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I N T R O D U C T I O N. 

Since the first systematic work on aromatic com- 

pounds was begun in the nineteenth century attention 

has chiefly been directed towards derivatives of 

benzene. The study of naphthalene has been much less 

complete, even though this hydrocarbon was discovered 

(Garden, Ann. of Phil., 1820, 15, 74.) before benzene 

itself had been isolated. A structure was assignéd to 

it soon after that of benzene had been evolved. 

The problems of the naphthalene series are much 

more complex than those of benzene, due to the fact 

that eight hydrogen atoms are replaceable and two ring 

systems exist. Naphthalene, for instance, presents 

the possibility of two mono -substituted products and 

ten di- substituted products whereas in benzene one and 

three are the corresponding figures. It is thus 

perhaps right that a knowledge of the simpler hydro- 

carbon should be aimed at before studying the more 



 w. 

complex. 

Many of the well known reactions of benzene 

derivatives can be applied with success to naphthalene 

and a number of striking similarities appear on con- 

:sideration of the properties of the two hydrocarbons. 

One most interesting possibility possessed by naphtha- 

lene has, however, no analogue in benzene chemistry; 

that is the formation of peri -di- substituted compounds, 

in which the two substituents occupy the 1 :8 (or 4 :5) 

positions. 

Naphthalic acid is a compound of this type and was 

synthesised in 1887 by Bamberger and Philip (Ber., 1887, 

20, 237). The work of Ekstrand (Ber., 1886, 19, 241; 

J. pr. Chem., [2], 1888, 38, 1131) showed that the 1 :8- 

naphthalene derivatives possess properties resembling 

in many ways those of ortho -derivatives. Bamberger 

and Philip proposed the term "peri" for the groups 

which possess such special characteristics. By the 

direct nitration of 1-naphthoic acid Ekstrand had ob- 

tained two mono -nitro -acids which were separated by 

crystallisation from alcohol. The more soluble 

isomeride, 8- nitro- l- raphthoic acid, was reduced by 

alkaline ferrous sulphate to the corresponding amino - 

acid, the structure of which was proved by the ease 
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with which the elements of water were eliminated from 

the compound, with the formation of naphthastyril. 

NHa cOV H 
NH-CO 
I I 

Bamberger and Philip carried out a Sandmeyer reaction 

on the 8- amino- l- naphhhoic acid, replacing the amino- 

group by the nitrile group. Hydrolysis of the pro- 

:duct led to the formation of naphthalic acid. The 

complete synthesis is therefore represented as follows;- 

C 00 

/ 

CN COOH 

4: 
L / 

HO OC $. oOH 

The carboxyl groups of naphthalic acid thus occupy the 

peri- positions. Ortho -substitution causes the closest 

approach of two groups in the benzene ring, but with 

peri- derivatives a still greater proximity appears to 

exist. This is upheld by the ready formation of the 



 

anhydride from naphthalic acid. 

/o 
o c co 

CCJ 
Although aliphatic organomercury compounds of the 

type R2Hg were discovered in 1864 (Frankland and Duppa, 

Ann., 1864, 130, 105) and the corresponding aromatic 

compounds in 1870 (Dreher and Otto, Ann., 1870, 154, 

94) mercuration compounds in which there is only one 

carbon to mercury link, were not known till 1898. In 

that year, K.A.Hofmann,(Ber., 1898, 31, 1904) by heat - 

sing ethyl alcohol and mercuric oxide along with a 

little sodium hydroxide, isolated a compound of the 

'tmercabide" type, which was formulated as follows : - 

g ` ,/"3 
O 

\H / H OH 1.90\H) 

In the same year, Dimroth (Ber., 1898, 31, 2154) using 

a solution of mercuric acetate obtained from benzene 

the compound C6H5Hg.00CCH3. Both these compounds 

are of the general type RHg.X and similar compounds 

were obtained. by Dimroth starting from toluene, naph- 

:thalene, phenol and other materials. Deses'quelle 

(Bull., 1894, [3], 11, 263) also mercurated phenol 

using aqueous sodium phonate and mercuric oxide or 

chloride. By treating a hot solution of the phenol 



mercuric acetate, Dimroth isolated o- and p-hydroxy- 

phenyl mercuric chloride, both of which on boiling with 

hydrochloric acid yielded phenol and mercuric chloride. 

This reaction is typical of all true mercuration com- 

:pounds. 

A further method of preparing phenyl mercuric 

chloride is that of Peters (Ber., 1905, 38, 2567) in 

which benzene sulphinic acid acts on mercuric chloride, 

sulphur dioxide and hydrochloric acid being evolved. 

As regards carboxylic acids, Pesci (Cent., 1900, 

I, 1097 and 1901, II, 108) showed that the mercuration 

products of benzoic and phthalic acids are the same : - 

CO 
p < a 

N5' -cooN 

Dimroth also prepared this compound by heating mercuric 

benzoate above its melting point (Ber., 1902, 35, 2870). 

(..."\/C.. 00. it 0 0 C 

O 
- H3' ac, 

/,.COON 

JJ 
+ 

COON 

HC1 

COUR 
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From this compound, Dimroth prepared o- bromo- 

benzoic acid by acting on it with bromine dissolved in 

potassium bromide. 

0:"No 
H3' 

C00H 

Dimroth had previously utilised this reaction to 

orientate o- and p -tolyl and o -nitro phenyl mercuric 

chlorides. 

N3 

CH3 

E {9C1 I, Br 

CN3-"° 

> 
'Br 

Noa ,NOa 
> --- 

-H,ct 

Noa 

B-r 

Similarly, salicylic acid gives 3- and 5 -iodo salicylic 

ac ida- 

OH 



Recently Whitmore and his co- workers have 

mercurated naphthalic acid and various substituted 

naphthalic and naphthoic acids (J. Am. C. S., 1929, 

51, 1531 and 3363). When naphthalic acid was boiled 

with aqueous mercuric acetate an organo- metallic com- 

pound was produced from which naphthoic acid or the 

corresponding halogen acids could be obtained. 

HOOC COO H 

COUH 

Substituted naphthalic acids behaved in an 

analogous manner but here there was the increased 

difficulty in isolating pure compounds due to the pro- 

duction of isomers. Thus 3 -nitro and 4- nitronaphthalic 

acids yielded on mercuration a mixture of 3- and 6- 

nitro- 8- hydroxymercuri -i- naphthoic acids and of 4- and. 

5- nitro- 8- hydroxymercuri -l- naphthoic acids respective- 

ly, the 3- and 4- nitro - compounds being formed in ex- 

cess. This was confirmed by boiling the organo- 

mercuri- compounds with concentrated hydrochloric acid . 

to yield the corresponding substituted naphthoic acide 

(Leuck, Perkins and Whitmore, J. Am. C. S. 1929, 51, 

(i) 1831). 
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In the same year Whitmore and Fox (J. Am. C. S., 

1929, 51, (ii), 3363) treated naphthoic acid with 

boiling aqueous mercuric acetate and obtained a mixture 

of mercurated acids substituted in the 5- and 8-posi- 

:tions. The structure of the mercurated products was 

determined by replacement of the mercury by chlorine 

or bromine. 



TMercua. acetate 

fullv...ed dy 

sudi..... h7clY.Yae 

CoOH 

(::):::) 
OH 

n 

coDH 

CZ 

Cl COOV1 

During the mercuration an alkali -insoluble organic 

di- mercurated compound was formed by the loss of carbon 

dioxide but Whitmore and Fox failed to establish the 

structure of this derivative. 

More recently, Davies, Heilbron and Irvine applied 

this mercuration process to 2- methoxynaphthalic anhydride 

(J.C.S., 1932, 2715) when 7- methoxy- î-naphthoic acid 

was produced in excellent yield on treatment of the 

mercuri- compound with hydrochloric acid. 

o c H3 OC H3 

1400 C. 

OC 
H3 

Rule and co- workers carried out the mercuration of 

several substituted naphthalic anhydrides. 3:6- 

Dinitronaphthalie anhydride was treated with aqueous 

mercuric acetate to yield the corresponding mercuri- 

compound which on treatment with concentrated hydro- 

chloric acid gave 3 :6- dinitro- l- naphthoic acid 



(J.C.S., 1934, 171). 

\ 
OC CO 

10. 

COON 

In this case there were no isomers to cause complications 

as the nitro- substituents in the molecule were symmetri- 

:cally placed. Later Rule and Thompson (Thesis, 

Edinburgh. 1935) mercurated 3- and 4- bromonaphthalic 

anhydrides to yield 3- and 6- bromo -8- hydroxymercuri -1- 

naphthoic acids and 5- and 4-bromo-8-hydroxymercuri-i- 

naphthoic acids respectively. However, only 3- ali. 

5- bromo- l- naphthoic acids could be isolated in the 

pure state on hydrolysis with hydrochloric acid. 

o 
OC/ CO 

coBr 

COON NOOC 

COL- 
Yre.,..o: 25 o/D NOT' ISOLATED. 
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CiN) 
Br 

YIELO: 35 o No-r lSa1ATF0. 

Amongst the peri- derivatives, the 8-halogeno-l- 

naphthoic acids and the derived substituted acids have 

attracted special attention during the last few years. 

The 8- chloro -acid was prepared almost fifty years 

ago by submitting naphthastyril to the Sandmeyer re- 

:action (Ekstrand, J. prakt. Chem., 1888, 38. 139, 241). 

NH-c0 

(9Ns;C:3 

ct cooH 

and later from 8-chloro-l-naphthylamine by a modified 

Sandmeyer reaction (Kalb, Ber., 1914, 47 1724). 

Cl. N "a 

Cl. 

ct cN 

C1 COpH 
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Rule and Spence (J.C.S., 1929, 2516) obtained 

both the chloro- and the bromo -acid by the action of 

thionyl chloride and bromide respectively on 8- nitro- 

l- naphthoic acid in benzene solution. 

NO COO}y C1 C 00 

The mercuration method of Whitmore and co- workers 

which has been described above has proved a very 

satisfactory source of the acids and has been employed 

with marked success by Rule and co- workers (J.C.S., 

1934, 170). Both the substituted and unsubstituted 

anhydro -8- hydroxymercuri- l- n_aphthoic acids on treat- 

ment with bromine or chlorine yield the halogeno- 

acids. 

C H3 

Br COOFY 

(:24) 

C N3o 

$r c.OoH 

A reaction. which has been applied with outstanding 

results to compounds of this last type is the Ullmann 

reaction. Discovered by Ullmann in 1900 (Ber., 1901, 

34, 2174. Ann., 1904, 332, 38) it consists in heating 
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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, how- 

:ever, were found to react only when an increased 

lability was conferred upon t_ie halogen by the presence 

of other substituents in certain positions. Thus 

while m- and p- nitrochlorobenzene were unreactive, the 

o- nitro - compound reacted readily to give 2:2'- dinitro- 

:diphenyl. 

C uaC1a_ 

A similar type of activation also appears to be 

conferred upon the halogen by a carboxyl group in the 

ortho -position. 

An important development of the Ullmann reaction 

was its application to the formation of unsymmetrical 

products from mixtures of halogeno- compounds. Owing 

partly to the interest in certain unsymmetrical 



diphenyis with respect to their optical activity, this 

modification of the reaction has been eiiployed ex- 

tensively in recent years. Turner and co- workers 

have shown that the yield of the unsymmetrical product 

is surprisingly large in many instances. For example, 

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

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

dinitrobenzoate and an aromatic iodo -compound are 

heated together in presonce of copper powder, ethyl 

2 :4- dinitrodiphenyl -6- carboxylates alone are formed. 

In this manner, m- iodotoluene gives a 68% yield of the 

unsymmetrical product : - 

The Ullmann reaction was first applied to 8-halo- 

geno-l-naphthoic acids, in the form of their esters, by 

Kalb (Ber., 1914, 47, 1724) in his synthesis of the dye- 

:stuff anthanthrone. The ethyl ester of 8- chloro -l- 

naphthoic acid formed in poor yield was subjected to 

treatment with copper powder at 290 °C, and the result- 

:ins diethyl 1:11- dinaphthyl- 8 :8'- dicarboxylate con- 

:verted quantitatively to anthanthrone by the action of 

concentrated sulphuric acid : - 



Cl coocaHs 

--Y 
coocaHs 

HroI7i their investigations, Rule and Barnett 

(J.C.S., 1932, 2728) concluded that the halogens in 

methyl 8- brorno-i- raphthoate 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- carboy le thoxyphenyl) - 1- n_aphthoate . 

3r CvUcH3 

Rule and Pursell (J.C.S., 1935, 571) repeated 

Barnett's preparation and showed that the phenylnaphthyl 

dicarboxylate was converted quantitatively to a 

benzanthrone carboxylic acid by the action of con- 

:centrated sulphuric acid. 



HOOC 

Anthanthrone and substituted anthanthrones have 

also been derived from naphthastyril by Corbellini 

(I.G., E.P., 278, 100; D.R.P., 445, 390 (Fr., 15, 300) 

and I.G., Farb., E.P., 327, 712). 

Naphthastyril and 5- nitronaphthastyril were 

diazotised and treated with ammoniacal cuprous oxide. 

Elimination of the diazo -group occurred, yielding the 

dinaphthyl dicarboxylic acids which on ring -closure 

formed anthanthrone and 4:9- dinitro -anthanthrone. 

NH---CO 

(:)11(:) 

NHa copFt N:NCY COOH 



NH - Co 

N na 

N(32 

Two methods of preparation of naphthastyril which 

have been utilised later in this thesis are from 

8- bromo -l- naphthoic acid (Rule and Brown, T.C.S., 

1934, 137) and from naphthalimide . 

Rule and Brown, by heating 8- bromo- l- naphthoic 

acid in a solution of concentrated aqueous ammonia 

containing a little copper bronze, ammonium nitrate 

and potassium chlorate in an autoclave at 15000, 

obtained pure naphthastyril in good yield. 

The work of the present thesis falls into four 

parts 

1. Sulphonation of n_aphthalic anhydride, proof of 

structure of the disulph.onic compound and 

examination of some derivatives obtained 

from the suiphonic acids. 
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2. Mercuration of substituted naph.thalic 

anhydrides and the resulting derivatives. 

3. Attempted Ullmann couplings of the bromination 

products obtained from the mercurated 

naphthalic anhydrides. 

4. Substituted naphthalimidea. 
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SUUNARY OF EXPERIMENTAL WORK AND 

DISCTUS:IOIt OF RESULTS. 

1. Sulphonation of Naphthalic Anhydride and some 

Derivatives obtained from the Sulphonic Acids. 

The sulphonation of naphthalic anhydride was 

carried out in 1899 by Ansein and Zuckmeyer (Ber., 

1899, 32, 3283) when they prepared the 3-- sulphonic 

acid from which they derived 3- hydroxynaphthalic 

anhydride by fusion with alkali. 3- Methoxynaphtbalic 

anhydride was prepared from the corresponding hydroxy- 

acid by the same workers (Ber., 1899, 32, 3294) by 

treatment with methyl iodide and 5% sodium methoxide 

dissolved in boiling absolute methyl alcohol, but the 

yield proved to be low (29%). An improved method of 

methylation was subsequently carried out in the course 
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of this thesis work using dime thyl sulphate and sodium 

hydroxide whereby the yield of 3- meth; ynaphth.alio 

anhydride was increased to 62. 

Later Bargellini (Gazz., 1906, 36, II, 110) 

carried out a suiphonation of naphthalic anhydride 

with fuming' sulphuric acid (20% w/w free S03) at 

215-230°C for 5 hours and thus obtained a disulphonic 

acid. It was isolated in the form of the barium salt, 

the analysis of which confirmed the Presence of two 

sulphonic groups. Bargellini, however, did not prove 

the positions of the substituents but suspected that 

substitution had taken place in the 3- and. 7- positions 

analogous to the sulphonation of naphthalene at 180 00 

whereby the 2:6 -(or 3 :7-) disulphonic acid is produced. 

Ir. t ,e present work, the disulphonation of 

naphthalic anhydride was carried out according to 

Bargellini and th.o barium salt of the disulphonic acid 

was isolated. By using, however, a fuming sulphuric 

acid containing a higher proportion of trioxide (656 

w/w free SOn) it was found that the disulphonation of 

naphthalic anhydride could be effected readily by 

heating to 150 00 for 2 hours. Thus the use of this 

stronger fuming; sulphuric acid allowed the reaction to 

be carried out at a such lower temperature and more 

quickly, the time being reduced by more than half. 

The introduction of the suiphonic groups is effected 

by the presence of free S0 and in the improved method 
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of sulphonation the reaction can be carried out with 

half the bulk of sulphuric acid. The yield of the 

barium salt of disulphonaphthalic acid was also 

slightly increased by 4¡. 

The barium sal, of disulphonaphthalic acid was 

then treated with a calculated amount of anhydrous 

sodium sulphate whereby the sodium salt of the 

disulph.onic acid was produced. The latter crystallised 

from hot water in colourless needles with four molecules 

of water of crystallisation. 

The sodium salt of disulphonaphthalic acid on 

being submitted to alkali fusion yielded a dihydroxy- 

naphthalic anhydride, m.p. 346.5- 347 °C, in good yield 

(86%). This compound crystallised from methyl 

alcohol in bright yellow needles or from nitrobenzene 

in greenish yellow plates. In alkaline solution it 

yielded a dark yellow solution with strong green 

fluorescence . 

On methylation of the dihydroxynaphthalic anhydride 

by means of dimethyl sulphate the corresponding 

dimethox ynaphth.alic anhydride was produced in excellent 

yield (73 %) . Purification was effected by recrys- 

:tallisation :tallisation from glacial acetic acid from which fine, 

long, golden yellow needles, m.p. 294 -295 °C, separated 

out. The alkaline solution was almost colourless 

and showed no fluorescence. 
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Proof of Structure of Disulphonaphthalic Acid. 

Mono- sulphonation of naphthalic anhydride talaes 

place in the 3- position so that the disulphonic acid 

can be assigned the structure of a 3 ;x- derivative of 

naphthali c acid. 

It was originally intended to decarboxylate the 

3 ;x- dihydroxynaphth.alic acid by the "copper quinoline" 

method, but as the decarboxylation of an hydroxy -acid 

by this method had not previously been carried out it 

was deemed advicable to attempt first the decarboxy- 

;lation of p- hydroxybenzoic acid. This experiment 

proved successful with the production of phenol. 

Nevertheless, 3:x-dihydroxynaphthalic anhydride on 

treatment with boiling quinoline and copper bronze 

failed to yield any dihydroxynaphthalene, the unchanged 

anhydride being recovered. Satisfactory results were, 

however, obtained with 3 ;x -dime thox;niaphthalie anhydride, 

which under the above treatment lost carbon dioxide 

and gave a dime thoxynaph th.alene . Presumably in this 

reaction there is sufficient moisture in the "dr7" 

quinoline to bring about the conversion of the an- 

:hydride into the acid. The theoretically possible 

structures for the decarboxylated product were 2 ;3 -, 

3 :4-, 3:5-, 3:6- and 3:7-dimethoxynaphthalenes, al- 

though some of these are highly improbable in view of 

the known behaviour of naphthalene towards other re- 

:agents. The product obtained crystallised from 

petrol ether in almost colourless plates, m.p. 136.5- 
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137.5 °0, and a crystal treated with concentrated sul- 

:phuric acid gave a deep yellow solution with strong 

green fluorescence. A consideration of the melting 

points of the following known dimethoxynaphthalenes, 

viz., 3 :2- (or 2 :3 -), m.p. 116 °C, 3 :4- (or 1 :2 -), m.p. 

31 °C, and 3 :7- (or 2 :6 -), m.p. 150 °C is sufficient to 

eliminate them from the present case. The 3:5- (or 

1 :7 -) dimethoxynaphthalene is yet unknown but the 3:6- 

(or 2 :7 -) disi bs ti toted compound melts at 138 °C; in 

concentrated sulphuric acid it gives a yellow solution 

green fluorescence and therefore appears to be 

the most probable structure. 

A pure sample of 2 :7- dimethoxynaphthalene was 

therefore prepared from the sodium salt of naphthalene, 

2 :7- disulphonic acid by alkali fusion (Ber., 1907, 40, 

1410) to give 2 :7- dihydroxynaphthalene which was then 

methylated (J.pr.Chem., 1916, (2), 94, 34) to yield 

2: 7 --dime thoxyaaphthalene, m.p. 138-138.5°C. A small 

crystal was treated with concentrated sulphuric acid 

and a solution obtained which was compared with the 

sulphuric acid solution of the compound obtained by 

the decarboxylation of the dimethoxynaphthalic anhydride 

prepared from disulphonaphthalic acid. The solutions 

proved to be identical in colour and fluorescence. A 

mixed melting point was carried out with authentic 

2;7- dimethoxynaphthalene (m.p. 138 °C) and the decarboxy- 

:lation product and gave m.p. 136.5 -138.5 °C. No de- 

pression of the melting point thus took place and it 
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may be concluded that 2 :7- dimethoxynaphthalene was 

produced in the decarboxylation of dimethox nîaphthalic 

acid. Since the disulphonaphthalic acid has already 

been shown to be a 3:x- derivative, the above evidence 

proves that the methoxyl groups in the methoxy acid 

and therefore also the sulphonic groups in the 

disulphonanhthalic acid are situated. in the 3 :6- 

positions. The reactions may he represented as 

follows:- 

HO 

O / \ 
OC. CO HOOC 

cÖ> 

O 
/ \ 

OC CO 

-4 
OH CH3O 

Ho 

COON HOOc GOGH 

O / 
OC CO 

--4 
503Fí 

OCH3 CH3 O% 1, %`OCH3 
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Sulphonation of naphthalic anhydride , therefore, 

takes place firstly in the 3- position followed by the 

introduction of a second sulphonic group in the 6- 

position to give 3:6-disulphonaphthalic acid. On 

alkali fusion 3:6- dihydroxynaphthalic anhydride is 

produced which on methylatinn yields 3:6-dimethoxy- 

naphthalic anhydride. 

On treatment of cbe sodium salt of 3:6- disulpho- 

naphthalic acid with phosphorus pentabromide and phos- 

phorus pentoxide at 180 °C under pressure a dibromo- 

naphthalic acid was formed. The product v.as recrys- 

:tallised from nitrobenzene from which short brownish 

needles separated out, m.p. 214- 215 00. 

NaOO C 

MS O3 

CoON0. HO OC cooH 

The sulphonic groups thus appear to have been replaced 

by bromine in the normal manner and the bromo- groups 

must therefore be in the 3- and 6- positions. The 

compound can thus be assigned the structure of 3:6- 

dibromonaphthalic acid. 

2. Mercuration of some Substituted_ Naphthalic 

Anhydrides and the resulting Derivatives. 

The mercuration of phthalic anhydride was studied 

by Pesci (Atti.roal.acad.Li.ncei, 1901, (5) 10, I, 362) 



n . 

and the same reaction was applied later by Leuck, 

Perkins and Whitmore (J.Amer.Chem.Soc., 1929, 51, 1831) 

to naphthalic anhydride. The nature of the product 

In the latter case was readily elucidated by boiling 

the product with concentrated hydrochloric acid, when 

the _mercury was removed with formation of naphthoic 

acid. The chlorination and bromination of the mer- 

:curation product of naphthalic anhydride was in_vesti- 

:g ated by jiWbitmore and Fox (J.Amer.Chem.Soc., 1929, 

51, 3363) and led to the production of 8- chloro- and. 

8- bromo -l- naphthol c acids. 

An account is given below of the mercuration and 

further treatment of some substituted naphthalic an- 

:hydrides prepared in the course of the present work. 

When 3- hydroxytiaphthali c anhydride was treated 

with aqueous mercuric acetate by boiling under reflux 

for 100 hours, 3-hydroxynaphthalic anhydride 4- mercuri- 

acetate was produced, although it had been honed that 

the mercury would preferentially attack the anhydride 

group in position 8. In the purification, the pro- 

:duct was dissolved in boiling sodium hydroxide solu- 

:tion and reprecipitated by addition of hydrochloric 

acid, leading to the formation of 3- hydroxyr_aphtiialic 

anhydride 4- mercuri- hydroxide in good yield (92¡x), 

this structure being in agreement with the analytical 

data. 
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Treatment of the 3-hydroxynaphthalic anhydride 4- mercuri- 

hydroxide with boiling concentrated hydrochloric acid 

yielded 3- hydroxynaphthalic anhydride. 

/o 
Oc co 

Mercuration had therefore probably taken place in 

position 4 in the naphthalene nucleus which was some- 

what unexpected as in the case of other mercurated 

substituted naphthalic anhydrides, described in the 

literature, the mercury by elimination of carbon 

dioxide formed 8- hydroxymercuri -l- naphthoic acids from 

which, by treatment with concentrated hydrochloric acid, 

the corresponding substituted naphthoic acids could be 

produced. For example, the mercuration of 3- nitro- 

naphthalic anhydride yielded a mixture of 3- and 6- 

nitro-8-hydroxymercuri-l- naphthoic acids, which on 

treatment with boiling concentrated hydrochloric acid 

gave the corresponding 3- and 6- nitro -l- naphthoic 



acids (Leuck, Perkins and Whitmore, J.Amer.Chem.Soc., 

1929, 51, (I), 1831). 
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Further confirmation that the mercury had beer. intro- 

duced into the 4- position of 3- hydroxynaphthalic an- 

hydride was obtained by the bromination of 3- hydroxy- 

naphthalic anhydride 4- mercuri- hydroxide. This was 

carried out in aqueous acetic acid solution whereby 

bromine was introduced in place of the mercury to give 

4- bromo -3- hydroxynaphthalic anhydride. The cons titu -, 

:tion of the compound was proved by brominating 3- 

hydroxynaphthalic anhydride itself (Cent., 1932, II, 

1173) to give 4- bromo -3- hydroxynaphthalic anhydride, 

m.p. 287- 288 °C. A comparison of the two brominations 

showed that bromination took place much more readily 

in the case of the mercury compound than in that of 

the 3- hydroxynaphthalic anhydride and gave a slightly 

higher yield. A mixed melting point of the two 

brominated products showed no deviation and therefore 

the two compounds were identical. 
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On the other hand, during the mercuration of 

3- methoxm aphthalic anhydride a certain amount of 

carbon dioxide was evolved thus indicating that some 

mercuration was occurring in position 1 or 8. From 

a subsequent examination of the mixture it was deduced 

that this took place to the extent of about 8 per 

cent. The main product formed was found to be 3- 

me tboxynaphth.alic an1.L7Ú.ride 4- mercuri- hydroxide. The 

crude mercuration mixture on treatment with hot con- 

:centrated hydrochloric acid lost mercury to forni 

mainly 3 -me thoxynaphthalic anhydride, the other pro- 

:duct being present in too small amount to be isolated. 

o i 
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The estimate of the respective yields of the two 

mercuration products was made as follows. The mer- 

:curation mixture obtained from 3- mmethoxynaphthalie 

anhydride was brominated in aqueous glacial acetic 

acid and a mixture of brominated products obtained. 

By treatment with cold dilute ammonia solution in 

which the bromo-methoxy- naphthoic acid was preferen- 

:tially soluble, a partial separation was effected. 

The crude brorao- .methoxy -l- naphthoic acid was 

recrystallized several times from glacial acetic acid 

but the product so obtained was not sufficiently pure 

for analysis. It was therefore converted into the 

methyl ester by treatment with thionyl chloride and 

methyl alcohol. The 4- bromo- 3- methoxynaphthalie 

anhydride which was present as impurity was insoluble 

in thionyl chloride and could thus be removed by 

filtration. The methyl ester of the bromo-methoxy- 

naphthoic acid was recrystallised from petrol ether 

(b.p. 100-120°C) or methyl alcohol from which long, 

colourless needles separated out, m.p. 96.5 -07.500. 

The ester was moderately soluble in ether, hot methyl 

or ethyl alcohol or petrol ether; soluble in cold 

glacial acetic acid but insoluble in water and very 

sparingly soluble in benzene. From a consideration 

of the yields of this ester and of the 4- bromo -3- 

methoxynaphthalic anhydride, the composition of the 

mercuration mixture could be deduced. 

There are two possibilities for the structure of 
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the bromonaphthoic acid isolated, since mercuration 

of 3- methoxynaphthalic anhydride with elimination of 

carbon dioxide may take place in either the 1- or 8- 

position. Other substituted naphthalic anhydrides 

described in the literature, however, mercurate pre- 

ferentially in the unsubstituted ring, except in one 

case to which reference is made later (p. 43 ), where 

a met hoxyl -group in position 2 strongly assists the 

mercury to attack the carboxyl -group in the adjacent 

position 1. It was, therefore, assumed that mercur- 

:ation had taken place in the 8- position to yield 

3- methoxy-8-hydroxymercuri-l- naphthoic acid. This 

view was upheld as on subsequent mercuration of the 

3;6- dimethoxynaphthalic anhydride no mercury was 

introduced by loss of carbon dioxide in the 1- or 8- 

position. 

The component of the bromination mixture which 

was less soluble in dilute ammonia solution proved to 

be 3- methoxy- 4- bromonaphthalic anhydride, m.p. 215- 

216 °C. This was confirmed by direct bromination of 

3- methoxynaphthalic anhydride in aqueous acetic acid, 

(Cent., 1932, II, 1173) from which 3- methoxy- 4- bromo- 

naphthalic anhydride, m.p. 216 °C, was obtained and 

a mixed melting point carried out. These reactions 

are summarised below. 
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It can therefore be concluded that in the mer- 

.curation of 3- methoxynaphthalic anhydride the mer- 

:cury is introduced into the 4- or the 8- position (in 

the latter case by elimination of carbon dioxide) but 

strong preference for the 4- position is quite evident 

from a consideration of the respective yielus. 

3:6-Dimethoxynaphthalic anhydride was mercurated 

in a similar manner by boiling with aqueous mercuric 

acetate, but no evolution of carbon dioxide was 
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evident during the reaction. The product was purified 

by dissolving in dilute sodium hydroxide and reprecipi- 

:testing with concentrated hydrochloric acid. It 

proved to be 3:6- dimethoxynaphthalic anhydride 4- mercuri- 

hydroxide. 

C,N30 
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A n.ercuration under pressure was also carried out in 

the hope of forcing the reagent to attack position 8 

but it was found that the reaction proceeded in the 

same way to form 3:6- dimetboxynaphthalic anhydride 4- 

mercuri- acetate. 

Proof of the structure of the above compound was 

obtained by treating the .«ercury derivative with boil - 

:ing hydrochloric acid. whereby 3 :6- dimethoxynaphthalic 

anhydride was produced, the identity of the product 

being proved by a mixed melting point with a known 

specimen. 

o / . 
Or- Co 

> 

CH30" -OcH CH30"' ,.%OCH3 
r' 

o / 
oc. Co 



Z44. 

On brominatlon of 3 :6- dimethoxynaphthalic anhydride 

/1- mercur'i -h droxi.de in acetic acid solution, 4- broro -3 

6 -dime thoxynaphthali c anhydride was obtained, bromine 

replacing mercury. The bâ oino -d i_methoxyn_aphthalic 

anhydride uas recrystallised from glacial acetic acid 

from which golden yellow needles separated out, m.p. 

237.5- 238 °C. It was found to be insoluble in water, 

benzene and petrol ether; very slightly soluble in 

hot methyl or ethyl alcohol but moderately soluble in 

boiling glacial acetic acid or nitrobenzene. 

4- Broxno- 3 :6- diinethoxynaphthalie anhydride, m.p. 

237- 238 °C, was also obtained by direct bromination of 

the 3 :6- dimethoxv napbthalic anhydride in acetic acid 

solution. As in the case of the 3- hydroxy- and 

3- meth.ol y- acids, bromination took place more easily 

with the mercurated 3s6- dimetl oxynaphthalic anhydride 

than in the direct production of the brorn.o- d.erivatl.ve 

from 3 :6- di.methoxyn phthalic anhydride itself. 

All the above m crc ra ions ;e F. carried out on 

substituted naph.thalic anhydrides in which the 3- 

position was filled by a group possessing o- and p- 

directing influences. In this connection it was con - 

:sidered of interest to attempt the mer. curations of 

the 3- and 3 :6- suiphonic acids in which the 3- position . 

is filled by a strongly m- directing group, in order to 

correlate the effect of o -, p- and in-directing substit- 

:uents on the substitution by niorc:ry. 

The sodium salt of 3- suiphonaphthalic acid was 
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therefore boiled under reflux with aqueous mercuric 

acetate. During the reaction a vigorous evolution 

of carbon dioxide took place showing that the mercury 

was being introduced into the 1- or 8- position by 

loss of CO,. The pure mercury compound could not be 

isolated from the sodium acetate and other products 

of the reaction owing to the presence of the sulphonic 

group in the molecule which made all the components 

of the mixture soluble in water. It was necessary, 

therefore, to carry out the following reactions on 

the crude sodium salt of 3-suipho-8- hydroxy- rnercuri- 

1- naphthoic acid as obtained by concentrating the 

solution. The crude salt from the mercuration was 

boiled with concentrated hydrochloric acid and an 

alkali fusion carried out on the product. A mixture 

was formed which consisted 0f/3- naphthol, m.p. 121 - 

122°C, and 3- hydroxy -i-- naphthoic acid, m.p. 241 -243 °C 

from which the acetyl derivative, m.p. 168 -1 C°C,.was 

obtained. Royle and Schedler (J.C.S., 1923, 123, 

1641) record the melting point of 3- hydroxy -l- 

n_aphthojc acid as 242 -243 °C and of the acetyl deriva- 

tive as 169 -170 °C. The production of 3- hydroxy- 

1- naphthoic acid proved the formation of 3- sulpho -8- 

hydroxy-mercuri-i- naphthoic acid during the above 

mercuration , the mercury being thus introduced in 

the 8- position. The presence of/3 -naphthol was pre- 

sumably due to decarboxylation of some of the 3- 

hydroxyl- naphthoic acid during the alkali fusion. 
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An alkali fusion was carried out on the crude 

sodium salt of 3- sulpho- 8- hydroxy -mercuri- l- r_aphthoic 

acid in hope of effecting the conversion of the sul- 

:phonic group to the hydroxyl group but the mercury w 

also removed during the process and no identifiable 

products could be isolated from the melt. 

Another portion of the crude mercuration product 

was brominated in hydrochloric acid solution, the 

mercury being replaced by bromine, presumably to give 

the sodium salt of 8-bromo-l-carboxynaphthalene-3- 

sulphonic acid. Evidence supporting this view was 

obtained by passing hydrogen sulphide into a test por- 

:tion of the solution, when a heavy black precipitate 

of mercuric sulphide was thrown down showing the 

presence of ionic mercury, while the initial solution 

of the mercuration product under similar treatment 

did not react thus. It was not fourpossible to 

isolate the pure salt, and on undergoing alkali fusion 
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the products obtained contained no bromine but proved 

to be/3-naphthol and 3-hydroxy-l-naphthoic acid, the 

bromo- group having apparently been removed during the 

process. 
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The sodium salt of 3 :6- disulphonaphthalic acid 

was also treated with aqueous mercuric acetate when 

evolution of carbon dioxide took place during ebullitio 

showing that mercuration was taking place in either 

the 1- or the 8- position. 

As in the case of the monosulphonic compound the 

following reactions had to be carried out on the 

sodium salt of 3:6- disulpho- 8- hydroxymercuri -l- 

r_aphthoic acid admixed with other sodium salts as the 

very readily soluble mercury compound could not be 

isolated in the pure state. 

The crude mercuration product was treated with 

boiling hydrochloric acid and an alkali fusion carriec 

out on the product. In this planner, 2:7-dihydroxy- 
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naphthalene, m.p. 183 -184.5 °C, and an acidic compound 

assumed to be 3 :6- dihydroxy- l- naphthoic acid, m.p. 

252 -253.5 °C, were obtained. The new dihydroxy -l- 

naphthoic acid was found to be appreciably soluble in 

cold water; very soluble in methyl or ethyl alcohol 

and slightly soluble in hot benzene or ligroin. 

Nitrobenzene, however, proved to be the most suitable 

solvent for its purification. On methylation, using 

dimethyl sulphate, a dimethoxy-l-naphthoic acid was 

obtained which crystallised from absolute alcohol in 

fine, almost colourless needles, m.p. 171 -172 °C. 

Confirmation of the composition of these two naphthoic 

acids was obtained from the analytical data, and the 

structure was proved by decarboxylating the dimethoxy- 

1- naphthoic acid by the "copper quinolinett method. 

The product proved to be 2 :7- dimethoxynaphthalene, 

m.p. 137-138.5°C, which was confirmed by a mixed 

melting point. Hence, the two naphthoic acids must 

be 3:6- dimethoxy -l- naphthoic acid and 3:6- dihydroxy- 

1- n_aphthoic acid. Thus, it can be deduced that mer- 

:curation takes place in either the 1- or the 8- 

position in the sodium salt of 3:6-disulphonaphthalic 

acid. As the molecule is symmetrical there is no 

possibility of the formation of isomers. The re- 

:actions may be represented as follows : - 
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A brornination in hydrochloric acid solution of 

the crude sodium salt of 3;6-disulpho-8- hydroxy- 

mercuri-i- naphthoic acid yielded sodium 1- carboxy -O- 

bromonaphthalene -3 :6- disulphonate (not isolated in th 

pure state) which on undergoing alkali fusion gave a 

mixture of 2:7-dihydroxynaphthalene and 3;6- dihydroxy - 

1- naphthoic acid. During the fusion bromine was pre 

removed; the presence of 2:7- dihydroxy- 

naphthalene was assumed to be due to the decarboxyl- 
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ration of part of the 3 :5- dihydroxy -l- naphthoic acid. 

General Discussion of Mercuration as applied to 

Substituted Naphthalic Anhydrides. 

Leuck, Perkins and Whitmore (J.Amer.Chem.Soc., 

1929, 51, (1) 1831) mercurated naphthalic acid and 

found that the mercury was introduced into the 1- or 

the 8- position to yield 8- r_ydroxymercuri -l- naphthoic 

acid. On mercurating 3- nitronaphthalic anhydride, 

a mixture of 3- and 6 -n_i tro-8-hydroxymercu.ri-l- 

naphthoic acids is produced, the 3- position in this 

case being filled by a group which has a strong 

m- directing influence. In the course of the present 

work it has been shown that on mercurating 3-hydroxy- 

naphthalic anhydride, the mercury was introduced into 

the 4- position. This was a little unexpected at 

first but on further consideration appears not un- 

natural in view of the abnormally powerful o,p- 

directive influence of the hydroxyl group. 

Henry and Sharp (J.0.S., 1922, 121, 1059) have 

recorded that when a solution of one of three hydroxy- 

benzaldehydes was boiled with mercuric acetate, mercury 

compounds were formed in which Hg00CCH3 became at- 

tached to a carbon atom in the ring. The entry of 

one or more of these residues appeared to be facili- 

:tated by the presence of the hydroxyl -group and took 

place usually in a position ortho to this group. 
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For example, 3 -hydr oxybenzaldehyde mercnrated in the 

2- position and 4- hydroxybenzaldehyde dimercurated in 

the 3- and 5- positions. 
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In a further communication, the same authors (J.C.S., 

1924, 125, 1049) found that none of the mononitro- 

benzaldehydes yielded mercury derivatives under similar 

treatment although the boiling was continued for 3 

weeks. Nevertheless, the nitrohydroxybenzaldehydes 

were readily mercurated again in positions ortho to 

the hydro_:yl -group as exemplified by 4- hydroxy- 3- nitro-1 

benzaldehyde mercurating in the 5- position and 3- hydroxy- 

6- nitrobenzaldehyde dirercurating in the 2- and 4- 

positions. 

cH3CaoH 

(HO 



cH4 

e 

O2.N 

CHO 

1}5oofcH3 

;4H 
3ooccH3 

A hydroxyl -group therefore strongly facilitates the 

introduction of the Hg000CH3 radical into the ring 

in the o- position to it, while the nitro -group appear 

to hinder mercuration in the ring. 

Information on the influence of the carboxyl 

group is given by the work of ;Litmore and Fox (J.imer, 

ChemSoc., 1929, 51,(ii), 3363) who carried out the 

mercuration of naphthoic acid and found that the 

mercury was introduced into either the 5- or the 8- 

position. Here the mercury only enters the unsub- 

:stituted half of the naphthalene nucleus. 
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In naphthalene derivatives the peri- positions 

therefore appear to be the points at which mercuration 

takes place most readily. 

From a consideration of the above researches on 

substituted benzaldehydes and naphthoic acid, it migh 

be expected that mercuration of 3- hydroxynaphthalic 

anhydride would tend to take place ortho to the 

hydroxyl -group and also in one of the peri- positions. 
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In actual practice reaction in the o- position i.s now 

found to be the main reaction with 3- hydroxynaphthalic 

anhydride which mercurated in the 4- position to give 

3- hydroxynaphthalic anhydride -4- mercuri- acetate. 

In the case of 3- methoxynaphthalic anhydride the 

substituent has also an ortho- and para -directive 

effect and mercuration would be expected to take placet 

in a similar manner to the hydroxy -compound. This is 

in agreement with the actual production of 3- methoxy- 

naphthalic anhydride- 4- mercuri- acetate in considerable 

quantities during the mercuration of 3- methox;-naphtha]il 

anhydride. However, 3-methoxy-8-hydroxymercuri-î- 

n_aphthoic acid also appeared to be formed in small 

yield. The formation of this compound was concluded 

to be due to the fact that the me thoxy -group is not 

so strongly ortho- and para -directing as the hydroxyl - 

group, so that mercury was introduced to a minor ex- 

:tent into the 8- position. On the other hand, Davies, 

Heilbron and Irvine (J.C.S., 1932, 2715) mercurated 

2- methoxyraphthalic anhydride and obtained anhydro -7- 

methoxy- 8- hydroxymercuri -l- naphthoic acid in good 

yield (90ó), the mercury being introduced preferen- 

:tially into the position ortho- to the methoxyl- 

group. In this case the directive effect of the 

methoxyl -group strongly assists displacement of the 

carboxyl in the adjacent peri- position. 

The above generalisations are supported by the 

behaviour of 3 :6- dimethoxynaphthalic anhydride, where 



a methoxyl group is present as a substituent in both 

rings. When this compound was mercurated, the 

Hg'00CCI13 radical was introduced solely into either 

the 4- or 5- position. In the case of the sulphonic 

groups in 5-sulpha- and 3:6- disulphonapLthalic 

anhydrides, the substituents exert an influence to- 

:wards mercuration which recalls that of the nitro - 

group. Thus the sodium salts of the sulphonaphth alid 

acids yield on mercuration, products in which the 

mercury is introduced into the 1- or 6- position with 

elimination of carbon dioxide. These meta- directing 

substituents therefore behave similarly. 

From the foregoing discussion it may be concluded 

that the normal directive effect of the substituent is 

one of the main influences governing the position at 

which mercuration takes place, the other being the 

characteristic tendency of naphthalene derivatives to 

be attacked in the peri- positions. 

3.. Attempted Ullmann couplings of the bromination 

products obtained from the mercurated naphthalic 

anhydrides. 

Coupling of a halogeno -compound by means of 

copper bronze depends on the reactivity of the halogen 

atom in question. The presence of other substituents 

in certain positions may either increase or decrease 
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the mobility of the halogen. For example, m- and 

p- nitrochlorobenzenes do not undergo coupling but the 

o-nitro-compound readily reacts to give 2:2'- dinitro- 

diphenyl. Rule and Haldane (Thesis, Edinburgh, 1934) 

also found that a similar type of activation is conferred 

upon the halogen by an esterified carboxyl -group in 

the ortho -position. 

In the present work 3:6-dimethoxy-4-bromo- 

naphthalic anhydride was heated with decalin and 

copper bronze to 180 °C for 4 hours in the expectation 

of effecting a coupling to the corresponding dinaphthyl 

but the bromo- compound was recovered unchanged. It 

was thought possible thatiigher temperature might 

bring about reaction and 3:6- dimethoxy- 4- bromonaphthalic 

anhydride was next heated with copper bronze in a 

sealed tube to 230 °C for 18 hours. On opening the 

tube, after cooling, an appreciable pressure was 

evident which was found to be due to carbon dioxide. 

The product, however, proved to contain a mixture from 

which unchanged bromo- compound, m.p. 237.5- 238 °C, 

3 :6- dimethoxynaphthalic anhydride, m.p. 294- 295 °C, and 

2 :7- dimethoxynaphthalene, m.p. 137-138.5°C, were iso- 

:lated. Bromine had therefore been removed and part 

of the 3:6- dimethoxynaphthalic anhydride formed was 

assumed to have been decarboxylated, thus accounting 

for the pressure in the sealed tube when opened. 

Attempts were also made to prepare a perylene 

derivative from 3:6- dimethoxy-4- bromonaphthalic 
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anhydride by ( ) fuslan of the potassium salt with a 

potassium acetate melt 2_nd. (2) heatirg: with sodil.n 

eth.oxide in a sealed tube to 180°C in order to eli.a- 

:inate the bromine as hydrobromic acid but these proved . 

u.r:.31I.ccessful, the bromo -acid being rece.vered unchanged 

from both reactions. 

It was therefore concluded that the bromo -group 

in position 4- was not sufficiently reactive to per - 

:mxit the formation of a dinaphthyl or a peryîene cox,: - 

:Pound, at all events under the usual conditions for 

this change. 

An Ullmann reaction was also carried out on 

sodium l- carboxy- 8- bror .onaphthalene- 3- sulphonate but 

no dinaphthyl was obtained, as on treatment Ti th con- 

centrated sulphuric acid no green colouration char - 

:acteristie of anthanthrono was evident. 

A. Shs ti toted naphthalini.ides . 

Behr and van Dorp (Ann., 172, 270) prepared 

naphthaliicide by heating naphthalic anhydride with 

concentrated ammonia solution. Anseln and Zuc1niieyer 

(Ber., 1899, 32, 3290) similarly prepared 3- hydroxy- 

naphtl alim.5_de. In the present work 3 :6- dihydrox.y- 

naphthalimide and 3 :6- dimethoxynaphthalirride were pre- 

:pared by the same method from 3 :6- dihydroxynaphthalia 

anhydride an 3:6-dime thoxynaphthalic anhydride re- 

;spectively. 3:6- rDihydroxyna.phthalimide, m.p. 360 °C, 
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crystallised îrom'azitrobenzene, in which it was only 

slightly soluble, in minute olive green needles. It 

was also found to be insoluble in water, alcohol, 

benzene and boiling glacial acetic acid. The 3 :6- 

dimetlzoxynaphthalimide, m.p. 341- 342 °C, was recrys- 

:tallised from glacial acetic acid, from which Green 

:ish needles separáed out. It was äliGhtly soluble 

in methyl or ethyl alcohol, appreciably soluble in 

hot glacial acetic acid or nitrobenzene and insoluble 

in water. 

Anthanthrone and substituted anthanthrones have 

been derived from naphthastyril by Corbellini (I.G., 

E.P., 278,100; B.R.?., 445, 390.(Fr., 15,300) and I.G , 

Farb., F.P. 327 712). An attempt was therefore made 

to prepare 3- hydroxynaphthastyril which on diazotisa- 

: tion of the amino -group and treatment with aimiion_iacal 

cuprous oxide to eliminate the nitrogen, might be ex 

:pe c ted to yield a dinaphthyl which on ring closure 

would give a substituted anthanthrone (formulae see 

p. 126). 

One of the best methods of preparing naphthastyril 

is that of Ullmann and Cassirer (Ber., 1910, 43, 440) 

mho prepared it by treating n_aphthalizaide with sodium 

hypochlorite solution. In the present work 3- hydroxyL- 

naphthalimide was treated with sodium hypobromite 

solution but the imide was recovered unchanged from 

the reaction. On the other hand when the 3- hydroxy- 

naphthalimide was treated with sodium hypochlorite 
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solution, chlorination of the amide appeared to take 

place, the product containing chlorine and nitrogen. 

It.crystallised from nitrobenzene in fine brownish 

needles, m.p. > 360 °C, and was suspected to be 3- 

hydroxy- 4- chlorona phthalimi de . The compound could 

not be identified with certainty as on consideration 

of the analytical data, the nitrogen was in fairly 

good agreement but the chlorine was found to be 2-3% 

low. The discrepancy may, however, be due only to 

the method of analysis for the determination of 

chlorine. Nevertheless, it was certain that a 

naphthastyril had not been produced as on treatment 

with nitrous acid no diazonium compound was formed. 

It is quite possible that the failure to obtain 

a naphthastyril from 3- hydroxynaphthalimide by treat - 

;ment with sodium hypochlorite is due to a difference 

in the stability of the amide ring in this compound 

as compared with unsubstituted naphthalimide. Con- 

:siderable modifications in the behaviour of naphthalic 

anhydride towards weak alkalis were found to result 

from the introduction of a 3- hydroxy- or 3-methoxy- 

group into the molecule. The naphthalic anhydrides 

are almost all practically insoluble in cold dilute 

alkali except the hydroxynaphthalic anhydride which is 

slightly soluble, due presumably to the presence of 

the phenolic group. In hot alkali the solubility of 

3- hydroxynaphthalic anhydride > naphthalic anhydride > 

3-me thoxynaphthali c anhydride > 3 ;6-dime tJioxynaphtha7 1 c 
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anhydride. The introduction, therefore, of a methoxy 

group appears to increase the stability of the 

anhydride ring and this is especially so with the 

3 :6- dimethoxynaphthalic anhydride which must be 

boiled for a considerable time with dilute sodium 

hydroxide to effect the rupture of the anhydride ring. 

It is also practically insoluble in hot dilute ammonia 

solution. The hydroxyl -group may similarly effect 

the stability of the anhydride ring but due to the 

presence of this acidic group the solubility is in- 

:creased in dilute alkali. A corresponding stability 

may therefore be conferred upon the iinide ring when 

hydroxy- and methoxy -groups are present as substituentS 

in the naphthalene nucleus. 

Rule and Brown (J.C.S., 1934, 137) by heating 

8bromo -l- naphthoic acid in an autoclave at 150 °C wit4 

a solution of concentrated aqueous ammonia containing 

a little copper bronze, ammonium nitrate, and potassium 

chlorate obtained pure naphthastyril in good yield. 

Sodium 1- carboxy- 3- bromonaphthalene- 3- sulphonate 

was therefore treated in the above manner. The 

sodium salt of the free amino -acid was then obtained 

by boiling the resulting naphthastyril with sodium 

hydroxide. Subsequent treatment with nitrous acrd 

yielded a diazonium compound which by means of anuronia - 

:cal cuprous oxide was converted to a dinap.thyl. 

Owing to the presence of the sulphonic group, however01 

it was not found possible to isolate the pure product 
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in each stage of the reaction. An alkali fusion was 

then carried out on the suspected dinaphthyl -disul ionic 

acid. Treatment of the resulting product with con - 

:centrated sulphuric acid or chlorosulphuric acid save 

a red brown colouration typical of a benzanthrone but 

no green colouration characteristic of an anthantbrone 

was obtained. It was assumed that ,partial ring 

closure had taken place analogous to the behaviour of 

4 :4' -dini tro -1:l' -din_apìathyl -8:6' -di carboxyli c acid 

(Rule and Miles, unpublished, Edinburgh). 

N RunrHCR R1Irct-Cl9Sul.E 
OcURS IM THIS <rase. 

The compound which was auspected to b :31»di- 

hydroxy -1 :1'- dinaphthyl -8:8'- dicarboxylic acid was 

moderately soluble in alcohol but did not crystallise 

well and could not be positively identified, as a pure 

sample was not obtained. The reactions may be repre- 

:sented tentatively as follows : - 
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Another method of preparing dyestuffs from 

naphthalic acid derivatives was discovered by Kardos 

Who carried out an alkali fusion on naphthalimide 

(D.R.P., 276, 357; Cent., 1914, (ii), 447) and obtained 

the di -imide of to tracaruuxyperylene . The latter 

coiapound has the properties of a purple vat dye. 

This reaction was therefore applied to the by 
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naphthalimide discussed in the foregoing pages. 

HH 

oc/ CC) 

n+ 

oc / co 

An alkali fusion at 300 °C was carried out on 

3-- hydroxynaphthalimidc. A mixture of products was 

obtained which consisted of an alkali insoluble por- 

:tion, an alkali soluble portion of high melting 

point, m.p. 7 360 °C, and an alkali soluble portion, 

m.p. 283 -285 °C. The alkali insoluble product, m.p. 

360°C, was dark blue in colour, and in concentrate 

sulphuric acid it yielded a blue solution with purple 

fluorescence and was suspected to be the di -imide of 

tetracarboxyperylene, the hydroxyl- groups in the 

starting material appeared to have been eliminated 

during the fusion. The alkali soluble portion, ln.p. 

360 00 gave in concentrated sulphuric acid a green 

solution with strong green fluorescence and was sus - 

:petted to be a dihydroxy- di -imide of tetracarboxy- 

perylene. Both these compounds have the properties 

of vat dyestuffs but their identity was not confirmed 

by analysis owing to the small quantity under exawina- 
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:tion. The alkali soluble portion, m.p. 283 -285 C, 

proved to be 3-hydroxynaphthalic anhydride and it was 

concluded that its production was due to elimination 

of ammonia from 3-hydroxynaphthalimide during the 

alkali fusion. 

t 

NH i oc co 

NH 
i 

OC co 

NH 

OC/ 

NH 
OC c o 

It is obvious that the two molecules of hydroxy- 

naphthalinide may unite in two ways, so that the 

hydroxyl groups in the perylene derivative are either 

on the same side or on opposite sides of the molecule. 
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E X P E R I M E N T A L 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 ob- 

:tainable. Melting points are corrected, the thermo- 

meter used having been calibrated against short- 

stemmed "standard thermometers". All new compounds 

have been analysed. 

Methods of Analysis. 

Halogen was determined by the method of Ter Idieulen 

(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 Voihard'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- compound is oxidised by means of sodium 



peroxide, a small steel bomb being employed, and the 

sodium halide estimated by Volhardts volumetric method. 

Nitrogen was estimated by means of the micro -Dumas 

method. 

Specimens of the more important compounds were 

analysed by the semi -micro methods of Sucharda and 

Bobranski (Sammlung Vieweg, Heft 94, 1929). A few 

were sent to Dr. Weiler (Oxford) for analysis. 

Mercury was estimated gravimetrically by precipi- 

tation as mercuric sulphide. 
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P R E P A R A T I O N S. 

Sodium Salt of 3- Sulphona hthalic Acid. 

a) Sulphonation of Naphthalic Anhydride. 

(Ansein and 2uckm.eyer, Ber., 3a, 3283.) o 
OC LO HOOC cOON 

H 

100 gm. naphthalic anhydride. 

600 gm. fuming sulphuric acid (20% w/w free S03). 

The naphthalic anhydride was placed in a 1 -litre 

flask and the fuming sulphuric acid was added and the 

whole heated to 90 -950C on a water -bath for two hours. 

The solution was then poured on to 1000 gm. crushed 

ice when the monosulphonic acid separated out. By 

suction and filtration the suiphonic acid was removed 

from the excess sulphuric acid. The monosulphonic 

acid was dissolved in 1000 ml. water and powdered 

barium hydroxide was added until the liquid was almost 

neutral, the neutralisation was then completed by 

addition of excess barium carbonate. The mixture was 

heated on a steam -bath for 30 minutes to complete re- 

:action, after which the precipitated barium sulphate 



and excess barium carbonate was filtered off and 

washed thoroughly with boiling water. The solution 

was concentrated by evaporation and the barium salt of 

3- salphonaphthalic acid allowed to crystallise out. 

The salt crystallised with one molecule of water of 

crystallisation. 

Yield: 240 gm. (92 %). 

b) Sodium Salt of 3- Sulphonaphthalic acid. 

240 gm. barium salt of 3- sulphonaohthalic acid. 

99 gm. anhydrous sodium sulphate (calculated 
amount). 

The barium salt was dissolved in 1200 ml. of 

boiling water and treated, with stirring, with a boil - 

:ing solution of the sodium sulphate in 400 ml. water. 

The mixture was heated on the steam -bath for 10 minutes 

and the precipitated barium sulphate was filtered off 

and washed several times with boiling water. The 

solution was evaporated to dryness on the steam -bath, 

when the sodium salt of 3- sulphonaphthalic acid 

crystallised with one and a half molecules of water of 

crystallisation. 

Yield: 180 gm. (100 %). 



5 P. 

Sodium Salt of 3 :6- Disulphonaphthalic Acid. 

a) Sulphonation of Naphthalic Anhydride. 

(Bargellini, Gazz., 36, II, 110.) 

HOOL coOh 

100 gm. naphthalic anhydride. 

1000 gm. fuming sulphuric acid (20j w/w free S03). 

The naphthalic anhydride was placed in a 1 -litre 

flask, fitted with a ground -in glass air condenser and 

the fuming sulphuric acid was added. On heating on a 

metal bath, the naphthalic anhydride dissolved to give 

a dark brown coloured solution. Fuming commenced at 

175 °C and the temperature was gradually raised to 215 °C 

over two hours to avoid excessive loss of sulphur - 

trioxide. Heating was continued keeping the temper- 

ature at 215 -220 °C for a further three hours. The 

solution was then allowed to cool and when quite cold 

was poured on to 3000 gm. of crushed ice. The 

disulphonaphthalic acid proved to be soluble in cold 

water and was therefore not thrown out. 

b) Barium Salt of 3;6- Disulphonaphthalic Acid. 

Sufficient powdered barium hydroxide (about 

2750 gm.) was added to almost neutralise the solution 
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of disulphonaphthalic acid. The product was heated 

to boiling point and the precipitated barium sulphate 

filtered off and washed several times with boiling 

water. Neutralisation of the solution was completed 

by the addition of excess barium carbonate. The 

barium salt crystallised on cooling with four molecules 

of water of crystallisation. 

Yield: 300 gm. (83 %). 

c) Sodium Salt of 3:6- Disulphonaphthalic Acid. 

300 gm. barium salt of 3:6- disulphonaphthalic 
acid. 

119 gm. anhydrous sodium sulphate (calculated 
amount). 

The barium salt was dissolved in 1500 ml. of 

water and the solution heated to boiling point. A 

boiling solution of the sodium sulphate in 500 ml. of 

water was then added with stirring and heating con- 

:tinued on a steam -bath for 10 minutes. The pre- 

:cipitated barium sulphate was filtered off. The 

sodium salt crystallised from water in clear white 

needles, with four molecules of water of crystallisation, 

the weight obtained being 214 gm. A further 10 gm. 

was obtained by evaporation of the mother liquor to 

dryness. 

Yield: 224 gm. (100 %). 
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Determination of Water of Crystallisation in the 

Sodium Salt of 3 :6- Disulphonaphthalic Acid. 

A tared portion of the powdered sodium salt, 

which had been dried in a desiccator over concentrated 

sulphuric acid, was heated to 220 °C for two hours in 

an electric oven. 

Weight of sodium salt used 20.70 gm. 

Loss of weight due to water 2.79 gm. 

Loss corresponding to 4 mols. 
of water 2.80 gm. 

Improved Method of Disulphonation. 

100 gm. naphthalic anhydride. 

500 gm. fuming sulphuric acid (65 w/w free SO3 ). 

The naphthalic anhydride was placed in a 1 -litre 

flask fitted with a ground -in glass air condenser and 

treated with the fuming sulphuric acid. The mixture 

was heated on an oil -bath to 150 -160 °C for two hours 

and allowed to cool. When quite cold it was poured 

on to 500 gm. of crushed ice. The barium salt of the 

disulphonic acid was isolated as in the previous 

preparation. 

Yield: 315 gm. (87 %). 



3-Hydroun.aphthalic Anhydride. 

(Ber., 32, 3288). 

CpUNa 

)-SoIt. 11 Nao 
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60 gm. sodium salt of 3-sulphonaphthalic acid. 

300 gm. potassium hydroxide. 

9 ml. water. 

The sodium salt of 3- sulphonaphthalic acid was 

fused with the potassium hydroxide and water at 180 °C. 

After the addition of the sodium salt, in small 

quantities with stirring, the temperature of the melt 

was raised to 220 °C and maintained so for 15 minutes. 

The melt was cooled, dissolved in water and almost 

neutralised with 50% sulphuric acid. Impurities were 

filtered off and the filtrate was made strongly acid 

with concentrated hydrochloric acid. From the cold 

acid solution, 3- hydroxynaphthalic anhydride separated 

out as yellow needles, after standing for some time. 

Purification was effected by recrystallisation from 

absolute alcohol. 

Yield: 27.5 gm. (83%). 

M.p. 286-2870C. 



3- Methoxynaphthalic Anhydride. 

(Anseln and Zuckmeyer, Ber., 32, 3294.) 

a) 
o o 

0 C/ <a oC co 

(:/1101/1- oH ocH3 

10 gm. 3-hydroxynaphthalic anhydride. 

20 gm. methyl iodide. 

70 ml. 5% sodium methoxide. 

70 ml. absolute methyl alcohol. 

The above components were mixed together and 

heated on a steam -bath, under reflux, for 6 hours. 

The product was allowed to cool and the sodium iodide 

which was deposited from the solution was filtered off. 

The clear solution was poured into 150 ml. of water 

and neutralised by the addition of a few drops of 

dilute sulphuric acid. 3- Methoxynaphthalic anhydride 

separated out in yellowish white particles. Long, 

silky, needles were obtained by recrystallisation from 

ethyl acetate. 

Yield: 3.1 gm. (29ó) M.p. 243.5- 2440C. 

b) Improved Method of Methylation. 

50 gin. 3- hydroxynaphthalic anhydride. 

33.6 gm. sodium hydroxide (20% excess). 

35.3 gm. dimethyl sulphate (20% excess). 

336 ml. water. 



3- Hydroxyn.aphthalic anhydride was dissolved in a 

solution of sodium hydroxide in water by heating on a 

steam -bath. Dimethyl sulphate was added from a 

dropping funnel, to the alkaline solution over 30 

minutes, with mechanical stirring. Stirring was con - 

:tinned for 30 minutes at 100 °C and the mixture was 

then treated with 4.7 gm. of sodium hydroxide and 

heated for a further one hour in order to destroy the 

excess dimethyl sulphate. Any impurities were filtered 

off and the filtrate, after cooling in ice, was 

acidified with concentrated hydrochloric acid. The 

3- methoxynaphthalic anhydride which was precipitated 

preferentially on acidification in the cold was filtered 

off immediately. (Unchanged 3- hydroxynaphthalic 

anhydride takes some time before it is thrown down 

from a cold acid solution but comes out immediately 

from a hot solution). Thus a partial separation of 

the 3- methoxynaphthalic anhydride was effected from 

any unchanged 3- hydroxynaphthalic anhydride. 

Yield: 39.4 gin. (crude) (74 %). 

M.p. 234 -238 °C. 

Purification was effected by recrystallisation from 

ethyl acetate. 

Yield: 33 gm. (62%). M.p. 243- 244 °C. 
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3:6- Dihydroxynaphthalic Anhydride. 

Nao o c 

Ne`5 03 
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40 gm. sodium salt of 3:6- disulphonaphthalic 
acid. 

300 gm. potassium hydroxide. 

9 ml. water. 

The potassium hydroxide, with the addition of a 

little water, was fused at 220 °C in a nickel crucible. 

The finely powdered sodium salt of 3 :6- disulpho- 

naphthalic acid was introduced in small quantities 

over 15 minutes, with stirring after each addition. 

The temperature of the melt was then raised to 240 °C 

for a further 15 minutes, with frequent stirring, 

during which time the yellow melt took the form of a 

stiff paste and then commenced to thin and darken in 

colour. The cooled melt was dissolved in water which 

resulted in a brown solution with strong green 

fluorescence. The strongly alkaline solution was 

almost neutralised with 50% sulphuric acid and cooled. 

Any impurities were filtered off along with the pre- 

cipitated potassium sulphate and potassium sulphite, 

which was washed with a small quantity of cold water. 

The filtrate was made strongly acid by the addition of 

concentrated hydrochloric acid, when the fluorescence 

disappeared to give a clear amber solution. After 
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standing for some time, fine yellow needles of 

3:6- dihydroxynaphthalic anhydride separated out, or 

could be precipitated immediately by warming the acid 

solution to 60 -70 0C. The solid was filtered off and 

washed several times with boiling water until the 

filtrate was free of hydrochloric acid. The anhydride 

was finally dried at 100 00. 

Yield: 16.8 gm. (98 %). M.p. 337- 340 °C. 

The product was recrystallised from absolute methyl 

alcohol, from which bright yellow needles separated 

out. 

Yield: 14.8 gm. (86%). M.p. 346.5- 347.0 °C. 

3 :6- Dihydroxynaphthalic anhydride was found to be 

insoluble in water, benzene, or glacial acetic acid; 

slightly soluble in hot alcohol and ether. It could 

be recrystallised from absolute methyl alcohol in 

bright yellow needles or from nitrobenzene, in which 

it was moderately soluble, and crystallised in greenish 

yellow plates. In alkaline solution it yielded a 

dark yellow solution with strong green fluorescence. 

Analysis: found, C, 59.4 %; H, 3.0%. 

calculated, 3 :6- dihydroxynaphthalic acid (01211806) 

requires C, 58.1%; H, 3.3 %. 

3:6- dihydroxynaphthalic anhydride (C12H605) 

requires C, 62.5 %; H, 2.8%. 

The analytical data for carbon and hydrogen show 

that the figures lie between those calculated for the 

acid and anhydride respectively and it was therefore 
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concluded that a mixture of the 3 :6- dihydroxynaphthali.c 

acid and 3 :6- dihydroxynaphthalic anhydride was formed. 

Confii'uiation of the dihydroxy structure was subsequent - 

:1y obtained by methylation (see the analysis figures 

of the derived 3 :6- dimethoxynaphthalic anhydride, 

p. J"r') . 

3:6-Dimethoxynaphthalic Anhydride. 

HO 

o i oc c0 

OH 

0 i 
OC co 

oCN3 

75.0 gm. 3:6- dihydroxynaphthalic anhydride. 

87.7 gm. potassium hydroxide (20% excess). 

123.3 gm. dimethyl sulphate (50% excess). 

877,0 ml. water. 

The 3 :6- dihydroxynaphthalic anhydride was dis- 

:solved in a solution of potassium hydroxide in water, 

heat being applied to effect solution. Dimethyl 

sulphate was slowly added from a dropping funnel to 

the clear brown alkaline solution at 10000, with 

mechanical stirring over a period of 30 minutes. The 

solution gradually lost its fluorescence and the 

heating and stirring was continued for a further 30 

minutes. Potassium hydroxide (18.3 gm.) was then 

introduced and heating continued for another 2 hours 

so as to destroy any excess dimethyl sulphate. The 



mixture was allowed to cool and any impurities present 

were filtered off. The clear amber solution was 

neutralised with concentrated hydrochloric acid and 

the precipitated 3 :6- dimethoxynaphthalic anhydride 

which was preferentially thrown down was immediately 

filtered off. A partial purification was thus 

effected analogous to the precipitation of the 

3 -one thoxynaphtnali c anhydride' (cf., p. ) . The 

bright yellow precipitate was filtered off, washed 

several times with boiling water until free from 

adhering acid and dried in a steam -oven. 

Yield: 77.3 gm. (92%). M.p. 286- 290 °C. 

Purification was effected by recrystallisation 

from glacial acetic acid from which it separated in 

fine, long, yellow needles. 

Yield: 61.4 gm. (73%). M.p. 294 -295 °C. 

Analysis: found, C, 65.0 %; H, 3.8 %. 

C14H1005 requires C, 65.1 %; H, 3.9%. 

3 :6- Dimethoxynaphthalic anhydride was found to be 

insoluble in water, benzene and petrol ether; slightly 

soluble in hot methyl or ethyl alcohol or ether and 

moderately soluble in hot glacial acetic acid or 

nitrobenzene. 
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Determination of the Carbox I Content in the above 

3:6-Dime thox,raphthalic Acid. 

a) Preparation of Sodium Salt. 

1.50 gm. 3 :6 -dime thoxynaphthalic anhydride. 

0.45 gm. sodium hydroxide (1% less than calcu- 
:lated quantity.) 

10.00 ml. water. 

The sodium salt was prepared by boiling under 

reflux, the anhydride with a solution of sodium 

hydroxide in water for 30 minutes. Unchanged anhydride 

was filtered off and the sodium salt allowed to 

crystallise from the almost colourless, clear solution. 

Transparent needles separated out with one molecule of 

water of crystallisation which was lost when the salt 

was heated to 11000 in an electrically controlled oven 

for one hour. 

b) Sodium Analysis. 

About 0.35 gm. of the anhydrous sodium salt was 

weighed out into a platinum crucible and a few drops of 

concentrated sulphuric acid added. The mixture was 

heated gently until charring took place and then more 

strongly until all the carbon was burned away. The 

sodium sulphate was then weighed. 

Found: Na, 14.3%. 

Calculated: Na, 14.4 %. (for presence of two 
carboxyl groups.) 



Proof of Structure of Disulhonaphthalic Acid. 

a) Decarboxylation of Dimethoxnaphthalic Anhydride. 

cH3 ocH3 

0.5 gm. dimethoxynaphthalic anhydride. 

10.0 ml. quinoline. 

008 gm. copper bronze. 

Dimethoxynaphthalic anhydride and quinoline were 

heated in a hard glass test tube in an oil -bath until 

the boiling point was just reached. Copper bronze was 

added in small quantities, with stirring, and it was 

noted that a brisk effervescence, due to the evolution 

of carbon dioxide, took place. Heating was continued 

for 20 minutes and the mixture then allowed to cool. 

Soluble organic matter was extracted with ether and the 

ethereal solution was washed several times with dilute 

hydrochloric acid in order to remove the quinoline and 

then with dilute sodium hydroxide to remove any 

unchanged anhydride. Washing was completed with 

dilute hydrochloric acid and finally several times with 

water. The ethereal solution was dried over calcium 

chloride by allowing to stand over night. On evapor- 

Cation of the ether, a residue of brownish plates was 

obtained. 

Yield: 0.15 gm. (41 %). M.p. 130 - 132 °C. 
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The product was purified by boiling for 15 minutes 

with petrol ether (b.p. 100 -120 °C) and Merckts animal 

charcoal. The suspension was filtered and the solu- 

tion allowed to cool, when almost colourless plates 

crystallised out. M.p. 136.5 - 137.5 °C. A small 

crystal treated with concentrated sulphuric acid gave 

a deep yellow solution with strong green fluorescence. 

This compound was suspected to be 2:7-dimethoxynaphtha- 

:lene. 

b) 2 :7- Dimethoxynaphthalene. 

I. Alkali Fusion of Sodium Salt of Na hthalene- 

2 :7- Disulphonic Acid. 

(Ber., 1907, 40, 1410.) 

f a S 03 503Nc. HO OH 

> 

20 gm. sodium salt of naphthalene- 2 :7- disulphariic 
acid. 

200 gm. potassium hydroxide. 

6 ml. water. 

The potassium hydroxide and water were heated to 

280 °C in a nickel crucible and the sodium salt added in 

small portions over 15 minutes with stirring. After 

heating for a further 15 minutes at 340 °C, the melt was 

allowed to cool. It was extracted with water and the 
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solution almost neutralised with 50% sulphuric acid. 

Any impurities were filtered off and the filtrate was 

acidified with concentrated hydrochloric acid. The 

dihydroxynaphthalene was extracted with ether and the 

ethereal solution washed several times with water to 

remove the acid. The dried ethereal solution, after 

evaporation of the ether, gave a solid which was re- 

:crystallised from absolute alcohol. 

Y field: 6.5 gm. (67%). M.p. 182- 184 °C. 

II. Methylation of 2:7-Dihydroxyr_aphthalene. 

(J. pr. Chem.., 1916, (2) 94, 34.) 

FIO o H cH3o UCH3 
s 

6.5 gm. 2 :7- dihydroxynaphthalene. 

12.8 gm. dimethyl sulphate (25% excess). 

4.5 gm. potassium hydroxide (calculated quantity). 

80.0 ml. water. 

The dihydroxynaphthalene was placed in a 250 ml. 

flask and the potassium hydroxide and water added. 

The mixture was heated on a steam -bath to about 60 °C 

and treated with dimethyl sulphate, in small portions, 

over 15 minutes with mechanical stirring. The 

temperature was raised to boiling point and maintained 



at this figure for a further 15 minutes. Potassium 

hydroxide (2.3 gm.) was then added to destroy excess 

of dimethyl sulphate and heating continued for one 

hour. 2 ;7- Dimethoxynaphthalene separated out on 

cooling, and was recrystallised from alcohol with 

addition of animal charcoal. 

Yield: 3.5 gm. (46%). M.p. 138 -138.5 °C. 

A small crystal was treated with concentrated sulphuric 

acid and a solution obtained which was yellow with a 

strong green fluorescence. This solution was com- 

pared with the sulphuric acid solution of the com- 

:pound obtained by the decarboxylation of dimeth.oxy- 

;raphthalic anhydride which was prepared from disulpho- 

:n_aphthalic acid (yid., pp. 69-70) and proved to be 

identical in colour and fluorescence. Mixed m.p. 

136.5 -138.5 °C. No depression of the melting point 

took place and it was concluded that 2 :7- dimethoxy- 

;naphthalene was produced in the decarboxylation of 

dime thoxynaphthalic anhydride. Sulphonation of 

haphthalic anhydride, however, takes place in the 

3- position first (Ansein and Zuckmeyer, Ber., 1899, 32, 

3283). Disulphonation of naphthalic anhydride there- 

:fore takes place in the 3- and 6- positions of the 

naphthalene nucleus. 
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3- H,droxynaphthalic Anhydride- 4- nercuri- hydroxide. 
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20.0 gm. 3- hydroxynaphthalic anhydride. 

11.2 gm. sodium hydroxide (calculated quantity). 

20.3 gm. mercuric oxide (calculated quantity). 

60.4 ml. 20% acetic acid solution (4% excess) . 

430.0 ml. water. 

3- Hydroxynaphthalic anhydride was dissolved in the 

solution of sodium hydroxide in water by warming. A 

solution of mercuric acetate was prepared by heating 

mercuric oxide with 20% acetic acid solution on the 

steam -bath. Both the hot solutions were filtered to 

remove impurities. The boiling solution of mercuric 

acetate was then added to the boiling solution of the 

sodium salt of 3- hydrox haphthalic acid when a heavy 

yellow precipitate was immediately thrown down. The 

mixture was boiled under ref lux with mechanical stirring 

for 100 hours. A portion of the suspension was treated 

with cold dilute sodium hydroxide solution and was 

found to be completely soluble, thus showing that the 

mercuric acetate had been completely used up in the 

reaction. The suspension was allowed to cool and the 

solid mercury compound was filtered off. The pre- 

cipitate was washed throughly with water, dissolved in 



75. 

dilute sodium hydroxide solution and a small quantity 

of insoluble matter, which was produced during the 

mercuration, was filtered off. The alkaline solution 

was then cooled to 0 °C in ice and slowly acidified by 

dropping in concentrated hydrochloric acid with 

mechanical stirring. The light yellow precipitate was 

filtered off, washed several times with boiling water 

and dried at 100 °C. 

Yield: 37.2 gm. (92 %). 

The mercuration product was extracted wth boiling 

absolute alcohol and no unchanged 3- hydroxynaphthalic 

anhydride was found to be present. It did not melt 

below 360 °C but was decomposed on heating on a platinum 

foil, the vapour burning with a livid blue flame, thus 

showing the presence of mercury which was confirmed by 

a metallic film test. 

Analysis: found, Hg, 46.5%. 

C12H605Hg requires Hg, 46.6 %. 

Treatment of 3- Hydroxynaphthalic Anhydride-4-mercuri- 

hydroxide. 

O \ 
o C/ CO 

oki 

H) OH 

o 

oc./ C.O 

CO-00 

2 gm. 3- hydroxynaphthalic anhydride-4- mercuri- 
hydroxide. 

20 mi. concentrated hydrochloric acid. 



The mercury compound (2 gm.) was boiled under re- 

:flux for 1 hour with 20 ml. of concentrated hydro- 

chloric acid. On cooling, the product was filtered 

off, washed free of acid with water and was recrystal- 

:lised from absolute alcohol to give fine yellow 

needles. 

Yield: 0.65 gm. (66%). M.p. 285- 286 °C. 

A mixed melting point with 3- hydroxynaphthalic 

anhydride (m.p. 285- 286.5 °C) gave a melting point of 

284.5- 286.5 °C. It was methylated and 3-methoxy- 

:naphthalic anhydride which resulted was also confirmed 

by a mixed melting point. 

Conversion of the above Mercuri- compound into 

4- Bromo- 3- hydroxynaphthalic Anhydride. 
0 

o coco o c CO E 

0)-' o H 

30.0 gm. 3- hydroxynaphthalic anhydride-4-mercuri- 
hydroxide. 

420.0 ml. glacial acetic acid. 

11.2 gm. bromine (10% excess). 

65.0 ml. 20% sodium bromide solution. 

The mercury compound was suspended in the boiling 

glacial acetic acid and the solution of bromine in 

aqueous sodium bromide was slowly introduced by means 
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of a dropping funnel into the acid suspension over 

15 minutes with stirring. Solution took place almost 

immediately and the heating and stirring were con- 

tinued for a further 15 minutes after addition of the 

bromine. The resulting clear solution was poured 

into 1260 ml. of cold water when a yellow solid was 

thrown out. The precipitate of 4-bromo-3- hydroxy- 

:naphthalic anhydride was filtered off, washed several 

times with boiling water and dried at 100 °C. 

Yield: 17.9 gm. (88%). Ii.p. 280 -288 °C. 

Purification was effected by recrystallisation 

from glacial acetic acid from which short yellow 

needles separated out. 

Yield: 16.2 gm. (80%). P,ï.p. 287.5- 288.5 °C. 

The identity of the product is proved in the follotvin 

pages. 

4- Br omo- 3- Hydroxynaphthalic Anhydride. 

(Cent., 1932, II, 1173). 

o 

oc/ co 

OH OH 

5.0 gm. 3- hydroxynaphthalic anhydride. 

4.1 gm. bromine (10% excess). 

70.0 ml. glacial acetic acid. 

24.0 ml. 20% sodium bromide solution. 
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3- Hydroxynaphthalic anhydride was suspended in the 

boiling glacial acetic acid. The solution of bromine 

in sodium bromide solution was run in slowly from a 

dropping funnel with stirring over 15 minutes. Heat 

:ing was continued for urther 45 minutes until com- 

plete solution had taken place. The clear amber 

coloured solution was then poured into 210 ml. of cold 

water. The yellow precipitate was filtered off, 

washed thoroughly with boiling water and dried at 

100°C. 

Yield: 6.5 gm. (95 %). M.p. 282 -285 °C. 

It was recrystallised from glacial acetic acid 

from which short yellow needles separated. 

Yield: 5.7 gm. (84 %). M.p. 287- 288 °C. 

A mixed melting point of the product with that 

from the previous experiment showed no deviation and 

therefore the two compounds were identical. 

Mercuration of 3- Methoxynaphthalic Anhydride. 

0 / co O C O 

oc H, 
f 

OCH3 

Q 
/ \ 

QC CO 

40.0 gm. 3- methoxynaphthalic anhydride. 

14.1 gm. sodium hydroxide (calculated quantity), 
dissolved in 860 ml. water. 

38.0 gm. mercuric oxide (calculated quantity). 

113.0 ml. 20% acetic acid solution (4% excess). 
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3- Methoxynaphthalic anhydride was dissolved in the 

solution of sodium hydroxide by heating and the mixture 

filtered to remove any impurities present. Meanwhile 

a solution of mercuric acetate was prepared by warming 

the mercuric oxide with the 20% acetic acid, this also 

being filtered. The boiling solution of mercuric 

acetate was then added to the boiling solution of the 

sodium salt when a moderate amount of frothing took 

place and a heavy yellow precipitate of mercury com- 

pound was thrown down. The slightly acid suspension 

was boiled under reflux,with mechanical stirring, for 

100 hours, after which a test portion proved to be coin - 

:pletely soluble in dilute sodium hydroxide solution. 

The mercury compound was filtered off, after allowing 

the solution to cool, and washed thoroughly with boil- 

ing water. The solid was dissolved in dilute alkali 

and a small quantity of mud which was produced in the 

mercuration was filtered off. The alkaline solution 

was carefully acidified, after being cooled to 0 °C in 

ice, by the addition of concentrated hydrochloric acid 

which was slowly run in so as to prevent the removal of 

mercury by hydrolysis. The mixture of mercury com- 

pounds was filtered off, washed several times with 

boiling water and dried at 100 °C. 

A portion of the mercury compound was extracted 

with boiling ethyl acetate and it was found that there 

was practically no unchanged 3 -me thoxynaphthalic 

anhydride present. The products from the mercuration 
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did not melt below 360 °C but decomposed on heating on 

a platinum foil, the vapour burning with a livid blue 

flame showing the presence of mercury which was con- 

:firmed by a metallic film test. 

It was concluded from subsequent experimental 

data (see pp. al-85 ) that a mixture of 3 -me thoxy -8- 

hydroxymercuri-l- naphthoic acid and 3- methoxynaphthalic 

anhydride -4- mercuri- hydroxide was formed in the above 

mercuration and in the proportions given below. 

Yield: 3- methoxy- 8- hydroxymercuri- i- naphthoic 
acid, 5.5 gm. (8%). 

3- methoxynaphthalic anhydride-4-mercuri- 
hydroxide, 70 gm. (90 %) . 

Analysis of mercuration mixture: found, Hg, 47.0%. 

calculated for mixture of above composition, Hg, 45.5%. 

Treatment of Mixture of 3- Methoxynaphthalic Anhydride 

4- mercuri -hydroxide and 3- Methoxy- 3-- hydroxyiiiercuri -l- 

naphthoic Acid. 

o 
Qc\ 
CO 

o 

oc/ co (00H 

-F 

oc 143 ocrt3 

H OH 

2 gm. mercuration mixture (from p. 78). 

20 ml. concentrated hydrochloric acid. 

The mercury compound was boiled under reflux with 

concentrated hydrochloric acid for 1 hour. After 

cooling, the 3- methoxynaphthalic anhydride was filtered 

off and recrystallised from ethyl acetate. (No 
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3- methoxy -l- naphthoic acid was isolated as the theor- 

etical yield of this product was only 0.07 gm.) 

Yield: 0.65 gm. (68 %). M.p. 242- 244 °C. 

Mixed with an authentic specimen of 3- methoxynaphthalic 

anhydride, m.p. 242.5 -244 °C. 

Bromination of Mixture of 3-Methoxy-8-hydroxymercuri- 

l- naphthoic Acid and 3- Methoxynaphthalic Anhydride 

4- mercuri- hydroxide. 

-t- 

o cN Uc H 
W3 oN 

o / oc Co 

o 

oc co 

$r 

60.0 gm. crude mixed mercuri- compounds (from p.78). 

800.0 ml. glacial acetic acid. 

21.7 gm. bromine (10% excess) . 

126.0 ml. 20% solution of sodium bromide. 

The mixture of mercuri- compounds was suspended 

in boiling glacial acetic acid and a solution of 

bromine in a 20 % solution of sodium bromide was slowly 

added by means of a dropping funnel with mechanical 
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stirring over 30 minutes. Solution took place as the 

bromine was added and a clear amber coloured solution 

resulted which was 'poured into 2400 ml. of cold water. 

The yellow brominated products immediately separated 

out and were filtered off, washed with hot water and 

dried in a steam -oven. 

Yield: 34 gm. (82%). 

Separation of Components of Bromination Mixture from 

above Preparation. 

a) 

The mixture of the bromination products was ground 

up in a rolling -mill with cold dilute ammonia solution 

in which the substituted naphthoic acid was preferen- 

:tially soluble. The ammoniacal solution was then 

filtered off and acidified with concentrated hydro- 

chloric acid. The light yellow product was filtered 

off, washed with hot water and dried at 100°C. Puri- 

:fication was attempted by several recrystallisations 

from glacial acetic acid but the 3-methoxy-8-bromo-l- 

naphthoic acid so obtained was not sufficiently pure 

for analysis. 

Yield. 3.8 gm. (crude). Tvl.p. 249 -253 °C. 

It was therefore converted into the methyl ester. 



b) t;ïethyl 3-methoxy-8-bromo-l-naphthoate. 

3.8 gm. 3- methoxy -8- bromo- l- naphthoìc acid (crude). 

20.0 ml. thionyl chloride, 

30,0 ml. methyl alcohol (dry). 

The crude 3- methoxy- 8- bromo- l- naphth.oic acid was 

placed in a 100 ml. flask with a ground -in glass con- 

:denser and treated with thionyl chloride. The re- 

actants were then heated for 1 hour on a steam -bath 

when partial so lution took place. The insoluble 

matter was filtered off, recrystallised from glacial 

acetic acid and proved to be 3- methoxy- 4- bromo- 

naphthalic anhydride (1.3 gm.). The clear brown acid 

chloride solution was heated under reduced pressure in 

order to distil off the excess thionyl chloride. Dry 

methyl alcohol (30 ml.) was carefully added to the 

solid acid chloride when a vigorous evolution of hydro- 

chloric acid gas took place. The mixture was boiled 

under ref lux for 30 minutes when solution was complete. 

Excess methyl alcohol was distilled off and the result- 

ing solid was taken up in ether. The ethereal solu- 

tion was washed with dilute sodium carbonate solution, 

then with dilute hydrochloric acid solution and finally 

several times with cold water. After drying over 
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solid calcium chloride the ethereal solLtion was 

evaporated to dryness aid the final traces of ether 

were removed in a vacuum desiccator. 

Yield: 2.3 gm. (88%). 

Methyl 3- methoxy- 8- bromo- l- raphthoate was puri- 

:fied by crystallisation from petrol ether (b.p. 100 - 

120 °0) or methyl alcohol from which long, almost 

colourless needles separated out. 

Yield: 1.6 gm. (61 %). ,..p. 96.5 -97.5 °C. 

Analysis: found, Co 52.3; H, 3.5; Br, 26.6 %. 

C13H1103Br 
requires C, 52.8; H, 3.7; Br, 27.1 %. 

It was found to be moderately soluble in ether, 

hot methyl or ethyl alcohol or petrol ether; soluble 

in cold glacial acetic acid but insoluble in water and 

very sparingly soluble in benzene. 

c). 

The less soluble component in dilute ammonia was 

proved to be 3- methoxy- 4- bromo- naphthalic anhydride 

(30 gm.). This was recrystallised from glacial 

acetic acid from which long yellow needles separated out. 

Yield: 24.5 gm. (64%). M.p. 215- 216 °C. 

A mixed melting point with 3- methoxy -4- bromo- 

aphthalie anhydride prepared from 3- rethoxyna_phthalie 

anhydride by direct bromination was found to show no 

depression (viz. M.p. 215 -216 °C). Melting point 

quoted i literature is 216 °C (yid., p. 85). 
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On esterification of 3.8 gm. of the crude 

3- methoxy -8- bromo -l- naphthoic acid (q.v. p. 83), 1.3 gni. 

of 3- methoxy -4- bromonaphthalic anhydride was separated 

as it was insoluble in thionyl chloride. Thus 2.5 bm 

of the mixture consisted of 3-- methoxy -8- bromo -l- 

naphthoic acid. 

The composition of the mixture obtained by bromin- 

Cation (p. 81) could thus be deduced. 

The field of brominated products was 34 gm. (82%) 

and therefore consisted of 2.5 gm. 3- methoxy -8- bromo- 

1- naphthoic acid and 31.5 gnu. of 3- methoxy- 4- bromo- 

:naphthalic anhydride. 

The composition of the mercuration mixture could 

also now be calculated and is quoted on p. 80. 

Conversion of 3- Methoxynaphthalic Anhydride into 

3- Msthoxy -4- bromonaphthalic Anhydride. 

(Cent., 1932, II, 1173). 
o 

o\CO Oc/ 
v 

OC / 
co 

g,, 

5.0 gm. 3- methoxynaphthalic anhydride. 

3.7 gm. bromine (6% excess). 

140.0 ml. glacial acetic acid. 

21.5 ml. 20% sodium bromide solution. 

3- Methoxynaphthalic anhydride was heated with the 
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glacial acetic acid to boiling point with mechanical 

stirring. Bromine in the 20% solution of sodium 

bromide was added drop by drop over 15 minutes to the 

suspension in glacial acetic acid. The mixture was 

heated for a further 1 hour when complete solution had 

taken place. After cooling, the clear amber coloured 

acid solution was poured into 420 ml. of cold water. 

The yellow precipitate which separated out was filtered 

off, washed several times with water and dried at 

100 °C. Purification was effected by crystallisation 

from glacial acetic acid from which fine yellow needles 

of 3- methoxy- 4- bromonaphthalic anhydride separated out. 

Yield: 4.7 gm. (70 %). 11.p. 214.5- 215.5 °C. 

3 :6- Dimethoxynaphthalie Anhydride 4- Mercuri- hydroxide. 

C H30 

o 
/ oc Co 

> 

oct-13 CH30 

o 
/ N 

OG CO 

20.0 gm. 3 :6- dimethoxynaphthalic anhydride. 

6.2 gm. sodium hydroxide (calculated quantity), 
dissolved in 380 ml. water. 

16.8 gm. mercuric oxide (calculated quantity). 

50.0 ml. 20% acetic acid (4% excess). 

3 :6- Dimethoxynaphthalic anhydride was dissolved 

in the dilute alkali with warming and the solution was 

filtered to remove any impurities. A boiling solution 

of mercuric acetate was prepared by heating mercuric 
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oxide with 20% acetic acid solution and this was also 

filtered. The boiling solution of mercuric acetate 

was added to the boiling solution of the sodium salt of 

3 :6- dimethoxynaphthalic acid when little or no frothing 

took place and a heavy yellow precipitate was immediate- 

ly formed. The mixture was boiled under reflux, with 

mechanical stirring for 100 hours when a portion of the 

suspension was treated with cold dilute sodium hydroxide 

solution and was found to be completely soluble. The 

resulting mixture was cooled, the mercury compound 

filtered off and washed thoroughly with boiling water. 

It was purified by dissolving in dilute sodium hydroxide 

solution and the impurities were filtered off (the re- 

:sidue was a grey mud and consisted mainly of free 

mercury). The alkaline solution was then cooled to 

0 °C in ice and was slowly acidified by addition of con- 

:centrated hydrochloric acid over a period of about 

1 hour. The clean yellow mercury compound was filtered 

off, washed several times with boiling water and dried 

at 100 °C. 

Yield: 3548 gm. (97 %). 

It did not melt below 360 °C but was decomposed 

when heated on platinum foil, the vapour burning with a 

livid blue flame. A metallic film test on the sub- 

:stance donfirmed the presence of mercury. 

Analysis: found, Hg, 43.1%. 

calculated for C14H1006Hg, Hg, 42.3%. 
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Treatment of 3:6- Dimethoxynaphthalic Anhydride 4- Mercuri- 

hydroxide . 

2;m. mercury compound. 

20 ml. concentrated hydrochloric acid. 

The above materials were boiled under reflux for 

1 hour and then allowed to cool. The precipitate was 

filtered off, washed with hot water until free of acid 

and dried at 100 °C. 

Yield: 0.85 gm. (78%). M.p. 288- 292 °C. 

Recrystallisation was carried out with glacial 

acetic acid as the solvent from which long yellow 

needles m.p. 292 -294° separated. A mixed melting 

point with 3 :6 -dime thoxynaphthalic anhydride showed no 

depression, proving the identity of the product. 

3 :6 -Dime thoxynaphthalic Anhydride 4- Mercuri -hydroxide. 

1.0 gm. 3:6- dimethoxynaphthalic anhydride. 

0.45 gm. potassium hydroxide (calculated quantity) 
dissolved in 15 ml. water. 

0.85 gm. mercuric oxide (calculated quantity). 

2.5 ml. 20% acetic acid solution (4% excess). 

As in the previous preparation of 3:6- dimethoxy- 

:naphthalic anhydride 4- mercuri hydtxxi.de (p. 86) the 

mercuric acetate solution was added to the solution of 

the potassium salt of 3 :6- dimethoxynaphthalic acid when 

a heavy yellow precipitate was immediately thrown down. 



QQ 

The suspension was cooled, placed in a Carius tube and 

heated under pressure for 24 hours at 170 -180 °C. The 

tube was allowed to cool and the seal was opened. No 

appreciable pressure was observed due to the possible 

evolution of carbon dioxide. Purification was effected 

as in the previous preparation. 

Yield: 1.8 gm. (98 %). 

The properties of the product were proved to be 

similar to 3 :6- dimethoxynaphthalic anhydride 4- mercuri- 

hydroxide and similar treatment with boiling hydro- 

chloric acid (q.v. p. 88;) yielded 3:6- dimethoxy- 

:naphthalic anhydride. 

4- Bromo -3 :6 -dime thoxynaphthalic Anhydride. 

C1430 0(143 CH 
3 

Hy" 

o 
UC \CO 

0(143 

55.0 gm. mercury compound (from p. 86). 

400.0 ml. glacial acetic acid. 

11,9 gm. bromine (10% excess). 

69.0 ml, 20% sodium bromide solution. 

The finely ground mercury compound was suspended 

in boiling glacial acetic acid and the solution of 

bromine in 20% sodium bromide solution was ran in 

slowly over a period of 15 minutes. As the bromine 

was added, the mercury compound gradually went into 
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solution. The solution was stirred for a further 

30 minutes after the introduction of the bromine when 

complete solution took place. The clear brown solu- 

:ti on was poured into 1200 ml. of cold water when a 

heavy yellow precipitate was thrown down. The solid 

material was filtered off, washed several times with 

boiling water and dried at 100 °C. 

Yield: 22.1 gm. (89%). M.p. 230- 234 °C.. 

Purification was effected by recrystallisation 

from glacial acetic acid from which golden yellow 

needles separated out. 

Yield: 18.3 gm. (77%). M.p. 237.5-2380C. 

Analysis : - found, C,. 49.6; H, 2.8; Br, 24.3%. 

C14H9 05Br requires. C, 49.8; H,, 2.7; Br, 24.3%. 

4-- Bromo -3:6-dime thoxynaphthalic anhydride was 

found to be insoluble in water, benzene and petrol 

ether; very slightly soluble in hot methyl or ethyl 

alcohol but moderately soluble in boiling glacial acetic 

acid from which it was possible to recrystallise it. 

It was moderately soluble in hot nitrobenzene but did 

not crystallise from it very well. 

Direct Conversion of 3:6- Dimethoxynaphthalic Anhydride 

into 4- Bromo- 3:6- Dirnetho naphthalic Anhydride. 
o o 

OC / \co 
OC/ Co 

CH30 
OC H3 CH ocH3 
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20.0 gm. 3 :6- di_.nethoxynaphthalie anhydride. 

13..6 gm. bromine (10% excess) . 

800.0 ml. glacial acetic acid. 

72.0 ml. 20% sodium bromide solution. 

3 :6- Di.methoxynaphthalie anhydride was suspended 

in boiling glacial acetic acid and bromine in a solu- 

:tion of 20% sodium bromide was slowly introduced by 

means of a dropping funnel over 30 minutes. Solution 

gradually took place and stirring was continued for a 

further 1 hour 30 iiinutes until this was complete. 

The clear brown solution was allowed to cool when 

golden yellow needles of 4- bromo- 3 ;6- dimcthoxynaphtb_alic 

anhydride separated out. The crystals were filtered 

off, washed with water and dried. 

Yield: 22,5 gm. (86 %). M.p. 232- 234 °C. 

It was recrystallised from glacial acetic acid. 

Yield: 20.4 gm. (78%) . M.D. 237-238°C. 

A mixed melting point with the bromination product 

of 3: 6 -dime thoxynaphthali e anhydride 4 -mer curi- hydroxide 

gave practically no change in the melting point. 

Mixed M.p. 236.3-238°C. 

Sodium. Salt of 3- Sulpho- 8- hydroxymercuri- l- naphtho-i c Acid. 

IVaOOC COON2 

C,01% S 0 
3 

1Yn 
HO 
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100.0 gm. sodium salt of 3- oulphonaph.thalic acid. 

55.0 gm. mercuric oxide. 

62.2 ml. glacial acetic acid (l00ó excess). 

600.0 ml. water 

The mercuric oxide was treated with 20 acetic 

acid (62.2 ml. of glacial acetic acid in 250 nil. of 

water) and solution was effected by heating on a steam - 

bathe The mercuric acetate solution was then filtered 

to free from any impurities. Meanwhile the sodium 

salt of 3-sulphonaphthalic anhydride was dissolved in 

350 ml. of boiling water and the solution was also 

filtered. The boiling mercuric acetate solution was 

added to the boiling solution of the sodium salt when 

a vigorous evolution of carbon dioxide took place. 

There was no mercury compound precipitated, due pre - 

:surnably to the presence of the sulphonic group in the 

molecule. The solution was boiled under reflux for 

100 hours. During the first 24 hours boiling, a 

viöorous evolution of carbon dioxide was evident which 

gradually decreased until only a trace was noted after 

72 hours boiling. The solution was then evaporated 

to dryness on the steam -bath as it was not found 

possible to isolate the pure mercury compound from the 

sodium acetate and other products present in the solu- 

tion. 

Yield: 171 gm. 

The theoretical yield of the mercury compound is 
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121.5 gm. and of sodium acetate 42.2 gm. The 

additional weight (7.2 gm.) was due to adhering acetic 

acid and water. 

A portion of the mercuration product was treated 

with cold dilute hydrochloric acid followed by hydrogen 

sulphide but no mercuric sulphide was produced. Thus 

mercury in the ionic state was proved to be absent. 

Treatment of Sodium Salt of 3- Sulpho- 8- hydroxy-mercuri.. 

l- Naphthoic Acid. 

a). 

Sp3N 
i 

(00H 

So3Ya 

7 gm. crude mercury compound (from p. 92). 

50 ml. concentrated hydrochloric acid. 

The mixture from the mercuration was treated with! 

concentrated hydrochloric acid by boiling under ref lux 

for 1 hour. The solution was allowed to cool and a 

few drops withdrawn, diluted with water and hydrogen 

sulphide passed in. A black precipitate was produced 

which showed the presence of mercury in the ionic 

state. The solution was evaporated to dryness on they 

steam -bath. 

Weight: 7 gm. 
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cOoH 

S o31Yct 

Pd. 

cOOH 

7 gm. crude product from above (theoretically 
contains 2.8 gm. sodium 3- sulpho -l- 
naphthoic acid). 

70 gm. potassium hydroxide. 

The potassium hydroxide was fused with addition 

of 2 ml. of water at 210 -220 °C in a nickel crucible. 

The finely powdered mixture from the previous experi- 

ment was added in small portions with frequent 

stirring and the temperature was raised to 235 °C and 

maintained thus for a further 20 minutes. The melt 

was cooled, dissolved in water and partially neutra- 

:lised with 50% sulphuric acid. Impurities were fil- 

:tered off which consisted mainly of potassium sulphate. 

The clear alkaline solution was then acidified with 

concentrated hydrochloric acid and as very little solid 

was precipitated an ether extraction of the acid solu- 

tion was carried out. The ethereal solution, after 

washing with small quantities of water, was dried over 

anhydrous sodium sulphate. Ether was evaporated off 

and the residue was dissolved in dilute sodium hydroxide 

solution and any impurities filtered off. Carbon di- 

:oxide was passed in for some time in order to precipi- 

tate the i -naphthol present. The/3-naphthol was 
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filtered off and recrystallised from hot water. 

Yield: 0.3 gm. (20%). M.p. 121 -122 °C. 

Mixed m.p. with pure/3- naphthol of m.p. 122 °C was 

121.5- 122 °C. 

The sodium carbonate filtrate was acidified with 

concentrated hydrochloric acid and the precipitate was 

filtered off. Purification was effected by boiling 

an aqueous solution with animal charcoal, and after 

filtering the hot liquid almost colourless needles of 

3- hydroxynaphthoic acid separated out. 

Yield: 0.7 gm. (36 %). 

M.p. 241 -243 °C (Royle and Schedler, J.C.S., 
1923, 123, 1641, record m.p. 
242 -243 °C)0 

With ferric chloride solution a reddish brown 

colouration was obtained; and a dilute aqueous alcoholic 

solution of the sodium salt showed a purple fluorescence. 

The acetyl derivative was prepared by heating with 

acetyl chloride and was recrystallised from aqueous 

alcohol. II.p. 168 -170 °C ( Royle and Schedler, J.C.S., 

1923, 123, 1641, record mop. 169 -170 °C). 

The presence of/3-naphthol in the product was due 

to the decarboxylation of some of the 3-hydroxy-l- 

naphthoic acid during the alkali fusion. The pro- 

:duction of 3- hydroxy -l- naphthoic acid proved the 

formation of 3- sulpho -8- hydroxy -mercuri -l- naphthoic 

acid in the mercuration of the sodium salt of 3- sulpho 

naphthalic acid. 
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2.8 gm. mercurati on mixture (from p.92) 
(theoretically contains 2 gm. sodium 
salt of 3- sulpho- 8- hydroxy- mercuri -' 
l- naphthoic acid). 

20.0 gm. potassium hydroxide. 

0.6 ml. water. 

The potassium h aroxide was fused with a small 

quantity of water at 215 °C in a nickel crucible. The 

powdered mixture from the mercuration was added in 

small quantities with frequent stirring and the temper- 

:ature of the melt was then raised to 240 °C for 15 

minutes. After cooling,the melt was extracted with 

water and a few drops of the clear solution was treated 

with hydrogen sulphide, first having been made acid 

with dilute hydrochloric acid. A copious black pre- 

cipitate of mercuric sulphide was thrown down, thus 

showing that the mercury had been removed from the 

ring in the attempt to convert the sulphonic -group to 

the hydroxyl -group only by alkali fusion. No identi- 

:fiable products could be isolated from the melt. 

Sodium 1- Carboxy- 8- bromonaphthalene- 3- sulphonate. 
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152.0 gm. mixture from mercuration, p. 92 
(theoretically contains 108 gtu. 

sodium salt of 3- sulpho- 8- hycgoxy- 
mercuri- l- naphthoîc acid) . 

18.3 gm. sodium hydroxide. 

825.0 ml. water. 

37.0 gm.. bromine. 

77.0 ml. concentrated hydrochloric acid. 

The mercury compound was dissolved in a solution 

of sodium hydroxide in water (500m1.) and filtered to 

remove any impurities. The solution was then cooled 

to 0 -5 °C in ice with mechanical stirring and con- 

:centrated hydrochloric acid (55 ml.) was slowly added 

by means of a dropping funnel which resulted in the 

precipitation of part of the mercury compound. A 

solution of bromine in concentrated hydrochloric acid 

(22 ml.) and water (325 ml.) was added to the sus- 

:pension over an hour. After a further 30 minutes 

stirring, there was no trace of free bromine. The 

mixture was then evaporated to dryness on the steam - 

bath. The resulting solid was ground up in a rolling 

mill with absolute alcohol to remove the mercuric 

chloride and bromide and final traces of ionic mercury 

were removed by passing hydrogen sulphide into an 

aqueous solution which had been acidified with dilute 

hydrochloric acid. After removal of the sulphide by 

filtration, the clear solution was evaporated to dry - 

;ness. The resulting product consisted mainly of a 

mixture of sodium 1- carboxy- 8- bromonaphthalene -3- 

'sulphonate and sodium chloride. 

Weight: 110 gm. 
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The theoretical yield of sodium l- carboxy- 8- bramonaphtia- 

lene -3- sulphonate should be 80.6 gm. 

Alkali Fusion of Tiixture containing Sodium 1- Carboxy- 

8- bromonaphthalene -3- sulphonate. 

cooH COON 

+ 
5O3Na N °N 

10 gm. broraination mixture (from p.97). 

44 gm. potassium hydroxide. 

OH 

The potassium hydroxide was fused at 1L0 °C with 

addition of a few drops of water (1 ml.) in a nickel 

crucible. The finely powdered mixture containing the 

sodium 1- carboxy -8- bromonaphthalene -3- sulphonate 

(7.7 gm.) was added in small portions with frequent 

stirring of the melt. The temperature was then raised 

to 21000 for 15 minutes and the melt allowed to cool. 

The cold melt was dissolved in water and partially 

neutralised with 50% sulphuric acid. Impurities were 

filtered off and the acidification was completed by 

addition of concentrated hydrochloric acid. The clear 

acid solution was extracted with ether and the ethereal 

solution was dried over anhydrous sodium sulphate. 

The ether was evaporated off and the result ng solid wad-. 

proved to contain no bromine by a copper wire flame 

test. 

Weight: 1.5 gm. 



The product was dissolved in dilute sodium 

hydroxide solution and carbon dioxide passed in for 

some time. l3 -naphthol was thrown down, filtered off 

and recrystallised from boiling water. 

Yield: 0.4 gm. (13A. Ivi.p. 120-121°C. 

Mixed m.p. with authentic specimen of/3-naphthol 

m.p. 122 °C was 121- 122°C. 

The sodium carbonate solution was acidified with 

concentrated hydrochloric acid and extracted with ether. 

The ethereal solution was dried over anhydrous sodium 

sulphate and evaporated to dryness. After boiling an 

aqueous solution with animal charcoal, the product was 

allowed to crystallise from hot water from which al- 

:most colourless needles separated out. 

Yield: 008 gin. (21%) . M.p. 241.5 -242.5 °C. 

Mixed m.p. with 3- hydroxy -l- naphthoic acid m.p. 242 - 

243°C was 241- 243 °C. 

This compound was therefore proved to be 

3- hydroxy -l- naphthoic acid and the bromo -group was 

thus removed in the alkali fusion. The production of 

/3- naphthol is apparently due to the partial decarboxyl- 

:ation of the 3- hydroxy -l- naphthoic acid during the 

alkali fusion. 
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Attempted Coupling of Sodium 1- Carboxy -8- bromonaphtha- 

:lene- 3- sulphonate. 

10 gm. broini nation mixture (from p.07 ) . 

10 gm. copper bronze. 

20 ml. nitrobenzene. 

The carefully dried bromination mixture (which 

was assumed to contain 7.7 gm. of sodium 1- carboxy -8- 

bromonaphthalene- 3- sulphonate) was heated with nitro- 

benzene to 1c00C. Copper bronze was added in small 

portions with mechanical stirring and the mixture was 

maintained at 180 -190°C for 5 hours. All solid 

material was filtered off and washed free of nitro- 

:benzene with absolute alcohol. The mixture of solid 

products was then boiled with water (50 ml.), the 

copper bronze filtered off and washed thoroughly with 

boiling water. The clear aqueous solution was then 

evaporated to dryness. A portion of the resulting 

white solid was treated with hot concentrated sulphuric 

acid but no characteristic green colouration was ob- 

tained showing the presence of an anthanthrone. It 

was concluded therefore that coupling did not take 

place. 

Weight of recovered material: 8.2 gm. 



1C-I . 

Sodium Salt of 3:6- Disulpho- 8- hydroxy- mercury -l- 

naphthoic acid. 

N400 C. COONQ. 

N¡ zQ pias05 SO Na. 

o 

119 Co 

100.0 gm. sodium salt of 3:6- disulpho -naphthalic 
acid. 

41.3 gm. mercuric oxide. 

46.1 ml. glacial acetic acid (100% excess 

600.0 ml. water. 

A mercuric acetate solution was prepared by treat- 

ing the mercuric oxide with 20% acetic acid (46.1 ml. 

of glacial acetic acid in 185 ml. of water) and solu- 

tion was effected by heating on a steam -bath. The 

solution was then filtered to remove any impurities 

present. Meanwhile the sodium salt of 3.6- disulpho- 

naphthalic acid was dissolved in boiling water (415 ml,) 

and the solution was also filtered. The boiling 

mercuric acetate solution was added to the boiling 

solution of the sodium salt when a vigorous evolution 

of carbon dioxide took place. No mercury compound 

was thrown down, presumably owing to the presence of 

the two sulphonic groupings in the molecule. The 

solution was boiled under reflux for 100 hours. 

During the first 24 hours of the reaction a vigorous 

evolution of carbon dioxide took place which gradually 

decreased until only a trace was evident after 70 hours 
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boiling. The solution was then evaporated to dryness 

as it was found impossible to isolate the pure mercury 

compound from the sodium acetate and other products in 

the solution, 

Yield: 172 gm. 

The theoretical yield of the mercury compound was 

107.3 gm. and of sodium acetate 61.2 gm. The addition- 

:al weight (3.5 gm.) vas due to a little adhering 

acetic acid and water. A small portion of the mercur- 

cation mixture was dissolved in water, acidified with 

dilute hydrochloric acid and hydrogen sulphide was 

passed in. No black precipitate was formed thus show - 

sing the absence of ionic mercury. 

Treatment of the Sodium Salt of 3s6-Disulho-8-h+droxy- 

mercuri-l-naphthoic Acid. 

a). 

N 4S 03 

COOH 

No.. 

16 gm. crude mercury compound (from p. 10]) 
(assumed to contain 10 gm. of sodium 
salt of 3:6- disulpho- 8- hydroxy- mercuri- 
l- naphthoic acid). 

100 ml. concentrated hydrochloric acid. 

The mixture from the mercuration was boiled under 

reflux with concentrated hydrochloric acid for 1 hour. 
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The solution was allowed to cool and a few drops ex- 

tracted, diluted with water and hydrogen sulphide 

passed in. A black precipitate of mercuric sulphide 

was immediately thrown down which showed the presence 

of ionic mercury. The solution was evaporated to dry - 

:ness on the steam -bath. 

Weight: 15.6 gm. 

b). 

cooH 

oNa HO 

COoH 

t 
OM N o,.^ o H 

15.6 gm. product from above hydrochloric acid 
treatment of mercuration product 
(assumed to contain 6.5 gm. sodium - 
1- carboxynaphthalene -3 z 6- disulphonate ). 

156.0 gm. potassium hydroxide. 

3.0 ml. water. 

The potassium hydroxide was fused with a small 

quantity of water at 210 °C in a nickel crucible. The 

finely powdered sodium-l-carboxynaphth.alene-3:6- 

disulpkionate was added in small portions with frequent 

stirring. The temperature was then raised to 235 °C 

and maintained thus for a further 20 minutes. The 

melt was then allowed to cool, dissolved in water and 

partially neutralised with 50% sulphuric acid. Im- 

purities were filtered off and the clear brown alkaline 
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solution was acidified with concentrated hydrochloric 

acid. The acid solution deposited no solid and an 

ether extraction was carried out. The ethereal solu- 

:tion was washed with several small quantities of water 

and dried over anhydrous sodium sulphate. After the 

removal of the ether, the resulting solid was dissolved . 

in dilute sodium hydroxide and carbon dioxide was 

passed in for some time 2:7- Dihydroxynaphthalene 

was thrown out of solution, filtered off and re- 

:crystallised from absolute alcohol. 

Yield: 0.2 gm. (29%). M.p. 183-184.5°C. 

Mixed m.p. with. 2:7- dihydroxynaphthalene (m.p. 184 °C) 

184-185°C. 

The sodium carbonate solution was acidified with 

concentrated hydrochloric acid and the acid solution 

extracted with ether. After washing and drying the 

ethereal solution the ether was removed by evaporation. 

to aqueous solution was boiled with animal charcoal and 

after evaporation to dryness the resulting solid was re- 

:crystallised from nitrobenzene from which a compound 

assumed to be 3:6-dihydroxy-i-naphthoic acid separated 

in almost colourless minute needles. 

Yield: 1.5 gm. (43%). M.p. 252 -253.5 °C. 

Analysis : - found, C, 64.5; H, 3.9 %. 

C11H804 
requires C, 64.7; H, 4.0 %. 

3 :6-Dihydroxynaphthoic acid was therefore formed 

along with 2:7- dihydroxynaphthalene which. was produced 



by partial decarboxylation of the substituted naphthoic 

acid during the alkali fusion. 3:6- Dihydroxy -l- 

naphthoic acid was found to be appreciably soluble in 

cold water; very soluble in methyl or ethyl alcohol; 

and. slightly soluble in hot benzene or ligroin. 

Nitrobenzene proved to be the most suitable solvent for 

the purification of the compound. 

3:6- Dimethoa -1- naphthoic Acid. 

co OH 

off cH3o 
HO 

c,0oH 

OcH3 

1.5 gm. 3 :6- dihydroxy-1- naphthoic acid. 

2.0 gm. dimethyl sulphate (8% excess). 

1.0 gm. sodium hydroxide (14% excess). 

30.0 ml. water. 

The 3 :6- dihydroxy -l- naphthoic acid was dissolved 

in the sodium hydroxide solution and heated to almost 

60°C on the steam -bath. Dimeth.yl sulphate was added . 

to the alkaline solution with vigorous shaking and 

heating was continued for a further 15 minutes. A 

solution of 20% sodium hydroxide (5 ml.) was added in 

order to destroy any excess dimethyl sulphate and the 

solution was placed on the steam -bath for 1 hour. im- 

purities were filtered off and the alkaline solution 

was acidified with concentrated hydrochloric acid. 
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The cream coloured precipitate was filtered off and 

recrystallised from absolute alcohol from which 3 :6- 

dimethcxy- l- -naphthoi c acid separated out in fine 

needles. 

Yield: 0.9 gm. (53 %). M.p. 171- 172 °C. 

Analysis:- found, C, 67.2; H, 5.2 %. 

C13H1204 requires C, 67.3; N, 5.2%. 

3:6- Dimethoxy- l- n_aphthoic acid is very slightly 

soluble in hot water or benzene, moderately soluble in 

hot methyl or ethyl alcohol and in cold glacial acetic 

acid. 

Decarboxylation of 3:6-Dimethoxy-l-r.aphthoic Acid. 

c001-1 

OC H3 C N 30 OC 113 

0.35 gm. 3 :6- dimethoxy -l- naphthoic acid. 

10.0 ml. quinoline (dry) . 

0.3 gm, copper bronze. 

The 3 :6- dimethoxy- l- naphthoic acid was heated with 

quinoline on an oil -bath until the solution was just 

at the boiling point. Copper bronze was added in 

small portions with frequent stirring when a brisk 

effervescence due to the liberation of carbon dioxide 

took place. The heating was continued for 20 minutes 
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and the mixture allowed to cool. Ether was added and 

the copper bronze filtered off. The ethereal solution 

was washed with dilute hydrochloric acid in order to 

remove the quinoline as the hydrochloride and then 

with dilute sodium hydroxide followed by dilute hydro- 

:chlcric acid and finally several times with water. 

After drying the ethereal solution over calcium 

chloride, the ether was evaporated off. The solid 

was allowed to crystallise from absolute alcohol after 

boiling with animal charcoal. 

Yield: 0.15 gm. (53 %). M.p. 137 -138.5 °C. 

Mixed m.p. with 2 :7- dimethoxynaphthalene (m.p. 138 °C) 

137.5 -138.5 °C. 

A crystal was treated with concentrated sulphuric 

acid resulting in a yellow solution with strong green 

fluorescence. Thus the product was proved to be 

2 :7 -dime thoxynaphthalene. 

Sodium 1- Carboxy- 8- bromonaphthalene- 3:6- disuiphonate. 
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16.0 gm. mixture from mercuration (see p.101) 
(assumed to contain 10 gm. sodium 
salt of 3:6- disulpho- 8- hydroxy- 
Mercuri- ï- n_aphthoic acid)., 

1.4 gm. sodium hydroxide. 

100.0 ml. water. 

2.8 gm. bromine. 

5.9 ml. concentrated hydrochloric acid. 

The mercuration mixture was dissolved in a solu- 

:tion of sodium hydroxide in water (75 ml.) and the 

solution was filtered to remove any impurities. The 

solution was then cooled in ice to 0 -5 °C with mechani- 

cal stirring and concentrated hydrochloric acid 

(4.2 ml.) was slowly dropped in. A solution of 

bromine in concentrated hydrochloric acid (1.7 ml.) 

and water (25 ml.) was added to the suspension over an 

hour. After a further 30 minutes stirring the sus- 

:pension was quite white and no free bromine was 

evident. The mixture was evaporated to dryness on 

the steam- bath. The resulting solid was ground up 

in a rolling -mill with absolute alcohol to remove the 

mercuric chloride and bromide produced and final traces 

of ionic mercury were removed by passing hydrogen sul- 

phide into an aqueous solution acidified with dilute 

hydrochloric acid. After removal of the sulphide by 

filtration, the solution was evaporated to dryness. 

Weight: 13.7 gm. 

The resulting wix.ture consisted mainly of sodium 

1- carboxy- 3- bromonaphthalene- 3:6- disulphonate and 



sodium chloride. 

Alkali Fusion of Prïixture containing Sodium 1- Carboxy- 

8-bromonaphthalene-3: 6-disulphor.ate. 

(00H 

OH 

13.7 gm. mixture from bromination (see p.108) 
(assumed to contain 7.9 gm. sodium 
l-carboxy-8-bromonaphthalene-3:6- 
disulphonate). 

80.0 gm. potassium hydroxide. 

The potassium hydroxide with addition of a little 

water (2 ml.) was fused at 210 °C in a nickel crucible. 

The finely powdered mixture was then added in small 

quantities with frequent stirring of the melt. The 

temperature was then raised to 240 °C and maintained 

thus for 15 minutes. The melt was cooled, dissolved 

in water, etc. and the products isolated as on p.103. 

3 :6- Dihydroxynaphthalene and 3 :6- dihydroxy -l- naphthoic 

acid were produced showing that the bromine had been 

removed from the compound during the alkali fusion. 

Yield: 0.7 gm. (200) of 3 :6- dihydroxynaphthalene. 

Tai.p . 182-184°C. 

Mixed m.p. with compound of m.p. 184 0C: 183- 184.5 °C. 

0.8 gm. (23 %4 of 3 :6- dihydroxy- l- n_aphthoic 
acid. 

M.p. 251.5-253°C. 

Mixed m.p. with compound of m.p. 252 -253.5 °C: 251 -253.5. 
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3 :6- Dibroraonaphthalic Anhydride. 

Na©OC 

Na 5 03 

COON 0, 

5.0 gm. sodium salt of 3 :6- disulphonaphthalic 
acid (anhydrous) (0.011 moles). 

18.3 gm. phosphorus pentabromide (0.043 moles). 

1.0 gm. phosphorus pentoxide (0.007 moles). 

The finely ground sodium salt was placed in a 

Carius tube and thoroughly mixed with phosphorus penta - 

:bromide and phosphorus pentoxide. The sealed tube 

was heated to 180 °C for 18 hours and then allowed to 

cool. When opened there was a violent escape of gases 

presumably due to the formation of sulphur dioxide and_ 

some hydrobromic acid during the reaction. The con - 

:tents of the tube were extracted with dilute sodium 

hydroxide and the black insoluble material was filtered 

off. The clear brown alkaline solution was acidified 

with concentrated hydrochloric acid, the brown pre- 

:cipitate filtered off and dried at 100 °C. 

Yield: .2.3 gm. (60 %). M.p. 195 -210 °C (crude).1 

A sodium fusion showed bromine to be present and 

sulphur absent. The dibromo -acid was recrystallised 

.several times from hot nitrobenzene from which short 

brownish needles of dibromo- naphthalic acid (or anhydri?.e) 

separated out. 

Yield: 1.3 gm. (34%). M.p. 214- 215 °C. 



Analysis:- found, C, 39.5; H, 1.14; Br, 43.8%. 

3 :6- dibromonaphthalic anhydride (C12H4Br203) 

requires Co 40.5; H, 1.13; Br, 44.9 %. 

3:6- dibromonaphthalic acid (C12H6Br204) 

requires C, 38.5; H, 1.62; Br, 42.8 %. 

3 :6- Dibromonaphthalic acid was found to be insol- 

:uble in water, ether or benzene, slightly soluble in 

hot methyl or ethyl alcohol, and moderately soluble in 

hot glacial acetic acid or nitrobenzene. 

The analytical data show that the compound was a 

mixture of 3 :6- dibromonaphthalic anhydride and 3 :6- 

dibromonaphthalic acid. 

Attempted Coupling of 3 :6- Dimethoxy- 4- broronaphthalic 

Anhydride. 

a). 

0.9 gm. 3 :6- dimethoxy-4- bromonaphthalic anhydride. 

1.0 gm. copper bronze. 

4.5 ml. decalin. 

3 :6- Dimethoxy -4- bromonaphthalic anhydride (see 

p. 89) was heated with decalin to 1800C in an oil -bathl 

Copper bronze was then added in small portions with 

stirring and was heated for a further 4 hours. The 
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mixture was cooled, extracted with acetone and the 

copper bronze was filtered off. The acetone was then 

distilled off and the residue treated with dilute sodium 

hydroxide solution which was then extracted with ether 

to remove the decalin. The alkaline solution was 

acidified, the precipitate filtered off and washed with 

boiling water. The yellow solid was recrystallised 

from glacial acetic acid and proved to be unchanged 

3 :6- dimeth..oxy -4- bromonaphthalic anhydride. A copper 

wire test showed also the presence of bromine. 

Yield: 0.65 gm. (72 %). M.p. 237- 238 °C. 

b). 

CHO 
Br 

--- 
ocH CHO 

o 
oc c o 

o 
OC co 

Br 

(Ho 
+ 

OC H3 

5 gm. 3,6- dimethoxy- 4- bromonaphthalic anhydride 

5 gm. copper bronze ( 5 times excess). 

3 ;:6- Dimethoxy- 4- bromonaphthalic anhydride was 

heated with copper bronze in a sealed tube to 230 °C for 

le hours. The tube was allowed to cool and then 

opened when an appreciable pressure inside the tube wal 

evident. The copper bronze had lost its sheen and 

reaction mixture was extracted several times with boil -, 

:ing acetone. The acetone solution was evaporated to 
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dryness and the resulting solid was treated with hot 

dilute sodium hydroxide solution. The insoluble 

portion was filtered off and recrystallised from absol- 

ute alcohol. A crystal treated with concentrated 

sulphuric acid resulted in a yellow solution with 

strong green fluorescence and 2 :7- dimethoxynaphthalene 

was suspected. This was confirmed by the melting 

point and a mixed melting point. The pressure on 

opening the sealed tube would therefore be due to the 

formation of carbon dioxide. 

h.p, 136 - 138 °C. 

Mixed m.p. with 2 :7- dimethoxynaphthalene of m.p. 138 °C: 

137- 138.5 °C. 

The alkaline solution was acidified with concen- 

:trated hydrochloric acid, the solid filtered off, 

washed with boiling water and dried at 100 °C. A copper 

wire test proved the presence of bromine and recrys- 

:tallisation from glacial acetic acid was attempted but 

proved unsuccessful in the separation of the mixture. 

Sublimation under reduced pressure, however, effected 

a separation. 3 :6- Dimethoxy- 4- bromonaphthalic 

anhydride was sublimed at 220 -240 °C and 3:6-dimethoxy- 

naphthalic anhydride at 260 -290 °C. 

Yields: 2.2 gm. of 3:6- dimethoxy -4- bromo- 
naphthalic anhydride. 

h.p. 237.5-238°C. 

1.1 gm. of 3:6-dimethoxynaphthalic 
anhydride. 

NI.p. 294-293°C. 
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2.0 gm. 3 :6- dimethoxy- 4- bromonpphthalie anhydride. 

0.67 gm. potassium hydroxide (calculated quantity). 

50.0 gm. potassium acetate. 

A potassium acetate melt was prepared which boiled 

at 130 °C. 3 :6- Dimethoxy- 4- bromonaphthalic anhydride 

and the potassium hydroxide were added to the melt and 

boiled under reflux for 3 hours. After cooling the 

melt was dissolved in water and acidified with concen -1 

:trated sulphuric acid. The precipitate was filtered 

off, washed and dried but proved to be unchanged 3 :6- 

dimethoxy- 4- bromonaphthalc anhydride. 

Yield: 1.9 gm. M.p. 236 -237.5 °C. 

Mixed m.p. with authentic specimen of 3:6- dimethoxy- 

4- bromonaphthalic anhydride 236- 238 °C. 

A similar reaction was carried out with a higher 

boiling point melt (viz. 150 °C) and the addition of 

copper bronze (0.1 gm.) as a catalyst but the 3 :6- 

dimethoxy-4- bromonaphthalic anhydride was again re- 

:covered unchanged. 

d). 

2.0 "m. 3:6- dimethoxy- 4- bromonaphthalic anhydride. 

2.5 gm. sodium. 

25.0 ml. absolute ethyl alcohol. 

A solution of sodium ethoxide was prepared by the 

addition of small pieces of sodium to the absolute 



ethyl alcohol. The sodium ethoxide solution was 

placed ill a Carius tube along; with the 3 :6- di_methoxy- 

4- b.romonaph.thalic anhydride and was heated under 

pressure to 180 °C for 18 hours. After, cooling, the 

contents of the tube were extracted with water and 

acidified with dilute sulphuric acid. The precipitate 

was filtered off, washed with hot grater and dried at 

100°C. Purification was effected by recrystallisation 

from glacial acetic acid and unchanged 3:6-dimethoxy- 

4-bromonanhthalic anhydride was recovered. 

Yield: 1.1 gm. N!.p. 236- 238 °C. 

Mixed m.p. with 3 :6- diirethoxy- 4- bromonaphthalic 

anhydride of m.p. 238 °C was 236.5- 238 °C. 

3-Nydroxyr?_aph.thalim.i de . 

(Ber., 1899$ 32, 3290). 

O 
/ N 

OC. CO 

0H 

N Ii 

oc / \Co 

Ott 

20 gm. 3dhydroxynaphthalic anhydride. 

500 ml. concentrated ammonia solution. 

The above materials were heated on a steam -bath 

for 30 minutes, The crude 3- hydroxynaphthalimide 

was filtered off, washed with boiling water, dried at 

100 00 and recrystallised from nitrobenzene. 

Yield: 17.5 gm. (88%). Mop. 361-36200. 
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.ttemated Preparation of 3-H roxyxxaphthastzTril. 

a). 

17.3 gm, 3- hydroxyraphthalimide. 

21.5 gm. sodium hydroxide. 

14.6 gin. bromine. 

107.0 ml. water. 

The sodium hydroxide solution was cooled to -5 °C 

in a freezing mixture and the bromine was gradually 

introduced with stirring. The 3-hydroxynaphthalimide, 

mixed into a thick paste with water, was then added. 

The freezing mixture was removed and when the solution 

reached room temperature, sodium hydroxide (11 gm.) 

was stirred in and the mixture was warmed to 80 °C and 

filtered. After cooling, concentrated hydrochloric 

acid (56 ml.) was poured in until the liquid was just 

neutral. Glacial acetic acid (13.7 _ml.) was then 

added and the solid which was thrown down, was filtered 

off, washed with water and dried. at 100 °C. (c.f., 

Fritsche, Ann., 1841, 39, 83). The product was re=- 

:crystallised from nitrobenzene but proved to be un- 

changed. 3-hydroxynaphthalimi de . 

Weight : - 15 gm. M.p. 361 -362 °C. 

A mixed m.p. with an authentic specimen of 3-- hydroxy- 

naphthalimide was 360.5- 362 °C. 



b). 

, 1_.7 e 

1465 gm. 3- hydrox? naphthalimide . 

9.0 gme sodium hydroxide. 

50.0 ml. water. 

4.4 sm. potassium permanganate. 

9.0 gm. ;odium hydroxide, 

50.0 ml. water. 

A sodium hypochlorite solution was prepared by 

dropping concentrated hydrochloric acid on potassium 

Permanganate and passing the chlorine evolved into a 

sodium hydroxide solution. The 3- hydroxyn.aphthali.mide 

was dissolved in sodium hydroxide solution and after 

addition of 150 ml. of water, the solution was filtered. 

The hypochlorite solution was then added at room tern - 

:perature to the alkaline solution of the imide and 

the mixture was allowed to stand for 1 hour. The 

solution was heated to 70oC for some time, sodium 

bisulphite added to destroy any excess chlorine present 

and the solution filtered. The filtrate was made 

strongly acid with glacial acetic acid, boiled for 20 

minutes, cooled and the precipitate filtered off. 

The product was recrystallised several times from 

nitrobenzene from which fine brownish needles separated 

out. 

Yield: 13.5 gm. (60 %). M.p. 352 -353 °C. 

A sodium fusion showed the presence of nitrogen 

and chlorine and the product was suspected to be 
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3- hvrdroi y -4d- ch.loronaphthalimide . 

Analysis for nitrogen and chlorine: - 

found, N, 5.5%; Cl, 1101 and 11.6%. 

3- hydroxy- 4-- chloronaphthalimide (012H6 Q3NCI) 

requires N, 507 %; Cl* 14.3%. 

From the analytical data it was evident that the 

compound was not pure and several more recrystallisa- 

;tion_s from nitrobenzene viere carried out. The melt- 

ing point rose slowly until greater than 360 °C after 

which two more recrystallisations were carried out 

and the analysis repeated. 

Analysis for nitrogen and chlorine 

found, N, 5.4 and 5.6 %; Cl, 11.6 %. 

The compound had not therefore changed appreciably 

in composition and could not be identified with cer- 

tainty. However, it was established that no sub- 

stituted naphthastyril had been produced because no 

diazonium compound was formed by treatment with sodium 

nitrite and hydrochloric acid after boiling the com- 

pound with sodium hydroxide solution. 

A second treatment with hypochlorite solution was 

carried out on the chloroderivative as described above 

in order to see if a naphthastyril could be produced 

after chlorination had taken place, but the unchanged 

material was recovered from the experiment. 
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Alkali Fusion of 3- Hydroxynaphthalimide 

NH 
oC / N. 

co 

HO 

NN 
oc' 'co s 

OH 

NH 
oc / CO 

OC CO \ NH 

4 

NH 
o c CO 

O 
/ 

QC CQ 

1 gm. 3-hydroxynaphthalimide. 

10 gm, potassium hydroxide. 

OC`,CO 
NH 

°14 

The potassium hydroxide was fused with addition 

of a few drops of water at 280 °C and the 3- hydroxy. 

naphthalimide added with frequent stirring. The 

melt was then raised to 300 °C and maintained at that 

temperature for 30 minutes. After cooling, the melt 

was extracted with water and an insoluble product was 

filtered off which was washed thoroughly with boiling 
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water. 

The portion insoluble in alkali (0.15 gm.) was 

dark blue and did not melt below 3600C but decomposed 

on heating on platinum foil leaving no residue. In 

concentrated sulphuric acid, a deep blue solution with 

purple fluorescence resulted, the fluorescence being 

destroyed on warming but returned on cooling. Addition 

of water to a concentrated sulphuric acid solution 

threw out the compound in a fine state of division 

possessing a bright purple colour. 

The clear brown alkaline solution which had a 

strong green fluorescence was acidified with concen- 

:trated hydrochloric acid and the resulting precipitate 

was filtered off, washed with cold water and dried at 

100 °C. 

Yield: 0.35 gm. M.p.:> 360 °C. 

This product was dark brown in colour and decom- 

posed when heated on platinum foil leaving no residue. 

A green solution with strong green fluorescence was 

produced when the compound was treated with concen- 

trated sulphuric acid. The compound was slightly 

soluble in nitrobenzene but did not crystallise well 

from it. 

The acid mother liquom from the above dyestuffs 

were then extracted with ether. The ethereal solu- 

:tion, after washing with water, was dried over an- 

:hydrous sodium sulphate and on evaporation yielded a 

solid (0.3 gm.) which, on purification, proved to be 
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3- hydrox haphthalic anhydride, m.p. 283- 285 °C. This 

was confirmed by a mixed melting point with authentic 

3- hydroxynaphthalic anhydride, m.p. 285- 287 °C 

It ':es supposed that on alkali fusion a mixture of 

at least two perylenes was obtained, the alkali irsolu- 

:ble portion being the di- iaa_ide of tetracarboxyperylene, 

formed apparently by the elimination of the hydroxyl - 

groups during the fusion, and the alkali soluble por- 

¡tier, m.p. 360 °C, being a di_1ydroxy- di -imide of 

tetracarboxyperylene. The production of 3-hydroxy- 

naphthalic anhydride was presumed to be due to the 

elimination of ammonia from part of the 3- hydroxy- 

n.aphthalimide under the influence of the alkali. 

3 t 6-Di.hydroxylláphthalimic_e. 

0 
i N 

OC, Co 

ON NO ot+ 

1 gm. 3:6- dihydroxyn.aphthalic anhydride.. 

50 ml. concentrated. ammonia solution. 

The 3;6- dihydroxynaphthalic anhydride was heated 

on a steam -bath with concentrated ammonia solution for 

30 minutes. Complete solution took place and the 

ammoniacal solution after cooling was acidified with 

dilute hydrochloric acid. The solid which. was thrown 
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out was filtered off, washed several times with boil- 

ing water and dried at 100 °C. 

Yield: 0.85 gm. (85%). TV'i.p. > 360 °C. 
It was recrystallised from nitrobenzene, in which it 

was only slightly soluble, from which minute olive 

green needles separated out. 3 :6- Dihydroxyn_aphthalirikle 

was found to be insoluble in water, alcohol, benzene, 

and glacial acetic acid. 

Analysis: found, N, 6.2%. 

C12 
H O N 

requires N, 6.1 %. 

3 : 6-Dime thoxymaphthalimi de . 

cH3o 

0 

OC Co 

oc 143 cria 

NH / 4C co 

OCHS 

1 gm. 3:6 -dime thoxynaphthalic anhydride. 

50 ml. concentrated ammonia solution. 

3 :6- Dimethoxynaphthalic anhydride was heated with 

concentrated ammonia solution on a steam -bath for 30 

minu.';ez. The solid was filtered off and washed thor- 

oughly with boiling water. The 3 :6- dimeth.oxy- 

naphthalimide was recrystallised from glacial acetic 

acid from which greenish needles separated out. The 

glacial acetic acid solution was light yellow in 

colour and showed a strong purple fluorescence. A 
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sodium fusion confirmed the presence of nitrogen. 

Yield: 0.7 gm. (70 %) . M.p. 341 -342 °C. 

Analysis for nitrogen: - 

found, N, 5.4 %. 

C 
14H a 

N requires N, 5.5%. 

Attempted Preparation of 2 :7 ®Dina droxyanthan throne . 

a). 

5.0 gm. sodium 1- car boxy- 8- bromona phthalene -3. 
sulphonate . 

75.0 ml. concentrated aqueous ammonia. 

0.1 gm. copper bronze. 

1.2 gm. ammonium nitrate. 

0.1 gm. potassium chlorate. 

It was hoped to convert sodium 1- carboxy -8- 

bromonaphthalene- 3- sulphonate into sodium 1- carboxy -8- 

aminonaphthalene- .- sulphonate by use of ammonia and 

copper bronze and then by diazotisation of the amino- 

group and heating with ammoniacal cuprous salt to 

eliminate the nitrogen and obtain a d.i_naphthyl. This 

method has already been utilised by other workers in- 

:eluding Corbellini (I.G., E.P., 278, 1C0 ;° D.R.P., 

445, 390. (Fr., 15,300) and. I.G., Farb., E.F., 327, 

712) who converted a bromonaphthastyril into a 

dibromoanthanthrone. 

The above constituents were placed in a flask and. 
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heated on a water -bath while ammonia gas was passed in 

for 2 hours. (c.f., Rule and Brown, J.C.S., 1934, 137). 

b). 

The ammoniacal solution was then boiled to drive 

off excess ammonia and sodium hydroxide (7,5 gm.) was 

added. The mixture was then boiled for 20 minutes 

and carefully neutralised with concentrated hydro- 

chloric acid. Sodium nitrite (1.5 gm. - 50% excess) 

was added and the mixture cooled in ice. The mixture 

was then treated with concentrated hydrochloric acid 

(5 ml.) which was run in by means of a dropping funnel 

over 30 minutes with mechanical stirring, The stirring 

was continued for a further 30 minutes, Meanwhile an 

ammoniacal cuprous oxide solution was prepared by 

shaking copper sulphate (5 gm.) with 12 N. ammonia 

solution (20 ml.) and hydroxylamine hydrochloride 

(15 gm.). The diazonium solution was then poured in- 

:to the almost colourless ammoniacal cuprous oxide 

solution and allowed to stand overnight in a refriger- 

:ator. The mixture was then slowly heated on a water - 

bath and finally boiled for 20 minutes. Sodium 

hydroxide (20 gm.) was added and the solution boiled 

to destroy the ammonium salts present. Copper was 

precipitated at the same time as cupric oxide and was 

filtered off. The clear brown solution was then 

evaporated to dryness. 
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c). 

The mixture of solids from the above evaporation 

was subjected to an alkali fusion at 220 -235 °C for 

20 lainutes. The melt was dissolved in water, 

partially neutralised with 50% sulphuric acid and inz- 

:purities filtered off. Acidification was completed 

by the addition of concentrated hydrochloric acid and 

the solid (1 gm.) filtered off. It did not melt be- 

llow 360 °C but decomposed on heating on platinum foil, 

the carbon burning away and leaving no residue. A 

sodium fusion proved that no nitrogen or halogen was 

present. The coy pound was soluble in sodium hydroxide 

solution to give a brown coloured solution and insolu- 

ble in concentrated hydrochloric acid and therefore 

not a copper salt. In hot concentrated sulphuric 

acid or chlorosulphuric acid, a red brown colouration 

resulted but no characteristic green coloration proving 

the presence of an anthanthrone. It was moderately 

soluble in alcohol but did not crystallise well. The 

compound could not be identified as a pure sample was 

not obtained. 



cooH 
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Decarboxylation of p- Hydrox benzoic Acid. 

cooN 

OH 
oH 

2.0 gm. p- hydroxybenzoic acid. 

nil. quinoline (dry) . 

0.6 gm. copper bronze. 

In order to prove the structure of the disulpho- 

naphthalic acid it was originally intended to de- 

scarboxylate the dihydroxynaphthalic anhydride by the 

'tcopper quinoline method", but as the decarboxylation 

of -acid method had not previously 

been carried out it was deemed advisable to attempt 

first the decarboxylation of p-hydroxybenzoic acid. 

The quinoline and p- hydroxybenzoic acid was 

placed in a hard-glass test tube and heated in an 

oil -bath until the boiling point was just reached. 

Copper bronze in small portions was introduced with 

stirring when a brisk effervescence was apparent due 

to the evolution of carbon dioxide. The heating was 

continued with frequent stirring for about 20 minutes .1 

The copper bronze was filtered off and the quinoline 

solution was poured inbo a solution of 1 gm, of sodium 

hydroxide in 30 ml. of water so as to convert the 

phenol produced into sodium phenate. The quinoline 
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- was extracted by shaking up in a separating funnel 

with ether. The sodium phenate solution was then 

neutralised with dilute hydrochloric acid and the 

phenol was extracted with ether. The ethereal solu- 

:tion was finally washed with water and dried over 

anhydrous sodium sulphate. The ether was evaporated 

off on the steam -bath and final traces of ether were 

removed in a vacuum desiccator. Phenol crystallised 

out in almost colourless plates. 

Yield: 0.75 gm. (55 %). M.p. 38 -40 °C. 

With ferric chloride solution a violet colour- 

:ation was produced and also colour reactions with 

Liebermann's reaction. On bromination 2 :4 :6- 

tribromophenol was produced. M.p. 92 -93 °C. Phenol 

was therefore the resulting product in the decarboxyl 

:ation of p- hydroxybenzoic acid. 

Attempted Decarboxylation of Dihydroxynaphthalic 

Anhydride. 

0.5 ga. dihydroxynaphthalic anhydride. 

10.0 ml. quinoline (dry). 

0.8 gm. copper bronze. 

The dihydroxynaphthalic anhydride and quinoline 

were heated in an oil -bath until the boiling point was 

just reached. Copper bronze was added in small 

quantities, with stirring and it was noted that little 
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or no effervescence took place. Heating was con- 

tinued for 20 .minutes an:d the mixture then allowed 

to cool. Soluble organic natter was ex- racted with 

ether and the ethereal solution was washed several 

times with dilate hydrochloric acid in order to re- 

:move the quinoline and was finally washed with water. 

The ethereal solution was dried over anhydrous sodium 

sulphate. Or evaporation of the ether, a residue ;:gas 

obtained which proved to be unchanged dihydroxy- 

naphthalic anhydride, m.p, 343 -345 °C. Therefore 

decarboxylation did not take place as in the case of 

the hydroxybenzoic acid. 
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SUMMARY. 

Naphthalic anhydride has been sulphonated to 

yield 3:6-disulphonaphthalic acid from which 3:6- 

dihydroxynaphthalic anhydride and 3:6-dimethoxynaphthalic 

anhydride have been derived, also the corresponding 

hydroxy- and methoxy -naphthalimides. 

The structure of the disulphonic acid was proved 

by decarboxylatá_ng the dimethoxynaphthalic anhydride 

to give 3 :6- (or 2 :7 -) dimethoxynaphthalene, showing 

that sulphonation took place in the 3- and 6- positions 

in naphthalic anhydride. 

3- Hydroxynaphthalic anhydride was treated with 

aqueous mercuric acetate, but contrary to expectations 

mercuration took place in the 4- position instead of in 

the 8- position. This was proved conclusively by 

brominating the mercury compound whereby bromine was 

introduced in place of mercury to yield 3- hydroxy -4- 
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bromonaphth aîic anhydride. The same compound was also 

produced by direct bromination of 3- hydroxynaphthalic 

anhydride. 

On mercuration of 3-methoxynaphthalic anhydride, 

however, a mixture was obtained which on subsequent 

bromin_ation showed that mercuration had taken place in 

either the 4- or the 8- position but mainly in the 

former. 

The 3:6-- dimethoxy aphthalic anhydride under 

corresponding treatment gave 4-bromo-3:6-dimethoxy- 

naphthalic anhydride and it was concluded that the 

normal directive effect of the substituent is the mamni 

influence governing the position at which mercuration 

takes place. 

This was upheld by mercurating 3- sulpho- and 

3 :6- disulphonaphthalic acids whereby mercury was intro- 

duced in the 8- position; also by consideration of 

previously mercurated substituted naphthalic anhydrides, 

naphthoic acids and substituted benzaldehydes, this 

appeared to be confirmed. 

That mercury was introduced in the 8- position of 

both 3- suipho- and 3:6- disulphonaphthalic acids, by 

treatment with hydrochloric acid, was conclusively 

proved by the production from these compounds of 

3- hydroxy -l- naphthoic acid and 3 :6- dihydroxy -l- naphthoic 

acid respectively. 

The previously unknown 3:6- dihydroxy -l- naphthoic 

acid gave on methylation 3:6- dimethoxy -l-- naphthoic acid, 
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which was decarboxylated to yield 2:7 (or 3:6)-d3lnethoxy- 

naphthalene. The structure of these acids was thus 

confirmed. 

Great difficulty was experienced in handling the 

mercuration products of the mono- and disulphonaphthalic 

anhydrides as the resulting compounds were in the form, 

of the sodium salts of the sulphonic acids, the free 

acids being soluble in water. On bromination of these 

mercuri - compounds the corresponding bromo- derivatives 

were formed by replacement of the mercury but these 

halogenated products resisted all attempts to convert 

them into dinaphthyls either by the Ullmann reaction 

or by replacing the brome -group by the amino -group 

followed by diazotisation and treatment with aimioniacal 

cuprous solutions. The bromo- sulphonaphthoic acids 

also, could not withstand alkali fusion to give the 

corresponding bromo-hydroxTynaphthoic acids, the bromine 

being eliminated during the process. 

Various attempts at coupling the 4- bromo -3:6- 

dimethoxynaphthalic anhydride were carried out but no 

dinaphthyl or perylene derivatives were obtained. 

3- Hydroxynaphthalimide was treated with hypochlorite 

solution in an attempt to prepare 3- hydroxynaphthastyril; 

it was found, however, that chlorination took place in- 

:stead. Although the crude chloro- hydroxynaphthalimide 

was then treated with h.ypochlorite solution, no chloro- 

hydroxynaphthastyril was isolated. 
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An alkali fusion, however, of 3- hydroxy- naphthaï -, 

irride was presumed to yield a di -irride of tetracarboxy- 

perylene and a dihydroxy-di-imide of tetracarboxy- 

perylene, both these compounds having the properties 

of vat dyestuffs. 

In conclusion, the author desires to express his 

gratitude to Dr. H. Gordon Rule for his never failing 

interest and advice during the course of this work. 




