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XXIL—Derivatives of Glyoxaline-4(or 5)-formaldelyde

and Glyoxaline-4(or 5)-carboxylic Acid. A New
Synthesis of Histidine.

By Fravk Lee Pymax,

SoME of the simpler substituted glyoxalines are little known. The
simplest aldehyde in this field, glyoxaline-4(or 5)-formaldehyde
(II), was obtained by the author (T., 1912, 101, 542) in a yield

of 15 per cent. of the theoretical by the oxidation of 4(or 5)-hydr-
- oxymethylglyoxaline (I) by means of chromic acid. As the
analogue of benzaldehyde, the starting material for many syntheses
in the aromatic series, this substance is of some importance. Its
preparation and some of its reactions have therefore been studied.

Glyoxalineformaldehyde may be obtained in a yield of more
than 50 per cent. of the theoretical by the oxidation of hydroxy-
methylglyoxaline with little more than the calculated quantity of
nitric acid, and its stability towards oxidising agents is such that
it is obtained in a small yield, together with large quantities of
glyoxaline-4(or 5)-carboxylic acid (ITT), when the alechol is oxidised
with a very large excess of nitric acid over the quantity required
for its conversion into the acid,
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B-glyozaline-d(or b)-ethylamine (IX) in a yield amdunting to 32
per cent. of the theoretical, caleulated on the glyoxalineform-
aldehyde.

N1 CUN

':JH '>u[ L__N}DH

{i}II OH H-OH

CN H,NH,
(VIIL) (1X.)

The new base was prepared in order to compare its physiological
action with that of 4(or 5)-B-aminoethylgiyoxaline, a base which
occurs in extracts of erget (Barger and Dale, T., 1910, 9%,
2592), and is of great physiological activity (Dale and Laidlaw,
J. Physiol., 1910, 41, 318). Constitutionally, it difiers from the
latter only in containing a hydroxyl group, so that in the place
of the ethylamms group it contains an ethanolamine group similar
to that contained in adrenaline, the active principle of the supra-
renal glands. The comparison of the ethylamine and ethanclamine
derivatives of glyoxaline was interesting, because Barger and Dale
(/. Physiol., 1910, 41, 19) have compared previously the ethyl-
amine and ethanolamine derivatives of phenols. They showed that
B-hydroxy-g-p-hydroxyphenylethylamine was inferior in its
sympathomimetic action to B-p-hydroxyphenylethylamine, having
only one-fifth of the power, whilst B-hydroxy-g-3:4-dihydroxy-
phenylethylamine is fifty times as powerful as B-3:4-dihydroxy-
phenylethylamine. In the present case, experiments kindly carried
out by Dr. H. H. Dale, F.R.S., have shown that the introduction
of the hydroxyl group has diminished the physiological activity,
B-hydroxy-B-glyoxaline-4(or 5)-ethylamine being less active than
4(or H)-B-aminoethylglyoxaline.

In the course of this work a considerable amount of glyoxaline-
4(or 5)-carboxylic acid (IIT) was accumulated, and the opportunity
was taken of studying its properties. This acid was first described
by Knoop (Beitr. ehem. Physiol, Path,, 1907, 10, 111), who obtained
it by the oxidation of glyoxaline-4(or 5)-glyoxylic acid, an oxida-
tion product of histidine. Knoop stated that he had also pre-
pared it synthetically from glyoxaline-4 :5-dicarboxylic acid, which
can be prepared from tartaric acid, and that the synthesis was to
be described in another place. No further account of the work
seems to have appeared. Windaus and Ullrich (Zeitseh. physiol.
Chem., 1914, 90, 366) subsequently isolated the acid from the
products of reaction of dextrose and ammoniacal copper hydroxide.
Both authors agree that the acid melts and effervesces at about
286°, losing carbon dioxide and yielding glyoxaline.

Several salts of glyoxalinecarboxylic acid with acids have now
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been prepared, and also the methyl and ethyl esters. The esters
behave in an abnormal manner towards sodium diazobenzene-p-
sulphonate. Glyoxalines containing a free imino-hydrogen atom
couple with this reagent in aqueous sodinm carbonate, forming a
carmine-coloured solution; glyoxalinecarboxylic acid itself behaves
normally, but the esters fail to give a red colour. Gerngross (Ber.,
1912, 45, 513) has previously noticed the same phenomenon with
b(or 4)-methylglyoxaline-4(or b5)-carboxylic acid and 1iis esters;
here also the acid couples, but the esters do not. Attempts to
prepare the acid chloride of glyoxalinecarboxylic acid hydrochloride
have so far proved quite unsuccessful, for the acid fails to react
with thionyl chloride or with phosphorus pentachloride, either alone
or when mixed with other acid chlorides even at high tempera-
tures. In this connexion it is of interest to note that H. Meyer
(Monatsh., 1901, 22, 415) found that whilst o- and m-hydroxy-
benzoic acids were readily converted into the acid chlorides by
means of thionyl chloride, the para-isomeride remained unaltered.
In the course of purifying a quantity of hydroxymethylglyoxaline
(XTI), prepared by the action of nitric acid on 2-thiol-4(or 5)-amino-
methylglyoxaline (X) (T., 1911, 99, 669), a by-product* having -
CHENH. CH-NH. -
e SR T PR L
: (X). (XI.)
the empirical formula C.H,;ON, was isolated. This compound
can be coupled with sodium diazobenzene-p-sulphonate, giving a
red dye, a characteristic of glyoxaline derivatives. It is a diacidie
base forming well-crystallised neutral salts. Taking into account
its mode of formation and properties, there can be little doubt
that it contains two glyoxalinemethyl groups (C;H,N, CH,-),
which account for all the elements it contains except the one
oxygen atom. It thus appeared that the substance was either
glyoxalinemethyl ether, (C,H N, CH,),0, or glyoxalinemethyl-
glyoxalinemethyl alcohol, C;H N, CH,:C;H,N,-CH,-OH. In order
to determine which formula was correct, the substance was
heated under pressure with acids, when it was found to be un-
changed. It did mnot therefore appear to be an ether. It was
consequently presumed to have the alternative aleohol formula, and
this view was shown to be correct in the following manner. The
substance was heated with benzoyl chloride on the water-bath,
when a monobenzoyl derivative, C;;H,,O,N,, was obtained. The
same method had been employed previously for the benzoylation
* The occurrence of this base as a by-product in the preparation of

hydroxymethylglyoxaline was discovered by Mr. W. H. Taylor, B.Sc., who
kindly drew the author’s attention to it.
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of hydroxymethylglyoxaline, C;H;N,CH,-OH (T., 1912, 101, 541),
when glyoxalinemethyl benzoate, C,H,N,CH, O-COPh, was ob-
tained. The method did not, therefore, lead to the formation
of an N-benzoylglyoxaline derivative. Such compounds are only
obtained under special conditions, and are unstable in moist air
(Gerngross, Ber., 1913, 46, 1908). The benzoyl derivative,
C;;H,,O.N,, is stable, and can be recrystallised from water with-
out decomposition. These facts show that the benzoyl derivative is
not a JN-benzoyl, but an O-benzoylglyoxaline derivative, and
indicate that it is glyoxalinemethylglyoxalinemethyl benzoate.
The formation of glyoxalinemethylglyoxalinemethyl alcohol is due
to the displacement of one of the hydrogen atoms of hydroxy-
methylglyoxaline by the glyoxalinemethyl group. Now, the con-
densation of 4(or 5)-methylglyoxaline with formaldehyde leads to
4(or 5)-methyl-5(or 4)-hydroxymethylglyoxaline, the substituent
taking up the bH(or 4)-position (Windaus, Ber., 1909, 42, 758;
Ewins, T., 1911, 99, 2052), ana it seems probable that in the pre-
sent case also the substituent group occupies the corresponding
position. The substance is thus in all probability 4(or 5)-gly-
oxaline-4(or 5)-methyl-glyovaline-5(or 4)-methyl alcohol (XII):
- N—=C——ClHy Bro i S
CH<xg-Cn liL}-CI-IE-H---N>LH :
{XI1.)

EXPERIMENTAL.
Ozidation of 4(or B)-Hydrozymethylglyozaline.

Hydroxymethylglyoxaline is readily oxidised by means of con-
centrated nitric acid, giving a mixture of glyoxalineformaldehyde
and glyoxalinecarboxylic acid. The relative amounts of each of
these substances obtained depend on the proportion of nitric acid
employed, and methods have been worked out for preparing both
compounds in good yield.

(@) Preparation of Glyoxalineformaldehyde—Twenty-six grams
of hydroxymethylglyoxaline and 38 c.c. of nitric acid (D 1°42) were
digested in a covered dish on the water-bath until the evolution
of brown fumes was almost complete. The cover was then removed
and the liquid evaporated, when a crystalline mass remained.
This was dissolved in a warm concentrated solution of sodium
carbonate and kept, when 11-3 grams of glyoxalineformaldehyde
(m. p. 170°) crystallised. After removing the crystals, the filtrate
was acidified faintly to methyl-orange with hydrochloric acid and
kept, when 51 grams of glyoxalinecarboxylic acid separated. This
was collected and the filtrate evaporated nearly to dryness. The
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residue was mixed with alcohol, filtered from inorganic salts, and
evaporated to remove the aleohol. This residue was dissolved in
warm concentrated aqueous sodium carbonate and kept, when 3-1
grams of glyoxalineformaldehyde (m. p. 170°) crystallised. The
yields of the aldehyde and the acid are 56 and 17 per cent. of the
theoretical respectively.

(b) Preparation of Glyozalinecarboxylic Acid.—Seventeen grams
of hydroxymethylglyoxaline were dissolved in 100 c.c. of conce-
trated nitric acid (three times the quantity calculated for its
conversion into the nitrate of glyoxalinecarboxylic acid) and
warmed on the water-bath in a covered dish until the evolution of
brown fumes was almost complete. The liquor was then evaporated
to dryness on the water-bath and the crystalline residue dissolved
‘in water. A sufficient quantity (about 45 c.c.) of a cold saturated
aqueous solution of sodium carbonate was added until the liquor
was only slightly acid to methyl-orange. This caused the separa
tion of the bulk of the glyoxalinecarboxylic acid (106 grams) as
a colourless, crystalline powder which melted and decomposed al
281°. After the removal of this crop, the filtrate and washings
were evaporated to a small volume and treated with sodium
carbonate until neutral to methyl-orange, a further crop of 30
grams of glyoxalinecarboxylic acid (m. p. 275°) being thus obtained.
The mother liquor was added to a solution of 12 grams of picric
acid in 300 c.c. of boiling water, and after keeping overnight
64 grams of glyoxalineformaldehyde picrate (m. p. 191°) separated.
The mother liquor was concentrated to half volume and kept,
when glyoxalinecarboxylic acid picrate crystallised out mixed with
a little picric acid and sodium picrate. It was purified by re-
crystallisation from water, when 5°0 grams of the pure salt were
obtained.

The total yields represent 15'3 grams of glyoxalinecarboxylic
acid and 1'9 grams of glyoxalineformaldehyde, that is, 82 and
11 per cent. of the theoretical respectively.

(¢) An oxidation was also carried out with a quantity of nitric
acid only slightly greater (using 3'5 instead of 3'0 molecular pro-
portions) than that calculated for the conversion of hydroxy-
methylglyoxaline into glyoxalinecarboxylic acid nitrate. In this
case the yields of acid and aldehyde were 55 and 29 per cent. of
the theoretical respectively.
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Glyoxaline-4(or b)-formaldehyde* C;HN,+CHO.

This base and its acid oxalate and picrate were described briefly
in a previous paper (T., 1912, 101, 542). Glyoxalineformaldehyde
18 not easily oxidisable; it is stable in the air and does not reduce
ammomiacal silver nitrate. Its aqueous solution gives with this
reagent a white precipitate like that of other glyoxalines contain-
ing a free imino-group, but this precipitate remains unchanged
when the ammoniacal silver nitrate in which it is suspended is
beiled. Glyoxalineformaldehyde gives a red dye with sodium
diazobenzene-p-sulphonate. An attempt to convert glyoxaline-
formaldehyde into glyoxalineacrylic acid by boiling with fused
sodium acetate in acetic anhydride was unsuccessful, for decom-
position took place, the liquor rapidly darkening and scon becoming
black.

The phenylhydrazone, C;H,N,*CH.N-NHPh, separated with the
evolution of heat as a white, crystalline powder when 0'5 gram
of the base and 0'6 c.c. of phenylhydrazine were ground together.
After the mixture had been gently warmed on the water-bath to
complete the reaction it was diluted with ether and filtered, when
0:85 gram of the hydrazone was obtained, melting at 187—190°.
After crystallisation from alecohol, it formed prisms melting at
199—200° (corr.). It is sparingly soluble in water, alcohol, or
acetone: i

Found, C=64'0; H=5'4; N=303.

CoH N, (186°1) requires C=645; H=54; N=30'3 per cent,

2-Phenyl-4-[1-acetylglyoxzaline-4(or 5)-methylidene]-ozazolone,
Cy5H O NG,

2'5 Grams of glyoxalineformaldehyde, 4'5 grams of hippuric
acid, and 2'5 grams of fused sodium acetate were ground together,
mixed with 10 c.c. of acetic anhydride, and heated on the water-
bath. The solids quickly dissolved, giving a clear, dark brown, fused
mass, which soon began to deposit well-formed, prismatic, yellow
needles. After heating for half an hour the mass was cooled,
filtered off, and washed with alcohol. The crystals were then
ground with cold water, washed with water and alcohol, and dried
in the air. The yield amounted to from 50 to 56 grams, that
is, 68 to 76 per cent. of the theoretical, and the product was pure,

* By the oxidation of histidine, I'riinkel (Beitr. chem. Physiol. Path., 1907,
10, 116) obtained a neutral by-product melting at 300° together with
glyoxaline-4(or 5)-glyoxylic acid. He suggested that this was probably
rlyoxalineformaldehyde, but it is now clear that it could not have been so,
sinee the pure substance melts at 173-—174° (corr.).

F TR
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the melting point remaining unchanged after recrystallisation of
the substance.

The ozazolone ecrystallises from chloroform in bright yellow
needles melting at 191° (corr.). It is insoluble in water, very
sparingly soluble in cold aleohol, ether, acetone, or benzene,
sparingly so in cold chloroform, but readily so in hot chloroform :

Found, C=640, 63'5; H=3'9, 3'9; N=154, 150,

C;;H,;,0;N; (281°1) requires C=0640; H=3"9; N=14'9 per cent.

It is gradually dissolved by boiling with hot alcohol, but appears
to decompose under these conditions. It does not readily dissolye in
cold dilute acids or alkalis. When covered with 10 per cent. aqueous
hydrochloric acid, it is converted into a pale yellow powder, and on
diluting the mixture and filtering, a clear, colourless filtrate
results. When this is basified with aqueous sodium carbonate, a
bright yellow colour is developed at first, and then an amorphous,
vellow precipitate is deposited. The oxazolone is decomposed by
heating with dilute mineral acids, forming benzoic and acetic
acids, and presumably also glyoxalinepyruvic acid and ammonia.
It yields e-benzoylamino-8-glyoxaline-4(or 5)-acrylic acid in good
yield when boiled with dilute aqueous sodium carbonate, and is
decomposed with evolution of ammonia when boiled with aqueous
sodium hydroxide.

a-Benzoylamino-B-glyoxaline-4(or 5)-acrylic Acid, C;3H,;O;N,.

Five grams of the oxazolone were boiled with a solution of
20 grams of anhydrous sodium carbonate in 125 c.c. of water
until completely dissolved (about fifteen minutes). The solution
was treated with animal charcoal, filtered, and mixed with 176
grams of glacial acetic acid. The liquor set to a mass of colourless
crystals, which were collected, washed, and dried in the air. The
yield was 4'3 grams of the hydrated acid, that is, 88 per cent. of
the theoretical.

a-Benzoylamino-B-glyoraline-4(or B)-acrylic acid crystallises from
water in fine, colourless, glistening needles, which, after drying at
100°, melt and decompose at 208° (corr.). It is sparingly soluble
in hot water and very sparingly so in cold water or alcohol. It
is readily soluble in cold dilute mineral acids or alkalis, but net in
dilute acetic acid :

Found, air-dried substance lost 6'7 per cent. at 100°,
CsH,;;0;N4, H,O requires H,O =65 per cent.
Found, in substance dried at 100°, C=604; H=4'5; N=164.
CysH;OsNg (2567°1) requires C=60"7T; H=4'2; N=16'3 per cent.
Ayueous solutions of this acid immediately reduce cold aqueous
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potassium permanganate, and solutions in aqueous sodium
carbonate give a deep red coloration with aqueous sodium diazo-
benzene-p-sulphonate.

The hydrochloride crystallises from water in bundles of pris-
matic needles. It is anhydrous and melts at 229° (corr.), turning
brown and then black. It is readily soluble in cold, very easily
so in hot water :

Found, C=53'0; H=4'2; Cl=11-9.
CsH,,0,N;, HCl (293'6) requires C=53'1; H=4'1; Cl=12'1 per
cent.
The pterate crystallises from water in rosettes of yellow prisms,
which after drying at 100° melt and decompose at 212° (corr.).
It is fairly readily soluble in hot water, sparingly so in eold.

Bﬁ H Eﬂyf—‘r' F&'I.Sti-r{fiﬂﬁ, CJ.E-H IBOSNE'

97 Grams of a-benzoylamino-B-glyoxaline-d(or b)-acrylic acid
suspended in 97 c.c. of water were shaken with 97 grams of 2 per
cent. sodium amalgam, which was added gradually during three-
quarters of an hour without cooling the solution. The clear, pale
brown liquor was decanted from the mercury, mixed with 21 c.c.
of 33 per cent. aqueous sodium hydroxide, and boiled until ammonia
was no longer evolved, and subsequently for ten minutes. The
solution was digested with animal charcoal, filtered, and neutralised
to litmus with hydrochloric acid, when 365 grams of benzoyl-r-
histidine (m. p. 244°) crystallised out. The mother liquor on con-
centration gave a second crop of 1°3 grams (m. p. 232°). The crude
product was recrystallised from water, and gave 4'1 grams of pure
benzoyl-r-histidine, that is, 42 per cent. of the theoretical yield.

Benzoylxr-histidine crystallises from water in hard, glistening
prisms containing one molecular proportion of water of crystallisa-
tion, which is lost at 115°, but not at 100°, It melts and decom-
poses at 248° (corr.) after turning yellow from about 235°. It
1s somewhat sparingly soluble in hot water, very sparingly so in
cold water or alecohol. It is readily soluble in cold dilute mineral
acids or alkalis, but not in dilute acetic acid :

Found, in air-dried substance, loss at 100°=mnil; loss at
115°=6"8.
C3H30,N3, H,0 requires H,O =65 per cent.
Found, in substance dried at 115°, C=60-2; H=5'1; N=16-2.
Cy3H 303N (2569°1) requires C=602; H=5'1; N=162 per cent.
Aqueous solutions of this acid do not readily reduce cold aqueous
potassium permanganate. A solution of the acid in aqueous
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sodium carbonate gives a deep red coloration with sodium diazo-
benzene-p-sulphonate.

The hydrochloride crystallises from water in hard, glistening
prisms, which melt and effervesce at 232° (corr.). It is anhydrous,
and is readily soluble in cold, very easily so in hot water:

Found, C=562'7; H=49; Cl=119.

CsH,30;N5, HCl (295°6) requires C=52'8; H=4'8; Cl=120 per
cent.

The picrate crystallises from water in bunches of glistening,
feathery, yellow needles which, after drying at 100°, melt and
decompose at 226° (corr.). It is fairly readily soluble in hot
water, sparingly so in cold.

Hydrolysis of Benzoylr-histidine. Formation of r-Histidine.

Two grams of benzoyls-histidine and 120 c.c. of 20 per cent.
aqueous hydrochloric acid were boiled for four hours under a
reflux condenser. The solution was cooled and extracted with
ether to remove the benzoic acid formed, and then evaporated to
dryness in a partial vacuum. The residue, dissolved in a little
water and mixed with a solution of hydrogen chloride in alecohol,
deposited crude, crystalline #-histidine dihydrochloride melting at
210°. 1In order to purify this substance it was dissolved in water,
and the solution was neutralised with aqueous sodium carbonate,
digested with animal charcoal, filtered, and mixed with a hot con-
centrated aqueous solution of 3'3 grams of pieric acid. On cooling,
3'1 grams of r-histidine dipicrate separated, and a further quantity
of 0°4 gram was obtained from the mother liquors. The total yield,
3'd grams, of this substance represents 70 per cent. of that
theoretically possible. r-Histidine dipicrate sintered from 100°
and melted at 103° (corr.) after drying in the air. A specimen
of the same substance previously synthesised by the action of
ammonia on a-chloro-8-glyoxaline-4(or 5)-propionic acid, and a
mixture of the two, behaved similarly. After drying at tempera-
tures below 100° both substances melted indefinitely between 140°
and 150°% and the conditions of drying necessary for the salt to
melt at 190° (corr.) were not rediscovered (compare T., 1911, 99,
1397). On analysis the salt was found to have the composition
previously recorded. (Found, C=332; H=30; H,0=5b6.
CeHyO,Ng,2C,H,0,N4,2H,0 requires C=33'3; H=30; H,0=55
per cent.)

For complete identification of the substance, the picrate was
converted into the dihydrochloride, and this into the base in the
usual manner. The properties of both compounds agreed with
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those previously recorded for r-histidine prepared by the action of
ammonia on ea-chloro-B-glyoxaline-d(or b)-propionic acid. Thus,
analysis of the dihydrochloride gave the figures C=316; H=4"9;
Cl=30"9; C;H O,N;2HCl requiring C=316; H=4'9; Cl=31"1
per cent. This salt melted and decomposed at 235° (corr.), whilst
a specimen prepared by the previous method and a mixture of
the two specimens melted and decomposed at 237° (corr.) in the
same bath. The free base crystallised from water in quadrilateral
plates which decomposed at 284° (corr.).

Glyoxaline-4(or 5)-formaldelydecyanohydrin, C;HN,»CH(OH)-CN.

One gram of glyoxalineformaldehyde was dissolved in 25 c.c.
of a saturated aqueous solution of sodium hydrogen sulphite. The
solution became warm, and on the addition of a solution of 10
gram of potassium cyanide in 1'3 c.c. of water more heat was
developed. On stirring and cooling, the solution quickly deposited
the eyanohydrin in colourless, sandy crystals, which were collected,
washed with a few drops of water, and drained on porous porcelain.
The crude product amounted to 1'05 grams, and melted at 105°.
It was quickly recrystallised from water, and a small portion
separated in rosettes of prismatic needles which melted and
decomposed at 115° (corr.):

Found, in air-dried substance, C=49'1; H=4'3.

C,H;ON, (123°1) requires C=48'8; H=4'1 per cent.

This substance is readily soluble in warm water, but sparingly
so in ether or chloroform. It is easily decomposed when heated
either alone or with solvents, yielding glyoxalineformaldehyde.

B-Hydrozy-B-glyoxaline-4(or b)-ethylamine,

Three grams of glyoxalineformaldehyde were converted into the
cyanohydrin by the method given above, and the crude product
was reduced by the process employed by Meister, Lucius, &
Briining (D.R.-P. 193634) for the reduction of protocatechu-
aldehydecyanohydrin te B-3:4-trihydroxyphenylethylamine. The
cyanohydrin was dissolved in 40 c.c. of 2'5 per cent. aqueous
hydrochloric acid and stirred at —5° to —3°, whilst 90 grams of
4 per cent. sodium amalgam were added gradually and sufficient
(about 120 c.c.) 5 per cent. aqueous hydrochloric acid was added
simultaneously to keep the solution as nearly neutral as possible.
The operation was complete in one hour. The aqueous solution
was then filtered and mixed with 1 litre of cold saturated aqueous
picric acid. 61 Grams of the required picrate separated almost

T
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immediately in a pure state, the melting point being unchanged
after recrystallisation of the salt from water. This yield is 32 per
cent. of the theoretical calculated on the glyoxalineformaldehyde.

B-lydroxy-B-glyoxaline-4(or 5)-ethylamine dipicrate crystallises
from water in orange-yellow hexagonal plates or in serrated spikes.
It is fairly readily soluble in hot, sparingly so in cold water. It
contains 1H,0, which is not lost at 120°, and on heating sinters
slightly from about 165° and melts and decomposes at 225° (corr.):

Found, in salt dried at 100°, C=34'1, 33'9, 33'8; H=29, 30,

2:8.
C;HgON,g,2C H,0, N, H,O (603°2) requires C=33'8; H=2'8 per
cent.

The diliydrochloride was prepared by decomposing the picrate
with hydrochloric acid, removing the picric acid with ether,
evaporating the acid solution to low bulk, and adding absclute
alcohol. The salt crystallised in colourless needles, which melted
and decomposed at 216° (corr.). It is anhydrous and is readily
soluble in water, giving an acid solution, but insoluble in absolute
alcohol :

Found, C=30b, 30:6; H=5b, b'6; N=21'6; Cl=35"3.
C;HyON,4,2HC1 (200°0) requires C=300; H=55; N=210;
Cl=35-5. per cent.

This salt gives a deep red colour with sodium diazobenzene-p-
sulphonate in alkaline solution. It gives no precipitate in aqueous
solution with platinic chloride, gold chloride, mercuric chloride,
or Meyer’'s reagent.

The platinichloride was prepared by mixing equivalent quanti-
ties of concentrated aqueous solutions of the dihydrochloride and
platinie chloride and adding alcohol, when it separated .in micro-
scopic orange prisms containing 3H,0. (Found, H,0=88.
Cale., H;O=9'1 per cent.) It begins to darken at 225° and gradu-
ally blackens up to 244° (corr.), when decomposition of the solid
mass occurs. It is readily soluble in cold water, but very sparingly
so in alcohol :

Found, Pt=36'3.
C,H,ON;,H,PtCl; requires Pt=236'3 per cent.

Glyozaline-4(or b)-carboxylic Aecid, CEHENE'COEH.

This substance erystallises from water in bunches of slender
needles, which attain some length when crystallisation is slow.
When placed in a bath at 100° and heated slowly, it melts and
effervesces at 275° (corr.); when placed in a bath at 270°, at 284°
(corr.). The melted product resolidifies on cooling, and then melts
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at 88°, the melting point of glyoxaline. XKnoop (loc. eit.), who
previously observed the formation of glyoxaline in this way, gives
the melting point of fhe acid as 286°. His statement that the acid
is readily soluble in water requires correction, for it is only
sparingly soluble in cold water, although readily so in hot. Thus
1'0 gram of the acid required about 20 c.c. of boiling water for
complete solution, and, on cooling, 0°86 gram crystallised from
the solution. The acid is therefore soluble to the extent of less
than 1 per cent. in cold water.

The acid is anhydrous. (Found, C=42'8; H=37. Cale,
C=429; H=36 per cent.) It forms salts both with acids and
bases. The sodium salt crystallises well.

The hydrochloride crystallises from water in clusters of micro-
scopic prisms, which are anhydrous. It effervesces at 262° (corr.)
and the molten residue crystallises on cooling. This salt is readily
soluble in cold, very readily so in hot water:

Found, C=32'5; H=34; Cl=239.

C,H,0,N,,HC] (148'5) requires C=32'3; H=34; Cl=23'9 per
cent.

The nitrate crystallises from water in prisms, which are
anhydrous. It effervesces at 200° then resolidifies, and melts
again at about 270°. It is readily soluble in cold, very readily so
in hot water:

Found, C=27-7: H=3.

CH,O,N,, HNO, (175'1) requires C=274; H=2'9 per cent.

The pierate crystallises from hot water in small plates contain-
ing 11H,0 (Found, H,O0=75. Cale, H,O=73 per cent.), which
are lost at 100°. After drying at 100°, it begins to melt at 195°,
and forms a clear liquid at 215° (corr.), then effervesces. It is
readily soluble in hot, sparingly so in cold water:

Found in salt dried at 100°, C=35'2; H=22.

CH,0,N,,C;H;0,N; (341'1) requires C=35'2; H=2'1 per cent.

Glyoxalinecarboxylic acid dissolved in aqueous sodium carbonate
couples with sodium diazobenzene-p-sulphonate, giving a carmine
dye, but its methyl and ethyl esters fail to do so.

All attempts to form the acid chloride of glyoxalinecarboxylic
acid by the action of thionyl chloride or phosphorus pentachloride,
either alone or in the presence of phosphoryl chloride, acetyl
chloride, etc., on the acid, its ethyl ester or their salts, were quite
unsuccessful, the substances remaining unaltered.
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Ethyl Glyoxaline-4(or b)-carboaylate, CsHN,CO,EL.

Five grams of glyoxalinecarboxylic acid hydrochloride were
boiled with 25 c.c. of absolute alcohol for six hours under a reflux
condenser, the liquor being saturated from time to time with dry
hydrogen chloride. The salt gradually passed into solution, and at
the end of this time the alcohol was removed by distillation. The
residue was dissolved in a small quantity of water and precipitated
with a saturated solution of potassium carbonate, when, on stirring,
36 grams of the ester were obtained as a sandy precipitate melt-
ing at 158°.

Ethyl glyozaline-4(or 5)-carboxylate crystallises from alcohol in
clusters of plates which melt at 162° (corr.). It is sparingly
soluble in cold, more readily so in hot water, fairly readily soluble
in cold alcohol and readily so in ether or chloroform. It is

anhydrous:
Found, €=h1'2; H=57T.
CeHO,N, (140°1) requires C=51"4; H=5'T per cent.
On hydrolysis by boiling with 10 per cent. aqueous hydro-
chloric acid, the acid is formed in quantitative yield.

Methyl Glyozaline-4(or 5)-carboxylate, C;H,N,CO,Me.

This ester was prepared in a similar manner. It crystallises
from methyl alcohol in clusters of plates which melt at 156° (corr.).
Its solubilities are similar to those of the ethyl ester, except that
it is more sparingly soluble in cold methyl and ethyl alcohols:

Found, C=47'6; H=4'8.

C;HgO;N, (126°1) requires C=47'6; H=4'8 per cent.

4(or 5)-[G'lyoraline-d(or 5)-methyl|-glyoxaline-5(or 4)-methyl Alcohol,

This base was obtained as a by-product in the preparation of
4-(or 5)-hydroxymethylglyoxaline by the action of nitric acid on
2-thiol-4(or 5)-aminomethylglyoxaline (T., 1911, 99, 673). After
the crystallisation of a large quantity of hydroxymethylglyoxaline
as hydrogen oxalate in well-formed crystals, the mother liquors
deposited a powdery salt which melted at 80—120° Forty grams
of this salt were mixed with an excess of agueous barium hydroxide,
filtered, saturated with carbon dioxide, and again filtered. The
liquor was acidified with hydrochloric acid, evaporated to a syrup,
and stirred with absolute alcohol, when 7°2 grams of the hydro-
chloride of glyoxalinemethylglyoxalinemethyl alcobol were obtained
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in a pure, crystalline condition, whilst another 4'5 grams, equally
pure, were isclated from the mother liquor.

The base was obtained by dissolving 5 grams of the hydro-
chloride in water, adding 4 grams of anhydrous potassium
carbonate, evaporating to dryness, and extracting with absolute
alcohol. The residue left on distilling the alcoholic extract
crystallised on the addition of a little water, 4'3 grams of the air-
dried base being obtained. :

Glyoxalinemethylglyozalinemethyl alcohol crystallises from
water in colourless, silky needles which contain 2H,0. (Found,
H,0=164, 16'7. Calc., H,0=16'8 per cent.) It loses 2H,O at
100°, and then melts at 1742 (corr.). It is readily soluble in hot,
but sparingly so in cold water:

Found, C=54'3, 53:7; H=5"h, b’6; N=31"5.

CyH,(ON; (178'1) requires C=53'9; H=5'7T; N=31'5 per cent.

The hydrochioride crystallises from water or dilute aleohol in
prisms, which are anhydrous and melt at 178—179° (corr.). It is
very readily scluble in water and very sparingly so in cold alechol :

Found, C=38'7, 385; H=4'7, 48; Cl=283, 281.

CyH,,ON,2HCI (251°1) requires C=382; H=4-9; C1=28'3 per
cent. '

The hydrogen ozalate crystallises from water with 1H,0.
(Found, HyO0=54, 52. Cale.,, H;O=4'8 per cent.) After dry
ing, it melts and effervesces at 165° (corr.). It is sparingly soluble
in cold, but readily so in hot water:

Found, in anhydrous salt, C=40'3; H=39.

CgH,,ON,,2C,H,0, (358'2) requires C=40-2; H=3'9 per cent.

The picrate separates in long, broad needles from hot water. It
is anhydrous and melts at 197—198° (corr.). It is fairly readily
soluble in boiling water, very sparingly so in cold water:

Found, C=381  S77:. H=25 %7
CgH,(ON,,2C,H,0,N, (636'2) requires C=37"7; H=2'5 per cent.

Glyoxalinemethylglyoxalinemethyl alcohol was recovered unm-
changed after heating (1) for three hours at 170° with ten times
its weight of concentrated hydrochloric acid, and (2) for three
hours at 190° with twenty times its weight of 50 per cent. sulphuric
acid.

Both the alcohol and its benzoate yield a carmine solution when
mixed with sodium diazobenzene-p-sulphonate in the presence of
sodium carbonate.

Gﬂydmﬂfinﬂ?J;Hfﬁyigfyﬂxcfﬁnr.mﬁHJ.I;I benzoate was prepared by
the action of benzoyl chloride on the aleohol. The method of pre-
paration was precisely similar to that of glyoxalinemethyl benzoate



FORMALDEHYDE AND GLYOXALINE-4(OR 5)-CARBOXYLIC AcID. 202

(T., 1912, 101, 541), except that the acid solution was precipitated
by the addition of sodium carbonate, when the benzoate separated
as an oil which soon crystallised. The ecrystals melted at
67—68° (corr.), and the same melting point was recorded after
the substance had been crystallised from water, when it separated
in needles containing water of crystallisation :

Found, H,0=8'7.

C;H,,0,N, 13 H,O requires HyO =87 per cent.

After crystallisation from ethyl acetate, the substance is obtained
anhydrous in the form of warts melting at 120—121° (corr.):

Found, C=639; H=5'0; N=200.
C;;H,,0,N, (282°1) requires C=63'8; H=50; N=19"9 per cent.

The substance is sparingly soluble in cold, but fairly readily so
in hot water ; readily soluble in alcohol or chloroform, but sparingly
so in ether. Tt dissolves readily in dilute hydrochloric acid.
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