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8—HALOGENATED NAPHTHOIC ACIDS AND THEIR USE IN

ORGANIC SYNTHESIS.

Introduction.

In the study of aromatic hydrocarbons and their

derivatives, the group derived from benzene has

undoubtedly attracted most attention and from both

synthetic and reactive viewpoints much valuable data

is at hand for use in the further extension of the

subject. The case of naphthalene however presents

a very different state of affairs. Actually the

latter hydrocarbon was discovered before benzene

(Garden, Ann. of Phil., 1820, .15, 74) and a structure

assigned to it soon after that of benzene had been

evolved. The simpler derivatives such as the

naphthols, naphthylamines and various halogen and

nitro compounds were prepared and identified, but

apart from the investigation of naphthalene com¬

pounds in special fields such as in alkaloid and

colour chemistry the number of these compounds

studied bears no comparison with that of benzene.

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/



two ring systems exist. Naphthalene, for instance,

presents the possibility of two mono- substituted

products and ten d isubstituted products whereas in

benzene one and three ars the corresponding figures.

It is thus perhaps right that a knowledge of the

simpler hydrocarbon should be aimed at before

studying the more 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

naphthalene has however no analogue i:r. benzene

chemistry: that is the formation of peri-di—substituted

compounds, in which the two substituents occupy the

1:8- (or 4:5-) 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.

Rule and Earnett (J.C.S., 1932, 2728) from a recent

investigation of the reactivities of ortho-iodo

benzoic acid and 8-bromo-l-naphthole acid found that,

in general, the halogen atom in the peri- position

is more easily replaceable than that in an ortho-

substituted/
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substituted benzoic acid; it was suggested that one

of the factors leading to this result is the greater

proximity of the groups in the peri- as compared with

the ortho- position. The 8—halogenated acids are

also much more resistant towards esterification than

the corresponding ortho- derivatives of benzene

(Rule and Barnett, J.C.S., 1932, 176), an observation
\ *which is consistent with the greater steric hindrance

offered between peri- substituents.

A most comprehensive investigation into the

chemistry of peri- substituted naphthoic acids was

described in two papers by Ekstrand (J. Prakt. Ch»,

1888, 38, 139, 241). The only 84halogenated acid

to be obtained was the chloro derivative. As

starting material sodium 1-naphthalene sulphonate was

employed from which by dry distillation with

potassium ferrocyanide, 1-naphthonitrile resulted.

(Witt, Ber., Q, 448). Subsequent hydrolysis with

alcoholic sodium hydroxide gave 1—naphthoic acid.

By direct nitration of 1-naphthoic acid two

mono-nitro derivatives were obtained which were

s©£>arated by crystallisation from alcohol. It

is of interest to note that a small amount of neutral

product was also obtained at this stage which proved

to be 1-nitro naphthalene indicating partial dis¬

placement of the carboxyl by the nitro group.

The/
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The more soluble nitro acid (I) was then

reduced by alkaline ferrous sulphate with the pro¬

duction of the corresponding amino acid (II), By

the ready formation of naphthostyril (III) from this

compound, it was proved to have the 1:8— structure.

NO, COOH COOH NH CO

I. II. III.

The 8-chloro-acid was prepared from this amino-

acid by fcandmeyer's method using a hot hydrochloric

acid solution of cuprous chloride and the diazonium

salt solution of the 8-amino-acid.

This method was long and tedious and though

yields are not quoted the quantity of halogeno-acid

could not have been large. At the nitration stage

an unavoidable loss occurs owing to the formation of

a second mononltro-acid which proved to be the 1:5-

isomer; in fact from 100 grams of 1-naphthoic acid

only 30 grams of the 8-nitro acid were obtained.

Ekstrand prepared numerous interesting derivatives

of the peri- ehloro-acid including the 5:8~dichloro

acid and a trichloro-acid of undetermined structure.

By/



By treatment of the 8—chloro-acid with cold fuming

nitric acid a mononitro-chloro-naphthoic acid was

produced, whose structure was also not determined.

The corresponding hydroxy acid resulted from

the 8~amino—acid on heating the diazonium salt of the

latter in aqueous solution. Trie needles which

separated were those of the lactone; by boiling with

dilute alkali and subsequent treatment with hydro¬

chloric acid the free hydroxy-acid was obtained.

From these and numerous other reactions certain

conclusions were drawn with regard to substitution in

the naphthalene nucleus. It was pointed out that in

the case of 1-naphthoic acid the 5— and 8— positions

are those at which mono™ substitution occurs, and the

fact that direct substitution here leads mainly to the

formation of a— derivatives was emphasised. Only one

trinifcro—acid of undetermined structure, but having

one nitro group in a p-poaition was isolated in the

course of the experiments.

The remarkable influence of a peri- substituent

upon the carboxyl group was observed when, in the case

of the 8—nitro—1-naphthoic acid, carbon dioxide was

easily removed by warming with concentrated nitric

acid, whereas with the 5—nitro-acld only further

nitration occurred. Ekstrand Illustrated the spatial

proximity/
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proximity and inter-reactivity of the peri- positions

by the ready formation of naphthostyril and naphtho-

lactone from the corresponding acids.

COOH OH COOH

After publication of these results the peri-halogen—

ated acids received little further attention, most

probably due to their difficulty of access.

A new and simpler method of approach to the peri-

halogenated acids was Indicated In 1929 by Whitmore

and Fox (J.A.C.S., 51 (ii), 3363) In connection with

their work on mercurated naphthoic and naphthalic

acids. In order to identify their mercury com¬

pounds ehlorination was resorted to when from the

mercuratlon product of naphthoic acid both 8-chloro-l-

naphthoic acid and 5-chloro-l-naphthoic acid were

isolated. By chlorinating the mercuratlon product

of naphthalic acid the 8-halogen acid was exclusively

obtained.

HOOC COOH

O

8/
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8-Bromo-l-naphthoic acid, which had not

previously been isolated, was produced by a similar

reaction, but the iodo-acid was not obtainable by

this method. The authors remark that this is the

best available way to obtain the 8-halogen-l-naphtholc

acids in quantity and in a high degree of purity

though actual yields were not quoted.

Rule and Barnett (J.C.S., 1932, 175) prepared

the peri-halogen acids by treating 8-nitro-l-naphthoic

acid with thionyl halide, when the nitro group was

displaced, and also by following the directions of

Whitmore and Fox. By the latter method they obtained

yields of 20% in the case of the brorao- acid and 25%

in the case of the chloro- derivative. Unsuccessful

attempts were made to obtain the iodo- acid by the

above process and also by applying the Sandmeyer

reaction to naphthosfcyril.

Very recently, naphthostyril has been

successfully employed by Goldstein and Francey (Helv.,

1952, XV, 1362) to produce the 8—halogen-naphthoic

acids including the iodo- derivative. The reaction

was of the iandcieyer class with some modification in

method. Naphthostyril was boiled with sodium

hydroxide/
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hydroxide to form the sodium salt of the aminoaacid

and the latter then converted into the diazonium salt

by treatment with sodium nitrite.and sulphuric acid.

On adding this to a cuprous bromide solution prepared

by treatment of copper powder with bromine, subsequent

addition of sodium bromide and sulphuric acid and J
boiling till the colour of bromine disappeared, the 8-

.

j bromo- acid was formed in good yield. A similar

process gave the hitherto unknown 8—iodo-1—naphthoic

acid. Naphthostyril however is not a purchaseable

product, nor Is it readily prepared so that the method

cannot be at present employed to obtain the acids in

quantity.

Kalb (Ber., 1914, jL7, 1724) made use of 8-

chloro-naphthoic acid for the preparation of the now

well known vat dye, anthanthrone. A different method

of obtaining the halogen acid in quantity was developed
I I
3ince Ekstrand's method was considered to be unsuitable.

The starting material was 1:8-chloronaphthylamlne (I)

I from which by a Sandmeyer reaction the nitrile (II)

was obtainedj this on treatment with a mixture of

concentrated sulphuric acid, acetic acid and water
i

yielded the acid amide (III).
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CI MH- Ci CN CI CONH-

I. II. III.

The amide when treated with nitrous acid formed

the free peri— acid. Some nitro acid made Its

appearance in this process and was eliminated by re¬

duction with zinc and hydrochloric acid, the result¬

ing amlno-acld. being much more soluble in water than

the chloro- acid. The precipitated chloro- acid

was in n satisfactorily pure state though no yield

is cuoted. The acid was next esterified and sub¬

mitted to the Ullmann reaction with copper bronze and

a trace of iodine for forty-five minutes at 290° ; on

extraction with acetone diethyl dinaphthyl-dicarboxylic

ester was separated. This was quantitatively

converted Into an than,throne by warming with

concentrated sulphuric acid: the reaction went forward

in two stages as Indicated by the colour changes:

first a brown—red solution appeared which rapidly

changed/



10.

brown red in green in
sulphuric acid sulphuric acid

It has been suggested that the colour of these

solutions is due to the formation of oxonium salts,

resulting from combination between the ketonic group

and the mineral acid (compare A.G. Perkin,

1920, 696).

A parallel synthesis to the above was next

effected with the diethyl 1:l'—dinaphthyl-2:2-<iicarboxy—
late and the production of anthanthrone from this

source verified the structure assigned to the

compound*
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For dyeing purposes numerous substituted

an thanthrone s of yet unknown structure have "been

prepared either by direct substitution in the parent

dyestuff or by halogenation and nitration of the di—

naphthyl derivatives and then effecting ring closure

(D.P. 280,787; 287,250). All the products are

yellow or brown in colour and form magenta vats
■

v;lth alkaline sodium hydro sulphite.

An interesting synthesis of 5?5'-dinltro~

anthanthrone has been developed (ft.P. 327,712; Cent.

1930, IX, 992) whereby 5-nitro-3-amino-l-naphthole

acid was diazotised and treated directly with

areraoniacal cuprous oxide solution. Elimination of

the diazo- group occurred to give the dinaphthyl

compound which on treatment with sulphuric acid

yielded the yellow dlnitro—anthanthrone. This dye

when oxidised from the alkaline reducing vat was

blue, the colour change being due to the Irreversible

reduction of the nltro- to the amino- group.

I

1
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blue

NO,

I

NO^

yellow

From anthanthrone by fusion with potash in the

presence of oxidising agents at 230° to 260° Baumann

(D.R.P, 530,497; Cent., 1931, II, 2787} produced a

red brown oxy-anthanthrone which was soluble in

alkalis to give a magenta solution. This nature and

structure of this compound are at present unknown.

Benzanthrons/
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Benzanthrone, the simpler homologue of anthanthrone,

has also been known for some time being prepared from

anthranol by heating this compound with glycerol and

sulphuric acid. Acrolein is supposed to occur as

an intermediate which then condenses wi.th the

anthranol as follows: (Bally and Scholl, Ber., 1911,

44, 1666).

OH c<^ C,0

ch4: ch-cho benzanthrone

Benzanthrone forms pale yellow needles melting at

170°. Direct chlorination (D.P. 193,959) yields a

monochlorobenzanthrone crystallising from alcohol in

yellow needles.

An interesting approach to substituted benzan-

thrones was given by Schaarschmidt (Ber., 1917, 50,

294). 1—Phenylnaphthalene—2:3—dicarboxylic anhydride

(I) was converted by treatment with^aluminium chloride

in hot benzene into allochrysoketone carboxyllc acid

(II).
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H 00c.

II,

Fusion of the latter substance with alkali gar© 1—

phenylnaphthalene-2'i3~dicarboxylic acid (III) which

on being allowed to stand In contact with concen¬

trated sulphuric acid for a day was converted

quantitatively into benzanthrone oarboxylie acid

II. III. IV.

The unsubstituted benzanthrone may be prepared

from allochrysoketone carboxylic acid (Ichaarschmidt,

Ber., 1918, 1082) by first heating the latter slowly

to above its melting point when it is transformed

into/
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into benzofluorenone (V) by loss of carbon dioxide.

On fusion with alkali this compound was converted

into ortho-l-naphthyl benzoic acid (yield of pure

acid 20%) (VI).

H 0 0 C

} OC
COOH

II. VI.

When VI. was treated in benzene solution with

phosphorus pentachloride, it was changed into the

acid chloride (VII) which gave a quantitative yield

of benzanthrone on being heated in benzene solution

with aluminium chloride.

coon
—>

COC\

VI. VII. Benzanthrone

Benzanthrone/
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Benzanthrone was also obtained in 50$ yield by

dry distillation of the ammonium salt of the benzan—

throne carboxylic acid described above. These

reactions leave no doubt as to the structure of the

compound.

Benzanthrone produces a deep blood-red

coloration when dissolved in concentrated sulphuric

acid (A.G. Ierkin, loc. cit., also compare anthan-

throne, p.10). Attempts were unsuccessfully made to

isolate an oxonium salt from such a solution, but

various metallic salts were obtainable. The addition

of anhydrous ferric chloride to an acetic acid

solution of the ketone caused the separation of the

ferrichloride (C^H^OJs HFeCl4: benzanthrone was
readily regenerated on treatment of the metallic com¬

pound with water.

One of the main interests in the benzanthrone

series lies in its connection with dyestuffs.

Benzanthrone and its derivatives are not highly

coloured compounds and they have no dye character.

If, however, benzanthrone Is fused with potash a

condensation takes place In which two molecules

react together to form the complex substance

violanthrone (R. Bohn, Chem. Ztg., 1908, 809: E.P.

16,538).
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VIolanthrone

The structure of violanthrone was made clear

by Its synthesis from dibenzoyl—1-dinaphthyl (Scholl

and Seer, Ann., 394, 111) which was prepared from

1:1'-dinaphthyl and benzoyl chloride. On treating

the dibenzoyl-l-dinaphthyl with aluminium chloride

violanthrone was produced.

The compound so obtained Is used in commerce

under the name of Indanthrene.Dark Blue B.O. or

B.G.O. and Caledon Dark Blue B.; the vat is reddish

violet/



18.

violet and shows a brown red fluorescence. Vftien

combined with Indanthrene Blue it affords absolutely-

fast dark blue and navy shades. Hitrated and

halogenated violantbrones are known under various

commercial names.

Isoviolanthrone, a similar dye possesses a

more symmetrical structure and was produced by

treatment of chlorobenzanthrone with alcoholic potash,

the halogen being eliminated by this process (E.P.

7022/05 J 20837/06).

Isoviolanthrone

This dye and its various derivatives give extra¬

ordinarily fast violet shades. It is to be noted that

violanthrone and isoviolanthrone condensations cannot

be extended to the hydroxy- nitro- or aminobenzanthrones

as they do not yield dyes by this process.

In these large condensed ring systems the

systematic/
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systematic numbering of positions presents

difficulty. The following suggestions put forward

by R. Scholl (Ber., 1912, 44, 1662) are quoted from

"A Text Book of Dye Chemistry" - Georgievics and

Grandmougin, p. 462. The various positions are

numbered in accordance with the following scheme:

CO
On this basis therefore the benzanthrone prepared as

described from anthraquinone is to be designated

1:9-benzanthrone.

The numbering is the same as for anthraquinone

or anthracene, the additional nuclei! attached to the

anthracene nucleus ("grafted nuclei!") being regarded

as substituents. To indicate the position of sub-

stituents in the grafted nuclei! each of these
(

latter have their own system of numbering, beginning

with the end attached to the anthracene carbon atom

bearing the lowest numeral. In front of this

number is placed in addition the contraction

indicating the character of the grafted nucleus

(Bz = benzene, Py = pyridene, etc.) for example:
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For convenience the positions in the pyridene

nucleus are often indicated in the usual way by a,

(3 and Y*

In the case of violanthrone the following

system of numbering is adopted:

CO

but at the same time In dealing with such complex

derivatives it Is nearly always preferable to give

their structural formulae in order to avoid any

possible ambiguity.

The work described In the present thesis

follows/
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follows on the observations of Rule and Barnett

upon the reactivity of the halogen atom in 8-bromo-

1-naphtholc acid in presence of copper bronze (J.C.S.,

1952, 2728). In the first instance the action of

nitric acid upon the 8-bromo- and 8-chloro- acids

has been studied and the constitution of the products

determined. These acids have then been used for

syntheses of various phenyl- naphthyl and dlnaphthyl

carboxylic acids. In addition the latter have been

converted by ring closure Into derivatives of

benzanthrone and anthanthrone.
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EXPERIMENTAL

In the following pages the experimental work is

described in detail and discussion arising from any

of the observations is dealt with in the sequence.

A table which summarises the preparations is

appended on page 117 . A detailed index is given

at the beginning of the thesis.

In many cases a nitrogen analysis was deemed

sufficient to identify a new compound, as the

possible variations in composition represented con¬

siderable differences in nitrogen content. Since

the preparations were carried out on as small a

scale as possible, a micro-analytical method was

adopted. The micro-Dumas method was found to be

very dependable and satisfactory (Pregl, modified

by Dubsky, see "Manual of Organic Chemical Analysis"

Thorpe and Whiteley, p. 233). As the balance used

was only accurate to the fourth decimal place and

between 10 and 20 milligrams of substance were

employed in the analyses, an error of 0.30$ was

allowed in some cases.

Ter Meulen's method of nitrogen estimation (Rec

Trav. Chlm., 1924, 643) involving catalytic re¬

duction of the nitrogen to ammonia by means of

hydrogen/
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hydrogen in presence of nickel, and subsequent

titration of the dissolved ammonia was found to be

inapplicable to nitro- acids of high melting point,

the results being consistently low.

The melting point temperatures of the compounds

are corrected throughout against a set of standard

thermometers, and the percentage yields are given

with reference to the theoretically possible

quantities obtainable.

Preparation of 8-bromo-l-naphthoic acid.

(a) Mercuration of naphthalic acid.

(b ) Bromination of the resulting anhydro-8-
hydroxymercuri - naphthalic acid.

(a) Leuck, Perkin and Whltmore, J.A.C.S., 1929, 51.
1831.

50.5 grams naphthalic acid.
31 " sodium hydroxide.
55 " yellow mercuric oxide.

The naphthalic acid and sodium hydroxide were

dissolved in 1200 c.c. water with heating. The

resulting brown solution was filtered to remove

insoluble impurity and placed in a 2 litre flask

fitted with a reflux condenser. The yellow

mercuric oxide was dissolved in a mixture of 40 c.c.

,

glacial/
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glacial acetic acid with 150 c.c. water by warming

slightly and the resulting solution added to the

flask. The contents were then made distinctly

acid with acetic acid when a light brown suspension

formed.

The contents of the flask were boiled for 96

hours till all carbon dioxide evolution ceased. A

test portion then dissolved completely in aqueous

sodium hydroxide and deposited no metallic mercury

when treated with a clean copper wire. The flask

was allowed to cool and the precipitate filtered

off and washed successively with water, alcohol

and ether. The product was then dried in a hot air

oven at 110-120°. Yield, 83 grams, representing

97% of the theoretical.

HOOc cooh

o

C'.O

+ M3 (0COCH3)a + COa + Hz0

anhydro—6—hydroxy-
mercuri-naphthoic acid,

<b)/
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(b) Whltmore and Fox, J.A.C.S., 1929, 51, 3363.

80 grama anhydro-8-hydroxymercurl-naphthoic
acid.

34 grams bromine.

The anhydro-8-hydroxymercuri-naphtholc acid. was

dissolved by boiling with 80 c.c. 5N. sodium hydroxide

and 400 c.c. water. Animal charcoal was added to

the boiling solution to remove some of the colour

and then it was filtered. The brown solution was

now made definitely acid by addition of hydrochloric

acid, when a light brown precipitate of the chloro-

mercuri- derivative separated. This was filtered

Off, washed with water and suspended in 250 c.c,

glacial acetic acid. The vessel containing this

suspension was now placed in an ice bath and fitted

with a mechanical stirrer. The brominating solution

was prepared by dissolving the liquid bromine in a

strong solution of sodium bromide, approximately

150 c.c. This latter solution was added drop by

drop to the suspension, during which time it was

rapidly stirred. After all the bromine was added

the product was heated to within a few degrees of

the boiling point and maintained thus for 20 minutes.

This was filtered through glass wool and allowed to

run with stirring into a vessel containing 3.5 litres

cold water. The 8-bromo-l-naphthoic acid separated

as a white crystalline solid, mixed with other

slightly/
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slightly tarry materials. The mixture, after

standing overnight, was filtered and the solid washed

with cold water. This latter was then extracted

with 5 litres of boiling water from which the acid

separated in a fairly pure state on cooling. The

solid was filtered, washed with cold water and dried

at 100°. The acid was recrystallised from 240 c.c,

benzene when a product melting at 176-178° was

obtained. Rule and Barnett (loc. cit.) found the

acid to melt at 176-177°.

Yield, 15.5 grams, representing 28.6$ of the

theoretical.

HaCl COOU

HCl

C0OH

The acetic acid liquor from the above

preparation was made alkaline with sodium hydroxide

when the mercury salts present formed mercuric oxide,

This was set aside for some time and then filtered

off and dried.

Yield, 31 grams, representing 60$ of the amount of

mercuric oxide used.

Ahis/
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This recovery of mercury could be further in¬

creased if required, as at various stages in the

preparation small quantities of metallic mercury

were deposited.

Many variations in conditions with a view to

increase of yield in the above experiment were tried

but the quoted conditions were found to be the most

successful. The theoretical quantity of bromine

requii'ed for complete conversion of the mercuration

product to the halogen acid is 37 grams, but It was

found that when this quantity was employed a marked

decrease in yield occurred. This was assumed to

be due to the formation of di- and possibly tri-

bromo prodiacts. Also, if the bromine was added

rapidly a decrease in yield was recorded due

probably to the same cause.

The addition of bromine to a hot suspension

of the ehloro-mercuri- acid caused the partial

formation of 1-naphthoic acid at the expense of the

halogen acid.

Ultimately a change in procedure was attempted

and, owing to its success, has been generally adopted.

Improved/
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Improved method, for preparation of 8-bromo-l-

naphtholc acid.

80 grams anhydro-8-hydroxymercuri-naphthoic acid.

34 grams bromine.

The anhydro-8-hydroxymercurl-naphthoic acid was

directly suspended in 300 c.c. glacial acetic acid

and 50 c.c. water added. The vessel containing the

suspension was surrounded by an ice bath and fitted

with an efficient stirrer. The bromine was

dissolved in 150 c.c. concentrated sodium bromide

solution and very slowly dropped into the stirred

suspension, during two to three hours.

The mixture was then slowly raised in temper¬

ature to 90-100° with occasional stirring. A very

small quantity of tar settled down and the clear

brown solution, after standing 10 minutes at the

above quoted temperature, was poured into 2 litres

of cold water. A crystalline solid was obtained

which was filtered off after standing overnight. The

8-bromo-l-naphthoic acid was then extracted with the

required amount of boiling water - 4-5 litres. On

cooling the crystalline acid separated which was

filtered and washed with cold water.

Weight, 22.5 grams. Melting point, 160-165°.

This/
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This crude acid was recrystallised from the minimum

quantity of boiling benzene.

Y/eight, 17 grams, representing 31,3% of the theoretical.

Melting point, 178°.

This process has the double advantage over the

method of Whitmore and Pox in that the formation of

the chloro-mercuri-compound is omitted which cuts

out two filtrations, a boiling and a precipitation,

and also the yield is considerably increased.

Solubility of 8-*bromo-l-naphthoic acid in cold water.

This determination was carried out in order to

find if a significant amount of the acid was lost

in the large volumes of water used in the preparation.

0.3 gram pure acid was boiled in a flask with 60 c.c.

pure water. The solution was allowed to cool, when

crystals separated and, after standing with occasional

shaking at 20° for 1 hour, the solid was filtered off.

Weighed portions of the filtrate were evaporated in

a vacuum desiccator and the residues weighed.

Results.

100 grams water at 20° dissolved (i) 0.0602 grams acid.
(ii) 0.0630 »

Average: Solubility = 0.616 grams per litre of
water at 20°.

Thus/
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Thus the loss in the extraction is not serious.

8-Chloro-l-naphthoid Acid.
*

As mentioned previously, trouble was experienced

at first in obtaining satisfactory yields of 8-

bromo-1-naphth.oic acid. When it was attempted to

prepare the 8-chloro acid by a similar method, very

much lower yields 'were recorded and up to the present

time no success has been met with in improving this

state of affairs.

A.nhydro-8-hydroxymercuri-l-nanhthoic acid (80

grams) was treated exactly as in the case of the

bromo-acid (p. 27 ). Chlorine (16 grams) was

dissolved in 200 c.c. glacial acetic acid and this

freshly prepared solution dropped slowly into the well

cooled and stirred suspension of the chloro-mercuri-

compound, After bringing to the boiling point, the

solution was poured into 1.5 litres cold water and

the solid which separated was filtered after standing

overnight. It was extracted with boiling water as

before and 5 grams of impure acid separated which

melted at 140-145°. After recrystallisation from

alcohol 3 grams of acid melting at 164° were

isolated. Rule and Barnett(loc. clt.) found the

pure/
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pure acid to welt at 168-169°,

Many variations in conditions were tried and it

was found that direct treatment of the hydroxy-
■

mercuri-derivative with chlorine in acetic acid

tended to give a decreased yield, contrary to the

finding in the case of bromination. In all cases

the product that was preferentially formed was 1-

naphthoic acid.

Again it was found that in many cases quick

addition of chlorine caused a slight increase in

yield though the results were not entirely consistent.

Chlorinations of both the hydroxy-mercuri- and

chftoro-mercuri- derivatives were attempted in

suspension in carbon tetrachloride, but experimental

difficulties prevented the attainment of satisfactory

conclusions. In the first place both compounds

were difficult to got into suspension and afterwards

an emulsion formed which proved awkward to work with;

also the chloro-mercuri- compound tended to decompose

on drying and it was impossible to suspend the damp

substance in carbon tetrachloride. However, a

small quantity of chloro-acid was obtained from

these experiments though still in very poor yield.

Another variation was attempted by passing

the theoretical amount of gaseous chlorine directly

into a suspension of the chloro-mercuri- compound

in/
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in acetic acid. The chlorine was generated by

treating potassium permanganate with a weighed

amount of hydrochloric acid. The gas was slowly

passed into the warm stirred suspension when the

latter formed an almost clear solution. On pouring

into water a light brown precipitate separated which

proved to be micro-crystalline in character. It

was filtered and extracted as usual with water. Nine

grams of an acid melting at 149° were obtained, and

after recrystallisation from alcohol this figure

rose to 155-156°. A mixed melting point with

1-naphthoic acid gave 156-157° and the copper wire

test indicated only a trace of halogen In the

recrystallised product.
Rule and Barnett (loc. cit.) prepared 8-chloro-

1-naphthoic acid by the original method of Whitmore

and Pox and recorded a yield of 26%. It can only

be concluded that the reaction is very sensitive to

conditions and that the correct circumstances for

operation have not yet been defined.

The average yield of crude acid (m.p. 150°)

obtained in the above preparations was 10%.

V. !
\ ;

Preparation/
■ s»
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Preparation 'of mefchyl-O-broino-l-naphthoate.

15 grains 8-bromo-l-naphthole acid.

30 c.c. thionyl chloride, purified.

50 c.c. methyl alcohol, dry.

The acid and thionyl chloride were placed in a

flask fitted with a ground-in reflux water condenser,

and heated on a water bath until a clear solution

was obtained and hydrochloric acid and sulphur

dioxide ceased to be evolved. The excess thionyl

chloride was then removed by distillation and finally

by means of a vacuum pump. The liquid acid chloride

was allowed to cool arid the methyl alcohol was then

cautiously added in small quantities. A large

evolution of hydrochloric acid took place and the

reaction was finally completed by boiling on a water

bath for 50 minutes.

Most of the methyl alcohol was removed on the

steam bath and the liquid ester taken up in ether;

the ethereal extract was shaken with aqueous sodium

hydroxide to remove any acidic Impurities and then

twice with water. The ethereal solution of the

ester was now dried by standing over calcium chloride

and the ether removed in a vacuum desiccator. A

light/
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light brown 3yrup was obtained which solidified, to

a cream coloured solid on standing for two weeks.

Yield, 15 grams representing 95$ of the theoretical.

G>r COOH Br COCl Or" COoCHj

Rule and Barnett have previously obtained this ester

by the same method and the product, recrystallised

from petroleum ether, melted at 33°. Pound: Br,

30.4% (Calc. 30.2$).

In the present case the ester was pure enough

for immediate use (melting point 28-31°). It re-

crystallised from petrol ether, b.p. 40-60° in

colourless plates of melting point 33-34°.

Preparation of ethyl 8-bromo-l-naphthoate.

2 grams 8-bromol-naphthoic acid.

10 c.c. thionyl chloride.

10 c.c. dry ethyl alcohol.

The acid and thionyl chloride were contained in

a 100 c.c. flask fitted with a ground-in reflux

condenser/
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condenser which was heated on a water bath so that

the thionyl chloride boiled. After about 1 hour

the reaction was complete and sulphur dioxide ceased

to be evolved. The excess thionyl chloride was

then removed by distillation under reduced

pressure on a boiling water bath and the ethyl

alcohol added immediately to the syrupy acid chloride.

Hydrochloric acid was copiously and vigorously

evolved and the mixture was again refluxad for 30

minutes.

Most of the excess alcohol was removed on a

steam bath and the semi-solid ester taken up in

ether. The ethereal solution was well shaken with

sodium carbonate to remove any acidic materials and

then twice with water. After drying the ethereal

solution overnight over calcium chloride, it was

filtered and the ether removed in a vacuum

desiccator. The white, solid ester remained which

was powdered up and finally dried.

Weight, 2.1 grams representing 95°& of the theoretical.

Melting point, 52-53°.

A portion of the ester was recrystallised from

petrol ether, b.p. 40-60° from which it separated

in/
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In colourless plates melting at 52°.

Calculated for ethyl 8-bromo-l-naphthoate:

C', 55.9. H, 3.9.

Found: C, 55.7. H, 4.0.

Preparation of dimothyl-l:1'-dinaphthyl-8:8*-

dicarboxylate,

13 grams methyl 8-bromo-l-naphthoate.

10 grams copper bronze powder - Naturkupfer C.

The ester was placed in a wide necked flask of

150 c.c. capacity which was equipped with a mechanical

stirrer and heated- on an oil bath to 220°, outside

temperature. The stirrer was set in motion and the

copper bronze slowly added over a period of about

30 minutes. The stirring was continued for a further

30 minutes when the contents of the flask became

fairly solid. The flask was now fitted with an air

condenser and heated for .3 hours at 225-230°. The

flask was then cooled and the solid product ground

to a fine powder in a mortar. This powder was

extracted with boiling ether several times, i.e.

till all the ester was removed - and the ethereal

extract/
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extract dried over calcium chloride. On removing

the ether a crystalline deposit of dinaphthyl ester

was obtained.

This was recrystallised from petrol ether,

b.p. 100-120° when a pure crystalline product was

isolated.

Yield, 5 grams representing 55.1$ of the theoretical.

Br COOCV-h

2
Cu

A portion of the copper residue was dissolved

in nitric acid and tested with silver nitrate; a

white curdy precipitate which darkened on standing in

light indicated the presence of halogen.

Melting point of ester, 142,5°.

Sodium and copper wire tests, no halogen present.

The substance is insoluble in aqueous caustic

soda, hot, cold or boiling. It is very soluble

in acetone and benzene: it 5.3 moderately soluble in

cold methyl and ethyl alcohols, but more so on

warming/
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warming.

Calculated for dimethyl 1:1 '-dinaphthyl-8:8»-
dicarboxylate;

C, 77,8%. H, 4.9%.

Found: C, 77.6%. H, 4.7%.

Kalb has prepared the corresponding diethyl

ester from ethyl 8-ehloro-l~nap.hthoate (Ber,, 1914,

47, 1724). In this case a considerably higher

temperature was required to effect the coupling.

Preparation of 1:11-dinaphthyl-8:8'-dlcarboxyllc acid

3 grams dimethyl 1:1'-dlnaphbhyl-8:8'-dicarboxylate

15 c.c. dtrong methyl alcoholic caustic potash.

The potash and the ester were introduced into a

100 c.c. flask fitted with a ground-in water reflux

condenser and boiled on a water bath for 56 hours.

Most of the methyl alcohol was then removed on the

water bath and 25 c.c. water added. This was

shaken with ether to remove any unchanged ester

and the filtered aqueous alkaline solution of the

potassium salt of the dinaphthyl acid was acidified

with hydrochloric acid. A buff-white precipitate

was/
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was obtained which was filtered off, washed thrice

with water and dried.

Yield, 2.25 grams, representing 11% of the

theoretical.

The acid is very insoluble, not being visibly

affected by ordinary solvents. It is, however,

soluble in hot pyridene and nitrobenzene.

A small portion was recrystallised from a

large volume of absolute alcohol when a white

powder was obtained, melting point 290-300°. A

small amount was again recrystallised and though

the substance turned brown, it-did not melt under

360° .

The acid is also soluble in glacial acetic acid

on heating, and when this solution is poured into

water the acid is precipitated in crystalline form.

These crystals have a very characteristic formation:

CH,poc

Cooch3
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This acid has been prepared and resolved into

optical isomers by Meisenheimer {Ber., 1932, 65. 32).

It was obtained, by fusion of the diethyl ester, pre¬

pared by the method of Kalb, with potassium hydroxide

at 160° for 1 hour. The acid was crystallised in a

Soxhlet apparatus with boiling acetone and bright

yellow crystals were obtained melting at 304°.

Formation of aotha.ntb.rone from dlnaohthyl dlcarboxyllc

acid by treatment with thionyl chlorIde.

This experiment was undertaken in an attempt

to prepare the dianiliae of 1:1•-dinaphthyl-8:3'-

dlcarboxylic acid.

0.15 gram of 1:1'-dlnaphthyl-8:81-dicarboxyllc

acid was treated with excess thionyl chloride in a

50 c.c. flask fitted with a ground-in water

condenser. Sulphur dioxide was freely evolved and

a red crust formed on the walls of the flask. The

mixture was heated in a water bath for 2 hours ar.d

at the end of the period a brownish black solution

resulted with a bright red incrustation round the

wall of the flask. The excess thionyl chloride

was distilled away and the last traces removed in a
vacuum/
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vacuum desiccator. A dark red powder resulted.

Weight, approx. 0.15 gram.

It was found to be insoluble in benzene and

ligroin, but perceptibly soluble in toluene from

which it separated on cooling. Beilstein's test
*

for halogen Indicated traces of the latter. The

red substance could not be decomposed by boiling

aqueous sodium hydroxide. Approximately 0.1 gram

of the substance was boiled with 0.1 gram potassium

hydroxide, 5 c.c. water and 5 c.c. ethyl alcohol

for one and a half hours. The solution first turned

brownish and then became violet. Now if anthanthrone

is submitted to this treatment, or more quickly, by

fusion with potassium hydroxide at 240°, a similir

violet colour is produced, due to the formation of

an oxidation product of unknown structure.

A small portion of the substance was warmed

with alkaline hydrosulphite solution. A magenta

vat resulted which formed a fast orange dye on

cotton of the same shade as that produced by an
<*

authentic specimen of anthanthrone.

Thus from these observations it was concluded

that anthanthrone is formed by the action of thionyl

chloride/
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chloride on 1:1'-dlnaphthyl-8:8'-dicarboxylic acid.

The trace of halogen indicated in Beilstein's test

may be ascribed to impurity. The reaction may
|I go forward in two stages, e.g. first the formation

of the diacid chloride and then the spontaneous

splitting off of two molecules of hydrochloric acid

to give the anthanthrone, or, less probably, by

analogy with the action of sulphuric acid, a simple

splitting off of two molecules of water which are

then removed by the thionyl chloride.

Preparation of a nltro- derivative of 8-bromo-l-

naphthoic acid.

10 grams 8-bromo-l-naphthoic acid.

15 c.c. concentrated nitric acid.

The two acids were stirred to a cream in a wide

necked flask (250 c.c.). The flask was then placed

in a water bath at 65° and shaken occasionally, A

copious/
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copious evolution of nitrous fumes took place and

in 3-4 hours the reaction was complete. The contents

of the flask were poured into 50 c.c. water, stirred

and allowed to settle overnight. The light yellow

product was filtered off, washed with cold water

and dried in a steam oven.

Yield, 10 grams.
'

'^he substance is insoluble in benzene, ligroin,

petrol ether and toluene. It dissolves in hot

acetone and alcohol from which solvents on cooling

and standing, crystals separate.

The most satisfactory solvent for purification

purposes was found to be a 1:1 mixture of alcohol

and water. A yellow crystalline powder was so

obtained melting at 245°. Owing to the possibility

of the boiling alcohol affecting the reactive

bromine a small portion of the acid was recrystallised

twice from acetone when a melting point of 245° was
recorded. Hence the alcohol has no effect on the

bromine.

The substance was acid to litmus and was com¬

pletely soluble in cold sodium hydroxide to give an

orgnge-yellow solution; on acidification the

substance/
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substance was reprecipitated, thus showing that the

acid had not undergone decomposition with loss of

carbon dioxide during the nitration process.

Nitrogen analysis (micro-Dumas).

Observed 4.9$.
Calculated for mononitro-8-bromo-l-
naphthoic acid 4.7$

Thus it is to be concluded that a mononitro acid

has been produced. By the proof given in the

following pages the constitution of this acid was

established as 8-bromo-5-nitro-l-naphthoic acid.

Constitution of the nitro-bromo-naphtholc acid.

From the method of synthesis and the analysis

figures it is seen that the substance is a mono¬

nitro acid with bromine in position 8, and the

carboxyl group in position 1; the position of the

nltro group remains to be shown.

(a) Attempted removal of carboxyl group by heating.

0.5 grams of the acid were heated in a metal

bath at 280-290° for 1 hour. The melt bubbled

around the edges and became dark brown; also

some/
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some sublimation took place. Onccooling, the mass

hardened and the contents of the tube were extracted

with etherj this extract was shaken with sodium

hydroxide, washed with water, dried with calcium

chloride and evaporated. A very small yellow

residue resulted.

On acidifying the aqueous alkaline liquid from

the above a precipitate was obtained which settled

to a brown solid. This was not examined further

except to prove its acidic character; almost half

of the original amount used was left behind as a

solid tar in the ether extraction. These two last

products accounted for nearly all the starting

material.

A further 0.5 gram of the acid was treated as

above at 265-270° at which temperature the liquid just

bubbled. A result similar to the above was

obtained.

The small amounts of yellow product obtained

from the ether in the two experiments were put

together, redissolved in ether, shaken twice with

aqueous sodium hydroxide, once with water, dried

and evaporated. A yellow, neutral substance was

obtained which melted fairly sharply at 121°. On
testing/
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testing with a copper wire it was found to contain

halogen.

By a survey of the melting points of the known

nitrohromo-naphthalenes, the 1:5- derivative was

found to be the only one approximating to the above

value as all the others melt below 100° with the

exception of the 1:2- compound of melting point

102-103°.
4

A mixed melting point was done with the unknown

neutral substance and some 1:5-nitrobromonaphthalene

(p. 14^ and a depression to 95° was noted. This

appears to exclude the 1:5 structure.

The product could not be further worked with

owing to the very small amount obtainable.

(b) Attempted reduction of the nltro acid.

Three different reducing agents were employed

but in each case a black , impure product resulted

which could not be purified by crystallisation.

Evidence was obtained however that reduction had

taken place.

i) Reduction with ferrous sulphate.

A portion of the nitro- acid was boiled with an

aqueous solution of ferrous sulphate and ammonia.

The resulting dark coloured liquid was filtered and

acidified with acetic acid, when a black precipitate

was/
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*vas thrown down. This was filtered off. A portion

of the filtrate was acidified with nitric acid and

silver nitrate added; a curdy white precipitate

was obtained which did not dissolve on boiling.

Thus the precipitate cannot be silver sulphate,

and so is most likely to be silver bromide indicat¬

ing debromination of the acid.

The black precipitate was soluble in boiling

alcohol, but only a black, slimy deposit was obtained

on cooling and evaporating to small bulk.

ii) Reduction with metallic sodium.

0.5 gram of the nitro acid was boiled up with

30 c.c. alcohol under a reflux and 1.5 grams

metallic sodium added in small pieces. The mixture

was boiled for 2 hours. The dark coloured liquid

was then added to 50 c.c. water and the alcohol

removed on a steam bath. The aqueous solution was

cooled and just acidified with hydrochloric acid.

A black precipitate was thrown down which was

filtered off and dried.

The filtrate from the above was diazotised and

the result added to alkaline p-naphthol solution;

a deep red substance was precipitated which indicated

the/
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the change N0a HHe having taken place. As

before the black precipitate could not be worked up

satisfactorily.

iii) Reduction with hydrlodlc acid.

0.25 gram nitro acid was placed in a flask

with 1.5 c.c. constant boiling hydriodie acid and

1,5 c.c. glacial acetic acid. The mixture was

gently boiled on an oil bath for 1 hour. A dark

coloured liquid was obtained which was poured into

about 10 c.c. water and boiled to expel iodine. A

black residue was thrown down which was filtered and

dried. No pure product could be obtained however.

(c) Attempted synthesis of nltro-bromo acid from 5-

nltro-l-naphthold, acid.

i) 1.5 grams 5-nitro-l-naphthoic acid were heated

in a sealed tube with 1.5 grams bromine and 10 c.c.

glacial acetic acid overnight. The temperature of

the Carius furnace was 200-220°. On opening the

tube fumes of hydrobromic acid were observed to

escape and all trade of bromine had disappeared.

The contents of the tube were poured into water, a

quantity/
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quantity of alcohol added and the resulting solution

filtered, after boiling with animal charcoal. The

filtrate was then evaporated somewhat. A light brown

crystalline deposit was obtained which was filtered,

dried and recrystallised from alcohol in 'which it

was fairly soluble. A brownish-white crystalline

solid resulted which melted at 252-253°.

A sodium elements test was tried and repeated

when no trace of nitrogen was detected, only halogen

being present.

A mixed melting point with 5-bromo-l-naphthoic

acid (m.p« 260°) was tried and no depression worthy

of note was observed even on cooling and remelting,

A mixed melting point with 8-bromo-x-nitro-l-

naphthoic acid (p.44 ) gave a depression of 20°-30°

in the melting point.

Thus it is to be concluded that the reaction

taking place in this case is the replacement of the

nitro group in the 5- position by a bromine atom.

This type of replacement has been previously

observed by Guareschi (Gazz., 1877, 7* 24), In

the case of 1-nitronaphthalene the nitro group was

removed with difficulty on heating with excess of

bromine, to form 1-bromonaphthalene. At the same

time/
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time there was produced the 1:5- and 1: 8- nitro-

bromonaphthalenes along with a quantity of a dibromo-

naphthalene melting at 81°.

In the above experiment, however, no nitrobromo-

or dibromo- products were isolated.

ii) One gram 5-nitro-l-naphtholc acid was boiled in

bromoform with 1.5 grams bromine for 2 hours. The

excess bromine and bromoform was then removed by a

vacuum pump. The solid remaining in the flask was

boiled with alcohol and the solution filtered and

allowed to crystallise. A yellowish white

crystalline solid was obtained of melting point 241°,

in which halogen was detected by the copper wire

test. A sodium elements test indicated nitrogen,

but hardly any halogen, hence it was concluded

that the positive result of the copper oxide test was

due only to traces of a bromo- compound in the pro

duct.

Thus under the conditions described above no

appreciable nuclear substitution or addition of

bromine takes place.

Reduction/



53.

Reduction of the nitro-bromo-naphtholc acid by means

of copper powder.

In this experiment pure hydrogen was bubbled

into a solution of the acid in the presence of

copper bronze. The solvent chosen was dekalin

owing to its high boiling point, but later experi¬

ments have shown that the hydrogen was unnecessary

and that also solvents of a lower boiling point

may be used. (See also the second part of this

thesis, p.119).

Purification of hydrogen.

The gas generated in a Klpp, was passed through

(a) an empty bubbler, (b) a bubbler containing water

and solid silver sulphate, (c) a bubbler containing

sodium hydroxide solution, (d) a bubbler containing

potassium permanganate solution, (e) a U tube con¬

taining calcium chloride,

0.5 gram of the nitro-bromo acid was placed

in a flask with 20 c.c. dekalin and 0,5 gram copper

bronze. The flask was fitted with an air condenser

and a lead-in tube which dipped below the surface

of the liquid. The hydrogen gas was passed in for

a few minutes and then the temperature was slowly

raised till the dekalin boiled. The mixture

first assumed a green colour and the copper lost

its/
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its bright sheen; later a white deposit apoeared -

probably copper bromide. After boiling for 1 hour

the liquid was cooled, shaken with aqueous sodium

hydroxide and the lower alkaline layer removed

after filtration. This was acidified with nitric

acid when a precipitate separated which was filtered

off. After drying it was recrystallised from a

1:1 mixture of alcohol and water. A light brown

crystalline solid resulted.

The copper oxide halogen test gave a negative

result and a sodium elements test indicated nitrogen,

but no halogen.

Melting point, 238°.

A mixed melting point with 5-nitro-l-naphthoic

acid gave no appreciable denression (1°). A mixed

melting point with the acid commenced with gave a

depression of 15-20°.

A small amount of the solid was again re-

crystallised from aqueous alcohol, when a melting

point of 237-238° was again noted. The melting

point of 5-nitro-l-naphthoic acid is 239°.

Thus it is proved that the nitro group occupies

the 5- position in the nitro-bromo acid and its

constitution is therefore 5-nitro-l-naphthoic acid,

preparation/
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Preparation of 8-chloro-x-nltro-l-naphthoic acid.

(Ekstrand, J.Pr. Ch., 1888(2), 38, 170)

2.5 grams crude 8-chloro-l-naphthoic acid
(ra.p. 155-160°)

3 c.c. fuming nitric acid.

The chloro acid was contained in a small flask

and the nitric acid added while the flask was cooled

externally By a stream of cold water. Vigorous

reaction set in immediately and brown fumes were

copiously evolved; the flask was allowed to stand

for 15 minutes and then the contents poured into a

few c.c. of water. A semi-solid mass separated

which, after letting stand for some time, was

filtered off and washed with water. The solid was

then boiled with 10 c.c. alcohol; this solution was

rejected and the solid remaining in the flask

dissolved in the minimum quantity of hot alcohol.

After filtering and cooling a fine crystalline solid

was thrown down which was filtered, washed with a

little alcohol and dried.

The crystals were rhombic shaped leaflets and

melted at 228-224°. Yield, 1.25 grams.

A small portion was recrystallised from dilute

alcohol and gave a melting point of 225-226°.

Ekstrand recorded a melting point of 227° for the

compound.

Constitution/
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Constitution of 8-chloro-x-nitro-l-nar)hthoic acid.

The method used in this case was the reduction

of the acid by means of copper bronze in toluene

(p. 132).

0t22 gram of 8-chloro-x-nitro-l-naphthoic acid

was dissolved in 10 c.c. hot toluene and boiled

with 0,2 gram Natnrkupfer C. for 3 hours. The

copper gradually lost its sheen and a whitish crust

appeared, Indicating reaction. After coolings the

flask its contents were shaken and warmed with
• ; - a».

aqueous sodium hydroxide and the mixed liquids

filtered into a separating funnel. The lower

aqueous layer was removed and acidified with dilute

hydrochloric acid,when a buff coloured precipitate

was thrown down. This was filtered off and dried,

when a dark brown cake resulted. On testing a

portion on the copper wire only a very slight halogen

coloration appeared.

The product was then dissolved in hot aqueous

alcohol (1:1); on cooling a brown solid was

obtained of melting point 234°. On addition of

water to the filtrate a further separation occurred

which was redissolved by boiling and allowed to

separate again by cooling. After filtering and

drying/
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drying, the light brown solid was tested on a copper

wire and wa3 fo$nd to contain, a relatively large

amount of halogen. It melted at 160-180°.

The first portion showed only a faint trace

of halogen. A mixed melting point with 5-nitro-l-

naphthoic acid (m.p. 239°) gave no depression on

the melting point recorded above, i.e. 233-235°.

From this it is seen that the reduction has

not proceeded as quickly as in the case of the bromo-

derivative. This is only to be expected as the

chlorine atom is very much less active than the

bromine in the presence of copper catalyst. It may

be concluded however that, as in the case of the

corresponding 8-bromo- derivative, nitration of the

chloro- acid leads to the introduction of a nitro

group into position 5.

Preparation of methyl 8-bromo-5-nltro-I-naphthoate.

0.5 grams 8-bromo-5-nitro-l-naphthole acid.

10 c.c. thionyl chloride.

15 c.c. dry methyl alcohol.

The acid and the thionyl chloride were contained

in a 50 c.c. flask and boiled under reflux until

complete/
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complete formation of the acid chloride had taken

place (2 hours). The excess thionyl chloride

was then removed and the alcohol added cautiously

to the syrupy acid chloride. A large evolution

of hydrochloric acid occurred and then the mixture

was refluxed for 30 mimites. After removal of most

of the alcohol the residue was taken up in ether,

shaken with sodium carbonate and twice with water.

When the ether was removed from the dried solution

a light yellow solid remained. Weight, 0.35 gram.

The substance melted fairly sharply at 95°.

It was neutral to litmus and insoluble in cold sodium

hydroxide; with boiling alkali it melted, but

showed no signs of solution.

The ester was recrystallised from petrol ether

b.p. 80-100° when aggregates of rod shaped crystals

were deposited. Melting point of ©^crystallised

ester, 97°.

The yield represents 70$ of the theoretical.

Nitrogen analysis (micro-Dumas).

Observed . 6,3$

Calculated for methyl 8-bromo-5-nitro-
1-naphthoate 6.5$

Preparation/
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Preparation of ethyl 8-bromo-5-nitro-l-naphthoate.

0.8 gram 8-bromo-5-nitro-l-naphthoic acid.

5 c.c. thionyl chloride.

8 c.c. dry ethyl alcohol.

The method employed was exactly similar to

that for the corresponding methyl ester.

Crystals separated on evaporation of the

ether solution which were filtered off and washed

with a little ether. Melting point, 102°.

Weight, 0.55 grams.

It may be recrystallised from acetone from which

it forms highly twinned prisms of melting point 105°,

from petrol ether b.p. 80-100° when colourless plates

of melting point 102,5°103° are obtained.

Yield, 63$ of the theoretical.

Nitrogen analysis (micro-Dumas).

Observed ........ 4.4$.

Calculated for ethyl 3-bromo-5-nitro-
l-naphthoate . * . 4.3$

Preparation of dimethyl 4;4'-dinltro-1:1'-dinaphthyl-

3;8'-dicarboxylate.

7 grams methyl 8-bromo-5-nitro-l-naphthoate.

5 grams copper bronze.

The ester was melted in a round bottomed flask

immersed/
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immersed in an oil bath at 220-225°. A stirrer was

fitted to the flask and the liquid was well stirred

during the addition of the copper powder in small

amounts. The mixture soon became solid and the

heating was continued for one and a half hours.

The copper lost its sheen and the whole mass

appeared white in tint. A small portion of this

was dissolved in concentrated nitric acid and

tested with silver nitrate. A curdy precipitate
\

indicated the presence of halogen as hallde.
I

The contents of the flask were then boiled up

with 200 c.c, ether and this extract, after

filtration and drying with calcium chloride, was

evaporated down. An inconsiderable quantity of a

reddish brown solid remained which did not appear

crystalline or homogeneous. Hov;ever, this treatment

served to remove any oily byproducts, the ester not

being apparently soluble to any extent in ether. A

further extraction was made with 200 c.c. boiling

benzene. On filtering, cooling and addition of

petrol ether b.p. 40-60°, crystals were deposited.

These were filtered, washed with petrol ether and

dried. Yield 2.5 grams, representing 46.1$ of the

theoretical.
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insoluble in cold or hot sodium hydroxide. Only a

trace of halogen was indicated by the copper oxide

test. The compound crystallised in colourless

plates which melted fairly sharply at 229-231°.

A portion was further purified by dissolving

in hot benzene and precipitation with petrol ether;

it then melted at 238-239°. The product was again

treated in this manner but no further rise of melting

point was detected.

The purified crystals, in bulk, were of a yellow

colour.

Nitrogen analysis (micro-Dumas).

Observed 6.1$
Calculated for dimethyl 4:4'-rlinitro-l: 1 *-

dinaphthyl-8:8' -dicarboxylat e 6.2$

Preparation/
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Preparation of 4:4'-dinitro-1:1'-dlnaphthyl-8:8'-

dicarboxylic acid.

0.4 gram dimethyl 4:4•-dinitro-1:1'-dinaphthyl
8:8'-dicarboxylate.

15 c.c. acid hydrolysing solution.

The hydrolysing solution was made by mixing

5 c.c. water, 10 c.c. concentrated sulphuric acid

and 20 c.c. glacial acetic acid (Lesslie and Turner,

J.C.S., 1931, 1133).

The ester and the acid mixture were heated

under reflux on an oil bath at 150° for 2 hours. The

ester dissolved in time and the liquid turned dark

red. On cooling, crystals separated. The contents

of the flask were then poured into 30 c.c. water

and neutralised with soditxra bicarbonate. The

alkaline liquid was filtered and treated with

hydrochloric acid when a yellow precipitate appeared;

this was filtered off and dried. Weight, 0.2 gram.

The substance was acid to litmus and dissolved

with effervescence in cold sodium carbonate solution,

hence it is an acid. When warmed with concentrated

sulphuric acid a blood-red coloration was produced

which was unchanged on standing; this indicates the

production of an anthanthrone similar to the one

obtained from the ester (see following preparation).

When/
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When heated the product decomposed at 300°

without melting. Yield represent® 53$ of the

theoretical.

The acid may be further purified if necessary

from an alcohol-water mixture, from which it is

obtained as a bright yellow powder.

Nitrogen analysis(micro-Dumas).

Observed . . . 6.3$

Calculated for 4:4'-dinitro-l:l'-dinaphthyl-
StS'-dicarboxylic acid 6.5$

Preparation of dlnltro-anthanthrone.

0.45 gram dimethyl 4:4'-dinitro-1 :3,'-dinaphthyl
8:8'-dicarboxylate.

10 c.c. concentrated sulphuric adld.

The ester and the acid were placed in a 50 c.c

flask which was heated on a water bath. At first

a green brown colour appeared, but when the bath

temperature reached 75-80° this slowly gave way

to a blood red colour. The bath was kept at 100°

for 30 minutes.

On cooling, the solution was poured into 50 c.

water, when a yellow solid separated. This was

allowed to settle for 2 hours and filtered, washed

thrice with water, once with sodium carbonate

solution/
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solution to remove any acidic portion and again with

water. In order to dry it, it was washed with

alcohol and ether and then finally dried in a steam

oven.

Yield, 0.4 gram. This yield is quantitative.

No solution takes place in cold or hot sodium

hydroxide. The substance was recrystallised from

boiling nitrobenzene from which yellow leaflets

separated on cooling. In bulk, the crystals have a

metallic lustre. The substance showed no sign of

melting at 300°,the crystals still retaining their

individuality.

With alkaline hydrosulphite the substance gave a

red vat which on oxidation precipitated a blue solid.

On steeping cotton wool in the vat and exposing to

air the cotton was dyed blue.
N°i (VO^

The formation of the blue compound after

hydrosulphite treatment was explained by the reduction

of the nitro- groups to give the corresponding

diami-ne/
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dlamlno- derivative (see p. 11).

Further nitration of 5-nitro-8-bromo-l-naphthoic acid.

7.5 grams 5-nitro-8-bromo-l-naphthoic acid.

10 c.c. nitration mixture.

The nitration mixture was prepared by addition

of 3 c.c. concentrated sulphuric acid to 4 c.c.

fuming nitric acid and 4 c.c. concentrated nitric

acid.

The halogen acid was treated with the

sulphuric-nitric acid mixture in a round-bottomed,

wide necked flask immersed in a boiling water bath
i

for 6 hours. The product was poured into water,

allowed to stand overnight and filtered off.

Weight, 5 grams.

The substance was not easily crystallised and

the following method was found to be most satisfactory

for its production in the crystalline state. The

acid was dissolved by boiling it with the requisite

quantity of a 1:3-alcohol-water mixture. On cooling,'

the solid did not separate Immediately, but formed

an emulsion which on standing for a day gave a solid

precipitate of melting point 238-240° ( with

decomposition. This product was then dissolved

by/
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by warming in a 1:3-acetone-benzene mixture and
thrown out by the addition of petrol ether b.p. 80-
100°. By this method a crystalline product was

obtained which formed aggregates of needles.

Melting point, 249° at which temperature it
blackened and decomposed with sublimation. A

sodium elements test showed the presence of nitrogen

and bromine, but no trace of sulphur.

For analysis the acid was again reorystallised

using acetone-benzene and petrol ether. Melting

point (with decomposition) 249-252°.

Nitrogen analysis (micro-Dumas),

Observed 8.1$

Calculated for 5:x-dinitro-8-bromo-l-naphthoic
acid . . 8.2$

i

Thus it is to be concluded that a difcitro acid has

resulted. The quoted yield of crude acid is 57$
of the theoretical.

The dinitro acid was purified as follows for

ordinary purposes, as the yield of high melting acid
was very much better than in the case of the

crystalline product described above and much time

was also saved.

Nine/
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Nine grams of the crude, dry product were boiled

under reflux with 15 c.c. benzene for 2 hours. The

mixture was then filtered and the purified insoluble

acid washed twice with a little cold benzene and once

with petrol ether. In most cases the product gave

a melting point of 250-252°, but the operation was

repeated if necessary; the dinltro acid itself was

relatively insoluble in benzene. The colour of the

purified acid varied considerably from grey to almost

white, but a light yellow was usual.

No obvious explanation of these colour changes

can be given, as identical melting points were

observed for such specimens.

Yield of pure acid, 6.6 grams, which is 57$ of the

theoretical.

Preparation of 5:x- dinltro-l-naphtholc acid.

2 grams 5:x-dinitro-8-bromo-l-naphthoic acid,

2 grams copper bronze powder.

15 c.c. toluene.

The acid, copper and toluene were contained in a

150 c.c. bolt head flask fitted with a reflux con-

denser and heated in an oil bath so that the toluene

boiled vigorously for 7 hours. The copper soon

lost/
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lost its sheen and a brownish deposit made its

appearance.

The contents of the flask were then warmed with

sodium hydroxide solution and the whole filtered

into a separating funnel. The dark red lower aqueous

alkaline layer was taken and acidified with nitric

acid when a dark brown precipitate of the reduced

acid was obtained. After allowing to settle for some

hours it was filtered off, washed with cold water

and dried. Weight, 1 gram.

This crude product was then dissolved in hot

aqueous alcohol (2:1) and boiled for a few minutes

with animal charcoal. The liquid was filtered and on

cooling crystals of the acid separated. Weight, 0.65

gram. They appeared as colourless elongated plates

under the microscope. In bulk the acid was a buff

coloured powder.

The substance was again recrystallised from

aqueous alcohol . It melted at 257-259° with

decomposition. Weight, 0.5 gram, representing 34.5$
of the theoretical.

wl8E2§ISetn?1Y^\(™i?r?-?™a!): 10.8*
Calculated for 5:x-dinitro-l-naphthoic acid. 10.7$

Preparation/
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Preparation of ethyl 5;x-dlnltro-l-naphthoate.

0.45 gram 5:x-dinitro-l-naphtholc acid.

5 c.c, thionyl chloride.

10 c.c. dry ethyl alcohol.

The acid chloride was formed in the $sual way

(p. 57) and the alcohol subsequently added to this

product.

After removal of the excess alcohol the solid

ester was taken up in benzene, shaken with sodium

carbonate solution and then twice with water. The

benzene solution was dried over calcium chloride

and some of the solvent removed in a vacuum

desiccator; colourless plates separated which were

filtered off. The remainder of the ester was pre¬

cipitated by addition of petrol ether to the benzene

solution.

Weight, 0.3 gram; melting point, 135°.

Yield of crude ester, 62%.

The ester was redissolved in benzene and

precipitated with the minimum quantity of petrol

ether b.p. 40-60° when a light yellow substance

was obtained which consisted of needles radiating

from common centres. Melting point, 143-144°.

Further recrystalllsation caused no rise in

melting point.

Kitrogen/
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Nitrogen analysis (micro-Dumas).

Observed 9.8$

Calculated for ethyl 5:x-dinitro-1-
naphthoate 9.7$

Only one dinitro-l-naphthoic aster, apart from

the 5:Q-dinitro compound, has been identified to the

present; ethyl 4;5-dinitro-l-naphthoate was

prepared by Ekstrand (J. Pr. Ch., 1838(2), 38, 256)

from the corresponding acid, which resulted in small

amount in the dinitration of 1-naphtholc acid. It

melted at 143°. However none of this ester was

available for a mixed melting point determination,

so that no conclusion could safely be drawn as to

the identity of the unknown ester with this com¬

pound for the melting points of esters of this type

appear to lie very close to one another.

Preparation of methyl 5:x-dlnitro-8-bromo-l-naphthoate

5 grams 5:x-dinitro-8-bromo-l-naphthoic acid.

10 c.c. thionyl chloride.

10 c.c. dry methyl alcohol.

The procedure adopted was the same as in the

esterification of the monobromo-acid (p. 57). The

acid chloride was first prepared and then the alcohol

added slowly to the oily product. The semi-solid

ester/
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ester was taken up In 100 c.c. benzene and shaken

thoroughly with sodium carbonate solution and finally

with water. The benzene solution was then dried

over calcium chloride, filtered and evaporated,

leaving the ester as a brown oil. About 15 c.c.

ethyl alcohol were added and the mixture heated on

the steam bath; the oil solidified and \vas finely

powdered with a flattened glass rod. After cooling

the mixture it was filtered, washed once with a

little cold alcohol and twice with ether. The ester

obtained by this method was pure but non-crystalline.

Yield, 4.1 grams, representing 78.8$ of the theoretical.
.

Melting point 153-155°.
I

The ester was recrystallised from hot ethyl

alcohol from which it separated in short colourless

tablets. Melting point, 155°,

Nitrogen analysis (micro-Dumas).

Observed 8.0$

Calculated for methyl 5:x-dinitro-8-bromo-
1-naphthoate ..... 7,9$

Preparation/
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Preparation of ethyl 5:x-dinltro-8-bromo-l-naphthoate.

1 gram 5:x-dinitro-8-bromo-l-naphthoic acid.

7 c.c, thionyl chloride,

10 c.c, dry ethyl alcohol.

The acid chloride was prepared in the usual

manner (p. 57) and the alcohol then added to the

oily product.

The excess alcohol was removed on a steam bath
*

and the remaining oil taken up in benzene, shaken

with sodium carbonate solution and then thrice with

water. The benzene solution of the ester was

evaporated down to a red oil, and this was subse¬

quently dissolved in alcohol from which solution the

ester separated on cooling as a white crystalline

powder,

0.6 gram of colourless prisms of melting

point 125° were obtained. On recrystallisation from

alcohol a final melting point of 127-128° was

recorded.

The ester was soluble in boiling petrol ether

b.p. 100-120°,from which, it separated in colourless

plates.

Nitrogen/



73.

Nitrogen analysis (micro-Dumas),

Observed 7.7$

Calculated for ethyl 5:x-dlnitro-8-bromo-
1-naphthoate 7.6$

Preparation of dimethyl 5:5'ixix'-tetranltro-l:1'-

dlnaphthyl-8;8'-dicarboxylate.

4 grams methyl 5:x-dinitro-8-bromo-l-naphthoate.

4 grama copper bronze.

The ester was contained in a wide recked, round

bottomed flask fitted with a mechanical stirrer and

heated by an oil bath. The ester was first melted

and then the oil bath was kept steady at 220-230°

while the ester was stirred and the copper added in

small amounts ober about 30 minutes. The mass soon

became solid when stirring was discontinued; the

heating was continued for a further 4 hours.

When cool, the brownish mass was finely

powdered in a mortar and repeatedly extracted with

boiling benzene (owing to the mass caking during this

treatment, the powdering was repeated with

advantage). The benzene extracts were then

treated with excess petrol ether b.p, 40-60° when

the ester separated in a comparatively pure state.

It/
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It was filtered off, washed with petrol ether and

dried at 100° in a steam oven.

Yield, 0.8 gram.

This yield was lower than usual for such a

reaction, but considerable decomposition took place

in this case owing to the instability of the di-

and tetra-nitro compounds at high temperature.

Copper wire test indicated the absence of

halogen.

On taking a melting point, the substance

softened somewhat at 150° and at 155° it melted and

frothed up without, however, charring or showing

signs of visible decomposition. When the temper¬

ature had reached about 185° the product solidified

and then gave a final melting point with decomposition

at 266-268°.

A portion was next recrystallised from boiling

alcohol in which it was very slowly soluble to give a

micro-crystalline powder of light yellow colour, the

crystals being colourless and lozenge shaped when

viewed tinder the microscope. Melting point, 268-269°

(decomposition). No change was visible at 155°.

Nitrogen/
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Nitrogen analysis (micro-Dumas) using the alcohol
rec-ryst. ester.

Observed 9.8%
Calculated for dimethyl 5:5f:x;x'-tetra-

nitro-1:1'-dimaphthyl-SiS'-dicarboxylate 10.1$

The ester was readily soluble in acetone from which

it separated in yellow needles.

Examination of the ester deposited from benzene,

which exhibited a double melting point.

A weighed amount of the ester (approx. 0.1 gram)

was contained in a crucible which was heated in an

air bath at 170-180° for 1 hour. A loss in weight

of about 12$ was noted. On reheating for a further

hour no significant change took place.
| |

The product in the crucible was found to darken

slightly at 250° and melt sharply at 268-269°. In

this case no change took place at 150-160°,
.

From these observations it was concluded that

the ester contained benzene of crystallisation,

though the figures above cannot be used quantitatively

as the ester had been thrown out with petrol ether
i ' j
and subsequently dried at 100°. The above results,

however, demonstrate that the compound must be

exceptionally/
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exceptionally stable as the ester was allowed to dry

for- nearly 2 hours at 100° .

A portion of the ester was recrystallised from

benzene in which it was fairly soluble. The crystals

were filtered, washed with a little benzene and then

with petrol ether. The resulting yellow powder was

dried in a vacuum desiccator. Short colourless

prisms exhibiting the double melting point described

above were thus obtained.

Nitrogen analysis (micro-Dumas).

Observed (i). 7,8$

do. (ii) 8.1$

Assuming that each molecule of the diester

combined with 2 molecules of benzene, the percentage

of nitrogen would be 7.9. (The results of the

heating experiment described above gave 9.0$ nitrogen,

but as pointed out this high result was only to be

expected.

These results conclusively show that the diester

crystallises from a benzene solution In combination

with 2 molecules of benzene.

Thus the percentage yield from the Ullmann

reaction was 20$.

Preparation/
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Preparation of SrS'ixix'-tetranltro-l:1'-dlnaphthyl-

8:8'-dicarboxyllc acid.

0.3 gram 5:5•:x:x'-tetranitro-l:1'-dlnaphthyl-8:8
dlc&rboxylate.

r

10 c.c, hydrolysis mixture. 20 e.c. glacial acetic
acid.

\ 10 c.c. concentrated
sulphuric acid.

5 c.c, water.

The ester and the hydrolysing solution were

contained in a 50 c.c. flask fitted with a ground-

in reflux condenser. This was heated in an oil

bath for 7 hours at 150°. 'The liquid turned a clear

brown and an insoluble fraction was also present.

The whole was then poured into 30 c.c. water when a

light brown solid separated. This was filtered off

and washed with a little cold water. It was boiled

with excess of a strong solution of sodium bicarbon¬

ate when a brown solution resulted, but a large

fraction was insoluble. The liquid was filtered,

cooled and then the acid precipitated by the

addition of hydrochloric acid. It separated as an

orange-brown powder which was filtered and dried.

Yield, 0.02 gram, representing 9$ of the theoretical.

The/
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The acid was soluble with effervescence in cold

sodium bicarbonate solution to give an orange red

liquid. It was soluble in hot alcohol and glacial

acetic acid and on addition of water was precipitated
j

from both. It was appreciably soluble in boiling

water and the solution on cooling and standing

deposited the acid as a yellow micro-crystalline

powder.

The acid sintered and blackened about 160°

and at 225-230° it slowly changed to a black molten

mass which frothed, indicating rapid decomposition.

Nitrogen analysis (micro-Dumas).

Observed. 10.4$

Calculated for 5:5':x:x '-tetranitro-l:1
dinaphthyl-8:8'-dicarboxylic acid . . . 10.7$ j

i
i

j
Comparative Reactivities of the Halogen in the Bromo-

and Hi.trobromo/naphthoic Acids .

These experiments with 8-bromo-l-naphthole acid

and 5-nitro-8-bromo-l-naphthoic acid were performed

to investigate any activating effect of the nitro-

group in the 5- position upon the already active

bromine/
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bromine in the 6- position, in the presence of copper

catalyst.

The reagent employed was sodium methoxide which

reacted, with the bromine to produce the 8-methyl

ether of 1-naphthoie acid (Rule and Barnett, J.C.S.,

1932, 2732). Preliminary experiments were done with

the 8-bromo acid alone to discover suitable conditions

under which to carry out the reaction. It "was found

that the most satisfactory method of measuring the

change was by adding excess of standard silver

nitrate to precipitate the liberated bromide, and

titrating back this excess with standard ammonium

thiocyanate.

Silver nitrate solution: This was made aporoximately

0.01 N by weighing out 1.699 grams of pure silver

nitrate and making up to 1 litre with pure water. It

was standardised with potassium chloride solution,

using chromate indicator. Ammonium thiocyanate

solution was prepared as follows: 0.8 gram ammonium .j
thiocyanate was dissolved in water and made up to 1

* <

litre. This approximately 0.01 N solution was

standardised using the abjve silver nitrate solution
and ferric indicator.

A standard solution of 8-bromo-l-naphtholc acid

was/
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was made by dissolving a weighed amount in methyl

alcohol. 10 c.c. of this solution contained 0.1000

grams of the acid.

The first group of experiments was carried out

with the above solution alone, in order to find

suitable time and temperature conditions. The

apparatus employed in these experiments consisted of

a 100 c.c. Jena glass flask fitted with a stopper

and an efficient stirrer. This was arranged so that

the entire bulb of the flask was immersed in a

thermostat at 25°, Experiments carried out for 7

and 25 hours, and again at 30° for 7^ hours only

indicated a very small reaction, the titration values

being no more than the expected experimental error

involved in the determination. The small constant

positive result was probably due to traces of halogen

in the sodium or water employed.

The next experiments were carried out in a water

bath, the temperature of which lay between 73-75°;

that is, approximately 10° above the boiling point

of methyl alcohol. , The reaction apparatus consisted

of a 150 c.c, Jena glass flask, fitted with a rubber

stopper and reflux water condenser. A calcium

chloride/
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chloride guard tube was fitted to the open end of

the condenser. The reagents and catalyst were

mixed in the flask which was then attached to the

condenser, and the time of starting was taken as

the moment when the flask was first immersed in the

bath. To stop the reaction, water (20 c.c.) was

added to the mixture, the time of this addition

being noted. After cooling, the mixture was

filtered free from copper bronze into a porcelain

basin and the flask and filter washed repeatedly

with small amounts of water. On acidification

of the filtrate, the titration for liberated bromide

was carried out in the normal fashion.

A 90 minute experiment indicated that 94$

of the total bromine had been displaced, and under

similar conditions, but for 30 minutes the reaction

proceeded to the extent of 59$. When a duration of

15 minutes was allowed the result indicated a 6.9$

conversion. By comparison with later experiments it

was seen that this last result is abnormally low.

On further investigation it was found that the

copper catalyst used in this case had been exposed

to the air for several hours; thus it seems that

a loss of activity had taken place, perhaps by

absorption of moisture or slight surface oxidation.

It/
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Ib was finally decided to carry out the

comparative experiments using approximately 0.05

gram 8-bromo-i-na.phthoic acid and the same

molecular concentration of the nitro- acid. The two

experiments were carried out simultaneously, in the

same water hath and using catalyst from the same

stock, so that conditions would he as nearly as

possible identical. A stock sodium methoxide

solution was made containing approximately 0.02 gram

sodium per 10 c.c, methyl alcohol . In the case of

the mononitro-acid it was not found possible to make

up a methyl alcoholic solution of the required

strength, owing to its insolubility, so the acid

was weighed directly into the reaction flask and

the measured volume of methyl alcohol added. On

addition of the sodium methoxide, the sodium salt

of the acid formed and passed completely into

solution. Fifteen minutes were allowed for the

reaction to proceed and the titrations were then

carried out as described above.

The results of the experiments which are given

under clearly show that within the sensitivity

limits/
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limits, that is between 0.5 and 1.0$ of the total

reaction, the nitro- group in the 5- position has no

effect upon the activity of the bromine in position

Normalities of Standard Solutions:

Silver nitrate .. 0.00974 N.

Ammonium thiocyanate .. 0.01004 N.

Results.

Experiment 1,

! i
8-3romo-l-naphtholc acid in boiling methyl
alcoholic solution.

10 c.c. methyl alcohol containing 0.0501
grams acid.

10 c.c. 0.1489 N. sodium methoxlde solution
(excess).

Titration: AgN0a - 12.58 c.c.

NH4CNS - 5.30 c.c.

/\o co .00974^ „
Calculation: 12.58 c.c. of AgN03 soln. =(12.58 x .01004J

of NH4CNS soln.
= 12.20 c.c.

Therefore Br~ liberated corresponds to 6.90 c.c. of
thiocyanate solution.

All the solutions used contain the same molar weight

of/ |
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of acid, hence the amount of thlocyanate indicated

for total reaction in all cases is given by:

I (1000/1 x 0.0501/251 x l/O.01004) c.c. = 19.87 c.c J
From which the percentage conversion of bromo acid

1

| into methoxy acid is:

100 x 6.90 / 19.87 = 34.7.

{ [

5-Hltro~Q«bromo-l»naphtholc acid in boiling methyl
alcoholic solution.

( 10 c.c. methyl alcohol.
I 0.0591 gram acid.
1 10 c.c. 0.1489 N. sodium methoxlde solution (excess)

Titration: AgN05 - 18.34 c.c.
NH4CNS - 10.73 c.c.

Calculation:

18.34 c.c. of AgNOs sola. aj^l8f34 x c.c.
of NH4CNS soln.

5 17.78 c.c. '«

Therefore Br" liberated corresponds to 7,05 c.c. of
thiocyanate solution.

Thus as above the percentage conversion of 5-nitro-

8-bromo acid is given by:

100 x 7.05 / 19.87 = 35.5.

Experiment 2/
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Experiment 2.

This was carried out with exactly the same

quantities, and for the same time as in Experiment 1

except that the sodium methoxide was used in

slightly higher concentration.

Summary.
'

i

Percentage conversion in
15 mins. at 73-75°,

Expt, 1 Expt. 2.

8*Bromo-l-naphthoic acid 34.7 43.6

5-Nitro-8-bromo-l-
naphthoic acid 35.5 42.9

Strength of Na0CH8 used 0.1489 N. 0.1634 N.

Comparative Rates of Reaction of the Halogen In 8-
bromo and 5;x-dlnltro-8-bromo naphthoic acids.

Similar experiments were next carried out using

the 8-bromo-l-naphthoie acid and the 5:x-dinitro-8«

bromo-l-naphthoic acid. A stock solution of the

bromo- acid was made up containing 0.05 gram of the

acid in 10 c.c. methyl alcohol and 10 c.c. of this

placed in a flask.

The/
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The same molar proportion of the dinitro-

bromo acid was placed in another reaction flask and

10 c.c. of methyl alcohol added. 0.2 gram of

catalyst was weighed into the reaction flasks and

then 10 c.c. of sodium methoxide solution added: a

few glass beads were included in each case to assist

stirring. During the 15 minutes immersion in the

hot water bath at 73-75° the flasks were frequently

shaken; cold water was then added, the liquid

filtered from the copper and titrated for liberated

halogen, using silver nitrate and ammonium thiocyanate.

Prom the results shown below, it is apparent

that the bromine atom in the dinitro acid is very

much more reactive than that in the unnltrated com¬

pound. Previous experiments carried out with the 8-

bromo-l-naphthoic acid and the 5-nitro-8-bromo acid

showed that within the sensitivity limits of the

method employed, no additional activation of the

halogen took place. The very great increase in

activity noted in the case of the dinitro- acid is

significant, in that such a pronounced change might

have been expected only if the second nitro group

is in the same ring as the bromine atom, since it

has been concluded by Salkind (Ber., 1931, 289) that

a/
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a nitro group In one ring of the naphthalene

molecule does not appreciably affect the reactivity

of a halogen atom in the adjacent ring. If this

argument is correct, only two positions are vacant

for this second nitro group in the mono-nitro acid,

viz. 6- and 7-. Considering the mode of formation

of the dinitro acid, by nitration of the 5-nitro-8-

bromo acid, position 6 is out of the question, leaving

7 as the most probable.

This experiment therefore very strongly suggests

the second nitro group to be in the 7- position.
Br COOH C.OOH

Results

Experiment 1.

8-Bromo-l-naphthoic acid in boiling methyl alcoholic
solution.

10 c.c. methyl alcohol containing 0.0500 grams
acid *

10 c.c. 0,2313 N. sodium methoxid© solution
(excess),

Titration/



88.

Titration: AgNOa - 10.56 c.c,

NH4CNS - 7.22 c.c.

Calculation:

10.56 c.c. AgNOg soln. =^10.56 x ['oioot')0*0* NH*CNS soln*
= 10.24 c.c. "

Therefore Br~ liberated corresponds to 3.02 c.c. of

thiocyanate solution.

Both acid solutions contain the same molar proportion

of acid and hence the amount of standard thiocyanate

solution indicated for total reaction in all cases

is given by:

(1000/1 x .0500/251 x l/.01004) c.c. = 19.84 c.c.

From which the percentage conversion of bromo-acid

into methoxy-acid is:

100 x 3.02/19.84 = 15.2.

5:x-dinltro-8-bromo-l-naphtholc acid in boiling methyl
alcoholic solution. ~ — - —

10 c.c. methyl alcohol.
< 0.0679 gram acid,
10 c.c. 0.2313 H. sodium methoxide solution (excess)

Titration: AgN03 - 17.46 c.c.

NH4CNS - 1.07 c.c.

CITQtfBatlQ?: AgN0a soln. = (17.46 x °*C* AgN0» aoln*
= 16,93 c.c, "

Therefore/
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Therefore Br" liberated corresponds to 15.86 c.c. of

thiocyanate solution. Thus, as above, the percentage

conversion of 5:x-dinitro-8-bromo acid into methoxy-

acid is given by:

100 x 15.86/19.84 = 80.0.

A repeat experiment was carried out under as

nearly as possible the same conditions as those

given above. Both results are summarised below.

Summary.

8-bromo-l-
naphthoic
acid.

5-nitro-8-bromo-
-1-naphthoic
acid.

5:x-dinitro-
8-bromo-l-
naphthoic
acid.

Normality
of sodium
methoxide

|1 '34.7$ 35.5$ - 0.1489

43.6$ 42.9$ - 0.1634

'15.2$ - 80.0$ 0.2313

k16.8j£ - 84.8$ 0.2313

It will be noticed on comparing the figures

summarised in the table that, although in the last

two cases the methoxide solution Is approximately

twice as strong as in the first two, the percentage

conversion of the 8-bromo-l-naphthoic acid is

considerably smaller.

This/
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This remarkable difference is due to the fact

that a different sample of copper catalyst had to be

employed when the second set of reactions was being

carried out and, as has been already indicated (p.81),

the speed of reaction is very greatly influenced by

the previous history of the catalyst.

The results were assumed to support the view

that the second nitro group occupies position 7, thus

greatly increasing the mobility of the halogen in the

adjacent position 8. In this respect the properties

of the compound were believed to resemble those of

2:4-dinitro-l-chlorobenzene (See, however, p. 96 ).

Constitution of 5:x-dinltro-8-bromo-l-naphtholc acid.

This acid was prepared by the further nitration

of 5-nitro-8-bromo-l-naphthoic acid, hence the only

possible positions for the second nitro- group to

enter are 7, 6, 4, 3 or 2.
Br COOH

66
•4-

N0^
From general considerations of the orientation of

entering groups in the naphthalene nucleus, it will

be/
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be seen that positions 2, 3 and 6 are highly

improbable. The dinitro- acid obtained by removal

of halogen from the dinitro-bromo acid melted with

decomposition at 257-259° and its ethyl ester gave a

melting point of 144°. Among the known dinitro-1-

naphthoic acids the only derivative containing a

nitro group in the 5- position is the 4:5-dinitro

acid. This melt3 at 265° and its ethyl ester at 142°

j&Ekstrand., loc. cit.). Although the difference

between these melting points is not large, the

evidence cannot be taken as definitely proving the

4:5- structure for the acid under discussion.

It will be noticed that, should position 7 be

occupied, the dinaphthyl ester obtained by coupling
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Thus If the dinitro acid were converted into the

corresponding dinaphthyl derivative and treated in

such a way as to favour anthanthrone formation, then

the non-formation of a tetranitro-anthanthrone or

the formation of the already known dinitrolanthanthrone

illustrated above should point to the 7- position as

being occupied.

Experiment.

0*1 gram pure dimethyl bjS'jxsx'-tetranitro-lslS

dlnaphthyl-StQ'-dicarboxylate was heated with 2 c.c.

concentrated sulphuric acid at 100° for 30 minutes -

these being the conditions for the formation of the

known dinitro anthanthrone. A dark brown-red solution

resulted, together with a slight black residue,

probably of carbonaceous matter. This was poured
j

into 20 c.c. water when a brown solid separated which

was filtered off and washed with water. The solid

was then suspended in a little water and boiled with

aqueous sodium hydroxide. A very dark brown-red

solution formed, leaving a small quantity of a black

coloured residue which was filtered off.

The washed residue was treated with an

alkaline solution of sodium hydrosulphite and on

heating/
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heating to near the boiling point a brick red

precipitate was obtained. The clear liquid when

poured on to filter paper and allowed to oxidise in

the air, gave a brown-green stain. A quantity of the

original dinaphthyl carboxylic ester when treated

in this way gave exactly similar colour changes,

hence it was concluded that under the given treatment

hydrolysis was incomplete (compare preparation of the

dinaphthyl acid, p.77 ) and that the colour changes

were due to reduction of the nitro groups in

residual, unchanged ester.

A second experiment was conducted with 0.05

gram of the ester and 1 c.c. concentrated sulphuric

acid for 5 hours. Again a slight black residue

resulted after boiling with alkali, but this proved

to be unaffected by alkaline hydrosulphite and so

probably was due to slight decomposition.

The alkaline extracts from both these experiments

when acidified gave a flocculent, brown-red precipitate

of the dinaphthyl dicarboxylic acid.

These experiments therefore lead to the conclusion

that the tetranitro-dinaphthyl-dicarboxyllc ester is

not capable of undergoing anthanthrone formation and

that the nitro groups may possible occupy the 7:7'-

positions/
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positions in this ester.

Additional evidence in support of this structure

is provided by a comparison of the hydrolysis of

the dimethyl esters of the 5:5'-dinitro 1:11-dinaphthyl-

SiQ'-dicarboxylic acid and of the related tetranitro

acid.

As was first observed and studied by Victor

Meyer, ortho and di-ortho substituted benzoic acids

are in general not only difficult to esterify, but

the esters once formed are strongly resistant

towards hydrolysing agents. The same peculiarity

has been found to hold for perl-stibstituted naphthoic

acids (Ekstrand, loc. clt. and Bretscher, Rule and

Spenee, J.C.S., 1929, 2521) and it is to be antici¬

pated that an analogous effect will be found in the

following structures, especially in III.
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The rates of hydrolysis for structures I and II

would be expected to be about equal, while in case III,

owing to the very close proximity of the bulky nitro

groups to the ester groups, a low rate of hydrolysis

would be looked for.

Using an acetic acid sulphuric acid water

hydrolysing mixture, as recommended by Turner and

Lesslle (loc. cit.), structure I gives a 53$ yield

of acid on boiling for 2 hours (some anthanthrone is

also produced so that the actual conversion of the

ester is in excess of this figure). Using the same

mixture, but treating the tetranitro ester for 7

hours, only 9% conversion into acid was recorded.

Here again structure III is the one which is

indicated and in this case to the exclusion of any

of the other four possible positions for the second

nitro group.

These two pieces of evidence together with the

comparative reactivities of the bromine atoms in the

mono- and dinitro- acids lead uniformly to the

conclusion that the dinitro-bromo acid has the

structure IV.

Br cooh

N-Oi
IV.
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This discussion will be found to rest almost

entirely upon the physical properties of the

naphthalene ring, that is, upon spatial and trans¬

mitted effects in the molecule, the study of which

up to the present has not reached any degree of

finality. The chemical evidence given by the

dehalogenated acid and its ester suggests the

possibility of the 4:5- positions, but, since for

purposes of comparison no other 5- substituted dinitro

naphthoic acids are known, the physical evidence was

accepted as overruling this indication.

Later work in this department (R.R.H. Brown,

unpublished) has however shown beyond doubt that

the placing of the second nltro- group occurs in the

4- position. It is difficult to discuss the

observed effects in the light of this discovery

since compounds of similar type would first require

to be studied in order to arrive at general con¬

clusions .

The work of Salkind (Ber., 1931, 289) throws

some light on the observed reactivities of the nitro

acids. His conclusion was that a nitro- group in

the second ring in naphthalene has little effect

upon/
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upon the reactivity of a halogen atom in the first

ring, while if the two groups are in the same ring,

an increase of reactivity is probable. The follow¬

ing table summarises part of this work.

Substance

Reaction

constant

in 10%
sodium
ethylate
at 100°

$age Reacting
with piperi¬
dene at 50-
60° in 24
hrs.

$age Reacting
with piperi¬
dene at 18°
in 72 hrs.

$age Reacting-
with benza-
mlde in
presence of
Naturkupfer C.
catalyst.

a-bromo
naphthalene

No
reaction

No
reaction

No reaction 30.33

1:4-nitro-
bromo-
naphthalene

.17 58.87 do. 41.18

1:5-nitro-
bromo-
naphthalene

No
reaction

7.79 do. 31.89

1:8-dinitro-
4-bromo-
naphthalene

.26 96.22 89.07 -

Undoubtedly the conclusion is justified by

comparison of the 1:4- and l:5-nitro derivatives,
but from the point of view of the experiments in

this thesis the figures for the l:8-dinitro derivative

are of interest. Thus in the case of piperidene at

18° (col. 3) no reaction was observed, even in the

case of the l:4-derlvative, but the placing of a

second nitro- group in the other ring, peri- to the

first/

i
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first nitro group caused a reaction of 89^. A

similar increase occurred with the reaction at 50-60°.

The reaction with sodium ethylate also showed a

distinct increase in speed when a nitro- group

entered the 8- position in l:4-nitrobromonaphthalene.

Unfortunately no figure is quoted for the case of

henzamide in which Naturkupfer C. catalyst was

employed, hut from the other cases Salkind concludes

that two nitro groups in the 4:5- positions to the

1- bromine atom induce a greater reactivity than is

found when only one of these two positions is occupied

This observation comes in line with the work in

this thesis. Admittedly no increase of reactivity

was noted when a nitro group entered the 5-position

in the 8-bromo acid, but this may be a special case

(compare Salkind's piperidene reaction at 18°, col.3),

and further the figures quoted in the above table show

that the magnitude of the effect is very variable.

However, the entry of the second a-nitro group pro¬

duced an effect in the dinitro acid which appears to

be general.

The steric effect observed in the case of the

hydrolysis of the dinaphthyl ester can only be noted

as a fact at present, since no esters of similar

configuration/
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configuration have been studied. The reduced

3pecd of hydrolysis brought about by nitration is

curious, since Xellas (Zelt, Physikal. Chem., 1397,

24. 227), from a study of the substituted benzoic

esters, concludes that the influence of various

substituents in Increasing the velocity of

hydrolysis (towards alkalis) is given by N0S>

halogens > H > Me.

It has been noted that the tetranitro acid is

rather unstable, undergoing slow decomposition at

160°. The treatment given for anthanthrone

formation is quite capable of breaking down the

molecule and experimentally such decomposition was

observed. In all other cases of such condensations

reaction was found to be quantitative.

Preparation of o-Iodo Benzoic Acid,

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

16 grams antheanllic acid.
10 grama sodium nitrite.
30 grams potassium iodide.

The anthr&nillc acid was dissolved in dilute

sulphuric acid (25 c.e. of concentrated in 125 c.c.

water) and the whole cooled in ice to 0°. A solution

of/
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of sodium nitrite (10 grams in 20 c.c. of water) was

added drop by drop with stirring, the temperature

being kept down if necessary by the addition of ice.

The addition of sodium nitrite was continued until

excess was present as tested for by starch iodide

paper; the potassium iodide dissolved in 50 c.c.

of water was then added cautiously, with stirring

and the product allowed to stand at room temperature

overnight. It was next warmed on a steam bath till

effervescence ceased. After cooling, the product

was filtered and washed with hot thiosulphate

solution until buff coloured. The final washings

were with warm water. After drying, the acid was re-

crystallised from acetic acid.

Melting point, 160°; yield, 75%,

Preparation of methyl o-iodo benzoate.

(Cohen and Raper, loc, cit.).

50 grams o-iodo benzoic acid.
200 grams methyl alcohol*
20 grams concentrated sulphuric acid.

The o-iodo benzoic acid, alcohol and sulphuric

acid were boiled together under reflux for 15 hours.

Most of the excess methyl alcohol was then boiled

off and the liquid poured into water, where it was

neutralised by solid sodium carbonate. The ester

was/
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was extracted with ether and this extract shaken

with dilute alkali and water. After drying, the

ether was removed and the pure methyl ester obtained

by distilling the crude product under reduced

pressure.

Boiling point 142°/l3 ran. Yield, 80^.

Preparation of dimethyl 8-(o-earboxy-nhenyl)-l-naphthoate.

4 grams methyl 8-bromo-l-naphthoate.
6 grams methyl o-lodo benzoate.
6 grains copper bronze.

The two esters were mixed together in a

stoppered flask fitted with an efficient stirring

apparatus. The flask was heated in an oil-bath

at 215-220° and the copper bronze slowly introduced

into the mixture. The stirring and heating of the

resulting paste were continued over a period of 5

hours;- it was then extracted r,epew4edly with boiling

ether and on cooling crystals of .the ester separated

which were filtered and washed with a little ether.

The product melted at 128-130° and weighed 2.4

grams. On recrystallisation from ligroin 2 grams of

pure ester of melting point 132° were obtained.

Barnett and Rule record a melting point of 130°-131°.

■r* The/
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The yield represents 36$ of theory.

On f\irther evaporation of the ethereal extract

a crystalline solid separated which weighed approxi¬

mately 1 gram. This was recrystallised from ligroin

and proved to be dimethyl 1:1'-dinaphthyl-8:8'-di-

carboxylate, (m.p. 142°).

Numerous experiments were carried out at lower

and higher temperatures, but the conditions quoted

above were fo^md to give the maximum yield of the

phenyl-naphthyl ester. Higher temperatures

favoured the formation of dinaphthyl-dicarboxylic

ester, and if the temperature was maintained below

200° the reaction was incomplete.

Remarkable variations -were found in the action

of different samples of copper powder. A sample

other than that used in the above experiment gave a

very much lower yield of the phenyl-naphthoate with a

proportionately increased amount of the dlnaphthyl

dicarboxylic ester. On examination of the powders

under the microscope no marked difference in grain

was observed. In bulk, the most efficient powder

exhibited a bright copper colour, while the less

active specimens were of a brownish bronze colour.

These differences can only be at present attributed to

differences/
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differences in conditions of manufacture and to

variations in the previous history of the product.

Attention is also drawn to this feature in connection

with other work (compare p. 90.)..

Treatment of dimethyl 8-(o-carboxy-phenyl)--l~naphthoate

with sulphuric acid.

Dimethyl 8—(o-carboxy-phenyl)-l~naphthoate

(0,4 gram) was added to 6 c.c, concentrated

sulphuric acid and the mixture heated for 30 minutes

on a water bath at 100°. A blood—red solution

rapidly formed which, after cooling, was pbured into

50 c.c, of water. A yellow precipitate separated

which partially dissolved on rendering the super¬

natant liquid alkaline with sodium hydroxide. After

warming this suspension, it was filtered. The

resulting solid dried to an orange-yellow powder

weighing 0.08 gram and melting at 154°. Pine

orange yellow needles separated on recrystallislng

the product from alcohol: melting point, lSQ1'.

(For further examination, see below).

The filtrate, which was of a brick-red colour

with green fluorescence, gave after acidification a

yellow/
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yellow precipitate. This was filtered, washed with

cold water and dried. The weight was 0.25 gram and

the melting point 273-275°. Hecrystallisation from

alcohol produced small yellow leaflets which melted

at 273°. In bulk, it was of a brilliant yellow

hue<; it effervesced with dilute sodium bicarbonate

solution and showed the characteristics of a free

carboxy acid. The highly diluted solution of the

sodium salt exhibited a very brilliant green

fluorescence, characteristic of benzanthrone

derivatives.

Prom these properties, the method of synthesis

and the analysis figures the following structure (I)

was concluded to represent the structure of the com¬

pound .

Calculated for 8-carboxy-benzanthrone:

C, 78.8^. H, 5.1%.

Found C, 78*6%. H, 5.8%.

8-carboxy-benzanthrone 1:9-benzanthrone-8:bz3
ketone.
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Examination of the Alkali Insoluble Portion.

The fraction which ineltecl at 159° was quite in¬

soluble In hot, strong alkalis. The colour of the

compound was distinctly deeper than that of the 8-

carboxy-benzanthrone, which supported the view that a

second chromophoric group was present. The structure

of the compound was tkken to be as in II, which is

borne out by the analysis figures.

Calculated for 1:9-benzanthrone~8:bz3-ketone:

C, 84.4: H, 3.1.

Found C, 84.5: H, 3.2.

The yields of the two above products are 75$, for the

8-carboxy-benzanthrone and 25% for the fluorenone

derivative. This result may be either due to

incomplete conversion of the primarily formed acidic

product into the keto compound, or to an equilibrium

mixture of the two types occurring in the presence

of the concentrated sulphuric acid employed in their

preparation.

Treatment of 8-carboxy-benzanthrone with sulphuric acid,

8-Carboxy-benzanthrone (0.3 gram) was heated

with 5 c.c. concentrated sulphuric acid for 3 hours

at/
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at 140° . After pouring the cooled blood-red

solution into water, the mixture was made alkaline

and filtered. The washed and dried alkali

insoluble substance melted at 156° and weighed 0.07

gram. Acidification of the filtrate gave a yellow

precipitate of the unchanged acidic product.
|

A further experiment was conducted with 0.05

gram of the acid over 2 hoxirs at 130°. The neutral

fraction was separated exactly as before and weighed

0.013 gram.

Lastly, 0.25 gram dimethyl 8-(o-carboxy-phenyl)

1-naphthoate was treated for 2 hours in sulphuric

acid at 130° to 140°. The alkali insoluble fraction

weighed 0.05 gram and showed no depression of

melting point with the authentic fluorenone deri¬

vative. The recovered benzanthrone carboxylic acid

weighed 0.15 gram.

If these yields be examined they are found to

be approximately in the same ratio in every exoeri-

rnent and hence the conclusion is reached that the .

equilibrium formulated below is set up in a concen¬

trated sulphuric acid solution of the phenyl-

naphthyl ester, or the benzanthrone carboxylic acid.
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In order to verify finally this statement the

equilibrium was approached from the right hand

direction in the following test tube experiment.

A small quantity of the fluorenone derivative was

heated with 2 c.c. concentrated sulphuric acid for

1 hour at 130°. The blood red solution which

formed was poured into water and, on making the

mixture alkaline, practically all of the yellow

precipitate dissolved to give a reddish solution

which showed characteristic green fluorescence on

dilution. The compound before treatment with

sulphuric acid was quite indifferent towards alkalis.

This fluorescence definitely shows the formation

of the carboxylic acid from the benzanthrone ketone.

Further evidence relating to the structure of

the keto-benzanthrone was obtained by alkaline fusion

of the compound at 200°. Fluorenone derivatives,

when submitted to this treatment, yield the

corresponding carboxy acids and as the present

ketone/
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ketone has a fluorenone structure incorporated in the

molecule a similar reaction might be expected to go

forward.

Benzanthrone-8:bz3-ketone (0.08 gram) was added

to 1 gram of potassium hydroxide with a few drops

of water and fused for 1 hour in a nickel crucible

with an outside temperature of 200-210°. After

cooling, the dark coloured cake was warmed with

water, when a red solution formed which showed green

fluorescence on dilution. This is characteristic

of carboxy-benzanthrone.

The alkaline solution was filtered from

insoluble material and then acidified. A yellow-

green precipitate was thrown down which after

settling was filtered and reerystallised from

aqueous alcohol. Small yellow plates were obtained

identical with those of 8-carboxy-benzanthrone; in

dilute aqueous sodium hydroxide the substance gave a

vivid green fluorescence, but there was insufficient

for a satisfactory melting point determination.

The Insoluble residue weighed 0.055 gram and

was/
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was dark black-violet. It was quite insoluble in

strong boiling alkaline hydrosulphite solution and

therefore vsras neither violanthrone nor carboxy-

violanthrone (see later experiments). It was not

further examined.

Thus the ketone has been converted into the acid

by alkali fusion, though in very small yield.

Attempts were next made to secure a more complete

conversion into the benzanthrone ketone than was

found possible in the case of the sulphuric acid

experiments.

Treatment of 8-benzanthrone-carboxylic acid -with

aluminium chloride.

Carboxy-benzanthrone (0.15 gram) was suspended

in 5 c.c. benzene and 0.5 gram aluminium chloride

added. The mixture was heated for 5 hours on a water

bath. A dark orange-red solution formed which was

poured on to ice, when a yellow solid separated. The

benzene was removed and after addition of hydrochloric

acid the suspension was boiled in order to destroy

any aluminium chloride. After cooling, it was

filtered/
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filtered and the green-yellow solid suspended in a

little water and treated with sodium hydroxide. It

/ passed almost completely into solution, only leaving

a little tarry deposit which was filtered off. On

acidification, the unchanged carboxy-benzanthrone

was recovered and weighed 0.12 gram.

Treatment of benzanthrone-carboxylic acid with zinc

chloride.

Zinc chloride {2 grams) was powdered and mixed

with 0.11 gram carboxy-benzanthrone. This mixture

was heated for 1 hour at 190-200°. The mass

became brownish-black; it was taken up in water,

made slightly acid and filtered. On drying a green¬

ish yellow powder was obtained which weighed 0.11

gram. It was soluble in aqueous sodium hydroxide

to give a red solution showing green fluorescence.

After filtering from a small amount of carbonaceous

matter, the benzanthrone carboxyllo acid was

reprecipitated and filtered off. Weight recovered,

0.09 gram. Weight of carbonaceous matter, 0.015

gram; when treated with alkaline hydrosulphite, no
, 4

coloured vat was obtained from this fraction.

Prom these two experiments it is seen that

ketone/
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ketone formation does not go forward under the

conditions -described. This is contrary to the

findings of Schaarschmidt in the case of 1-phenyl

naphthalene-2:3-dicarboxylic anhydride (II) which

readily passed into the ketonic acid in the presence

of aluminium chloride, and also contrary to the

reactions of ordinary dlphenyl o-carboxylic acids,

which form the corresponding fluorenone derivatives

when treated as described with zinc chloride.

This difference may be due to the extra

binding up of the phenyl nucleus in the case of the

benzanthrone derivative, as compared with Schaarschmidt's

anhydride and the diphenyl carboxylic acids, in which

condensation is probably aided by the lack of

restraint at the 1:1'-bond.

H 00c

CT"
I. II. Ill,
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Fusion of dimethyl 8-(o-carboxy phenyl)-l-naphthoate

with caustic potash.

In an attempt to prepare the 8-(o-carboxy phenyl)

-1-naphthoic acid from the difficultly hydrolysable

ester, Rule and Barnett (unpublished) noted the

formation of a blue compound on fusion of the ester

with potassium hydroxide. The compound exhibited

the properties of a vat dye, but was also acidic,

being soluble in sodium bicarbonate. The dye was

therefore not fast since washing with soap removed it

from cotton.

The composition is obvious from analogy with the

formation of violanthrone and the substance was

formulated as 8:8•-dicarboxy-violanthrone. The

preparation has now been repeated and the following

analysis figures also support this formula:
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Calculated for 8:8'-diearboxy-violanthrone:

C , 79.4$: H, 2.9$.

Pound C , 79.5$: H, 2.8$.

Dimethyl 8-(o-carboxy phenyl)-l-naphthoate

(0.5 gram) was fused in a nickel crucible with 1.5

grams potassium hydroxide and a few drops of water.

No colour change became visible until the temperature

of the bath reached 255° to 260°, The semi-molten

mass was maintained at 260-270° (outside temperature)

for 1^ hours with frequent stirring. The dark blue

solid after cooling was dissolved out in 250 c.c.

water and the alkaline solution filtered. On

acidification of the filtrate, a precipitate of

the free dicarboxy-violanthrone was obtained. This

was filtered, washed with water and dried.

Weight, 0.25 gram.

The substance formed a magenta vat in alkaline

hydrosulphite which dyed cotton blue. The colour

was removed by treating the material with alkalis.

A further fusion was carried out at a higher

temperature. 0.5 gram of the ester was fused for

2 hours with excess of caustic potahh at 280°

(outside/
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.

< I

|
(outside temperature). On treating with water a

large insoluble residue was left behind which was

filtered, washed and dried. Weight 0.25 gram.

This substance was quite insoluble in hot,

strong alkalis, but on treatment with alkaline

hydrosulphite, a magenta vat formed which dyed

cotton a fast violet-blue shade. It was thus

identified as violanthrone, carbon dioxide being

apparently split off at the higher temperature

employed.

The filtrate on acidification gave 0.12 gram

of substance which proved to be a mixture of di-

carboxy-violanthrone and 8-(o-earbox.y phenyl)-l-

naphthoic acid. The latter compound was removed by

boiling the mixture with methyl alcohol in which it

is soluble, 0.05 gram of pure diearboxy-violanthrone

was thus isolated.

If the outside temperature during the fusions

was maintained below 250° no colour change occurred

even over long periods,

It was found that the yields of the carboxy-

compound were very variable due to the small

temperature/
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temperature range available for its formation

(260-270°). since with small scale fusions in an

open nickel crucible the local temperature variations

must be great.

The inside temperature of formation of violan-

throne from benzanthrone is 230-240° (E.P. 16,538/04)
a figure which corresponds closely to the temperature

used in the above experiments.

Further ring-closure with dicarboxy-violanthrone.

The dicarboxy-violanthrone may be converted into

a fast dye by heating it with concentrated sulphuric

acid when it passes into 8:bz3-8':bz'3-diketo-

violanthrone, the two carboxyl groups forming new

ring systems by loss of water.

A small quantity of 8:8'-dicarboxy-violanthrone

was heated for a few minutes with 1 c.c. of concen¬

trated sulphuric acid. This was poured into water

and a greenish-blue solid separated; the liqtiid

was made alkaline with sodium hydroxide but no blue

coloured solution was obtained, indicating the

total conversion of the carboxy-violanthrone. The

solid/
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solid was filtered off, washed and dried.

The substance was quite insoluble in hot

strong alkalis, but when treated with warm alkaline

hydrosulphite it gave a purple vat which dyed cotton

a pure dark blue shade.

CO

CO

8:bz3-8•:bz'3-diketo-violanthrone

This condensation is in contrast with the corres¬

ponding benzanthrone reaction, where only 25% con¬

version was noted by similar treatment.
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Br C.OOH
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CM COOH

J,
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(Ill) TllE DISPLACEMENT OF HaLOGEN IN ORTIIO- AND

PERI- SUBSTITUTED ACIDS.

In the foregoing work use ha3 been made of a

reaction for replacement of halogen by hydrogen in the

presence of copper bronze catalyst (see

The replacement of halogen atoms in aromatic com¬

pounds by other groups has been known and studied for

a long period and such groups as -OH, -NHe, -N0e,

-SH and -CHo0 can all be introduced into organic

compounds by this means. Dehalogenation by catalytic

reduction using finely divided metals such as

platinum, palladium, nickel, etc, in the presence of

hydrogen goes forward so smoothly in many cases that

the halogen can be quantitatively estimated.

The replacement of halogen by hydrogen through the

agency of sodium amalgam is also well known and has

been used with advantage In the establishment of the

constitution of various benzene derivatives. Hubner

(Ann., 1884, 166. 222) showed that 3:4-amlnobromo-

benzolc acid In aqueous solution was converted into

3-aminobenzoic acid after standing for twelve days

over/
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over sodium amalgam (I). It is of importance to note

that halogen atoms in the ortho-, para- and rneta-

posltions with respect to the carboxyl group are all

capable of undergoing this replacement. Thus Hubner

found that 2-amino-d:4-dibromofcenzoie acid when allow¬

ed to stand in aqueous solution for three weeks over

sodium amalgam yielded 2-aminobenzoic acid (II) and

2-chloro-5-aminobenzaie acid gave the dehalogenated

acid ?»hen treated for ten days with sodium amalgam

(III)

C00H eooH

12. days I

C.OOH COOU

"5vjee.ks
» II

C.OOH COOH

III
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In 1918 Rosenmund and Zetzsche (Ber., 51., 578)

reported the replacement of halogen in ortho- sub¬

stituted benzoic acids by molecular hydrogen in the

presence of certain catalysts. Colloidal platinum

or palladium dispersed on some indifferent material

such as barium sulphate was employed and in other

cases the catalyst was prepared by reduction of a

solution of palladium chloride in gum arabic. ortho-

Bromobenzoic acid dissolved in aqueous sodium hydroxide

was converted quantitatively into benzoic acid when

shaken with the latter catalyst under pressure of

hydrogen.

The use of finely divided copper for removal of

halogen in halogenated trinitrobenzenes was described

in a 1911 patent (J. Meyer, D.R.P., 234,726; Abs,,

1911, (1), 848). When l-chloro-2:4:6-trinitrobenzene

was boiled vigorously with finely divided copper in a

neutral aqueous(?) solvent elimination of halogen took

place and pure 2:4:6 trinitrobenzene was obtained. The

solvents employed included aqueous alcohol, acetone,

benzene and ether and other metals sticli as zinc,

magnesium and aluminium also proved capable of bring¬

ing about the reduction.

Rosenmund/
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Rosenmund and Harms (Ber., 1920, 2226) have

recently investigated the catalytic action of copper

as Naturkupfer C. on simple halogen substituted

aromatic acids. Potassium ortho- ehloro-benzoate

when treated in a sealed tube at 140° to 150° for

some hours with sodium acetate, copper and water

reacted to yield 85$ salicylic acid. Al30 when sodium

ortho-bromobenzoate was boiled -under reflux with a

solution of sodium 2-naphthalene sulphonate in the

presence of Katurkupfer C. a quantitative conversion

into salicylic acid occurred.

Hurtley (J.G.S., 1929, 1870) extended these

observations and found that when boiling aqueous

sodium acetate and Katurkupfer C. were employed,

complete conversion of sodium ortho-bromobenzoate

took place in 30 minutes. Further, the action of

copper powder alone on the free bromobenzoic acid was

investigated: a mixture of the acid with the catalyst

when heated to 160° entered into rapid reaction and

gave cuprous bromide and cuprous benzoate:

2Br.C6H4.C00H + 4Cu 2CeH6.C00Cu + CUgBrg.

Similarly a solution of the acid in boiling water

was converted by copper into benzoic acid, but diphenic

acid/
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acid was also isolated to an extent of 7Ethyl

ortho-bromobenzoate, para-bromobenzoic acid and ortho-

bromonltrobenzene were found to be non-reactive under

similar experimental conditions.

Still more recently Lesslie and Turner (J.C.S.,

1932, 281) in an attempt to prepare unsymmetrieally-

substituted diphenyl derivatives by the aotion of

copper bronze on mixtures of two dissimilar reactive

halogeno compounds found that when a mixture of ethyl

2-chloro-3:5-dinitro-benzoate and 1-iodo-tetrahydro-

naphthalene was heated with copper bronze the product

of reaction was ethyl 3:5-dinitro-benzoate. Further

experiments showed that the removal of halogen from

ethyl 4-chloro-3:5-dinitro-benzoate could also be

effected by copper bronze in the presence of boiling

tetralin. The authors explain these results on the

assumption that iodo-tetrahydronaphthalene and

tetralin act as hydrogen donors. Confirmation of

this mechanism was obtained by the isolation of the

double compound of naphthalene and s-trinitrobenzene

when picryl chloride, tetralin and copper bronze

were heated together.

Rather unexpectedly it was found that ethyl 2-chloro

3:5-dinitro-benzoate was unaffected when heated in

either/
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either decahydronaphthalene (dekalin) or cyclo-

hexanol with copper bronze under conditions similar

to those used in the tetralin reactions.

Reduction of halogen compounds by means of copper

has also been observed in the aliphatic series.

Doughty and Freeman (J.A.C.S. , 1922, 44(i), 636;

1925, 47.(1), 1091) found that when trichloracetic

acid was dissolved in benzene or water with addition

of copper powder dichloracetic acid was obtained after

two hours stirring. Their explanation of the

mechanism of reaction in this case is rather novel;

the reaction between copper and trichloracetic acid

was supposed to involve the formation of an unstable

copper compound of formula (I)

cupric chloride and probably cuprous chloride being

formed at the same time. This organo-metallic

compound was then supposed to react in two ways viz:

C-eooH

CuCI
t\z C-COOH
(I) (II)

CIA CH-COO C ■ C00H
C\x C • C00H

ei^CH-coo CK, C-COOH
CIA C -COOH
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or alternatively the initial condensation was

supposed to give a compound similar to formula (II)

two molecules of which may then eliminate cuprous

chloride to form tetrachloroauccinic acid or cuprlc

chloride to form copper dichloracetate. The authors

found that when ethyl trichloracetate was heated

with copper powder for 6-8 hours diethyl tetraehloro-

succinate was obtained.

In the following experiments a more detailed

study of the elimination of halogen in ortho- and

peri- substituted halogen acids has been made from

which certain conclusions can be drawn.

experimental/



126.

EXPERIMENTAL

These experiments were carried out as a result

of the observation that the bromine atom in 5-nitro-

8-bromo-l-naphthoic acid could be substituted by

hydrogen in the presence of copper powder. The

details of this are given elsewhere (p. 55).

Experiment 1.

0.5 gram of 8-bromo-l-naphthoic acid was placed

in a flask with between 0.5 and 1 gram of copper-

bronze powder and 20 c.c. dekalin. Pure hydrogen

was bubbled in and after two or three minutes the

mixture was slowly warmed up till the dekalin boiled.

It was kept thus for one hour. The solution first

turned green and then the copper assumed a whitish-

brown appearance and lost its sheen. The mixture

was allowed to cool and then warmed with sodium

hydroxide solution: the contents of the flask were

filtered into a separating funnel and the aqueous

alkaline layer removedd This was acidified with

dilute nitric acid when a dark brown solid separated

which was filtered and dried. The filtrate gave a

clirdy, white precipitate with silver nitrate,

indicating/
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indicating the presence of "bromide ions.

The dry solid was recrystallised twice from a

water-alcohol mixture when a light brown solid was

obtained of melting point 154° to 155°. A mixed

melting point with 1-naphtholc acid (melting point

160°) gave 156°. The copper wire test Indicated

no halogen in the acid.

Thus the 8-bromonaphthoic acid has been reduced

to naphthoic acid.

Experiment 2.

0.75 gram of &-chlorobenzoic acid, 1 gram of copper

bronze and 25 c.c. dekalin were treated as in Experi¬

ment 1 for three quarters of an hour. The green

colour and loss of sheen of the copper took place, as

before, almost immediately the dekalin reached its

boiling point. After the reaction was over the

contents of the flask were treated with sodium

hydroxide and the alkaline extract acidified. The

acid solution was cooled and the brownish-white

solid filtered off. It was recrystallised from water

and the drystals obtained strongly resembled those of

benzoic acid.

Melting point - 119°.

Mixed/
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Mixed melting point with benzoic acid 119c-120°.

Copper wire test indicated absence of halogen.

Thus the o-chlorobenzoic acid has been reduced to

benzoic acid.

Similar experiments were carried out with o-

bromobenzoic acid and o-iodobenzoic acid in dekalin

in the presence of gaseous hydrogen. In both cases

benzoic acid (m.p. 119--1200) was isolated, showing

that these halogen acids also undergo a reduction

similar to the case of o-chlorobenzoic acid.

The next experiments were carried out in the

absence of gaseous hydrogen as it was thought likely

that the dekalin which is prepared by catalytic

hydrogenation of naphthalene might in Itself supply

the requisite hydrogen, forming tetralin or naphthalene

(compare the observations of Lesslie and Turner, loc.

cit.).

Experiment 5.

0.5 gram 8-bromo-l-naphthoic acid, 0.5 gram copper

bronze and 14 c.c. dekalin were heated for one hour

at the boiling point of the latter. The solution

first turned greenish and then a brown-white residue

appeared/
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appeared indicating reaction. The flask was allowed

to cool and. then shaken and warmed with dilute

aqueous sodium, hydroxide. The resulting mixture

was filtered into a separating funnel and the lower

aqueous alkaline layer removed; the latter was

acidified with dilute hydrochloric acid depositing a

light yellow solid which was filtered off, washed

with water and dried.

The solid was acid to litmus and contained no

halogen by the copper wire flame test.

Melting point, 150-152°.

Weight of acid, 0.25 gram. Yield (calculated for as

1-naphthoic acid) 73$.
The product separated in fine crystals from

aqueous alcohol (1:2 mixture) after boiling up with

animal charcoal and filtering and melted sharply at

160°. The crystals were colourless plates and a

mixed melting point with pure 1-naph.thoic acid gave

160.5°.

Thus the 8-bromo-acid has been reduced in good

yield to 1-naphthoic acid merely by use of dekalln

and copper bronze.

Experiment 4/
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Experiment 4,

0.4 gram o-chlorobenzoic acid, 0.5 gram copper

bronze powder and 15 c.c. dekalin were treated as in

Experiment 3 for two hours. The copper again lost

its eheen first appearing green and then brownish.

On acidification and boiling the alkaline extract

with animal charcoal a crop of crystals separated

which contained a trace of halogen: melting point,

114°. A further crop separated on standing over¬

night and these showed no sign of halogen: melting

point, 118°. The crystals were colourless

elongated plates and with pure benzoic acid a mixed

melting point of 120° was noted.

o-Chlorobenzoic acid is therefore also reduced to

benzoic acid by this treatment.

Experiment 5.

This experiment was carried out early in the

series with 5-nitro-8-bromo-l-naphthoic acid in the

hope of forming the dinaphthyl acid without proceeding

via the ester. It was assumed that similar to the

cases examined by Lesslie and Turner, the dekalin

acted as hydrogen donor, the gaseous hydrogen

previously/
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previously employed being unnecessary. o-Nitro-

toluene was selected as the solvent as its boiling

point (218°) is convenient for the operation of the

TJllmann reaction In these cases,

2.5 grams of 5-nitro-3-bromo-l-naphfchoie acid

were placed in a flask with 20 c.c. o-nitrotoluene

and 2.5 grarri3 Naturkupfer C, as catalyst. The flask

was fitted with an air condenser and heated in an oil

bath at 220° for one and a half hours. The hot

liquid was extracted with sodium hydroxide and after

shaking the alkaline liquor with ether to remove any

tarry products,acidification with dilute hydrochloric

acid caused the separation of a light buff precipitate.

This was filtered off, washed with cold water and

dried. Weight 1.5 grams.

Beilstein's copper wire test indicated absence of

halogen and a sodium test showed nitrogen and only a

faint trace of halogen. The product melted to a black

fluid at 230-235°. A mixed melting point with the

acid used (m.p. 245°) gave 195-200°. A small portion

on warming with concentrated sulphuric acid gave a dark

tint, but no deep red colour. The mixture was poured

into water, filtered and the solid thus obtained

treated with alkaline hydrosulphite. A red-brown

solution resulted which on standing turned brown.

When/
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When the authentic dinaphthyl-dicarboxyllc acid is

similarly treated a magenta vat is formed and on

standing a blue precipitate results. Thus no di-

naphthyl-dicarboxylic acid can have been formed by

this reaction.

Next, a portion of the solid product was re-

crystallised from aqueous alcohol when colourless

plates were deposited, melting point 234-235°. A

mixed melting point with 5-nitro-l-naphthoic acid gave

235°, the identity being confirmed by the similar

crystalline appearance under the microscope.

On further recrystallisation a final melting point

of 238° was recorded (melting point of 5-nitro-l-

naphthoic acid 239°).

On consideration of this unexpected result, it

was surmised that the hydrogen necessary for this

reaction came from, the o-nitrotoluene; a possible

source of supply which however is not a probable one

is the methyl group, so further experiments were

started using toluene as the solvent.

Experiment 6.

0.4 gram 8-bromo-l-naphthoic acid, 0.5 gram copper

powder and 15 c.c. toluene were heated in a flaslc in

an oil bath at the boiling point of toluene, 110°,

for two hours. The copper first turned dark green

and/
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and then whitish brown. All the acid present was

separated as before by means of aqueous sodium

hydroxide. On acidification a light yellow

precipitate resulted which was filtered off, washed

with water and dried. Weight, 0.2 gram. The

copper wire test gave no Indication of halogen.

The product was boiled with aqueous alcohol and

animal charcoal, filtered and allowed to crystallise,

forming colourless plates of melting point 159°. A

mixed melting point with 1-naphthoic acid gave 160°.

Thus again in this case the reduction has taken

place as speedily as in former experiments.

If the hydrogen actually originated from the -CHa

group of the toluene the latter would, in all

pnj|(bability,be converted into stilbene,although such

a reaction seemed unlikely.

An experiment was therefore carried out on a large

scale for the purpose of testing this point.

CH3

Experiment 7/
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Experiment v.

5 grama of pure o-bromobenzoic acid were boiled

in 30 c.c, redistilled toluene with 3.5 grains copper

powder for 3 hours. The acidic product was extracted

in the U3ual way. Oh acidification of the alkaline

extract a precipitate of benzoic acid (m.p. 116-117°)

was obtained; it contained only a trace of halogen

and weighed 3 grams; on recrystallisation from

boiling water the acid melted at 120° and weighed

2 grams,representing a 66%' yield.

The toluene layer was well dried over calcium

chloride and then carefully distilled? from an oil

bath whose temperature was well controlled. The

toluene distilled over entirely at 110°, leaving no

trace of a higher boiling fraction.

Thus the explanation of hydrogen supply as

suggested above was proved untenable.

Experiment 8.

0.15 gram 8-bromo-l-naphthoic acid, 3.c.c. pure

benzeflte and 0,2 gram copper powder were enclosed in a

sealed tube which was placed in a lead sheath and

heated in an oil bath at 180-200° for 2 hours . A.

whitish deposit was noted on the tube when it was

opened after cooling. The contents were extracted

with/
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with sodium hydroxide, the alkaline liquor acidified

with hydrochloric acid and the precipitate filtered

off. It was recrystallised from aqueous alcohol

after boiling with animal charcoal; the product

formed colourless plates and melted at 158-159°.

The copper wire test showed no halogen and a mixed

melting point with 1-naphthoic acid gave 159°.

Thus the reduction proceeds readily even in benzene.

The only source of hydrogen now left to consider

Is from the acid itself and the following scheme was

proposed.

First the copper reacts with the acid probably

very slowly to form the copper salt of the acid.

Such an assumption accounts well for the marked

green colour of the mixtures when the reaction first

sets in. This reaction will liberate hydrogen

which tinder the catalytic action of the copper may

replace the bromine atom in the copper salt of the

acid. The liberated bromine combines with the

copper to form copper bromide which accounts for the

brownish-white crust which is formed. The sodium

hydroxide used in the extraction will decompose the

copper salt of the reduced acid in favour of the

sodium salt.
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Br COOH Br COOCu

+ H

Cu (halogen remover)

I
CuBr*

The following experiments were then undertaken to

test the validity of this scheme.

Experiment 9.

5 grams of methyl o-bromobenzoate were boiled

in 20 c.c. toluene with 2 grams of copper powder for

3 hours. During this time the copper lost none of

its/
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its sheen ana no white or coloured deposit was noted.

The liquid was then filtered and the toluene removed

by distillation. The unchanged ester was recovered

by distillation under reduced pressure and no benzoic

ester could be isolated.

Thus no displacement of bromine occurs in the

ester where no available hydrogen exists in the

carboxyl group.

Experiment 10.

In the above explanation the copper plays the triple

role of catalyst and agent for the generation of

hydrogen and removal of bromine. In the following

experiment the latter two fimctions of the copper

cannot take place extensively.

0.4 grams of o-bromobenzoie acid were boiled in

12 c.c. toluene with only a trace of copper powder.

The acid dissolved but no other visible change took

place other than a slight white residue being depos¬

ited - probably a trace of copper bromide.

The acid was extracted as in previous experiments

with aqueous sodium hydroxide and on acidification a

^vhite solid resulted which contained halogen and

melted at 143-149°. Thus no conversion had taken

place/
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place other than the possible formation of a very small

amount of benzoic acid.

This experiment demonstrates that the copper is

necessary in quantitative amount and does not

function solely as a catalyst.

As a final proof it was necessary to remove the

carboxyl hydrogen to which the reaction is

attributed and investigate the resxilts obtained with

copper catalyst under these conditions J this was

done by using the copper salt of o-bromobenzoie acid.

Preparation of Cooper o-Bromobenzoate.

5 grams of pure o-bromobenzoic acid were boiled
I

in aqueous solution with excess of copper carbonate

for one hour. The product was filtered and on

evaporation of the filtrate (200 c.c.) to about

25 c.c, dark green crystals were deposited which

were filtered off, washed several times with water

and dried.

Weight of cupric salt, 1.5 grams.

Experiment 11.

0.75 gram copper o-bromobenzoate was boiled for

2 hours in 12 c.c. pure toluene with 0.5 gram copper

powder. A slight formation of copper bromide was

noted/
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noted as a white ring round the flask and was

probably due to the presence of traces of the acid

in the copper salt. The acid was then extracted

with aqueous sodium hydroxide as in the previous

experiments and on acidification a white solid was

thrown down. This was filtered off and dried. The

product melted at 170-190° and on testing with a

copper wire was found to contain halogen.

The substance was recrystallised from water in

which it was not completely soluble, even on boiling,

thus differing from o-bromobenzoic acid,and a product

resulted which on drying gave a melting point of

175-190°,

The undissolved portion from the limited amount

of boiling water used was found to melt at 210-220°

and contained traces of halogen only. The

recrystallised portion was washed twice with boiling

water and dried. Melting point, 210-215°.

A mixed melting point with diphenic acid

darkened at 200° but did not become fluid till 220°.

(Melting point of diphenic acid, 229°).

On testing the aqueous washings with neutral

ferric chloride a violet coloration was apparent,

indicating the rresenee of a small amount of

salicylic acid, probably originating from traces

of/
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of water in the copper salt employed.

Thus the above reaction has resulted in the

formation of; (1) Free unchanged o-bromobenzoic acid

(2) Diphenic acid.

(3) Salicylic acid.

The important point for the present discussion is

that no benzoic acid was isolated.

Experiment 12.

0.75 gram o-bromobenzoic acid was mixed with

10 c.c. water and the correct amount of standard

(HI) sodium hydroxide added to neutralise it with

the formation of the sodium salt. The solution was

then boiled for eight and a half hours with 0.5 gram

copper bronze. At the end of this treatment the

copper bronze did not appear so brilliant as at the

start. The liquid was filtered and the acid

precipitated by hydrochloric acid. The crystalline

substance was filtered off and dried; the filtrate

gave a very deep violet coloration with ferric

chloride, clearly indicating salicylic acid.

The substance was recrystallised from water,

melting point 141-146°. A mixed melting point with

salicylic acid gave 150-152°.

A/
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A portion of the copper residue was dissolved

in concentrated nitric acid, diluted and filtered;

on addition of silver nitrate a copious curdy-

precipitate indicated the presence of liberated

halogen.

Rosenmund and Harms (loc. cit.) carried out a

similar experiment but employed in addition sodium

p-naphthalene sulphonate and Hartley (loc. cit.)
effected the reaction in presence of copper acetate.

It appears from the above experiment that the \ise of

either of these salts is superfluous although the

reaction may be accelerated by their presence.

Thus we may conclude from these experiments

that the explanation put forward, namely that the

reducing hydrogen comes from the earboxyl group is

the true one.

It will be noted that in all the experiments so

far conducted, the compounds employed contain (a) a

carboxyl group and (b) the halogen atom either in an

ortho- or peri- position to the carboxyl group. The

following experiments were carried out with compounds

not included in this specification to investigate

any other activating positions or groups.

Experiment 13/
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Experiment 15.

m-Bromobenzoic acid (1 gram) was boiled with

15 c.c. toluene and 0.8 gram copper catalyst for 3

hours; at the commencement a faint green colour

appeared, but this soon faded and at the end of the

period the copper was apparently unchanged. The

acidic portion was separated in the usual manner

and on recrystallisation from alcohol 0.87 gram of

product melting at 155° was obtained. A mixed

melting point with m-bromobenzoic acid (m.p. 155°)

gave 155-156°.

It is thus concluded that no reduction of m-

bromobenzoic acid takes place under the above

conditions.

Experiment 14,

p-Bromobenzoic acid (1 gram) was treated exactly

as above for 7 hours in boiling toluene; the copper

lost none of its brilliance and no deposit appeared.

On extraction with alkali and subsequent acidifi¬

cation 0.8 gram of solid resulted of melting point

250-251°. The melting point of p-bromobenzoic acid

Is 251°.

Again in this case of the para- halogenated acid,

no reduction took place.
Preparation/
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Preparation of 5-bromo-l-naphtholc acid.

(Kerkhof, Rec. Trav. Chim., 1932, 747).

10 grama 1-naphthoic acid were dissolved In 75

c.c. glacial acetic acid and the solution warmed on

a water bath. Bromine (10 c.c.) was slowly dropped

in and caused the separation of a yellow solid;

after most of the colour of bromine had disappeared

100 c.c. water was added and the mixture heated for

30 minutes on a water bath with occasional shaking.

A further 200 c.c. water was added and the yellow

solid filtered, washed with water, sodium bisulphite

solution and again twice with water; after drying

it weighed 12 grams.

Two recrystalllsations from alcohol gave a pro¬

duct of melting point 260° and weighing 6 grams.

Experiment 15.

5-Bromo-l-naphthoic acid (0.5 gram$, copper .

powder (0.5 gram) and 15 c.c, toluene were boiled

together for 5 hours. The acid which was extracted

by aqueous sodium hydroxide was filtered off and

dried. It weighed 0.5 gram and melted at 258-260°.

a mixed melting point with the original acid

employed showed no depression.

5/
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5-Bromo-l-naphthoic acid is thus unchanged in

the presence of Naturkupfer C. under the above con¬

ditions.

Preparation of l:4-nitrobromonaphthalene.

(Jolin, Bull. Soc. Chim,, 1877, 515).

1-Bromo-naphthalene (20 grams) and concentrated

nitric acid (40 c.e.) were mixed in a wide necked

flask which was cautiously warmed on a steam bath;

the reaction went forward suddenly and vigorously.

The flask was kept immersed in a boiling water bath

for 2 hours and then the contents allowed to cool.

A semi-solid yellow mass resulted which was re-

crystallised five times from alcohol, giving the

pure l:4-nitrobromonaphthalene, melting point 83°.

Yield, 4 grams.

Experiment 16.

0.75 gram 1:4-nltrobromonaphthalene was boiled

in 20 c.c. dekalin with 1 gram Naturkupfer C. for 7

hours with a stream of hydrogen passing through the

mixture. The copper appeared unchanged at the end

of the period and after filtering the boiling

solution, an orange coloured solid separated when

cool. This was washed with petrol ether and dried.

It/
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It melted at 79-81° and when mixed with l:4-nitro-

bromonaphthalene no appreciable depression of the

melting point occurred. On recrystallisation from

alcohol, the product melted at 82-84°. Yield, 0.5

gram.

Preparation of 1:5-nltrobromonaphthalene.

(Guareschi, Ann., 1884, 222. 291-)

Nitro-naphthalene (10 grams) was melted in a

flask Immersed in a water bath and bromine (4.6

grams) slowly dropped in. Hydrobroraic acid was

evolved and when the reaction slowed down, the bath

was heated to boiling point for 1 hour. After

cooling,the crude solid In the flask was boiled up

with alcohol, filtered and allowed to crystallise.

The yellow product was then recrystallised from

alcohol. Melting point, 120-1210.

Experiment 17.

1:5-Nitrobromonaphthalene (0.5 gram) was treated

with hydrogen exactly as in the previous experiment.

Again no change was observed in the copper. Ether

was added to the cooled liquid when the solid

dissolved/
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dissolved and this solution filtered from copper;

on removal of the ether a solid crystallised out

which was separated and dried. It melted at 120°

and proved to be 1:5-nitrobromonaphthalene; 0.35 gram

was recovered.

The last two experiments show that with the nitro-

bromonaphthalenes used no replacement of halogen can

be shown under the conditions employed.

Experiment 18.

5 Grams methyl o-bromobenzoate were boiled in

20 e.c. toluene with 2,5 grams copper bronze. A

stream of pure hydrogen was passed through the

boiling mixture for 5 hours. No visible change took

place in the copper and 4.5 grams of unchanged ester

were recovered by removal of copper and toluene and

subsequent distillation under reduced pressure.

Boiling point of ester, 115-117°/ll mm.

Experiment 19.

Ethyl 8-bromo-l-naphthoate (2 grams) was added

to 8 c.c. tetralin and 2 grams copper bronze. The

mixture was first heated to 160-170° and then the

temperature slowly raised over a period of 3 hours

to the boiling point of the solvent (206-208°). It

was/
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was maintained at this temperature for a further 3

hours.

All tetralin was removed by steam distillation

and the contents of the flask extracted with ether.

The ethereal solution of ester was filtered through

a fine paper to remove any trace of copper and dried.

Three esters were possibly present, namely unchanged

ethyl 8-bromo-l-naphthoate, ethyl 1-naphthoate and

diethyl-SiS'-dinaphthyl-l:1•-dicarboxylate, of which

the separation would be difficult. It was thus

decided to hydrolyse the mixture and conditions

were used which would be likely to convert the most

difficultly hydrolysable compound, that is the di-

naphthyl ester, to the corresponding acid.

The ester mixture was boiled under reflux with a

strong alcoholic solution of potassium hydroxide for

64 hours. On addition of water a small amount

(0.2 gram) of solid separated which was filtered and

proved to be unhydrolysed dinaphthyl dicarboxylic

ester by the colour changes it underwent In

sulphuric acid. Hydrochloric acid was added to the

filtrate and a solid separated which was partially

soluble in hot water. This hot solution was

filtered and allowed to crystallise. The remaining

solid (0.05 gram) was proved to be dinaphthyl di¬

carboxylic acid by testing with sulphuric acid.

The/
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The solid which separated from the filtrate

weighed 0.15 gram and melted at 151-153°. No

halogen was detectable by the copper wire test and

a mixed melting point with 1-naphthoic acid gave

155-157°.

A portion of the copper residues was dissolved
j
in concentrated nitric acid. A white curdy

precipitate appeared on addition of silver nitrate

which indicated the liberation of halogen.

Thus ethyl 8-bromo-l-naphthoate when treated

in hot tetralin with copper bronze yields a mixture

of diethyl 8:81-dinaphthyl-1:l'-dicarboxylate and

ethyl 1-naphthoate.

I
Preparation of sodium a-bromo-l-nnphthoate ■

I
1 gram of 8-bromo-l-naphthoic acid was suspended

in 50 c.c. water and the calculated amount of

standard sodium hydroxide introduced. The liquid

was then evaporated down when the very soluble

sodium salt formed a syrup: this was further dried

in a hot air oven and the dry solid powdered.

Weight, 1,2 grams.

Experiment 20/
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Experiment 20.

Sodium 8-bromo-l-naphthoate (2 grams) was boiled

I with 2 grams copper bronze In 20 c.c, dekalln for 6

hours. A current of hydrogen was passed through

the liquid and water was carefully excluded as its

presence would cause the formation of 8-hydroxy-l-

naphthoic acid. The acid was extracted by cold

sodium carbonate and on acidification a grey-white

precipitate separated which weighed 1.1 gram and

melted at 140-145°. It contained no halogen and the

acid filtrate gave a copious hallde precipitate on

addition of silver nitrate.

The solid was recrystallised from aqueous alcohol

after boiling with animal charcoal and the crystals

melted at 156°, A mixed melting point with 1-

naphthoic acid gave 157-158°.

Thus it is to be concluded that the bromine in

sodium 8-bromo-l-naphthoate can be replaced by

gaseous hydrogen under the specified conditions.
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SUMMAKY

H«f J Compound treatment lime Hesuit

P .53. 8-bromo-5-nitro-1-
naphthoic acid

Cu,
and

boiling dekalin
Hg

1 hour 5-nitro-l-
naphthoic ac

P .67. 8-bromo-4:5-ainltro-
1-naphthoic acid

Cu, boiling toluene 7 hours 4:5-dinitro-
naphthoic ac

P .56. 8-chloro-5-nitro-
l~naphthoic acid

Cu, boiling toluene 3 ti 5-nitro-l*
naphthoic ac '

Expt,
1 8-brorco-l-naphthoic

acid
Cu,
and

boiling dekalin
He

1 hour 1-naphthoic
acid

2 o-chlorobenzoic acid do. do.
jt
H- benzoic acid

o-bromobenzoic acid do. do. do. benzoic acid

■v

o-iodobenzoic acid do. do. do. benzoic acid

20 sodium 8-broir.o-l-
naphthoate

do. do. 6 hours 1-naphthoic
acid

16 4-nitro-l-bromo-
naphthalene

do. do. 7 it no change

17 5-nitro-l-bromo-
naphthalene

do. do. 7 ii no change

18 methyl o-bromo-
benzoate

Cu,
and

boiling toluene
He

5 ti
no change

19 ethyl 8-bromo-l-
naphthoate

Cu,
in

boiling tetral- 6 ii ethyl 1-
naphthoate,
diethyl 8:8'-
dinaphthyl-
1 '-dicarboxy-
late

3 8-bromo-1-iaphthoic
acid

Cu, boiling dekalin 2 tt 1-naphthoic
acid

4 o-chlorobenzoic acid Cu, boiling dekalin 2 ti benzoic acid
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Summary contd.

Expt, Compound Treatment Time Kesult

>

) S 5 8-bromo-5-nitro-l-
naphthoic acid

Cu, boiling o-nitro-
toluene

li hours 5-nitro-l-
naphthoic acii

6 8-bromo-1-naphthoic
acid

Cu, boiling toluene 2 » 1-naphthoic
acid

7 o-bromobenzoic acid do. do. 3 it benzoic acid

9 methyl o-bromo-
benzoate

do. do. 3 it
no change

13 m-bromobenzoic acid do. do. 3 n
no change

14 p-bromobenzoic acid do. do. 7 ti no change

15 5-bromo-l-naphthoic
acid

do. do. 5 it
no change

11 copper o-bromoben-
zoate

do. do. 2 ii o-bromobenzoic
acid
diphenic acid

8 8-bromo-1-naphthoic
acid

Cu, benzene at
180-200°

2 it 1-naphthoic
acid

12 sodium o-bromo-
l> «fc v\ V ^ ■

J

Cu, boiling water 8i " salicylic acid
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DIECUSSION.

I
From a consideration of the foregoing summary

it is clear that the explanation of the reaction which

was advanced during the experimental work meets all
'

cases satisfactorily. The reaction mechanism assumed

by Doughty and Freeman (loc, cit.) involving the

formation of an intermediate unstable organo—metallic

compound is possible, but less probable, especially

in the light of the latter experiments in which it

was found possible to supply hydrogen externally for the

reduction of sodium 8—bromo—1—naphthoate and the

corresponding ethyl ester.

The reactions of the halogenated benzoic acids

are worthy of some note. Under the experimental

conditions employed no difference of speed was

noted in the dehalogenatlon of the o—chloro-bromo

and iodo acids, while in the cases of the m- and p-

bromobenzoic acids no reduction whatever could be

detected under similar conditions, over a considerable

duration/
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duration of time. Thus p-bronobenzoic acid shows

no reduction o\'er a period of 7 hours while the o-

homologue reacts In 45 minutes.

A similar effect was noted with the bromo-

naphtholc acids. The 8—hnlogeno—compound and its

nitro derivatives were easily reduced to the

dehalogenated products, while 5-bromo-l—naphthoic

acid was quite unaffected.

Thus all the results appear to load

uniformly to the conclusion that the spatial

position of the carboxyl group is a predominant

factor In the reaction, since if the effects were

transmitted through the bonds they would be

expected to show at least to some degfcse in the

cases of 5-bromo-l—naphthoic acid and p~bronebenzoic

acid. It appears that the copper in addition to

reacting with the carboxyl group to liberate hydrogen

also exerts a definite catalytic effect, but this

influence can hardly be perceived beyond the range

of the ortho- and perl- positions.

Apart/
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Apart from the theoretical interest attached

to this group of experiments, the reaction supplies

a very useful method for the investigation of the

constitution of o-halogenated benzoin and peri-

halogenated naphthoic acids. The halogeno

acid is converted in good yield to the corresponding

dehalogonated product while other groups present,

such as the nitro- group and halogen in other

positions, are quite unaffected. With other

reduction methods trouble is often experienced due to

the general effects of the reagent: in the above

case the action is absolutely specific.
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Replacement of Nuclear Hydrogen by Reagents in a-

Substituted Naphthalenes,

The general problem of substitution and re¬

placement of groups in the naphthalene nucleus is

one which has not reached any degree of certainty.

Even in the case of benzene the matter is by no means

settled and, as has been previously pointed out, the

subject of naphthalene is much more complex and less

extensively studied; also the question of the actual

formula of the hydrocarbon is still open to argument.

One of the first formulae to be put forward

was that of Erlenmeyer (Ann., 1866, 137, 346) (I).

This formulation was directly derived from Keiule's

benzene formula and for ordinary purposes is still

in general use. When Thlele (Ann. 1899, 306, 136)

introduced his conception of the conjugated double

bond he extended the idea from aliphatic compounds -

wnere the assumption is, on the whole, justified

although/
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although in recent years the Thiele theory has been
submitted to much criticism, since important deviations

from the simple type of substitution studied by the

author have been observed (Parmer, Laurence and

Thorpe, J.C.S., 1928, 729) also compare Schmidt -

Rule, 1932, p. 24) - to tne naphthalene formula

of Erlenmeyer leading to formula II. It is clear

that 'half' partial valencies will be situated on

the a-positions due to incomplete saturation by tne

two central carbon atoms. This explains the less

saturated nature of naphthalene as compared with

that of benzene, and also the fact of exclusive pro¬

duction of a-mono substituted derivatives on

nitration and halogenation of the hydrocarbon.

In the case of benzene, substitution has

received exhaustive treatment from many investigators

and in recent years numerous electronic and polar

formulae have been evolved to explain the observed

effects; some of these have been tentatively

extended to naphthalene though in no case can any

great degree of finality be obtained, owing to the

ever changing views on the configuration of nuc&eii

and their attendant electrons. Until this matter

is settled no clear electronic view of organic

molecules/
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molecules can be expected.

More definite suggestions regarding benzene

substitution have been advanced by Holleman and his

co-workers whose results are summarised in Chemical

Reviews, 1924, p. 187. Kekule''s benzene formula III

is accepted and the conjugated system 1, 2, 3, 4

regarded as the key to substitution. The directing

group or atom is in position 1, which is the end of

the conjugated system and it is assumed that this

substituent x has either a retarding or an accelerating

influence upon the addition of reagents to this

system.
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Whan the influence is that of acceleration

substitution will take place at 2 and 4, that is,

o-p- substitution; where retardation occurs

addition goes forward at the single double bond 5-6

which is regarded as being outside the conjugated

system and therefore less influenced by x to give

the m-derivaiive. At the outset no attempt is made

to explain why the directive groups exert this

influence, but only after having assumed this

postulate is the discussion begun.

A great deal of quantitative experimental work

was carried out on substitution in o-m- and p-

positions in di- and tri- derivatives of benzene and

the facts fit in remarkably well with the calculated

expectations.

It would seem that the same ideas could be

extended to naphthalene, though in this case only

qualitative information exists and even this at

present is scanty. Assuming Erlenmeyer's formula

as modified by Thiele we have in each ring a con¬

jugated system.

As already pointed out this admits of a ready

explanation/
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explanation of exclusive a-mono~substitution - a

question which does not arise in the case of benzene.

Now, with a substituent x in position 1, it is

obvious that, as in the case of benzene, an

accelerative influence shown by this group upon the

conjugated system, will lead to o-, p- substitution

with a large preponderance of the p- isomer, owing

to the additional free partial valency upon carbon

atom 4. This is borne out in fact by consideration

of the reactions of c-substitution products, the

directive groups of which are accelerators, e.g.

-CHj , -CI, -Br, -I, -NHg and -OH.

In the case of a retarding substituent x, e.g.

-N02, -SO3H, -COOH, -CN, the conjugated system 1, 2,

3,4 is deactivated, and also with the m- acting double

bond of Holleman, the replaceable hydrogen atoms are

removed by the adjacent ring. Thus substitution is

obviously to be expected at 5-, and-8- due again to

the partical valencies, with a preponderance of the 5-

isomer caused by the steric hindrance of substituent

x. Again this is borne out in practice.

Illustrations of these considerations are

numerous. When 1-methylnaphthalene is treated with

99.8$ nitric acid, l:4-methylnitronaphthalene

results/
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results (Lesser, Ann,, 1913, 402, 14). The

bromination of the anilide of l-aminonaphthalene

yields the anilide of l:4-aminobromonaphthalene

(Rothar, Ber., 1871, 4, 850), Again chlorination

of 1-bromo-naphthalene gives l:4-bromochloro-

naphthalene (Guarescni, Acc. Science di Torino, 21

1885), These are Instances of the o-, p- type and

are exclusive to the 4-position, at least qualitatively,

as appears to be general judging from the many other

cases recorded in the literature.

Among compounds containing groups of the

retarding type 1-cyanonaphthalene gives l:5-cyano-

bromonaphthalene on bromination (Hausamann, Ber.,

1876, 9, 1516); both 1-naphthoic and 1-naphthalene

sulphonic acids yield the 5-bromo-derivatives by

direct bromination (Ekstrand, J. J?r, Ch., 1888(2),

38, 155; Darmst&dter and Wichelhaus, Ann,, 1869,

152, 303), Other cases, however, lead to the

production of mixtures of the 5- and 8- isomers as

in the case of the nitration of 1-naphthoic acid

(Ekstrand, loc. cit.) , when a preponderance of the

5- isomer results, and the nitration and chlorination

of 1-nitronaphthalene (Friedlander, Ber,, 1899, 52,

3531; Armstrong and Williamson, Broc. Cham. Soc,,

1866, 233).

To/
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To turn now to the much more difficult and

complex question of the entry of a third group the

discussion must be at present confined to di-a-

substituted derivatives, though even in this

restricted field lack of data renders generalisation

dangerous. It would appear, however, that the

activities of the remaining a- positions should still

bepredominar.t and so further a- substitution is to

be looked for, modified by the nature of the groups

present. A simple case is the nitration of 1:4-

nitrochloronaphthalene where a mixture of 1:4:5-

and 1:4:8- dinitrochloronaphthalenes result

(Atterberg, Ber., 1876, 9, 927); again by

nitration in the cold l:4-dibromonaphthalene yields

1:4:5-dibromonitronaphthalene (Bull., 1877, 28, 515)

At this stage extension to the further

reactions of tri- substituted derivatives is not

possible, but an interesting reaction is that of

1:5-dinitronaphthalene with bromine at 200° which

yields l:4:5:8-tetrabromonaphthalene (Dhar, J.C.S.,

1920, 117, 997).
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HNO Br.

200°

Br C>r

Br Br

These observations fall into line with the

experimental results described in this thesis,

nitration of 8-bromo-l-naphthoic acid and 8-chloro-

1-naphthoic acid was shown to give firstly the 5-

nitro acids. This is nitration in an a-position

whose conjugated system (I) is activated by a

halogen atom; the carboxyl present retards

substitution in the system (II) of which it is a

member*

On further nitration of the bromo- acid a

second nltro- group has now been proved to enter at

position 4 (R.R.H. Brown, see p.96 ). This is to

be expected from the above considerations. The 5-

nitro group will exert a retarding effect in system

I and the second nitro group will thus tend to the

4- position. The carboxyl undoubtedly retards

entrance here but the remaining partial valency

apparently largely overcomes this disadvantage.

In/
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In the actual nitration of the 8-bromo acid

yields of 80$ mononitro acid were obtained; on

dbnitration this falls to 57$. In the latter case

the fall may be due to the formation of other

isomers, caused by the presence of the carboxyl

group which, as Kolleman has shown, is a more

powerful retardant than the nitro- group. Another

isomer which might have been expected is the 5:7-

dinitro acid, produced by the accelerative influence

of the bromine upon the conjugated system I,

restrained somewhat by the presence of the 5-nitro

group. This, however, is only conjectural and no

trace of the compound was actually isolated.

Br COOH
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Prom these observations it may be concluded

that Holleman's ideas extend to a-naphthalene

derivatives with some degree of success although,

admittedly, exceptions to the general tendencies

are to be found in the literature. A more serious

drawback presents itself when g-naphthalene

derivatives are considered for in many cases other

(^-positions undergo substitution in preference to

yet unoccupied a- positions. However no useful
discussion of these effects can be entered into at

present, apart from the recognition of their existence.
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