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The previous papers' on this subject described the {ormation of phthal-
Cco

phenylimide, C°H4< >NCGH5, from phthalphenylamidic (phthal-
Cco

anilic) acid, at a temperature about 100° below its melting point, in pres-
ence of aniline. The fact that tertiary bases behave like aniline, led to
the suggestion being niade that the dehvdration is due to salt formation.
It was also shown that certain other phthalaniidic acids behave in a simiilar
manner, but not in au identical one. In the present conuunication we
give an account of further work whicl we have doue on this subject during
the past year.

We have employed the following acids: phthalphenviamidic,
C,H,NHCOCH,CO,H; phthalortho-, 1ueta- and paratolvlamidic,
CH,C,HNHCOCH,CO,H; plhithalmeta- aud paranitroplienylanidic,
O,NC,HNHCOCH,CO,H{; and phthal-a- and  -g-naphthylaniidic,
C, H,NHCOCH,CO,H. The two nitro acids and the meta- aud paratolyl
acids have not been obtained previously.

As we required relatively large quantities of these acids we have worked
out the details of their preparation and purification with care. Our
method is described later iu this paper (p. 1885). It is very much
simpler and more expeditious thau the older process. but does not differ
from it in general principles.

In the experiments recorded in the earlier papers tle acid and base
were generally heated 2!/, hours, or longer. In this later work we usually
limited the time to 35 minutes becatise we wished to avoid the complete
transformation of the acid iuto the imide. In this way we have been able
to isolate certain intermediate products and lave also succceded, in some
cases, in deterniining the relative velocity with which the various imides
are fornied.

We have investigated the effect of tlie following amines on the acids
meuntioned above: Pyridine, quinoline, cthylaniline, diphenylaine, ani-
line, «- aud S-naphthvlamine and, in most cases, of benzylanine. In

! Bishop Tingle and Cram, Am. Chem. J., 37, 596 (1907); Bishop Tingle and
Lovelace, Ibid., 38, 642 (1907).
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addition we used, with each acid, the particular amine from which it is
derived. It will be comrvenient to discuss the results in the order given.

PyripiNg.—This substance reacted with all the acids which we in-
vestigated, forniing, in each case, the substituted imide corresponding
to the original acid. The reaction is relatively slow, but experiments
described in an earlier paper showed that the change is complete, if suf-
ficient time be allowed. With the phthal-p-nitrophenylamidic acid a salt
of pyridine appears to be formed in addition to the imide.

The action of QUINOLINE resembles that of pyridine very closely, but
it is, on the whole, slightly slower. It also forms a salt with the acid
mentioned.

ETHYLANILINE behaves essentially like pyridine. It gave, with each
acid, the corresponding imide. Under the conditions which we employed
phthal-3-naphthyvlamidic acid failed to react and the a-naphthyl acid
was transformed very slowly. In general, the use of this amine offers no
advantages over that of pyridine.

With DIPHENYLAMINE a very small quantity of phthal-p-tolyl- and
a-naphthvlimides were obtained from the corresponding acids, after
10 and 5 hours’ heating, respectively. It is practically certain that the
prolonged heating is alone responsible for this slight degree of transfor-
mation. All the remaining acids were recovered unchanged.

ANILINE yields, with each acid, phthalphenylimide; in addition it gave
some phthalphenylamidic acid with each of the three tolylamidic acids,
and, in the case of the para acid, some phthalphenyl-p-tolyldiamide. The
reaction with plithal-g-naphthylamidic acid is very slow, even at 100°.

a-NAPHTHYLAMINE produced no change with either the o- or the -
naphthyvl- nor with the p-nitrophenylamidic acids. With all the remaining
compounds it gave phthal-a-naphthylamidic acid mixed, in two cases,
with phthal-m-tolyl- and -p-tolylimide, respectively. A comparison of
these results with those obtained by the use of aniline shows that the
phenyl and naphthyl groups are niutually replaceable in the system
RNH, = R’NHCOCH,CO,H. The velocity appears to be greatest when
R = C,H,.

J-NAPHTHYLAMINE gave phthal-g-naphthylamidic acid in all cases, but
with the p-nitrophenylaniidic acid it was necessary to prolong the experi-
ment for 5 hours. Under these circumstances it is alniost certain that
a-naphthylamine would have also reacted with the acid in question.
In the case of the m-nitrophenylamidic acid some phthal-m-nitrophenyl-
imide was formed. Essentially, therefore, both the naphthylaniines act
in the same way.

ORTHO-, META- AND PARATOLUIDINE were each treated only with that
particular phthalamidic acid yielded by the individual amine. The
product consisted of phthal-o-, m-, or p-tolylimide, respectively, together



1884 J. BISTIOP TINCGLIS AND II. F. ROLKELR.

with unchanged acid. ‘The elficieney of these muines in producing their
respective imides is decidedly inferior to that of quinoline, pyridine and
ethylaniline.

METANITRANILING and PARANITRANILING Tailed to reuct with phthal-
m- and p-nitrophenylamidic acids, respectively. In the former case
heating was continued for 3 hours at 100°.

Brnzviaming gives the greatest complications which we have hitherto
encountered, and our experiments witl it are not vet cowpleted. It
appears to form salts with the following acids: phthal-m-tolyl-, s-nitro-
phenyi and f-naphthylamidic acids.  With the second of these acids it
also gives some plithaldibenzyvldiamide, which is also produced frow
phthal-a-uaphthylamidic acid.  In addition to the salt mentioned ahove,
phthal--naphthviamidic acid yields at least oue, and possibly several
otlier compouunds with benzyvlamine, which are at preseut under investiga-
tion.  Lrom the c-naphthylamidic acid we also obtained what appears
to be an ortho salt, CHCHNTIC (M NTDC(OH)CHL,CONTIC JH .

InrLUENCE OF SOLVENTS.- -1 15 perliaps hardly necessary to sayv that,
in all cases, blank experiments were made with each acid, in order to
demmonstrate that the temperatures and solvents cuiploved were in theu-
selves insufficient to cause the formation of fmides. The larger nuinber
of experiments, 1 this connection, wetre carried out with phthalphenyl-
amidic acid. In alcohol (93 per cent.) the change to phenvlimide is com-
plete after 45 minutes, at 100" Alter 33 wminutes, at 637, ¢ per ceut. of
the acid had been transforined. Under shmilar conditions, in acetone,
only 1.3 per cent. of the acid reacted, whereas i ether, henzene and toluene
there was no change.

These results, together witl those described in the earlier papers, show that
the change of the phithalamidic acids into plithaihmides, RNHCOCH CO,H

0N
——>C°H4\ NR -+ H,O, is dependent on the following factors:
co”

(1) The nature of the group R; apparently the stability of the acid in-
creases as R becomes more negative. (2) The temperature; increase of
this of course facilitates the transformation. (3) T'he nature of
the amine.  The effect of individual anines is discussed in the preceding
pages; in general, it appears that an amine is the more active the more
strongly positive it is. (4) The nature of the solvent. Alcohol (g3 per
cent.) is in many cases active in producing the change.

The suggestion was made in an earlier paper that, in so far as it is not
produced by the effect of temperature alone, the mechanism of the trans-
formation of amidic acid to iniide is depeudent ou the formation of a salt.
T'he results described in the present counuunication amply confirm this
hvpothesis.  The active influence of aleohol is surprising.  Absolute
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alcohol is, of course, a ‘‘dehydrating agent,” but the attraction of g3
per cent. alcohol for water is not great. We venture to think that the
identity of effect produced by alcohol and amines is due to a common
cause, namely to salt formation. Stieglitz and his students have shown!
that the *‘catalytic effect” of mineral acids in promoting the preparation
of esters of organic acids is due to the production of an oxonium salt of
the mineral acid and the alcohol.

We believe that this conception of salt formation preceding dehydration
can be extended with profit, 110t only to the very numerous condensatious
produced by the action of small quantities of tertiary bases, alkali hy-
droxides or ethylates, conc. acids, etc., but also to dehydrations effected
by such substances as zinc chloride. It is quite inipossible to regard
them intelligently without the help of some such mechanism.

Experimental.

The experiments were usually carried out as follows: A gram of the
acid under investigation was mixed with two niolecular proportiouns of
the base. If a solvent was employed it was then added and the mixture
heated to the desired temperature in a large jacketed water bath, the con-
tents of which were stirred rapidly with the help of an electric motor.
In addition, a thermo-regulator was employed. There was no difficulty
in maintaining the temperatures constant to within o.5°, which was amply
sufficient for our purpose. In some experiments the solvent was allowed
to evaporate, in others it was retained by a reflux condenser.

Solvents.—The solvents emploved were usually benzene or toluene. In
some cases alcoliol (95 per cent.) was used and occasionally petroleum
ether or ligroin. In all cases special tests were made in order to prove
that, in the absence of a base, the particular acid under examination was
not affected by the solvent and teniperature employed.

Preparation of Materials —The phthalamidic acids used in this in-
vestigation were obtained by the general methods described in the litera-
ture. We have, however, introduced a numnber of simiplifications in de-
tail which make the preparation of the acids a matter of great ease. The
purity of our products was always equal to that of the speciniens obtained
by other chemists who emploved more complicated niethods. In some
cases, indeed, as shown by their melting points, our preparations were
superior to any hitherto described.

Phthalic acid, or its anhydride (1.1 mols.), was mixed with the amine (1
miol.) and heated with a direct flame to 200°, or to the boiling point of
the imine, whichever was the lower. After 5~10 minutes and when steam
had ceased to be evolved, the molten material was poured into a dish

! Report Cong. Arts and Scv. St. Louts, IV, p. 276 (1904); Am. Chem. ]., 38, 743

(1907). Numerous other papers by Stieglitz’s students appeared subsequently in
the same Journal.
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which was turned so that the liquid solidified in a thin laver. When
sufliciently cool aqueons sodium hvdroxide (10 per cent.) was added
and the dish heated on the water bath, with f{requent stirring.

When tlie imide almost ceases to dissolve, after about an hour, the
alkaline liquid is filtered hot aud acidified with dilute hivdrochloric acid.
The residual hinide is treated in succession with three or four other por-
tions of sodium hydroxide, which are added to the first extract.

The precipitated amidic acid is filtered off, washed repeatediy with cold
water and dried on a porous plate.  In this condition it is usually sufliciently
pure for experimental purposes. We demonstrated this point by special
tests.  In sowe instances it was purifled by solution in aqueous sodium
carbonate.  Hydrolvsis of the imides by alcoholic alkali and the puri-
heationn of the amidic acids by mieans of their caleim salts are quite
unnecessary.  ‘T'he aqueous solutious of hvdrochloric acid and of sodium
hvdroxide were sufficiently dilute to iusure the removal of the small
quantities of phthialic acid and of aniine which had escaped combinatiou.
Our vieids of imides and of awidic acids were practically quantitative.
The products of the reactions were identified by mixed wmelting points
and Dby analvsis, but in 1most cases it has not been considered nuecessary
to give the details. In the experiments desecribed below the amidic
acid or acids present in the product of the reaction was separated without
difficulty by means of aqueous sodium carbonate solution; free amines
were extracted with dilute hvdrocliloric acid and the residual neutral
products (imides or aniides) were isolated by solution in various organic
solvents.

I. Experiments with Phthalphenylamidic Acid  (Phthalaniic  Acid),
CJTNHCOCH COJH —When heated aloue at its welting point, 166.5°,
this acid is, of course, couverted conipletely into the phenyvlimide. The
same change takes place (uantitatively after 435 minutes, at 100°; in the
presenice of alcohol (95 per cent.) at 63° in a sealed tube, about o per
cent. of the acid had reacted after 335 winutes.

With acetone the quantity of phenyliniide forined was ouly about
1.5 per cent,, under similar couditions, and ether. benzene aud toluene
failed to produce any change. In presence of piyvidine or quinoline
about 235 per ceut. of the acid is transforimed into the phenylimide, after
35 minutes’ heating, at 63°.

Aniline is practically without action on the acid in tolueue solution,
at 100°, during 35 winutes. Other experiments with aniline have been
described in the earlier papers oun this subject.’

At 100°, - and S-naphthalamines, convert the acid into the respective
naphthiviamidic acids.  After 35 minutes the a-amine had transformed

t Loc. cit.
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about 70 per cent. of the original acid, whereas the S-amine had only
reacted with about 30 per cent. after 45 minutes.

Ethylaniline converts about 15 per cent. of the acid into the phenyl-
imide, at 100°, after 45 minutes. At lower temperatures it is without
action.

Diphenylamine fails to react with the acid, at 100°, after 35 minutes.

II. Experiments with phthal-o-tolylamidic Acid,
CH,CHNHCOCHCO,H.-~~The acid employed in our experiments
melted at 166-167°; it was prepared directly from the imide, without
special purification, and failed to react with benzene after 35 minutes
at 100°. Unless otherwise stated the time of heating was 335 minutes
in the experiments described below; at 65° pyridine and quinoline each
yielded a quantity of the o-tolylimide, together with unchanged acid.
From a- and §-naphthylamines the respective «- and F-naphthylamidic
acids were obtained, mixed with the original acid; the change of the
latter was complete in the case of the a-amine, at 100°.

Aniline, at 65°, converts the o-tolyl acid completely into a mixture of
phthalphenylamidic acid and its imide.

With o-toluidine there is no action at 65° but at 100° the transfor-
mation into the o-tolylimide is complete.

Eithylaniline, at 65°, yields a mixture of unchanged acid and o-tolyl-
imide.

Diphenylamine fails to react even after 5 hours, at 100°, in presence
of henzene.

II1. Experiments with phthal-m-tolylamidic Acid.—This compound
does not appear to have been prepared hitherto. It was obtained without
difficulty, according to the general method described above, and was
purified by means of its sodium salt. The acid crystallizes from benzene
in needles, from alcohol in flat plates and melts at 159-161°. It is very
sparingly soluble in benzene, carbon tetrachloride and chloroform, more
readily in alcohol (93 per cent.) and dissolves very easily in nitrobenzene.
In benzene the acid is not preceptibly changed after 35 minutes’ heating
at 65°, but after the same interval, at 100°, in alcohol, about 10 per cent.
of it is converted iunto phthal-m-tolylimide. This latter compound
melts at 170-172°, not 153° as stated by Frohlich.?

In the experinients described below the acid was heated at 65°, during
35 minutes.

Pyridine (3.24 grams) was mixed with the acid (2 grams), no solvent
being employed. Only about 15 per cent. of the acid was transformed
into the imide.

With quinoline (4 grams) the change was even less complete, only about

! Ber., 17, 2679.
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10 per cent. of purified iniide being obtained. The remainiug hases were
used in benzene solution.

Aniline gives a mixture of phthalplienvilamidic acid and phithalphenvi-
imide, together with some of the unchanged original acid.

m-Toluidine converts about 1 per ceut. of the acid into the m-tolviimide.

With a-naphthylamine we obtained a very small quantity of the w-tolyl-
tmide.  About 65 per ceut. of the acid was, however, trausformed into
phthal-c-uaphthylamidic acid.

I Naphthylamine gave, as the ouly tangible produect, phthal-?-uaphthivl-
amidic acid, but a verv small quantity of the tolvlimide mav have been
formed also.

There is a considerable evolution of heat when benzylamine is mixed
with the tolvlamidie acid. The primary product is henzylammonium
phthal-m-tolvlamidate, MeC,H,NHCOCH,CO,NH,CH,C,;H,. 1t crystallizes
from ¢35 per ceut. alcohol and nielts at 157°. When mixed with an equal
(quantity of the original acid (m.p. 139-101°) the melting point is 122-126°.
The salt is soluble i1 xylene, but not in benzene. With aqueous sodium
carbonate solution beuzylamine is liberated and the original acid re-
geuerated. At its melting point the salt also evolves some benzyvlaniine;
the residue cousists essentiallv of phthalbenzvlimide, m. p. 116°. Analysis:

Cooinvnin found 72. 54, calculated 72.82
H............... found 6.73, calculated 6.08

Lixcept in presernce of excess of the bhase the compound is somewlat
unstable. The Dbearing which this salt lias on our theory of the mech-
aunism of the transformiation of the plithialamidic acids is discussed iu
the first part of this communication.

Ethylaniline converts a portion of the acid into the m-tolylimide,
the remainder being recovered unchanged.

In benzene solution diphenylamine fails to react with the acid even
after 3 hours’ lieating, at 100°.

TV, Experiments with Phthal-p-tolylamidic Acid.~~This acid appears
not to have been obtained previously. It was prepared from the p-
tolvlimide in the manner described above. It crystallizes from alcohol
(10 per cent.) in glistening white flakes, melting at 160°. At the boiling
point it dissolves very readily in nitrobenzene, niore sparingly in toluene
and is soluble with difficulty in benzene. Phthal-p-tolviiiuide (m. p.
201-202°) dissolves in benzeue with great ease. In the following ex-
periments the period of heating was 35 mintues. At 100°, in preseuce
of alcoliol (95 per cent.) and of nitrobenzene, respectively, about 3o
per cent. of the acid is converted into the tolvlimide, where as with toluenc
as solvent thie whole of the acid was recovered unchanged. [t should
be pointed out that the nitrobenzene solution, after the prescribed interval
of heating, was evaporated on the water hatli; cousequently, in the ex-
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periment in question, the acid was exposed to a temperature of approxi-
mately 100° for a very considerable length of time.

The tests with the bases mentioned below were carried out at 65°,
the period of heating being, as stated, 35 minutes.

Pyridine, in excess, without a solvent, gave about 37 per cent. of p-
tolylimide.

With quinoline, under similar conditions, only about 20 per cent. of
the p-tolylimide is produced.

The interaction of amiltne and the acid is somewhat complicated and
we have not vet worked it out fully. The chief products appear to be
phthalphenylamidic acid, the phenylimide, possibly some p-tolylimide
and a compound which crystallizes from benzene and also from methyl
alcohol, and melts sharply at 168°. The analytical results indicate that this
substance is phthalphenyl-p-tolyldiamide, C,H,NHCOCH,CONHC,H,CH,;
it is now under investigation.

p-Tolurdine is without action on the acid under the conditions mentioned,
but the transformation to p-tolylimide is complete after 5 hours, at 100°.

From a-naphthylamine we obtained a mixture of phthal-a-naphthyl-
amidic acid and phthal-p-tolylimide.

The only preduct which we isolated by the action of #-naphthylamine
was phthal-8-naphthylamidic acid.

Ethylaniline vielded the p-tolylimide, about 43 per cent., together with
unchanged acid.

After 5 hours’ heating, at 100°, in presence of benzene, diphenylamine
failed to react with the acid, but after 10 hours at the same temperature
the acid was converted conipletely into the p-tolylimide. The action
of the amine is, therefore, practically negligible, because the transfor-
mation is undoubtedly caused by the prolonged heating.

V. Expervments with Phthal-m-Nitrophenylamidic Acid.—We have
failed to find any description of this acid. It was prepared without
difficulty by hydrolyzing the imide with aqueous solution of sodium
hydroxide. After purification it was deposited from alcohol (40 per
cent.) as a light yellow powder, melting at 202°. It dissolves very readily
in a cold aqueous solution of sodium carbonate.

In the experinients described below the tinie of heating was 35 minutes,
unless otherwise stated.

At 65°, in benzene, pyridine is practically without action on the acid,
but at 100°, under similar conditions, about 10 per cent. of phthal-m-
nitrophenylimide is produced.

There is a considerable evolution of heat when the acid is mixed with
quinoline; at 100°, in presence of a little benzene, we obtained about
15 per cent. of the s -nitrophenylimide, a quantity of unchanged acid,
which was removed by treatment with cold, dilute, aqueous solution of
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sodiumn carbonate and a new compound. This crystallizes from 1uethiyl
alcohol, or from acetone on the addition of gasoline, in long, highly lustrous,
silky fibres. It melts sharply at 151°, theu solidifies and melts again
at 210°. Warin aqueous solution of sodium carbonate regenerates
quinoline aud the original acid, which was fully identified. There can
be little doubt, therefore, that the substauce is quinolinium phthal-m-
nitrophenylamidate, O.NCH,NHCOCH,CO,NHCH,, closelv concordant
analvtical results do not agrec with this forinula but rather with
C,,l1,;O,N;.  Considering the nature of these compounds and the dif-
ficulty of purifyiug them without some decomposition taking place,
we believe that the experimental evidence is much stronger proof of
their nature than the analvtical data.

Amline is practically without action on the acid after 35 minutes,
at 65° in presence of beuzene, but at 100° uuder siwiilar conditions,
about 31 per cent. of the phenvlimide is produced. In another experi-
nient the acid was heated during 4 hours, at 100°, with 7.3 parts of aniline,
no solvent beiug emploved. The yield of phenylimide was 45 per cent.
of the acid emploved.

m-Nitraniline does not appear to react with the acid, in presence of
benzene, even after 5 hours’ heating at 100°. Both the amine and the
acid were recovered and identified.

Benzylamine and the acid, after 35 winutes, at 100°, vield phthaldi-
benzyldiawiide (. p. 178°) together with benzylammonsum phthal-m-
nitrophenylamidate, O,NC;H NHCOCH ,CO,NH,CH,CH;, which is sepa-
rated by its greater solubility iu alcohol. The salt is prepared niore
conveniently by mixing the acid witli a slight excess of the amine. There
is a considerable evolution of heat: when cold the product is recrystal-
lized fromn methyl alcohol and is deposited in swall, light vellow, flat,
rectangular plates, nielting at 168°. No diamide is fornied under these
conditions. When digested with aqueous solution of sodiuni carbonate
the salt regencrates benzvliamine and the original acid. Analvsis:

Coovvnn oot found 64.90, calculated 64.12
H............... found 3.55, calculated 4.83

At 100°, after 335 minutes, a-naphthylamine converts a portion of the
acid iuto phthal-a-naphthylamidic acid. No imide could be isolated.

S3-Naphthylamine, under similar couditions, failed to react, but at 100°,
after 5 hours, in presence of benzeue, we obtained a mixture of phthal-
S-naphthyvlamidic acid aud phthal-m-nitrophenylimide.

Ethyl Awndline fails to react with the acid at 100°, after 35 niinutes,
but after 5 hours we obtained 435 per cent. of the m-nitrophenvliniide.

Diphenylamine failed to show auv action on the acid after 5 hours,
at 100°.

V1. Experiments  with  Phthal-p-nitrophenylamidic  Acid—This acid
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has not been described previously, It was prepared in the same manner
as the meta isomer, which it resembled closely. It was purified by
dissolving in a cold, aqueous solution of sodium carbonate and precipi-
tating with hydrochloric acid. It is crystalline and melts at 186°. Ex-
periment showed that the acid is not changed by heating with benzene
at 65°, during 35 minutes, consequently the work described below was
carried out under these conditions, unless otherwise stated.

Pyridine and the acid yield, chiefly, phthal-p-nitrophenylimide, to-
gether with what appears to be a pyridine salt. It is decomposed by
solution of sodium carbonate, pyridine being liberated. At 140° in a
capillary tuhe, it undergoes a change and melts, finally, at 262°, showing
that it also has been transformed into the p-nitrophenylimide. The
quantity of this miaterial which we obtained was too small for further
investigation.

A considerable amount of heat is generated when quinoline is added
to the acid.

The resulting compound consists of light yellow crystals, melting at
161°. It liberates quinoline when treated with solution of sodium car-
bonate and, in general properties, resembles the corresponding salt of
the phthal-m-nitrophenylamidic acid.

Amntline is without action on the acid under the conditions mentioned,
but after 35 minutes’ heating at 100°, without a solvent, there was com-
plete conversion into phthalphenylimide.

p-Nitraniline failed to react with the acid after 35 minutes, at 100°,
in presence of benzene.

Similar results were obtained under these conditions with a-naphihyl-
amine and with G-naphthylamine, but when the latter was heated during
5 hours, at 100°, the acid was converted completely into phthal-g-naphthyl.
amidic acid.

At 100°, after 35 minutes, in presence of ethylaniline, the acid yielded
about 3o per cent. of phthal-p-nitrophenylimide.

Diphenylamine produced no change in the acid after 35 minutes, at
65°.

VII. Expcriments with Phthal-a-Naphthylamidic Acid—The method
of preparation of this acid described by Piutti® is very inconvenient.
It consists in distilling the imide, hydrolyzing with alcoholic potassium
hydroxide, then converting the acid into the calcium salt which is even-
tually purified by recrystallization and subsequently decomposed. This
recrystallization of the calcium- salt is attended with considerable dif-
ficulty; the salt is not very readilyv soluble in water and when extracted
in a Soxhlet apparatus it forms hard, compact masses which are un-
workable. We had no difficulty in hydrolyzing the imide with aqueous

! Gazz. chim. dal., 15, 480.
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solution of sodiuni liydroxide and we purified the resulting acid by tle
method described in the earlier part of this paper (p. 1883). Our
preparations of tlie crude acid nielted at 185° but after purification
at 189° DPiutti' gives the meltinug point at 185°. Unless otherwise
stated the experiments with this acid were miade in alcoholic (g5 per
cent.) solution, the time of heating being 335 minutes. At 100°, 97 per
cent. of tle acid was recovered uuchanged.

Pyridine produces but little change at 65°, but at 100° about 50 per
cent. of the acid is transformed into phthal-a-naphthyliniide.

Quinoline vielded about § per cent. of the naphthylimide at 65°, but
at 100° the change into this conipound was complete.

After 435 minutes, at 100°, eniline vielded phthalphenvlimide, together
with unchanged acid. DPossibly a little of the naphthylimide may have
been fornied also, but in quantity too small for identification.

There is a considerable evolution of heat when benzylamine is added
to the acid. After heating at 100° the product consists of unchanged
acid and phthaldibenzyldiamide, melting at 174-176°. The conversion
of the acid into this dianiide is alinost complete after 1}4 liours, in presence
of excess of the base. ‘I'he only other product which we could detect
was a little of the compound described below. It was not obtained in
a condition of purity (ni. p. 141-144°) aud when recrystallized twice
from alcohol (95 per cent.) it appears to be converted into the dibenzyl-
amide.

At 65°, in benzene solution, we obtained only the substance mentioned
above (m. p. 141-144%, which appears to be an ortho sait. It is de-
posited from alcohol (95 per cent.) in small, granular crystals, melting at
156-157°. It dissolves in benzene, is precipitated by ligroin and is hy-
drolyzed very rapidly by slightly warm aqueous solution of sodium
carbonate, benzylamine and the original acid being regenerated. Closely
agreeing analyses of different preparations indicate that the salt has tlie
formula C,,H;NHCOCH C(OH)(NHC,H)NHCH.CH,. We give this
formula with reserve for the present.

Cooviin found 80.33 and 80.23.
H......... found 6.28 and 6.65.
N......... found 7.37and 7.52.

Calculated for C;H,;O,N;: C 80.45, H 5.36, N 8.05 per cent.

This compound is not identical with the substance (m. p. 157°) which
we obtained from benzvlamine and phthal-m-tolylamidic acid. A mix-
ture of the two was found to melt at 138° (p. 1888).

We have already nientioned the difficulty which we have experienced
in obtaining satisfactory results by the combustion of compounds of this

! Loc. cit.
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class. An attempt is being made in this laboratory to work out a more
satisfactory method for their analysis.

a-Naphthylamine exerts no apparent action on the acid after 5 hours’
heating, at 100°, in presence of benzene.

Phthal-@-naphthylamidic acid is the chief product of the reaction of
B-naphthylamine on the a-naphthylamidic acid; in addition, we found
free a-naphthylamine. The experiments were niade at 65°, in presence
of benzene. Similar results were obtained after 45 minutes, at 100°,
in solution of 95 per cent. alcohol.

Ethylaniline is without action at 65°, in benzene, but after 45 minutes,
at 100°, in g5 per cent. alcohol, the a-naphthylimide was fornied, a por-
tion of the acid being recovered.

A little a-naphthylimide was produced after heating diphenylamine
and the acid in benzene, at 100° during 5 hours. By far the larger
portion of the acid was recovered; consequently the change is probably
brought about by the prolonged heating alone, without the participa-
tion of the amine.

VIII. Experiments with Phthal-8-Naphthylamidic Acid—After 114
hours’ heating, at 100°, in toluene, the acid was recovered unchanged.
Unless otherwise stated the experiments described below were carried
out under these conditions, except that the time of heating was 35 minutes.

With pyridine about 1 per cent of fF-naphthvlimide was produced.

Quinoline failed to react, but as one of us has shown,! the #-naphthyl-
imide is formed if the time of heating is sufficiently prolonged.

At 100° antline failed to react in benzene, but when the acid was mixed
with 3.5 parts of the base, without any solvent, and maintained at 100°
during 5 hours, there was a practically complete transformation into
phthalphenylimide.

a-Naphthylamine failed to react after 5 liours, at 100°, in benzene
solution.

With G-naphthylamine we did not detect any reaction at 100°, after
5 hours. The original acid was recovered quantitatively. We were
not able to obtain the compound, m. p. 250°, mentioned by Bishop Tingle
and Lovelace.? The quantity obtained by them was too small for analysis.

Benzylamine, when mixed with the acid, causes a notable evolution
of heat. At least two compounds are formed at 65°. The portion
insoluble in ligroin appears to consist of phthaldibenzyldiamide, m. p.
178-179°. The second substance is a somewhat unstable salt which softens
about 148° and melts about 153°, depending somewhat on the rapidity
of the heating. With aqueous solution of sodium carbonate it gives

! Bishop Tingle and Lovelace, Am. Chem. J., 38, 649 (1907).
2 Loc. cit.
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benzylamine and the original acid. Under somewhat different experi-
merntal conditions we obtained, apparently, two other compounds melting
sharply at 174-175° and 169°, respectivelv. The higler welting oue
is deconiposed by aqueous solution of sodium carbonate into the original
aniine and acid. These conipounds arc now undergoing further investiga-
tion in this laboratorv by Mr. B. 1. Parlett Brenton.

Fthylaniline fails to react with the acid at 100°, after 335 miinutes,
but when the heating is continued during 1% hours the conversion iuto
J-uaphithivliimide appears to be complete. No solvent was used in this
experinient. That the result was due to the influence of the wuine is
sliown by the fact that after 3 hours’ heating with diplhicnylamine, in
benzene solution, the whole of the original acid was recovered wnchanged.

Summary.

1. We have prepared a number of wnew phthalamidic acids,
RNHCOCH,CO,H, and have worked out a situple method by which
other acids of this class mav be obtained easily.

2. The action of a variety of primary, secondary and tertiary amines
on the phthalaniidic acids has been investigated.

3. Secondarv and tertiary amines, if they are not too negative,
convert the phthalamidic acids, RNICOCH CO,M, iuto fmides,

co
C°H4< >NR.
co

4. Primary amines, R’NH,, give rise to one or more of the following

CoO CO
products, R/NHCOC,H,CO,H, CGH4< >NR, C6H4< \NR/,

CO Co”
RNHCOCH,CONHR’ and C;H,(CONHR’)..

5. The primary step in the action of all the aniines cousists in the
production of salts, a number of whiclh have heen prepared.

6. Alcohol (g5 per cent.) has a specific influence in favoring the traus-
formation of acid to imide.

7. 1t is suggested that this behavior is also due to (oxonium) salt
formation and that the same conception is applicable to the mnmerous
condensations produced by sniall quantities of tertiary bases, niineral
acids, alkalies, metallic salts etc.

The work on the phthalamidic acids and allied compounds is being
extended in various directions in this laboratory by Messrs. Brenton and
Bates under the direction of the senior author.
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