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THE U3E OP PERI-SUBSTITUTED NAPHTHOIC ACIDS

IN ORGANIC SYNTHESIS.

Introduction.

The chemistry of naphthalene is of greater com¬

plexity than that of benzene, owing to the greater

number of isomeric derivatives which may exist.

There are only one mono- and three di-substituted

benzenes possible, whereas in naphthalene two xaono-

and ten di-substituted derivatives can be obtained.

Among the disubatituted naphthalenes - with which

this thesis is mainly concerned - probably the most

interesting are those of the peri- or 1:8 type,

chiefly because in their cases, the mutual interaction

of the two substituent groups may lead to the devel¬

opment of characteristic features which are not found

in the other isomeric forms. As has recently been

recognised, the groups so placed are closer together

than in the ortho- (1:2) positions.
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This is borne out by the ready formation of

internal anhydrides, when possible, of 8-substituted

1-naphthoic acids, and also by the effect of substit-

uent groups on optical activity as noted by Rule, who

found that a group in the perl- position of a 1-sub¬

stituted naphthalene had a greater effect on the rot¬

ation than the same group in the corresponding ortho-

substituted benzene. The following values for the

molecular rotation of -menthyl esters are quoted in

a paper by Rule (Trans. Parad* Soc., 1930, 26. 332)

summarising results of his own and Cohen's work.

Benzoic acid (homogeneous; Ha yellow line)

o-Nitrobenzoic
acid ( " )

1-Naphthoic
acid (in benzene; Ilg green line)

8-Nitro-l-
naphtholc acid( " " * " * )

Cf. also Rule, Spence and Bretscher, J.C.3.

These latter workers experienced very great

difficulty in esterifying 8-nitro-l-naphthoic acid,

apparently owing to the steric hindrance of the groups

, 1929, 2516.



present. Moreover, treatment of the acid in "benzene

solution with thionyl chloride, and subsequent hydro¬

lysis, led to the formation of 8-chloro-l-naphthoic

acid, the nitro group in the peri-position being

replaced by chlorine. This both showed the reactiv¬

ity of the peri-position, and also indicated an easier

mode of approach to an 8-halogenated 1-naphthoic acid

than was offered by the old method.

As far back as 1891, Schopf and his eo~?/orkers

(Ber., 1891, 3784) had shown that under certain

activating conditions, a halogen atom attached to a

benzene nucleus can be replaced fairly readily by

other groups. The conditions as outlined by dchopf

were the presence of at least two meta- directing

groups in the ring, preferably o- and p- to the halogen

atoms. An exception was the nitro group, in which

case only one was required. Ullman and Bruck (Ber.,

1908, 41, 3932) and Hindi (J.C.8., 1913, 105. 1911)

have shown the presence of similarly displaceable

halogen in the case of polynitrochloronaphthalenes.

More recently, Rosenmund and Harms (Ber., 1920, .5,5,

2226) indicated that in the presence of a catalyst,

one carboxyl group in the ortho position was enough to

render the halogen reactive. They obtained an 85$
yield of salicylic acid from o-chlorobenzoio acid by

heating with aqueous sodium acetate and copper bronze

for 10 hour3 at 140-150°. Ihrther, o-bromobenzoie acid



underwent a similar reaction in the presence of sodium

-naphthalene sulphonate. A few years ago, Hurtley

(J.C.3., 1929, 1870) repeated the latter trans¬

formation in the presence of copper bronze and copper

acetate, using the mild conditions of heating to 100°

for only 30 minutes, and he also found that in the

presence of either of these catalysts, sodium

o-bromobenzoate could readily be condensed with keto-

enolic compounds of the type of xaalonic ester, aceto-

acetic ester, etc., in the form of their sodium deriv¬

atives. Such condensations, however, were not ob¬

served to occur under similar conditions, U3ing ethyl

o-bromobenzoate, o-nitrobromobenzene, or p-bromo-

benzoic acid. This, of course, indicates the necessity

of having a free carboxyl group (in the form of its

sodium salt) in the position ortho to the halogen.

Three years later, Rule and Barnett published a

paper (J.C.3., 1932, 2728) in which they recorded the

replacement of halogen in o-iodobenzoic acid by

alkoxyl groups in the presence of copper bronze by

treatment with the sodium derivatives of various

hydroxy compounds, such as aliphatic and terpene

alcohols and phenols. The yields were good and the

duration of the experiments was only 1-3 hours. The

fact that these reactions do not proceed when o-broiao-

benzoic acid is used, indicates the greater reactivity

of the iodine atom; this is emphasised by the con¬

version into alkoxy benzoic esters, under similar
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conditions, of methyl o-iodobenzoate, where the free

carboxyl group is no longer present.

These workers also studied the reactivity of i>eri-

substituted naphthoic acids towards hydroxy compounds

in the presence of copper bronze as catalyst. The

8-chloro-l-naphthoic acid proved to be chemically

inactive, the 8-iodo-acid could not be prepared, while

the 8-bromo-acid was found to be approximately as

reactive as o-iodobenzoic acid. Although it did not

re$ct with the sodium derivatives of keto-enolic

compounds such as malonic ester, in general, the

bromine atom in the position peri to the carboxyl

group in the naphthalene nucleus appeared to be more

easily replaced by alkoxyl groups than one ortho to

the carboxyl in the benzene ring. This reaction which

proceeded readily only with the iodo-acid in the ben¬

zene series, went forward equally readily with the

bromo-acid in the naphthalene series.

Rule and Barnett were only enabled to carry out

this work by the use of improved methods of preparing

8-halogenated-l-naphthoic acids. Ekstrand (J. pr.

Chem#r 1888, 38. 150) obtained the 8-chloro-aeid from

a-naphthoic acid. This itself, however, had to be

produced from naphthalene-l-sulphonic acid, by a dry

distillation with potassium ferrocyanide (Witt, Ber.,

1873, j5, 448) with subsequent hydrolysis of the nita»ile.

titration of a-naphthoic aoid yielded a mixture of the

5- and 8- isomers which could be fractionally crys-
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t&llised from alcohol to yield pure 3-nitro- acid.

Reduction of this compound by ferrous sulphate gave

the 8-amino add, in the form of its anhydride

naphthaatyril, in poor yield. Diazotiaation followed

by a iandmeyer reaction produced the 3-ohloro- acid,

but the many stages and consistently poor yields

rendered this method of little value in preparing the

acid in any quantity.

The discovery by Rule, dpenoe and Bretacher (J.C.3.,

1929, 2521} that 8-nitro-l-naphthoic acid could be

converted into the corresponding 3-chloro- acid by

treatment with thionyl chloride, opened up a much

simpler method of approach to this halogen acid. Un¬

fortunately, it was later found (Rule and Barnett,

J.C .3., 1929, 175) that along with the formation of

the S-chloro acid, a second reaction took place;

owing to the reducing and chlorinating properties of

thionyl chloride, some of the nitro- acid was trans¬

formed into diohloronaphthastyril (probably the 5i7-

oompound).
N0X COOH

soci*

CI

However, under suitable conditions the yield of

8-chloro- acid was raised to 38y* while by the action

of thionyl bromide, the previously unknown 8-bromo-l-

naphthoic acid was obtained, though only in 9\u yield.
The main difficulty in the way of this procedure aa a
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preparative method was still the preparation of the

8-nitro-naphthoic acid.

Fortunately a new method of preparing 3-chloro¬

und 8-bromo-l-naphthoic aoids was indicated by Whitmore

and his co-workers in the course of their work on the

mercuration of a-naphthoic and naphthalic acids (J.Amt

C.8., 1929, jy., 1331 and 3363). The subject of xner-

curation is dealt with in somewhat greater detail else¬

where in this thesis; suffice it to say that when

naphthalic acid is boiled with aqueous mercuric acetate,

an organo-metallic compound (I) is produced from which

the corresponding halogen acids (II) can be obtained

in one stage.
/Os

HOOC COOH Hg CO COOH

to - 66 - to
T

As naphthalic may be purchased commercially in a

fairly pure state, this renders the halogen acids

comparatively accessible as is indicated below:-

(a) 8-Chloro-l-naphthoic acid.

Whitraore found that treatment of the mercury

compound with a solution of chlorine in glacial acetic

acid yielded the 8-chloro- acid of Skstrand. Rule

and Barnett (J.C.S., 1932, 176) were able to obtain a

26$ yield of pure acid, but further modifications, such

as change of solvent, increased rate of addition,

failed to improve the yield.

(b) 8-Bromo-l-naphthoic acid.
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Whitmore (loc. cit. p. 3366) stated "3-3romo-l-

naphthoic aoid, m.p. 176-179°, was made by a similar

process." Although this was a new compound no

analysis figures were given, nor was the percentage

yield stated. Rule and Barnett, using a solution of

bromine in sodium bromide, obtained a yield of 20$ of
the 8-bromo- acid. Use of a purer sample of naphthalic

acid lias since enabled the yield of acid, m.p. 177-173?
I ,

to be increased to 57$* Hule, Pursell and Brown

(J.G.S., 1934, 168) starting from pure naphthalic

anhydride obtained a 68$ yield, while Gorbellini

(Cent. 1933, II, £818) quoted 85$ as his yield of

bromo-qoid, m.p. 175-6c.

(c) 8-Iodo-l-naphthoic acid,

Several attempts have been made to prepare this

acid. Whitmore's treatment of the mercury compound

with a solution of iodine in chloroform only gave tarry

products. Rule and Barnett (J.C.S., 1932, 176) re¬

ported their inability to prepare the iodo-aci& by a

Sandmeyer reaction on naphthaatyri1 (8-amino-l-naphthoic

anhydride). Later (loc. cit., p. 2729), they drew

attention to a reaction in which o-bromobenzoic acid

wa3 converted into o-iodobenzoic acid in 75$ yield

when boiled with sodium iodide in propyl alcohol.

Unfortunately, this reaction does not proceed in the

case of the corresponding naphthoic acids. However,

Goldstein and Prancey (Helv., 1932, 15. 1364) were

able to prepare iodonaphthoic acid by a modified
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Sandmeyer reaction. A solution of naphthaatyril in

sodium hydroxide was added to a solution of sodium

nitrite in concentrated sulphuric acid. This diazo

solution was then added to a solution of potassium

iodide in fairly concentrated sulphuric acid, when the

iodo-acid slowly separated. Both reactions were done

with good cooling, and "by this method they obtained a

40$, yield of impure acid.

Haph.thastyril, however, is not a purchaseable

substance and as it can only be prepared by the nit¬

ration and reduction of a-naphtholc acid as outlined

above, the 3-iodo-aeid is not very accessible. ^uite

recently, P.uls and Brown {J.C.J., 1934, 13?) formed

naphthastyril in 32> yield by heating 8-broioo-l-

naphthaic acid with ammonia under pressure for 1 hour

at 130°. From thi3 source the iodo-acid is now

readily obtainable.

The present thesis deals with the replacement of

halogen in peri-substituted naphthoic aoids, mainly

by nitrogen and sulphur compounds *



EXPERIMEHTAL.

I. Synthesis of XTitrogen Derivatives from

3-Bromo-l-naphthoic acid.

(a) Mercuration of naphthalic aoid.

(b) Bromination of the mercuration product.

(a) Mercuration of Maphthalio acid.

Leuck, Perkin and Whitmore, J.Am.C.S., 1S29, ^1., 1831.

50*5 gm. naphthalie acid.

21 gin. sodium hydroxide.

55 gm. yellow mercuric oxide.

The naphthalic aoid and sodium hydroxide were

dissolved in 1200 c.c. of water by heating, and the

solution was filtered into a 2 li. Pyrex flask. To

this was added the mercuric oxide dissolved in 40 c.c.

glacial acetic acid and 150 c.c. water, when a light

brown suspension was formed. The mixture, rendered

definitely acid, was then refluxed for 96 hours till

the evolution of carbon dioxide had ceased. A test

portion 3hould then dissolve completely in aqueous
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sodium hydroxide, nor should any mercury he deposited

on a copper wire inserted into the mixture. The flash

was allowed to cool and the precipitate filtered off,

washed successively with water, alcohol and ether, and

dried in an air oven at 110-120°. Yield is 83 gm.,

97$ of the theoretical.

(b) Bromination of 8 •Kydroxymercuri-l-naphthoie

anhydride.

Whitmore and Pox, J.Am.C.S., 1929, £1, 3363.

Modified by Davies, Heilbron and Irving, J.C.S., 1932,

2715. dee also Rule, Pursell and Brown, J.C.3«, 1934,

168.

80 gm. mercury compound.

34 gm. bromine.

The mercury compound was suspended in 300 c.c.

glacial acetic acid and 50 c.c. water, and, while

strongly stirred, a solution of the bromine in 150

200 c.c. concentrated aqueous sodium bromide was run

in over two to three hours. The mixture was then

slowly raised to about 90cC., when most of the mater¬

ial dissolved. After standing at this temperature

for 5-10 minutes, the whole was poured into 2-f litres

of cold water and left overnight. The crystalline
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mass that separated was filtered, washed with cold water,

and then extracted with 8-10 litres of boiling water,

from which 8-bromo-l-naphthoic acid (m.pt. 169-172°)

crystallised out on cooling. This was recrystalliaed

from the minimum quantity of boiling benzene, the acid

equivalent to 57$, calculated on the n&phthalie acid
used. The solubility of 8-bromo-l-naphthoic acid

in water at 20°C was found by Dr. Pursell in this

department to be 0*616 gm. per litre; it was there¬

fore not considered practicable to evajjorate down the

aqueous mother liquors.

A modification of this procedure has been intro¬

duced in this laboratory and successfully used when

the bromo- acid was not required in a very high state

of purity (e.g., m.pt. 173-5°). The yields were

about the same by both methods, but the modification

had the benefit of a decrease in the time taken.

Instead of pouring the hot brominated solution into

cold water and allowing to stand overnight the sol¬

ution was poured into 3 li. hot water, boiled for a

few minutes and filtered hot; the residue was

extracted with 2-3 li. hot water. One recrystallis-

ation from benzene gave a sample of acid melting at

173-5°C, the main impurity being 5:8-dibromo-l-

so obtained melting at 177-8°. Yield was 33 gm.,

naphthoic acid which could

stage in a synthesis.
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Preparation of 4:5 -D ini tro -8-brorao -1 -naphthe.Ic acid.

ef. Rule, Pursell and Brown, 193**, 168.

I. 10 gja. 8-bromo-l-naphthoic acid.

15 c.c. conc. nitric acid.

The mixture was heated on a water "bath at 65"

for three to four hours, and then poured into water.

After standing overnight, the 5-nitro-8-bromo-

naphthoie acid was filtered off and dried. (Melting

point of the purified material, 245°).

II. 4 c.c. fuming nitric acid

4 c.c. concentrated nitric acid

3 c.c. concentrated sulphuric acid.

The mononitrobromo-aeid prepared above was

treated with enough of the nitrating mixture (8-9 cc.)
to give a wet paste. This was then slowly raised,

with frequent shaking, to 100°, where it was main¬

tained for 3 hours. After pouring into water, it

was left overnight, filtered and dried. Borne

impurities were removed by boiling out with benzene

(15 c.c. to 5 gm.), while the insoluble acid was

crystallised from hot concentrated nitric acid. Bo
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obtained, the acid consisted of small prisms melting

at 250-2° with decomposition; though usually yellow,

the colour sometimes varied inexplicably to a grey¬

ish tint. (Of. Rule, Pursell and Brown, loc. cit.)

Preparation of 4:5-Dinitronaphthastyril.

2 gm. Dinitrobromo-acid (above).

100 c.c. cone. ammonia.

(0*04 gm. copper bronze.0*04 gm. potassium chlorate.

0-50 gm. ammonium nitrate.

For ternary catalyst, see Rule and 3rown,

J.O.S., 1934, 137.

The solution, with the copper in suspension, wa3

heated in a glass-lined autoclave for 1 hour at 140-

150°. after cooling, the solid material, dark and

crystalline, was filtered off and recrystallised from

glacial acetic acid. dome tarry matter was left

undissolved, apparently due to decomposition during

the course of the reaction. The product consisted

of very small brownish needles, softening at 303°

and melting sharply at 307-8°. Yield 0*6 gm. or

39$ of the theory.
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Found, "by micro- Dumas; H, 16*1^.
Calculated for CnH5Q5N3 ; N, 16*3%.

Br COOH /VH CO

N02 /VOt *°i

Dilution of the acetic acid mother liquors threw

out a substance which, on crystallising from a little

glacial acetic acid, yielded red needles of melting

point 303-5° with decomposition. It did not contain

a free amino group, nor was it merely an impure

specimen of the above compound, since a mixture of

the two melted at 295-7°. Only 0*07 gra. was

obtained.

.Reaction between l.ethvlamine and 0-Brorio-1-naoh,thoic

acid.

The reaction between ammonia and broino-naphthoic

acid to yield naphthastyril having been so successful

(Rule and Brown, J.C.S., 1934, 137; see also page 45

of this thesis), it was considered likely that

methylamine would readily undergo a similar reaction.

(1)
4 gm. 8-bromo-l-napfathoic acid

0*2 gm. copper bronze.

125 c.c. methylamine solution (33')iw/v)
25 c.c. water.
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The mixture was heated in a glass-lined auto¬

clave for an hour at 120°. After cooling, the

copper was removed by filtration, and the liquid boil*

ed to remove the excess amine, when a little oil was

produced. On cooling and adding hydrochloric acid,

a light brown-red powder was formed (1-2 gm.}. This

was readily soluble in alkali to a green solution

which slowly turned yellow-brown on standing (4 hours).
A sodium fusion showed the absence of nitrogen.

The melting point was 239-242c with softening

at about 215°. After boiling out with alcohol, the

residue charred but did not melt under 360°.

With concentrated sulphuric acid, the powder

gave a brown-red solution which turned rapidly green

on warming - a colour change that showed the presence

of 8:8-dicarboxydinaphthyl. Under the given con¬

ditions, it appears that halogen is displaced from

the bromo-naphthoic acid, two molecules condensing

to yield the corresponding dinaphthyl derivative.

(2) Rule and Brown obtained a fairly good yield

(52-67 $) of naphthastyril when bromonaphthoic acid

was refluxed with ammonia under atmospheric pressure,

and an experiment was conducted under these mild

conditions using methylamine.

A solution of 4 gm. bromo- acid In aqueous

methylamine with 0*4 gm. copper bronze was refluxed for

20 hours. A total volume of 130 c.c. 33$ methyl-
amine solution was added in portions during this
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period. After removal of the oopper by filtration,

the solution was warmed to expell excess methylaiaine

and then acidified with dilute acetic acid. The

same brown powder as before was precipitated giving a

negative test for nitrogen and a positive one for

halogen. (In the previous case, this latter test

was not made.) With concentrated sulphuric acid, the

colour changes that occurred again showed the ultimate

formation of anthanthrone from the dinaphthyl dicar-

boxylic acid. This, again, is quite different from

the reaction with ammonia, where no such behaviour

was noticed.

(3) The best results in the preparation of

naphthastyril were obtained when the catalyst con¬

sisted not of copper alone, but ox copper, ammonium

nitrate and potassium chlorate (cf. Groggins and

Gtirton, Ind. Eng. Ghem., 1933, jg5, 169). Thi3

ternary catalyst was therefore used in the following

experiment in the hope that it might have a similar

effect on this reaction.

4 gm. bromo-naphthoic acid

125 c.c. methylamine solution

0•1 gm. copper

0*1 gm. potassium chlorate

1*2 gm. ammonium nitrate.

The mixture was heated in a glass-lined autoclave

for one hour at 130-140°. After cooling and filter-
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ing, the liquid was heqted to drive off excess methylainine.

It was very dark and it appeared that there had "been
4

some decomposition during the reaction under pressure.

Acidification of the liquor with ascetic acid resulted

in the separation of some oily material which was

removed. The aqueous portion was then concentrated

to rather less than half its volume. To this, when

cold, was added concentrated sulphuric acid and the

whole allowed to heat up for about 1 minute. It

was then poured into water, when a small amount of a

yellow solid separated, m. pt. 176-180°. This was

not very soluble in benzene, ligroin, chloroform or

water; it was, however, soluble in hot alcohol and

in cold acetone and glacial acetic acid. Twice

crystallised from dilute acetic acid, it formed small

yellow needles (0*01 gm.) containing nitrogen. They

melted not very sharply at 207-9°.

The indications are in favour of this compound

being the N-methyl naphthastyril sought for, but in

an impure state. It had been hoped to obtain more

of it in order to identify it, but the disappointingly

poor yield coupled with a breakdown of the autoclave,

prevented this. The autoclave was, unfortunately,

not repaired in time for another experiment using

these conditions to be performed.

The contrast is most noticeable between the ease

of preparation, in good yield, of naphthastyril and the

almost negligible amount of the supposedly methyl

derivative. The pronounced tendency for dinaphthyl
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formation to occur in the presence of methylamine, is

also surprising as no such tendency has been observed

with the use of ammonia.

Preparation of 3-Bromo-l-naphthanilide.

Iibcce33 thionylohloride was mixed with 2 gm.

8-bromo-l-naphthoic acid and heated on the water bath

for -v - hour, using a flask with a ground-in con-

denaer. The excess of reagent was removed at the

pump and freshly distilled aniline added. The

mixture was then heated on an oil bath for varying

periods (see below), cooled and poured into dilute

hydrochloric acid. The solid was separated, washed

with water, warmed with a little dilute sodium

hydroxide to remove any unchanged bromo-acid, dried

and crystallised from benzene.

I. The mixture of acid chloride and aniline was

heated at 140° for 2 hours. On working up as indic¬

ated, 2*5 gm. anilide were obtained.

II. Heating the mixture at 100° for 4 hours

yielded 2 gm. anilide, no unchanged acid being

recovered.

The samples from I and II were mixed, crystallised

a second time from benzene, and the melting point

determined as 123-6°. On solidifying and remelting,

the value rose to 144-6°. A third recrystallisation

j- this time from ligroin - raised the melting point
to 146-7°, which was unchanged by further treatment.
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■

Analysis.

Found, "by ter Meulen's method ST, 4*40%
( see below);

Calculated for Cl7Hl30NBr; II, 4*38fe

III. The mixture of acid chloride and aniline

was heated at 100° for 8 hours, giving a product melting

at 124-6° after one crystallisation (.1*8 gm.) , and at

125-6° after a second crystallisation from benzene.

IV. When the mixture was heated for four hours at

140° in the presence of copper bronze, a violet mass

was obtained, from which the anilide could be extract¬

ed with boiling ligroin. In this case, the melting

point was 144-6°, rising, on further crystallisation,

to 146-7°. The violet residue did not contain hal¬

ogen; it was soluble in hot benzene and chloroform,

but was not identified.
'

Nitrogen Estimation.

The method used was that of ter Meulen, (Eec.

Trav. Chim., 1924, 43. 643; of. Thorpe and Y/hiteley,

Organic Chemical Analysis (2nd issue), p. 262). The

principle of the method is that the nitrogen is

reduced to ammonia when passed in a current of

hydrogen over a heated nicicel catalyst. The ammonia

can then be estimated by absorption in acid.
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A

T~—— — "TP
3

- Hydrogen.

The apparatus is as shown. A is an asbestos-

board oven maintained, at 250° by two bunsen burners.

BG is a tube of combustion glass (or quartz) drawn

out to a capillary, which dips into a bearer con¬

taining a little distilled water. This tube con¬

tains the catalyst, B, which consists of nickel and

asbestos, produced by reducing a mixture of one part

by weight of asbestos and four parts of nickel

formate in a current of hydrogen at 250°C. E is a

porcelain boat containing about 50 mgm. of the sub¬

stance, covered with finely divided nickel.

The hydrogen is purified by passing through a

suspension of silver sulphate followed by solutions

of acid permanganate, and sodium hydroxide.

J?or an analysis, the oven is heated to 250c, the

liquid in the beaker made just acid to methyl orange

(N/20 hydrochloric acid is satisfactory), and the

tube slowly heated from the end B. The operation

should take 1-lf hours, the ammonia being evolved

gradually and the beaker kept just acid. At the

conclusion, any excess acid is titrated with N/20

sodium hydroxide or carbonate. Griffing and Alsberg
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(J.Ata.C.S., 1931, 5^, 103?) add a known volume of

acid at the "beginning and then titrate the excess.

They suggest the use of alizarin aulphonate instead

of methyl orange as indicator.

When sulphur or halogen is present, a few centi¬

metres of the catalyst at G are replaced by soda lime;

under these conditions, no trace of these materials

can be found in the escaping gases. The catalyst

cannot be used for a further estimation, whereas in

the normal procedure, the catalyst will last for

about five experiments. Thereafter, it can be

regenerated for further use by being strongly heated

in a current of air (to remove deposited carbon) and then
■

reduced.

In oases where low results are consistently

obtained, tor lleulen has recently suggested (Sec,

Trav. Ohim., 1934, £3, 121) that a mixture of nickel

with 10 $> thorium oxide should be used instead of the
i
pure nickel catalyst. Ho estimations reported here

have been made using this modification.

Further Examination of 8-Bromo-l-naphthanilide.

The exhibition of two sharp melting points

(125-6° and 146-7°) suggested that there were two
|

forms present. These could be either two crystal-

line modifications of the same substance, or one

form could contain solvent ox crystallisation, the

other being the pure anilide.

Form A, of melting point 125-6°, consisted of
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long, very fine colourless needles.whereas form B (m.

pt. 146-7°) crystallised in short thick prisms, of

apparently rectangular croaa-seotion. From benzene,

the anilide appeared in form A, while from ligroin or

alcohol it assumed form B. On crystallising from

benzene, the latter can be converted into form A, and

it has already been mentioned that the reverse process

can take place.
*

A mixture of the two forms fell together at 125c
- I

and melted quite sharply at 145-6°.

In order to determine if there was any benzene of

crystallisation present in the low-melting material,

the following two experiments were carried through.

(1) A sample, freshly crystallised from benzene,

was thoroughly dried with warm air and its melting

point checked. A weighed amount was placed in a

desiccator containing sulphuric acid, which was then

evacuated at the water pump. At the end of a week,

the sample was weighed again, when no loss of weight

could be detected. This indicated that there was no

benzene present.

(2) The nitrogen analysis above had been performed

on material of the higher melting point, which, as it

can be obtained from ligroin or alcohol, must be free

of solvent. If form A contain benzene, it should give

a lower figure for the percentage of nitrogen, and

an analysis was therefore carried out on it.
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Found for form A (above);

Found for form B;

Calculated for C^HigOllBr;

IT, 4«40>

N, 4*44%

H, 4*38%

Calculated for C17HlaOHBr + C6H6;N, 3*47%

This proves conclusively that both forms are free

of any solvent and that the anilide is therefore

dimorphous.

The interconvertibility of the two forms was

further shown as follows:

(1) A small portion of A was placed on a watch-

glass in an air oven where it was maintained at 150°

for i hour. On cooling, the glassy mass melted com¬

paratively sharply at 89-90°. (Treatment at 130° for

■|-hour gave material melting indefinitely about 85?)
It was then moistened with a little cold benzene which

was allowed to evaporate off in the cold, and the

treatment repeated. The melting point was found to

be 125-6% showing that form A had been regenerated,

(2) A small amount of B was then treated in

exactly the same way with the same result - production

of form A.

(3) If in place of benzene, the glassy material

is moistened with ligroin two or three times, evap¬

oration again being conducted in the cold, the residue

has the melting point of form B - 146-7°.

These experiments indicate that both forms A and

B when maintained at 150° for half an hour, are trans¬

formed into a relatively unstable modification or
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mixture of melting point 89-90°, which when treated

in the cold with benzene reverts to form A, and with

ligroin to form B.

Just as this work was completed, Goldstein and

i'rancey (Helv., 1932, 15. 1364) published the pre¬

paration of this compound using phosphorus penta-

chloride and 8-bromo-l-naphthoic acid. They quoted

the melting point as 151° on crystallising from

alcohol.

Preparation of N-Phenylnaphthastyril.

0*5 gm. sodium (2| atomic juraportions) in
excess aniline.

2 gm. 8-bromo-l-naphthoic acid

1 gm. copper bronze.

The mixture was heated for four hours in an oil

bath which was kept at a temperature of 140°. On cool¬

ing, it was treated with hydrochloric acid, when a

brown oil was formed. This solidified when the

excess aniline had been removed by standing under

hydrochloric acid for an hour or two. The resultant

solid, which was free from, halogen according to

Beilstein's copper wire teat, was crystallised twice

from ligroin, when fine, yellow needles were produced,

which melted at 104-5°. The yield was only 0-5 gem,

equal to 25* 6 y further recrystall!sing did not raise

the melting point.
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Analysis.

Found, "by ter Meulen's method; N, 5*6$>
Calculated for CI7HX10H; (IX) Nf 5*7$,
Free acid, C17Hl3Q3N; (I) requires N, 5*3%

NH-Na

Br COOH

I I
The product was soluble in all the usual

organic solvents; moreover, it dissolved in hot,

but not in cold, sodium hydroxide, from which it could

be precipitated by the addition of dilute hydrochloric

acid. It was soluble in hot, concentrated hydro¬

chloric acid. These properties are similar to those

of naphthastyril.

It was thought that owing to the size and prox¬

imity of the subatituent groups in 8-phenylethylamino-

1-naphthoic acid, optical activity might be observed

in this compound, due to restricted rotation round

the bond joining the nitrogen atom to the naphthalene

nucleus.

C6«f cz»s
V COOH



It was therefore decided to attempt its prepar¬

ation along the lines used above for phenylnaphtha-

3tyril, i.e. from 8-bromo-l-naphthoic acid and the

sodium derivative of the "base. Unfortunately, it was

not found possible to form the latter compound, the

sodium being recovered almost quantitatively after

several hours boiling with ethyl aniline. The pro¬

cedure was therefore adopted of heating together the

sodium salt of the broxao-acid and excess ethyl aniline.

Preparation of dodium a-bx'omo-l-naphthoate.

A quantity of the acid was added to a solution of

the calculated amount of stick sodium hydroxide in a

little water (5 gm. acid to 0*8 gm. alkali). The

solution was evaporated on the ste«pi bath and, the

resultant mass dried thoroughly in an air oven at lhOc.

When quite dry and ground up, the sodium salt formed

a buff powder. Yield, theoretical.

Attempts to prepare 8-Phenylethylamino-l-naphthoic acid.

(l) 2*1 gm. sodium 8-bromo-l-naphthoate
( ss 2*0 gm. free acid)

1 gm. copper brbnze

20 c.c. ethyl aniline

The mixture was heated for 11 hours on an oil-

bath maintained at 180°. It was then cooled, filter-l¬

ed to remove the copper powder, and acidified with

hydrochloric acid. The precipitate so formed was left

in the acid solution for some time to ensure the
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removal of the ethyl aniline; it was then filtered

off and dried, yielding 1»1 gin, of dark powder. This

was extracted several times with hot water from which,

on cooling, crystals were deposited, containing neither

halogen nor nitrogen. As they melted at 157-160°,

they were assumed to "be a-naphthoic acid; a mixed

melting point with a known sample of the latter w^s

not depressed more than 1°. The residual solid from

the extraction was a tarry product, soluble in sodium

hydroxide and reprecipitated on the addition of either

hydrochloric or acetic acid. A sodium fusion showed

that nitrogen was present in the tar.

(2) A similar mixture to the above was heated at

160-170° for 18 hours, and treated in the same way as

far as the isolation of the precipitate. This was

then dissolved in absolute alcohol and boiled with

animal charcoal in an endeavour to purify it. On
no

filtering off the charcoal, the solution was^lighter
in colour, and the substance recovered by dilution

with water, did not appear to be in a purer condition.

It was extracted, first with petrol ether (b. pt. 40-

60°), and then with water, 0*2 gm. a-naphthoic acid

being obtained mixed with a little unchanged bromo-aci

This was followed by an extraction with ether from

which a brown 3olid was deposited. It was soluble in

benzene, ether and chloroform, and more so in glacial

acetic acid; it softened at 70° and melted indefinite

ly about 75°. It contained nitrogen.
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(3) In the third experiment, double the quantity

of sodium salt was used and the mixture heated for 40

hours at a slightly lower temperature (150-5°). As

previously, it was cooled, filtered from the copper,

and acidified with hydrochloric acid, the precipitate

being left in the acid solution for 12 hours. It

was filtered and extracted with 200 c.c. petrol ether,

and then water, from both of which a-naphthoic acid

was recovered. The black, tarry residue was dissolved

in excess benzene, and by the careful addition of

ligroin, 0*25 gm. hard brown material was precipitated.

This rapidly liquefied to a tarry product on heating

with any of the usual organic solvents; it contained

nitrogen, and, after softening at 115°, melted at

125-130°. Partial evaporation of the mother liquor

yielded whitish rosettes of crystals, which were

recrystallised from ligroin and identified as

a-naphthoic acid. Further evaporation of the liquor

produced a viscous, brown oil which showed no tend¬

ency to solidify.

It is thus evident that the experimental con¬

ditions under which combination between ethyl aniline

and 8-bromo-l-naphthoic acid would be likely to occur,

actually produce only tarry products along with a

little a-naphthoic acid. The latter probably arises

from traces of moisture in the reactants or introduced

during the first stage of the reaction.
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Attempted Preparation of 8-?iperidino-l-naphthoic acid.

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

50 c.e. piperidine (freshly distilled)

0-4 gm. copper bronze.

The solution, with the copper in suspension, was

heated in a glass-lined autoclave for 2 hours at a

temperature of 130-150°. After cooling, the copper

was removed by filtration, and the liquor rendered

aoid with hydrochloric acid. This dissolved out

excess piperidine, an acid solid being precipitated.

The latter was then filtered, washed, and dissolved

in ammonium hydroxide, from which solution it was

reprecipitated with dilute acetic acid. It was in

the form of a light brown powder of melting point

143-5°. (0*08 gm.)

It was soluble in hot benzene, and chloroform,

and in cold glacial acetic acid and alcohol. It was

insoluble in hot ligroin. On crystallisation from

dilute acetic acid, almost colourless needles were

produced, melting at 143-4°, but weighing only 0*01 gm.

Unfortunately, the autoclave was found to be

defective and its use forbidden; nor was it repaired

in time for a second experiment to be performed.

Consequently the above preparation could not be

repeated, and the identity of the compound could not

be proved with the small amount available.
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II. Synthesis of Sulphur Derivatives from 8-Bromo-

-1-naphthoic acid.

Preparation of Naphthalene-1:3-Carboxysulphonic

anhydride.

2 gm. 8-bromo-l-naphthole acid.

4 giii. sodium bisulphite.

15 c.c. water.

0-2 gm. copper bronze.

The solution with the copper bronze in suspension

was boiled for four hours, filtered to remove the

copper, and acidified with concentrated hydrochloric

acid. It was then evaporated nearly to dryness

(removal of inorganic material was unnecessary), cooled,

and concentrated sulphuric acid added cautiously till
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the whole mass became uniformly brownish-purple in

colour (about 20 c.c,). The addition was made in

small portions, and the temperature was allowed to

rise to about 70-80°. When cold, excess water was

added with the formation of a white precipitate, the

inorganic material being dissolved. The precipitate

was filtered off, washed froe from sulphuric acid, and

crystallised from a 1;1 mixture of glacial acetic acid

and water. It formed colourless prisms melting at

152-3° and weighing 0*85 gm. (46^ of the theory)
It was soluble in alcohol and benzene, from which sol¬

vent it crystallised in the form of plates; it was

slightly soluble in ligroin and carbon tetrachloride.

A sodium fusion showed the presence of sulphur, but

the absence of halogen.

-°vBr COOH COOH 50j XC0

Analysis,

Found, by ter Meulen's method, see below : S, 13*

Calculated for CnH604S : S, 13* 7$.

This compound i3 known in the patent literature,

having been prepared from 8-aminonaphthalene-1-

sulphonic acid, through the diazo and cyano compounds.

The cyanide was hydrolysed by 60sulphuric acid, the

mixture being kept at 70° for some time; it was then

diluted with water and t he anhydride filtered off.
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On crystallisation from benzene, it is described as

forming small plates of melting point 151-2°. (L.

Cassella, G.m.b.H., D.R.P., Gent., 1927, II, 742).
The method of preparing this compound from

8-bromo-naphthoio acid is however much simpler and

gives comparatively good yields from the inexpensive

starting material naphthalic acid. Yields by the

technical process are not good ov/ing to the prefer-

quent treatment of the amino-sulphonic aeiu.

Estimation of Gulphur,

The sulphur was determined by the hydrogenation

method of ter Meulen (Rec. Trav. Chim., 1922, 43,, 112}

cf. Thorpe and Whiteley, Organic Chemical Analysis,

(2nd issue) p. 268). The compound was decomposed in

a current of hydrogen and the vapour passed through

platinised asbestos at dull red heat. The resultant

hydrogen sulphide was collected in sodium hydroxide,

the solution poured into a solution of iodine con¬

taining enough acid to neutralise the hydroxide, and

the excess iodine titrated with sodium thlosulphate.

The apparatus was the same as that used for the

determination of nitrogen (see page 21 ) except

that the asbestos oven was replaced by an ordinary

combustion furnace, and the absorption vessel con¬

sisted of a large boiling tube {6" x l-§°) containing

glass beads. The iodine and sodium thissulphate sol-

o -SOjl

during the diazotisation and aubse-

ential formation of naphthasultone
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utions were approximately IT/20, and. as little as 0*02

gm. of substance could be analysed satisfactorily,

using a balance weighing to 1 in the fourth place.

Some modifications of this procedure have been

suggested recently by ter Meulen (Rec. Trav. Ohim.,

1934, 55. 121), but they have not been incorporated

in the above.

Attempted Bromination of Naphthalene-1;8-carbo:xy-

sulphonic anhydride.

According to the patent literature, the earboxy-

sulphonic anhydride nitrates in a /5-position (X.G.

Rarb.A.G., D.R.P., Gent., 1931, I, 1831). This is

somewhat unexpected for, when positions 1 and 8 are

occupied, the two other a-positions, 4 and 5, are

usually the next to be attacked. One substance
t

undergoing fifi-nitration has, however, recently been

recorded in naphthalio anhydride (Rule and Brown,

J.C.S., 1934, 171), a compound which is structurally

related to the above carboxysulphonic anhydride.

In view of this, it was determined to try to confirm

this orientation, but using the bromo, instead of the

nitro compound, since some methods to be subsequently

applied for removing the sulphonic group (e.g. the
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use of sodium amalgam) would also affect the nitro

group. The following experiments were therefore

conducted to obtain a bromo derivative.

As the anhydride appeared to be quite unaffected

by boiling with bromine dissolved in acetic acid, all

subsequent experiments were done in sealed tubes in

an asbestos-board oven.

(1) 1 gm. anhydride

0«2 c.c. (= 0• 6 gra.) bromine

5 c.c. glacial acetic acid.

The mixture was heated for 4 hours at an oven

temperature of 140°. The acetic acid was then evap¬

orated off and the residue extracted with ether. The

bulk of the material was left undissolved? it did

not contain halogen, and on recry3tallising from

acetic acid, melted at 152°. The melting point was

not depressed by mixing with a sample of anhydride,

its identity being thus proved. On evaporating off

the ether, 0*1 gm. of brownish material was obtained,

melting at 148-150°. Beilstein's copper wire test

indicated the presence of halogen.

(2) This broraination was attempted in the absence

of a solvent, but was otherwise similar to the above.

0*75 gm. anhydride was recovered unchanged.

(3) 1 gm. anhydride.

0-2 c.c. bromine.

The mixture was again heated without a solvent,
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this time for 5f hours at 160° followed by a further

4 hours at 130°, Even after this vigorous treatment,

0*8 gm. anhydride was recovered unchanged, while 0*2

gm. substance was obtained by extraction with ether.

This product was soluble in glacial acetic acid, less

so in benzene, ether, and chloroform. On recrystal-

lising from benzene, it formed fine, colourless

needles (0*05 gm.) melting at 148°. Mixed with

anhydride, it melted at 145°. A sodium fusion showed

the presence of sulphur and bromine, and the compound

was assumed to be a bromo-anhydride,

(4) 0*5 gm. anhydride
.

0*1 c.c. bromine

5 c.c. carbon tetrachloride.

The suspension was heated for 4 hours at 140°,

after which time 0*47 gm. anhydride was filtered off

unchanged. On evaporation of the carbon tetrachloride,

traces yiere obtained of a compound containing halogen,

which showed signs of incipient crystallisation.

(5) The above bromination was carried out more

vigorously by (q.) doubling the amount of bromine used,

and (b) heating for as long a3 17 hours at a temper¬

ature of 210-220°. Even in this case, only 0-15 gm.

substance was obtained from the carbon tetrachloride

solution; it was not particularly pure as it melted

over a wide range.

These experiments indicate the resistance of
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the carboxy-sulphar.ic anhydride to bromination; even

heating under pressure for 9 hours in the absence of

a solvent (expt. 3) gave only a 15% yield of an im¬

pure product containing halogen.

Preparation of 8-Curboxynaphthyl-l-phenyl sulphide.

5 gm. Sodium 8- oromo-1 -naphthoate in finely
divided state (see page 27}

0*5 gm. sodium

2 c.c. thiophenol

0*5 gau copper bronze

30 c.c. dry toluene or o-xylene.

The sodium and thiophenol, previously distilled

in vacuo, were heated together in a flask; attached to

a ground-in reflux condenser fitted with a calcium

chloride tube. At about 105°, a vigorous reaction

set in followed by deposition of a white solid, sodium

thiophenate. 20 c.c. of toluene were added and the

whole was shaken to break up the mass. Then were
.

added the sodium salt of the bromo acid and the coxjper

bronze, these being finally washed in by the remainder

of the toluene. The mixture was refluxed gently on

an oil-bath and at intervals of approximately 12 hours,

the mixture was vigorously shaken to break up the

particles in suspension. After 20-24 hours a further

0*2 gm. copper bronze was added, together with half

a c.c. of thiophenol. At the end of 40 hours the

mixture was poured into water and filtered. This

operation requires care a.3 sometimes small pieces of
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3odium, which have not been attacked, internet with

the water with risk of igniting the toluene. A

little dilute sodium hydroxide was added to the fil¬

trate to dissolve any acidic material, and the two

layers were then separated. Air was sucked through

the aqueous portion to oxidise unchanged thiophenol

to diphenyl disulphide, which, "being insoluble in the

alkaline solution, could "be filtered off. Half an

hour was usually found to "be sufficient time for com¬

plete oxidation and thereafter the clear, darn "brown

filtrate was acidified with hydrochloric acid. The

material separated in the colloidal form but after a

few minutes coagulated to yield a 3ticky "brown oil.

This finally set to a hard mass on standing overnight.

The material, still rather sticky, was then

extracted with a large volume (400 c.c.) of boiling

water until the residue became quite hard and an

absence of halogen was shown by Beilstein's copper

wire test. This removed unchanged bromo- acid and

any a-naphthoic acid that might have been formed.

The residue was dried and twice crystallised from

ligroin, giving prism.3 of melting point 131-2° (2 gm.f

35'3/c of theory). ]?urther recrystallisation did not

raise the melting point.

The acid i3 sparingly soluble in hot alcohol and

ligroin, in cold acetone, benzene ether, chloroform

and glacial acetic acid. It is onl;y slightly soluble

in hot water.
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Analysis.

Found, by ter Menken's method ; S, 11«4$
Calculated for Cl7HlaG2S ; 3, 11*4$.

0
CO

Br COoNi.

Attempted Preparation of 8-Carboxynaphthyl-l-phenyl

sulphide by an Alternative Method.

With a view to replacing the suspension of sod¬

ium salts by a solution of the reactant3, an experi¬

mental run was made using thiophenol and the methyl

ester of 8-bromo-l-naphthoic acid. The free acid

could not be used, since when heated in toluene and

other organic solvents in the presence of copper, it

loses halogen with formation of 1-naphthoic acid.

(Pursell, Thesis, Edinburgh 1933}

Methyl 8-bromo-l-naphthoate was obtained by add¬

ing thiony.l chloride to the acid, removing the excess

of reagent under diminished pressure, and refluxing

the acid chloride with dry methyl alcohol. The ester

was removed in ether, the extract washed and dried,

and the ether evaporated off. The ester separated as

a syrup which solidified on standing for some days in

a vacuum desiccator. K.pt. 33°. (Rule and Barnett,

J.C.3., 1932, 173).
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To 15 c.c. dry toluene were added 1*5 c.o. tliio-

phenol and 2*5 gm. methyl bromonaphthoate. 1 gm.

copper bronze and 1 gn. anhydrous 3odium carbonate

were added in portions over 2 hours, the -whole being

meanwhile refluxed in an oil bath. After 3 hours,

the reaction mixture was cooled, filtered to remove

copper, and all thiophenol extracted with sodium

hydroxide. The toluene was removed under reduced

pressure and the resultant yellow oil was hydrolysed

by boiling for 10 hours with alcoholic sodium hydroxide.

On pouring into hydrochloric acid, a light brown solid

was produced, weighing 2*1 gm. A sodium fusion show¬

ed the presence of halogen but absence of sulphur,

and the material was identified as 8-bromo-1-naphtho1e

acid. The fact that the reaction had not proceeded

was not altogether unexpected, since the activity of

the bromine atom is greatly decreased on esterifying

the carboxyl group.

Preparation of 8~Carboxynaphth.yl-l-ph.enyl sulphoxide.

2 gm. 8-Carboxynaphthyl-l-phenyl sulphide

15 c.c. glacial acetic acid

15 c.c. hydrogen peroxide ("20 volumes" solution)

The solution of the sulphide in glacial acetic

acid was heated on the steam bath and the hydrogen

peroxide added gradually. After 10-15 minutes heating

a white crystalline solid appeared. Heating with

hydrogen peroxide was continued for an hour, and the

3olid wa3 then filtered off. Further treatment of
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the filtrate for an hour resulted in no precipitate

even on dilution. The solid material, recryatallised
4

from a mixture of acetic acid and water in equal

volumes, melted at 197-9°, a second crystallisation

raised the melting point to 200-201°, a value that was

unaltered on further crystallisation. The sulphoxide

formed small colourless hexagonal plates and was ob¬

tained in a yield of 1*5 gm. equivalent to 71% of the

theory.

It i3 soluble in hot chloroform and in cold

acetone, alcohol and glacial acetic acid. It is

fairly soluble in hot ligroin, but only slightly so

in hot bensene and ether. It is insoluble in hot

concentrated hydrochloric acid.

Analysis.

Found, by ter Meulen: S, 10*6? 10-7$.
Calculated for C17Hi30gS: S, 10*8$.
Calculated for C1?Hi2Q43: 8, 10-3%.

COOH

as further confirmation that the substance was

the 3ulphoxide and not the sulphone, the molecular

weight was determined by dissolving a weighed amount

in alcohol and titrating with standard alkali. The

values so obtained were 295 and 297, against the
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theoretical figures of 296 for the aulphoxide and 312

for the aulphone.

Further oxidation of 8-Carboxynaphthyl-I-ghenyl sulphide.

One of the standard methods of preparation of a

sulphoxide is by oxidation of the corresponding sul¬

phide with hydrogen peroxide in the cold. When, how¬

ever, this was applied to 3-carboxynaphthyl-l-phenyl

sulphide, it met with little success. Rather more than

the theoretical amount of hydrogen peroxide was added

to a solution of the sulphide in glacial acetic acid,

and the -whole left for 18 hours at room temperature,

(cf. Houben-Weyl, III, 965) A small quantity of mat¬

erial was removed by filtration, which melted over a

range 157-186°. On mixing with a speciman of the

sulphoxide (m.pt. 200-1°) obtained as above, the range

over which it melted was raised to 170-193°, indicating

the presence of a little sulphoxide in the mixture.
»

Dilution of the mother liquor threw out the bulk of the

material, which after crystallisation softened at 120°

and melted at 135-8°. Thi3 was apparently mainly

unchanged sulphide which melts at 131-2°. To prepare

the sulphoxide, recourse was therefore had to heating

the sulphide with an excess of hydrogen peroxide, a

procedure that usually results in the formation of a

sulphone 'ibid., 969).

An attempt was made to obtain the corresponding

sulphone by further oxidation of the sulphoxide. A

sample, dissolved in glacial acetic acid, was heated

for 3 hours with an excess of hydrogen peroxide. A
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small quantity of a yellow oil was produced which

solidified on standing (m.pt. 104-7°). On crystal¬

lising from ethyl acetate it yielded thick plates of

melting point 197-8°. Mixed with the sulphoxide, it

melted at 182-5°. The quantity of crystalline pro¬

duct was hov/ever extremely small even after several

preparations had "been made. For this reason the com¬

pound could not he further examined.

.ittemoted preparation of l:8-Thiol-naohthoic anhydride.

2 gm. bromonaphthoic acid

2 gm. sodium hydrosulphide

0»2 gm. copper bronze

10 c.c. water.

The mixture was boiled for four hours, the copper

being gradually converted into the sulphide. This

was filtered off and the aqueous liquor acidified with

hydrochloric acid. The solid so precipitated was

removed by filtration and treated with sodium carbonate,

in which it was completely soluble. Acidification of

this solution gave 1«85 gm. bromonaphthoic acid.

As the whole of the acid solid was soluble in sod¬

ium carbonate, none of the expected Is8-thiol-naphthoic

anhydride could have been formed, as it is reported as

being insoluble even in boiling sodium carbonate sol¬

ution (Friedlander and Yforoshzow, Ann., 1912, ,388. 20).
The absence of this compound is probably due to the

removal of the catalyst.
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Ill. Condensation of 8-Iod.o-i-naphthoic acid with

Ralonic Ester.

Rule and Barnett {J.C.8., 1932, 2730) have recent¬

ly concluded that a substituent peri to a carboxy1

group in the naphthalene nucleus is more readily re¬

placed than when situated ortho to a carboxyl group

in benzene, and further that, generally speaking,

8-bromo-1-naphthoic acid is apparently as reactive as

o-iodobenzoic acid. They were, however, unable to

condense bromonaphthoic acid with an alcoholic sol¬

ution of sodiomalonic ester, a reaction which Hurtley

found to proceed readily with o-bromobenzoic acid

(J.C.S., 1929, 1870). Rule and Rarnett were only

able to isolate 3-ethoxy-1-naphthoic acid by this

treatment; in the absence of alcohol, the starring

materials were recovered unchanged, even after pro¬

longed heating. The explanation of the rather un¬

expected course of this reaction may partly be found

in steric hindrance, which would tend to prevent the

introduction of a large substituent into the peri

position to the carboxy1 group. This would also ex¬

plain the difficulty experienced by the same authors

in replacing bromine by the ^-menthoxyl radical, a

change that proceeds rapidly in the case of o-iodo-

benzoie acid. These workers endeavoured without

success to prepare 3-iodo-1-naphthoic' acid, since the

halogen in it should be very reactive, but it is now

preparable from naphtaastyril by the method of Goldstein
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and. Francey given below. Haphthastyril itself is

conveniently prepared from 8-bromonaphthoic acid by

the procedure of Rule and Brown. It was therefore

determined to examine the reactivity of the iodo

acid towards malonio eater.

Preparation of Haphthaatyril.

Rule and Brown, J.G.3., 1934, 137

10 gm. 8-bromo-l-naphthoic acid

250 c.c. concentrated ammonia

'0-2 gm. copper bronse

0*2 gm. potassium chlorate

^2*5 gm. ammonium nitrate

The solution of the above, with the copper in

suspension, was heated in a small glass-lined auto¬

clave (600 c.c.) kept at 140-150"- for a period of

one hour. On cooling, the naphthastyril crystallised

out and was filtered off. It was recrystallised from

1200 c.c. hot water, yielding 5 gm. pure product

melting at 181°. A further 0*5 gm. could be obtained

on concentrating the mother liquor, giving a total

yield of 5*5 gm. equal to 82$. of the theoretical.

Preparation of 8-Iodo-l-naphthoic acid.

Goldstein and Francey, Helv., 1932, 15. 1364.

5 gra. naphthas tyri1

4 gm. sodium hydroxide

200 c.c. water.
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The naphthastyril was hydrolysed by boiling with

the alkaline solution until it dissolved (1-lf hours).

It was then cooled to 0°, 2 gm. sodium nitrite added,

and the solution 3lowly introduced (a" hour) with

3tlrring and cooling, into a mixture of 10 c.c. con¬

centrated sulphuric acid and 40 c.c. water.

This diazo solution was then run slowly into a

cooled solution of 20 gm. potassium iodide, 22 c.c.

concentrated sulphuric acid, and 90 c.c. water. The

stirring was continued for a further 3-4 hours, nit¬

rogen being evolved and the iodo acid being slowly

fbrmed. The mixture was then allowed to stand for

12 hours, followed by gradual heating to 80° at which

temperature it was maintained for an hour. After

cooling, a little sodium bisulphite was added to re¬

move free iodine, and the whole was then rendered

alkaline by the addition of a concentrated solution of

sodium hydroxide, the temperature being kept low. It

was then filtered, the filtrate acidified with acetic

acid, and the 3olid impurity removed by a further

filtration. The solution was then further acidified

with hydrochloric acid when 8-iodo-l-naphthoic acid

separated in amorphous form. On crystallising from

hot water, it melted at 164-5°.

Goldstein and Francey quote a 40f0 yield of the

impure, amorphous acid; the yield of pure acid in

the present case was found to be only 28-5"jo
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Condensation of malonic ester and 8-iodo-l-naphthoic acid.

Hurtley (loo. cit.) used a relatively small

amount of ethyl raalonate with an excess of alcohol,

but in view of the possible formation of ethoxynaph-

thoic acid, it was considered advisable to keep the

amount of alcohol small, using the ester as solvent.

0*35 gm. 3odium (2^- atomic proportions]

5 c.c. absolute alcohol

2 gm. 8-iodo-l-naphthoic acid

0-2 gm. copper bronze

20 c.c. diethyl raalonate.

The sodium ethoxide was added to the other

reactants and the whole boiled for 8 hours on an oil

bath maintained at 115-120°. The dark red liquid

was filtered from the copper, rendered alkaline, and

the excess diethyl malonate extracted with ether.

It wqs then acidified with hydrochloric acid and the

red oily precipitate separated and hydrolysed by

boiling v/ith sodium hydroxide for l£ hours. Acidi¬

fication gave a dark sticky mass which solidified on

standing. After filtering, the mass was boiled out
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with 60-70 c.c. chloroform, yielding a red solution

and leaving a light brown powder (0-4 gra; m.pt.

198-203°).

(a) The powder was found to be practically in¬

soluble in hot benzene, ligroin and carbon tetra¬

chloride; slightly soluble in hot chloroform and

water; and fairly soluble in cold alcohol, ether,

ethyl acetate and dilute acetic acid. Two crystal¬

lisations from ethyl acetate and one from ether

yielded large colourless plates melting at 213-4°

with evolution of gas. 8-Sthoxy-1-naphthoic acid

melts at 210-211° (Rule and 3arnett, 1932,

2732), but a mixture of these two compounds melted

at 194-6°. The substance was therefore probably

either homonaphthalic acid, I, or peri-carboxynaphthyl

malonic acid, II,

and to differentiate between these possibilities, a

weighed sample was dissolved in alcohol and titrated

with standard alkali using phenolphthalein as indicator.

From this it was calculated that the molecular weight

was 126, 252, or 378, depending on whether the acid

had a basicity of 1, 2 or 3. Now homonaphthalic acid

is dibasic with a molecular weight of 230, whereas

peri-carboxynaphthyl malonic acid has the value 274

COOM HOOC COQH

V
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and ia tribasic. This therefore provided strong

evidence that the compound is homonaphthaiic acid.

As the quantity of material now remaining was

only some 20 mgm., it was sent to Dr. A. Schoeller of

Berlin for micro-analysis.

Found; C, 67*4% H, 4-3%
Calculated for Cl3Hlo04 (I); C, 67-8f0, H, 4-4$
Calculated for C14Hlo06 (II): C, 61-3$, H, 5-7%.

It may thus he concluded that the ooiapound is

homonaphthaiic acid, the product to he expected if

the condensation is successful.

_ x
(h) On hoiling out the above crude powder with

benzene, a small amount of material was dissolved and

crystallised in plates on cooling the solution. It

was a free aeid, weighing only 0*01 gm. ana melting

at 142-3°. It was free from halogen, and on admixture

with (1) malonic acid, and {2} a-naphthoic acid, it

melted over two degrees at 120°. Owing to the small

amount of material available, no further attempts were

made to identify it, but by elimination, it was appar¬

ently some of the tribasic malonyl derivative II, which

had escaped loss of carbon dioxide. This is rather

unexpected as, according to Hurtley (J.C.3., 1929, 1871),
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acid

homophthalicy(is obtained when the corresponding ester
is merely warmed with sodium hydroxide.

(o) The chloroform solution above was concen¬

trated and 0-1 gm. red powder was obtained. It was

soluble in sodium hydroxide, and the colour was retain¬

ed when the mixture was thrown out of solution by

the addition of hydrochloric acid. It melted at

233-4°, without lo3S of carbon dioxide. On the

addition of concentrated sulphuric acid, the sub¬

stance dissolved to a red-brown solution which turned

green on heating. When this was poured into water,

an orange-brown precipitate was formed. These are

the colour changes undergone by 8;8-dicarboxy-X:1-

dinaphthyl (I) with the formation of anthanthrone (lit),

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

T WW

It. therefore seems certain that the material

extracted in chloroform is a dinaphthyl compound,
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possibly the keto-acid II, though its formation is

rather unexpected. In an Ullmann condensation of

this type, the ester is normally used at temperatures

of the order of 220-250°, but Pursell (Thesis,

Edinburgh, 1935) has reported the formation of di-

phenic acid from copper o-bromobenzoate heated in

boiling toluene (110°) in the presence of copper

bronze. However, in the case under consideration,

it appears that the iodo-acid is sufficiently reactiv

not only to combine with sodiomalonic ester, but also

to condense with itself to form a dinaphthyl derivative

As to the constitution of the latter, it is a

free acid and must therefore be I or II above. The

dicarboxy acid does not melt under 360° (Pursell, loc

cit.) (Meisenheimer, Per., 1932, j3§, 32,quotes 304°),
while the keto-acid II melts at 278° (Cassella, G.m.

b.H., Gent., 1928, I, 2311). It is possible that

this could have been formed in the course of the above

purification by the removal of water from dicarboxy-

dinaphthyl (I) through the agency of traces of phos¬

gene present in the sample of chloroform used.

Purification of the acid led to a lightening of

colour but no raising of the melting point. A rise

of 10° was, however, obtained when a sample was mixed

with a portion of keto-acid prepared according to the

directions of Cassella G.m.b.H. (loc. cit.). 8:8-

Dicarboxy-lil'-dinaphthyl was refluxed for 2 hours with

sine chloride and acetic acid (0-2 gm. di-acid, 0-2 gm

zinc chloride and 5 c.c. glacial acetic acid). The
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insoluble matter was then removed, by filtration, and

the yellow liquid diluted with water when earboxy-

benzobenzanthrone (II) separated out as a yellow solid.

Crystallised from benzene, it formed yellow prisms of

m.pt. 278°, soluble in concentrated sulphuric acid

to a red-brown solution.

It is thus probable that even at 120°, a small

proportion of the iodo-naphthoic acid underwent an

Ullmann coupling to produce a dinaphtnyl derivative,

while a considerable amount condensed with sodiomalonic

ester as hud been expected to form the final end-

product homonaphthaiic acid.
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ms mssimai

AHHmnO -3-H1fDB0XM3lJUHI-l-M.J3CTH0Xfl aOID .

Although aliphatic organoraercury compounds of

the type BaIIg were discovered in 1864 (J^ankland
and Buppa, Ann., 1864, JU2L 108) and the correal

ponding aromatic compounds in 1370 (Dreim and Otto,

Ann., 1870, 154. 94), true mercuration compounds in

which there is only one carbon to mercury link, were

not known till 1998. In that year, K.A. Hofmann,

Ber., 1398, XL 1904) by heating ethyl alcohol and

mercuric oxide along with a little sodium hydroxide,

isolated a compound of the *mercabideB types-

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

using a solution of mercuric acetate obtained from

benzene the compound C6ES• lig * 00C • 0HS . Both these

compounds are of the general type B*Hg*X and similar

compounds were obtained by Dimreth starting from

toluene, naphthalene, phenol eto. Beoesquelle

(Bull., 1394, [3], 11. 263) also mercurated phenol

using aqueous sodium phenate and mercuric oxide or



chloride. By treating a hot solution of the phenol

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

phenyl mercuric chloride, both of which on boiling

with hydrochloric acid yielded phenol and mercuric

chloride. These two reactions are typical of all

true mercuration compounds.

A further method of preparing phenyl mercuric

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

which benzene sulphinic acid acts on mercuric chloride,

302 and HC1 being evolved.

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

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

products of benzoic and phthalic acids are the same;4

^^jCO OH
Dimroth also prepared this compound by heating

mercuric benzoate above its melting point (Ber.,

1902, 2870).

From this compound, Dimroth prepared o-bromo-

benzoic acid by acting on it with bromine dissolved

in potassium bromide.
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Dimroth had previously used this reaction to

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

chlorides.

ch,

HjCI
CH,

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

— c: o

acoohoh
K1

OH

"3
0

1
c.-o

oh
ht

cooh

OH

cooh

oh

Recently, Whitmore and his co-workers have mer-

curated naphthalic acid and from the intermediate

compound have obtained 3-chloro- and 8-hromo-l- naph¬

thoic acids. (See page3 7 and 10 of this thesis;

also J.Ara.C .3., 1929, *&., 1831 and 3363). (Cf. also

Rule and Barnett, J.G.S., 1932, 175)

h OO c C 0OH cooh

Br, it\
1

It is this raercuri-naphthoic acid that will he

considered in greater detail later.

The strength of the mercury-oarhon hond seems to
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be a matter of some doubt, as the ease with which it

can be broken appears to T?ary with different compounds,

hercur^ted amines and phenols, however, can be alkyl¬

ated and arylated by the usual methods without loss

of mercury and they can also be coupled with diuzo

compounds without loss, unless the mercury is in the

para position to the amino or hydroxyl group. In this,

they are similar to the hydroxy benzoic acids, of which

the ortho and meta acida couple normally, but in the

para, the oarboxyl group is displaced.

.ccording to Whitraore, the hydroxy-phenyl raer-

curie chlorides react with potassium iodide to give

phenol, whereas the acetyl derivatives yield the

corresponding mercuric iodide, without breaking the

mercury-carbon link. Further, when anisole and

phenetole are mereurated and treated with potassium

iodide, a mercury-bis compound, of the type (R0-C6h4)aHg,
is formed. {J.Am.C.S., 1921, £2, 621;' 1925, 1&, 1755)

A similar difference in reaction to potassium iodide

is shown by 3- and 5- hydroxymsreuri -salicylic anhy-

dride (see above) and o-chloromercuri-bsnsoic acid.

(Pesci, Cent., 1902, II, 1454). The two former yield

3- and 5-iodosalic^'lic acid, while the latter gives

benzoic acid.
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Whitmore has also shown that sodium sulphide and

ferrous hydroxide both break the mercury-carbon bond

in ortho and meta chloromercuri-benzoic acids only to

the stage of giving mercuri- bis compounds, while with

the para acid the bond is broken completely, benzoic

acid being the sole product.

In 1923, Whitmore stated, "No satisfactory con¬

clusions have been reached in the study of the reaction

of alkyl and aryl halides with organic mercury com¬

pounds .A search through the literature has

indicated that, with one exception, the mercury com¬

pounds used were of the type RgHg, where R was either

C6Hs or C6H4«QHs. Mercury di-p-tolyl reacts with

p-tolyl sulphonyl iodide but not with benzoyl chloride

or picryl iodide, (Whitmore). Mercury diphenyl,

however, reacts with acetyl chloride to give aceto-

phenone (Calveiy, 1926), but only with benzoyl chlorid

when the latter i3 in excess. With insufficient

chloride, no reaction takes place (Otto; Galvery;

'Whitmore) . Moreover, mercury diphenyl reacts with

benzene sulphonyl chloride only when heated to about

160° under pressure, and even then only gives the

sulphone in very poor yield (Otto) .

The one exception referred to above, is the case

of mercurated thiophene (Bteinkopf and Bauermeister,

Ann., 1914, 403, 59). Acetyl chloride, benzoyl

chloride, p-nitrobenzoyl chloride, and o- and p-tolyl

chlorides all react with o-chloromercuri-thiophene to

give the corresponding ketones.
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The section which follows is concerned with

8-hydroxymercuri-l-naphthoic anhydride obtained from

naphthalic acid (see above), and describes attempts

to oxidise it and to form compounds with acid chlorides

etc.

EXPERIMENTAL.

(1) OXIDATION.

8-Hydroxy-l-naphthoic acid and its lactone have

been prepared by two methods; either by the diazo-

tisation of the 8-amino acid and subsequent hydrolysis

(Ekstrand, J.pr.Chem., 1888, 278), or by the action

of aqueous sodium hydroxide on the 8-bromo acid in the

presence of copper bronze (Rule and Barnett,

a-Naphthoic acid on nitration gives a mixture of

5- and 8-nitro-l-naphthoic acid, which can be separated

by fractional, crystallisation from alcohol. The

8-nitro acid can then be reduced with ferrous sulphate

to give the amino acid, or its anhydride naphthaatyril,

in poor yield. another method is to start from
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naphthalic acid and proceed via the anhydride and

imide to the amino acid. Naphthalic acid, however,

on mercuration and subsequent bromination (see above)

yields 8-bromo-l-naphthoic acid, which is used in the

second method to prepare naphtholactone.

It was thought that it might be possible to omit

the formation of the 8-bromo acid and proceed direct

to the hydroxy acid or lactone by oxidising the mer¬

curation compound.

A mixture of 2 gm. 8-hydroxymercuri-l-naphthoic

anhydride and 0-5 gm. potassium permanganate were

dissolved in 15 c.c. bench sodium hydroxide and boiled

for l-j> hours. It was then diluted and filtered, and

the orange-red filtrate was acidified with hydrochloric

acid. The yellowish precipitate was then removed,

dried and extracted, first with ligroin and then with

alcohol. On cooling these solutions, crystals appear¬

ed which had a melting point of 153-4°. Mixed with

a-naphthoic acid, they melted at 155-6°. The lactone

melts at 108-9°; the hydroxy acid at 168-9°. 0*3 gm.

of a-naphthoic acid was isolated which represents 30%
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of the total possible; i.e. excluding the mercuration

product recovered unchanged (0»2 gm.), and also the

amount of free mercury originally present. (This

variea, hut is sometimes quite an appreciable amount.)

Therefore, about half the original quantity of rnercur-

ation product was accounted for, hut there was no trace

of hydroxy acid or lactone.

A second experiment was carried out using double

the proportion of potassium permanganate and diluted

sodium hydroxide. The result was the same, only

a-naphthoic acid and unchanged mercuration product

being obtained. What actually appears to happen is:-

up the hydroxymercuri-sodium-naphthoate into naphthoic

acid and basic mercury chloride, Hg(0H)Cl, but this is

unlikely. Even in that case, there would appear to

be no oxidation.

(b) Attempted oxidation by sodium hvpobromite.

To 2 gm. of 8-hydroxymercuri-l-naphthoic anhydride

in a little aqueous sodium hydroxide was added a sol¬

ution of 5 gm. bromine in 35 c.c. 2H sodium hydroxide.

The whole was shaken in the cold during hours, and

at the end of that time acidified (HC1) and extracted

with ether. The free bromine was removed from the

ether layer by shaking with a solution of sodium
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sulphite, and the ether was then removed by evapor¬

ation. a dark oil was left which eventually set to

a sticky mass on cooling. Subsequent boiling with

benzene, alcohol and ligroin failed to remove the

stickiness or purify it in any way, nor was an

appreciable amount of any substance obtained on evap¬

orating the solvents to dryness. Nothing further

wa3 done to this material.

(c) Attempted oxidation in the absence of water.

As the main reaction in the above experiments

seemed to be hydrolysis, it was decided to try an

oxidation of the mercury compound in a non-aqueous

liquid, and for this purpose, 2 gm. of the compound

were suspended in dekalin. This was heated in an

oil bath to a temperature (outside) of 160-5c and air

was dravra through the suspension by means of an ord¬

inary filter pump. After 2 hours, a tube of calcium

chloride was attached to dry the incoming air, and

the experiment was continued for a further 5 hours.

The mixture was then extracted with cold, dilute

sodium hydroxide, separated, and acidified with hydro¬

chloric acid. The solid was extracted with ligroin

and the deposit was recrystallised from ligroin,

yellowish needles being formed (0*06 gm.). They

melted at 153-9°, and a mixture with a-naphthoic acid

gave no depression. The rest of the starting material

was recovered almost quantitatively as the chloromer-

cury compound *
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The small amount of a-naphthoic acid formed was

proba/hly due to hydrolysis of the mercury compound by

moisture in the air during the first two hours,

(d) Oxidation by sodium peroxide.

To 4 gm. ©ercuration product dissolved in bench

sodium hydroxide were added 6 gm. sodium peroxide in

small portions with shaking. The addition of a little

ether prevented too much frothing. after standing for

1 hour, the mixture was divided into approximate halves.

(1) One portion was acidified with hydrochloric

acid, the solid removed and dried and extracted v/ith

chloroform. 0*3 gm. ohloro-mercury compound was left

undissolved. From the chloroform was obtained a

3olid (0*2 gm.) which was crystallised from benzene

and melted at 133-140°.

(2) The other portion was heated on the steam

bath for one hour prior to acidification, but was

thereafter treated as above. A small quantity of

material was obtained from the chloroform solution

which melted at 177-9°, but the main bulk (0-3 gm.)

on .recrystallising from benzene melted at 149-150°,

10° higher than the product from the first portion.

Two recryatallisations from hot water raised the melt¬

ing point to 154-5° (0»Q9 gm.)

How Bamberger and Lodter (ann., 1395, 236. 76)

oxidised l:4-dihylronaphthalene and obtained as pro¬

ducts o-phenylenediacetic acid, horaophth&lic acid and

phthalic acid.
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en
«OOH

,COOH
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\ /N C06W a
CQOH

On the assumption that sodium peroxide similarly

disrupts one ring of the naphthalene nucleus, it should

he possible to Identify one or more of these aoids in

the product of the above oxidation. Bamberger and

Lodter quoted 176° as the melting point of homophthalic

acid and this agrees well with the figure of 177-9°

obtained for one small fraction. These authors fur¬

ther stated that o-phenylenediacetic acid melts at

148-9°? More and Thorpe (1908) gave the melting point

as 150°, while more recently (1923), Coffey gave it as

152°. The melting point of the main product above

i3 154-5°, which suggests very strongly that the oxidt

ation has gone as indicated, the mercury being pre¬

viously removed by hydrolysis.
MnOH COOH (OOH

<u
S
eooh

cOoh

(OOH

CHt
/

CH..

OH,

COO H

„OOOH ' acv*
1 COOH

COOH

As further confirmation, the molecular weight of

what was believed to be o-phenylenediacetic acid was

determined as follows:- 0*0154 gm. wa3 dissolved in

25*00 o.c. standard sodium hydroxide solution and the
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excess titrated with hydrochloric acid. 20*35 c.c.

sodium hydroxide (0*00828 N) were required, containing

0*006742 gm. solid sodium hydroxide.

0*00674 gm. NaOH 5 0*0154 gm. acid.

80*0 gm. NaOH 5 0*0154 x 80*0 gm#
0*00674

= 187 gm. acid.

Assuming the acid to "be dibasic, this is the mole¬

cular weight; the theoretical for o-phenylenediacetic

acid is 194. This is fairly good agreement.

(2) REACTION WITH CHLORQ COMPOUHDo.

The three compounds containing active chlorine,

with which experiments ?/ere conducted in an endeavour

to replace the mercury by other groups, were (a)

l-chloro-2:4-dinitrobenzene, (b) thionyl chloride

and (o) benzoyl chloride.

(a) I-lhloro-2;4~dinitrobenzene.

A suspension of 2 grn. of mercuration compound in

25 c.c. of glacial acetic acid, in which n%3 dissolved

1 gm. of chloro-dinitrobenzene, was boiled for 6 hours.

0*8 gm. mercuration compound was removed unchanged,

and addition of allcali precipitated ionic mercury

as the oxide. Tiie filtrate was then acidified, and

the solid material so formed recrystallised twice

from ligroin. Beilstein's copper wire test showed

the absence of halogen and a sodium fusion the absence

of nitrogen. The substance melted at 150-1° (0*25 gm.)
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and mixing with a-naphthoic acid raised the melting

point 2°, the identity of the compound "being thus

proved. Its formation may have been due to a

hydrolysing action of the acetic acid, or to a trace

of water in the solvent or mercury compound.

A second experiment using 2 gm. of each of the

reactants yielded 0*2 gm. a-naphthoic acid on work¬

ing up in the same way; i.e. the sane amount of

naphthoic acid was produced even on doubling the

amount of chlorodinitrobenzene.

A third experiment again using 2 gm. of each,

but using dakalin as the solvent, again gave 0*2 gm.

a-naphthoic aoid, though dekalin can have no hydro-

lysing action. The mixture in this case wis boiled

for 15 hours.

(b) Thionyl chloride.

The dark brown solution of 2 gm. mercuration

compound in 10 c.c. thionyl chloride was refluxed for

3i hours, at the end of which the evolution of sulphur

dioxide had ceased. The addition of a little water

threw out a brown solid most of which dissolved in

sodium hydroxide leaving a yellow residue of mercuric

oxide. On acidifying the alkaline liquid with hydro-f

chloric acid a buff precipitate appeared; on standing

a further precipitate came down. This latter was

chloromereuri- compound, weighing only 0*05 gm., equi¬

valent to 2*5io. The first precipitate on drying

yielded a brownish powder of melting point 142-5°,
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with no sulphur or halogen present,. Mixing with

a-naphthoic acid raised the melting point to 146-8°,

thu3 indicating that the substance was a-naphthoic

acid. If it had been pure it would have been an

86$ yield, most of the starting material being thus

accounted for.

40CI,

Hence the reaction does not take the course

indicated in the following scheme, a course which

would lead to the formation of either a sulphinic-

carboxy anhydride or a sulphonic-carboxy anhydride.

Hj CO SOC\ COOrtqfl

(c) Benzoyl chloride.

To 2 gm. mercuration compound suspended in 10 c.c,

dry toluene were added about 2 c.c. benzoyl chloride

and the resultant dark brown solution boiled for 4

I
hours. It was then heated for 20 minutes with a

solution ox sodium carbonate (leaving a small black¬

ish residue), the toluene was removed and the aqueous
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layer acidified with hydrochloric acid. The crude

solid deposited, melted at 94-7° and was then ex¬

tracted with 100 e.c. hot water from which 1*8 gm.

of solid crystallised ori cooling. Thi3 melted at

110-111°, while a mixture with benzoic acid melted at

117-8°. It was therefore rather impure benzoic acid.

The residue from the water extraction, a grey-brown

powder (0*2 gm.} melted at 146-7°, while recrystallis-

ing from benzene raised it to 152-3°; this is appar¬

ently a-naphthoie acid. (Not more than 0*05 gm. of

mercury compound was recovered from the various residues.)

Now Mason has stated (J.C.3., 1924, 125. 2119) that

8-benzoyl-l-naphthoic acid - the only other possible

resultant in this experiment (II) - melts at 110-112°

with decomposition, while between 115°and 120°, the

decomposition and loss of C02 are vigorous. This

acid would hardly be soluble in water, but no such

decomposition was noticed in the less water-soluble

fraction above, and it is therefore concluded that it

was not formed.

COOH
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This experiment was repeated using in place of

the hyaroxymercury anhydride, the free cliloromercury

acid. This was prepared by dissolving the anhydride

in sodium hydroxide and precipitating with hydrochloric

acid (Whitmore and Fox, J.Am.C.8., 1929, 51. 3363).

The rest of the experiment was as described above and

with the same results; only benzoic and a-naphthoic

ucid3 being isolated, with no indication of "the pres¬

ence of 8-benzoyl-l-naphthoic acid.

CONCLUSIONS.

8-Hydroxymercuri-l-naphthoic anhydride is very

susceptible to hydrolysis with the rupture of the

mercury-carbon bond, 1-naphthoie acid being produced.

This is the case ever in the presence of some oxidis¬

ing agents. If, however, hydrolysis is prevented,

the mercury-oxygen bond appears to be the weak link,

and with acid chlorides a substituted chloroiaercury

compound is produced which readily hydrolyses to the

corresponding substituted napiithoyl derivative and

thence to a-naphthoic acid.

otrong oxidation vd th sodium peroxide breaks one

ring with the formation of homologues of phthalic acid.
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STEREO ISOMERISM Ojp PEia-SUBSTITUTED HAHITH&LMES.

Introduction.

The resolution by Christie and Kenner (J.U.S.,

1922, 121. 614) of a dinitrodiphenic aoid appeared to

set the seal on a theory of the structure of diphenyl

derivatives, which, however, collapsed within the

next four or five years, but left this observation as

the foundation of a new class of optical activity.

The reported existence of a number of ring com¬

pounds of bensidene of type (l), led Kaufler in 190?

to propose his folded ring structure (2) for diphenyl

and its derivatives (Ann., 1907, 351. 151).

Pb
Kaufler further suggested that the proximity of

the two amino groups in benzidine (3) would explain

the difficulty experienced in diazotising the second

amino group, and would also account for the ready

CD I
C6H4-bh\

./■•X (2)
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formation of toenzJL ino from hydrasoben: one (4).

O""'
o~-

O
o AJH

(3) (4)

A further number of compounds were prepared to

which the folded ring; structure (1) was given, and in

1914, Cain announced the preparation of two pairs of

geometric isomers of the ra-dinitro-o-tolidines (5),

thus reatl atre:. th ni g fhuf.. r'a hypothesis.

lO""'
No. f»,
0"K «*»- O""'

»M. V.

. A/»v

\ ' "O""'
<MI N, «H, £H*

l»'v

Ch
(5)

£H.

In 1921, Kenner and btubbings obtained a differ¬

ent 616-dlnitro-diphenio aoid from that prepared by

dchult2 (1880). The allocation of different con¬

figurations presented no difficultyj bchults' acid

was given the cia form (6) and Xenner's acid the

trans form (?) .

NO.

(6)
O

(OQ)i

NO%
{71

(OOH

iO
o

£oom

Nox

o
How it was at onoe realised that on the above
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formulation, the cis form could, not he resolved into

optical isomers, whereas the trans form should possess

that property, A year later, Christie and Kenner

(loc. cit.) successfully resolved their (trans) acid,

and Kaufler's formula for the diphenyl series thus

received very convincing support.

On the other hand, a number of experiments

designed to support the Kaufler formula, failed to do

do, while on theoretical groupds, the necessity of

"bending a "bond to an angle of 90° wa3 a stumbling

block. Unfortunately, this objection was never

sufficiently emphasized. In 1926, it was shown that

the dinitro-diphenic acids of Schultz and Kenner were

not stereoisomers but position isomers, the former

being the 2:4-dinitro acid. Further, furrier and his

co-workers overhauled all the evidence on which Kaufler

based hia formula, and also that for Cain's "cyclic*

compounds, with the result that none of it now remains

(J.C.S., 1936, 2476, etc.). Cain's isomeric dinitrc-t-

benzidines and tolidines (5) were shown to be either

position isomerides or mixtures (Turner, 1927-28).

Finally, in support of this negative evidence, pos¬

itive chemical and physico-chemical evidence was forth¬

coming to prove the co-axial and co-planar structure

of diphenyl (8). For example, for any angle other
I

than 180° bet-ween the axes of the rings, a 4.4-disub¬

stituted diphenyl would have a definite dlpole moment.

Williams and Weissberger (J.Am.C.S., 1928, J^O, 2332)

found that both 4:4-dinitro- and 4:4-dichloro-diphenyl
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had zero values for the moments, thus proving that the
i

two rings are coaxial.

Therefore, from all the evidence adduced in support

of Kaufler'a formula for diphenyl, only one fact has
»

remained, the optical resolution of 6;6-&initro~

diphenic acid, This was speedily followed by the

resolution of closely related compounds; e.g. 5-nitro-
l »

and 4:4:6-trinitro-diphenic acids, whereas 4-nitro-,
l

5-nitro- and 4:4-dinitro-diphenio acids all resisted

resolution. That this optical property was not con¬

ferred solely toy the nitro-group was shown toy the re¬

solution of 6:6-d'ichloro-diphenic acid and 6s6-4iamino-

o-ditolyl.

Examination of the structural formulae of the

compounds on which optical resolution had toeen attempt¬

ed, with and without success, led to the conclusion

that, for optical activity to toe present in the mole¬

cule, at least three substituents must toe present in
I »

the 2,2,6,6 positions (8) .

(8)

A theory to fit these facts was put fox-ward in

1926, independently and with slight modifications, toy

Turner and Le Pevre, Bell and Kenyan, and Mills (Ghem.

and Ind., 1926, 45, 831; etc.) This theory was toasec,

on that of Christie and Kenner in which substituted

diphenyls had co-axial tout not co-planar rings, and
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extended it to the limit in which the two rings were

unable to rotate completely round the common axis

owing to the "blocking" effect of letrge groups in the

ortho positions. This, of course, is a violation of

one of the fundamental points of organic chemistry,

whereby it is recognised that two atoms joined by a

single bond have complete freedom of rotation about

that bond. Bischoff (Bar., 1891, j&, 1085) had

suggested that such rotation might be hindered ox-

prevented by the presence of substituente on the

atoms, but owing to lack of experimental evidence, this

view was never developed. However, this modern theory

of Restricted Rotation has successfully explained all

resolutions so far accomplished in the diphenyl

scries and related compounds, and predictions from it

have been verified except where practical difficulties

were too great. The nature of the forces which inhibit

free rotation was for some time, doubtful; Mills

considered that mere mechanical obstruction would be

sufficient, whereas, Turner, Keiiyon and their co¬

workers considered that the polar nature of the sub-

stituent groups should also be taken into account.

The resolution by Moyer and Adams (J.Ara. G.S., 19d9,

51. 630) of 3:3-diaminodiraesityl (9)

(9)

indicated that though the electrical effect might

play some part in obstructing rotation, the main
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effect must be clue to the size of the substituents.

Later (Chem. Reviews, 1933, 12 . 304), Adams, after

considering the compounds previously studied, con¬

cluded that it was "impossible to correlate electrical

characteristics and interference effects of the indiv

idual groups. Steric influences due to the polarity

of groups probably produce no more than a secondary

effect".

The first application of the new theory to com¬

pounds other than diphenyl derivatives was to those

containing condensed rings. A number of 2:3-&isub¬

stituted 1;l-dinaphthyls (10) were resolved and found

to be very stable; but as Maacarelli has pointed out

(GiZ:;., 1928, jjcJ, 627), these compounds, on theoret¬

ical grounds, are still of the diphenyl type (11).

.XX'(10) * 1 (11)

oa
True restricted rotation in the dinaphthyl series

has, however, been obtained independently by Stanley,

Corbellini, and Meisenheimer (1931,-2) by the resol-
» ,

ution of 3:8-dicarboxy-l:1-dinaphthyl (12). Meisen¬

heimer also resolved the monocarboxy compound (13);
this was less stable than the dicarboxy acid, which

itself was readily racemised.
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(13) Hoot
<O0 H (13) HOat

In 1928, Mills and Illiot predicted tliat on

theoretical grounds a peri-substituted naphthalene

might he resolvable, and they were able to show that

the benzene sulphonyl derivative of 8-nitro-l-naph-

thylglycine (14) could actually be resolved, although

its optical stability was small (J.0.3,, 1928, 1291).

4%'io, ««. coon
\/

/v01 m(14)

On the theory of Restricted Rotation, the reason

for the optical activity of this compound lay in the

obstruction offered by the nitro group to the free

rotation of the benzenesulphonyl-glycine residue round

the carbon-nitrogen bond. This point was proved by

the inability to resolve the un-nitrated compound in

which there can be no such obstruction.

From the foregoing point of view, the phenyl-

sulphoxy- and phenylsulphone-naphthoic acids (15 and

16), theoretically obtainable by oxidation from

8-carboxynaphthyl-l-phenyl sulphide, present a case of

unusual interest.



(15) (16)

In the sulphoxy acid, one stable centre of

asymmetry resides in the 30-group. Recently, Kenyon

and Phillips have resolved ethyl p-toluene sulphinate

(17) and substituted phenyl methyl and diphenyl

sulphoxides (18), each containing the same grouping

(J.C.3., 1925, 2552; 1926, 2079).

-

CoOH-f6fy- Sp-CHj
OH,- f6*V SO OC^

NHl• C6\- SO - ^N^CHj

Ov (18)

It is obvious that there must be a fundamental

difference in structure between the carbonyl and

sulphoxyl groups, since it is impossible to obtain an

optically active ketone, .excexjt in cases when the

active centre is known to be external to the ketonic

group. On the electronic theory of valency, it is

possible to show such a difference and also to explain

the resolution of sulphoxides into active forms
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c ; o

Ri

R<

+

3 : o

The ketone contains a normal non-polar double

bond of four electrons, whereas the sulphoxi&e has

one non-polar and one polar bond, an arrangement that

is also present in the sulphinic ester, when R3 is

»0CH3 etc. (dugden, J.C.3., 1924, 1177) While the

carbonyl group is electrically symmetrical, the nature

of the semi-polar double bond renders the sulphoxy

group unsymmetrical, and the whole molecule becomes

asymmetric, a property that is lost on oxidation &£>
the sulphone.

The existence of a semi-polar double bond has

been accepted by Phillips, Bell and Bennett, and others

as the main factor in producing asymmetry in compounds

of this type. Some workers, however, urge caution

in accepting this idea {Sidgwick; de Vries and

Rodebush), while Bergmann definitely opposes its

adoption (Ber., 1932, 457). Prom measurements of

dipole moments, Bergmann concludes that, rdiile in

bensophenone (19) and its derivatives the oxygen atom

is in the same plane as the valencies from the carbon

to the benzene rings, this spatial relationship does

not hold in the case of diphenyl sulphoxide (20):-
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(19) (20)

This idea is supported by the isolation of two

(inactive) forms of dithian dioxide (21) (Bell and

Bennett, 1927, 1798).

O CHa—CHa o Ch /Ha CHSv y V \XGH2 Gh/ XCHa—Oil/ 0

(21)

This is capable of explaining all the known cases

of optical activity in compounds containing the sulph-

oxide group, and Bergmann prefers it to the semi-polar

double bond as he considers the evidence in favour of

the latt^Sf to be rather uncertain. This evidence is

mainly as follows: (1) a non-polar douMe bond would

require 10 electrons in the outer shell of the sulphur

atom, and (2) parachor measurements do not indicate a

normal double bond. Bergmann's objections to these

arguments are, first, that the octet rule is not

inviolable, and, second, that the physical basis of

the parachor is not sufficiently secure.

In the case of diphenyl aulphone (22), Bergmann

deduces, again from dipole measurements, the planar

configuration of the two sulphur-carbon bonds and the

resultant of the two sulphur-oxygen bonds. He further
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calculates that the 0-3-C angle, a, is 109°, while

the O-S-O angle, /3, is slightly less - about 102c.

(22)

■iuite recently (1932), Lesslie and Turner have
r

successfully resolved phenyl benssidene-2;2-di3ul-

phonate and aiphenyl-2;2-disulphonic acid (J.G.o.,

1932, 2021 and 2394}, though Stanley and Adams had

previously failed to obtain the acid in it3 optical

isomers (J.A.C.3., 1930, ^2, 4471). There are im¬

portant respects in which this compound differs from

those previously resolved; {1} only two of the four

"ortho" positions are occupied, and (3) each sulphur

atom is attached to three atoms other than the carbon

Chain, whereas in previous oases not more than two

Other groups have been so attached. Consideration

of a molecular diagram allowed that if only two oxygen

atoms were attached to each sulphur atom, they could

assume a configuration that would allow the second phen¬

yl ring to swing round, the rotation being thus no

longer prevented. The addition of a third oxygen atom,

however, should render such a possibility very small,

especially when a similar group is present on the

other ring, and Lesslie and Turner were able to show

that diphenyl-2;2-disulphonic acid can exhibit an

optical activity which, though small, persists in the
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6"Carboxynaphthj/l-l"pKenyl sulphoride.
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\ '

ill

IV

S^arbox/naphth/l-l- phenyl aulphoxide.
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cold, tout ia rapidly destroyed at 100*.

A consideration of molecular diagrams en pages 80
I

and 81 of 8-carbo^cynapiitiiyl-l-piieiiyl aulphoxide (15),
drawn in a similar manner to those of Leaslie and Turner,

{15}
/ >—COOH

suggested that somewhat similar obstruction could occur

in this ooispound and that theoretically it should be

possible to separate it into several isomera, the nun

ber being unusually large owing to the presence of boti

an asymmetric sulphur atom and also restricted rot¬

ation. Mo fewer than eight possible isomers are

represented dlagramaiaticaXly below, the thick black

line indicating the naphthalene nucleus, at right

angles to and behL. , the pi use of the papers-

fc OH PI 9 Pk OH
| | I | I I

7 f~ "7 »~
o o aoh o o

9-9
.0 O o OH 0 o

_/ ■_ I \ !_
W* S> Pk in Pk e Pk in
5/ t- <*/ y
due diagrams on pages 80 am 81 are drawn to a

scale of 1 om. 8 I A. the atomic radii being taken as

followsI-
o

Carbon 0 ? A. Lonsdale, Proc. Roy. doe., 1929,
125. 494.

Hydrogen 0 3 A. Pauling, lb?. Mat. Aoad. dei,, 1932,
M, ^3.

fk 0

1 II
to /— mm

\
■ c ••

1
o OH

0 OH

/ 1
-5 ■ c—
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Sulohur 1*0 A. Pauling, Pr. Hat. Acad. 8ei., 1933,
IS. 293.

o

Oxygen 0*7 A. Ann. Rep., 1931, 385.

In the annual Reports for 1932 (p. 67 onwards)

there is collected evidence for the existence of an

envelope surrounding the space "filled" "by an atom.

In the case of Krypton, there is a difference between

the density of the crystalline solid as found exper¬

imentally and as calculated from the atomic radius

deduced from spectrum analysis. To account for this

it is necessary to assume an envelope round the atom i

which its influence can be felt, but which can act¬

ually be penetrated by other atoms. For Krypton, the
c

internal radius (from spectral measurements) is 1*06 A
e

the collision radius (from viscosity) 1*55 A., while

the radius in the orystalline state is 2*01 A. That

is to say, the "occupied" volume has a radius of 1*06
o o

A., while there is a larger sphere of radius 2*01 A.

which to soiae extent resists the intrusion of another

atom.

From, amongst other things, the Thorpe-Ingold

effect in the series Methane - Carbon tetrachloride,

it can be calculated that carbon has an envelope of
a

about 0*5 A. How if a diagram similar to that on

page 81 is drawn for diamino-difluoro-diphenyl (the

four substituents being in the "ortho" positions), it

can be seen that the nitrogen and fluorine atoms do

not actually touch, and that therefore this compound

should not be capable of existing in optically active
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forms. Actually Kleiderer and Adams (J.A.C.S., 1931,

53. 1578) have resolved it and found that racemi3ation,

though easy, is not spontaneous - twenty minutes in

boiling alcohol being required for half racemisation.

This can only be explained on the assumption that the

atomic envelopes do not, at normal temperatures, per¬

mit the passage of the opposing atom, thus giving

rise to restricted rotation. With rise of temperature

and consequent increase in energy, an atom is enabled

to force its way through and past the other envelope,

and so destroy the optical activity of the compound.

Or. the other hand, Stanley and Adams predicted

the resolvability of this diaminodifluoro-diphenyl

without using the idea of an envelope (J.A.C.d., 1930,
*

52. 1300). From X-ray data, they calculated the
.

C-JSf linlc as 1*39 A.; adding 0*17 a for the two

hydrogens, this gave a value of 1-56 A. for the C-BK3
o

link. The C-F linkage is known to be 1-39 A., and
■

the distance between the two "ortho" carbon atoms in

diphenyl is 2*90 A. Adding together the tv/o subatit-

uents linkages and subtracting 2*90, Stanley and Adams

arrived at an "interference value" of 0*05 A. from

which they predicted restricted rotation. against

this however, must be placed the fact that they used a

value for the whole amino group, whereas it is possible

for the two hydrogens to be orientated in such a manner

that they do not obstruct the passage of the fluorine
&

atom; on this basis, using 1*39 a. for the C-N link,
o

the interference value is negative, - 0-12 a., and the
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compound should not be resolvable.

Moreover, Lesslie and Turner (J.C.S., 1932, 2024)

criticise the above method of calculating the obstacle

effects in substituted diphenyla, which "is essentially,

to regard the groups as taking effect along the straight
l

line joining the centres of the 2- and 2~ carbon atoms!

They consider that this has little theoretical justi¬

fication and 3hould only be used for prediction pur¬

poses when the summation of the links gives a value

either considerably larger or considerably smaller
a

than 2*90 A. They themselves use the model or diagram
'

method as above, though there is the difficulty that

the exact angle made by a substituent group with the

benzene ring is not definitely known. Allowing,

however, for an envelope round the atoms, it is

unnecessary to know the exact value of the angle,

since the effect of the envelope is j'Fobably not sharp¬

ly defined in space, and the diagrams are not accurate

to more than 0-1 A,

Turning again to the case of 8-carboxynaphthyl-l-

phenyl sulphoxide, it can be 3een from figure I (page
\ 0

80 ) that, allowing for an envelope of 0-5 A. round

each of the atoms, it is impossible for the sulphoxide

group to swing round past the oarboxyl group. All

the other possible modes of rotation appear to be pre¬

vented by the effective blocking due to the 3ize and

position of the sulphur atom. This means that in the

schematic representation of this compound on page 82,

form A is not interconvertible with form H. The
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immediate result is that there are eight theoretically

possible fonas, ao shown.

Other considerations, however, suggest that four

of these (type IV) my he excluded on two groundsj

(a) the very close proximi ty of the a toss in the

peri position would appear to prevent the approach

of an oxygen atom from the reagent in such a direction

ao to form a sulphoxide of type IV, (h) this con¬

clusion is supported "by the difficulty experienced in

oxidising the aulphoxide (apparently of type III) to

the sulphone.

Owing to the ateric difficulties Just mentioned,

it may not he possible to prepare 8~carboxynaphthyl-1-

phenyl aulphone in any quantity by oxidation of the

aulphoxide, out theoretically, this compound should

also exist in various isomeric forms. On the same

principle as above, these may be represented schem¬

atically as follows*-

Pk b PK OH o p OH o o o

_l I I l_ \\/_l _V/ «_
A i A i ii [ i0 O OH O o 0 Pk O Pk OH

Exactly analogous to this case is that of peri-

sulphonic-carboxynaphthalene,

except that in this cue© the phenyl group is replaced
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by the much smaller and less obstructive hydroxyl

group.

It is probable that in this acid, the obstruction

offered to the rotation of the 3ubstituent groups

will be less than in the above cases and that the

optical forms may not be very stable.

The following section deals with the separation

of 3-carboxynaphthyl-l-phenyl sulphoxide into two

active forms and the conclusions to be drawn from this.

OPTICAL WORK.

(l) Resolution.

The resolution of 8-Carboxynaphthyl-l-phenyl

sulphoxide, prepared as on page 40, was effected by

means of its brucine salts. The brucine used was

purified by dissolving in hydrochloric acid and pre¬

cipitating out with ammonia. It wasthen filtered off

washed thoroughly with water to remove all traces of

ammonium chloride, and dried in an air-oven at 120°.
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A melting point indicated that it was in the anhydrous

state.

The inactive sulphoxide (1*12 gm. m.pt. 200-201°)
was dissolved in 80 c.c. ethyl acetate at the boiling;

point, and to it was added a boiling solution of 0*8

gm. brucine in 6 c.c. ethyl acetate. The mixture was

boiled, allowed to cool and left overnight. After

filtering off and drying, 1*18 gm. salt was obtained.

Using the instrument described below, a solution

of this salt in Ghloroforia gave m + 6*32° m If

t = 20°; c = 3*458). After 18 hours, the value had

risen to + 6*81? while after 65 hours it was + 6*98°.

The salt was then dissolved in hot chloroform,

a little ethyl acetate added, the whole boiled and

allowed to cool slowly. The precipitate was filtered

off and the whole process repeated. Thereafter, a

reading of * + 9*50° was obtained under the same

conditions as before. after 4-| hours, it had risen
I

to + 9-67°, at which value it remained constant.

Repetition of this procedure resulted in the

isolation of a sample, weighing 0-6 gm., of = + 9-62

the rotation of which rose on standing 2£ hours to

= + 9*92°, and to + 9>95° after a further four hours

Owing to the small rise in initial rotation (0*12°)

during this last stage, further purification was con¬

sidered unnecessary.

In case the free acid might undergo rapid racem-

isation, a solution of the brucine salt in pyridine

was made up and rapidly examined in the polarimeter
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(as before, c = 3*453), A value of = + 6-60° was

observed, initially and al3o after half an hour, no

evidence of racemi3ation being apparent. After stand¬

ing a further half hour, the reading had risen slightly

to + 6*72°, after which no change was noticeable even

after 24 hours.

The slow increases of rotation with time recorded

above, were at first thought to be temperature effects,

but they are discussed in some detail later in the

light of a recent paper by Lesslie and Turner.

(2) Measurement of Rotation.

The polarimeter used was made by Schmidt and

Haenach, and was fitted with a "Doppel-monochromator"

of the same maice. By use of this, monochromatic light

of any desired wavelength may be obtained merely by

adjusting a screw. Light from a standard electric

bulb is split into an accurately defined spectrum which

can be moved across the polarising prism. Once the

instrument has been calibrated, the 3crew-reading

corresponding to any given wavelength is known, with

the result that light of every part of the spectrum is

instantly available at the one instrument.

The tubes were one decimetre in length and of

wide bore, holding 10 c.e. For temperature work,

water or steam could be passed through an outer jacket

while the bulb of a thermometer could be immersed in

the liquid writhout interfering with the readings.
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The dark room was maintained at 20 °C (+, 1°) , and
UTil<-5S
vctrlue-e otherwise stated, all rotations were measured

at that temperature.

(3) Liberation of the active acids.

To the above solution of active salt in pyridine
'

(see I 1) was added 10 c.c. chloroform and dilute

hydrochloric acid. After shaking, the chloroform

layer was separated off and washed several times more

to remove brucine. At this stage, the chloroform

solution gave = l«98°, but brucine was found to

be still present. The tests used to determine the

presence or absence of brucine were (a) a red colour

with concentrated nitric acid, and (b) a red colour on

warming with mercurous nitrate.
■

The solution was then repeatedly washed with

hydrochloric acid (150 c.c.) until no colour was per¬

ceptible in either of the above tests. After a final

washing, the chloroform solution was roughly dried over

calcium chloride (10 minutes), and its rotation observed

in the polarimeter. A value of = + l«40° was ob¬

tained, a value which had not changed after the lapse

of 36 hours. The chloroform was then removed by

evaporation under reduced pressure, when the d- form

of the acid separated in hexagonal prisms of m.pt,

200-1°C. (This is the same as the melting point of

the inactive material.) No brucine could be detected

in the sample, proving that the activity was due en¬

tirely to the acid. The concentration of the chloro-
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form solution was found to have been 0*0368 gm. in
so

10 cfc.| so that the specific rotation vafl m

+ 380*5° and the molecular rotation, [m]** * + 1187°.
V.

As, however, chloroform is difficult to obtain pure,

and as this sample was not thoroughly dried, these

figures cannot be taken as reproducible results. In

acetone (c = 0*2) the value of (juj* was ♦ 490^.

The rest of the brucine salt having = + 9*62°

was then decomposed in a similar manner, washing with

acid being continued until complete removal of brucine

was proved. The large volume of acid required to

remove the comparatively small amount of brucine was

very noticeable and the loss of active acid was ratheh

high. A similar difficulty has been reported by

Harrison, Kenyon and Phillips (J.C.S., 1926, 2038) in

the removal of brucine from its salt with m-oarboxy-

phenyl-methyl sulphoxide.
obtained

The laevo- form of the acid was^in a slightly less
active condition by removing, under reduced pressure,

the ethyl acetate from the mother liquor obtained from

the first crystallisation of the brucine salt. This

salt (0*7 gm.) was then decomposed as outlined above,

without further purification. The acid so obtained

had a rotation in acetone of « . o*82°« (c » 0*200),

giving [<$q - - 410°.

(4) Dispersion.

A solution of 0*0200 gm. of the pure d- acid in
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10 c.c. acetone was made up, and the values of the

rotation determined for five different wavelengths of

light. (The acetone had "been previously jmrified

for optical work} B.D.H. acetone, "from bisulphite

compound", dried over calcium chloride and carefully

fractionated.)

Rotation of d-8-Carboxynaphthyl-l-phenyl sulphoxide.

t = 20°C, H.1 C = 0*2000.

Wavelength (X) a \a) M
Red, 6563 A + 0-76° + 380 * + 1136 0

Yellow, 5893 0*98 490 1529

Green, 5463 1 21 605 1884

Blue, 4861 1-67 835 2605

Violet, 4358 2-38 1190 3713

From this table was drawn the graph on page 93,

where 1/s is plotted against X* . The graph so produced

is a straight line, indicating that the compound ex¬

hibits Simple dispersion over the range of wavelength

examined. For the sake of comparison, the following

table shows the rotations observed in the case of the

isomer, though this wao not isolated in the optic¬

ally pure state.
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Rotation of acid in acetone, (not optically pure.)

t m 20°G, * - 1, c — 0*2000.

Wavelength (>^) a M [M]

Red, 6563 A. - 0*66° - 330° - 1030 c

Yellow, 5893 0-82 410 1279

Green, 5463 1-00 500 1560

Blue, 4861 • 1*35 675 2106

Violet, 4353 1*92 960 3211

(4) Effect of Heat on the Active Compound in Solution.

A solution of 0*050 gm. of the laevo- acid in

10 c.c. glacial acetic acid was placed in a jacketed

tube with a loosely fitting cork carrying a thermo¬

meter. Throughout this experiment, light of wave¬

length 5463 A (Mercury Green line) was used for the

readings. Initially at a temperature of 20°, the

rotation was - 1*86°. Steam was then passed through

the outer jacket, when the temperature of the solution

rose rapidly to &|*» giving a m - 1-88°, After 2$

hours, this value had not changed and there ia thus

no indication of racomisation.
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DISCUSSION.

The remarkable ease with which the 3tereoisomeric

brucine salts of 8-carboxynaphthyl-l-phenyl sulxihoxide

were separated, and the optical stability of the free

acid3, indicate that the mutual blocking of the groups

in the peri positions in the naphthalene nucleus is

either very complete or else entirely non-existent.

The blocking of free rotation wa3 predicted on the

basis of the diagrams drawn on pages 80 and 81, although

as was pointed out then, too much reliance cannot be

placed on this evidence. If free rotation is en¬

tirely prevented, there should be a minimum of four

isomeric forms present, with a possibility of eight

(see page 82). The ease of separation and the reas¬

onably large yields of the two isomers actually i30-

lated, coupled with the lack of any indication of the

presence of other isomeric forms, suggest very strongly

that no obstruction is offered to the free rotation of

the peri substituents, and that only two forms are to

be expected. In these, the optical activity is solely

due to the asymmetry of the aulphaxide group.

The 3ame conclusions are arrived at if, instead

of the usually accepted form, the carboxyl group is

assumed to exist in the "mesohydric"' form of Oddo

(Abs., 1907, II, 15), in which there is a symmetrical

arrangement of the atoms.
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The dotted line represents a "half-valency",

which in modern parlance is a single-electron bond.

The symmetrical nature of this grouping at once reduces

to two the number of possible stereoisomers. As,

however, this idea is not generally accepted at the

present time, it need not be considered further.

It was mentioned eai'lier, that after each puri¬

fication of the brucine salt of the d- acid, a slow

rise of rotation with time was observed during the

polarimetric determinations. At first sight, these
.

variations seem to be rather irregular, and were taiceh

to be errors due to changes in temperature and concen¬

tration. Very recently, however, Les3lie and Turner

(J,C.S., Karch 1934, 34?) have reported q similar var-i

iation of rotation with time in the case of the diphenic

salts of quinine, dihydroquinine, quinidine, cinehonine

and cinchonidine. All five salts showed the muta-

rotation referred to.

Using an alcohol-chloroform mixture (2;1 by volume)

as solvent, Lesslie and Turner obtained a rise in rot-j

ation in 15 hours varying from 0*07° for the cinehonine

salt to 0«18c for the quinine salt, the concentration

being approximately c = 1*45. They mention that

mutarotation has been observed with more than 30 sol-

utions of quinine diphenate, so that the effect cannot
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be doubted.

The effect of concentration is very marked. With

quinine diphenate, the change of Ms?©! after 15 hours
I

varied from 0*2^ when c = 9*02, to 9»3t/0 when c = 1»21.
In 99*5% alcohol, the change in specific rotation is

very high, whereas in chloroform alone it is zero.

These and other related phenomena are held by

Lesslie and Turner as being consistent vdLth the idea

that when the alkaloid diphenates are dissolved in

certain solvents, or when equivalent solutions of acid

and alkaloid are mixed, a very rapid process of

asymmetric induction occurs, and that only the last

stages of this are detected polarimetrically.

Asymmetric transformation should occur, even

without any separation of solid salt if (1) complete

rotation i3 possible in the free acid, while {2} this

is prevented or hindered by the presence of the alkaloid

groups in the salt. (Lesslie and Turner, J.C.3., 1934,

347. cf. Mills and Elliott, J.C.3., 1928, 1297.)
In conclusion, however, Lesslie and Turner state that

"although asymmetric induction affords an explanation

of the results obtained with salts of dijihenic acid,

it is possible that when more evidence is obtained
i

from a study of the alkaloidal salts of other acids,

an alternative method of interpretation will be found®.

Eor convenience in the following discussion, the

values of the rotations for three successive crops of

the brucine d- salt, quoted in the experimental section,
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are given below. (All the values are positive.)

(1) 6*32° at 0 hrs; 6*81° at 18-| hra; 6*98° at 65 hrs.

(2) 9*50° at 0 hrs; 9*67° at 4-§ lira; 9*69° at 22 hrs.

(3) 9-62° at 0 hrs; 9-92° at 2& hrs; 10-17° at 20|- hrs,

(3a) 6*60° at 12 min; 6-61° at 27 min; 6*72° at 1 hr.
and at 24 hrs.

In all the above, c » 3-458, t - 20°, J - 1 and

X= 5893 A.

(1), (2) and (3) are in chloroform; (3a) is in pyridine.

The free d- acid has IXIp = + 380*5° in chloro¬
form, unchanged after 36 hours » 1-40°, c = 0*368).

The above results can be interpreted in a manner

analogous to that of Lesslie and Turner, when one

variable factor is allowed for. Lesslie and Turner

quote values of a at exactly five minutes after

wetting the solids with solvent, and it is apparently

within that first five minutes that most of the in¬

duction occurs, only the last stages being observed.

Many attempts were made to obtain readings within a

minute of preparing the solution, but tfin most cases,

limited and rapid mutarotation occurred within the

first five minutes, but quantitative reproduction of

the readings was impossible".

Unfortunately, the work described here was not

carried out under these exact time conditions. In

the first place, the brucine salt was not readily sol¬

uble in chloroform in the cold, and it was by no means
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always possible to take a reading of the rotation

within five minutes of the first wetting of the sol¬

ute. This was not consiciex-ed a drawback as, in the

second place, no immediate rapid change of rotation

was expected, except posaibly in the case where

pyridine was used as a solvent. from the molecular

diagrams already discussed, it was deduced that the

optical activity should be due to (a) the presence of

the asymmetric sulphoxyl group, and (b) restricted

rotation of the peri eubstituenta. It was further

realised that any activity due to the latter factor

might not be very permanent, and the duration of the

readings was therefore prolonged in case slow partial

racemisation should occur. Instead of this change,
i

a slight rise was noticed. The time "0 hours" given

above must therefore be accepted as only approximate

and not as a definite interval after adding the solvent.

Thi3 would explain the fact that the rise in case (3)

over 2f hours is greater than the rise over 4-5- hours

in case (2). In the latter instance, the "zero

reading" was probably taken at a greater interval after

wetting the solvent than in the former case.

In a foot-note on page 349, Leaslie and Turner

state;- "When an actual salt is used, the induction

process has naturally occurred in its preparation.

Its optical composition will depend on the conditions

of preparation, but in general, further equilibration

will occur on redissolving it". This statement is

definitely borne out by the results reported here,
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mutarotation "being observed after each crystallisation.

Prior to case (2), the salt being resolved was twice

crystallised without intermediate determination of

its rotatory powerJ in cases (1) and (3) the material

was only subjected to one crystallisation.

This evidence of muturotation, along with that

previously given, seems to show definitely that in

the substance under discussion - 3-carboxy-naphthyl-

1-phenyl stilphoxide - there is no restricted rotation

between the groups in the peri positions, and that

the optical activity is due entirely to the asymmetry

of the suiphoxide group. This is in contradistinction

to what is to be deduced from the diagrams of the
■

molecule on pages 80 and 31, but it must be remembered

that there are several drawbacks to their use.

(l) The exact distance apart of the peri carbon

atoms is not knovm, nor in the angle a, on which it

depends.

(2) Similarly, the exact angle at which sub-

stituent groups are joined to the peri atoms of the

nucleus is unknown. This will depend on the size and

polarity of the groups. Mills and Elliot (J,C.2.,

1928, 1293) consider that in this type of diagram,

the error is to make the distance between the 1:8-

carbon atoms too large. On the other hand, it would

appear that the presence of two strongly polar groups
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in the peri positions might well increase the value of
a to such an extent that the free rotation of these

two substituents would no longer be prevented.

(3) Probably the greatest difficulty in obtaining

an accurate diagram is due to the necessity of repre¬

senting a three dimensional arrangement of atoms in
. . • ; .

one plane, especially when the angles between the
'

valencies are not well known.
..

It is thus clear that in the case of diphenyl

derivatives, where the two phenyl x*ings are co-axial,

a molecular diagram can safely be used to foretell the

possibility of restricted rotation? this is not so in

cases where there is another atom between the two

aromatic nuclei, the two valencies of which are at

an angle other than 180°. The presence of additional

substituent3 on this central atom complicates matters

still further, since the angle between the valencies
■

are seldom known accurately, and it is largely on

these angles that the evidence for blocking must be

based.

In the diagrams used above, the angle between the

valenoies from the sulphur atom to (a) the naphthalene

nucleus, and (b) the oxygen atom, has been taken as

120°, whereas it is probably nearer 110°. In the

latter case the oxygen atom and the carbon of the

oarboxyl group actually touch, while the diagram

indicates that there is a distance of 0*2 A between

them - a distance more than covered by the "envelope"
'

already referred to. It would therefore seem that
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there should, "be a certain amount of restricted rot¬

ation in the sulphoxlde, "but none was found. Kleiderer

and Adams (J.A.C.S., 1933, jjb, 4220), however consider

that either the envelope is thinner than was suggested

'toy Sidgwiek (Ann. Rep., 1932, 29, 70; eee also page

83), or that nuclear hydrogen can contribute to the

interference. (This latter point does not arise here.)

analogous to this are two other cases in which

optical activity has been sought in peri-substituted

naphthalenes - (l) benzene3ulphonyl-8-nitro-l-naphthyl

glycine Investigated by Mills and Elliot (J.C.S.,

1928, 1291), and (2) isomeric with this, 8-nitro-

naphthalene-l-Eulphonyl-phenyl glycine on which

Steiger has worked (Bull., 1933, [4j , j>3, 1249).

CHgCOOK N'CHc COOH

NOl V M0X io^

(1) (2)

In each case, diagrams similar to those used here

predicted the existence of stereoisomers due to

restricted rotation, which should be fairly stable.

In the first instance, Mills and Elliot obtained act¬

ive compounds which racemised with the half-life

period of 5 minutes, while Steiger was unable to observe

any such resolution or racemisation.

The conclusion must therefore be reached that the
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U3e of these diagrams is not a satisfactory method of

foretelling the existence of restricted rotation in

peri-substituted naphthalenes, though it is hard to

suggest a better method. It is also apparent that

empirical evidence deduced from the diphenyl series

cannot be used directly for prediction in the naph¬

thalene group where the restriction is due to the

mutual interference of substituents in the peri

positions,

SUMMARY.

The work of Rule, Barnett and Pursell on the

synthetic reactions of 8-bromo-l-naphthoic acid has

been extended, more especially to the formation of

nitrogen and sulphur derivatives.

By interaction with aniline, sodium and copper

bronze, H-phenyl-naphthastyril has been isolated.

8-Bromo-l-naphthanilide has also been prepared for

comparison, this compound having been isolated in two

crystalline modifications. although the elimination

of halogen from the 8-bromo-acid was readily effected

vi th aniline, all attempts to condense the acid with

ethyl aniline failed. Methylamine also gave no
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isolable "basic reaction product - a little dinaphthyl

dicarboxyllic acid was formed. - despite the good

yields of naphthastyril obtained by Rule ana Brown.

4:5-I3initro-8-bromo«l-naphthoic acid, however, on

treatment with ammonia gave 4:5-dinitronaphthastyril

without difficulty.

The 8-bromo acid reacted readily with aqueous

sodium bisulphite to form the sulphonic-carboxy acid,

which was isolated in the form of its anhydride.

Unsuccessful attempts were made to brominate this

compound.

Sodium hydrosulphide failed to yield the expected

thionaphtholactone, owing apparently to the catalyst

being attacked, Sodium thiophenate converted the acic

into 8-carboxynaphthyl-l-phenyl sulphide, which on

oxidation with hydrogen peroxide gave 8-carboxynaphthy3

1-phenyl sulphoxide. This latter was resolved into

stable antipodes of very high rotatory power, the

optical isomerism being due to the asymmetric nature

of the sulphoxide group. Restricted rotation had

been expected, but wa3 not found. It is concluded
|

that "molecular diagrams" cannot be used satisfactorily

in this connection where the compounds concerned are

peri-substituted naphthalenes.

Humerous attempts have been made to use the hydroxy-

mercuri-naphthoic anhydride, which is obtainable quant¬

itatively, in syntheses of this type. In general,

however, a-naphthoic acid was the only traceable pro-

1-
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duct. Strong oxidation ruptured one ring of the

naphthalene nucleus.

Earlier efforts "by Rule and Barnett to condense

8-bromo-l-naphthoic acid with mlonic ester have "been

reported as unsuccessful, while the iodo- acid was not

then known. Recently the latter has been isolated

"by Goldstein and Prancey. This preparation has been

repeated and the 8-iodo-l-naphthoie acid successfully

condensed with malonic e3ter with the fonaation of

homonaphthalie acid.

The author desires to record his thanks to Dr.

H. Gordon Rule for his constant help and advice

during the course of this work, and especially for

his encouragement and patience in titties of difficulty.


