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I Ii T R O D U U T I O N 

Of the substitution derivatives of naphthalene, 

the peri -compounds; or those with substituents in the 

1 :8- (or 4 :5 -) positions, are of particular importance, 

having no exact analogues in the benzene series. 

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 
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method of Whitmore and co- workers (J. A. C. S. , 1929, 51, 

1831, 3363) has proved a satisfactory 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-1- 

naphthoic acid which, on treatment with bromine (or 

chlorine), yields the halogeno -acid. 

H O OC COON 

Hy(ooc.cH3 

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, 2174'4 Ann., 1904, 332, 38), it consists in 

heating halogenated aromatic compounds with finely 

divided copper ( "copper bronze ") whereby halogen is 

eliminated as cuprous halide and a dinuclear product 

results. 

It was found by Ullmann that the reaction 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. 

Corresponding bromo- and chloro- compounds, however, 

were found to react only when an increased lability was 
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conferred upon the halogen by the presence of other sub - 

stituents in certain positions. Thus, while ra- and 

p- nitrochlorobenzene were unreactive, the o- nitro- 

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

2 Cl 

NO2 

+ 2 C 
NOI, NOS 

A similar type of activation also appears to be 

conferred upon the halogen by a carboxyl group in the 

ortho -position. 

An i=mportant 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 sur- 

prisingly large in many instances. _bbr example, 

Lesslie and Turner (J., 1930, 1785) state that, when 

equimolecular quantities of ethyl 2-chloro-3:5- dinitro- 

oenzoate 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 m- iodotoluene gives a 680 yield of the 

unsymmetrical product: - 

NUI, No, 

0.221 - Ct -t- I 01. 

COOC1H5 CH3 COOC,Hs CH3 
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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- 

1-naphthoic acid was subjected to treatment with copper 

powder at 290 °C, and the resulting diethyl 1:1'- dinaph- 

thyi -8:8'- dicarboxylate converted quantitatively to 

anthanthrone by the action of concentrated sulphuric 

acid: - 

From their investigations; Rule and Barnett (J., 

1932, 2728) concluded that the halogens in methyl 

8- bromo -i- naphthoate and methyl o- iodobenzoate were 

comparable in reactivity. Barnett (Thesis, Edinburgh, 

1932) carried out the Ullmann reaction with these two 

compounds and obtained at 190 -200 °C a 45% yield of 

methyl 8-( o- carbomethoxyphenyl )- 1- naphthoate. 

1::;)L COOC.Hg 

T 

GH30UC 

G. 

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

Benzanthrone 

HoOC 

While it is only recently that the Ullmann reaction 

has enabled a connection to be established between 

8- halogeno- l- naDhthoic 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 investigations on the Sicraup reaction 

with substituted anthraquinones, benzanthrone was orig- 

inally prepared by heating anthraquinone with glycerol 

ana sulphuric acid in the presence of a reducing agent. 

In 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 

reaction involves a condensation between anthrone (I) 

and acrolein (formed from the glycerol and acid), 
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followed by loss of ijvater and hydrogen to yield benz- 

anthrone (II). 

CHOCH :CHL 

GK,, 

-HLO 
- Hz 

G: p ,C0 
r II 

An interesting synthesis 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" a- benzoylnaphthalenes with aluminium chloride, 

a process of aerial oxidation. 

0 =C 

Another synthesis of benzanthrone, due to Schaar- 

schmidt (tier., 1918, 51, 1082) , leaves no doubt as to 

its structure. This involved the preparation of ortho- 

1- naphthylbenzoic acid, the acid chloride of which is 

converted quantitatively into benzanthrone by treatment 

with aluminium chloride. 

The systematic numbering of benzanthrone and its 

derivatives is somewhat confusing. The systems for- 
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merly in use are based on the anthracene nucleus and 

are given below (I and II), the second being employed by 

the Journal of the Chemical Society. The "International 

System" of nomenclature (III) , which is employed in 

most of the present day technical literature and is 

recommended by Heilbron (Dictionary of Organic Compounds), 

is used throughout this thesis. 

z 17. 

I IL q L 

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 coloured compounds and have 

found no use as vat dyes. Indeed, it is questionable 

whether they form true vats with alkaline hydrosulphite. 

Bally, the discoverer of benzanthrone, found, however, 

(Ber. , 1905, 38, 195; Ú.P. 185221) that fusion with 

caustic 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 

molecules occurs at the points 3 and 4. 
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II 
The commercial product, originally known as 

Violanthrone, appears on the market as Indanthrene Dark Blue 

.0., Caledon Dark Blue 8 etc. It dyes cotton in very 

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. 
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More recently it has been prepared by the action 

of alcoholic potash on the 3:3T-dibenzanthronyl sul- 

phides and selenides (G. P. 448262; B.P. 367462 etc.) . 

Rule and Pursell (loc. cit.), in repeating 

Barnett's preparation of methyl 8- (o- carbomethoxyphenyl)- 

1- naphthoate, carried out the Ullmann 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 (uantita.t- 

ively into 11- carboxybenzanthrone. 

COOCH3 
C. H300C; 

C u \ 

COOCH3 

The preparation has since been examined more 

thoroughly and, by carrying out the Ullmann reaction at 

a lower temperature and employin.z excess of the iodoben- 

zoate, V.R. Smith (Thesis, Edinburgh, 1935) has increased 

the yield of unsymmetrical product considerably. 

In an attempt to prepare 1:11- ketobenzanthrone(I) 

by a further cyclisation of 11- carboxybenzanthrone, Rule 

and Bigelow (J., 1935, 573) showed that the more vigorous 

action of concentrated sulphuric acid led to partial 

decarboxylation to benzanthrone, accompanied by oxid- 

ation of the acid, while the expected ketobenzanthrone 

occurred only to a slight extent. The oxidation 

product was provisionally formulated as the lactone of 
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1- hydroxy- 11- carboxybenzanthrone (II). Treatment of the 

phenylnaphthyl dicarboxylate with sulphuric acid at 

temperatures below 100 °C allowed the isolation of the 

intermediate product, 11- carbomethoxybenzanthrone, to 

be effected. 

CN30oC. 

IL 

1:11 -Ketobenzanthrone was, however, found to be 

readily prepared by the action of phosphorus pentoxide 

on a solution of the 11- 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 

proved valuable in the problem of orientation of 

substituted benzanthrones. 

The two general methods available for the orient- 

ation of substitution derivatives of a 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 ) and 

(2) the synthesis by !Tbaking" -benzoylnaphthalenes 

with aluminium chloride (p. 6 ). The former method is 

of little interest in connection 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, 

a 2- substituted anthraquinone may theoretically give 

rise to four isomeric benzanthrones when treated with 

glycerol ana sulphuric acid. 

_x 

X 

ahd 

From the point of view of orientation, however, 

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. L. B. , 1923, D.P. 413738) may be given as an example. 
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6- fydroxy -i- naphthoyl chloride is converted to the 

benzoyl derivative, which, on baking with aluminium 

chloride, yields the benzanthrone: 

CUCO 

OH OH 

CJbl-14 

C, Q113 
/ 

0'C 

1C13 

rake 

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, a number of possibilities again 

arise. The same objection is present when meta - 

substituted benzoyl chlorides are employed, since ring - 

closure of the c- naphthyl ketone may lead to a 9- or 

an 11- substituted benzanthrone:- 
X X X 

CO 
+ 

A general method of attacking the problem of 

orientation or substituted benzanthrones is one involv- 

ing an oxidation to derivatives of anthraquinone, a 

degradation which has provea fruitful in establishing 

the constitution of a number of products. Oxidation 

may be conveniently carried out by means of chromic 
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acid, which converts benzanthrones to anthraquinone- 

1- 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, 706) , while 

the same acid is obtained from benzanthrones with sub - 

stituents in the Benz- nucleus, i.e. in positions 1, 2 

and 3. 

co - Gó 

The synthetic preparation of benzanthrones, due to 

Rule and co- workers (loc. cit.),was a valuable addition 

to these orientation methods, since it is free from any 

of the uncertainty characterising the above syntheses. 

In the formation of substituted benzanthrones by this 

method, the position of the substituent in the final 

prodúct 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, 1870; Shephard, Winslaw 
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and Johnson, J. A. C. S. , 1930, 2084; Davies, Heilbron 

and Irving, J., 1932, 2715). 

As an example of the application of the "Ullmann 
to the 

Synthesis" formation of substituted benzanthrones, the 

preparation of 3- bromnobenzanthrone (P. R. Smith, loc. 

cit.) may be given. In this case, methyl o -iodo- 

benzoate and methyl 5:8- dibromo -l- naphthoate vere 

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. 

CICOOCH1 

-+- 

I 

NaOC 

Substitution of benzanthrone 

Direct halogenation of benzanthrone in glacial 

acetic acid solution, or in aqueous suspension (B. A. S. F. , 

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- 



15. 

quinone-1- 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 

inconclusive o-wing to (a) the great mobility of halogens 

attached to the benz- nucleus of benzanthrone and (b) 

the peculiar tautomerism of benzoyldinaphthyls reported 

by Luttringhaus and Neresheimer (Ann., 192. 473, 259). 

Doubts as to the structure of the bromination 

product of benzanthrone were dispelled by the-synthesis 

of 3- bromobenzanthrone described, the two products being 

identical. Although the 3- chlorobenzanthrone has not 

been 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 and Simonsen, loc. cit.) to result in the 

formation of a mixture of isomeric dicliloro- products to 

which the constitution of 3:9- and 3:11- dichlorobenz- 

anthrones can be assigned. Dibromination, however, would 

appear to give a homogeneous product which has been 

designated as the 3: 9- dibro_..o- derivative (B. A. S. F. , 1908, 

D.P. 193959). That this formulation is correct was 

proved by means of an "Ullmann synthesis" of 3:9- dibrorso- 

benzanthrone, in this case employing methyl 2 -iodo- 
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5= bromobenzoate and methyl 5:8- dibromo -l- naphthoate 

(F.R. Smith, loc. cit. ). 

Although halogenation of benzanthrone takes place 

primarily in the 3- position, it is evident, therefore, 

that position 9 and, to a less extent, position 11 

are also open to attack. 

Co0 

It has been established (cf. Martinet and Brobat- 

1-Ialogenn.tion. 

scheff, Chem. et Ind., 1929, 21, 227) that two mono - 

nitration products of benzanthrone may be formed, 

depending on the conditions of nitration employed. In 

nitrobenzene at 40- 50 °C,a nitrobenzanthrone melting at 

248 -9 °C is produced 03. A. S. .'. , Addn. no. 6435 to 

F.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 ana confirmation 

of the structure has been obtained, amongst other 

methods, by an "Ullmann synthesis methyl 

o- iodobenzoate and methyl 5- nitro- 8- bro:ao -l- naphthoate 

(F.R. 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 

applicable to benzanthrones. 

B.P. 278651 (1.G.) reports the formation of a 

jade -green dyestuff from this nitrobenzanthrone. The 

latter was first reduced to the amine, which was diazot- 

ised and boiled in water to yield the hydróxybenzanthrone. 

Tvethylation, followed by fusion with alkali produced 

the dimethoxydibenzanthrone, which, by comparison with 

the synthetic dyestuff of B.P. 218255 (M.L.B.) can be 

assigned the constitution of 2: 2'- dimetho xy -3: 3': 4: 4'- 

dibenzanthrone. The original nitro -group must, there- 

fore, have occupied the 2- position, ana the stages of 

its conversion to the dyestuff are briefly as follows : - 

0C-143 OCH3 OCH3 

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 

the same dinitro - compound by further nitration of the 

9- nitrobenzanthrone, the latter having been synthesised 

by F.R. Smith (lo c. ci t.) by applying the Ullmann 

reaction to methyl 2- iodo- 5- nitrobenzoate and methyl 

8- bromo- i- naphthoate. 

Co 

Although positions 3 and 9 are attacked on nit- 

ration as on halogenation, the formation of 2- nitro- 

benzanthrone in glacial acetic acid solution appears as 

an exception to the normal rule of substitution in 

benzanthrone. 

Position 2, however, is not attacked only by nitric 

acid, for oxidation with manganese dioxide in sulphuric 

acid at 0 °C has been shown to yield the 2-hydroxy- 

benzanthrone (Scottish .oyes, F.P. 251313, 278112, 

278496). 

Apart from the oxidation already referred to, which 

results in a degradation to anthraquinone -l- carboxylic 

acid (p. 13), benzanthrone may be oxidised in a further 

manner. Perkin and Spencer (J., 1922, 121, 474) 

carried out the oxidation by means of aqueous potassium 

hydroxide and potassium chlorate in the presence of 

anthraquinone at about 250 °C, the main product being 

4- hydr oxyb e nz an thr o ne . 

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 

into three parts: 

(a) the chemistry of 11- carboxybenzanthrorie (I) 

(b) the chemistry of 1:11- ketobenzanthrone (II) 

and (c) the attempted preparation of 1- carboxybenz- 

anthrone (III) and a summary examination of 

its chemistry. 
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SUMMARY OF EXPERIiyE1vTAI; WORK ASvD 

DISCUSSION OF RESULTS. 

I. The Chemistr of 11-Carbox benzanthrone. 

Substitution. 

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- 

sideration of the structure of the molecule shows that 

this is not an unexpected result for, apart from the 

fact 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 a- naphthalene or a 4- diphenyl pos- 

ition, 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 11- 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 11- carboxybenzanthrone would be more resistant to 

reagents 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. 

H 00 

The behaviour of 11- 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 

not attacked by halogen under conditions which yield 
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3- substituted derivatives with benzanthrone but that, 

on more vigorous treatment, 3- halogeno- 1l- carboxy- 

benzanthrones were obtained. 

The action of bromine on a solution of 11- carboxy- 

benzanthrone in boiling nitrobenzene gave a somewhat 

unexpected result, the acid being oxidised to the lactone 

of 1- hydroxy -li- carboxybenzanthrone (see p. 24) with 

evolution of hydrogen bromide. 

ROO C 

Brz 

Treatment with nitric acid under various conditions 

was found to bring about some interesting reactions. 

A solution of 11- carboxybenzanthrone in concentrated 

sulphuric acid at 0 °C yielded, on treatment with the 

calculated amount of nitric acid, 3- nitro -11- carboxy- 

benzanthrone, 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 

and (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 11- carboxy- 
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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 adjaçent 

1- 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 in 

the following scheme: 

HNO3 

HOOC 

or 
HNO3 

O1_ 

HN Oa (exces5) 

Apart from the side- reactions which occurred, 

apparently owing to the ease of formation of the lactone- 

ring, the substitution of 11- carboxybenzanthrone was 

found to follow; the expected course in that 3- substit- 

uted derivatives alone were formed. In no case was 
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there evidence of a second substituent entering the mol- 

ecule even under vigorous conditions of treatment. 

The substituted benzanthrone carboxylic acids, of 

which the 3- chloro- 11- carboxybenzanthrone was previously 

unknown, are all yellow crystalline compounds of high 

melting point, They dissolve in sulpnuric acid vrith 

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 comparison of properties 

and mixed melting points with specimens of these com- 

pounds was suificient to identily the proaucts. In the 

case of the 3- chloro- derivative, however, orientation 

was effected by decarboxylation to the cnlorobenzanthrone 

and identification of the latter with the product of 

direct halogenation of benzanthrone. 

Oxidation. 

a) The lactone of l-n.'drox -11-carbox benzanthrone. 

In an examination of the behaviour of il- carboxy- 

benzanthrone towaras concentrated sulphuric acia 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 1- iìydroxy -11- 

carboxybenza.nthrone was suggested. That it was actually 

an oxidation product was shown oy its formation from th 

11 -acid on treatment with chromic acid under conditions 

which normally lead to the oxidation of benzanthrones t 

anthraquinone -l- carboxylic acids. 

KooG 

Co Go 
Although the compound reacted in the expected 

manner with alkalis, it proved very resistant to methyl 

ation, treatment with dinethyl sulphate or with silver 

oxide and methyl iodide leaving it unchanged. Perkin 

and Bradshaw, however, record (J., 1922, 121, 911) that 

difficulty was experienced in methylating the lactone 

of 4- hydroxy- 3- carboxybenzanthrone (formed by the actio 

of a sugar on 2- hydroxyanthraquinone) and it seemed 

possible that the 6- membered ring would be even more 

resistant to methylation. 

On the other hand, oxidation in the 1- 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 whe 

it is remembered that the 2:21- positions in the dipheny 

system (corresponding to the 1:11- positions in benz- 

anthrone) are considered to resemble ortho -positions 
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(Kenner and Turner, J., 1911, 99, 2101; Kenner, J., 

1913, 103, 613) and the presence of a carboxyl group 

in the 11- 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 11- carboxybenz- 

anthrone, led to an attempt to confirm the orientation 

of 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 11- carboxybenzanthrone takes place in the 

1- position. 

The method involved the application of the Ullmann 

reaction to methyl o- iodobenzoate and methyl 7- methoxy- 

8- brozno-l- naphthoate. Two molecular proportions of 

the former and one of the latter were used and the mix- 

ture treated at 1'75 °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 

brassy tint. From the reaction mixture, the unsymmet- 

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

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

The colourless, crystalline ester, on treatment with 

concentrated sulphuric acid at 100 °C, was converted 

quantitatively into the lactone of 1- hydroxy -l1- carboxy 
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benzanthrone, identical with the oxidation product of 

11- carboxybenzanthrone. 

cH3oOC 

COOCN3 -- 
CH30 

OC 
COOL H3 

O 

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) Anthraquinone- l:8- dicarboxylic acid. 

It has already been noted that the oxidation of 

11- carboxybenzanthrone 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. S. , 1935, 57, 740) to effect the degradation of 

certain benzanthrones to derivatives of anthraquinone- 

1- carboxylic acid. When this reagent was applied to 

11- carboxybenzanthrone, a small yield of a free acid, 

very soluble in polar organic solvents, was obtained. 
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The acid crystallised from alcohol in the form of light - 

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- 1:8- dicarboxylic acid, an 

interesting derivative not listed in the literature. 

OOC, COON 

C .ó 
To confirm this structure, however, it was necessary 

to show that the acid was indeed an anthraquinone deriv 

ative, the most obvious method being by decarboxylation. 

Decarboxylation experiments were first carried out 

with 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 

unchanged 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 

method of decarboxylation, which dispenses with the use 

of a solvent and gives an almost quantitative yield of 

the neutral product, was applied to the new acid with a' 

like result, a specimen of pure anthraquinone being 
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obtained. 

HOoC COON 

29, 

An analysis for carbon and hydrogen content left 

no doubt as to the structure of the acid. 

The decarboxylation method would appear, from 

several small experiments (not reported in the experi- 

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

pplication, although the presence of halogen probably 

interferes with the reaction. 

The Hydrolysis and Cyclisation of Phenylnaphthyl and 

Dinaphthyl Dicarboxylic Esters. 

During the synthesis of the lactone of 1- hydroxy- 

1l- carboxybenzanthrone, a study was made of the behav- 

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

henyl) -l- naphthoate (I) towards sulphuric acid and 

alkalis. It was hoped to supplement the synthesis by 

partially cyclising the phenylnaphthyl derivative to 

L- methoxy- 11- carbomethoxybenzanthrone (II) and, by 

hydrolysis of the latter to the free acid (III), follow- 

ed by decarboxylation, to obtain the hitherto unknown 

1- ...ethoxybenzanthrone (IV) . 
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The preparation failed owing to the peculiar be- 

haviour of the intermediate products but valuable infor- 

ation regarding the cyclisation of such compounds was 

afforded. In the hydrolysis and cyclisation of phenyl - 

naphthyl and dinaphthyl dicarboxylates, Rule and co- 

!workers have already encountered some interesting facts, 

a brief résumé of which may be given. 

The conversion of 1:1'- dinaphthyl- 8:8'- dicarboxylaáes 

into anthanthrone by treatment with sulphuric acid 

(Kalb, Ber., 1914, 47, 1724) is known to proceed in two 

stages as indicated by colour changes; the almost 

colourless cold solution becomes first an intense red 

which changes gradually, or more rapidly on heating, to 

a pure green. Anthanthrone is precipitated as an 

orange -yellow solid on pouring the green solution into 

water. 

11101111 C' O 

o.0 

Y - JL 
Kalb (loc. cit.) suggested that the intermediate 

product, giving rise to the red colour, is the carboxy- 

benzobenzanthrone (-VI). wring 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 
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that the intermediate compound is not the acid but thé 

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 tree rotation aoout the bond joining the two dinaph- 

thyl nuclei, the remaining ester group thus being 

screened by the second naphthyl nucleus. 

The monomethyl ester dissolves in concentrated 

sulphuric acid to give a red solution (characteristic of 

benzanthrone derivatives) which is relatively stable 

under conditions of temperature and concentration in 

which the free acid rapidly gives the green colour 

characteristic of anthanthrone. It has been suggested 

(2.R. Smith, to c. cit.) that the free acid is the 

mediate precursor of anthanthrone, but Kalb's assumption 

that the red intermediate colour corresponds to the 

existence of tree monocarboxylic acid is not correct. 

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

mental evidence to show that the cyclisation involves a 

hydrolysis followed by dehydration, and the direct remov- 

al of methyl alcohol by the sulphuric acid, though less 
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likely, is a possibility. 

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

study of the hydrolysis of methyl 8-(o-carooniethoxy- 

phenyl)- i- naphcnoate (I), showed that the primary product, 

obtained by the action of concentrated sulphuric acid, 

is 11- caroomethoxybenzanthrone(II). r`rom the alkaline 

hydrolysis of the dimethyl ester, an ester -acid was 

isolated to which the structure of methyl 8- (o- carboxy- 

phenyl)- i- naphthoate (III) could be assigned since, on 

treatment for a short period with sulphuric acid in the 

cold, it gave a quantitative yield of ll- carboxybenz- 

anthrone (IV), a treatment which would have converted 

the isomeric carbomethoxyphenyl -l- naphthoic acid into 

11- carbomethoxybenzanthrone. 

s. 
DY 

Although this result is not commented upon in the 

i-Ìso4 

N -LSoq. 

cold 

H D0d. 

above papers, it may be noted that it presents an inter- 

esting anomaly. While alkaline hydrolysis has taken 
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the course to be expected on the usual ideas of steric 

hindrance, the ester group attached to the phenyl 

nucleus being attacked before the peri -ester group, 

reaction with sulphuric acid has taken the opposite course. 

The 11- carbomethoxybenzanthrone has, indeed, been shown 

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

hydrolysis 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 

the carbomethoxy group in methyl 10 :11- benzobenzanthrone-- 

4T- carboxylate mentioned above. 

The examination of methyl 7-methoxy-8-(o-carbo- 

methoxyphenyl)- l- naphthoate (V) in the present work 

afforded further interesting considerations. By analo 

with the behaviour of the phenylnaphthyl derivative of 

Rule and Bigelow (J., 1935, 573) , treatment with concen- 

trated sulphuric acid at 50 °C might be expected to convert 

the ester into 1- methoxy- 11- carbomethoxybenzanthrone 

gY 

(VI). 

CH300C CH300C 

oOCH3 

CHp 

-.Not only did such treatment bring about a complet 

cyclisation to the lactone (V-II), however, but the 

action of concentrated sulphuric acid even for a short 

period at room temperature was sufficient to produce 
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the lactone in quantitative yield. A variety of other 

reagents v:ere found to effect this complete cyclisation 

but eventually the partially cyclised product was isolated 

by treatment with sulphuric acid, diluted with glacial 

acetic acid. Even with this reagent, it was found 

difficult to arrest the course of the cyclisation, the 

lactone ring seemingly being formed almost as readily 

as the benzanthrone structure. The 1- ,iethoxy -ll- 

carbomethoxybenzanthrone so obtained was a brilliant 

yellow, crystalline product, dissolving in most organiq 

solvents with a vivid green fluorescence. It was 

rapidly converted to the lactone on treatment with col 

concentrated sulphuric acid. 

The behaviour of the phenylnaphthyl derivative and 

of 1- methoxy -11- carbomethoxybenzanthrone is the more 

surprising considering the resistance to acid hydrolysis 

normally offered by an ether grouping as well as by th 

ester group of ll- carbomethoxybenzanthrone already noted. 

It would now appear that the possibility, or otherwise, 

of formation of a stable 6- membered ring - structure is a 

determining 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 other 

groups is indicated by the behaviour of 1- methoxy -1l- 

carbomethoxybenzanthrone on mild hydrolysis with alkali. 

A portion of this ester was refluxed with alcoholic 

potash for 5 hours when it was found to be largely 



35. 

converted to the lactone. 

Considering the reputed resistance of the methoxyl 

group to such treatment, it would appear that the inter 

mediate methoxy -acid, which could not be isolated, is 

quite unstable. It is possible that potassium methyl - 

ate is eliminated during the treatment to form the 

lactone ring but, since the reaction took place in 

alkaline medium, the lactone structure, ii' formed, must 

have been reopened immediately to form the double pot- 

assium salt. The actual mechanism can not therefore 

be 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 

have been examined previously, a peculiar reaction of 

2- methoxy- 2T- carboxydiphenyl reported by Rule and 

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

illustrating the effect which spatial arrangement may 

have on the normal reactions of certain groups. In 

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

ide, these authors found that the latter was unstable 



36. 

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

by loss of methyl chloride. 

SOCI 

0:c- 

The difference in the two cases is probably one of 

degree only for, in the rigid benzanthrone structure, 

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 aerivative (I) which gave the stable 7- methoxy- 

8- (o- ca.rboxyphenyl)- 1- naphthoic acid (II), in which the 

acid and methoxyl groups may once more be separated by 

rotation round the phenylnaphthyl bond. 

NooC 
CooC CooN 

All attempts to bring about the partial cyclisatio 

of this proauct to the rnethoxy -acid (III) resulted in 

failure, the lactone only being obtained. 

A further consequence of the close proximity of 

substituents in the 1:11- positions in benzanthrone was 

shown by an experiment carried out with the lactone 

itself (not given in the experimental section) 
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According to Rule and Bigelow (loc. cit.), the lactone 

of 1- hydroxy- 11- carboxybenzanthrone is not appreciably 

soluble in aqueous sodium carbonate, in agreement with 

the 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 oe completely reprecipitated, 

leaving no trace of the characteristic red colour in the 

solution. Since ll- carboxybenzantlîrone is a compara- 

tively strong acid, it can only be concluded that the 

mono - sodium salt (V) of the hydroxy -acid is unstable and 

loses sodium hydroxide to give the lactone. The insol- 

ubility of the lactone in water is probably a factor in 

allowing this reaction to proceed to a finish. 

:b'rom an attempted preparation of 1-carboxybenz- 

anthrone (p. 52) , a portion of dimet:n.yl 1: 1' -dinaphthyl}- 

2:2T- dicarboxylate (VII) was isolated and the cyclisati on 

of the compound with concentrated sulphuric acid briefly 

examined. The conversion of this ester to antnanthrone 

by sulphuric acid treatment is described by Kuhn and 

Albrecht (Ann., 1928, 465, 282) but no comment is made 

regardin6 the course of the cyclisation, It was found 
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that the compound required 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 (benzanthrope) 

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, 1:1'-dinaphthyl-2:21- 

dicarboxylic acid (VIII), was obtained. The reaction 

would, therefore, appear to proceed as follows: 

The difference in behaviour of this ester and the 

isomeric a: 0C-derivative is not readily accounted for, 

'but it would seem that a- and i3-carboxylic acid groups 

are not cyclised with the same ease. The absence of 

any intermediate red colour corresponding to a benz- 

anthrone derivative would indicate that the benzo- 

benzanthrone carboxylic acid (X) is quite unstable under 

the conditions of temperature and concentration necessary 

to effect the first cyclisation. 
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Atomic Scale Model of Part of the 11- Crrboxybenzanthrone 

Molecule. 

The thick line, AB, represents the bond joining 
the carboxyl group to the benzanthrone nucleus. 
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This last example is of importance, being the only 

case encountered in which there is definite experimental 

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- 

ation of such compounds. 

The Attem.ted Resolution of 11- Carbox benzanthrone. 

The reactions of 1-methoxy-l1-carbomethoxybenz- 

anthrone described above may be attributed to the close 

proximity of the substituents in the 1; 11- positions. 

The scale diagram opposite, which represents part of 

the 11- carboxybenzanthrone molecule according to atomid 

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- 

mation of the lactone on oxidation of the acid is made 

comprehensible, it being obvious from the model that, 

since the oxygen atoms of the carboxyl group may approach 

very closely to the 1- carbon atom, practically no addi- 

tional strain is imposed on the structure by the forma ion 

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

quence of the spatial configuration, which is not 

apparent 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 

and the question of the existence of stereoisomeric 

forms of ll- carboxybenzanthrone immediately arises. lhe 

possible enantiomorphs are represented diagramiatically 

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: 

1 
This consideration led to an attempt to resolve 

the acid. The brucine salt and C- menthyl 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 

crystallisation, yielded an inactive specimen of the 

original acid on hydrolysis. The examination, therefore, 
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gave no indication of the existence of stereoisomeric 

forms of 11- carboxybenzanthrone. 

Recently, the suggestion has been put forward, 

on physical considerations, that the carboxyl group, in 

the free state at least, is a symmetrical one involvinEl 

an electron "resonance" state represented as follows: 

C /ó 
\0 O 

If this is the case, then the existence of stereo - 

isomeric forms of 11- carboxybenzanthrone obviously 

becomes impossible. The failure to resolve the acid 

in the form of the brucine salt was, therefore, not 

entirely unexpected since it is highly probably that, 

if the free acid possesses a 'resonance" structure, a 

similar structure will be present in the form of its 

salts where electrovalent linkages are involved. 

Waters, however, states (Physical Aspects of 

Organic Chemistry, Routledge, p. 396) that "resonance" 

is also probable in esters and amides of carboxy acids 

and the failure to resolve the menthyl ester would 

appear to be in sup-iort 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 

group. 
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II The Chemistry of 1:11 -ketobenzanthrone. 

Substitution 

The position at which substituents will enter the 

1:11 -ketobenzanthrone molecule is not readily predicted 

for, in contrast to benzanthrone and 11- carboxybenz- 

anthrone, all ring systems in the diketo- derivative 

have ketonic groups attached, tending to retard sub- 

stitution. From the previously noted reactivity of 

the 3- 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 1:11 -ketobenzanthrone molecule. 

The results of an examination of the halogenation 

and nitration of 1:11- ketobenzanthrone were in general 

agreement with these considerations. Halogenation, 

carried out on an aqueous suspension of the compound, 

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

Prolonged treatment with excess bromine under these 

conditions gave, rather unexpectedly, a quantitative 
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yield of pure 3 -bromo -1:11- ketobenzanthrone. The com- 

pound crystallised from glacial acetic acid in stout red 

needles and proved identical with the synthetic product 

obtained by F.R. Smith (loc. cit.) by means of an 

"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- 11- carboxybenzanthrone. 

The action of chlorine on the ketone in glacial 

acetic acid solution at 100 °C also yielded 3- chloro -l: 

11- ketobenzanthrone but in this solvent there was a 

tendency for a second chlorine atom to enter the mole- 

cule. For example, further treatment with chlorine 

gave a dichlorina.tion product which melted over a 

small 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 liquid bromine 

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

repeated crystallisation, the compound being shown to be 

identical with that synthesised by F. R. Smith (loc. cit. ). 

The action of nitric acid on 1:11- 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 

could 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. nitro -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 

still further diminish the ease with which substítuentiai 

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- 
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stitution in concentrated sulphuric acid, nitric acid 

and glacial acetic acid respectively. 

The position at which substituents enter the 

1:11- ketobenzanthrone molecule on monosubstitution is 

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- 

itions 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 

ring, even though none could be isolated by crystallis- 

ation methods. 

The substituted ketobenzanthrones are highly col- 

oured compounds but are of no use as vat dyes. Although 

they appear to for vats with alkaline hydrosulphite, 

the leuco- compounds show little affinity for cotton and 

any colour which does adhere is largely removed with 

soap 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 

aqueous alkali at the boiling point, all gradually go 
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into solution, presumably owing to the opening of the 

5- membered ketone ring to give a mixture of carboxylic 

acids (see below). The substituted derivatives, hov-- 

ever, are less readily attacked on such treatment than 

is 1:11 -ketobenzanthrone itself. 

Oxidation 

It has already been noted that the presence of the 

lactone ring in the lactone of l-hydroxy-ll-carboxy- 

benzanthrone appears to stabilise the system towards 

oxidising agents. The same would sees to apply to the 

5- membered ketone ring, for l :ll- ketobenzanthrone proved 

very 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 

examined, since a mixture of products would undoubtedly 

result owing to the opening of the ketone ring which 

occurs in the presence of alkalis (see below). 

III 1- Carboxybenzanthrone. 

Attempts to benzanthrone. 

Rule and Bigelow (J., 1935, 573) observed that 

1 :11- ketobenzanthrone (I) is slowly attacked by aqueous 

alkali at the boiling point to give a mixture of acids 

consisting presumably of ll- carboxybenzanthrone (II) 
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and 1- carboxybenzanthrone (III). 

HOUC/C.Q 
and 

HooC 

IT 
This instability towards alkalis contrasts strongly 

with the behaviour of fluorenone which is not appreciably 

attacked by aqueous alkali. The difference probably 

arises fro_d. the greater tension in the 1:11 -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(riule and Bigelow; loc. cit. ). 

In an attempt to isolate 1- 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 metallic salts resulted in a concentration of the 

11- 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 1 -acid. 

In the present work, the examination of the acid 

mixture was resumed. Attempts to obtain the 1 -acid by 

partial esterification and by partial acidification of 
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an alkaline solution of the mixture failed to effect 

any apparent separation of the isomers. Likewise, 

fractional distillation of the mixed methyl esters 

(obtained by esterification of the acids) did not 

appear to bring about a concentration of either deriv- 

ative. 

The attempt to obtain 1- carboxybenzanthrone by 

way 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 11- carboxy- 

benzanthrone. 

The proposed synthesis involved the application 

of the Ullmann reaction to methyl l- bromo -2- naphthoate 

and methyl o- iodobenzoate, followed by hydrolysis and 

cyclisation of the resulting phenylnaphthyl derivative 

with concentrated sulphuric acid: 

A preparation of 1- bromo- 2- naph.thoic acid is 

reported by Mayer and Sieglitz Per., 1922, 55, 1836, 

1859) by oxidation of the corresponding methylnaphthal- 

ene or the aldehyde. A more satisfactory preparation 

was devised during the present work, employing ß -naph- 

thylamine as the starting material. The amine was 

brominated according to the method of Franzen and Eidis 
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(J. pr. Chem., 1913, 88, 755) and the bromoa.mine convert- 

ed to the nitrile by application of the Sandmeyer 

reaction, the latter yielding 1- brorao- 2- naphthoic acid 

on hydrolysis. 

ßT 

(N OON 

-- 

The Ullmann reaction was first carried out between 

the methyl ester of this acid and methyl o- iodobenzoate, 

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 treated 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), 1- carboxy- 

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

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 watt obtained a light yellow acid product which 

crystallised from glacial acetic acid in needles, 

melting at 225- 27°C. It dissolved in concentrated 

sulphuric acid with a blood -red colouration and in 

alkalis gave a yellow solution with green fluorescence. 

The acid appeared to be homogeneous and was at first 

thought to be l- carboxybenzanthrone, a conclusion 

supported by the fact that decarboxylation and further 

cyclisation gave, respectively, specimens of benzanthrone 

and 1;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 

suggested 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. 

COON 

COO I-0 

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 

solution. 

The properties of the original acid mixture before 

crystallisation, however, suggested that 1- carboxy- 

benzanthrone was formed to some extent in the prepar- 

ation. Renewed attempts were made to isolate the inter- 

mediate phenylnaphthyl derivative, but without success 

and Ullmann reactions were then modified in an endeavour 

to minimise the formation of the diphenyl derivative. 
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In one experiment, two molecular proportions of the 

naphthoate and one of the benzoate were treated with 

copper bronze and from the reaction product a consid- 

erable quantity of the dinaphthyl derivative separated. 

After removal of this compound, the residue was treated 

with sulphuric acid and again an acid portion *as iso- 

lated which appeared to be mainly the fluorenone deriv- 

ative. 

After various unsuccessful attempts to remove the 

fluorenone derivative from the acid mixtures, a speci- 

men of 1- carboxybenzanthrone was obtained in the follow- 

ing manner: 

The mixed esters from an Ullmann coupling were 

distilled under reduced pressure in a flask fitted with 

a long fractionating column. The bulk of the diphenie 

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 - 

stallisation, 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- 

ling was formed only to a slight extent during the 

Ullmann treatment. 

The structure of the acid was confirmed by treat- 

ing a portion with phosphorus pentoxide in molten 

phthalic anhydride at 200 °C, a treatment which con- 



53. 

verted it quantitatively into 1:11 -ketobenzanthrone. 

R OoC., 

A carbon -hydrogen analysis further confirmed the 

identity of the acid. 

l- 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 

its solubility in water and in the usual organic sol- 

vents is very similar to that of the 11- isomeride. 

Chemistry of 1- carboxybenzanthrone. 

Owing to the difficulty experienced in preparing 

1- carboxybenzanthrone and the small yield obtained, 

only a brief examination of its reactions could be 

undertaken. 

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. 

NooC 
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From a consideration of the substitution reactions 

of 11- carboxybenzanthrone and 1:11 -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 

broiïo -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:l1-keto- 

benzanthrone which melts at 239 -240 °C (H.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 the 

influence 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-position 

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 11- hydroxy -l- carboxybenzanthrone. 

The formation of the lactone ring with 1- carboxy- 

benzanthrone, however, does not appear to occur so 

readily as in the case of the 11 -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. 

CooH 

wring the early attempts to prepare 1-carboxy- 

benzanthrone, a portion of the fluorenone carboxylic 

acid was nitrated in the belief that it was the required 

benzanthrone aerivative. In an attempt to orientate 

the nitration proauct, 5- nitrobenzanthrone was prepared 

by means of an "Ullmann Synthesis" and this preparation 

is given in the experimental section. 

The synthesis consisted in coupling methyl 3- nitro- 

8- bromo-i- naphthoate (I) and methyl o- iodobenzoate in 

the presence of copper bronze. .r'rom the reaction mix- 

ture, the unsymmetrical proauct of coupling, methyl 

3- nitro- 8-( o- carbomethoxyphenyl )- i- naphthoate (II) 

was isolated ana on treatment with sulphuric acid was 

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

T 
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The acid is a light brown, crystalline compound, 

dissolving in concentrated sulphuric acia to give a 

red colouration and in alkalis to torn an orange-yellow 

solution having no fluorescence. 

rortionb of the acid were converted respectively 

to the 5- hitrobenzanthrone (IV) by decarboxylation and 

to the 5- nitro -1:11 -ketobenzanthrone (V) by further 

cyclisation. 

NOz 

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 

with alkaline hydrosulphite but it appears to be of no 

use as a vat dye, having little affinity for the cotton 

fibre. 

5- Nitro- ll- carboxybenzanthrone has the melting 

point 309 °C, almost identical with that of the 3- nitro- 

derivative (310 °C). Since there exists some doubt as 

to the value of mixed melting points as a means of 

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

mens of 3- chloro- 11- carboxybenzanthrone and the lactone 

of 3- nitro- l- hydroxy- 11- carboxybenzanthrone, both of 

which melt at 317- 318 °C, gave a similar depression of 

melting point when mixed together. The behaviour of 

the dichlorination product of 1:11- ketobenzanthrone in 

admixture with 3- chloro- 1:11- ketobenzanthrone reported 

above would therefore appear to be an exception and the 

criterion of mixed melting points to be applicable to 

the identification of benzanthrone derivatives. 
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EXPERIMENTAL S E C T I O.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. 

Methods of Analysis. 

Halogen was determined by the method of Ter Meulen 

(Ter Meulen and Heslinga, Rec. Tray. 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, 75, 161) was 

resorted to. In this semi -micro method, the halogeno 
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compound is oxidised by means of sodium peroxide, a 

small steel bomb being employed, and the sodium halide 

estimated by Yolhard's method. 

Nitrogen was estimated by the micro -Dumas method, 

but in the case of benzanthrone derivatives heating to 

a higher temperature than usual was necessary and 

results were generally low. 

specimens of the more important compounds, however, 

were sent to DT 3choeller (Berlin) or Dr Weiler (Oxford) 

for micro- analysis. 
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PREPARA T I 0 N 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- 

solved in a mixture of 40 c.c. glacial acetic acid and 

150 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 

suspension 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. 

Yield: 88 gm.. (970) . 

NOOC. C.00N 

Hgr(otoGHa)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 

cold 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 gm. M.p. 160-170°C. 

The crude acid was recrystallised from benzene. 

Yield; 33 gm. (57%. ,M.p. 178 °C. 
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Methyl 8- bramo- l- na-phthoate . 

(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 -bath until a clear solution 

was obtained and fumes ceased to be evolved. Excess 

thionyl chloride was then removed by distillation, 

finally under reduced pressure. The acid chloride 

was allowed to cool and the methyl alcohol carefully 

added in portions. Vigorous evolution of hydrochloric 

acid occurred and the reaction was completed by boiling 

the mixture for half -an -hour. 

Most of the methyl alcohol was then removed on 

the steam -bath and the liquid ester taken up in ether. 

The ethereal extract, after washing with dilute sodium 

hydroxide followed by water, was dried over calcium 

chloride and the ether removed in vacuo. The residual 

light -brown syrup solidified on standing or chilling to 

'a cream - coloured solid. 

Yield: 15 gm. (95%). M.p. 31 -32 °C. 

ßr C.00N 

50C.tz., 
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7- Methoxy- 8- bromo- l- naphthoic acid. 

(Davies, Heilbron and Irving, J.C.B., 1932, 2715). 

a) OxalYj- bis- phenylimidochloride. 

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

50 gra. oxanilide. 

100 gm. phosphorus pentachloride. 

The oxanilide was suspended in 150 c.c. toluene, 

the phosphorus pentachloride àdaed and the mixture 

heated gradually to the boiling point under reflux. 

Hydrogen chloride was evolved and a clear solution 

gradually resulted. After refluxing for three hours, 

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

the residue was allowed to cool. The green solid 

which separated was filtered and washed with petroleum 

ether (b.p. 40 -60 °C) . 

Yield: 45 gm. (803) . 1.p. 113- 114 °C. 

The product, which was pure enough for the present 

purpose, crystallises from ligroin in yellow needles, 

melting at 115°C. 

NH 

Co 

Pas 
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b) 2- Methoxyacenaphthenequinone. 

(Staudinger, Goldstein and Schlenker, 
Heiv. chim. acta, 1921, 4, 342) 

81 gm. aluminium chloride. 

90 gm. ß- naphthyl methyl ether (nerolin). 

82.2 gm. oxalyl- bis- phenylimidochloride. 

The aluminium chloride, finely powdered but not 

freshly prepared, was suspended in 100 c.c. benzene and 

a solution of the nerolin and iinido chloride in 500 c.c. 

benzene run in with vigorous stirring over a period of 

2 hours. During the addition, the temperature was 

prevented from rising by cooling the mixture in ,*rater. 

After a further 4 hours at ordinary temperature, the 

mixture was heated at 50-55°C for half -an -hour, the 

stirring being continued throughout. The product was 

then treated with 400 gm. ice and 80 c.c. concentrated 

hydrochloric acid, the benzene was removed in steam and 

the red residue filtered. 

The solid residue, containing the quinone and 

excess nerolin, was treated with 500 c.c. of a 40 °j° 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 

still warm was acidified with concentrated hydrochloric 

acid and the yellow mass filtered, washed with water 

and dried. 
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Yield; 45 gm. (75 %%) . ß:í.p. 219- 220 °C. 

The quinone crystallised in yellow needles from 

glacial acetic acid, m.p. 222- 223 °C. 

CN30 
6y) 

C1C CCl 

ú-ï:-=ethoxynaphthali c anhydride. 

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

the oxidation of the quinone with potassium chromate. 

The oxidation method of Whiston (J. coc. Cheni. Ind., 

1924, 43, 370) , employing hydrogen peroxide, was tried 

in the present work and proved more satisfactory. 

The quinone (25 gm.) was ground to a smooth paste 

with 100 c.c. water and then stirred to a fine sus- 

pension with 150 c.c. sodium hydroxide solution (10%. 

The suspension was heated to 40 °C and 250 c.c. hydrogen 

peroxide solution (3 %0) were run in, the temperature 

being raised to the boiling point during the addition. 

The resulting yellow solution was filtered and the fil- 

trate acidified. The product, which appeared to be in 

the form of the anhydride, weighed 26.5 gm. and melted 

at 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. 260 °C. 

Go C o 

GN30 

d) Mercuration of the anhydride. 

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

50 gm. 2- methoxynaphthalic anhydride. 

17.6 gm. sodium hydroxide. 

48.5 gm. yellow mercuric oxide. 

The sodium hydroxide and naphthalic anhydride were 

in a litre of water with heating. A solution 

of the mercuric oxide in 140 c.c. of 20% acetic acid 

was added and the resulting suspension boiled under 

reflux 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: 79.5 gm. (90%). 

H;0 GN3o 

} 

Hg g 
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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. 

14 gm. bromine. 

The mercury compound was suspended in the boiling 

glacial acetic acid and a solution of the bromine in 

75 c.c. concentrated aqueous sodium bromide run in over. 

15 minutes. The suspension gradually went into sol- 

ution and, when no solid remained, the solution was 

poured into a litre of cold water and the light brown 

precipitate 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;) 

to give almost colourless needles of the pure 7- methoxy- 

8- bromo -l- naphthoic acid. 

Yield: 14 gm. (651)). M.p. 196-197°C. 

c N3o 
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Methyl 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 alcohol (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 extracted 

as before and the dry ethereal solution yielded the 

solid ester on evaporation. 

Yield: 25 gm. (95°A). M.p. 73 -75 °C. 

The ester crystallises in stout colourless needles 

from petroleum ether (b.p. 60- 80 °C), m.p. 79 °C. 

Analysis (Ter Meulen): found, Br, 27.0% ; 

calculated for C13111,038r 27.1 %,. 

3- .litro- 8- bromo-1 nahthoic acid,. 

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

a) 3 -iTi tro naphthali c anhydride. 

(Leu.ck, Perkins and Whitmore, J.A.C.S., 1920, 
51, 1831) . 

50 gm. naphthalic acid. 

500 c.c. concentrated sulphuric acid. 

22 gm. sodium nitrate. 
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The naphthalic acid used was that supplied by 

British Drug Houses, Ltd. ,, and contained a proportion 

of the anhydride. It was dissolved in the sulphuric 

acid and the sodium nitrate gradually added with 

stirring, the temperature being maintained below 20 °C. 

.Yfter 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 

crude product was then heated with 250 c.c. toluene to 

the boiling point, filtered hot and washed with benzene 

and dried. 

Yield: 48 gm. H.p. 247-250°C. 

The _T)ure anhydride was obtained by crystallisation. 

from nitrobenzene (100 c.c.). 

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

0 0 
Co Co 

b) Lïercuration 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 acetic 

acid, was added to the first solution and the mixture 

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 %). 

NOF 

ara 

c) Bromination of the comnound. 

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

65 gm. mercury compound. 

26 gm. bromine. 

The mercury compound was suspended in 600 c.c. 

glacial acetic acid at ordinary temperature and the 

bromine, dissolved in 160 c.c. concentrated aqueous 

sodium 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 gln. (40 %). M. p. 239 - 241 °C. 

O 

Ng to 
B,. COO N 

N O2, 

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. 

Niethyl 3- nitro -8- bromo- l- naphthoate. 

(cf. ri.x. H. 3rown, loc. cit.) 

15 gm. 3- nitro -8- bromo- l- naphthoic acid. 

30 c.c. thionyl chloride (purified). 

50 c.c. methyl alcohol (dry). 

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, 

provided 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- 

tillation 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. 

l- aromo- 2- naphthoic acid. 

o 

a) Aceto- 6- naphthalide. 

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

100 gm. ¡- naphthylamine. 

70 gm. acetic anhydride. 

The naphthylamine was dissolved in 250 c. c. benz4e 

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 and the colourless crystalline mass was filter 

ed. The precipitate was washed with benzene and drie 

Yield: 120 gin. (95- 100 %). M.p. 133 °C. 

N NL N 

Aceto -l- bromo- 2- naphthalide. 

(Franzen and Fidìs, loc. cit.) 

37 gm. aceto -ß- naphthalide. 

33 gm.. bromine. 

The aceto- j3- 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 13 

Minutes. The stirring was continued until the mixture 

had cooled and the precipitate was filtered off. The 

product weighed 60 -65 gin. 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. 

Yield: 52 gm. (95- 100 %). M.p. 138 °C. 

The compound crystallises from alcohol in colour- 

less needles: m. p. 140 °C. 

NN-co-CAA 
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c) adrohysis of the bromonavhthalide. 

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 grn.) was dissolved in 100 c. c. 

alcohol with heating. Concentrated hydrochloric acid 

(25 c. c.) was added and the mixture refluxed for one 

hour 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,g). M.p. 219 -220 °C (decomp.) 

NNCO 6.N3 

(3r 

1-Bromo-2-na>>hthonitrile. 

50 gm. bromonaphthylamine hydrochloride. 

20 gm. sodium nitrite in 25 c. c. water. 

(i) 120 gm. sodium cyanide in 300 c. c. water 

(ii) 100 gm. copper sulphate (CuSO4,5H20) in 

400 c. c. water. 

The finely powdered hydrochloride was suspended 
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in 150 c.c. water and 50 c.c. concentrated hydrochloric 

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 

filtered from any residue. 

The clear diazo- solution was added in portions to 

the vigorously stirred cuprous cyanide solution on 

the steam -bath. The brown precipitate which formed was 

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

brown oily drops of the nitrile formed. After standing 

overnight, the solid nitrile was filtered off and hyd- 

rolysed to the acid without preliminary purification. 

ßr 

iN2,NC1 

e) 1- Bromo- 2- naphthoic acid. 

The crude nitrile was refluxed for 24 hours with 

an acid hydrolysing mixture consisting of: 

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 
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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- 

tinctly alkaline with sodium hydroxide and heated at 

50 °C for a short period and filtered. The filtrate on 

acidification yielded a light brown acid which was 

filtered off, washed well with water and dried. 

Yield: 21 gm. (43%). Ivy. 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 mor 

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. 

CN 

Tü.eth,yl 1-bromo-2-naphthoate., 

15 gm. 1- bromo -2- naphthoic acid (m.p. 187- 189 °C). 

30 c.c. thionyl chloride (purified). 

50 c.c. 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- bronco -1 -naph- 

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

ereal extract and the ester was obtained as a red solid 

on removing the ether. It was purified by extraction 

with petroleum ether (b. p. 40-60°C) 

Yield: 14 gin. (90;x). á:î.p. 58 -59 "'0. 

The ester crystallised from light petroleum ether 

in colourless plates, melting at 60 °C. 

Analysis (Ter heulen): found, Br, 300'0; 

calculated for C12H902Br 30'211. 

C.oc? H 

S pCli. 

o- Iodobenzoic acid. 

Br 

CoCi 
i+3-- 

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

ßr 
ZoozH 

80 gm. anthranilic acid. 

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

100 gm. potassium iodide in 250 c. c. wa 

The anthranilic acid tiras 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 normal manner until a 

slight excess of nitrite was present. The potassium 

er. 
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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. 

Yield: 12u gm. (80`0). M.D. 1 60 °C. 

a_ook-t 

N 1-11., 

Methyl o-iodobenzoate. 

(Cohen and Raper, loc. cit.) 

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 steám 

bath. The residue was poured into water and the liquid 

ester taken up in ether. The ethereal extract was 

washed with dilute alkali, then with water and dried. 

Ether Tas removed on the steam -bath and the ester 

distilled under reduced pressure to give a colourless 

liquid. 

Yield: 45 gm. (85%). B. p. 145 °C /15 mm. 
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COOCN3 

I 

11- Carboxybenzanthrone and 11- Carboinethoxybenzanthrone. 

(iule and co- workers, J. , 1935, 571, 573) 

a) Methyl 8- (o-carbomethox,yphenyl1-l-naphthoate. 

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

25 gin. methyl 8- bromo-i- naphthoate (1 :__iol. ) . 

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 a 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 a 

further 4 hours at the latter temperature. The reaction 

product was boiled out with 200 c.c. acetone (in 3 portions) 

and the insoluble inorganic matter filtered off. Acet- 

one was removed from the filtrate by heating in vacuo 

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

ether when crystals immediately deposited. After 

standing overnight, these were filtered off, washed 

with a little ether and dried. 

Yield: 22.5 gm. h. p. 131- 132 °C. 
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The pure phenylnaphthyl dicarboxylate crystallises 

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

conversion to 11- carboxybenzanthrone, however, there is 

no need to purify the product. 

cN3oo d.. 

(1:1 
u. 

? 

e.oQe._N3 

i 

b) 11-Carboxybenzanthrone. 

10 gm. mixed esters from a). 

80 c.c. sulphuric acid (96ó). 

The mixture was heated with stirring at 100 °C for 

one hour and the red sólution poured into v:ater. The 

yellow precipitate was filtered off, added to 500 c.c. 

water and the mixture made distinctly alkaline with 

sodium hydroxide. The insoluble portion, after 

warming to 60 °C for a few minutes, was filtered off an 

washed with warm water. It consisted largely of anth- 

anthrone. 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 

i 
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yielded the 11- carboxybenzanthrone. 

Yield acid: 82 g^. (71 %). M.p. 271- 272 °C. 

Yield crude anthanthrone: 0.2 gin. (2%) . 

The yields quoted are based on the bromonaphthoate 

used in the previous experiment. 11- Carboxybenz- 

anthrone crystallises from alcohol or glacial acetic 

acid in orange - yellow needles, melting at 273 °C. 

HjOo Hoot 

By carrying out the cyclisation of the mixed esters 

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

obtained on pouring into water, 11- carbomethoxybenz - 

anthrone was obtained. Crystallisation from alcohol 

gave the pure eater in orange needles. 

Yield: 65% theory. M.p. 160 °C. 

1: 11-Yetobenza.nthro ne. 

(Rule and Bigelow, J. , 1935, 573). 

4 gm. 11- carboxybenzanthrone. 

80 gm. phthalic anhydride. 

4-7 gm. phosphorus pentoxide. 
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The acid 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 

off, 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 

in stout orange needles on crystallisation from' glacial 

acetic acid. 

The lactone of 1- hydroxy- 11- carboxyybenzanthrone. 

Rule and Bigelow, loc. cit.) 

2 gin. 11- 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 
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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. 

It was crystallised from glacial acetic acid thrice 

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

Anthraquinone -l- carboxylic acid. 

(Perkins, J. , 1920, 706) 

2 gm. benzanthrone. 

10 grn. chromic acid. 

A solution of the benzanthrone in 20 c.c. boiling 

glacial 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 

acid. The pure anthraquinone -l- carboxylic acid was 

obtained in fine, almost colourless needles by crystal- 

lisation first from concentrated nitric and then from 

alcohol. 

Yield: 10 gm. (46 %) . Li. p. 293- 294 °C. 

Chlorination of 11- Carboxybenzanthrone: 

c arb ox_vb e nz anthr o ne . 

C1 

3-Chloro-l1- 

Gi 

l) Chlorination in glacial acetic acid. 

ll- Carboxybenzanthrone (1 g.) was dissolved in 

glacial acetic acid (50 c. c.) with heating. The sol- 

ution was maintained at 100 °C on the boiling water -bath 
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and chlorine slowly passed in. After a few minutes, 

a yellow crystalline deposit fored 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. 

Yield: 0.73 gm. (63%). M. P. 307-309°C. 

The product was crystallised from glacial acetic 

acid or nitrobenzene to for:- 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 aqueous suspension. 

11- Carboxybenzanthrone (0. 5 gm.) was dissolved in 

5 c.c. concentrated sulphuric acid by warming and a fine 

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

The mixture was maintained at the boiling point and a 

slow 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- 1l- carboxybenzanthrone was ob- 

tained in yellow needles by crystallisation from nitro- 

benzene. 

Yield: 0.42 gm. (74%). . 317-318°C. 

Analysis (Hein): found, Cl, 11.30; 

calculated for C181I903C1, 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 

alkalis 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-li-carboxybenzanthrone: 

3-Chlorobenzanthrone. 

Ho p, 

1 gm. 3-chloro-11-carboxybenzanthrone. 

10 c. c. dry quinoline. 

0.3 gm. cop-per 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 comer 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 contents 

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 froca. the copper. The filtrate on 

cooling deposited fine brown needles. 

Yield: 0.48 gm. (56%). M. p. 181- 182 °C. 

The compound was crystallised from glacial acetic 

acid and chlorobenzene to give light brown needles of 

pure 3- chlorobenzanthrone; m.p. 184 °C. This melting 

point was not depressed by admixture with a specimen of 

authentic 3- chlorobenzanthrone, m.p. 184-5°C, prepared 

by chlorination benzanthrone. 

The Action of Bromine on 11- Carboxzoenzanthrone. 

A variety of experiments were carried out before a 

successful broinination of the acid was obtained. Treat- 

ment of the acid with excess bromine in boilin_ glacial 

acetic acid resulted only in bromination of the solvent 

and the 11- carboxybenzanthrone was recovered unchanged. 

The action of the calculated amount of bromine under 

pressure at 150 °C led to the formation of a mixture of 

3- browo-11- carboxybenzanthrone and the lactone of 

1- hydroxy- 11- carboxybenzanthrone. 
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1) BroLiination in aqueous suspension: 3-bromo- 

11- carboxybenzanthrone. 

A first experiment, in which 0.5 gm. 11- carboxy- 

benzanthrone in aqueous suspension was boiled with 0.3 

a. bromine for one hour, resulted in the recovery of 

the material unchanged. Under these conditions, 

benzanthrone is readily broninated, according to 

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

In a later experiment, a fine suspension of 11 -car- 

boxybenzanthrone (0.5 gm.) was formed by dissolving the 

acid in 5 c. c. concentrated sulphuric acid and adding 

25 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 

dried. 

Yield: 0.63 gm. (98%). M. p. 293 - 298 °C. 

The pure 3 -bro mo -1l- 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 2..a. Smith (loc. cit.) admixture with a specimen of 

hick, melting at 315- 316 °C, did not depress the melting 

point. 

,Lçtion of bromine in nitrobenzene: the lactone of 

1- hydroxy- 11- carboxvbenzanthrone. 

NOOC' 

F3ra + 

0.5 gm. 11-carboxybenzanthrone. 

0.3 gm. bromine. 

The carboxybenzanthrone and bromine were added to 

25 c.c. nitrobenzene and the mixture heated at the 

lboiling 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. 

Yield: 0.30 gm. (64). ii. p. 348 -351 °C. 
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The product on repeated crystallisation from glacial 

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

dissolved 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) , a mixed melting point ,-,:ith which confirmed the 

identity, there being no 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 il- carboxy- 

benzanthrone was recovered unchanged. 

The Action of Nitric Acid on 11- Carboxybenzanthrone. 
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1) 3- Nitro -11- carboxybenzanthrone. 

HNO3 

1.5 gm. 11- carboxybenzanthrone. 

0.42 cc. nitric acid (S. G. 1.42). 

The 11- carboxybenzanthrone was dissolved in 30 c.c. 

concentrated sulphuric acid ana the solution cooled to 

0 °C in ice. A cooled solution of the nitric acid (the 

calculated amount for mono -nitration) in 5 c.c. concen- 

trated sulphuric acid was then added with stirring, the 

colour 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 

purple colour was then discharged from the alkaline 

solution by careful acidification and the slight pre- 

cipitate (of nitro -lactone) was filtered off, leaving a1 

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 %). M.p. 292 -295 °C (decomp.). 

The product yielded pure 3- nitro- ll- carboxy-benz- 

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



nitrobenzene, the yield being reduced to 45 -50¡. A 

comparison of colour reactions and a mixed melting 

point vdth the synthetic compound of F. R. Smith (loc. 

cit.) identified the compound as the 3- nitro -derivative. 

The nitration was repeated using a 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, the 

acid was not attacked and on heating to 120 °C, a vigorous 

reaction 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- li- carboxybenz- 

anthrone. 

From 11-carboxybenzanthrone. 

H h( 03 
(excnss) 

NO?, 
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11- Carboxybenzanthrone (0.5 gm.) was added to 10 

c.c. concentrated nitric acid and the temperature raised 

to the boiling point, when solution occurred. The 

yellow, non -fluorescent solution was maintained at the 

boiling point for 15 minutes when nitrous fumes ceased 

to be evolved. It was then poured into water and the 

yellow precipitate collected. The product weighed 

0.55 gm, and melted at 279 -290 °C (decomp.). It was 

crystallised from glacial acetic acid (twice) to give 

yellow needles. 

Yield: 0'36 gm. (62%). k. p. 317-318°C (d e c omp) . 

Analysis (micro -Dumas): found, ïv, 44%; 

calculated for C18H705Td, 4.4%. 

The nitro - lactone dissolves in aqueous alkali only 

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

In concentrated sulphuric acid, it forms an orange sol- 

ution also showing no fluorescence. 

A less pure product was obtained on treating the 

11- carboxybenzanthrone, dissolved in concentrated sul- 

phuric acid, with 2. large excess of nitric acid. On 

repeated crystallisation the 3- nitro -lactone was again 

obtained. 

r'rom the lactone of 1-hydrox.y-11-carboxybenzanthrone. 

o,d 

O 

HNO3 
Le xeess ) 

N O 
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The lactone (0. 25 gm.) was treated with concen- 

trated nitric acid (5 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 rieedles of 

the pure 3- nitro- lactone, m.p. 317- 318 °C. This melting 

point was not depressed by admixture with the product 

of experiment a). 

c) from 3- nitro- 11- carboxybenzanthrone. 

N OZ 

Cr 03 

o 

N OZ 

02 gm. 3- nitro- ll- carboxybenzanthrone. 

1 gm. chromic acid. 

The nitro -acid was dissolved in 5 c.c. concentrated 

sulphuric acia and a fine suspension formed by adding 

25 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 ana dried. 

Yield: 0.12 gm. (60%). M.p. 280 -29000 (decamp.). 

The product on crystallisation from glacial acetic 

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

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

experiments a) and b). 

3 The lactone of 1- hydroxy- 1l- carboxybenzanthrone. 

In an attempt to nitrate il- 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 11 -acid was recovered unchanged but a trace of 

lactone- colour was aetected in an alkaline solution of 

the product. Treatment witn a large excess of nitric 

acid greatly increased the yield of lactone and no nit- 

ration product appeared to be formed. 

Hood. NNO3 

H c 

? 1 

O 



96. 

0'5 gm. ii- carboxybenzanthrone 

25 c. c. glacial acetic acid. 

10 c. c. nitric acid (S. 6.. 1. 42). 

A solution of the acid in the acetic acid at the 

boiling point was treated with 5 c. c. of the nitric 

acid and after 2 hours the remainder or the nitric 

acid was adaed. Refluxing was continued for a further 

2 hours when nitrous, fumes ceased to oe evolved. The 

solution was poured into water and the yellow precip- 

itate was filtered off, washea with mater and cried. 

The product weighea 0.48 gm. and melted at 340 -345 °C. 

It was crystallised thrice from glacial acetic acia to 

give the pure lactone of 1- nydroxy- 11- carboxybenzanthrone 

in light brown ilee les. 

Yield: 0.23 gm.. (460). M.p. 355 -356 °C. 

_Synthesis of the Lactone of 1-Hydroxy-ll- carbobenz- 

anthrone and Proof of the Structure of the Oxidation 

Product of 11- Carbobenzanthrone. 

1) Methyl 7-methou:8LL2carbomethoxy2heny1)-1-naohthoate" 

\f OOCN3 

J. 
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20 gm. methyl 1- methoxy -8 -bro a- l- naphthoate. 

40 gm. methyl o- iodobenzoate. 

25 gm. copper bronze. 

The esters were placed in a small flask fitted with 

an efficient stirrer and the mixture was heated in an 

oil -bath at 150 °C (outside temperature). The copper 

was added in portions over one hour and when addition 

was complete the temperature of the bath was raised to 

175 °C, the stirring being continued throughout.. Afterl 

3 hours at this temperature, the product was allowed td 

cool and the inorganic ;flatter removed by extracting 

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

Acetone was removed from the filtrate by distillation 

on the water -bath, finally under reduced pressure, and 

the syrupy residue was treated with 25 c.c. ether. The 

mixture was "seeded" with a minute crystal of methyl 

8-( o- carbomethoxyphenyl )- 'l- naphthoate and agitated until 

a crystalline precipitate began to form. After stand- 

ing overnight, the crystals were filtered off, washed 

with a little cold ether and dried. 

Yield: 123 gm. (52%). Tai. p. 131-133°C. 

The product was crystallised from ligroin (150 c. c. ) 

to form stout colourless prisms. 

Yield: 11.0 gm. (46 %). h. p. 136 °C. 

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

methoxypheny1)- 1- 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 C21H1805, C, 72.0%, H, 5.2%. 

2) The lactone of 1.-h.ydrox.y-ll-carbox.Ybenzanthrone. 

CHooC Nso4 v'C 

o 

1.5 gril. phenylnaphthyl derivative. 

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

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.c. 

water. The yellow precipitate of the lactone was 

filtered off, washed acid-free and dried. 

Yield: 1.17 gm. (100vó). M.p. 354 -355 °C. 

The product crystallised from glacial acetic acid 

(150 c.c.) in fine yellow needles, m. p. 356 °C, weighing 

1.09 gn. (93-'). It proved identical in its properties 

with the product of oxidation of 11- carboxybenzanthrone 

with chromic acid (p. 82), giving the characteristic 



99. 

purple solution in boiling aqueous alkali. A mixed 

melting point confirmed the identity. 

Reactions of Methyl 7-methox,y:8- ( o-carbomethoxy hen./1L 

l-naphthoate and 1-Methala7 ll-carbomethox,ybenzanthrone. 

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

benzanthrone. 

Attempts were made to effect a partial cyclisation 

of the phenylnaphthyl 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 

obtained in quantitative yield. A portion of the 

dicarboxylate was treated with concentrated sulphuric 

acid 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 

a short period. 

Eventually a portion of the methoxy mono -carboxylic 

ester was obtained by treating the phenylnaphthyl deriv- 

ative with sulphuric acid, diluted with glacial acetic 

acid. The yield recorded below, however, was not 



always reproduceable, as very slight changes in con- 

ditions appeared to affect the reaction strongly. 

C.H3O 

oC 

C 1130 

0.5 gm. phenylnaphthyl derivative. 

10.0 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 

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 boiling for 10 minutes to 

dissolve any loctone, the precipitate, which became solid 

on such treatment, was filtered 6ff, washed with eater 

and dried. 

Yield: 0.21 gin. (46 %). 14T. p. 178 - 190 °C. 

The product crystallised from alcohol in brilliant 

yellow needles and after two crystallisations, the pure 

methoxy- carbomethoxy- benzanthrone was obtained. 
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Yield: 0. 06 gm. (131). 141.. p. 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, 75.0, H, 4.4%; 

calculated for C20H1404, C, 75.1%, H, 4.5%. 

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

The 1- methoxy- 11- carbomethoxybenzanthrone (0.56 gm.) 

was refluxed with a solution of potassium hydroxide 

(10 gm.) in alcohol (50 c. c. ) . The solution gradually 

assumed 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 gn. (67%). M. p. 345 - 348 °C. 

The pure lactone of 1- hydroxy- 11- carboxybenzanthrone, 

mp. 356 °C, was obtained by crystallisation of the 

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

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

3) 7-Methox.y-8-(o-c.sboxyphenyl)-1-na,ohthoic acid. 

Methyl 7- methoxy- 8- (o- carbomethoxyphenyl) -i- naphthoate 

(1 gm.) was refluxed with a solution of potassium hyd- 

roxide (50 gm.) in alcohol (150 c.c.) for 24 hours. 

The colourless solution was then diluted with 100 c.c. 

water and most of the alcohol removed on the steam- bath. 

The residue was acidified with hydrochloric acid and, 

after cooling, the colourless crystalline deposit which 

formed was filtered off, washed with cold water and 

dried. 

Yield: 075 gm. (82%). Imo. p. 238 - 239 °C. 

The diacid syställised from alcohol in colourless 

rhombs which appeared to contain alcohol of crystallis- 

ation, since on rapid melting gas evolution occurred. 

The crystals vere 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, 4410; 

calculated for C19H1405, C, 70.8 %, H, 4.4%. 

The acid dissolves in concentrated sulphuric acid 

with a red colouration, being rapidly converted to the 

lactone. The lactone of 1- hydroxy- 11- carboxybenza.nthrone 

was also formed by treatment with zinc chloride on mild 

fusion, with phosphorus pentoxide in nitrobenzene and 

with thionyl chloride even in the cold. All attempts 

to cyclise the diacid partially to 1- methoxy- 11- carboxj-- 

benzanthrone by treatment with sulphuric acid, diluted 

with acetic acid., were unsuccessful: the acid either 

being left unchanged or converted to the lactone. 

Alkaline Oxidation of 11- Carboxybenzanthrone: 

Anthra uinone -1 :8- dicarboxylic Acid. 

CooN 

i gm. 11- carboxybenzanthrone. 

1 gm. sodium hydroxide. 

2 gm.. potassium permanganate. 

The acid, sodium hydroxide and potassium permangai- 

ate were dissolved in 150 c. c. water and the mixture 
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refluxed for 20.hours. The product was filtered and 

the yellow, fluorescent filtrate acidified to give a 

small precipitate of unchanged 11- carboxybenzanthrone 

(0'2 gm.) which was filtered from the hot solution. 

The filtrate was then evaporated on the steam -bath 

almost to dryness and the light yellow precipitate 

collected. 

Yield: 0.095 gm. (9%). M.D. 305 -312 °C (decamp.) 

The acid, which is very soluble in alcohol 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 

a little ether and dried. 

Yield: 0.042 gm. (4%). :LL. D. 316 -317 °C (decomp. ). 

This melting point was not altered on further 

crystallisation. 

Analysis (Weiler): found, C, 65.0 %, H, 2.9%; 

calculated for C1 6H806, C, 64.9`0, H, 2.7%, 

Decarboxylation of Anthraouinone-1:8-dicarboxvlic Acid 

to Anthrac;uinone. 

Decarboxylation experiments were first carried out 

with anthraouinone-1- carboxylic acid. A portion of 

this acid, which melts at 293- 294 °C, was first heated 

under reduced pressure in a small sublimation apparatus 

in the hope that this treatment might prove sufficnent 

1 
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to 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 

above its melting point but the purified ;product is 

stable, the decomposition apparently being due to traces 

of impurities. A trace oi copper bronze added to the 

sublimed product again caused decomposition to occur 

on melting and, since anthraquinone is a very stable 

compound, it seemed possible that the decomposition 

simply involved a loss of carbon dioxide. This 

proved to be the case. 

Coo H 

Anthraquinone -l- carboxylic acid (0.1 gm.) was 

mixed with a few milligrams of copper bronze and the mix- 

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

in a metal -bath. The tube was then removed from the 

bath and a cooling surface was inserted above the pro- 

duct. 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 

surface. 

Yield: 0.065 gm. (80 %). 211.p. 285 °C. 
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The experiment was repeated with the anthraquinon 

1: 8- dicarboxylic acid (0.1 gm.). It was heated with á 

trace of copper at 320 °C for 5 minutes and the product, 

on sublimation under reduced pressure, gave yellow 

needles of a neutral compound. 

Yield: 0.06 gm. (85%). M. p. 285 °C. 

In admixture with an authentic specimen'of anthra- 

quinone (m. p. 285 °C) , the melting point was not depressed. 

Noo tooth 

e_, 

Attempts to Aesolve 11-Carboxybenzo.nthrone. 

l) The brucine salt of 11- carboxybenzanthrone. 

N OOL 
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1 gm. 11- carboxybenzanthrone. 

13 gm. brucine. 

100 c. c. ethyl acetate. 

The brucine was dissolved in the ethyl acetate by 

warming and the solution at the boiling point was treat- 

ed with the 11- carbaxybenza.nthrone 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 transparent, orange crystals. These sets of 

.crystals were readily separated under the lens. 

(a) Yield: 0.81 gm. 

(b) Yield: 0.68 gin. 

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

whereas the second (b) decomposed at 100 -120 °C to give a 

yellow, opaque mass which on .further heating melted at 

170 -175 °C. The latter on standing in the air, or more 

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

crystals and its behaviour suggested the presence of 

solvent of crystallisation. This was supported by the 

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 (ca.. 0-1 gm.) was dissolved in methyl alcohol, which 

had been purified by refluxing with metallic magnesium 

and repeated distillation, and the solútion was made 

up to 5 c. c. in a standard flask. The solution was 

placed in a 2- decimetre polarimeter tube and the rotation, 

a, was measured using the sodium D line (589 A U). 

The specific rotation was obtained by applying the 

following formula, where w represents the weight of 

brucine salt used: 

L 
a 

l 

a x 5 

w x 2 

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

rotations: 

- 18.2° 

- 15.9 °. 

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

molecular proportion of ethyl acetate of crystallisation, 

i.e. has the formula C41113 6N207 , CH3C00C2H5, 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 

given by: 

15.9 x(ï1. 31. of C41H3 sN207, Cri3C00C2.1-ï5) 

(Y.W. of C41H36N207) 

= 15.9 x 756 - 18.0 °. 
668 



109. 

The similarity of this figure to the specific 

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 

of 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 brucine salt was repeated 

on a larger scale and the product was filtered off and 

dried at 80 -90 °C. The compound (6.5 gn.) was crystal- 

lised repeatedly from methyl alcohol, the rotation in 

that solvent being taken after each crystallisation. 

The final product, after 6 crystallisations, weighed 

1.5 gm. The specific rotations were practically 

constant throughout, varying only between the limits 

- 18.0° and - 18.4 °. .i'rom 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 ana after 15 

minutes, the 11- carooxyoenzsntnrone was filtered off, 

washed free Ql orucine and dried. It melted at 

272 -273 °C and gave no rotation in alcoholic solution. 

A secona portion (0.1250 gn.) was examined for 

mutarotation. It was placed in a small standard 
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flask, dissolved in pure pyridine and the solution was 

made up to 5 c. c. with chat solvent. It was immediate- 

ly transferred to the polarimeter tune aigu she rotation 

was examined at intervals over 24 hours. The specific 

rotation, - 67.0°, reaiuea constant during that time. 

Analysis (Ter Meulen): found, iv, 40%; 

calculated for 041x3 6N207 , 4.2%. 

2) The -menthyl ester of Il- carboxybenz :.nthrone. 

A first attempt to prepare the ester by use of the 

Fischer- úpeier method resulted in the recovery of the 

acid unchanged. t- Menthol (30 gm.) was heated to 

130 °C, 11- carboxybenzanthrone (2 gm.) was added and 

allowed to dissolve. Dry hydrogen chloride was passed 

in over 30 hours and the menthol was then distilled off 

in steam. The residue was completely soluble in 

alkali and the acid was recovered quantitatively. 

The ester, however, was readily prepared via the 

acid chloride. 

H oo. 



5 gm. ll- carboxybenzanthrone. 

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

6.5 gm. purified phosphorus pentachloride. 

The acid, benzene and phosphorus pentachloride were 

warmed together on the water -bath at 40 °C. The acid 

gradually dissolved and after 50 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 gm.) 

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 loo sol- 

ution) was added and the steam was passed in for a fur- 

ther 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. 

(l00ó). The crude product was dissolved in 200 e.e. 

absolute alcohol with heating, the solution filtered 

and left overnight. It deposited large yellow octa- 

hedra which were filtered off, washed with alcohol and 

dried. 

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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Analysis: found, C, 81°2%, H, 66`0; 

calculated for C28112803, C, 81. 5 %, H, 6.8%. 

The ester is readily soluble in chloroform and 

rotations in this solvent were determined. Approx- 

imately 0.1 gm. of the ester was weighed out, dissolved 

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 specific 

rotation -148.0 °. The bulk of the ester (5-5. gm.) 

was crystallised repeatedly using 150 c.c. absolute 

alcohol in each case, the rotation being taken after 

each crystallisation. The product after 6 crystallis- 

a,tions , weighed 1-5 gm. The rotation remained pract- 

ically constant throughout, varying only between the 

limits of experimental error, 1470°- 148.3 °, The 

examination therefore gave no evidence of the existence 

of stereoisomeric forms of the ester. 

Action of Chlorine on 1:11- Ketobenzanthrone. 

1) Chlorination in aqueous suspension: 3- chlore -1:11- 

ketobenzanthrone. 

In a first experiment, a portion of 1:11 -keto- 

benzanthrone in aqueous suspension was treated at ordin- 

ary temperature with chlorine for 4 hours and the ketone 

was largely recovered unchanged. 
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The ketone (0.5 gm.) wqs 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 deepening 

somewhat. The p r oduc t was filtered off, washed acid - 

free and dried. It weighed 0.57 grn. (100%) and melted 

at 328 -332 °C with previous sintering at 19dC. It was 

crystallised twice from glacial acetic acid to form red 

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

Yield: 0.38 gm. (67 %). 

Further crystallisation from glacial acetic acid 

or nitrobenzene did not alter this melting point. The 

sintering of compounds of this type at temperatures con- 

siderably below the melting point has been noted by 

F.R. Smith (loc. cit.) and appears to be a property of 

the crystalline form. 

3- Chloro- 1:11- ketobenzanthrone dissolves in concen- 

trated sulphuric acid to give a red -purple solution. 

It is incompletely attacked by alkaline hydrosulphite to 
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give a pur plish 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 C18H702C1, 12.3 %. 

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

1:11-ketobenzanthronel_ dichloro-1:11-ketobenzanthrones. 

0.5 gm. 1: 11-ketobenzanthrone. 

25 c. c. glacial acetic acid. 

The ketone was dissolved in the acetic acid and the 

solution was maintained at 100 °C on the boiling water - 

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%). H. p. 333 -335 °C. 

Crystallisation from chlorobenzene or glacial 

acetic acid gave the pure 3- chloro -1:il- ketobenzanthrone 

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 felting point showed no depression. The original 

acetic acid filtrate from the experiment gave a further 

0'2 gn. 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. and melted at 334- 339 °C, a range of temperature 

not appreciably altered on repeated crystallisation from 

nitrobenzene. The product was only slightly soluble in 

glacial acetic acid and in concentrated sulphuric acid 

gave a purple solution which, on dilution with sulphuric 

acid, changed to blue. 

Analysis (Hein): found, Cl, 21.3`0; 

calculated for C18H602C12, 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. 

C clisation of 3-Chloro-1l-car'pox rbenzanthrone: 3-Chloro- 

1: 11-ketobenzanthrone. 

Hoot 

Cl 

0.75 gm. 3-chloro-11-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 

30 minutes, the solution gradually darkening in colour. 

After 2 hours, the mixture was cooled somewhat and poured 

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

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%). . p. 322 -326 °C. 

It was crystallised from chlorobenzene then glacial 

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 

mono -chlorination products of 1 :11- ketobenzanthrone described 

above, admixture with specimens of which did not depress 

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 g n.) and the mixture 

refluxed for 3 hours. The solution on cooling depos- 

ited orange 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 

than the original and probably contained a trace of the 

halogeno- derivative. On crystallisation, however, the 

original 1:11- ketobenzanthrone was obtained. 

i) 3- Bromo -1:11- ketobenzanthrone. 

rz 

Pure 1; 11- 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 (1. 0 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. (1000. 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 326 -327°C, further crystallisation not alteriing 

this melting point. The compound dissolved in concen- 

trated sulphuric acid .ith purple colouration and was 

identi.cál with the synthetic 3- bro110 -1:11- ketobenzanthrone 

of 2.R. Smith (loc. cit.) , admixture with a specimen of 

which gave no depression of melting point. 

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

Attempts were made to brominate and dibro ninate 

'l:ll- ketobenzanthrone by treating with bromine under 

pressure. In a first experiment, the ketone (1.0 gm.): 

was heated with bromine (0. 6 gn.) 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 df 

3:9- dibromo -l:11- ketobenzanthrone was isolated after ld 

crystallisations from nitrobenzene. The yield of 

3:9 -dibro : no- derivative, however, was improved by brom- 

inating in licuid bromine. 

od 
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0. 5 gm. 1: 11 -ket obenzanthrone. 

10 gm. bromine. 

The bromine and the ketone were mixed in a small 

flask, fitted with a ground -in reflux condenser, and the 

mixture was gently boiled by placing in the water -bath 

at 50 -60 °C for 2 hours. Bromine was then distilled 

off and the red residue collected. It weighed 0.85 gm. 

and melted at 274- 280 °C. After 5 crystallisations 

from nitrobenzene, the pure 3:9-dibromo- 1:11- 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.) , a 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 1:11 -Ketobenzanthrone: 3- Nitro- 

1:l1- ketobenzanthrone. 

Treatment of the ketone (0.5 gm.) with excess con- 

centrated nitric acid (20 c.c.) at the boiling point 

resulted in oxidation. The ketone first dissolved to 

give a yellow, non- fluorescent solution and nitrous 

fumes were evolved. After 30 minutes, the solution 

was poured into water and the yellow precipitate collect- 

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 

compound. It probably consisted of a mixture of nitro - 

derivatives of the lactones of 1- hydroxy- 1l- carboxy- 

benzanthrone and ll- hydroxy- l- carboxybenzanthrone, 

formed from the ketone on oxidation: 

o 

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. Heating the solution to 120 °C, how- 

ever, again brought about an oxidation to a product 

with lactone -like properties. -repeated crystallis- 

ation again failed to give a pure compound. 

A successful nitration of the ketone was effected 

by treating a sulphuric acid solution with the calcul- 

ated amount of nitric acid. 
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NOz 

0.5 gm. 1:11- 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 alkalis, was 

filtered off, welshed with water and dried. It weighed 

0.57 gm. and melted at 240 - 250 °C. After 3 crystallis 

ations from nitrobenzene, pure 3- nitro- l:ll- ketobenz- 

anthrone was obtained in greenish -yellow needles. 

Yield: 0.15 gm. (27;x). 11.p. 284 - 285 °C. 

In admixture with a specimen of the synthetic pro- 

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

depressed. 

An attempt was made to nitrate 1:11- ketobenzanthrone 

in glacial acetic acid under conditions in which bent- 
. 

anthrone yields the 2- nitro - derivative. The ketone, 

however, was unaffected. More vigorous treatment, in 
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which a portion of the ketone (0.5 t;m..) in 25 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. 

1tte_lpted_ Oxidation of 1:11 -Ketobenzanthrone. 

1 gm. 1: 11-ketobenzanthrone. 

8 gin. chromic acid. 

The ketone was dissolved in 10 c. c. concentrated 

sulphuric acid and a fine suspension formed by adding 

30 c. c. water. The chromic acid was added in portion 

and the mixture was refluxed for 6 hours. The product was 

filtered and the ketone (0.65 gm.) was recovered un- 

changed. Evaporation of the filtrate failed to yield' 

any oxidation product. 

Longer treatment with chromic acid resulted in 

larger loss of material. An attempt to oxidise the 

ketone with chromic acid in acetic acid gave a similar 

result. 

Hydrolysis of 1:ll- Ketobenzanthrone.__ 

N o oC. / 
ana 

1.100 
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1: 11- Iietobenzanthrone (2.5 gm.) was dissolved in 

concentrated sulphuric acid (10 c.c.) by warming, the 

solution poured into water and the finely divided solid 

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

hydroxide solution (10;x) and the mixture boiled under 

reflux. The solid gradually dissolved to give a red 

solution, hydrolysis being complete after 8 hours. The 

solution was filtered from any residue and the filtrate 

acidified to give an orange -yellow precipitate of the 

mixed acids. It was filtered off, washed well with 

water and dried. 

Yield: 2-4 gm. M. p. 220- 240 °C. 

Attempts to Isolate 1- Carbox benzanthrone from the 

Mixed Acids. 

Rule and Bigelow (unpublished) showed that repeated 

crystallisation of the acid mixture led to the isolation 

of pure 11- carboxybenzanthrone. The product recovered 

from the mother liquors also failed to yield the 1 -acid 

on crystallisation. Attem_ets to isolate the 1- carboxy- 

benzanthrone by crystallisation of the metallic salts 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 gin.) was dissolved 



124. 

in dilute alkali and the solution made up to 200 c.c. 

with water. Dilute sulphuric acid was then carefully 

'added with stirring until approximately half of the 

solid was 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 11- 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 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 alkal- 

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 acid portion. 

Yield esters: 0.74 gm. M. p. 125- 140 °C. 

Yield acids: 1.10 gm. M. p. 230 - 245 °C. 

The esterified portion was crystallised from alcohol, 

the melting point rising. After 6 crystallisations, a 

specimen was obtained in the for:? of orange needles 
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which melted at 159 -160 °C and proved idientical with 11- 

carbomethoxybenzanthrone (p. 81). The acid portion, 

after 5 crystallisations from glacial acetic acid, 

yielded a specimen of 11- carboxybenzanthrone. 

Although there was a slight difference between the 

melting point of the recovered acid portion and the 

original mixture, suggesting a possible difference in 

rate of esterification of the two isomerides, there waS 

not a sufficient concentration of the 1- isomeride in 

either fraction to permit of its isolation by crystal- 

lisation. 

Fractionation of the mixed esters. 

The mixture was esterified by the silver salt 

method. 

The mixed acids (2-0 grn.) were dissolved in the 

minimum of dilute a-n :lonium hydroxide and the solution 

was diluted to 250 c. c. with water and boiled till arïonia 

could 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 alloy: coagulation of the silver salts which separated. 

The yellow solid was filtered off, washed with a little 

water and dried. 

Yield: 1.4 gm. 

The salts appeared to be appreciably soluble in 

water, the filtrate depositing 1.0 gm. of the original 
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acid 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 solution evaporated 

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

Yield: 10 gm. M. p. 119- 125 °C. 

The ester mixture was placed in a small Anschutz 

flask and heated under diminished pressure in an oil - bath. 

At approximately 1 roan. pressure, a portion of yellow 

liquid distilled at 200 °C and when roughly one third 

had collected in the receiver, the, distillation was 

stopped.. The distillate and residue solidified to 

orange needles on cooling. Both portions melted at 

119- 125 °C, the melting point of the original mixture. 

Repeated crystallisation of either portion from 

alcohol led to the isolation of pure 11-carboinethoxy- 

benza.nthrone. 

The Ullmann Reaction between Methil 1- bromo- 2- nanhthoate 

and Methyl o- iodobenzoate: 1- Carboxybenzanthrone. 

C. --, 
CNvoC 

COQLN3 ' 
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1) A first attempt was made to prepare 1- carboxybenz- 

anthrone on lines similar to those described for the 

preparation of the 11- isomeride (p. 79). 

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

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

30 gm. copper bronze. 

The mixed esters vere stirred together in a small 

flask, heated in an oil -bath at 150 °C, and the copper 

was added in portions over one hour. The temperature 

was then raised to 175- 180 °C and the mixture stirred 

for a further 5 hours. The product was extracted with 

250 c.c. acetone (in 3 portions) and the inorganic 

material filtered off. Acetone was removed by distill- 

ation on the water -bath, finally under reduced pressure, 

to leave a yellow syrup which weighed 44 in. 

All attempts to obtain a solid product from the 

syrup resulted in failure. Treating with ether and 

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 gm.) was treated with concentrated 

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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It consisted, presumably, of diphenic 

acia, 1- carboxybenzanthrone and anthanthrone. 

COOcH3 

+ 
OCI{3 C113000 

COOCk{3 

+ 
C H30oC 

+ 

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. ) 

and made distinctly alkaline with sodium hydroxide. 

After digesting at 60 °C for a short period, the insoluble 

anthanthrone was filtered off (1.4 gm.) and the deep 

yellow, fluorescent filtrate was acidified. The yell w 

solid which precipitated was filtered off, washed with 

water and dried. 

Yield: 16.9 gm. M. p. 213 - 218 °C. 

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 1i- 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 11 -acid. 

In concentrated sulphuric acid, it dissolved to give 

a blood-red solution, also shoring a green fluorescence. 

Further evidence suggesting that the product was 

the 1- carboxybenzanthrone was obtained from the following 

two experiments: 

Decarboxylation: benzanthrone. 

A portion of the product (0.75 gn.) was dissolved 

in dry quinoline (7.5 gm.) and the solution maintained 

at the boiling point while copper bronze (0.3 gm..) was 

added in portions. Some effervescence occurred and 

after 10 minutes the solution darkened somewhat. It 

was cooled, poured into dilute hydrochloric acid and 

the brown precipitate collected ana washed well with 

water. Alkali 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 copper. On cooling, the filtrate 

deposited fine brown needles which weighed 0.08 gm. and 

melted at 130- 15000. 

After two crystallisations from the minimum of 

alcohol, yellow needles of benzanthrone were obtained. 
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Yield: 0. 02 gm. .a. p. 171 -172 °C, 

} 

b) Cyclisation to 1:11- yetobenzanthrone. 

A first experiment in which the acid was treated 

with phosphorus pentoxide in molten phthalic anhydride 

at 200°C resulted in the recovery of the material un- 

changed. idore vigorous conditions were therefore em- 

ployed. 

1.5 gin. su-)posed 1- carboxybn:nzanthrone. 

20 gm. phthalic anhydride. 

6 gin. phosphorus pentoxide. 

The acid was dissolved in the phthalic anhydride 

at 215 °C and the .phosphorus pentoxide was added in 3 

portions at intervals of 30 minutes. After 3 hours, 

the orange product was cooled somewhat and poured into a 

solution of 20 gm. sodium hydroxide in 200 c. c. water. 

The mixture vas 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 

glacial 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 Teter and the small precip- 

itate was filtered off. 

Yield: 0.08 gm. M. p. 295 - 310 °C. 

.After two crystallisations from glacial acetic 

acid, the product gave orange needles of 1:11- ketobenz- 

anthrone , m.p. 327- 328 °C. 

HooC., 

A portion of the original acid was purified for 

the purpose of analysis. After repeated crystallisation 

from glacial acetic acid, it gave yellow needles, m.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 

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. It dissolves in concentrated sulphuric 

acid with blood -red colouration. 
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Analysis (Schoeller); found, C, 74.4 %, H, 3.5%; 

calculated for C14H803, C, 75-0%, H, 3.C%. 

(calculated for C18111003, 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, 

but the above experiments and the green fluorescence of 

the original product in alkaline solution pointed to the 

presence of some 1- 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- 

hydrazine, however, gave an incomplete precipitation of 

the fluorenone derivative and no benzanthrone derivative 

could be isolated. 

2) Several unsuccessful attempts were made to reduce 

the proportion of diphenyl derivative formed during th 

Ullmann 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 derivative. 

An experiment was next carried out employing two 

molecular proportions of the bromonaphthoate and one 

proportion of the iodobenzoate, 

30 gm. methyl 1- broino- 2- naphthoate. 

15 gm. methyl o- iodobenzoate. 

25 gin. copper bronze. 

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 the 

copper added in portions. After 5 hours, the product 

was extracted with acetone in the usual manner and the 

inorganic matter removed. Acetone was removed from the 

product and the syrupy residue was treated with 15 c.c. 

ether and left overnight. The colourless crystals which 

deposited, proved to be the dimethyl 1:1`-dinaphthyl- 

2:2T- dicarboxylate. They were filtered off, washed 

with a little ether and dried. 

Weight: 9.9 gm. M. p. 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 sulphuric acid on 

heating 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 sulphuric 

acid (150 c.c.) at 100 °C for one 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- 

anthroné carboxylic acid. 

3) Attempts were therefore made to isolate the inter- 

mediate phenylnaphthyl dicarboxylate from the product 

of the Ullmann 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 1- carboxybenzanthrone was eventually 

isolated in the following manner, a concentration of the 

phenylnaphthyl derivative being first effected by dis- 

tillation of the mixed esters under reduced pressure: 

50 gn. methyl o- iodobenzoate. 

25 gm. methyl 1- bromo- 2- naphthoate. 

30 gm. copier bronze. 
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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. 

pressure. A little unchanged iodobenzoate first dis- 

tilled but the temperature rapidly rose to 195 °C and a 

large fraction (23 gm.) of colourless distillate was 1 

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 ester. 

A second fraction (10 gm.) was collected, distilling at 

225 - 240 °C. It formed a yellow viscid liquid which did 

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 was 

poured into water (300 c.c.) and the brown precipitate 

which formed was filtered off and washed with water. 

It was dissolved in dilute sodium hydroxide solution with 

heating and the yellow- brown solution filtered from a 

small insoluble residue. On acidification, the filtrate 

yielded a yellow solid which softened at 225 °C and melted 

at 234-239°C. 

Weight: 4. 50 gm. 

It appeared to contain a considerable proportion oif 

the fluorenone derivative and crystallisation from glacial 
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acetic acid led to a concentration of that compound. 

The product was boiled with chlorobenzene (150 c. c.) for 

10 minutes and filtered hot, the filtrate on cooling 

depositing fairly pure fluorenone -4- carboxylic acid. 

The light brown insoluble portion now dissolved in 

alkali to give a vivid green fluorescent solution. It 

weighed 1.02 gm. and melted at 272- 275 °C. 

The product was dissolved_ in boiling nitrobenzene' 

(25 c.c.) and the solution filtered hot, the filtrate 

on cooling depositing yellow needles of the 1- carboxy- 

benzanthrone. 

Yield: 0.35 gm. (3;4). ICI. p. 283 -4 °C. 

Further crystallisation from nitrobenzene or glac- 

ial acetic acid gave the pure acid, _gin. p. 285 °C. 

Analysis (Weiler): found, C, 78.8 %, H, 3.8 %; 

calculated for C18h1003, 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 solution 

also having a green fluorescence. Owing to the diffi- 

culty of obtaining the aci,d, only a brief exeEination 

of its reactions could be undertaken. The behaviour 

of the acid left no doubt as to its structure. 
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Cvclisation of 1-Carbox benzanthrone to 1; 11-ILeto- 

benzanthrone. 

Ft oo, 

0.1 gm. 1- carboxybenzanthrone. 

5 gm. phthalic anhydride. 

0.2 gin. phosphorus pentoxide. 

The acid was dissolved in the phthalic anhydride v1ith 

heating and the yellow solution maintained at 200 °C wi h 

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 0mn. sod- 

ium hydroxide in 50 c. c. water. After digesting at 

the boiling point for a few minutes, the orange precip- 

itate was filtered off, washed well with hot water and 

dried. 

Yield: 0.084 gm. (90%x). M.D. 323 - 325 °C. 

The product was crystallised from glacial acetic 

acid to form orange needles, m. p. 327 -328 °C, identical 

with 1:11- ketobenzanthrone obtained by cyclising 11 -car- 
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boxybenzanthrone. 

Oxidation of 1-Carboxybenzanthrone: Anthraouinone-.1- 

carboxylic Acid. 

0.1 gm. 1-carboxybenzanthrone. 

1 gm. chromic acid. 

The 1- carboxybenzanthrone was dissolved in concen- 

trated sulphuric acid (3 c.c.) by warming and water (1 

c. c.) added. The fine suspension which formed was tr -ated 

with the chromic acid in portions and the mixture boil -d 

under reflux for 6 hours. The product was diluted wi h 

water and the brown precipitate was filtered off, wash - 

with water and dried. 

Yield: 0.055 gm. (64,x,). M.p. 287- 290 °C. 

The product, on crystallisation from dilute alcoho 

gave a specimen of pure anthraquinone -ï- carboxylic acid 

m.p. 293 - 294 °C, in fine, almost colourless needles. I 

admixture with a specimen of authentic anthraquinone-l- 

carboxylic acid, the melting point was not depressed. 

cl 

n 
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The crude product from the reaction showed no trace of 

the lactone of 1- hydroxy -11- carboxybenzanthrone when in 

alkaline solution. 

Bromination of 1-Carboxybenzanthrone: 

benzanthrone. 

HOQ 

3- Bromo- l- carboxr- 

In a preliminary experiment, a portion of 1- carbox 

benzanthrone in aqueous suspension was treated with the 

calculated amount of bromine and the mixture refluxed 

for 3 hours. The original material Was largely recov- 

ered on crystallisation of the product. 

0.3 gm. 1- c arboxybenz anthrone. 

1.5 gm. bromine. 

The acid was dissolved in concentrated sulphuric 

acid (3 c. c.) by warming and a fine suspension formed 

by adding water (25 c. c. ) . The bromine was added and 

the mixture was maintained at the boiling point for 6 

hours. Excess bromine was then removed by distillati II 

and the orange solid was filtered off, washed well wit}a 

;water and dried. 
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Yield: 0.37 gm. (96%). Ii. p. 305- 308 °C. 

Two crystallisati6ns from nitrobenzene gave the 

pure 3- bromo- l- carboxybenzanthrone in fine yellow needles, 

melting at 319- 320 °C. 

Yield: 0.20 gru. (51 %). 

Analysis (Hein): found, Br, 22.5 %; 

calculated for C18H903Br, 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 -bro o- l:l1- ketobenzenthrone. 

Cyclisation of 3-Bromo-l-ca.rboxi benzanthrone to 3-:8romo- 

1: 11-ketobenza:nthrone. 

rUOd 

0. 2 

10 

0.3 

gm. 

gm. 

gm. 

3- bromo- l- carboxybenzanthrone. 

phthalic anhydride. 

phosphorus nentoxide. 
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A solution of the acid in phthalic anhydride at 

200 °C was treated with phosphorus pentoxide in the usual 

manner and after two hours, the mixture was poured into 

dilute sodium hydroxide (10 gm. in 100 c. c. water). 

The resulting mixture was digested at the boiling point 

for a fey minutes and the orange solid collected. 

Yield: 0.17 gm. (90%). M.p. 323 - 325 °C. 

The pure ketone was obtained in the forTi of orange 

needles, m.p. 325- 326 °C, by crystallisation of the pro- 

duct from glacial acetic acid, In admixture with auth- 

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 1- carboxybenzanthrone (<0.1 gm.) 

was dissolved in concentrated nitric acid (2 c.c.) by 

heating and the yellow solution maintained at the boiling 

point for 15 minutes, nitrous fumes being evolved. Thie 

solution was then poured into water and the yellow pre- 

cipitate collected. After three crystallisations from 

glacial acetic acid, the product gave a 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 lactone, 

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 Cyclisation of Dimethyl-1 :1'- .Jinaphthyl- 

2: 2 '- dicarboxylate. 

During attempts to prepare 1- carboxybenzanthrone 

(D.133), a specimen of dimethyl 1: l'- dinaphthyl -2: 2'- 

dicarboxylate was obtained. This compound has been 

prepared and its conversion to anthanthrone by sulphuric 

acid treatment carried out by Kuhn and Albrecht (Ann., 

1928, 465, 282) but these authors do not co_:. nent on the 

course of the cyclisation. 

1) Anthanthrone. 

The dinaphthyl derivative (1.0 gm.) was dissolved in 

concentrated sulphuric acid (10 c.c.) with stirring and 

the temperature of the colourless solution Was raised. 

At 50 °C, the solution showed no sign of any intermediate 

benzobenzanthrone compound, i.e. no red colour, but 
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immediately assumed a green i;int which gradually deep- 

ened on further heating. After stirring at 100 °C for one 

hour, she dark green product was poured in-Go vwacer aria 

the red - orange precipitate was filtered off, washed with 

water and dried. It was completely insoluble in alkalis 

and did not melt below 360 °C. 

Yield: 0.85 gm. (100,ó). 

The product crystallised from alcohol in orange 

needles. It was identified as anthanthrone, forming a 

magenta- coloured vat with alkaline hydrosulphite, which 

dyed cotton in orange shades. 

2) 1:1 '- Dinaphthyl -.2: 2 T- dicarboxylic acid. 

A portion of the dinaphthyl dicarboxylate (1.0 gm.) 

was heated in concentrated sulphuric, acid (10 c,c.) at 

50 °C for one hour with stirring. The resulting 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 Vim.) was filtered off. The cooled 

filtrate on acidification yielded a colourless precip- 
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itate of the dinaphthyl dicarboxylic acid. 

Yield: 0-78 gm. (84 %) . M. p. 270 -271 °C. 

The acid crystallised from dilute acetic acid in 

colourless needles, m.p. 272 °C. It has already been 

prepared (Kuhn and Albrecht, loc. cit.) by alkaline 

hydrolysis of the dinethyl ester, the melting point 

quoted being 263.5- 270 °C. 

Synthesis of 5-Nitrobenzanthrone. 

1) Methyl 3- nitro -[o- carbomethoxyphenyl) 1- naohthoate. 

20 gm. methyl 3-nitro-3-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 cooper was added in portions over one 

hour. The product was then stirred for a further 3 heurs 

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 crystalline deposit separated. It was 

filtered off, washed wdth a little ether and dried. It 

weighed 12.8 gm. and melted at 138- 141 °C. Crystallis- 

ation from alcohol (300 c. c.) gave the phenylnaphthyl 

derivative in yellow - brown needles, m.p. 141- 142 °C. 

Yield: 9.37 rya. (400). 

A further crystallisation gave the -lure ester in 

yellow needles, melting at 143 °C. 

Analysis (micro- Dumas): found, N, 3.7%; 

calculated for C20H1 50 6N, 3.8%. 

2) 5- Nitro- 11- carboxenzanthrone. 

CN300C.. 

In a preliminary experiment, a portion of the 

phenylnaphthyl derivative was treated with sulphuric 

acid at 100 °C for one hour and the product, obtained on 

pouring the red solution into water, contained a high - 

melting compound which was insoluble in the usual sol- 
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vents. It was probably the anhydride of the nitro -acid 

since on prolonged boiling with dilute alkali it was con- 

verted to 5- nitro- 11- carboxybenza.nthrone. The formation 

of this product was avoided by carrying out the cyclis- 

ation at a lower temperature. 

The phenylnaphthyl derivative (2 gin.) was treated 

with concentrated sulphuric acid (20 a.c.) and the mix- 

ture maintained with stirrin for 30 minutes at 80 °C. 

The resulting blood -red solution was poured into vater0 

and the brown precipitate which formed was filtered off, 

washed with hot water and dried. 

Yield: 1.72 gm. (98 %). 1-..p.298-301°C (decomp.) 

The product was dissolved in 50 c. c. boiling nitro- 

benzene and the slight insoluble residue filtered off. 

The filtrate on cooling deposited yellow -brown needles 

of 5- nitro- ll- carboxybenzanthrone which weighed 1.08 gm. 

(62 ,g) and melted at 307 -308 °C (decomp.). A further 

crystallisation from nitrobenzene or glacial acetic 

acid gave the >>ure nitro -acid in yellowish needles, 

m. p. 309 °C (decomp.) . 

Analysis (micro- Dumas): found, C, 4.0 %; 

calculated for C18H905N, 4.4 %. 

5- Nitro- 1l- carboxybenzanthrone dissolves in alkal- 

is.to give a yellow non - fluorescent solution and in 

concentrated sulphuric acid forms a blood -red colour- 

ation, the solution also showing no fluorescence. In 
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admixture with 3- nitro -11- carboxybenzanthrone which 

melts at 310 °C (decomp.), a specimen of the 5- nitro- 

derivative gave the melting point 288- 291 °C, a depression 

of approximately 20 °C. 

3) Decarboxylation of 5-nitro-11-carboxybenzanthrone to 

5-nitrobenzanthrone. 

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 quin- 

oline and the copper bronze added in small portions. 

Effervescence occurred and boiling was continued for 

two minutes longer. (Further boiling was found to give 

Droduct which could only be purified with difficulty) 

The cooled mixture was poured into dilute hydrochloric 

acid to dissolve the quinoline and filtered. The resid- 

ue was washed with water, warmed with dilute alkali and' 

again filtered, washed i:ith water and dried. The 
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brown solid was refluxed with boiling acetic acid 

(200 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 crystallisations from glacial acetic 

acid, fine brown beedles were obtained (40% yield) , m. p. 

287 °C. Further crystallisation from glacial acetic 

acid or chlorobenzene did not alter this melting point. 

Analysis (Schoeller): found, N, 5.3 %, 

calculated for C17H9O3N, 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 remains insoluble. 

CTclisation of 5-Nitro-11-carbox-benzanthrone to 5-%Titro- 

1: ll-ketobenzanthrone. 

NOoG 

NO2. 

Difficulty was experienced in cyclising the car - 

boxy acid to the ketone by means of phosphorus pentoxide 

treatment. The product from such treatment appeared 
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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 acid, already en- 

countered in the cyclisation of the phenylnaphthyl deriv- 

ative with sulphuric acid. The formation of this pro- 

duct greatly reduced the yield of the ketone. 

0.75 gm. 5- nitro- ll- carboxybenzanthrone. 

20 gm. phthalic anhydride. 

1 gm. phosphorus pentoxide. 

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 30 

minutes and after two hours the product was cooled somel- 

what and poured into a solution of 15 gm. sodium hydr- 

oxide in 150 c.c. water. The resulting mixture was 

maintained at the boiling point for 15 minutes, much of 

the orange precipitate going into solution. The 

insoluble portion was filtered off, washed'with hot 

water and 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 needles of the nitro- ketone. 

Yield: 0.09 gn. (13`'0). M. p. 319 - 320 °C. 
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.i{`urther crystallisation did not affect this melting 

point. The compound dissolved in concentrated sulphuric 

acid to give a purple non - fluorescent solution. The 

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 (micro-Dumas): found, N, 4=3%, 

calculated for C18H704N, 4.65%. 
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S U M M A R Y . 

The substitution reactions of 11- carboxybenzan- 

throne have been examined and successful chiorinations, 

broninations and nitrations carried out. 3- Substituted 

derivatives are shown to be formed in every case but 

the action of bromine and nitric acid under certain con- 

ditions led to oxidation of the molecule in the 1 -pos- 

ition, lactones of 1- hydroxy -11- carboxybenzanthrone 

being obtained. The oxidation of 11- carboxybenzanthrone 

with chromic acid had previously been carried out by 

Rule and co- workers, who had suggested the lactone 

structure for the product. The frequent occurrence of 

the supposed lactones during the examination of the 

substitution reactions of 11- carboxybenzanthrone in the 

present work, led to an attempt to prove the structure 

of these interesting oxidation products. A suacessfu]} 

synthesis of the lactone of 1- hydroxy -11- carboxybenz- 

anthrone was carried out by applying the Ullmann 

reaction to methyl 7- methoxy -8- bromo- l- naphthoate and 

methyl o- iodobenzoate and cyclising the resulting phenyl - 

naphthyl derivative with concentrated sulphuric acid. 

The compound obtained was identical with the product of 



152. 

oxidation of 11- 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 concen- 

trated sulphuric acid has been further examined and some 

interesting observations have been made regarding the 

hydrolysis and cyclisation of the compound and related 

products. The suggestion is put forward that the poss- 

ibility or otherwise of formation of a stable 6- membered 

ring- system is a determining factor in the behaviour of 

carbomethoxyl groups in compounds of this type towards 

hydrolysis with concentrated sulphuric acid. It is 

shown that the normal reactions of certain groups of 

atoms such as OCH3 are fundamentally modified by the 

proximity in space of other groups in the same struc- 

ture. These deviations from the normal are greatly 

¡emphasised if the groups are held rigidly in close 

spatial proximity and the possibility of separation by 
1 

rotation round a bond in the system is absent. 

A second oxidation product of 11- carboxybenzanthrone 

was obtained by use of an alkaline oxidising reagent. 

The acid on treatment with alkaline potassium permangan- 

ate gave a small yield of anthraquinone -l:8- dicarboxylic 

acid, an interesting compound not listed in the litera- 

ture. A useful method of decarboxylation was employed 

in orientating the product. 

The examination of the 7- methoxy- phenylnaphthyl 



153. 

dicarboxylic ester, obtained during the synthesis of 

the lactone of 1- hydroxy- 11- carboxybenza.nthrone, gave 

an indication of the proximity in space of the 1:11 - 

positions in the benzanthrone structure. This proxim- 

ity is clearly observed'in an atomic scale model of the 

11- carboxybenzanthrone molecule, which also makes appar- 

ent a considerable restriction to the rotation of the 

il- carboxyl group by the blocking effect of the hydrogen 

atom in position 1. This restriction is so :marked as 

to suggest the possibility of the existence of stereo- 

isomeric forms of the carboxy acid. An examination of 

the brucine salt and the '- menthyl ester of the acid 

was made but gave no evidence of the existence of 

diastereoisomeric forms of these derivatives. Some 

consequences of the restriction to rotation were pointed 

out and a further study of the acid and its derivatives 

recommended. 

The behaviour of 1:11- ketobenzanthrone on substitution 

was examined a_nd on mono- substitution, chloro -, bromo- 

and nitro- derivatives were obtained with substituents 

in the 3- position. Further bromination led to the 

production of a mixture from which 3:9- dibromo -1: 11 -keto- 

benzanthrone was isolated. The 1:1l- ketobenzanthrone 

i 

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 

1- carboxybenzanthrone. An examination of the acid 
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mixture formed by alkaline hydrolysis of 1:11- ketobenz- 

:nthr.one failed to give the required acid. A synthesis 

of the acid was undertaken, on lines similar to those 

employed by Rule anç1y:co- tiorkers in the preparation of 

11- carboxybenzanthrone. Methyl 1- bromo-2- naphthoate 

and methyl o- iodobenzoate were treated with copper bronze 

but the unsym etrica1 product of coupling could not be 

isolated in solid form. Eventually a very small yield 

of 1- 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 1- carboxy- 

benzanthrone was made. Bromination of the acid was 

again shown to yield the 3- bromo- derivative, the primari 

position of attack ir.the benza.nthrone nucleus not being 

affected by the presence of the carboxyl gròup. Treat- 

ment of the acid_ with concentrated nitric acid gave a 

product with properties suggesting that oxidation had 

taken place in the 11- position to give a lactone. The 

lactone structure, however, did not appear to be formed 

on oxidation of the 1 -acid with chronic acid, anthra- 

quinone -l- carboxylic acid being obtained. 

A successful "Ullmann Synthesis" of 5- nitrobenz- 

anthrone was carried out by coupling methyl 3- nitro -8- 

bromo -1- naphthoate with methyl o- iodobenzoate in the 

presence of copper. The intermediate phenylnaphthyl 

dicarboxylate was isolated in good yield from the reaction 
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product and converted to the nitro- 11- carboxybenzanthrone 

by treatment with concentrated sulphuric acid. The acid 

was decarboxylated and further cyclised to give respect- 

ively the new nitrobenzanthrone and 5- nitro- 1:li -keto- 

benza.nthrone. 

In conclusion, the author desires to express his 
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