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CXCV.—The Tautomerism of Glyoxalines and the
Constitution of Pilocarpine,

By Frang LEE PyMmanw.

Since the suggestion of Pinner and Schwarz (Ber., 1902, 35, 2441),
followed by the experimental proof adduced by Jowett (Trans.,
1903, 83, 438), that the glyoxaline radicle is contained in the
alkaloid pilocarpine, and later the discovery by Pauly (Zeitsch.
physiol. Chem., 1904, 42, 508) of this radicle in histidine, synthetic
experiments with glyoxalines have attracted the attention of a
number of chemists. Quite recently an added stimulus has been
given to the work through the discovery by Barger and Dale (Proc.,
1910, 26, 128) that B-iminazolylethylamine, a compound which was
recently synthesised by Windaus and Vogt (Ber., 1907, 40, 3691),
is one of the active principles of ergot.

Some years ago Dr, Jowett (Jowett and Potter, Trans., 1903,
88, 464 ; Jowett, Trans., 1905, 87, 405), with a view to syntheses in
this field, commenced a series of investigations, which will be
referred to in detail later, and more recently, being unable to resume
the work personally, requested the present author to continue it.
The most important result of the present investigation is the proof
that glyoxalines, containing a free imino-hydrogen atom, are
tautomeric, a fact which previous research on the subject had
already made probable. Thus, Janecke (Ber., 18§99, 32, 1098) pre-
pared, by the oxidation of the mercaptan formed by the action of
potassium thiocyanate on a-aminodiethyl ketone (I), the same
methylethylglyoxaline (II or IIT) which Gabriel and Posner (Ber.,
1894, 27, 1037) had previously obtained in a similar manner from
e-aminopropyl methyl ketone (IV):

HMe'NH, CMe*NH
Ot S mn "
(L) ({IL.)
CMB'—N COMe
Ore-Na-CH <= bHp.Nm,
- (11L.) (IV.)
This method of symthesis dﬂes not enable any conclusion to be
drawn as to which of the two isomerides, 5-methyl-4-ethylglyoxaline
(II) and 4-methyl-5-ethylglyoxaline (III), is to be expected in each
case, but it was inferred that a different one of the two would be
expected in the two cases; the fact that the same methylethyl-
glyoxaline was actually obtained in each case consequently showed
either that this compound is tautomeric, or that one of the two
forms (IT) and (ITI) is the more stable. Jénecke thought the former
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view the more probable, and suggested that the imino-hydrogen
atom vibrated between the nitrogen atoms in the same way as it
does, according to Knorr (Adnnalen, 1894, 279, 188), in the case
of the pyrazoles:

CMe'N CH—N. H
I HOCH | ON.
CEt* N CH-CH

Several years later, Otto Fischer (J. pr. Chem., 1906, [ii], 73,
419 ; 1907, [ii], 75, 88) prepared the 1: 2: 5- and 1: 2: 6-trimethyl-
benziminazoles by the action of methyl iodide on 2: 5-dimethyl-
benziminazole :

NH

st
C:CH, —

[
”Hﬁx/\{
NMe ~ NMe

CH KX\C'GHE and GHﬂ(\/\G'CHH,
NN A

and thus showed that this compound is tautomerie.

In consequence of this result, and in order to demonstrate that
the simple glyoxalines are also probably tautomerie, Gabriel (Ber.,
1908, 41, 1926), who appears to have overlooked Jinecke’s paper,
brought forward another example of the formation from two
different amino-ketones of a single 4: 5-disubstituted glyoxaline,
namely, phenylmethylglyoxaline. On the other hand, neither
Jowett and Potter (loe. cit.) in the methylation of 4(or 5)-methyl-
glyoxaline, nor Pinner (Ber., 1905, 88, 1535) in the ethylation of
4(or 5)-phenylglyoxaline, isolated two isomeric N-alkyl derivatives,
and further, in more recent publications, both Pauly and Gunder-
mann (Ber., 1908, 41, 4005) and Windaus (Ber., 1909, 42, 762)
describe experiments with “a-N-dimethyliminazol "—presumably the
methylation product of a-methylglyoxaline, that is, 4(or 5)-methyl-
glyoxaline. The tautomerism of glyoxalines has therefore not
hitherto been generally recognised.

A definite proof of the tautomerism of simple glyoxalines is now
brought forward, for it has been found that 4(or 5)-methyl-
glyoxaline yields, on methylation, a mixture of two isomeric
N-methyl derivatives, 1: 4- and 1: 6-dimethylglyoxaline (V and VI)
respectively :

CH-NMe._ CMe-N Me
Ole—pt Sg—n=CH
(v.) (VI

&
"
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and therefore reacts according to both the formule (VII and VITa):

CH-NH CMeNH
o >CH  and  Ho" " >O0H

(VIL.) (VIIa.)

It may therefore be considered to react as a compound in which
the hydrogen atom of the imino-group alternates in position between
the two nitrogen atoms as suggested by Jinecke (loc. eit.) in the
case of methylethylglyoxaline.

The formation of two isomeric N-methyl derivatives by the
methylation of a glyoxaline has been confirmed by the methylation
of the bromo-derivatives of 4(or 5)-methylglyoxaline.

The action on 4(or 5)-methylglyoxaline of bromine in a quantity
sufficient to form a monobromo-substitution product has been tried
at different temperatures, and it has been found that, even at —10°,
the monobromo-derivative is accompanied by a considerable pro-
portion of the dibromo-derivative, a corresponding quantity of
4(or 5)-methylglyoxaline being consequently unattacked. Only one
monobromo-derivative has been isolated, and there is at present no
evidence to show whether the substituent bromine atom occupies
the 2- or the 4(or 5)-position. This compound is tautomerie, and
reacts either as 2-bromo-4-methylglyoxaline (VIII) and 2-bromo-
5-methylglyoxaline (VIIIa) or as 5-bromo-4-methylglyoxaline (IX)
and 4-bromo-5-methylglyoxaline (IXa):

CH-NH CBr-NH CBr-NH
B2  Hye—n=CH Py~
(VIIL.) (IX.) (X.)
CMe*NH CMo'NH CMe'NH
Qg x>CBr g n>CH  Hp  >CBr
(V1lIa.) (IXa.) (Xa.)

The dibromo-derivative is also tautomeriec, and reacts as 2: 5-di-
bromo-4-methylglyoxaline (X) and 2: 4-dibromo->-methylglyoxaline
(Xa).

Bromo-4(or 5)-methylglyoxaline yields, on methylation, a mixture
of two isomeric bromodimethylglyoxalines, which melt at 40—45°
and 77—T78° respectively.

Dibromo-4(or 5)-methylglyoxaline similarly yields, on methylation,
a mixture of two isomeric dibromodimethylglyozalines, melting at
44—45° and 128—129°. The two dimethylglyoxalines obtained by
the methylation of 4(or 5)-methylglyoxaline distil at 198—199°
and 224—225° and in order to determine which of the isomeric
bromo- and dibromo-dimethylglyoxalines was derived from each
dimethylglyoxaline, the latter bases were also brominated. Although
the bromination of the two isomerides was carried out under pre-
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cisely similar conditions, the results showed an interesting difference,
the dimethylglyoxaline boiling at 198—199° yielding chiefly the
corresponding monobromo-derivative which melts at 40—45°, and
very little of the dibromodimethylglyoxaline which melts at 44—45°;
whilst the dimethylglyoxaline boiling at 224—225° gave very little
of the corresponding monobromodimethylglyoxaline melting at
77—78°, but chiefly the dibromodimethylglyoxaline melting at
128—129°,

The mutual relations between the isomeric dimethylglyoxalines

and the various bromo-derivatives are shown by the following
scheme:

4{or 5)-Methylglyoxaline,—>*1 : 4-Dimethylglyoxaline, and 1 :5-Dimethylglyoxaline,
| L

| H N, C;Ho N, C,HeN,
M. p. 55°; b. p. 268" B. p. 198—199°, B. p. 224—225",
|
¥
Bromo-4(or 5)-methyl- 2(or 6)-Bromo-1:4-dimethyl- 2(or 4)-Bromo-1: 5-dimethyl-
glyoxaline, S glyoxaline, andd glyoxaline,
O,H,N,Br. C,H,N,Br. C,H,;N,Br.
M. p. 1564—155" M. p. 40—45°, M. p. 77T—78°

! ' ¢

Dibromo-4{or 5)-methyl- 2:5-Dibromo-1 :‘Lllill].ﬁt]'l:;'].- 2:4-Dibromo-1: 5-dimethyl-

glyoxaline, =~ —> glyoxaline, and glyozxaline,
C,iHJNEB['g. Cﬂ_“ﬂN(_p“ﬂz- UEHENEBTQ.
M. p. 215—216° M. p. 44—45°, M. p. 128—129°,

* The numbers are inserted in anticipation of the conclusions drawn later.

The question as to which series has the 1: 4 and which the 1: 5
arrangement of methyl groups is difficult to determine, and no
direct evidence bearing on this point is brought forward at present.
Fortunately, however, this matter can be settled with a high degree
of probability by consideration of the relative affinities of the two
dibromodimethylglyoxalines. These compounds are weak bases, and
it has been found that the isomeride melting at 128—129° is very
much more readily extracted by means of chloroform from its
solution in 10 per cent. hydrochloric acid than the isomeride melting
at 44—45°; the latter is therefore the stronger base.

Now, of the two nitrogen atoms in the glyoxaline molecule, the
iminic nitrogen atom occupies a similar position to the nitrogen
atom of pyrrole, and is almost devoid of basie properties. Glyoxalines
behave as mono-acid bases, and the fact that their basicity is due
to the nitrogen atom *N: has been clearly shown by Pinner and
Schwarz (loc. e¢it.) by the formation of a mixture of mono-
alkylamines by the degradation of alkyl salts of N-substituted
glyoxalines,

Consideration of the formule of the two isomeric dibromodi-
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methylglyoxalines (XI and XII) shows that the basic 3-nitrogen
atom:

OBe-NMe. o CMe-NMe
By 00 OBr—=
(XIL.) (XIL.)

is in both cases in close proximity to the strongly negative sub-
stituent bromine atom in the 2-position; the position of the other
bromine atom relative to the 3-nitrogen atom is different in the
two cases, and it seems reasonable to suppose that 2: 5-dibromo-
1: 4-dimethylglyoxaline (XI), in which the second bromine atom is
at a distance from the 3-nitrogen atom, will be a stronger base than
2: 4-dibromo-1: 5-dimethylglyoxaline (XII), in which these groups
are close together. On the assumption that this view is correct,
the compound melting at 44—45° is 2: 5-dibromo-1: 4-dimethyl-
glyoxaline, and consequently the dimethylglyoxaline boiling at
198—199° is 1: 4-dimethylglyoxaline, the compound melting at
128—129° is 2: 4-dibromo-1: 5-dimethylglyoxaline, and the di-
methylglyoxaline boiling at 224—225° is 1: 5-dimethylglyoxaline.

The bearing of these results on the constitution of isopilocarpine
has now to be discussed.

By the distillation of this alkaloid with soda-lime, Jowett (Trans.,
1903, 883, 438) obtained a number of glyoxaline derivatives, of
which one was shown to be a dimethylglyoxaline. For the purpose
of comparison, Jowett and Potter (Trans., 1903, 83, 464) prepared
by the methylation of 4(or 5)-methylglyoxaline an N -methyl
derivative, which they regarded as a simple substance, either 1: 4-
or 1: 5-dimethylglyoxaline. The aurichloride and platinichloride
of this base, after suitable crystallisation, were shown to be identical
with the aurichloride and platinichloride respectively of the di-
methylglyoxaline obtained from i¢sepilocarpine; the picrate of the
synthetic base, however, although having the same melting point—
167°—as the picrate of the dimethylglyoxaline from isopilocarpine,
was not identical with the lalter, since the mixture melted at
140—145°  These facts led Jowett to the conclusion that the
dimethylglyoxalines derived from :sopilocarpine, and obtained by
the methylation of 4(or 5)-methylglyoxaline respectively, were
isomeric and not identical, and he also concluded that they were
the 1: 4- and 1: 5-dimethylglyoxalines, but that there was no
evidence to show which of the two was 1: 4 and which 1: 5.

The repetition of the methylation of 4(or 5)-methylglyoxaline on
a larger scale, which has been made possible by Windaus and
Knoop’s discovery (Ber., 1205, 38, 1166) of a convenient method
for the preparation of this compound, has shown that the product
obtained is a mixture of the 1: 4- and 1: B-isomerides. A com-
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parison of the properties of the two isomerides and their salts with
those of the dimethylglyoxaline from isopilocarpine recorded by
Jowett (loc. eit.) is tabulated below:

From iso-
1is 4 18 pilocarpine.
AR in e o n e e Bope cooivinen - o 198—109° 224-225°  210—215°
2 R ine OO 1021 =
e e e 149042 1:49963 —_—
Aurichloride ...... M. P ccoiciiiirennnn.. 187—138° 218—219° 214—215°
Solubility in alcohol  easily sparingly —
Platinichloride ..o M. po i 233° 246° 238—239° *
Solubility in water. fairly easily sparingly —
Pierate ....occeite B Pl cevnronnsnenenees. | 1BF—188% 168—168° 167°
Hydrochloride ... M. p. vooveovcvioinnnane 168—169" 194 -195° —
Hydrogen oxalate. M. p. ....coovvivvenens 105—106° 133—134° =

* When heated fairly quickly, this salt melted at 247°,

Through the kindness of Dr. Jowett, the author has had the
opportunity of examining specimens of the picrate and platini-
chloride of the dimethylglyoxaline obtained from isopilocarpine.
The picrate melted at 167—168° and mixtures of approximately
equal amounts of this salt with (1) 1: 4-dimethylglyoxaline picrate
at 140—145° and (2) 1: 5-dimethylglyoxaline picrate at 167—168°.
The platinichloride, when slowly heated, decomposed at 238—239°,
and mixtures with (1) 1: 4-dimethylglyoxaline platinichloride at
220° and (2) 1: 5-dimethylglyoxaline platinichloride at 239°; when
fairly quickly heated, however, the platinichloride decomposed at
247°, and the mixture with 1: 5-dimethylglyoxaline platinichloride
at 248°; the platinichloride of the dimethylglyoxaline from iso-
pilocarpine is sparingly soluble in water. Consideration of the
table and the above facts shows that the dimethylglyoxaline from
isopilocarpine is identical with the isomeride of higher boiling
peint, which there is good reason to believe is 1: 5-dimethyl-
glyoxaline,

It is evident that Jowett and DPotter’s synthetic dimethyl-
glyoxaline, which distilled mainly at 203° and had a specific gravity
of 1003, consisted chiefly of the 1: 4-isomeride of lower boiling
point; the picrates of the two isomerides being of a similar
solubility in water, they eventually obtained, after crystallisation of
their picrate, the pure picrate of 1: 4-dimethylglyoxaline; re-
crystallisation of the aurichloride of their base from alcohol, how-
ever, gave them the pure 1: 5-dimethylgiyoxaline aurichloride, which
is sparingly soluble in this solvent, whereas 1: 4-dimethylglyoxaline
aurichloride is easily soluble; similarly, recrystallisation of the
platinichloride of their base from water yielded 1: H-dimethyl-
glyoxaline platinichloride, which is sparingly soluble in water, the
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1: 4-dimethylglyoxaline platinichloride remaining in the mother
liquors.

The methiodide prepared by Jowett and Potter from the synthetic
dimethylglyoxaline may be obtained by the action of methyl iodide
on either 1: 4- or 1: 5-dimethylglyoxaline. A similar case of the
formation of only one methiodide from two isomeric benziminazoles
has previously been deseribed and explained by Otto Fischer (loe.
cit.), on the assumption that methyl iodide is combined at the
unsaturated linking, and that the compound produced then re-
arranges itself, forming the more stable of the two possible sub-
stituted ammonium iodides. This explanation is also applicable
to the present case, and may be represented graphically as follows:

FH NMe ( CH-—H Me

CMa— },GH \E\L GMe W%IEI}GH
CH—NMe
i sl ;
T !
UMe'N Me ik CMe=N AMe
i1 il
e | SH-NMer”CH

In cunclusmn, it may be pointed out that of the two alternative
isomeric formule (I) and (II) put forward by Jowett (loc. cit.) for
isopilocarpine (compare also Pinner and Schwarz, lee. cit.), (I),
which depicts the alkaloid as a 1: b-substituted glyoxaline, is sup-
ported by the fresh evidence now brought forward:

LH NI"'].P
C,H, CH- QH CH, C-NMe
o CH, CH—h>DH C,H, (PH
S CO CH,
0 R
(L) (11.)

and since Jowett has shown (Trans., 1905, 87, 794) that iso-
pilocarpine and pilocarpine are stereoisomerides, this evidence is
equally applicable to the latter alkaloid.

EXPERIMENTAL.

Methylation of 4(or 5)-Methylglyoxaline: Separation of the
Isomeric 1: 4- and 1: b-Dimethylglyozalines.

One hundred grams of 4(or 5)-methylglyoxaline were well shaken
with 360 c.c. of 20 per cent. aqueous sodium hydroxide and 25 grams
of methyl sulphate, the mixture being kept cold by running water ;
five further quantities of 120 c.c. of 20 per cent. aqueous sodium
hydroxide and 25 grams of methyl sulphate were added successivély
with thorough shaking during the course of an hour. The liquor
was then completely extracted with chloroform, and the extract
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dried with anhydrous potassium carbonate. After removal of the
solvent, the resulting oil was distilled once under diminished pres-
sure, and then fractionated three times under normal pressure,
fractions being collected every 10° between 190° and 250°. As a
considerable proportion of the oil distilled above 250°, it appeared
that a part of the 4(or 5)-methylglyoxaline had escaped methylation,
and the fractions boiling above 230°, and amounting to 31 grams,
were consequently re-methylated. The product was fractionated,
and the fractions suitably combined with these from the first
methylation.
At this stage the products were as follows:

B. p... 190—200° 200—205° 205—210° 210—215" 215—220° 220—230°
Grams 6°0 10-0 162 79 g0 50

After twelve fractional distillations of the above under normal
pressure, the following fractions were obtained :

B. p... 195—200° 200—202° 202—205° 205—210° 210—215° 215—220°
4.

Grams 170 50 3-8 36 03 5
B.p ococerenn oo 220—225° above 225°
i M a4 38

The first fraction, b. p. 195—200°, distilled mainly at 198—199°,
and represented mnearly pure 1: 4-dimethylglyoxaline. It was
neutralised with dilute hydrochloric acid, and precipitated with
picric acid, when 42 grams of the picrate, having the correct melting
point, 167—168° (corr.), were obtained. After regeneration from
the picrate, 1: 4-dimethylglyoxaline distilled at 198—199° (corr.).

The fraction distilling at 220—225° was similarly converted inte
the picrate, and gave at first a quantity of pure 1: 5-dimethyl-
glyoxaline picrate, melting at 168—169° (corr.) ; the mother liquors
and the picrates from adjacent fractions gave the same salt in a
crude condition, and this was purified by crystallisation from
water ; altogether 19 grams of this sall were obtained in a pure state.
After regeneration from the picrate, 1: d-dimethylglyoxaline dis-
tilled at 224—235° (corr.).

i soo GH MM
1: 4-Demethylylyoaaline, HME— ;}GH.

The base is a colourless, mobile, deliquescent liquid, having au
odour somewhat similar to that of pyridine. It boils at 198—199°
(corr.), and did not solidify after keeping for several hours in an
ice-chest. It is miscible with water, alcohol, ether, and chloroform
in all proportions, and a considerable amount of heat is developed
when it is mixed with water or chloroform. It has a sp. gr. of
0°997 at 15°6°/15°6°, and a refractive index of 1'49042 at 20°;
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01495 gave 0-3419 CO, and 0-1121 H,0. C=624; H=83.
00638 ,, 137 c.c. Ny at 26° and 774 mm. N =290.
CsHgN, requires C=62'5; H=8'4; N=292 per cent.

The hydrochloride was obtained by neutralising the base with
absolute alcoholic hydrochloric acid, and evaporating the salt to
dryness in a vacuum desiccator over sulphuric acid. It separated
in long, colourless, very deliquescent ncedles, which melted at
168—169° (corr.):

0-1408 gave 0-1537 AgCl. Cl=27-0.

C,H N, ,HCI requires Cl=26'7 per cent.

The hydrogen ozalate crystallises from absolute aleohol in
prismatic needles, which, after drying in a vacuum, melt at
105—106° (corr.). This salt is readily soluble in water, but sparingly
so in absolute alcohol:

0°1600, dried in a vacuum, gave 02637 CO, and 00841 H,O.

C=44'9; H=06'3. '
C,HN,,C.H,0, requires C=45'1; H=5"4 per cent.

The aurichloride crystallises from alcohol in yellow, transparent,
pointed prisms, which melt at 137—138° (corr.). It is sparingly
soluble in water, readily so in cold alcohol, and very readily so in
hot alcohol :

01725 gave 0°0869 CO, and 00371 H,0. C=137; H=2"4.

0-2224 ,, 01010 Au. Au=454.

C;HN,, HAuCl, requires C=13'8; H=2'1; Au=45'2 per cent.

The platinichloride crystallises from water in long, orange
splinters, which decompose at 2339 (corr.). It is fairly readily
soluble in cold water, readily so in hot water, but almost insoluble
in alcohol :

02015 gave 00647 Pt. Pt=32'1.

(CsHgNy)s, HoPHCl; requires Pt==32'4 per cent.

The picrate and methiodide have already been described by Jowelt
and Potter (loc. cit.), who obtained them from the synthetic di-
methylglyoxaline.

The picrate crystallises from water in beautiful, long, flat, yellow
needles, which melt at 167—168° (corr.). It is sparingly soluble
in cold water, but readily so in hot water.

The methiodide is produced with considerable evolution of heat
when equimolecular proportions of the base and methyl iodide are
mixed. It crystallises from absolute alcohol in long, stout, colour-
less splinters, which, when dried at 100°, melt to a viscous liquid
at 160—163° (corr.). When the salt is mixed with an equal amount
of the methiodide of 1: 5-dimethylglyoxaline, its melting point is
unchanged.
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. . OMe'NMe._,
1: 5-Dimethylglyozraline, CH ___N>L:H.

The base is a colourless, mobile, deliquescent liquid, having an
odour somewhat similar to that of pyridine, but less intense than
that of the 1: 4-isomeride. It boils at 224—225° (corr.), and did
not solidify after being kept for several hours in an ice-chest. It
is miscible with water, alcohol, ether, and chloroform in all pro-
portions, and a considerable amount of heat is developed when it
is mixed with water or chloroform. It has a sp. gr. of 1021 at
15°5°/15°5°, and a refractive index of 1°49963 at 20°:

0°1516 gave 0-3451 CO, and 0°1165 H,0. C=62'1; H=86.

00743 ,, 188 c.c. N, at 24° and 770 mm. N=288,

C.H;N, requires C=62'5; H=84; N=29'2 per cent.

The hydrochloride, prepared from the base and absolute alcoholic
hydrochloric acid, separates in rectangular, oblong plates, melting
at 194—195° (corr.), on evaporation of the solution in a vacuum
over sulphuric acid. This salt is very deliquescent:

0-2134 gave 0°2313 AgCl. Cl=268. :

C;HgN,,HCI requires C1=26'7 per cent.

The hydrogen oralate crystallised from absolute alcohol in stout,
prismatic needles, which sintered at 132° and melted at 133—134°
(corr.). This salt is readily soluble in water, but sparingly sc in
absolute alcohol:

0-1515 gave 0°25623 CO, and 00764 H,O0. C=4b4; H=5T7.

3 HgN,,Co HaO, requires C=45'1; H=54 per cent.

The aurichloride, platinichloride, and picrate of this base have
previously been prepared by Jowett (Trans., 1903, 87, 445) from
the dimethylglyoxaline obtained by the distillation of isepilocarpine
with soda-lime; the aurichloride and platinichloride were also pre-
pared from synthetic dimethylglyoxaline (Jowett and Potter, loc.
cit.), and identified with the corresponding salls obtained from
the alkaloid. It is therefore only necessary to describe them shortly.

The aurichloride crystallised from alcohol in yellow needles, which
sintered and deepened in colour at 165° and decomposed at
218—219° (corr.). This salt is sparingly soluble in waler or
alcohol.

The platinichloride separated on adding platinic chloride to the
aqueous solution of the hydrochloride in orange, rectangular leaflets,
which began to darken at 239° and decomposed at 246° (corr.).
When heated more rapidly, this salt decomposes at 249° (corr.).
This salt is sparingly soluble in cold water, and almost inseluble in
alcohol.
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The picrate crystallised from water in short, yellow needles, which
melted at 168—169° (corr.). It is sparingly soluble in cold water,
but readily so in hot.

A mixture of approximately equal parts of this salt and of
1: 4-dimethylglyoxaline picrate gradually sintered, softened con-
siderably at 135°, and melted to a clear liquid at 140-—145°,

The methiodide is formed with considerable evolution of heat
when equimolecular proportions of 1: 5-dimethylglyoxaline and
methyl iodide are mixed, and, after crystallisation from absolute
alcohol, forms long, stout, colourless splinters, which, when dried at
100°, melt at 160—163° (corr.); this salt is identical with 1: 4-di-
methylglyoxaline methiodide (p. 1822).

Bromination of 4(or b)-Methylglyoxaline.

To a solution of 100 grams of 4(or 5)-methylglyoxaline in 600 c.c.
of chloroform, 200 grams of bromine diluted to 300 ec.c. with chloro-
form were added drop by drop with mechanical stirring, the tem-
perature being maintained at —10° to —12° The addition of the
bromine occupied an hour, and the liquor was stirred for another
half hour. It then formed a clear, pale brown solution, but when
removed from the freezing mixture became turbid and began to
separate into two layers, the upper one of chloroform, and the
iower of brown oil, which soon began to crystallise. After keeping
for a few hours, the erystals were separated from oil and chloroform
by filtration, and washed with chloroform. The oil and chloroform
were then separated, and the chloroform distilled, when a small
further quantity of oil remained, which was added to the separated
oil.

The crystals were heated for half an hour on the water-bath with
a litre of water, when a part remained undissolved, and after
keeping overnight, 27 grams of dibromo-4(or 5)-methylglyoxaline,
melting at 210°, were collected (mother liquor M).

The oil was also heated for half an hour on the water-bath with
a litre of water, but no crystals separated on keeping the solution ;
this was combined with the mother liquor M and fractionally pre-
cipitated with ammonia, when successively small fractions, melting
at 205°, 175° and 120—135° and 30 grams melting at 145°, were
obtained. On evaporating the ammoniacal liquor to low bulk, a
further quantity of 35 grams of crystals, melting at 145°, separated ;
33 grams of brown oil, which became partly crystalline, were
obtained by extracting the mother liquor with chloroform, and a
further 9 grams of brown oil were similarly extracted after the
addition of aqueous sodium carbonate.

The various products were worked up as follows. The fractions
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which melted above 200° gave, on recrystallisation from ethyl
acetate, pure dibromo-4(or b5)-methylglyoxaline, m. p. 2156—216°
(corr.) ; those melting at 145°, after recrystallisation from the same
solvent, gave pure bromo-4(or 5)-methylglyoxaline, m. p. 154—155°
(corr.). The mother liquors, after the removal of ethyl acetate and
also those precipitated - fractions which were obviously mixtures,
were again separated by fractional dissolution in dilute hydrochloric
acid and fractional precipitation with ammonia; in this way a
further partial separation into crude dibromo-derivative melting
at about 205—210°, crude bromo-derivative melting at about
135—145°, and intermediate fractions, was effected. On crys-
tallisation of these fractions from ethyl acetate, further quantities
of the pure compounds were obtained, and the residues were again
subjected to the same cycle of operations.

The oil extracted by chloroform from the ammoniacal solution
was extracted with water, which removed a quantity of 4(or 5)-
methylglyoxaline, and, after fractional treatment with acid and
alkali, gave further small quantities of the di- and mono-brome-
derivatives; the 9 grams of brown oil extracted by chloroform after
the addition of sodium carbonate were nearly pure 4(or 5)-methyl-
glyoxaline, and crystallised on keeping.

The total yield amounted to 36 grams of pure dibromo-4(or b)-
methylglyoxaline and 67 grams of pure bromo-4(or 5)-methyl-
glyoxaline ; there were also obtained 25 grams of viscid, dark brown,
partly erystalline oil, which was not further purified, and about
18 grams of nearly pure unchanged 4(or 5)-methylglyoxaline.

The bromination has been carried out at various temperatures
with the view of determining the best conditions for the production
of the mono-bromo-derivative, with the following result:

One hundred grams of 4(or 5)-methylglyoxaline brominated at

6 to  10° gave 52 grams of dibromo- and 58 grams of monobromo-derivative

=doho = =7 S DR o - ¥ +

~-10 to —12° ,, 36 o o 67 o i i

These figures refer, of course, to the quantities of pure compounds
isolated ; in each case there was also a dark brown, sticky residue,
which could not readily be further purified, and some unchanged
4(or 5)-methylglyoxaline.

1t should be mentioned here that when the bromination is carried
out at 5° to 10° or —4° to —7° the chloroform solution does not
remain clear throughout, but gradually becomes turbid, and
eventually crystals separate during the addition of bromine.
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Bromo-4(or b)-methylglyoraline (VIII, VIIIa, IX or IXa,
p- 1816).

This base crystallises from ethyl acetate in long, glistening, silky
needles, which melt at 154—155° (corr.). It is sparingly soluble in
cold water, fairly readily so in boiling water, and readily so in
alcohol or ethyl acetate. It is soluble in dilute acids, dilute aqueous
sodium hydroxide, or in a large excess of 10 per cent. aqueous
ammonia, but not in 10 per cent. aqueous sodium carbonate:

0-1503 gave 016565 CO, and 00443 H,0. C=300; H=3"3.

0-1004 ,, 147 c.c. N, at 16° and 768 mm. N=17-3.

0-1537 ,, 01809 AgBr. Br=501.

C,HN,Br requires C=298; H=3'1; N=174; Br=49%6 per cent.

Aqueous solutions of this compound give with silver nitrate
solution a white precipitate of the silver salt, which crystallises from
boiling water in colourless, silky needles.

A solution of this base in dilute agueous sodium hydroxide
becomes deep orange in colour on the addition of aqueous sodium
diazobenzene-p-sulphonate.

The hydrogen oxalate crystallises from water in colourless,
prismatic needles, which begin to sinter at 205°, and decompose at
210° (corr.). It is anhydrous, and is very readily seluble in boiling
water, but only moderately so in cold water:

01532 gave 0°1628 CO, and 00404 H,O. C=290; H=30.

C,H,;N,Br,C;H,0, requires C=28'T7; H=2'8 per cent.

Dibromo-4(or 5)-methylglyozaline (X or Xa, p. 1816).

This compound crystallises from ethyl acetate in glistening,
prismatic rods, which melt at 215—216° (corr.). It is almost
insoluble in cold water, sparingly soluble in hot water, readily soluble
in alcohol, and somewhat sparingly so in ethyl acetate. It is
soluble in excess of dilute acids, and readily soluble in aqueous
sodium hydroxide or 10 per cent. aqueous ammonia, but not in 10
per cent. aqueous sodium carbonate:

0-1489 gave 0°1111 CO, and 0°0261 H,0. C=20'3; H=2"0.

0-1516 ,, 158 c.c. N, at 21° and 764 mm. N=11'0.

0:1490 ,, 032351 AgBr. Br=6T1.

C,H,N,Br; requires C=200; H=1'7T; N=11'T; Br=66"7 per cent.

Aqueous solutions of this compound give with silver nitrate
solution a white precipitate of the silver salt.

A solution of this base in dilute aqueous sodium hydroxide
becomes deep orange in colour on the addition of aqueous sodium
diazobenzene-p-sulphonate.
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Methylation of Bromo-4(or b)-methylglyoxaline,

Seventy grams of bromo-4(or 5)-methylglyoxaline were suspended
in 300 c.c. of 10 per cent. aqueous sodium hydroxide, and well
shaken while kept cold in running water with 14 grams of
methyl sulphate, yielding a nearly clear solution. Quantities of
100 c.c. of 10 per cent. aqueous sodium hydroxide and 14 grams
of methyl sulphate were added four times more, so that the total
amounts used for the methylation were 700 c.c. of 10 per cent.
aqueous sodium hydroxide and 70 grams of methyl sulphate. The
addition of these quantities was carried through in one hour, and
the mixture well shaken for ten minutes after the last addition.

The oil which had separated was then collected, and the aqueous
liquor completely extracted with chloroform ; the oil and chloroform
were then mixed, dried with anhydrous potassium carbonate, and
the solvent distilled. The chloroform residue amounted to 66 grams
of brown oil, representing the mixed isomeric ¥-methyl derivatives.
The mother liquor gave no more oil on re-methylation. The oil
(66 grams) was combined with a similar product (44 grams) obtained
by the methylation of another b0 grams of bromo-4(or 5)-methyl-
glyoxaline, and kept overnight in a vacuum desiccator, when a
quantity of 2(or 4)-bromo-1:5-dimethylglyoxaline separated in
large, flat needles; this was collected, and amounted to 25 grams.
The crystals and the oily liquor from which they separated were
separately converted into the hydrogen oxalates, and crystallised
from water; from the former a quantity of 2(or 4)-bromo-1: 5-di-
methylglyoxaline hydrogen oxalate was readily obtained in pure
condition (m. p. 146—147°) ; from the latter, however, various crops
of mixed hydrogen oxalates of the two isomerides, melting between
about 85° and 95°, were obtained, and these were subjected to a
prolonged fractional crystallisation from water. It was found that,
on crystallising a mixture melting at about 90° from rather less
than its own weight of water, fairly pure 2(or 5)-bromo-1: 4-di-
methylglyoxaline hydrogen oxalate, melting at 93—95°, would
separate in large crystals on keeping overnight, and that the mother
liquor, on scratching, would deposit a certain amount of crude
2(or 4)-bromo-1: 5-dimethylglyoxaline hydrogen oxalate as a erys-
talline powder, melting at about 140° Eventually, there were
obtained altogether (from 110 grams of the mixed isomerides) 84
grams of pure Z2Z(or 5)-bromo-1: 4-dimethylglyoxaline hydrogen
oxalate, melting at 95—97°, and 12 grams of the same salt in a
fairly pure state, also 55 grams of pure 2(or 4)-bromo-1: 5-dimethyl-
glyoxaline hydrogen oxalate, melting at 146—147°, and 8 grams
of the same salt in a moderately pure state, together with 10 grams
of residues,
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2(or B)-Bromo-1: 4-dimethylglyoxaline,
CH- NMe CBr*NMe
to—n>0Br or iy, N>CH

This base was obtained, after regenerdtion from the pure hydrogen
oxalate and extraction with ether, as an oil, which gradually
solidified. Tt crystallises from anhydrous ether in beautiful, clear,
colourless, quadrilateral plates, which melt at 40—45° (corr.), after
sintering from about 35°.

The base is very deliquescent, readily taking up water, and
forming an oil which is sparingly soluble in water. It is not more
soluble in alkalis than in water, but is readily soluble in dilute
acids. It is readily soluble in alcohol, ether, or chloroform:

02076 gave 02636 CO, and 00725 H,0. C=34'6; H=39,

01769 ,, 01908 AgBr. Br=459.

C;H;NyBr requires C=34'3; H=4'0; Br=45'7 per cent.

The hydrochloride erystallises from water in clear prisms, which,
after drying at 100°, melt at 196—197° (corr.). It is very readily
soluble in water or alcohol, but very sparingly so in acetone. Tts
aqueous solution reacts strongly acid:

0:1633 * gave 01681 CO, and 00567 H,0. C=281; H=39,

0:2314* ,, 01583 AgCl. Cl=169.

C,H,N,Br,HCI requires C=284; H=38; Cl=16'8 per cent.

The hydrogen oxalate crystallises from water in large, irregular
prisms, which melt at 95—97° (corr.), and contain one molecule of
water of crystallisation. After drying, first in a vacuum and then
at 100° it melts at 133—135° (corr.). This salt is very readily
soluble in hot water, and soluble in less than two and a-half times
its weight of water at 25°:

01516 + gave 0°'1659 CO, and 00533 H,0. C=298; H=39.

01611 + ,, 135 e.c. Ny at 20° and 760 mm. N=96.

0:2093 t lost 00137 at 100°. H,0=65.

C.H;N,Br,C.H.0,,H,0 requires C=297; H=39; N=99;
H;0=64 per cent.

0-1440 * gave 0'1688 CO, and 00457 H,0. C=320; T =36.

01834 % , 01293 AgBr. Br=300.

C:H.N,Br,C,H,O, requires C=31'7; H=34; Br=30'2 per cent.

The picrate crystallises from boiling water in long, flat, yellow
needles, which melt at 223—224° (corr.), after sintering earlier. It
is very sparingly soluble in water: :

0-1534 gave 0°1835 CO, and 0'0362 H,0. C=326; H=2C.

C;H;N,Br,C;H,O,;N; requires C=327; H=2'6 per cent.
* Dried at 100° + Air-dried salt.
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2(or 4)-Bromo-1: b-dimethylglyozaline,

(Me*NMe LM&*NME
CH.
Og——N>CBr or Ho ' 2

This base ecrystallises from ether in colourless, transparent
splinters (or plates), which melt at 77—78° (corr.). When moistened
with water, it becomes oily, and on the addition of a large quantity
passes into solution. It is not more soluble in alkalis than in
water, but dissolves readily in dilute acids. It is readily soluble in
the usual organic solvents, with the exception of light petroleum :

0-1551 gave 01941 CO, and 0°0596 H,0. C=34'1; H=4'3.

01517 ,, 01917 CO, ,, 00584 H;0. C=345; H=4'3.

01683 ,, 22'3c.e. Ny at 13° and 770 mm. N=150.

01493 ,, 01615 AgBr. Br=460,
C;H,N,Br requires C=34'3; H=4'0; N=16'0; Br=45'T per cent.

The hydrochloride crystallises from moist acetone in rectangular
leaflets, which contain about half a molecular proportion of water
of crystallisation, and melt at 93—94° (corr.). After drying at
100°, this salt melts at 172—174° (corr.). It is very readily soluble
in water or aleohol, but sparingly so in acetone. Its aqueous
solution reacts strongly acid:

0-2020  lost 00106 in a vacuum over H,80,. H,0=52.
C,H,N,Br,HC],1H,O requires H,O=4'1 per cent.
0'1569 * gave 0'1614 CO, and 0°0582 H,0. C=281; H=42.

0:1912 % ,, 0-1296 AgCl. Cl=16'8 per cent.
C,H,N,Br,HCI requires C=28'4; H=38; Cl=16'8 per cent.

The hydrogen oxalate crystallises from water in magnificent,
diamond-shaped, transparent plates, which melt at 146—147° (corr).
This salt is anhydrous. It is very readily soluble in hot water, and
soluble in four times its weight of cold water:

0:1489 gave 01743 CO, and 00494 H,0. C=31'9; H=37.
0-1808 ,, 160 c.c. N, at 20° and 767 mm. N=102.
C;H,N,Br,C,H,0, requires C=31'7; H=3'4; N=10'6 per cent.
The picrate crystallises from water in lun‘g, yellow needles, which
melt at 198—199° (corr.), after sintering earlier. It is very
sparingly soluble in water :
01518 gave 0°1830 CO, and 0°0346 H,0. C=32'9; H=26.
C;H;N,Br,C,H O; Ny requires C=32'T; H=2'5 per cent.
* Dried at 1005, 1 Afr-dried salt,
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Methylation of Dibromo-4(or b)-methylglyozaline.

Fifty-five grams of dibromo-4(or 5)-n1.eth}rlglynxa.line were dis-
solved in 140 c.c. of 10 per cent. aqueous sodium hydroxide, and
well shaken with 15 grams of methyl sulphate (half the calculated
quantity), added in small quantities with thorough stirring and
cooling under the tap. The solution began to deposit ecrystals
shortly after the first addition of methyl sulphate; these were
collected at the end of the methylation, and amounted to 24 grams.
The mother liquor, after re-methylation with 90 c.c. of 10 per cent.
aqueous sodium hydroxide and 15 grams of methyl sulphate, afforded
another 20 grams of crystals, and the final mother liquor, when
again methylated with the same quantities, gave a further 8 grams.
The total yield of the mixed isomerides was therefore 52 grams, and
each crop behaved in the same way on heating, sintering at 75°,
and melting at 90—100. The mixture was separated by distillation
with steam, when 2: 5-dibromo-1: 4-dimethylglyoxaline passed over
very readily, and separated as a colourless oil, which solidified on
cooling, and melted at 44—45°: As the distillation proceeded, a
small quantity of colourless needles also separated in the receiver,
and contaminated the oil, raising the melting point of the solidified
oil somewhat; on redistilling with steam, however, the pure low
melting isomeride again passed over first. The aqueous distillates
still contain a considerable amount of this substance, but the bulk
of it may be recovered by distilling these liquors, when it passes
over quickly and largely separates from the first fraction; the
remainder may be recovered by extraction with ether. The yield
of 2: 5-dibromo-1: 4-dimethylglyoxaline amounted to 20°2 grams.

The residue of the steam distillation, consisting of 2: 4-dibromo-
1: 5-dimethylglyoxaline, was purified by crystallisation from ethyl
acetate, when it was obtained in beautiful, long, flat needles, which
melted at 128—129° (corr.), and in quantity amounting to 20°1
grams.

The separation of the two isomerides may also be effected by
crystallisation of the mixture from ethyl acetate; thus, 41 grams
of the mixture (m. p. 90—100°), crystallised from 80 c.c. of ethyl
acetate, gave at once 97 grams, melting at 125° and, on con-
centrating, in various crops, 10°9 grams melting between 115° and
123°, then 1'5 grams melting at 90—100°; after removing the
solvent from the mother liquor, an oil was obtained; this became
solid, melted at 40—46°, and amounted to 17 grams.

By crystallisation of the fractions of high melting point from
ethyl acetate, 18 grams of pure 2: 4-dibromo-1: 5-dimethyl-
glyoxaline, and by distillation of the fractions of low melting point
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with steam, 13 grams of pure 2: 5-dibromo-1: 4-dimethylglyoxaline
were obtained.

TP /
2 :5-Dibromo-1 : 4-dimethylglyoxaline, EiIBEE}CHr.

This compound crystallises from light petroleum in flat, prismatic
rods, which sinter from 42° and melt at 44—45° (corr.).

It is very easily volatile with steam, sparingly soluble in water,
and very readily soluble in the usual organic solvents. It is soluble
in dilute acids, but not in alkalis:

0:1516 gave 0°13256 CO, and 0°0322 H,0. C=239; H=24.

0°1546 ,, 14°3 c.c. N, at 16° and 763 mm. N=108.

01034 ,, 01538 AgBr. Br=633.

C;HyN,Br, requires C=236; H=2'4; N=11'0; Br=63'0 per cent.
: ; : CMe-NMe

2 :4 - Dibromo- 1 : 5 - dimethylglyoxaline, CBr N}GBI-, has
previously been described by Jowett and Potter (loc. cit.). It melts
at 128—129° (corr.), and is soluble in 10 per cent. hydrochloric
acid ; it is only slightly volatile with steam.

The relative affinity of the two isomeric dibromodimethyl-
glyoxalines has been roughly determined as follows,

05 Gram of each isomeride was separately dissolved in 10 c.c. of
10 per cent. aqueous hydrochloric acid, and each solution well
shaken with 25 c.c. of chloroform. The chloroform extracts were
filtered through a dry filter and evaporated to dryness. In the case
of 2: b-dibromo-1: 4-dimethylglyoxaline, the chloroform residue
amounted to 0°05 gram, melting at 44—45° (corr.), that is, 10 per
cent. of the quantity of base present; whilst in the case of 2: 4-di-
bromo-1: 5-dimethylglyoxaline, the chloroform residue amounted to
0-31 gram, melting at 128—129° (corr.), that is, 62 per cent. of
the quantity of base present.

Bromination of 1: 4-Dimethylglyozaline.

Three grams of 1: 4-dimethylglyoxaline were dissolved in 6 c.c.
of chloroform, cooled with ice, and treated with a solution of
b grams of bromine made up to 5 c.c. with chloroform added drop
by drop in ten minutes with thorough stirring. On keeping, the
red liquor remained clear; it was shaken with ammonia and water,
dried with anhydrous potassium carbonate, and the solvent removed.

The residual oil was dissolved in just sufficient 10 per cent.
aqueous hydrochloric acid, diluted, and distilled with steam; the
first 30 c.c. of distillate carried over 0’1 gram of 2: 5-dibromo-
1: 4 dimethylglyoxaline as an oil which solidified on keeping, and
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melted at 42—44°; a further 70 c.c. of clear distillate were collected,
mixed with the 30 c.c. of distillate from which the solid had been
separated, and redistilled, when a further 0°09 gram of the same
dibromo-compound was obtained.

The acid liquor was then rendered alkaline, and again distilled
with steam; the distillate, however, was quite bright even at the
commencement, indicating that no considerable amount of the
dibromo-compound was contained in the liquor. The liquor was
then completely extracted with chloroform, giving 27 grams of
brown oil; this was converted into the hydrogen oxalate and
crystallised from water, when 30 grams of Z(or 5)-bromo-1: 4-di-
methylglyoxaline hydrogen oxalate, melting at 93—94°, separated ;
after recrystallisation from water, this salt melted at 95—97° (corr.).

Bromination of 1: b-Dimethylglyoraline.

Three grams of 1: 5-dimethylglyoxaline were brominated with
5 grams of bromine under the same conditions as its isomeride.
The resulting orange-red liquor in this case deposited crystals on
keeping, but these were not separated, the mixture being extracted
several times with water to remove easily soluble hydrobromides.

The chloroform solution was then shaken with dilute ammonia,
dried, and distilled, when 2'8 grams of 2: 4-dibromo-1: 5-dimethyl-
glyoxaline were obtained as a buff, crystalline residue, melting at
127°; after recrystallisation from ethyl acetate, this compound
melted at 128—129° (corr.).

The base regenerated from the aqueous extract of the chloroform
solution amounted to 1'2 grams, and formed a pale brown oil; this
was converted into the hydrogen oxalate, and twice recrystallised
from water, when 03 grams of 2(or 4)-bromo-1: 5-dimethyl-
glyoxaline hydrogen oxalate, melting at 146—147° (corr.), were
obtained.

The author wishes to take this opportunity of thanking Dr. Jowett,
not only for his introduction to this subject, but also for his kind
advice and interest throughout the investigation.
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XLIIT.—Ezxperiments on the Formation of 4(or 5)-
B-Amunoethylglyoxaline from Histidine.

By ArTHUR JAMES Ewins and Frank Lee Pyman.

4(or 5)-B-AMINOETHYLGLYOXALINE, the base derived from the
naturally occurring amino-acid histidine (e-amino-B8-glyoxaline-
4(or 5)-propionic acid) by the removal of carbon dioxide from the
latter has recently become of considerable interest and importance
on account of its occurrence in extracts of ergot (Barger and Dale,
Trans., 1910, 97, 2592) and very great physiological activity (Dale
and Laidlaw, J. Physiol., 1910, 41, 318). It has hitherto been
obtained by two methods: (1) by synthesis; (2) by the action of
putrefactive organisms on histidine itself.

The base was first synthesised by Windaus and Vogt (Ber., 1907,
40, 3691) from pB-glyoxaline-4(or 5)-propionic acid by Curtius's
method. More recently, Ackermann (Zeitsch. physiol. Chem., 1910,
65, 504) has succeeded in obtaining a relatively large yield of the
base by the putrefaction of histidine.

Neither method is very satisfactory, since the first is somewhat
complex and expensive, while the yields are by no means good.
The second method is wholly uncertain in its results. The object
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of our investigation was therefore to endeavour to find a simple
method of obtaining the base directly from histidine, which is
comparatively easily obtainable. In this we were only partly suc-
cessful, since we were able to obtain only moderate yields of the
base by the action of acids in sealed tubes at a temperature of from
265° to 270°. This last factor (temperature) made it a matter of
very great difficulty to obtain anything like large amounts of the
base. The results obtained, however, were deemed of sufficient
interest to form the subject of the present communication.

Experiments were first carried out to determine whether, as in
the case of the formation of p-hydroxyphenylethylamine from
tyrosine, carbon dioxide could be removed from histidine by direct
heating. It was found, however, that under varying conditions
only a very small amount (0'3 to 1'0 per cent) of base could be
obtained, and the method was abandoned.

By directly heating the monobenzoyl derivative of histidine and
subsequently hydrolysing, a somewhat better yield (10 to 20 per
cent.) of the base was obtained.

The effect of various acids under varying conditions of tem-
perature and concentration was then investigated, and it was found
that yields of base amounting to about 25 per cent. of the theoretical
could be obtained with concentrated hydrochloric acid, moderately
dilute sulphuric acid, and fused potassium hydrogen sulphate under
suitable conditions. After heating for three hours with acids at
temperatures below 240°, no formation of 4(or 5)-8-aminoethyl-
glyoxaline took place. At about 240° very little of the base was
obtained, the main product of the reaction being r-histidine, which
had previously been prepared by Frinkel (Beitr. Chem. Physiol.
Path., 1906, 8, 156) in a similar manner. As the temperature was
raised, the yield of base gradually improved, and reached a
maximum (about 25 per cent. of the theoretical) at about 265—270°,
Further increase of temperature led to diminished vyield of
4(or 5)-B-aminoethylglyoxaline. With phosphoric acid (44 per
cent.) at 250°, no base was produced, nor did the use of hydrogen
bromide in acetic acid solution at somewhat lower temperatures
yield any better results.

The progress of the work was very greatly facilitated by the
physiological estimation of the yield of base in many of our experi-
ments. This was kindly undertaken for us by Dr. H. H. Dale and
Dr. P. P. Laidlaw, to whom we wish to express our indebtedness
and thanks.

During the course of the investigation some hitherto undescribed
salts of histidine and 4(or 5)-B-aminoethylglyoxaline were prepared,
and are now described, '
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E'xPEMHENTaL.
The Action of Concentrated Hydrochloric Acid on Histidine.

One gram of histidine hydrochloride was heated in a sealed tube
with 2 c.c. of concentrated hydrochloric acid to 270° for three hours.
The solution was concentrated and neutralised. To the boiling
solution was added an excess of solid picric acid. On cooling, a
crystalline precipitate separated, which was collected and freed
from picric acid by extraction with ether. The residue, when
recrystallised from water, gave 0'2 gram of 4(or 5)-8-aminoethyl-
glyoxaline dipicrate, melting at 233—235°.

The Action of Dilute Sulphurie Aecid.

(@) 4t 2656—270°.—Two grams of histidine monohydrochloride
were heated in a sealed tube to 265—270° for three hours with
4 c.c. of a 20 per cent. aqueous solution of sulphuric acid. The
reaction product (a dark brown liquid) was treated with sodium
carbonate solution until no further precipitate separated, filtered,
and the filtrate neutralised and concentrated to about 15 c.c. An
equal volume of cold saturated aqueous solution of picric acid was
added, and the amorphous precipitate quickly collected. To the
filtrate was added 1'5 grams of picric acid in hot saturated aqueous
solution. A little resinous precipitate was removed from the hot
solution, and the crystalline precipitate, which separated on cooling,
was recrystallised from hot water. There was thus obtained 085
gram of a picrate (m. p. 228—229°), which crystallised in bunched,
slightly curved, pointed needles. Repeated recrystallisation did not
raise the melting point above 233—234°, and analysis showed the
salt to be the hitherto undescribed 4(or 5)-B-aminoethylglyozaline
monopicrate :

0°0978 gave 0°'1396 CO, and 00282 H,0. C=388; H=32.

C1H0;N; requires C=388; H=35 per cent.

The monopicrate, on recrystallisation from a large excess of picric
acid solution, readily yielded the dipicrate corresponding in all
respects with that described by Windaus and Vogt (loc. cit.).

4(or 5)-B-Aminoethylglyozaline Dihydrobremide.

The dihydrobromide was prepared by thoroughly shaking the
finely powdered dipicrate with ether and a slight excess of dilute
hydrobromic acid until all the dipicrate had disappeared. The
aqueous solution of the hydrobromide thus obtained was then freed
from picric acid by means of ether, digested with a little animal
charcoal, filtered, and e¢vaporated to dryness in a vacuum. The
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residual brown gum became crystalline on the addition of absolute
alcohol, and the salt was then purified by recrystallisation from this
solvent. : :

The salt forms stout, colourless, prismatic needles, which melt
to a brown liquid at 284° (corr.), after gradually darkening and
sintering from about 265°, It is very readily soluble in water, but
sparingly so in boiling absolute alcohol. It is anhydrous:

0-1200 gave 0:0957 CO, and 00440 H,0. C=21'7; H=41.
C;H N4, 2HBr requires C=22'0; H=4"1 per cent.

(b) At 240—250°.—Seventy grams of histidine monohydro-
chloride were heated in sealed tubes with 140 c.c. of 20 per cent.
sulphuric acid for three hours at 240—250° in quantities of not
more than 4 grams of histidine in one tube; even under these
conditions tubes representing 23 grams exploded. The reaction
product from the remaining tubes was worked up exactly as
described above. There was thus obtained 26'7 grams of a picrate,
which melted at 180—190° On extracting with absolute alcohol,
the greater portion dissolved, and the sparingly soluble residue,
after recrystallisation from water, gave 4'3 grams of 4(or 5)-8-amino-
ethylglyoxaline dipicrate. The alcoholic extract was evaporated,
and the residue, on crystallisation from water, gave 16 'E:- grams of
pure 7-histidine dipicrate

r-Histidine dipicrate crystallises from water in thin, yellow plates,
which contain two molecules of water. After drying at 100° it
begins to sinter at 182° and decomposes at 190° (corr.). It is
readily soluble in alcohol or hot water, but sparingly so in cold
water :

0-1660 * lost: 0°0091 at 100°. H,O0=5'5
C1sH,50,4N3,2H;0 requires HyO =255 per cent.
0°1468 1 gave 01906 CO, and 00356 H,O0. C=354; H=27T.
01364 ¥ ,, 240 c.c. Ny at 23° and 766 mm. N=205.
C1sH,;0,4Ng requires C=352; H=2'5; N=20'6 per cent.

This salt readily gave the dihydrochloride, which sinters and
melts at 225° (corr.) : Friankel (loc cit.) gives 220°.

r-Histidine sesquilydrochloride, (CgHgO,N,),3HCLH,0, crys-
tallises in clusters of flat, prismatic needles when the dihydro-
chloride is crystallised from dilute alcohol (for instance, when it is
dissolved in about twice its weight of water, and four times its
weight of alcohol is added). This salt melts at 168—170° (corr 3
and suffers no loss in weight at 100°:

01513 gave 01840 CO, and 00734 H,0. C=33'2; H=54
1370 ,, 01530 CO, , (0644 H,O. C=32'9; H=b"T.
* Air-dried salt. 1 Dried at 100°,
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0-1570 gave 015565 AgCl. Cl=245.

0-1269 ,, 0°1251 AgCl. Cl=246.

(CeHgO;N,),3HCLH,O requires C=329; H=53;
Cl=24'3 per cent.

The composition of this salt is peculiar; there is no evidence of a
similar salt of the natural histidine (compare Abderhalden and
Einbeck, Zeitsch. physiol. Chem., 1909, 62, 322).

r-Histidine monopicrate crystallises from water in large, flat
plates, which are sparingly soluble in hot water and almost insoluble
in alcohol. This salt decomposes at 180—181° (corr.), after sinter-
ing from about 175° It contains one molecule of water of
crystallisation :

0-3983 * lost 00185 at 110°. H,0=4'6

Ci1oH1:0Ng, H,O requires HyO=4'5 per cent.

0:1825 t gave 0'2515 CQ, and 00531 H,0. C=376; H=33.

C;oH,;,0,N; requires C=37'5; H=3'2 per cent.

When this salt is dissolved in a hot aqueous solution of picric acid,
the dipicrate (m. p. 190°) separates on cooling.

For purposes of comparison, attempts were made to prepare a
mono- and di-picrate of naturally occurring histidine. Histidine
appears, however, to form only a dipicrate.
 Histidine dipicrate crystallises from water in long, flat, clear, well-
formed leaflets, which sinter at about 80° and melt at 86° (corr.).
1t appears to contain two molecules of water:

0°1591 * gave 01927 CO, and 0'0452 H,0. C=330; H=32.

CieH 50,4N5,2H,0 requires C=33'3; H=3'0 per cent.

. The Actron of Potassium Hydrogen Suphate on Histidine.

Twenty-five grams of potassium hydrogen sulphate were fused in
a beaker heated by an oil-bath and 1 gram of histidine monohydro-
chloride was added ; considerable frothing occurred, and the mixture
had to be stirred frequently. After heating for various lengths of
time al different temperatures, the reaction product was dissolved in
water, neutralised with potassium hydroxide, digested with animal
charcoal, cooled, and filtered from charcoal and potassium sulphate.
The filtrate was again concentrated, separated from more potassium
sulphate, made up to a known volume, and the yield of
4(or 5)-B-aminoethylglyoxaline determined physiologically. Heating
at an oil-bath temperature of 260—270° for one hour gave the best
vield of the desired base, but the maximum only reached about
5 per cent. of the theoretical. A modification of this method, in
which histidine monohydrochloride was heated with ten times its

# Adr-dried salt. + Dried at 110",
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weight of potassium hydrogen sulphate in sealed tubes at 266—270°
for three hours, gave yields of 20 to 25 per cent. of the theoretical,
as indicated by physiological estimation.

The Formation of 4(or 5)-B-Aminoethylglyoxaline from Benzoyl-
histidine.

Monobenzoylhistidine was prepared by the Schotten-Baumann
method, as indicated by Frankel (loc. cit.). It was, however, found
to be quite unnecessary to carry out the precipitation with mercuric
chloride described by him. On neutralising the solution after the
reaction is complete, the pure benzoyl derivative separates very
quickly on simply keeping.

One gram of benzoylhistidine so obtained was heated in a vacuum
at 240° until all frothing ceased. The black, tarry mass was dis-
solved in 2 c.c. of concentrated hydrochloric acid, and hydrolysed
at 180°. The contents of the tube were washed out with water,
and the separated benzoic acid collected, the filtrate extracted with
ether, and the aqueous solution neutralised. An equal volume of a
solution of picrolonic acid in water was added, and the bulky,
amorphous, yellow precipitate collected. The filtrate was con-
centrated to small bulk, and a concentrated alcoholic solution of
picrolonic acid added. After some time, 0°47 gram of 4(or 5)-B-amino-
ethylglyoxaline picrolonate was obtained, crystallising in bunched
needles, and melting at 262—264° (Windaus and Vogt, loc. cit,,
give ‘“ about 266° ).

WELLCOME PHY¥s10LOGICAL KREsEARcH LABORATORIES,

Herne Hirn, S.E.
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*90. “ A new synthesis of 4(or 5)-8-aminoethylglyoxaline,
one of the active principles of ergot.” By Frank Lee Pyman.

The following synthesis of 4(or 5-)-8-aminoethylglyoxaline
affords a convenient method for its preparation.

Diaminoacetone dihydrochloride when heated with potassium
thiocyanate yields 2 -thiol-4(or 5-)-aminomethylglyoxaline (I)
[m. p. 188° (corr.)], which on oxidation with nitric acid gives
4(or b)-hydroxymethylglyozaline (II) [m. p. 93—94° (corr.)]. The
hydrochloride of the latter is converted by phosphorus pentachloride
into 4(or 5)-chloromethylglyozaline hydrochloride (III) [m. p.
144—145° (corr.)], and this, when suitably treated with potassium
cyanide, gives rise to 4(or 5)-cyanomethylglyoxaline (IV) [m. p.
138—140° (corr.)]. The latter base, ov reduction with sodium
and alcohol, yields 4(or 5)-B-aminoethylglyaxaline (V).

H,"NH, CH-NH.__, CH-NH
$D A il S )
CH,NH, CH,NH, CH,-0H

(1) (IL)

CH'NH GH NH CH-NH
15 R st 2 S i
CH,0l C‘Hg{.,bi GH,-CH,-NH,

(1n.) (IV.) (V.)

A number of salts of these compounds, and several derivatives
obtained as by-products in the various stages of the synthesis, were
also described. ;

#91. “ The synthesis of r-histidine.” (Preliminary note.)
By Frank Lee Pyman.

4(or 5)-Chloromethylglyoxaline hydrochloride, of which the
synthetical preparation is described in the preceding communica-
tion, is a valuable compound for the synthesis of substances con-
taining the glyoxaline complex, for it reacts readily with ethyl
sodioacetoacetate, ethyl sodiomalonate, and similarly constituted
compounds, forming the corresponding 4(or 5)-glyoxalinemethyl
(CsHgN,CH,~) derivatives. By the use of this salt, the synthesis
of 7-histidine has been effected as follows. 4(or 5)-Chloromethyl-
glyoxaline hydrochloride and ethyl sodiochloromalonate readily
condense, yielding ethyl 4(or b5)-glyoxzalinemethylchloromaionate
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(I), of which the sesquiozalate, (C,;H,;0,N,CIl),(C;H,0,);, melts
and decomposes at 176° (corr.). This base, on hydrolysis with
20 per cent. hydrochloric acid, gives r-a-chloro-B-glyoxaline-
4(or B)-propionic acid (II) [m. p. 201° (corr.)], which, when heated
with strong ammonia at 110° yields r-histidine (r-e-amino-
B-glyoxaline-4(or 5)-propionic acid, (IIT) [melting and decomposing
at 283° (corr.)], identical in all respects with that obtained by
racemising the naturally-occurring amino-acid [-histidine.

CH-NH CH-NH.__
4___x>CH i ol O g g
LL_HECI + CNaCl(CO,Et), H,-CCI(CO, Et),
(L.)

CH-NH CH:-NH

bl [

___>CH o = = S(H

H,-CHCI-CO,H *H,CH(NH,)-CO,

(IL) (I11.)

R. CLAY AND S0OMS, LT, BREAT 3T, WILL, E.©., AND BUNGAY, SUFFOLK.
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LXXIV.—A New Synthesis of 4(or 5-)-8-Aminoethyl-
glyoxaline, one of the Active Principles of Ergot.
By Fraxk LEe Pyman.

Barcer and Dale (Trans., 1910, 97, 2592) have recently shown
that 4(or 5)-8-aminoethylglyoxaline (B-iminazolylethylamine) occurs
in certain aqueous extracts of ergot, and Dale and Laidlaw (J.
Physiol., 1910, 41, 318) have shown that its physiological activity
is very great.

This base was first prepared by Windaus and Vogt (Ber.,, 1907,
40, 3691), who synthesised it from glyoxaline-4(or 5)-propionic acid
through the hydrazide, azide, and urethane by Curtius’s method.
Glyoxaline-4(or 5)-propionic acid is obtained synthetically only in
poor yield by the action of formaldehyde and ammonia on glyoxyl:
propionic acid (Knoop and Windaus, Beitr. chem. Phisiol. Path.,
1905, 7, 144), but may more readily be prepared from the naturally
occurring amino-acid histidine (I-a-amino-B8-glyoxaline-4(or 5)-pro
pionic acid); the latter is, however, a somewhat expensive com-
pound, and 4(or 5)-B-aminoethylglyoxaline is, therefore, not readily
accessible by this method.

Recently, this base has been prepared directly from histidine by
the elimination of carbon dioxide, both by bacterial action (Acker-
mann, Zeitsch. physiol. Chem., 1910, 85, 504), and by chemical
methods (Ewins and Pyman, this vol., p. 339).

No other method for the preparation of the base has hitherto
been described, and its production has, therefore, practically
depended on a supply of the naturally occurring amino-acid
histidine.

In view of the possible therapeutic importance of this base, it
seemed, therefore, important to devise some method by which it
could conveniently be synthesised from readily available material,
and the following method was found to be suitable. The method
is based or Gabriel’s discovery (Ber., 1893, 26, 2204; 1894, 27,
1037) that amino-ketones of the general formula R-CO-CH,"NH,
vield, on condensation with potassium thiocyanate, thmlgljroxa,hnes

S which may be oxidised

of the general formula . H N}G SH,

by nitric acid to glyoxalines of the type R- : N;}GH

Diaminoacetone dihydrochloride formed the starting material for
this synthesis, and this compound is readily prepared from -citric
acid, through acetonedicarboxylic acid and diisonitrosoacetone by
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Kalischer's method (Ber., 1895, 28, 1519), the course of the reaction
being shown by the following scheme:

CH,:CO,H CH,-CO,H HO-N:('H CH,-NH,
i | I
HO-C:CO,H  —> 00 ey 00 — (0
I I i !
CH,-CO,H CH,-COH HO-N:CH CH,NH,

Diaminoacetone dihydrochloride, when heated with one molecular
proportion of potassium thiocyanate, readily yields 2-thiol-
4(or 5)-aminomethylglyozaline (1), together with small quantities of
2-thiol-4(or b)-thiocarbamidomethylglyoxaline (II):

CH, NH, C'H*HH\\L e CH*NH-\G e

fog I bk [ 2(Jeis.

Co > C—N7 DVl ST

| | |

CH, NH, CH,"NH, CH,"NH-C8-NH,

(1.} (IL.)

On oxidising the former compound with nitric acid, the thiol
sulphur is removed as sulphuric acid, and a glyoxaline results, as
in Gabriel’s experiments, but the free nitrous acid formed in the
reaction attacks the amino-group, replacing it by a hydroxyl group.
and the resulting produect is 4(or 5}—faydf'ﬂ.;ymﬂmyigfyomaﬁﬂﬂ (III):

CH*NH

CH-NH CH-NH
I C-SH uxo, 1 SCH HNO» 1 \\CH.
G—-—H> — O——N7 > U N#
| | I
CH,"NH, CH, NH, | CH,OH

i

(L) (ITL.)

The hydrochloride of this base gives with phosphorus penta-
chloride an excellent yield of the hydrochloride of 4(or 5)-chloro-
methylglyoxaline (IV), and this salt, when dissolved in alcohol and
dropped into an ice-cold, saturated aqueous solution of potassium
cyanide, gives a 50 per cent. yield of 4(or 5)-cyanomethylglyoxaline
(V). The latter base, however, is accompanied by a quantity of
apB-bis[4(or b)-glyoxaline]-propionitrile (VI), besides a considerable
quantity of oily by-products, which have not yet been further
examined :

(H}H-HH>GH CH-NH. CH:-NH\
—N —> O——N7 e N
¢H,-0H CHO CH,-CN
(ITL.) (IV.) (V.)
C,H,N,CH,CH(CN)-C,H,N,
(VL)

The formation of the last-named compound is, no doubt, due to
the condensation of a molecule of the eyano-compound with a
molecule of the chloro-compound ; it is analogous to the formation
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of apB-bis(o-nitrophenyl)propionitrile when o-nitrobenzyl chloride
and potassium cyanide are boiled together for several hours in
aqueous alcoholic solution (Bamberger, Ber., 1886, 19, 2635). The
conditions under which the latter reaction takes place are, of course,
more severe, and it may be pointed out that in the preparation
of phenylacetonitrile from benzyl chloride and potassium cyanide
prolonged boiling in aqueous alcoholic solution is also necessary.
The extraordinary reactivity of 4(or 5)-chloromethylglyoxaline, indi-
cated by the ease with which the halogen is replaced, emphasises
the marked influence of the glyoxaline complex on the side-chain.
An attempt was made to effect the replacement of the chloro- by
the cyano-group in absolute alcoholic solution, but after several
hours’ boiling of the hydrochloride of the chloro-compound with
finely powdered potassium cyanide in this solvent, a complex
mixture was obtained, from which a certain amount of
4(or 5)-ethoxymethylglyozaline, C;H;N,»CH,'OEt, but none of the
eyano-compound, could be isolated.

The last stage of the synthesis of 4(or 5)-8-aminoethylglyoxaline
(VII) was accomplished by the reduction of 4(or 5)-cyanomethyl-
glyoxaline by means of sodium and alcohol:

CH-NH CH-NH
>CH 1 \\
{_,-——v—ﬂ'/r .= L“'_"_‘N
L’HE' GN LHE'GHE'NHQ
(V) (VII).

when there were also obtained as by-products a large amount of
glyoxaline-4(or 5)-acetic acid (VIII) and a small quantity of
4(or 5)-methylglyoxaline (IX):

—N7 G——-Hﬁ
|
GH ,»»CO,H CH,
(VIIL) (IX.)

Glyoxaline-4(or 5)-acetic acid, which is thus prepared synthetically
for the first time, has previously been obtained by Knoop (Beitr.
chem. Physiol. Path., 1907, 10, 119) by the oxidation of oxy-
deaminochistidine (a-hydroxy-8-glyoxaline-4(or ©)-propionic acid).
It has now been further characterised by the preparation of a
number of salts, and its ester, ethyl glyoxaline-4(or 5)-acetate, has
been prepared by the action of alcoholic hydrogen chloride on
4(or 5)-cyanomethylglyoxaline.

The cccurrence of 4(or 5)-methylglyoxaline amongst the redue-
. tion products of 4(or 5)-cyanomethylglyoxaline is probably due to
the loss of carbon dioxide on the part of glyoxaline-4(or 5)-acetic
acid.
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It was thought possible that the yield of 4(or 5)-8-aminoethyl-
glyoxaline might be increased by converting the cyano-compound
into the corresponding thioamide, and reducing this with zinc and
dilute hydrochloric acid, a method advantageously employed by
Hofmenn (Ber., 1868, 1, 102), and subsequently by Bamberger
and Lodter (Ber., 1888, 21, 51) in the formation of bases of the
type R-CH,"NH, from cyanides R*CN, where R is an aryl radicle;
in the present case, however, whilst glyoxaline-4(or 5)-acet-
thioamide, C;H N, CH,*CS-NH,, was formed almost quantitatively
from 4(or 5)-cyanomethylglyoxaline and alcoholic ammonium
sulphide, its reduction led to mere traces of the required product.

In conclusion, it may be mentioned that several of the new
glyoxaline derivatives described in this communication form
suitable starting points for the synthesis of more complicated sub-
stances containing the glyoxaline ring, and it is proposed to attempt
the synthesis of such compounds, in particular of those which occur
in nature, nan.ely, histidine and pilocarpine.

EXPERIMENTAL.
The Action of Potassium Thioeyanate on Diaminoacetone.

Fifty grams of diaminoacetone dihydrochloride were added to a
hot solution of 30 grams of potassium thioccyanate in 50 c.c. of
water, and the mixture was heated in the steam-bath. At first, a
clear solution was obtained, but after about ten minutes erystals
began to separate. After heating for about one hour, no further
quantity of crystals appeared to be formed, and after heating for
another half-hour, the liquor was cooled and the crystals collected
(mother liquor ). On boiling the crystals with 75 c.c. of water,
the bulk passed into solution, but 1'2 grams of 2-thiol-4(or 5)-thio-
carbamidomethylglyoxaline, melting at 233° (uncorr.), remained
undissolved, and were collected.

The filtrate was then mixed with a solution of 21 grams of
anhydrous potassium carbonate in 75 c.c. of water, somewhat
evaporated, and set aside, when 82 grams of 2-thiol-4(or 5)-amino-
methylglyozaline, melting at 188°, separated. To the mother liquor
from this crop of crystals the mother liquor M was added, and
the mixture evaporated to dryness under diminished pressure and
extracted with alcohol. After removing the solvent from the
alcoholic extract and diluting the resulting dark brown oil with
a little water, further crops of nearly pure 2-thiol-4(or 5)-amino-
methylglyoxaline, amounting to 17'9 grams, were obtained. The
total yield of this base—26'1 grams—represenis 64 per cent. of the
theoretical.
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2-Thiol-4(or b)-thiocarbamidomethylglyoxaline,
CH-NH !
I -SH.
NH,-CS*NH-CH,:C—-N=C SH

This compound crystallises from boiling water in small, trans-
parent, isolated prisms, which melt and decompose at 237—238°
(corr.). It is anhydrous, and is very sparingly soluble in boiling
water or alcohol. It is insoluble in dilute hydrochloric acid, but
soluble in aqueous sodium hydroxide:

0-1533 gave 0°1807 CO, and 0°0607 H,O0. C=32'1; H=4"4.

C;HN,S, requires C=31'9; H=4'3 per cent.

HH'NH

2-Thiol-4(or 5)-aminomethylglyoxaline, NH.-CH.-} E}ﬂ*SH-
g Vg

This base crystallises from water or alcohol in large, clear, colour-
less, quadrilateral plates, which melt and decompose at 188° (corr.).
It is anhydrous, and is moderately easily soluble in cold water,
sparingly so in cold absolute alcohol, but very easily so in hot water.
It is sparingly or very sparingly soluble in the other usual organic
solvents, even when hot. Aqueous solutions of the base yield with
silver nitrate solution a precipitate in the form of a fine, yellow
powder, which is not affected by ammonia, but becomes white on
the addition of dilute nitric acid; such solutions give a white,
amorphous precipitate with aqueous mercuric chloride or a solution
of zinc hydroxide in ammonia, and an intense red coloration on
the addition of sodium diazobenzene-p-sulphonate :

0°1538 gave 002079 CO, and 00783 H,0. C=36'9; H=5T.
0-0744 ,, 206 c.c. N, at 21° and 764 mm. N=32'3.
C,H,N,S requires C=37"2; H=5'5; N=32'5 per cent.

The hydrochloride crystallises from water in crusts formed by
rosettes of needles. This salt darkens at 265°, and is quite charred
at 270° (corr.), when it shrinks somewhat, but does not melt. It
is anhydrous, and easily soluble in cold water, giving a solution
neutral to litmus:

0-1531 gave 0°1647 CO, and 0'0685 H,0. C=29'3; H=50.
01615 , 01737 CO, ,, 0-0735 H,0. C=29-3; H=51.
C H,N S, HCI requires C=290; H=4'9 per cent.

The picrate crystallises from water in large, stout, serrated needles
of an intense orange colour, which decompose at 237° (corr.). This
salt is anhydrous, and is fairly easily soluble in hot water, but
very sparingly so in cold:
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0°1541 gave 0'1898 CO, and 00438 H,O0. C=33'6; H=3"2.
01526 , 01873 CO, ,, 0-0445 H,0. C=335; H=32.

The Action of Nitrie Aeid on 2-Thiol-4(or 5)-aminomethylglyoxaline.

Fifteen grams of 2-thiol-4(or 5)-aminomethylglyoxaline were
added gradually during twenty minutes to 300 c.c. of 10 per cent.
asaueous nitric acid, which was kept gently boiling over a small
_ame. The clear, pale yellow liquor was then boiled for ten
minutes, neutralised with aqueous sodium hydroxide, and mixed
with a solution of 266 grams of picric acid in 600 c.c. of boiling
water. On cooling, a large quantity of 4(or 5)-hydrozymethyl-
glyozaline picrate separated, and further crops were obtained on
concentration. The salt was purified by crystallisation from water,
and 27'9 grams of the pure picrate were obtained; the yield thus
amounted to 74 per cent. of the theorstical.

CH-NH
; HD-UHE-:{Z}-‘-—E} e

This base may be obtained from its picrate by shaking the latter
with dilute hydrochloric acid and ether until the picric acid is
removed, adding to the resulting solution of the hydrochloride an
excess of sodium carbonate, evaporating to dryness under dimin-
ished pressure, and extracting with absolute alcohol. It erystallises
from absolute alcohol in large, clear, colourless hexahedra, which
melt at 93—94° (corr.). It is very easily soluble in water, easily
so in absolute alcohol, but sparingly so in the other usual organie
solvents. It cannot be distilled under 20 mm. pressure, but suffers
decomposition :

01519 gave 02717 CO, and 0°0844 H,O0. C=488; H=62.

0:1010 ,, 24'6 c.c. N, at 22° and 767 mm. N=284.

C{H,ON, requires C=490; H=6'2; N =286 per cent.

Aqueous solutions of this base give with mercurie chloride,
ammoniacal silver nitrate, and ammoniacal solution of =zing
hydroxide, white, amorphous precipitates; with sodium diazo
benzene-p-sulphonate, an intense red coloration.

The hydrochloride crystallises from absolute alcohol in long, flat,
prismatic needles, which melt at 107—109° (corr.), after sintering
from 105°, Tt is very deliquescent, and very easily soluble in water
or alecohol:

0'1542%* gave 02019 CO, and 00778 H,0. C=357; H=57.

0:1383* ,, 01820 CO, ,, 00702 H,0. C=35'9; H=57.

* Dried at 100°,

4(or 5)-Hydrozymethylglyozaline
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0:0855* gave 15°3 c.c. N; at 18° and 751 mm. N=207,

0-1587*% ,, 01700 AgCl. Cl=265.

C,H;ON,,HC] requires C=35'7; H=5'3; N=209;
Cl=26"3 per cent.

The nitrate crystallises from absolute alcohol in wedge-shaped,
transparent plates, which melt at 84—86° (corr.), after sintering a
few degrees earlier. It is deliquescent, very easily soluble in water
or hot absolute aleohol, and easily so in cold absolute alcohol:

0-1399* gave 01526 CO, and 00580 H,0. C=29'7; H=46.

C,H,ON,, HNO; requires C=29'8; H=4'3 per cent.

The picrate crystallises from water in glistening scales, which melt
and decompose at 207° (corr.). It is anhydrous, and is fairly easily
soluble in hot water, but very sparingly so in cold:

0-1388 gave 0°1862 CO, and 00401 H,O. C=36'6; H=3"2.

C,H;ON,,C;H;O,N; requires C=36'7; H=2'8 per cent.

The Aydrogen ozalate crystallises frrm water in large, clear,
colourless prisms, which contain one molecule of water of crystal-
lisation, and have no sharp melting point, commencing to sinter
at 80° and gradually liquefying between this temperature and
100°. After drying, first at about 50°, then at 100° this salt
melts at 134—136° (corr.). It is soluble in about four parts of
cold water, and very easily soluble in hot water:

0°15001 gave 0-1906 CO, and 0°0662 H,O. C=34'7T; H=4'0.

0-2118+ lost 0°0182 at 100°. H,O0=86.

C,HON,,C,H,0,,H,0 requires C=34'9; H=4'9; H,0=287
0-1488* gave 02072 CO, and 00545 H,0. C=380; H=4"1.
C,HON,,C,H,0, requires C=38'3; H=4'3 per cent.

The Action of Phosphorus Pentachloride on 4(or 5)-Hydroxy-
methylglyoxaline.

To 57 grams of phosphorus pentachloride contained in a round-
bottomed flask, 36'56 grams of 4(or 5)-hydroxymethylglyoxaline
hydrochloride were added in small portions, with thorough shaking,
in the course of a few minutes. Copious fumes of hydrogen
chloride were evolved, and the reaction mass quickly became a
viscous liquid, and then solidified. Fifty c.c. of chloroform were
then added, to wash any unchanged pentachloride into contact
with unchanged hydroxy-compound, and the mixture was then
heated on the water-bath, first under ordinary, and then under
diminished, pressure to remove chloroform, hydrogen chloride, and
phosphoryvl chloride. The residue was then dissolved in about

* Dried at 100°, + Air dried salt.
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50 c.c. of hot absolute alcohol, and set aside, when 330 grams of
4(or b)-chloromethylglyoxaline hydrochloride, melting at 140—142°,
separated ; on allowing the mother liquor to evaporate spontane-
ously in a desiccator, a further 2'8 grams of the same salt, in a
fairly pure condition, were obtained. The total yield—35°8 grams
—amounts to 86 per cent. of the theoretical, and further quan-
tities were obtained by again treating the residual oil with
phosphorus pentachloride.

CH-NH
X H.
CH,01-C——N=C

The hydrochloride crystallises from absolute alcohol in prismatic
needles or stout prisms, which melt at 144—145° (corr.). This salt
is deliquescent, very easily soluble in water or hot absolute alcohol,
and fairly easily so in cold absolute alcohol:

0°1531% gave 0°17560 CO, and 0:0558 H,0. C=31'2; H=4'1.

0-1539* ,, 02866 AgCl. Cl=46'1.

CH,N,CLHCI requires C=31'4; H=4'0; Cl1=46"3 per cent.

Aqueous solutions of this salt remain clear on the addition of
aqueous sodium carbonate, but become turbid, depositing a yellow
oil soluble in excess, on the addition of aqueous sodium hydroxide.

The picrate is obtained in long, glistening, silky yellow needles,
when a cold solution of picric acid is added to a freshly prepared
solution of 4(or 5)-chloromethylglyoxaline hydrochloride in cold
water. It is anhydrous, and melts and decomposes at 181° (corr.):

0-1434 gave 01810 CO, and 00334 H,0. C=344; H=2'6.

CH;N,C1,C;H;0,N; requires C=34'T; H=2'3 per cent.

On dissolving this salt in a little boiling water, and immediately
cooling the solution, pure 4(or 5H)-hydroxymethylglyoxaline picrate,
melting at 207° (corr.), either alone or when mixed with the pure
salt, separates.

4(or 5)-Chloromethylglyoxaline,

The Action of Aqueous Potassium Cyanide on 4(or 5)-Chloro-
methylglyoxaline.

A solution of 30 grams of 4(or 5)-chloromethylglyoxaline hydro-
chloride in 135 c.c. of absolute alcohol was added drop by drop
to 90 grams of potassium cyanide in 100 c.c. of water, which was
mechanically stirred and kept at about 0°, the addition occupying
approximately thirty minutes. The mixture was then filtered, and
the potassium salts washed with alcohol. The filtrate and washings
were combined, mixed with 180 ec.c. of 10 per cent. aqueous sodium

* Dried at 100°,
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carbonate, and evaporated to dryness under diminished pressure.
The residue was extracted with warm ethyl acetate, and the extract
distilled, when 16°3 grams of a brown oil remained. This began to
crystallise, and after dissolution in a little warm water, 7'6 grams
of pure 4(or 5)-cyanomethylglyozaline separated, and a second crop
of 1'0 gram of the cyano-base was obtained on concentrating the
mother liquor. The oily liquor remaining was then converted into
the acid oxalate by the addition of 9 grams of oxalic acid, and
the resulting crops of mixed oxalates fractionally erystallised from
water, when small quantities of 4(or 5)-cyanomethylglyoxaline acid
oxalate and aB-bis[4(or 5)-glyozalinel-propionitrile hydrogen oxalate
were obtained. These oxalates, however, readily crystallise out side
by side, and their separation is tedious. The total yield of
4(or 5)-cyanomethylglyoxaline amounts to about 50 per cent. of
the theoretical.

4(or 5)-Cyanomethylglyozaline,
CH*NH
I by s i
ON-CH,-0—N="C

This base crystallises from water or ethyl acetate in stout,
prismatic needles, which sinter at 136°, soften at 137°, and melt to
a clear liquid at 138—140° (corr.). It is sparingly soluble in ether,
chloroform, benzene, light petroleum, or cold water, but easily so
in ethyl acetate, acetone, alcohol, or hot water:

0-1339 gave 0-2755 CO, and 00573 H,0. C=56'1; H=4"8.

0:0673 ,, 225 c.c. N, at 19° and 770 mm. N=39'6,

C,H;N; requires C=56'0; H=4'T; N=39'2 per cent.

Aqueous solutions of this base give with mercuric chloride,
ammoniacal silver nitrate, and ammoniacal solution of zine
hydroxide, white, amorphous precipitates; with sodium diazo-
benzene-p-sulphonate, a dirty brownish-red colour, very much more
intense than the beautiful red colour given by other glyoxalines con-
taining a free imino-hydrogen atom, is produced; the difference is
probably due to the product containing two chromophoric groups,
one of which is attached to the imino-group as in other glyoxalines,
and the second to the methylene group which is situated between the
glyoxaline complex and the cyano-group.

The hydrochloride crystallises from absolute alcohol in thin,
glistening leaflets, which melt at 168—169° (corr.). It is very
easily soluble in water, and fairly easily so in boiling absolute
alecohol, but sparingly so in the latter when cold :

0-1514 gave 0-2315 CO, and 00585 H,0. C=417; H=43.

C,H;N;,HCl requires C=41'8; H=4'2 per cent.
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The hydrogen ozalate crystallises from water in crusts consisting
of indefinite prisms. This salt decomposes at 194° (corr.), and
is easily soluble in hot water, but sparingly so in cold:

01542 gave 0°2403 CO, and 0'0546 H,O0. C=42'5; H=40.

C,H;N,,C,H,0, requires C=42'6; H=36 per cent.

The picrate crystallises from water in yellow leaflets, which begin
to sinter at 155°, and melt at 165—166° (corr.). It is sparingly
soluble in cold water or alcohol.

aB-Bis[4(or 5)-Glyoxaline]-propionitrile,
C,H,N,-CH, CH(CN)-C,HyN..

The hydrogen oxzalate crystallises from water in stout, clear,
prismatic needles, which melt and decompose at 181—182° (corr.).
It is anhydrous and somewhat sparingly soluble in cold water, but
easily so in hot water:

0-1528 gave 02288 CO, and 0°0477 H,0. C=40'8; H=3'5.

01052 ,, 15°2 c.c. N, at 18° and 769 mm. N=17"2.

(CoH oN;)0,0C.H,0, requires C=407; H=37; N=170;
C,H,0,=54'5 per cent.

On dissolving 2'05 grams of this salt in water, and adding an
excess of barium hydroxide solution, 28 grams of barium oxalate,
corresponding with 546 per cent. of oxalic acid were collected ; the
filtrate from this, after treatment with carbon dioxide and removal
of barium carbonate, was evaporated to dryness, when a colourless
varnish remained. This was readily soluble in water, giving an
alkaline solution, and when acidified with hydriodic acid and
evaporated to low bulk, gave a beautifully crystalline hydriodide.

The hydriodide crystallises from water in well-formed rhombic
prisms, which melt at 200—201° (corr.). It is sparingly aoluble in
cold water or alcohol, and is anhydrous:

01539 gave 0°1932 CO, and 00467 H,0. C=342; H=34.

0°1472 ,, 274 c.c. N, at 14° and 768 mm. N =224,

02030 ,, 0°1496 Agl. I=2398.

CyH (N, HI requires C=34'2; H=3'5; N=222; I=40'1 per cent.

The Action of Alcoholic Potassium Cyanide on 4(or 5)-Chlore-
methylglyoxaline.

Ten grams of 4(or 5)-chloromethylglyoxaline hydrochloride, 12
grams of finely powdered potassium cyanide, and 40 c.c. of absolute
alcohol were boiled together under a reflux condenser for five and
ahalf hours. The mixture was then filtered ifrom the potassium
salts, and these washed with alcohol; the filtrate was rendered
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alkaline with 80 c.c. of 10 per cent. aqueous sodium carbonate,
and evaporated to dryness under diminished pressure. The residue
was thoroughly extracted with ether, and gave 56 grams of pale
vellow oil; this was mixed with its own weight of oxalic acid, and
the acid oxalates fractionally crystallised from water, when 34
grams of pure 4(or 5)-ethoaymethylglyozaline hydrogen ozxalate
were obtained; besides this oxalate, which separates first in large
crystals, other erystalline oxalates were present in the mother
liquors. No 4(or 5)-cyanomethylglyoxaline hydrogen oxalate could
be isolated from them by fractional crystallisation, and they were
not further examined.

4(or B)-Ethoxymethylglyoxaline,
CH:'NH

Il H.

C,H,-0-CH -0—N=C

This base is liberated from the oxalate by treating the latter
with baryta, filtering from barium oxalate, and removing the excess
of baryta as carbonate. It crystallises from anhydrous ether in
prismatic needles, which sinter from 50°, and melt at 53—55°
(corr.).

It is easily soluble in water, and the usual organmic solvents,
with the exception of light petroleum:

01530 gave 0°3219 CO, and 0°1097 H,0. C=574; H=28W0.

0-1533 ,, 073199 CQ, , 01094 H.O. C=56'9; H=80,

CeH,;,ON, requires C=57"1; H=80 per cent.

The hydrogen oxalate crystallises from water in large prisms,
which melt at 165—167° (corr.). It is anhydrous, and is soluble
in about 4 parts of cold water, but readily so in hot water:

0°1563 gave 0°2668 CO; and 0°0839 H,O. C=46'6; H=6"0.
0r1443 ,, 0:24567 CO, ., 00794 H,0. C=46'4; H=62.

0:1274 ,, 16'0 c.e. N, at 21° and 754 mm. N=14'5.
(C¢H,(ON,),,(CoHo0y), requires C=4656; H=60; N =146 per cent.

The Reducetion of 4(or5)-Cyanomethylglyoraline. Preparation of
4(or 5)-B-A minoethylglyoxaline. 3

Ten grams of 4(or 5)-cyanomethylglyoxaline were dissolved in
50 c.c. of absolute alcohol, and 25 grams of sodium added piece
by piece within a few minutes. Further quantities of hot absolute
alcohol were added a few c.c. at a time, while the mixture was
heated by a small flame, until after the addition of about 200 c.c.
of absolute alcohol (making 250 c.c. in all) in the course of an
hour and a-quarter, nearly all the sodium had dissolved. A little
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water was then added to remove the last traces of sodium, and
the liquor was acidified by the addition of 120 c.c. of concentrated
hydrochloric acid. After removing the sodium chloride, and wash-
ing this with alcohol, the filtrate was evaporated to low bulk, mixed
with 100 c.c. of cold saturated aqueous sodium carbonate, and
evaporated to complete dryness under diminished pressure. The
residue was then extracted with absolute alcohol, which removed
all the organic matter, and the extract was concentrated to about
50 c.c., when, on cooling, 4'656 grams eof crude sodium glyoxaline-
4(or 5)-acetate were deposited as a crystalline powder, which was
collected, washed with absolute alcohol, and reserved. The aleoholic
mother liquor left on evaporation about 8 grams of a viseid brown
oil. This was dissolved in a little water, and added to a boiling
solution of 30 grams of picric acid in one litre of water. On
cooling, a quantity of 4(or 5)-8-amincethylglyoxaline dipicrate
crystallised out, mixed with a little dark brown resinous matter;
after recrystallisation from water, the latter was removed, and
14'6 grams of pure dipicrate were obtained.

4(or 5)-B-Aminoethylglyoxaline dipicrate, either alone or mixed
with the salt prepared from histidine (Ewins and Pyman, loe. cit.),
melted and decomposed at 238—242° (corr.), according to the
rate of heating:

0-1487 gave 0:1946 CO, and 0-0375 H,0. C=35'7; H=28.
C;H,N,,(C;H;0,;N;), requires C=35'8; H=2'T per cent.
It was further identified by converting it into the dihydro-
bromide which melted and decomposed at 284° (corr.):

0-1541 gave 0°1232 CO, and 00578 H,0. C=21'8; H=4"2.
C,H N, 2HBr requires C=220; H=4'1 per cent.

Dr. P. P. Laidlaw, of the Wellcome Physiological Research
Laboratories, kindly tested a specimen of this synthetic
4(or 5)-B-aminoethylglyoxaline dipicrate, and found that it had the
physiological activity of the pure salt prepared from histidine.

After the separation of the dipicrate, the mother liquors
deposited first a crystalline picrate, melting at about 160—170°,
and tken a sticky oil; these fractions, on extraction with a little
warm alcohol, gave 0'6 gram of 4(or 5)-B-aminoethylglyoxaline
dipicrate as a sparingly soluble residue. This was collected, and
all the picrate mother liquors—alcoholic and agqueous—were then
combined and boiled to remove the alcohol. The clear hot solution
was mixed with concentrated hydrochloric acid, cooled, filtered
from picric acid, and extracted with ether to remove the remainder
of the latter. The resulting solution of hydrochlorides was made
alkaline with sodium carbonate, evaporated to complete dryness
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under diminished pressure, and extracted first with ether, then with
absolute alcohol.

From the ethereal extract, 1'0 gram of nearly colourless, viscid
oil was obtained. This was converted into the picrate, and
crystallised first from water, then from alcohol, when 1-35 grams of
pure 4(or 5)-methylglyoxaline picrate were isolated. This salt
melted at 160—162° (corr.), both alone and when mixed with the
salt prepared from the pure base; the latter salt had the same
melting point. Windaus and Knoop (Ber., 1905, 38, 1170) give
159—160°:

0-1471 gave 0-2074 CO, and 0°0397 H,O0. C=385; H=3'0.

01028 ,, 194 c.c. N, at 13°and 7756 mm. N =23-0.

C,HN,,C;.H;O,N; requires C=386; H=29; N=22'5 per cent.

The alcoholic extract left, on evaporation, 1'2 grams of crude
crystalline sodium 4(or 5)-glyoxaline acetate; this was combined
with the 4'65 grams which had separated earlier, neutralised with
hydrochloric acid, and converted into the picrate, when 11'5 grams
of pure glyoxaline-4(or 5)-acetic acid picrate, melting at 212—213°
(corr.), were obtained. The yield of 4(or 5)-8-aminocethylglyoxaline
—15°2 grams of the dipicrate—amounts to 29 per cent., and that
of glyoxaline-4(or 5)-acetic acid to 35 per cent., of the theoretical.

Glyozaline-4(or 5)-acetic Acid, C;H,N,-CH,-CO,H.

This substance was obtained by treating its hydrochloride with
silver carbonate, filtering from silver chloride, removing the excess
of silver present as glyoxalineacetate by means of hydrogen sulphide,
and concentrating the liquor to low bulk, when it separated in

fan-shaped clusters of prismatic needles, which melt and decompose
at 222° (corr.):

01613 lost 0-0201 at 100°. H,0=12'5.

C;H;O,N,,H,O requires HyO=12'5 per cent.

01412 gave 02466 CO, and 0°0600 H,0. C=47-6; H=4"8.

C;H;O,N, requires C=47"6; H=4'8 per cent.

This acid has previously been prepared by Knoop (Beitr. chem.
Physiol. Path., 1907, 10, 111) by the oxidation of oxydeamino-
histidine, that is, a-hydroxy-B-glyoxaline-4(or 5)-propionic acid,
C;H;N,*CH,'CH(OH):CO,H. He describes it as fan-shaped
needles from aqueous acetone, which contain 1H,O, and melt and
decompose at 220°.

The hydrochloride crystallises from absolute alcohol in small
needles, which melt and decompose at 225—226° (corr.), after
sintering a few degrees earlier. It is anhydrous, and is very easily
soluble in water, but sparingly so in aleohol:
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0:1541 gave 0-2080 CO; and 00618 H,0. C=36'8; H=4'5.

0-2002 +,, 0-1767 AgCl. Cl=21'8.

C;H;O.N,,HCI requires C=36'9; H=44; Cl=21'8 per cent.

The pierate crystallises from hot water in handsome yellow plates,
which melt at 212—213° (corr.). It is anhydrous and easily soluble
in hot water or alcohol, but sparingly so in these solvents when
cold :

0°1515 gave 0°2044 CO, and 0°0371 H,O. C=36'8; H=2'T.

00830 ,, 135 c.c. Ny at 13° and 773 mm. N=197.
CsHzO,N,,CiHyO,N; requires C=372; H=26; N=19'8 per cent.

Sodium  glyoxaline-4(or b)-acetate crystallises from absolute
alcohol in small needles containing half a molecular proportion of
water of crystallisation, which is retained at 100° but lost at
120°, This salt is very easily soluble in water, and fairly easily
so in hot absolute alcohol:

0°1633 * lost 0°0087 at 120°. H,0=5"3.

0°2144 * gave 000955 Na,80;. Na=14'4,

C;H;0,N,Na,3H,O requires Na=14'6; H,;O=5"8 per cent.
0°1546 + gave 0°0724 Na,S0,. Na=152.
C;H;O0,N,Na requires Na=15'5 per cent.

Ethyl Glyoxaline-4(or 5)-acetate, C;H N, CH,*CO,Et.

Five grams of 4(or 5)-cyanomethylglyoxaline were dissolved in
25 c.c. of absolute alcohol, and a stream of dry hydrogen chloride
passed through the solution while boiling gently. After two or
three minutes, ammonium chloride began to separate out, and after
ten minutes, this was removed by filtration. The liquor was
evaporated almost to dryness under diminished pressure, and the
sticky residue dissolved in about 30 c.c. of hot acetone, when, on
cooling, crude ethyl glyoxaline-4(or5)-acetate hydrochloride
separated. After recrystallisation from acetone, 4'2 grams of this
salt were obtained in a pure state, and the mother liquors contained
more of this salt mixed with glyoxaline-4(or 5)-acetic acid hydro-
chloride.

Ethyl glyoxaline-4(ox 5)-acetate hydrochloride crystallises from
acetone in clusters of prismatic needles, which melt at 115—117°
(corr.). It is deliquescent, very easily soluble in water or alcohol,
fairly easily soluble in hot, but sparingly so in cold, acetone:

01538 * gave 0'2471 CO, and 00803 H,0. C=43'8; H=5'9.

C.H,,0,N,,HCI requires C=44'1; H=5"8 per cent.
The free base may be isolated as a colourless oil by mixing the

* Dried at 100°, + Dried at 120°,
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hydrochloride with a slight excess of 10 per cent. aqueous sodium
carbonate, evaporating to dryness in a vacuum, and extracting with
ethyl acetate.

- The hydrogen oxalate crystallises from water in large prisms,
which melt and decompose at 180° (corr.), after sintering a few
degrees earlier. It is anhydrous, and is easily soluble in water, but
sparingly so in alcohol:

0-1503 gave 0°2443 CO, and 0°0665 H,0. C=44'3; H=50.
C.H,,0,N,,C,H,0, requires C=44'2; H=5"0 per cent.

Glyoraline-4(or b)-acet-thioamide,
CH:NH._ ___
EHE'GS'GHE'H'——N}{ B

Three grams of 4(or 5)-cyanomethylglyoxaline were dissolved in
30 c.c. of aleohol, mixed with 30 c.c. of a cold saturated alcoholic
solution of ammonium sulphide, and kept overnight at 40° in a
closed vessel. On distilling off the greater part of the alcohol under
diminished pressure, the thio-derivative crystallised from the
residual liquor while still warm, and 2'5 grams of the pure sub-
stance in the form of a nearly white, crystalline powder were
obtained in the first crop, and further small quantities subsequently.

Glyozaline-4(or 5)-acet-thioamide crystallises well from water
in prisms, and from absolute alcohol in rosettes of needles. On
heating, it darkens slightly from about 140°, and considerably
from 160°, and eventually melts and decomposes at 173° (corr.).
It is easily soluble in hot water, fairly easily so in hot absolute
alcohol, and sparingly so in these solvents when cold. It is
anhydrous :

0-1543 gave 02419 CO, and 00703 H,O0. C=42'8; H=51.

C;H-N,S requires C=42'6; H=5"0 per cent.

On reducing 1 gram of this base with zinc dust and dilute hydro-
chloric acid in cold aleoholic solution for several days, and working
up the reaction product for 4(or 5)-8-aminoethylglyoxaline, only
about 005 gram of the dipicrate of this base was obtained.
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