could be isolated from the product, which dis-

!
solved in alkali on boiling to give a purple solution

similar to that of the nitro-lactone.

!2) The lactone of 3-nitro-l-hydroxy-lli-carboxybenz-

anthrone,

a) From ll-carboxybenzanthrone.

Hooc &GO HNO; aﬁ c:0
(exde.ss) Q _
NOZ
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11-Carboxybenzanthrone (0*5 gm.) was added to 10
Ec.c. concentrated nitric acid and the temperature raised
!to the boiling point, when solution occurred. The
iyellow, non-fluorescent solution was maintained at the
Iboiling point for 15 minutes when nitrous fumes ceased
to be evolved. It was then poured into water and the
!yellow precipitate collected. The product wéighed
0°55 gm. and melted at 279-200°C (decomp. ). It was
erystallised from glacial acetic écid (twice) to give
iyellow needles. ' '
i Yield: 0°36 gm. (62%). M.p. 317-318°C (decomp).
| Analysis (micro-Dﬁmaa): found, N, 4'%%;' i

calculated for C,gH,0sN,  4¢4%.

The nitro-lactone dissolves in aqueous alkali only

'on boiling to give a purple, non-fluorescent solution.

|
‘ution also showing no fluorescence.
|

In concentrated sulphuric acid, it forms an orange sol-

A less pure product was obtained on treating the
| 11-carboxybenzanthrone, dissolved in concentrated sul- |
| phuric acid, with a large excess of nitric acid. On
' repeated crystallisation the 3-nitro-lactone was again

' obtained.

:b) From the lactone of l-hydroxy-ll-carboxybenzanthrone.

o:c oc
feile) HNOs ! co
' (excess) l

o) @]

L ‘ No‘&.
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The lactone (0+25 gm.) was treated with concen-

ltrated nitric acid (6 c.c.) for 15 minutes at the boil-

ing point.  The yellow solution was then poured into

water and the precipitated nitro-lactone collected.

(The crude product weighed 0:26 gm. (90%) and melted at
280-287°C (decomp). - After two crystallisations from
'glacial acetic acid, the product gave yellow needles of
|the pure 3-nitro-lactone, m.p. 317-318°C. This melting
ipoint was not depressed by admixture with the product

‘of experiment a).

¢) From 3-nitro-ll-carboxybenzanthrone.

Hoodl s
| C_:O C.‘l‘ O 3 - O'lc' C=°

0*2 gm. 3-nitro-ll-carboxybenzanthrone.

1 gm. chromic acid.

i The nitro-acid was dissolved in 5 c.c. concentrated
Sulphuric acia and a fine suspension formed by adding
'®5 c.c. water, The chromic acid was then added and the
‘mixture refluxed for 3 hours. The product was diluted

\With water and the precipitate was filtered off, washed
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|with water and dried.

| Yield: 0-12 gm. (60%). M.p. 280-290°C (decomp. ).
The product on crfstallisation from glacial acetic

acid gave yellow needles of the 3-nitro-lactone, m.p. |

317-318°C (decomp. ), identical with the products of

experiments a) and b).

'3) The lactone of l-hydroxy-ll-carboxybenzanthrone.

In an attempt to nitrate ll-carboxybenzanthrone in
glacial acetic acid, under conditions which yield the
' 2-nitro-derivative with benzanthrone, a portion of the
:acid was treated with a slight excess of nitric acid in
glacial acetic acid and refluxed for 1 hour. The bulk

of the 1ll-acid was recovered unchanged but a trace of

lactone-colour was detected in an alkaline solution of

' the product. Treatment with a large excess of nitric
acid greatly increased the yield of lactone and no nit-
'ration product appeared to be formed.

HOOC QQ H NO3 D:C, C:Q

H AT o)
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| 0*5 gm. 1l-carboxybenzanthrone
25 c.c. glacial acetic acid.

| 10 c.c. nitriec acid (S.G. 1-42).

A solution of the acid in the acetic acid at the
‘boiling point was treated with 5 c.c. of the nitrie
|acid and after 2 hours the remainder of the nitric
lacid was added. Refluxing was continued zor‘a further
‘2 hours when nitrous fumes ceased to be evolved. The
solution was poured into water and the yellow precig—
!itate was filtered off, washed witn water and dried.
iThe product weighed 0+48 gm. and melted at 340-345°C. |
!It was crystallised thrice from glacial acetic acid to

| give the pure lactone of l-hydroxy-ll-carboxybenzanthrone

in light brown needles.

Yield: 0¢23 gm. (46%). M p. 355-356°C.

' Synthesis of the Lactone of 1-Hydroxy-ll-carboxybenz-

anthrone and Proof of the Structure of the Oxidation

Product of 1l-Carboxybenzanthrone.

1) Methyl 7-methoxy-8-(o-carbomethoxyphenyl)-1-naphthoate.

| T coodH 3
| e —cﬁ‘——-—} . oot
' oo H, e

1
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20 gm. methyl 7-methoxy-8-bromo-l-naphthoate.
40 gm. methyl o-iodobenzoate.

25 gm. copper bronze.

The esters were placed in a small flask fitted with

'en efficient stirrer and the mixture was heated in an
‘oil-bath at 150°C (outside temperature). The copper
!was added in portidns over one hour and when addition
was complete the temperature of the bath was raised to |
|175°C, the stirring being continued throughout. Aftexr
'3 hours at this temperature, the product was allowed to

| .
| eool and the inorganic matter removed by extrecting

iwith 150c. c. acetone (in 3 portions) and filtering.

| Acetone was removed ffom the filtrate by distillation

on the water-bath, finally under reduced pressure, andf
the syrupy residue was treated with 25 c.c. ether. The
mixture was "seeded" with a minute crystal of methyl :

8- (o-carbome thoxyphenyl)-1l-naphthoate and agitated until

a érystalline precipitate began to form. After stand-

' ing overnight, the crystals were filtered off, washed
iwith a little cold ether and dried.

| Yield: 12°3 gm. (52%). IM.p. 131-133°C.

é The product was crystallised from ligroin (150 c.c.)
!to form stout colourless prisms.

' Yield: 11°0 gm. (46%). M.p. 136°C.

|
' A specimen of the pure methyl 7-methoxy-8-(o-carbo-

methoxyphenyl)-l-naphthoate was obtained after a further
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:crystallisation from ligroin, the compound melting

at 137°C,

Analysis (Schoeller): found, C, 71°9%, H, 5+ 2%
calculated for Cg H, 05, C, 72-04, H, 5 2%

'2) The lactone of l-hydroxy-1l-carboxybenzanthrone.

|
CHpol . H.SO OT, S
OCCH, b
| CH:P -

15 gm. phenylnaphthyl derivative.

| 15 c.c. concentrated sulphuric acid (95%). |

i The phenylnaphthyl derivative was heated with the |
:sulphuric acid at 100°C for half-an-hour with stirring
'and the blood-red solution was then poured into 150 c.é.
iWater. The yellow precipitate of the lactone was
‘filtered off, washed acid-free and dried.

Yields 117 gm. (100%). M.p. 354-355°C.

The product crystallised from glacial acetic acid
j(150 CeCo) in fine yellow needles, m.p. 356°C, weighing
1‘09 gn. (93%). It proved identical in its properties
iwith the ﬁroduct of oxidation of ll-carboxybenzanthrone

With chromic acid (p. 82), giving the characteristic
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purple solution in boiling asqueous alkali. A mixed

melting point confirmed the identity.

|
‘Reactions of Methyl 7-methoxy-8-(o-carbomethoxyphenyl)-
1-naphthoate and l-methoxx-ll-cgﬁbomethoxybenzanthroné.

1) Partial cyclisation: 1-methoxy-ll-carbomethoxy-

benzanthrone.

Attempts were made to effect a partial cyclisatioﬂ

of the phenylnsphthyl dicarboxylate by less vigorous

!treatment with concentrated sulphuric acid. The pre- |
|
' vious experiment was repeated at a lower temperature

but, after 30 minutes at 50°C, the lactone was again

iobtained in quantitative yield. A portion of the

dicarboxylate was treated with concentrated sulphuriC'i

| acld for 5 minutes at ordinary temperatures and was also
|

converted quantitatively to the lactone. Several small

experiments were carried out employing other reagents

'but the lactone was again obtained by treatment with

(a) zinc chloride, on mild fusion in the presence of

| water, (b) phosphorus pentoxide in nitrobenzene at the

boiling.point and (c) thionyl chloride on warming for
| .

| & short period.

: Eventually a portion of the methoxy mono-carboxylic
ester was obtained by treating the phenylnavhthyl deriy-
| ative with sulphuric acid, diluted with glacial acetie

acid., The yield recorded below, however, was not
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!always reproduceable, as very slight changes in con-
|

'ditions appeared to affect the reaction strongly.

cHooc cHpol
CoodH,
ciH3o CH,O

| O+ 5 gm. phenylnephthyl derivative.
100 c.c¢. glacial acetic acid.

2*0 c.c. concentrated sulphuric acid.

The ester was dissolved in the acetic acid with |
heating and the sulphuric acid was added to the warm i
solution. The temperature was raised to 80°C and the
solution maintained at this temperature for 15 minutes.
The orange-red solution was then poured into 100 c. c.
water to give a semi-solid, yellow precipitate and the:

mixture was made distinctly alkaline with concentrated

sodium hydroxide. After Dboiling for 10 minutes to
'dissolve any lactone, the precipitate, which became solid
;on such treatment, was filtered off, washed with water
land dried.

!
5 Yield:s 021 gm. (46%). M p. 178-190°C.

|

I The product crystallised from alcohol in brilliant

\Jellow needles and after two crystallisations, the pure

;m %

ﬁ S tHoxy carbomethoxy-benzanthrone was obtzined.
u

J

|
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| Yield: 0°06 gm. (13%). M.ps 194°C.
| The ester dissolves in alcohol, glacial acetic

'acid and other solvents to give yellow solutions with a

vivid green fluorescence. It dissolves in sulphuric
acid with a red colour and is converted rapidly to the
lactone even in the cold.

Analysis (Schoeller): found, C, 75+4%, H, 4-4%;:

2) Hydrolysis of l-methoxy-1l-carbomethoxybenzanthrone.

CHOOL: Koot: ;
dio KOH d:io ol

(7

&o

CH cho.

The l-methoxy-1ll-carbomgthoxybenzanthrone (0-56 gm. )
'was refluxed with a solution of potassium hydroxide )
(10 gm. ) in alcohol (50 c.c.). The solution gradually

:éssumed the lactone colour and after 5 hours the purple

Product was diluted with a little water, acidified with

hydrochloric acid and the yellow precipitate collected.

, Yield: 0+32 gm. (67%). M. p. 345-348°C,

The pure lactone of 1-hydroxy-ll-carboxybenzanthrone,
m.p. 3656°C, was obtained by crystallisation of the

Product from glacial acetic acid. By further dilution
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of the aleoholic filtrate with water, a portion of the

unhydrolysed ester (0*10 gm.) was recovered.

3) 7-lMethoxy-8-(o-carboxyphenyl)-1-naphthoic acid. |

¢Ho0l Hoo(:
KOH ,
CoOd Hy cooH

CHO CHQ

| - |
llethyl 7-methoxy-8-(o-carbomethoxyphenyl)-1l-naphthoate

(1 gm. ) was refluxed witﬁ a solution of potaséium hyd- |

' roxide (50 gm.) in alcohol (150 c.c.) for 24 hcﬁrs. |

The coldurless solution was'then dilﬁted with 100 c.c.

water and most of the alecohol removed on the steamrbatﬁ.

[
The residue was acidified with hydrochloric acid and,
|

after cooling, the colourless crystalline deposit whicﬁ

| formed was filtered off, washed with cold water and

| dried.

i Yield: 0°75 gm. (82%). M. p. 238-239°C.

‘ The diacid crystallised from alcohol in colourless
‘rhombs which appeared to contain alcohol of crystallis-
'ation, since on rapid melting gas evolution occurred.

| The crystals were therefore dried at 150°C for 30 minutes

| and then melted sharply without decomposition at 239°C,
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' Analysis (Schoeller): found, C, 70°8%, H, 4*4%
calculated for C,oH;,05, C, 70°8%, H, 4v4%.

The acid dissolves in concentrated sulphuric acid|
with a red colouration, being rapidly converted to the;
lactone. The lactone of l-hydroxy-ll-carboxybenzanthrone
was also formed by trestment with zinc chloride on mili
Ifusion, with phosphorus pentoxide in nitroberizene and |

with thionyl chloride even in the cold.  All attemptsi

|to cyclise the diacid partially to l-methoxy-ll-carboxy-
| !
| benzanthrone by treatment with sulphuric acid, dilutedi

|
with acetic zcid, were unsuccessful. the acid either |

being left unchanged or converted to the lactone.

Alkaline Oxidation of 1l-Carboxybenzanthrone:

Anthraguinone-1: 8-dicarboxylic Acid. |

hood Hoal CooH
&0

(@le] <

1 gm. ll-carboxybenzanthrone.

1 gm. sodium hydroxide.

2 gm. potassium permanganate.

The acid, sodium hydroxide and potassium permangan-

ate were dissolved in 150 c.c. water and the mixture



-

| 104 . |

!refluxed for 20.hours. The product was filtered and |
|the yvellow, fluorescent filtrate acidified to give a
'small precipitate of unchanged ll-carboxybenzanthrone |
(0*2 gm.) which was filtered from the hot solution.
fhe filtrate was then evaporated on the steam-bath
almost to dryness and the light yellow precipitate
'collected. | '
Yields 00095 gm. (9%). M.p. 305-312°C [decomp.).
The acid, which islvery soluble in alcohal and
hot water, was taken up in 3 c.c. alcohol and the sol- |
ution allowed to stand overnight. The light yellow
octahedra which separated were collected, washed with
la little ether and dried.
Yield: 0°042 gm. (4%). M.p. 316-317°C (decomp. ).

‘ This melting point was not altered on further

|crystallisation. |
Analysis (Weiler): found, C, 65 0%, H, 2 9%
calculated for C,gHgOgs C, 64°9%, H, 2:7%. |

|
| Decarboxylation of Anthraquinone-1:8-dicarboxylic Acid!

to Anthraguinone.

Decarboxylation experiments were first carried out
;with anthraguinone-l-carboxylic acid. A portion of
‘this acid, which melts at 293-294°C, was first heated
‘under reduced pressure in 2 small sublimation apparatus

in the hope that this treatment might prove sufficnent |
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Ito remove the carboxyl group. The acid, however, |
| sublimed unchanged at 270°C and 12 mm. pressure, yellow

needles melting at 293-294°C being obtained. The un-

sublimed acid, however, slowly decomposes when maintained

labove its melting point but the purified product is
|

i
stable, the decomposition apparently being due to traces
of impurities. A trace of copper bronze added to the |
sublimed product again caused decomposition to occur |
Ion melting and, since anthraguinone is a very stable |
compound, it seemed possible that the decomposition |
' simply involved a loss of carbon dioxide. This |

proved to be the case.

| ¢oo |

| Lo o |

! C,u. : G |
co : e i

! Anthraquinone-l-carboxylic acid (01 gm.) was

‘mixed with a few milligrams of copper.bronze and the méx-

jture heated at 300°C for 15 minutes in a wide tube placed-

iin a2 metal-bath. The tube was then removed from the

‘bath and a cooling surface was inserted above the pro-

iduct. The pressure in the tube was then reduced to

| 12 mm., and the mixture was heated to 270°C when bright
yellow needles of anthraquinone collected on the cold

‘Burface. ;
i Yield:s 0-065 gm. (80%). M.p. 285°C.
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i |
! The experiment was repeated with the anthraquinone-
| .

|1: 8-dicarboxylic ascid (0*1 gm.). It was heated with a
,trace of copper at 320°C for 5 minutes and the product,

lon sublimation under reduced pressure, gave yellow

needles of a neutral compound.

|

|

| |
‘ Yield: 006 gm. (85%). M.p. 285°C.

‘ In admixture with.an authentic Specimen‘of anthra-
|

quinone (m.p. 285°C), the melting point was not depres%ed.

Hool oo
¢ - 0
CID 33
¢ ' <o

Attempts to Resolve 1l-Carboxybenzanthrone.

1) The brucine salt of ll-carboxybenzanthrone.

Hood S Coallyd ,9,,”"0‘:- EE E S
i
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i 1l gm. ll-carboxybenzanthrone.
l*3 gm. brucine.

100 c.c. ethyl -acetate.
|

| .
' The brucine was dissolved in the ethyl acetate by

l[warming and the solution at the boiling point was treatL
ed with the ll-carbaxybenzanthrone in portions. The
acid.gradually dissolved and the yellow solution was
filtered from the small residue, evaporated to half its
volume and left overnight. Two distinct sets of cry-

|
'stals deposited, both forming rosettes of needles rad-

iating from a central point. The first type (a) was |
‘composed of fine, opaque, yellow needles and the‘second

' (b) of tramsparent, orange crystals. These sets of

crystals were readily separated under the lens. |

(a) Yield: 0-81 gm. |
(b) Yield: 0-68 gm.

The product (a) melted over a range of 170-175°C

\Whereas the second (b) decomposed at 100-120°C to giveia

yellow, opaque mass which on.further heating melted at

LPO=-T75°¢€. The latter on standing in the air, or more

rapidly on heating to 80-90°C, was converted to opaque |

|

|

icrystals and its behaviour suggested the presence of
' solvent of crystsllisation. This was supported by the
r

| fact that each set of crystals gave again a mixture of
|

the two types on crystallisation from ethyl acetate.
|

! :
. The specific rotation of the products was deter- |
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mined in the following manner. A portion of the mater-

ial (ce. 0°1 gm.) was dissolved in methyl alcohol, which
I

‘had Been purified by refluxing with metallic magnesium

! and repeated distillation, and the solution was made
‘up to 5 c.c. in a standard flask. The solution was |

‘placed in a 2-decimetre polarimeter tube and the rotat#on,
&y was measured using the sodium D line (5893 i u). |
|The specific rotation was obtained by apﬁlying the
‘following formula, where w represents the weight of

1

'brucine salt used:

| (o] = 222

In this manner, the products (a) and (b) gave the

|rotationsz

(a) [;D} - 18.2° - |

| (b) (%]

|
If it is assumed that the product (b) contains one

- 15-9°.

/molecular proportion of ethyl acetate of crystallisation,

i, e. has the formuls 041.H3 5N207 ,CH300002H53 and that
}the small proportion of ethyl acetate does not affect
‘the rotation in methyl alcohol, then the true specific |

rotation of the brucine salt in the product (b) is

igiven bys

15«9 x (M.W. of C4IH36N20'7__;CH300002H5)

15.9 x 756 = - 18°0°. |
668 |

=
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The similarity of this figure to the specific f

|rotation of the product (a) again suggests that the two

‘compounds are not stereoisomeric forms but that, on
crystallisation from ethyl acetate, two forms are simul-
|taneously deposited, one of which contains solvent of
crystallisation. This was confirmed by crystallisation
lof the products from methyl alcohol, which gave identical
specimens of the salt in the form of yellow rhombs
'having the same specific rotation (- 18¢2).

The preparation of the bruciné salt was repeated |
lon a larger scale and the product wes filtered off and |
:dried at 80-90°C. The compound (6*5 gm.) was crystal-
lised repeatedly from methyl aleoﬁol, the rotation in |

|
that solvent being taken after each crystallisation. |

The final product, after 6 crystallisations, weighed

11'5 gm. The specific rotations were practically

constant throughout, varying only between the limits

!
P= 18* Q% @and - 18+49% From methyl alcohol, the salt

|
crystallises in yellow rhombs of one type only, the
pure compound melting at 170-175°C.

A portion of the final product was hydrolysed by
‘heating at 60°C with dilute sulphuric acid and after 15
minutes, the ll-carboxybenzanthrone was filtered off,
| washed free of brucine and dried. It melted at

|
R72-273°C and gave no rotation in alcoholic solution.

A second portion (0-1250 gm.) was examined for

‘mutarotation. It was placed in a small standard
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iflask, dissolved in pure pyridine and the solution was
!maae up to 5 c.c. with that solvent. It was immediater
ly transferred to the polarimeter tube ana the rotation

was examined at intervals over 24 hours. The specific

rotation, - 67-0°, remained comnstant during that time.

Anaiysis (Ter leulen): found, N, 4-0%;

calculated for CuyHggNz07, 4+ 2%.

2) The frmenthz; ester of ll-carboxybenzeanthrone.

A first attempt to prepare the ester by use of the
‘Flscher-apeler method resulted in the recovery of the
'acid unchanged. A-lMenthol (30 gm.) was heated to
130°C, 1l-carboxybenzanthrone (2 ga.) was added and
allowed to dissolve. Dry hydfogen éhloride was passed
'in over 30 hours and the menthol was then distilled off

iin steam. The residue was completely soluble in

alkali and the acid was recovered quantitatively.

The ester, however, was readily prepared via the

acid chloride.

e o e R G ¢o

PC-L; C iaH QOH
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| o gm. ll-carboxybenzanthrone.

150 c.c. dry benzene (A.R.)

6+5 gm. purified phosphorus pentachloride.

The acid, benzene and phosphorus pentachloride were
warmed together on the water-bath at 40°C. The acid

lgradually dissolved and after 30 minutes the 'benzene and

phosphorus oxychloride were distilled off under dimin- |
|

ished pressure, the temperature being maintained below |

!45°C. The greenish-brown solid residue was dissolved

'in 100 c.c. dry benzene (A.R.) and excess menthol (6 @i&

< |
added, the solution assuming a green tint. After re- |
fluxing for 10 hours, the benzene and excess menthol

were removed in steam to leave a light brown, oily |

product. Dilute sodium hydroxide (20 c.c. of 10% sol-
|

ution) was added and the steam was ﬁassed in for a fur-
ither 15 minutes to dissolve any acid residue. on :
cooling, the brown oil solidified to a hard cake. It|
|\was powdered and dried, the product weighing 7+5 gm.. |

(100%) . The crude product was dissolved in 200 c.c.

|absolute alcohol with heating, the solution filtered |

|
iand left overnight. It deposited large yellow octa-

ihedra which were filtered off, washed with alcohol and
idried.

| Yield: 6+2 gm. (83%). M.p. 121+ 5-122°C.

! Further crystallisation gave the pure ester melting
%at 122+5°C.
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i Analysis: found, C, 81°'2%, H, 6°*6%;
|caleulated for CpgHegOs, C, 81° 5%, H, 6°8%.

The ester is readily soluble in chloroform and |
rotations in this solvent were determined. Approx- |
imately 0O+1 gm. of the ester was weighed out, dissolve%
in purified chloroform and the solution was made up to;

5 c.c. in a standard flask. The original product,

after one crystallisation from alcohol, gave the sPeci@ic
rotation -148-0°. The bulk of the ester (5+5 gm.) |
was crystallised repeatedly using 150 c.c. absolute
alecohol in each case, the rotation being taken after |
each crystallisation. The product after 6 crystallia{
lations, weighed 1-5 gm. The rotation remained pract-
Ilically constant throughout, varying only between the
limits of experimental error, 147.7° — 148-3°, The !

|
examination therefore gave no evidence of the existence

of stereoisomeric forms of the ester.

l

|
'Action of Chlorine on 1: 1l-Ketobenzanthrone.

1) Chlorination in agueous suspension: 3-chloro-1:11-

ketobenzanthrone.

In a first experiment, a portion of 1l:1ll-keto-
benzanthrone in aqueous suspension was treated at ordiﬁr
|ary temperature with chlorine for 4 hours and the ketone

|
Was largely recovered unchanged.
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The ketone (0*5 gm.) was dissolved in concentrated

|
sulphuric acid (5 c.c.) by warming and a fine suspension
| |
| formed by adding 25 c.c. water. To this suspension at

the boiling point a slow stream of chlorine was passed
in for 3 hours, the orange colour of the solid deepeniﬂg
somewhat. The product was filtered off, washed acid-i
free snd dried. It weighed 0-57 gm. (100%) and melted
at 328-332°C with previous sintering at 190C. It was

crystallised twice from glacial acetic acid to form red

|
Yield: 0-38 gn. (67%). |

needles, sintering at 245°C and melting at 335-336°C.

Further crystallisation from glacial acetic acid
or nitrobenzene did not alter this melting point. The

; o ’ |
sintering of compounds of this type at temperatures con-

siderably below the melting point has been noted by
lF.R. Smith (loc. cit.) and appears to be a property of |
the crystalline form.

3-Chloro-1l: 11-ketobenzanthrone dissolves in concen-
trated sulphuric acid to give a red-purple solution.

It is incompletely attacked by alkaline hydrosulphite ﬁo
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give 2 purplish vat which dyes cotton only faintly orange.
The colour adhering is largely removed on treatment with

soap or dilute alkalis.
Analysis (Hein): found, Cl, 12.2%;

calculated for C;gH,0,C1, 12+ 3%.

2) Chlorination in acetic acid solution: 3-chloro-

1l: 11-ketobenzanthrone, dichloro-l:ll-ketobenzggthr%nes.

0+ 5 gm. 1l:1ll-ketobenzanthrone.

25 c.c. glacial acetic acid.

|
The ketone weas dissolved in the acetic acid and tﬁe
solution was maintained at 100°C on the boiling water-i
bath. Chlorine was slowly passed in for 10 minutes,
an orange precipitate appearing after 5 minutes. The
mixture was cooled and the precipitate collected.
Yield: 0°30 gm. (53%). M. p. 333-335°C. |
Crystallisation from chlorobenzene or glacial
acetic acid gave the pure 5~chloro—;:ll-ketobenzanthroﬁe
in red needles which sintered at 245°C and melted at 335-
336°C (Yield: 45%). The compound was identical in ‘

its properties with the product of experiment 1, and a

'mixed melting point showed no depression. The original
acetic gcid filtrate from the experiment gave a furthef

0°2 gmn. crude product on dilution with water.

The experiment was repeated, the chlorine stream

being passed for one hour when the solid gradually
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|deepened in colour to red-orange. The product weighed
0*48 gm. and melted at 354-339°C, a range of temperature
not appreciably altered on repeated crystallisation from

Enitrobenzene. The product was only slightly soluble in

glacial acetic acid and in concentrated sulphuric acid
gave a purple solution which, on dilution with sulphuriec
iacid, changed to blue.

Anaglysis (Hein): found, Cl, 21-3%;

calculated for C,gHg0sCly, 21-8%. |

| The product, the melting point of which was not

'depressed by admixture with the 3-chloro-derivative,
|would appear to be a mixture of isomeric dichloro-
compounds.

|

Cyclisation of 3-Chloro-1l-carboxybenzanthrones S-Chloro-

ls ll-ketobenzanthrone.

l
RHood: “o . -
|

[l 1 L

! 075 gm. 3-chloro-ll-carboxybenzanthrone.
15 gm. phthalic anhydride.

1-0 gm. phosphorus pentoxide.
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The chloro-acid was dissolved in the phthalic

anhydride with heating and the yellow solution was

|
|maintained at 200°C with stirring. The phosphorus

pentoxide was added in two portions at an interval of

I50 minutes, the solution gradually darkening in colour.
After 2 hours, the mixture was cooled somewhat and poufed

into a solution of 10 gm. sodium hydroxide in 100 c.c. |

water. After digesting for a few minutes at 80-90°C,

the orange precipitate was collected, washed well with
hot water and dried.

Yield: 0:70 gm. (99%). M. p. 322-326°C.

! It was crystallised from chlorobenzene then glacial

J |
' acetic acid to give red needles which sintered at 245°C

|and melted at 335-336°C. In its properties, the 3- ;
chloro-1: 11-ketobenzanthrone was identical with the i
mono-chlorination products of 1l:ll-ketobenzanthrone de%cribed
above, admixture with specimens of which did not depre%s

the melting point.

| Action of Bromine on 1: 11-Ketobenzanthrone.

A portion of the ketone (0-5 gm.) in 25 c.c.
glacial acetic acid solution at the boiling point
‘Was treated with bromine (0+3 gm.) and the mixture
refluxed for 3 hours. The solution on cooling depos-
ited orenge needles of the original compound, the |

evolution of hydrogen bromide which was observed during
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the treatment apparently arising from bromination of |

the solvent.
A second portion was treated in the same manner,

|
nitrobenzene being employed as solvent in place of the

acetic acid. The product melted at a lower temperature
ithan the original and probebly contained a trace of the
halogeno-derivative. On crystallisation, however, the

original l:ll-ketobenzanthrone was obtained.

|
/1) 3-Bromo-1:1l-ketobenzanthrone.

o o _._._2'__.} — co

(=

Pure 1: 1l-ketobenzanthrone (1-0 gm.) was dissolved

in concentrated sulphuric acid (10 c.c.) and a fine

| _ .
| suspension obtained by adding water (50 c.c.). Excess
|

;bromine (140 gm. ) was added and the mixture was main-
:tained at the boiling point for 4 hours. The solid
%was then filtered off, washed well with water and dried.
| Yield: 1:30 gm. (100%). M. p. 323-325°C.

|

It was crystallised from glacial acetic acid to

|
| form bright red needles which sintered at 200°C and

-
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melted at 3526-327°C, further crystallisation not alteri%g

|this melting point. The compound dissolved in concenw

}trated sulphuric aecid with purple colouration and was

identical with the synthetic S-bromo-lzll-ketobenzanthrbne
|

of F.R. Smith (loec. e¢it.), admixture with a specimen of

which gave no depression of melting point.

2) 3:9-Dibromo-l:ll-ketobenzanthrone.

Attempts were made to brominate and dibrominate
l:11l-ketobenzanthrone by treating with bromine under
pressure. In a first experiment, the ketone (1-0 gm. )
was heated with bromine (0-6 gm. ) in a sealed tube at |
150°C for 3 hours. The product on repeated crystal- |
lisation gave a specimen of the 3-bromo-derivative. A
repeat experiment, using double the amount of bromine,
gave also a very impure product from which a specimen ﬁf

3: 9-dibromo-1: 11-ketobenzanthrone was isolated after lq
|

3: 9-dibromo~-derivative, however, was improved by brom- |

crystallisations from nitrobenzene,. The yield of

inating in liquid bromine. : |

B

| &, (f‘.: % co L el c:o
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0*5 gm. 1l:ll-ketobenzanthrone.

10 gm. bromine.
i The bromine and the ketone were mixed in a small
' flask, fitted with a ground-in reflux condenser, and tﬁe
mixture was gently boiled by placing in the water-bath |
at 50-60°C for 2 hours. Bromine was then distilled i
off and the red residue collected. It weighed 085 gm.
and melted at 274-280°C. After 5 crystallisations ;
from nitrobenzene, the pure 3:9—dibromo-1=ll-ketobenz-|
| anthrone was obtained in small, deep-red needles. |
Yield: 0-40 gm. (48%). M.p. 298-299°C. |
It was identical with the synthetic product of ‘
F.R. Smith (loc. cit.), & mixed melting point with |

which showed no depression. The compound dissolved in

concentrated sulphuric acid with a purple colouration

and on dilution with the solvent showed a blue tint.

Action of Nitric Acid on 1:1l-Ketobenzanthrones 3-Nitro-

Ilzll-ketobenzanthrone.

Treatment of the ketone (0+5 gu.) with excess con-
centrated nitric acid (R0 c.c.) at the boiling point
resulted in oxidation.  The ketone first dissolved to
give a yellow, non-fluorescent solution and nitrous

|
funes were evolved. After 30 minutes, the solution |

was poured into water and the yellow precipitate colleet-

ed. It had the properties of a nitro-lactone, dis-
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| solving in alkalis only on boiling to give a purple

solution, without fluorescence. The product melted
over a wide range of temperature, 250-270°C (with |
decomp. ) » and repeated crystallisation from nitrobenzene
or glacial acetic acid failed to give a sharp-melting i
compound. It probably consisted of a mixture of nitr&-
derivatives of the lactones of l-hydroxy-ll-carboxXy- |
benzanthrone and ll-hydroxy-l-carboxybenzanthrone, |

formed from the ketone on oxidations:

¢:o oiC co o &0

Lol LA | and |
ol

An attempt to nitrate the ketone in nitrobenzene ‘

solution, employing a slight excess nitric acid and
heating to 40°C, resulted in the recovery of the com- |

pound unchanged. Hesting the solution to 120°C, how-

ever, again brought sbout an oxidation to a product

with 1actone-iike properties. Repeated crystallis-

ation agsin failed to give a pure compound.

A successful nitration of the ketone was effected

'sulphuric acid solution with the calcul-|

by treating a

ated amount of nitric acid.
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s

O co SR (7]

L

NO,

05 gm. lill-ketobenzanthrone.
15 c.c. concentrated sulphuric acid.

0-14 c.c. concentrated nitric acid (S.G. 1-42).|

A cooled solution of the ketone in the sulphuric
acid was treated with the nitric acid with stirring.
The purple solution rapidly changed.to deep orange and |
after 15 minutes was poured into 100 c.c. water. The!
yellow precipitate, which was insoluble in alkelis, was
filtered off, wgshed with water and dried. It weighed

0¢57 gm. and melted at 240-250°C. After 3 crystallis-|
stions from nitrobenzene, pure 3-nitro-1: l1-ketobenz- |
anthrone was obtained in greenish-yellow needles. !

Yield: ©0-16 gm. (R27%). M.p. 284-285°C. i
In admixture with a specimen of the synthetic pro-

duct of F.R. Smith (loc. cit.), the melting point was not

depressed.

An attempt was made to nitrate l:ll-ketobenzanthrone
|
in glacial acetic acid under conditions in which benz- |
; 3 ; : o |
anthrone yields the 2-nitro-derivative. The ketone, |

however, was unaffected. liore vigorous treatment, in
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|
which a portion of the ketone (0*5 gm.) in <5 c.c. |
glacial acetic acid was treated with 10 c.c. concen- |

trated nitric acid and refluxed for 4 hours, also left

the compound unchanged.

Xttempted Oxidation of 1sll-Ketobenzanthrone.

1 gm. 1l:ll-ketobenzanthrone.

8 gm. chromic acid.

| The ketone was dissolved in 10 c¢.c. concentrated i

sulphuric acid and az fine suspension formed by adding !

30 c.c. water. The chromie acid was added in portioné

gnd the mixture was refluxed for 6 hours. The producﬁ was

filtered and the ketone (0°65 gm.) was recovered un-

changed. Evaporation of the filtrate falled to yield

any oxidation product. i
Longer treatment with chromic acid resulted in a

larger loss of materigl. An attempt to oxidise the |

ketone with chromic scid in acetic acid gave a similar |

result.

'ﬁxdrolysis of 1: 11-Ketobenzaznthrone.

Co co and <o
l HOo¢
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1: 11-Ketobenzanthrone (2¢5 gm.) was dissolved in

concentrated sulphuric acid’(lo c.cQ) by warming, the
'solution poured into water and the finely divided solid

filtered off. It was added to 250 c.c. dilute sodium

hydroxide solution (10%) and the mixture boiled under |

reflux. The solid.gradually dissolved to give a red
|

]solution, hydrolysis being complete after 8 Hours. Tﬁe

|solution was filtered from any residue and the filtrafa
acidified to give an orange-yellow precipitate of the
mixed acids. It was filtered off, washed well with i
|water and dried.

f Yield: 2:4 gm. M.p. 220-240°C.

Attempts to Isolate 1-Carboxybenzanthrone from the [
Mixed Acids. |

Rule and Bigelow (unpublished) showed that repeat?d

erystallisation of the acid mixture led to the isolation

|of pure ll-carboxybenzanthrone. The product recovered

|
from the mother liquors also failed to yield the l-acid
on crystallisation. Attempts to isolate the l-carboxy-

benzanthrone by crystallisation of the metallic sglts of

the mixed acids resulted in failure. Further attempts
: |

|were made to separate the mixture in the present work.

1) Partial acidification of alkaline solution.

A portion of the mixed acids (0-5 gm.) was dissolved
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in dilute alkali and the solution made up to 200 c.c. |

with water. Dilute sulphuriec acid was then carefully
'added with stirring until approximstely half of the

solid wes reprecipitated. It was filtered off and
the remainder obtained by further acidification of the
filtrate. Both fractions melted over the range 220-
240°C and on repeated crystallisation from glacial
acetic acid specimens of pure ll-carboxybenzanthrone,

melting at 273°C, were obtained.

2) Partial esterification.

1-85 gm. mixed acids. ;
50 c.c. methyl alcohol.

2*5 c.c. concentrated sulphuric acid.

. The mixed acids, methyl alcohol and concentrateu

sulphuric acid were boiled together under reflux for

30 hours when approximately one half of the solid had

dissolved. Most of the methyl alcohol was removed on
the steam-bath and the residue was diluted with water.‘

| Dilute sodium hydroxide was added till distinctly alka;-
ine and, after digesting for a few minutes at 60°C, the

insoluble esterified fraction was filtered off, washed
with water and dried. The filtrate on acidification

yielded the unesterified scid portion.

Yield esters:0.74 gm. M.p. 125-140°C.

Yield aCidS: l‘ 10 gmo Mo po 230-245001 |

The esterified portion was crystallised from alco%ol,

the melting point rising. After 6 crystallisations, a

Specimen was obtained in the form of orange needles |




123

|which melted at 159-160°C and proved identical with 11-
;carbomethoxybenzanthrone (p. 81). The acid portion,
after 5 crystallisations from glacial acetic acid,
yielded a specimen of ll-carboxybenzanthrone.

Although there was a slight difference between thI
melting point of the recovered acid portion and the
original mixture, suggesting a possible différence in
rate of esterification of the two isomerides, there was
not a sufficient concentration of the l-isomeride in |
egither fraction to permit of its isolation by crystal-

lisation.

l

|
3) ZFrectionation of the mixed esters. |
The mixture was esterified by the silver salt
method. :
The mixed acids (2:0 gm.) were dissolved in the :
minimum of dilute amm&nium hydroxide and the solution i

was diluted to 250 c.c. with water and boiled till ammonia
1cou1d no longer be detected. The yellow solution at
60°C was then treated with dilute silver nitrate sol-
ution (2 gm. in 25 c.c. water), the mixture being stirred
to allaw coagulation of the silver salts which separated.
The yellow solid was filtered off, washed with a little
water and dried.

Yield: 14 gu |
The salts appeared to be appreciably soluble in

Vater, the filtrate depositing 1+0 gm. of the original ‘
|
|
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jacid mixture, m.p. 220-240°C, on acidification with nitric
acid.

The silver salts were shaken in a stoppered flask
with methyl iodide (20 c.c.) for a few minutes, some |
heat being developed. The mixture was filtered from
|silver iodide and the methyl iodide solutionlevaporateq

to give the mixed esters in the form of a yellow solid.|
|

Yields 1°0 gm. M.p. 119-125°C. |
The ester mixture was placed in a small Anschutz |
flask and heated under diminished pressure in an oil-béth.
| At approximately 1 mm. pressure, a portion of yellow |
liquid distilled at 200°C and when roughly one third
had collected in the receiver, the distillation was i
stopped. The distillate and residue solidified to
orange needles on cooling. Both portions melted at é
119-125°C, the melting point of the original mixture.

Repeated crystallisation of either portion from

ialcohol led to the isolation of pure ll-carbomethoxy-
|

ibenzanthrone.
|

The Ullmann Reaction between Methyl 1-bromo-2-naphthoate

and Methyl o-iodobenzoate: 1-Carboxybenzanthrone.

Br

{ooc Hy O3 '
w A |
+ C 5 E; 504 : |
Coo:tu,an?oc Hood.
i
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.1) A first attempt was made to prepare l-carboxybenz-|

anthrone on lines similar to those described for the

preparation of the ll-isomeride (p., 79).

|
25 gm. methyl l-bromo-2-naphthoate (1 mol.)|

50 gm. methyl o-iodobenzoate (2 mol.).

30 gm. copprer bronze.

The mixed esters were stirred together in a small

flask, heated in an oil-bath at 160°C, and the copper

was added in portions over one hour. The temperature
was then raised to 175-180°C and the mixture stirred f
for a further 5 hours. The product was extracted wit!
250 c.c. acetone (in 3 portions) and the inorganic i
material filtered-off. Acetone was removed by distili-
ation on the water-bath, finally under reduced pressur%,
to leave a yellow syrup which weighed .44 gm. '
All attempts to obtain a solid product from the
syrup resulted in failure. Treating with ether and f
leaving for several days, or chilling to low tempera- |

tures (-16°C) gave no crystalline deposit. Beside

| the required phenylnaphthyl derivative, the product might

be expected to contain quantities of the diphenyl and |
|
dinaphthyl dicarboxylic esters, derived respectively

from the benzoate and naphthoate.

|
The mixture (40 gn.) was treated with concentrate@
sulphuric acid (300 c.c.) at 100°C for one hour with !

stirring and the resulting red solution poured into

water, The light brown precipitate which formed was
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filtered off. It consisted, presumably, of diphenic

| acid, l-carboxybenzanthrone and anthanthrone.

OC.H; CDGCH“ coochy
e ,
| CoOcH, C“s°°‘-'— chpod

1 |

| CDOH b
+
' COOK HOOC L\\
|
l

It was therefore boiled with 4 litres of water to

'dissolve the diphenic acid and the mixture filtered hot.

The yellow residue was suspended in water (500 c.c.)
rand made distinetly alkeline with sodium hydroxide.'

|After digesting at 60°C for a short period, the insoluble
|
~anthanthrone was filtered off (l-4 gm.) and the deep

yellow, fluorescent filtrate was acidified. The yellow

| |
1 80lid which precipitated was filtered off, washed with

:Water and dried.

Yield: 16' 9 gm- Ma po 215_218001 |
On crystallisation from glacial acetic acid,the
| product formed light yellow needles which appeared to

|
' be homogeneous and melted at 225-227°C.
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Although this melting point was lower than expected
by comparison with ll-carboxybenzanthrone, the properties
of the product suggested that it was the required benZ{
anthrone derivative. It dissolved in alkalis to give

a yellow solution having a green fluorescence, the latter

being less pronounced than in the case of the ll-acid.

| In concentrated sulphuric acid, it dissolved to give

a blood-red solution, also showing a green fluorescean.
Further evidence suggesting that the product was :
the l-carboxybenzanthrone was obtained from the following

two experiments:

a) Decarboxylation: benzanthrone.

A portion of the product (0+75 gm.) was dissolved |

in dry quinoline (75 gm.) and the solution maintained

at the boiling point while copper bronze (03 gm.) was:

added in portions. Some effervescence occurred and

efter 10 minutes the solution darkened somewhat. It
was cooled, poured into dilute hydrochloric acid and
the brown precipitate collected and washed well with
water. Alksli soluble material was removed by warming
with dilute sodium hydroxide solution and the solid was

filtered off. It was boiled up in alcohol (10 c.c.)

and filtered hot from copver. On cooling, the filtrate
ideposited fine brown needles which weighed 008 gm. and
imelted at 130-150°C.

| After two crystallisations from the minimum of

‘aleohol, yellow needles of benzanthrone were obtained.



130.

Yields - O 02 gm. AM.p. 171=-172°C.

Hoo(.

b) Cyclisation to 1:1l-ketobenzanthrone.

A Tirst experiment in which the acid was treated
with phosphorus pentoxide in molten phthaliec anhydride'
at 200°C resulted in the recovery of the material un- :

' changed. liore vigorous conditions were therefore em-~ |

' bloyed.

15 gm. supposed l-carboxybenzanthrone.
20 gm. phthalic anhydride.

i S5 gm. phosphorus pentoxide.

The acid was dissoived in the phthalie anhydride
at 215°C and the prosphorus pentoxide was added in 3
'portions at intervals of 30 minutes. After 3 hours,
' the orange product was covled somewhat and poured into a
' 8olution of 20 gm. sodium hydroxide in 200 c.c. water.
The mixture was heated to the boiling point and the insol-

'uble orange solid collected. It weighed 0°75 gm. and
‘melted at 265-280°C but was largely insoluble in

‘8lacial acetic acid. It was refluxed with 20 c. c.
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glacial acetic acid.and filtered hot. The orange
filtrate was diluted with water and the small precip-
litate was filtered off.

| Yield: 0°'08 gm. M. p. 295-310°C.

i After two crystallisations from glacial acetic

‘acid, the product gave orange needles of 1: ll-ketobenz-

|
'anthrone, m.p. 327-328°C.

CJO ¥
__._.4 . C o
HOOC

A portion of the original acid was purified for
' the purpose of analysis. After repeated crystallisation
from glacizl acetic acid, it gave yellow needles, n.p.
228°C, It was observed that the green fluorescence in
‘alkaline solution was almost absent in the purified com-
|pound although it still dissolved in concentrated sul-
|phuric acid with red colouration. The acid proved
to be not the expected benzanthrone derivative but
ifluofenone—4-carboxy1ic acid. According to Graebe
and Aubin (Ann. , 1888, 247, 275), this acid is slowly
iformed froh diphenic acid on treatment with sulphuric

!acid at 100°C. It dissolves in concentrated sulphuric

lacid with blood-red colouration.
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OQH Hood

OOH

! Analysis (Schoeller): found, C, 74-4%, H, 3 5%
i calculated for CI4H803’ C’ 75 0%3 H, Be G%a
. (calculated for C;gH;,0s, C, 78+8%, H, 3*7%.)

| The acid product, obtained on cyclisation of the
|

‘mixed esters from the Ullmann reaction, would therefore
|
‘appear to consist largely of the fluorenone derivative,

ibut the above experiments and the green fluorescence of

| |
| the original product in alkaline solution pointed to the
fpresence of some l-carboxybenzanthrone. :

|
| Attempts were made to separate the original acid

[mixture by forming the dinitrophenylhydrazone of the
;fluorenone derivative, benzanthrone and its derivatives
' not being attacked by hydrazines. Treatment of an |
‘alcoholic solution of the mixture with dinitrophenyl-
Ihydrazine, however, gave an incomplete precipitation of

|
| the fluorenone derivative and no benzanthrone derivative

icould be isolated.
|

 2) Several unsuccessful attempts were made to reduce'
‘the proportion of diphenyl derivative formed during the
EUllmann reaction. Carrying out the reaction at a higher

|
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temperature, e.g. adding the copper bronze to the mixed

| esters at 180°C and then heating at 200°C, did not im-

prove matters, treatment of the product with sulphuric
acid again yielding the fluorenone defivative.

An experiment was next carried out employing two
molecular proportions of the bromonaphthoate and one

proportion of the iodobenzoate.

30 gm. methyl l-bromo-2-naphthoate,
15 gm. methyl o-iodobenzoate.

|
!
|
|
|
i
|
|
|
|
25 gm. copper bronze. j

|
1

The mixed esters were stirred at 160°C and 15 gm.
of the copper were added over one hour. The tempera~ |

ture was then raised to 200°C and the remainder of th|

copper added in portioms. After 5 hours, the product |
was extracted with acetone in the usual manner and the |

inorganic matter removed. Acetone was removed from t#e
product and the syrupy residue was treated with 15 ce G|

[ether and left overnight. The colourless crystals which
|deposited, proved to be the dimethyl 1:1'-dinaphthyl- |
232’-di§arboxylate. They were filtered off, washed
with a little ether and dried. I
Weight: 9+9 gm. ILp. 150-152°C. !

Crystallisation from ligroin gave the compound in

fine colourless needles. |
! Yield: 8¢95 gm. (43%). M.p. 156°C.

; It dissolved in concentrated éulphuric acid on
Eheating to give immediately the green colour of anth-

.
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| - |
' anthrone (see below).

The reaction product, after removal of the dinaph-

thyl derivative, was treated with concentrated sulphuri

c
acid (150 c.c.) at 100°C for ome hour and the red sol- |
ution poured into water. The precipitate, after boil-

ing with water to remove diphenic acid and extraction

with alkali, yielded again the crude fluorenone deriv-
ative. It weighed 4+95 gm. and melted at 209-214°C.

Repeated crystallisation again failed to give the benz-

| anthrone carboxylic acid.

, i
3) Attempts were therefore mesde to isolate the inter-|

mediate phenylnaphthyl dicarboxylate from the product !
of the Ullmenn reaction. Experiment 1 was repeated and
the mixed esters were subjected to distillation in super-
.heated steam, the containing flask being suspended in

an oil-bath. When the temperature of the bath reached
150°C, the product began to distil but no apparent separ-

ation occurred. Fractions were collected, but each

|yielded the crude fluorenone carboxylic acid on cyclis-

ation with concentrated sulphuric acid. ,

A specimen of l-carboxybenzanthrone was eventuallﬁ
| ) |
| isolated in the following manner, a concentration of the

phenylnaphthyl derivative being first effected by dis- |

tillation of the mixed esters under reduced pressures ‘

50 gm. methyl o-iodobenzoate. ‘
25 gm. methyl 1l-bromo-2-naphthoate.

|
|
30 gm. copper bronze. i
|
[
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The esters were treated with the copper bronze as‘

in experiment 1 and the mixed esters from the reaction |

isolated in the usual manner. The mixture was placed |

in a 100 c.c. distilling flask, which was fitted with a

long fractionating column, and distilled at 12 mm. l

pressure. A little unchanged iodobenzozte first dis-

tilled but the temperature rapidly rose to 195°C and a
large fraction (23 gm.) of colourless distillate was

. : |
collected at 195-200°C. This solidified on standing to

give a low-melting solid which crystallised from ether |
in plates, m.p. 73-74°C, and proved to be diphenic est%r.
A second fraction (10 gm.) was collected, distilling aﬁ
225-240°¢C. It formed a yellow viscid liquid which di%

‘not solidify on treating with ether and chilling. A ‘

small dark residue remained in the flask.
The fraction distilling at 225-240°C was treated

with concentrated sulphuric acid (150 c.c.) with stirring

at 100°C for one hour. The red, fluorescent solution wes
poured into water (300 c.c.) and the brown precipitate

which formed was filtered off and washed with water. |

i
It was dissolved in dilute sodium hydroxide solution with
heating and the yellow-brown solution filtered from a
smell insoluble residue. On acidification, the filtrate

yielded a yellow solid which softened at 225°C and mel&ed

ia-t _34-239°C,

Weight: 4+50 gm. ‘
|

It appeared to contain a considerable proportion of

the fluorenone derivative and crystallisation from glacial
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acetic acid led to & concentration of that compound.

Ry - e

The product was boiled with chlorobenzene (150 c.c.) f
10 minutes and filtered hot, the filtrate 5n cooliné
depositing fairly pure fluorenone-4-carboxylic acid.
The light brown insoluble portion now dissolved in
alkali to give a wvivid green fluorescent solution. It
weighed 1*02 gm. and melted at 272-275°C.

The product was dissolved in boiling nitrobenzene
(256 c.c.) and the solution filtered hot, the filtrate
ﬁn cooling depositing yellow needles of the l-carboxy-

benzanthrone.

Yield: 0-85 gm. (3%). M.p. 283=4°C.
Further crystalliéation from nitrobenzene or glac-

iel acetic acid gave the pure acid, m.p. 285°C. ;
i

Anslysis (Weiler): found, C, 78-8%, H, 3 8% ,

c&lculated fOI‘ ClBHloosg c’ 78'8%, H, 3'7%-

The acid is readily soluble in alkalis to give a

deep yellow solution with bright green fluorescence. '

In concentrated sulphuric acid it gives a red solutionm |
also having a green fluorescence. Owing to the diffi-

culty of obtaining the acid, only a brief examination

|
|
|
Iof its resctions could be undertaken. The behaviour ‘
|

iof the zcid left no doubt as to its structure.
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Cyclisation of 1-Carboxvbenzsnthrone to 1:11-Keto-

benzanthrone.

co

v

o:d

O*1 gm. l-carboxybenzanthrone.
5 gm. phthalic anhydride.

0-2 gm. phosphorus pentoxide.

The acid was dissolved in the phthalic anhydride with
heating and the yellow solution maintained at 200°C with
stirring. The phosphorus pentoxide was added in two

portions at an interval of 30 minutes, the solution °*

deepening in colour. After 2 hours, the mixture was

cooled somewhat and poured into a solution of 5 gm. sod-

. |
the boiling point for a few minutes, the orange precip-

ium hydroxide inm 50 c.c. water. After digesting at

itate was filtered off, washed well with hot water and |

dried.

Yields 0-084 gm. (90%). M.p. 323-325°C.

, The product was crystallised from glacial acetic

acid to form orange needles, m.p. 327-328°C, identical‘
|

with l:1l-ketobenzanthrone obtained by cyclising ll-car-
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| boxybenzanthrone.

Oxidation of 1-Carboxybenzanthrone: thraguinone=1-

carboxylic Acid,

¢o

Co

O+ 1 gm. l-carboxybenzenthrone.
1 gm. chromic acid.

The l-carboxybenzanthrone was dissolved in concen-
trated sulphuric acid (3 c.c.) by warming and water (10
C. C. ) added. The fine suspension which formed was treated
with the chromic acid in portions and the mixture boiled

under reflux for 6 hours. The product was diluted with

water and the brown precipitate was filtered off, washed
with water and dried. i
Yields 0+055 gm. (64%). M.p. 287-290°C.
The product, on crjstallisation from dilute alcohil,
gave a specimen of pure anthraquinone-l-carboxylic acid,
m. p. 293-294°C, in fine, almost colourless needles. fn

admixture with a specimen of authentic anthraguinone-1-

carboxylie ascid, the melting point was not depressed.
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;The crude product from the reaction showed no trace of

'the lactone of l-hydroxy-ll-carboxybenzanthrone when in
|

|

lalkaline solution.

!Bromination of 1-Carboxybenzanthrone: J5-Bromo-l-carboxy=

benzanthrone,

1 co Be o)

Hooc HOool

Be

In a preliminary experiment, & portion of l-carboxy-

benzanthrone in agueous suspension was treated with the

calculated amount of bromine and the mixture refluxed |

for 3 hours. The original material was largely recovw

ered on crystallisation of the product.

0*3 gm. l-carboxybenzanthrone.

1- 5 gm. dbromine.

|
|
|
|
|
|
|
! The acid was dissolved in concentrated sulphuric
iacid (3 c.c.) by warming and a fine suspension formed i
iby adding water (25 c.c.). The bromine was added and |
| the mixture was maintazined at the boiling point for 6

‘hours, Exceses bromine wes then removed by distillation

|
and the orange solid was filtered off, washed well with

Water and dried.
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Yield:s 0-37 gm. (96%). M.p. 305-308°C.

Two crystallisations from nitrobenzene gave the

| pure 3-Dbromo-1l-carboxybenzanthrone in fine yellow needles,
lmelting at 319-320°C.

Yield: 0°20 gm. (51%). |

Analysis (Hein): found, Br, 22:5%; '

calculated for C;gHgOgBr, - 22+ 6%.

The acid dissolved in alkalis to give a yellow
solution with vivid green fluorescence. In concentrated
[ : .
sulphuric acid, it dissolved to give a purple solution |

with greenish fluorescence. The compound was orient- |

ated by conversion to 3-bromo-1: l1l1-ketobenzanthrone. '

Cyclisation of 3-Bromo-l-carboxybenzanthrone to 3-Bromo-

l: 11-ketobenzanthrone.

¢:o : (<l
ERR AR °

HOoOoCd

Br Be

0«2 gm. 3-bromo-l-carboxybenzanthrone.
j 10 gm. phthalic anhydride.
|

0+3 gm. phosphorus pentoxide.
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A solution of the zcid in phthalic anhydride at
| 200°C was treated with phosphorus pentoxide in the usual

manner and after two hours, the mixture was poured int&

dilute sodium hydroxide (10 gm. in 100 c.c. water). |

The resulting mixture was digested at the boiling‘point

for a few minutes and the orange solid collected.
Yields 0-17 gm. (90%). M.p. 323-325°C.

The pure ketone wés obtained in the form of orang%

duct from glacial acetic acid. In admixture with aut#-

needles, m.p. 325-326°C, by crystgllisation of the pro-
entic 3~-bromo-1: ll-ketobenzanthrone, the melting point |

was not depressed and colour reactions in sulphuric

acid confirmed the identity.

Action of Nitric Acid on 1-Carboxybenzanthrone.

A small specimen of 1l-carboxybenzanthrone (<01 gu. )
was dissolved in concentrated nitric aeid (2 c.é.) by |
heating and the yellow solution maintained.at the boiling
point for 15 minutes, nitrous fumes being evolved. The
solution was then poured into water and the yellow pre-

cipitate collected. After three crystallisations from

glacial acetic acid, the product gave 2 specimen of fine

\yellow needles, melting at 256-257°C.

These dissolved in aqueous alkali very slowly on

boiling to give a pure blue, non-fluorescent solution.

This behaviour suggested that the product was a 1actoneh

Probably a nitro-lactone of 11-hydroxy-l-carboxybenzanthrom%
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A further examination of the product could not be made|
| |

| owing to lack of material. !
. |

|
| Hydrolysis and Cyeclisation of Dimethyl-1:1'-Dinaphthyl-

|
| |
| 22 2 '=dicarboxylate. '
|

| During attempts to prepare l-carboxybenzanthrone
| (p.133), a specimen of dimethyl 1:1'-dinephthyl-2:2'~ |

dicarboxylate was obtained. This compound has been

:prepared and its conversion to anthanthrone by sulphurﬂc
|
'acid treatment carried out by Kuhn and Albrecht (Ann. , |

1928, 465, 282) but these suthors do not coumment on the

course of the cyclisation.

1) Anthanthrone.

cood Ha

CHPQC

|
|
i The dinaphthyl derivative (1-0 gm.) was dissolved in
' coneentrated sulphuric acid (10 c.c.) with stirring and

|

| the temperature of the colourless solution was raised.

| 4 i |
|At 50°C, the solution showed no sign of any intermediate
| |

| benzobenzanthrone compound, i.e. no red colour, but i
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|
‘immediately assumed a green tint which gradually deep-

i
‘ened on further heating. After stirring at 100°C for one
|

hour, the dark green product was poured into water and

|
\the red-orange precipitate was filtered off, washed witp

‘water and dried. It was completely insoluble in alkalis
‘and did not melt below 360°C.
j Yield: 0°85 gm. (100%).

The product crystailised from alcohol in orange
| needles. It wes identified as anthanthrone, forming a
!magenta-coloured vat with alkaline hydrosulphite, which
idyed cotton in orange shades.

|2) 1: 1 '-Dingphthyl-2: 2'-dicarboxylic acid.

COOL M4 Coor |

CHPOC HOO(.

i .A portion of the dinaphthyl dicarboxylate (1+0 gm.)

jwas heated in concentrated sulphuric acid (10 cec.) at

!50°C for ome hour with stirring. The resﬁlting light

‘ green solution was poured into water to form a pink

precipitate which was filtered off and added to 20 c.c.

! dilute sodium hydroxide solution (10%). The mixture

‘ was heated to the boiling point and the slight residue of
anthanthrone (0.035 gm. ) was filtered off. The cooled

filtrate on acidification yielded a colourless precip-
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litate of the dinaphthyl dicarboxylic acid.

Yield: 0-78 gm. (84%). M.p. 270-271°C.
| The acid erystallised from dilute acetic acid in
Icolourless needles, m.p. 272°C. It has already been
;preﬁared (Kuhn and Albrecht, loc. cit.) by alkaline
éhydrolysié of the dimethyl ester, the meltigg point

quoted being 268+ 5-270°C.

‘Synthesis of 5-Nitrobenzanthrone.

!1) Methyl 3-nitro=-8{o-carbomethoxyphenyl)-l-naphthoate.

| -r C.QO&H; CHPQC_‘

‘ cood
l dooc_H3 |

N0

20 gm. methyl 3-nitro-8-bromo-l-naphthoate.
40 gm. methyl o-iodobenzoate.

25 gm. copper bronze.

The mixed esters were heated with stirring at
| 155-160°C and the copper was added in portions over one
| hour, The product was then stirred for a further 3 hours

| at 175-180°C and the inorganic matter was removed by

!extraction with 200 c¢.c. acetone in the usual manner.
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Acetone was removed from the extract by distillation on

'the water-bath under reduced pressure and the brown
residue was treated with 25 c.c. ether and left overnight.

A light brown erystalline deposit separated. It was

(filtered off, washed with a little ether and dried. It

| .
‘weighed 128 gm. and melted at 138-141°C. Crystallis-

ation from alcohol (300 c.c.) gave the phenylnaphthyl

derivative in yelloﬁ-brown needles, m.p. 141-142°C.
: Yield: 937 gm. (40%).
| A further crystallisation gave the pure ester in

‘yellow needles, melting at 143°C.

Analysis (micro-Dumas): found, N, 37%

|
| calculated for CgoH; 506N, 3+ 8%

'2) b5-Nitro-ll-carboxybenzanthrone.

CHPOC Hood: &0
' Cooc i, |

NO4 NO,.

‘ In a preliminary experiment, a portion of the

| phenylnaphthyl derivative was treatea with sulphuric
|

‘acid at 100°C for one hour and the product, obtained on

| melting compound which was insoluble in the usuzl sol-

pouring the red solution into water, contained a high-
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vents. It was probably the anhydride of the nitro-ac%d

since on prolonged boiling with dilute alkali it was con-
|

verted to 5-nitro-ll-carboxybenzanthrone. The formatﬂon

of this product was avoided by carrying out the cyclis{
ation at a lower temperature. |

{ The phenylnaphthyl derivative (2 gm.) was treated

with concentrated sulphuric acid (20 @.c.) and the mix-

| : -
| ture maintained with stirring for 30 minutes at 80°C. |

:The resulting blood-red solution was poured into water

iand the brown precipitate which formed was filtered ofﬁ,
‘washed with hot water and dried.

Yield: 1.72 gm. (98%). 1L p.298-301°C (decomp. )

| . -
i The product was dissolved in 50 c.c. Dboiling nitrg-

'benzene and the slight inmsoluble residue filtered off.
iThe filtrate on cooling deposited yellow-brown needles |
|of 5-nitro-1ll-carboxybenzenthrone which weighed 1-08 gu.
(62%) and melted at 307-308°C (decomp. ). A further |
drystallisation from nitrobenzéne or glacial acetic
iacid gave the pure nitro-acid in yellowish needles,
Em.p. 309°C (decomp. ).

i Anslysis (micro-Dumas): found, C, 4+-0%3
| calculated for C,gHgOsN, 4+ 4%.

| 5-Nitro-1ll-carboxybenzanthrone dissolves in alkal-

|is 'to give a yellow non-fluorescent solution and in ;

| concentrated sulphuric acid forms a blood-red colour-

jation, the solution also showing no fluorescence. In!
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:admixture with 3-nitro-ll-carboxybenzanthrone which

|melts at 310°C (decomp.), a specimen of the 5-nitro- |
derivative gave the melting point 288-291°C, = depression

iof approximately 20°C.

|

3) Decarboxylation of 5-nitro-ll-carboxybenzanthrone to

S-nitrobenzanthrone.

RO0E <O = C..OL e <o
g%g Ei: NOz, E%E Ei: NOy,

0+75 gm. 5-nitro-ll-carboxybenzanthrone.

7+5 c.c. dry quinoline.

0+3 gm. copper bronze.

The carboxy acid was dissolved in the boiling quiﬁ—
oline and the copper bronze added in smell portions.
Effervescence occurred and boiling was continued for

two minutes longer. (Further boiling was found to give

8 product which could dnly be purified with difficultyﬂ.
|The cooled mixture was poured into dilute hydrochloric!
lacid to dissolve the guinoline and filtered. The resid-
‘ue wag washed with water, warmed with dilute alkali and

|
‘again filtered, washed with water and dried.  The
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!brown 80lid was refluxed with boiling acetic acid
| (00 c.c.), filtered from copper and the nitrobenz-

‘anthrone recovered by dilution of the filtrate with

‘water. It weighed 0°49 gm. (75%) and melted at 281-

|
| 285°C. After two e¢rystallisations from glacial acetic

:acid, fine brown beedles were obtzined (40% yield), m.ﬁ.
|

1287°C,  Purther crystallisation from glacial scetic

|
jacid or chlorobenzene did not alter this melting point.

Anslysis (Schoeller): found, N, 5-3%,
| calculated for C,,HgOsN, 5+ 1%.
The compound dissolved in concentrated sulphuric

acid to give a red solution having no fluorescence. It

|was not appreciably attacked by treatment with alkal- |

|ine hydrosulphite, in which it remeins insoluble.

‘chlisation of 5-Nitro-ll-carboxybenzanthrone to 5-Nitxro-

13 11-ketobenzanthrone.

‘ Hoodl
&0 ;
i Cal e B B dio

NO; NO,

Difficulty was experienced in cyclising the car-
boxy acid to the ketone by means of phosphorus pentoxide

Etreatment. The product from such trestment appeared

e, ‘
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|

' to consist largely of an insoluble, high-melting com- !

|
|
|

!pound. This compound, however, was slowly attacked
'with aqueous alkali to give the original carboxy acid.

It was probably the anhydride of the scid, already en—:
countered in the cyclisation of the phenylnaphthyl derﬂv-
ative with sulphuric acid. The formation of this proi

|
'duct greatly reduced the yield of the ketone.

|
|
‘ 0+75 gm. 5-nitro-ll-carboxybenzanthrone.
|
20 gm. phthalic anhydride.

1 gm. phosphorus pentoxide.

I
| The carboxy acid was . dissolved in the phthalic

‘anhydride with heating and the yellow solution main-
%tained at 200°C with stirring. The phosphorus pent-
oxide was added in two portions at an interval of 36
minutes and after two hours the product was cooled somé—
what and poured into & solution of 15 gm. sodium hydr-
oxide in 150 c.c. water. The resulting mixture was .
Emaintained at the boiling point for 15 minutes, much of
the orange precipitate going into solution. The i
insoluble portion was filtered off, washed'with hot
\water end dried. It weighed 0-18 gm. and partially
melted at 305-310°C. It was boiled with 10 c.c. nitro-

benzene for a short period and the insoluble portion

filtered off. On cooling, the filtrate deposited fine

|

orange ncedles of the nitro-ketone.

Yield: 0-09 gm. (13%). lp. 319-320°C.
|
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Further crystallisation did not affect this melting

point. The compound dissolved in concentrated sulphuric
|

acid to give a purple non-fluorescent solution. The i
|

1
ketone was incompletely attacked by alkaline hydrosul-

'phite to give a purplish vat which showed no dyeing proper-
ties. Probably partial reduction of the nitro group

also occurs in this case.

| Analysis (miero-Dumas): found, N, 4:3%,
calculated for C,gH,0.N, 4+ 65%.
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SUMMARY.

|
The substitution resctions of ll-carboxXybenzan- |
. |

throne have been examined and successful chlorinationsﬂ

brominations and nitrations carried out. S-Substitut%d
:derivatives are shown to be formed in every case but :
the action of bromine and nitric acid under certain coﬂ-
|ditions led to oxidation of the molecule in the 1l-pos- |
ition, lactones of l-ﬂydroxy-ll-carboxybenzanthrone

being obtained. The ox1datlon of 1l-carboxyben2anthrqne
with chromic acid had previously been carried out by i
Rule and co-workers, who had suggested the ;actone |

structure for the product. The frequemt occurrence of

the supposed lactones during the examination of the

| substitution reactions of ll-carboxybenzanthrone in the
jpresent work, led to an attempt to prove the structure |
iof these interesting oxidation products. A successful
jsynthesis of the lactone of l-hydroxy-ll-carboxybenz-
}anthrone wes carried out by applying the Ullmann
I:-'t‘eactzlor:t to methyl 7-methoxy-8-bromo-l-naphthoate and
Tmethyl o-iodobenzoate and cyclising the resulting phenjl_

naphthyl derivative with concentrated sulphurie acid.

The compound obtzined was identical with the product of
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oxidation of ll-carboxybenzanthrone and the lactonic

structure of the latter was therefore confirmed. |

The behaviour of the intermediate 7-methoxy-phenyl

:naphthyl dicarboxylic ester towards alkalis and concenQ

jtrated sulphuric acid has been further examined and some
' interesting observations have been made regarding the

|products. The suggestion is put forward that the poss-

hydrolysis and cyclisation of the compound and relatedl

|ibility or otherwise of formation of a stable 6-memberéd
;ring-system is a determining factor in the behaviour of
| carbomethoxyl groups in compounds of this type towards
hydrolysis with concentrated sulphuric acid. Itie

shown that the normal reactions of certain groups of

atoms such as OCHg sre fundamentally modified by the

proximity in space of other groups in the same struc-
ture. These deviations from the normgl are greatly

| :
Iemphasised if the groups are held rigidly in close

ispatial proximity and the possibility of seperation by

‘rotation round a bond in the system is sbsent.

‘ A second oxidation product of ll-carboxybenzanthrone

|
'was obtained by use of an alkeline oxidising reagent.

| |
‘The acid on treatment with alkaline potassium permangan-

ate gave a small yield of anthraquinone-1l:8-dicarboxylic

acid, an interesting compound not listed in the litera-|

ture. A useful method of decarboxylation was employed|

_in orientating the product.

i The examinstion of the 7-methoxy-phenylnaphthyl
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|dicarboxylic ester, obtained during the synthesis of
the lactone of l-hydroxy-ll-carboxybenzanthrone, gave

an indication of the proximity in space of the 1:1l-

;positions in the benzanthrome structure. This proxim-
|

iity is elearly observed in an atomic scsle model of the

ill—carboxybenzanthrone molecule, which also makes appar}
| X |

| |
ent a considerable restriction to the rotation of the

| .
|1ll-carboxyl group by the blocking effect of the hydrogen
! |

|
atom in position l. This restriction is so marked as |

to suggest the possibility of the existence of stereo-
|
|isomerie forms of the carboxy acid. An examination of

the brucine sslt and the £-menthyl ester of the acid |

|
diastereoisomeric forms of these derivatiwves. Some i
|

iconsequences of the restrictiom to rotation were pointﬁd

‘'wes made but gave no evidence of the existence of

out and a further study of the zacid and its derivative#

recommended.

|

! The behaviour of 1: ll-ketobenzanthrone on substitution
' J
:was examined snd on mono-substitution, chloro-, bromo- |

!and nitro- derivatives were obtained with substituents
'in the 3-position. Further brominstion led to the .
| |

' production of a mixture from which 3: 9-dibromo-1: 11-keto-

benzanthrone was isolated. The lzll-ketobenzanthrone!

|was shown to be very resistant to oxidation and no oxid-
' |

' ation product was obtained by use of aqueous chromic

acid mixtures. :

Various attempts were made to obtain the related

|

S e ; |
[l-carboxybenzanthrone. An examination of the acid ;
|

|
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|

|

| |

mixture formed by alkaline hydrolysis of 1l:ll-ketobenz-
\enthrone failed to give the required acid. A synthesis

:of the zcid was undertaken., on lines similar to those
|

|
Iemployed by Rule and co-workers in the preparation of
|

ill-carboxybenzanthrone. llethyl 1-bbomo-2-naphthoate

(and methyl o-iodobenzoate were treated with copper bronze
|

but the unsymmetricasl product of coupling could not be

isolated in solid form. LEventually a2 very small yield

|
lof l-carboxybenzanthrone was obtained, the product from
] |

|the Ullmann reaction appearing to contain very little
of the corresponding phenylnaphthyl derivative.

A brief examination of the chemistry of l-carboxy-
ibenzanthrone was made. Bromination of the acid was
'again shown to yield the 3-bromo-derivative, the primar&
Iposition of attack in.the benzanthrone nucleus not beinf
affected by the presence of the carboxyl gr&hp. Treatf

ment of the acid with concentrated nitric acid gave a

I
product with properties suggesting that oxidation had

'teaken place in the ll-position to give a lactone. The
|
lactone structure, however, did not appear to be formed

on oxidation of the l-acid with chromic =zeid, anthra-

‘quinone-l-carboxylic acid being obtained.
!
A successful "Ullmsnn Synthesis" of 5-nitrobenz-

‘'anthrone was carried out by coupling methyl 3-nitro-8-
ibromo~1-naphthoate with methyl o-iodobenzoate in the
'presence of copper. The intermediate phenylnaphthyl

idicarboxylate was isolated in good yield from the reaction
X
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|
‘product and converted to the nitro-ll-carboxybenzanthrone

iby treatment with concentrated sulphuric acid. The acid
|
'was decarboxylated and further cyclised to give respect-

|ively the new nitrobenzanthrone and 5-nitro-1:1ll-keto-

|
|benzanthrone.
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(gratitude to Dr H. G. Rule for his continued interest
‘and advice during the course of this work. Thanks
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|
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