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The work o11 the structure and synthesis of aneurin
(vitamin ) and thiochrome described in this thesis v/a
commenced in the University of Edinburgh o:1 the invitat
of Prof. G. Barger, F.B.S. for whose kindness and inter
I am deeply grateful. . Owing to the highly competitive
nature of the work it was necessary to explore all
possible avenues of approach to cue problem as rapidly
X~ossible, and for this reason I had the assistance of
several collaborators in the experimental part of the
investigations. The work of these collaborators - whi
was mainly concerned with model experiments and earlie
stages of the syntheses - was throughout inspired by
and carried out under my direction. In addition to
of the preliminary work, all the more crucial parts, e
formation of thiochrome from aneurin, the syntheses of
3-pyrimidylthiazolium salts, of aneurin, and of thioc
and its analogues, were carried out by myself. I aml.r

1

entirely responsible for the composition of the publishe

ecaners and the thesis.
mh



Introduction and Theoretical.

The earliest recorded investigations relating
to the antineuritic vitamin (vitawmin Bl) are those
of the Japanese admiral Takaki (1885) who recognised
that beri-beri, a widespread form of polyneuritis
characterised by wasting and paralysis, was due to
diet. In the course of a few years he was able to
reduce the incidence of the disease in the Japanese
navy from 39% to zero, through supplementing the
sailoré' diet of polished rice by an allowance of
-meat, fish and vegetables. Takaki considered that
the disease was probably due to a deficiency of
protein coupled with excess of carbohydrate in diet.
Some years later Bijkmann (1890 et.seq.) was able to
produce experimental beri-beri in fowls by reeding
them on a diet of polished rice, and showed that the
condition could be prevented or cured by addition of
unmilled rice to the diet. At first he inclined
to the view that the polishings contained some
antidote to a beri-beri-producing toxin generated
in the intestine by rice, but he later adopted the

view of his colleague Grijns (1901) - who held that
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beri-beri was a deficiency disease - and stated "that
there is present in rice polishings a substance of
a different nature from proteins, fats or salts which
is indispensable to health, and the lack of which
causes nutritional polyneuritis®,. As a consequence
of Eijkmann's work, chicks and pigeons have been
regularly employed since then in the biological assay
of the antineuritic vitawmin.

Considerable concentration of the antineuritic
factor in rice polishings was effected by Funk (1911),
who separated from this material a crystalline
fraction active in a dose of about 20mg; this
material, as he himself showed later, was not
homogeneous. He considered the active principle
to be basic ir nature and found that it was
associated, in his fractionation process, with purines
and pyrimidines. The same worker in 1912 introduced
the term *vitamine" to describe substances, such as
the antineuritic factor, whose presence in a diet is
essential to life, in the belief that all such
substances were bases. It has since been found that
several of the compounds in gquestion are nitrogen-

free, but Funk's term modified by omission of the "e',
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has been retzined as a class name for all substances
of this type.

Hopkins (1912) who had for some years been
carrying out experiments on the feeding of rats on
syntnetic diets, shoﬁed that normal growth could
not take place unless milk were added to the diet.
In 1913 Osborne and Liendel,and, independently,
McCollum and Davis, as a result of a long series of
experiments similar to those of Hopkins, came toc the
conclusion that there was a factor essential to
nutrition associated with certain fats e.g. butter
fat, and that without it normal growth could not be
maintained. Somewhat later kicCollum and Davis (1915)
reported that, when fed on a syanthetic diet to which
butter fat was added to supply the fat soluble
vitamin, young rats still required for normal growth
an additional food factor. This additional ractor
was named "water soluble vitawmin B" by iicCollum and
Kennedy (1916), the factor present in butter fat
being called "fat soluble Vitamin 4."  Water soluble
vitamin B was considered by kLicCollum and his

collaborators to be identical with Eijkmann's
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antineuritic factor, since the distribution of both
was similar and vitawin B was found to exert a
preventive and curative effect in avian polyneuritis.

buch later Smith and Hendrick (1926), also
working on the growth of rats, brought forward
evidence which showed thac water soluble vitamin B
was really a complex containing at least two
individual vitamins. This conclusion was confirmed
and amplified by later workers and it is now
recognised that water soluble vitamin B consists of
a mixture of several vitamins which have been called
vitamins By, By, Bz etc. Of these vitamin B is
identified with the antineuritic vitamin.

Progress in Gthe isolation of vitamin Bl after
FPunk's work was for a time slow, although Suzuki,
Shinamura and Ohdake (1912) obtained a partially
crystalline product from rice which had a curative
effect on polyneuritic pigeons in a dose of about
5mg The discovery of Seidell (1521) that vitamin B,y
could be adsorbed on fullers' earth from agueous
solution and eluted with baryta, gave great impetus
to isolation experiments, as it allowed of a
comparatively rapid‘conoentration of the vitamin,

Using a method based partly on the work of seidell,
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Jansen and Donath (1926) isolated for the first
time, a crystalline substance which was undoubtedly
the hydrochloride of vitamin By in practically
pure coundition; a daily dose of .002mg. of their
product was sufficient to protect rice birds (Lunia
maia) from polyneuritis for three weeks. (uriously
enough Jansen and Donath failed to detect the
presence of sulphur in their product and the presence
of this element as an intezral part of the vitamin
‘molecule was not demonstrated for soume years
(Windaus, Tschesche Ruhkopf, Laguer and Schultz 1931).
The empirical formula of the vitamin hydrochloride
012H180N48012, proposed by Windaus,Tscihesche and
Ruhkopf (1932) has since been definitely established.
4 critical survey of the evidence for this formula
ig given in a paper by Wintersteiner, 'Willianms and
Ruchle (1935).

Since the isolation of the vitamin, various
names have been proposed for it e.g. oryzanin,
torulin, aneurin. Of these "aneurin" proposed by
Jansen (1935), is perhaps the most satisrfactory, and
it is now in current use as an alternative to the
expression "vitamin Bq'.

ineurin is widely distributed in animal and
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vegetable foodstuffs, but the amount present in
them is always small,

The richest sources are yeast and the pericarp
and germ of cereals, but even there the concentration
is seldom as high as 0.005%; natural aneurin is
thus exceedingly difficult to obtain in any quauntity
a fact which lonz delayed chemical investigation.
The long and complicated isolation processes are
attended by heavy material losses so that from
100kg. of yeast or rice polishings the yield of
vitamin is at best about 0.5g. and is usually much
less.

Various biological methods may be used to
ascertain the amount of aneurin present in a given
material.

a) The curative or preventive action on cinicks,
pigeons or rats may be measured (cf. Kinneréley,
Péters and Reader, 1928; 1930).

b) The amouﬁt of the material may be determined
which must be added to an aneurin-free diet
in order to initiate growth in rats (Chick and
Roscoe 1929).

¢) idvantage may be taken of the fact that the

vitamin increases tie oxygen-uptake of isolated
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brain tissue from polyneuritic pigeons; this is
the basis of the so-called "catatorulin' test
(Passmore, Peters and Sinclair 1933).
d) The quickest and most convenient test is that
described by Birch and Harris (1934). It depends
on the fact noted by Carter and Drury (1929) that
vitamin B deficiency in rats causes marked
bradycardia, the pulse falling from five hundred
to about 300 per minute; adainistration of vitamin-
containing material causes the pulse to returan to
normal, and the duration of tiae effect is proportional
to the amount of vitamin present. On account of
the very rapid pulse, measurements are made with the
aid of an electrocardiagraph. This method of
testing has been used throughout the work described
in this thesis.
e) The fact that fungi appear to require aneurin
for growth can be used for asSsay pPurposes; yeast
(Williams 1919) and more especially Phycomyces
blakesleeanus (Schopfer and Jung 1935) have been
used in this way.

A1l such tests are carried out in comparison
with the International Vitawmin Bj Standard, which

is a special fullers' earth adsorbate of the vitamin.
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One International Unit (I.U.) corresponds in
activity to 1Omg. of this preparation., img.
crystalline aneurin hydrochloride corresponds
approximately to 400 International Units in activity.

Chemical methods for the assay of aneurin
concentrates have been proposed by Kinnersley and
Peters (1934) using the Ffact that diazotised
sulphanilic acid gives with the vitamin avpink
colouration stabilised by formaldehyde, and by
Jansen (1936) who utilises the production of the
fluorescent thiochrome on oxidation of aneurin in
alkaline solution with potassium ferricyanide
(see p. 17 ). Both these wmethods suffer from the
disadvantage that they are only reliable with highly
purified vitamin concentrates.

Regarding the function of vitamin By in the
organism, much evidenée is available from animal
experiments and from clinical observations, but no
final conclusion has yet been reached. poth in
animals and in man, aneurin-deficiency manifests
itgelf in three ways, namely, by nervous, cardiac,
and metabolic disturbances. It would seem from

most recent work that it is metabolism, and

particularly carbohydrate metabolism, which 18
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Primarily atfected, and that the nervous and cardiac
disturbances may be secondary symptoms. The
remarkable relationship between aneurin-deficiency
and disturbance of carbohydrate webtabolisw can be
demonstrated in isolated tissues. wlices of liver,
kidney, cardiac and skeletal muscle, and particulérly
of brain tissue, from avitaminous animals, differ
from those pf normal animals in having a diminished
oxygen~uptake aﬁd an increased coateat of lactic and
pyruvic acids. 4ddition of the vitamin restores
normal respiration and causes disappearance of the
accunulated intermediate products of carbohydrate
breakdown.

The effect is particularly noticeable in the
case of pyruvic acid the coacentration of which
diminishes rapidly (Peters and Thompson 1934). It
seems likely that the vitamin may function as a co-
enzyme in the breakdown of pyruvic acid in the living
organism,.

The questioa as to whether beri-beri is due
simply to vitamin deficiency, or primarily to the
action of certain toxins, may be regarded as
definitely settled in favour of the deficiency

hypothesis by the cures effected by administration
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of the crystalline vitamin hydrochloride (7illiaums,
Waterman and Keresztesy 1935). Pure aneurin in
the form of the chloride has been applied clinically,
with marked success, in the treatment of various
nervous diseases; best results seem to be obtained
by parenteral administratioa (c¢f. for example
Ritchie Russell 1936). Sufficient work has been
done to indicate that aneurin is of great clinical
importance, and it will doubtless find increasing
application now that the synthetic vitamin is
available.

The earlier chemical work on the isolated
vitamin hydrochloride by Jansen and Donath (1926)
Van Veen (1930-1932), Ohdake (1932), and Windaus
anduhis co-workers (1932) led to the establishment
of the empirical formula 012H480N48612 and the
preparation of several crystalline derivatives e.g.
platinichloride, aurichloride, picrate, picrolonate,
rufianate. The free base could not be isclated,
and it was observed that the vitamin was very
unstable to alkali, the sulphur being readily
eliminated as sulphide; towards acid it Was more
stable, though heating with hydrochloric acid to high

temperatures caused elimination of ammonia (Van Veen;
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Windaus), The absorption spectrum of the vitamin
was examined by various workers (cf. Wintersteiner
“illiams and Ruehle 1935). The results suggesting
.the_presence of a pyrimidine nucleus in the molecule,
while crystallographic measurements on the
hydrochloride indicated a conjugated ring structure
with the sulphur and chlorine atoms not both at the
ends of the molecule (Bernal and Crowfoot 1933). That
little more was done during the two years following
the establishment of the empirical formula was
undoubtedly due to the inaccessibility of the vitanin,
which was extremely difficult to obtain in quantities
large enough for structural determination by organic
chemical methods. In the autumn of 1934, however,
wWindaus, Tschesche and Grewe (1934) by oxzidising
aneurih with concentrated nitric acid obtained two
substances each containing five carbon atoms. The
first of these, an acid CsHgzOuNp, was isolated as
its ethyl ester nitrate C7H1105H3. It was not
identical with any of the four iminazole carboxylic
acids and a suggestion was made that it might be a
methyl-dihydroxy-pyrimidine. The second substance,
also an acid, had a formula C5H5OZNS, and, based

largely on the fact that it gave a positive zinc dust-
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pine splinter reaction, the suggestion was made

that it might be a thiopyrrole-carboxylic acid.
Owing to lack of material no further work was done
with these products.

Such then was the position when the work
described in this thesis was commenced; A small
quantity of crystalline vitamin hydrochloride was
available through the kindness of Prof. B.C.P. Jansen
of Amsterdam, and Turther supplies were extracted
from rice polishings by a simplified form of the
method described by Williams, “aterman and Keresztesy
(1934). Initially attention was directed to the
elimination of amwmonia by action of acid on the
vitamin. It was found that heating with concentrated
hydrochloric acid at lOOo caused quantitative
production of one molecule of armonia. This
behaviour could be shown by an amide, but the
general properties of the vitamin suggested that it
might well be due to the preseace of an amino-group
attached to a pyrimidine ring. The elimination of
an -NH, group in 2:6~-dihydroxy—4:5-diamino~
pyrimidine under the same conditions could be
demonstrated. No reéults of value could be obtained

by alkaline hydrolysis of the vitanin. Some support
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for the view that aneurin contains a quaternary
nitrogen compound was obtained by treatment of the
chloride with two equivalents of’silver cxide and
distillation of the amorphous base in a vacuum.
Traces of a new blue fluorescent compound were
obtained, but further investigation of the product
was impossible on accouant of the very poor yield.
The production of a blue fluorescent substance in
this way was interesting, as Peters (1935) reported
about the same time that agueous solutions of the
vitamin on oxidation develop a blue fluoresceance
visible in ultra-violet light; it was decided to
study oxidation of aneurin in the hope of establishing
some connection between the products obtained by tiais
method and those fronm thermal decomposition.

While these preliminary experiments were in
progress a great advance was made in the cﬁemistry
of aneurin by ¥illiams (1935) who, early in 1935,
announced that treatment of the vitamin at room
temperature with sodium sulphite solution containing
sufficient excess sulphurous acid To give pH 4-5
caused quantitative fission into two. products, a

sparingly soluble acid CgHgO,N5 (4) and a chloroform



solubles base C HgONS (B). In a series of pauers

iy

publiched by Williams and his collaborators during
1255, details of the work and the conclusious from it

were published (c¢f. bibliography). Product (4) had
an absoryution spectrum similar to that of 4-amino-
pyrimidines, whicih it also resewibled in its otaer
@roperties. Concentrated nydrochloric acid coavertced
it with loss of 1 molecule ammonia into au acid
G6H804N5 having the properties of a 4-hydroxypyrimidiane
In prgduct A the sulphur atom anppeared to be nresent

in a sulphonic acid grouplng, presuuably derived

from the sulphurous acid used in tie rsaction leadigg
to its formation. It was, on Tthis evideuce,

provisionally allotted structure (I) by Williams.

N
NHz_ HO,QC ¢ ""‘TS\
1)
CH,.C* . *CH
CLHS |
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Product (B) gave no iodoform reaction and on
treatment with methyl iodide gave a typical guaternary
salt; concentrated hydrochloric acid couverted it
into a base CgHgNSCL in which the chlorine was non-
ionic.  lLioreover, oxidation of (B) with nitric acid
gave arn acid C5H502NS identical with the acid of
Jindaus Tschesche and Grewe (see p.l1ll ) and which
was shown to be 4-methyl-thiazole~5-carboxylic acid
(I1), a known substance. For (B) the structure of
a 4-methyl-5-/3 -hydroxyethyl-thiazole (III) was
proposed and this was conrirmed by its syanthesis by
Clarke and Gurin (1935); their synthesis from methyl
o -chloro-Y —ethoxypropyl ketone and thioformamide

took the following route:

CHy Chs T"B
éo ‘ N c—N
| + HeosNH, — & Xy > “ \:H
C‘HCL .l___ &7 ? — s
|
CH, CHOC He CHy CH, OC. He CH,CH,0H
m

Potentiometric titration of the vitamin by

williams and Ruehle (1935) showed that it contained
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two basic groups one of which was of the sawme order
of strength as the nitrogen in the quaternary salt
of (III) and in 4-methylthiazole ethiodide; also,
that both the vitamin and the methiodide of (III)
form pseudo-bases in alkaline solution, a behaviour
found to be characteristic of quaternary thiazolium
salts containing a free 2~position. oimilar
potentiometric titration curves were obtained by
Moggridge and Ogston (1935) and by Birch and Harris
(1935), although these workers interpreted their
results somewhat differently.

Williams (1935) on the basis of the results

described proposed for the vitamin the structure

(IV)

. Hee

qnm—

)\

ams——

The quaternary nature of one nitrogen atom
accounts also for the occurrence of the sulphite
cleavage, (although an exact analogy is not known)
and for the thermal decomposition of the free vitamin

~ o e . x « da ], -
base. This formula accounted for most of the known



16.

facts and was generally accepted as a basis for
further work. Buchman and #Williams (1935) isolated
in crystalline form the physiologically inert
“chloro-oxyvitamin® produced by heating the vitamin
with hydrochloric acid; it had a formula‘012H16ON3
SClz and as a result of the observations already
mentioned regarding the behaviour of the products of

sulphite cleavage when similarly treated, it was

assigned formula (V)

OH
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Kuhn, Wagner-Fauregg, van Klaveren and Vetter
(1938) isolated from yeast a yellow pigment which
showed in neutral or alkaline solution an intense
blue fluorescence; for it they established the
formula 012H140N4u and proposed the nawme thicchrome,
It was suzgested by them that it might be a "dehydro-
vitamin Bqa", since it occurred in yeast, a relatively
rich source of vitamin By, and 1ts formula was
similar to that of the vitamin (012H18ON40ul ). This
seemed all the more probable since zlucfluorescent
degradation products of aneurin had already been
reported (ctf. p 12 )e

On the basis of formula (IV) for aneurin, its
pseﬁdo-base should contain the grouping >DN- éHOH,
and, in this form, it should, by analogy with
pyridine defivatives, undergo oxidation by potassium
ferricyanide. It was found that Dby oxidation of the
vitamin with potassium ferricyanide in alkaline
solution at 15-20° a crystalline substance 012 14Oh4
was produced which was identical in all its properties
with thiochrome isolated from yeast; this was
confirmed by a direct comparison of the two substances

kindly carried out by Prof. R. Kuhn to whowm my

thanks are duc.
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For the preparation of thiochrome it is not
essential to use pure crystalline vitamin - partially
purified concentrates from rice polishings can be
utilised, although the yields are counsiderably less
than might be expected on the basis of the vitamin
content measured by biological methods. The
production of thiochrome can be used as a qualitative
test for the preseace of aneurin, although, as is also
the case with the formaldehyde-azo test, its use as
a gquantitative method is only possible with highly
purified concentrates. Other oxidising ajents e.g.
hydrogen peroxide, selenium dioxide, potassium
permanganate also convert aneurin into thiochrome
but the yields are poor. Solutions similar in
properties to those of thiochrome are even produced
by the action of air or oxygen on solutions of the
free vitamin base; ©this may possibly explain the
occurreunce of thiochrome in yeast.

On the assumption that the aaneurin molecule
contains a gquaternary nitrogen atom, then the free
base will have the formula 012H1802N48 and therefore
thiochrome cannot be a simple dehydrogenation product,

its formula differing from that of the vitamin by
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BE,O + HZ' In accordance with this thiochrome‘is

2
biologically inactive and it cannot be catalytically
hydrogenated to aneurin. Unlike the vitawmin,
thiochrome can sublime unchanged in a high vacuum at
210-215°.  This, together with its solubility in
organic solveants, sugsests that it no lounger contaias
a Quaternary nitrogen atom. Its hydrochloride has
the unusual property of separating from solution in
colourless crystals, which on filtration and rewoval
of the last traces of solvent gradually develop a
yellow colour. It is difficult to give a satisfactory
explanation for this change; it is not. caused by
hydration as drying in a high vacuum does not cause
disappearance of the colour. The colouration may
have some relation to the fact that the analytical
values for thiochrome hydrochloride lie between one
and two chlorine atoms i.e. a partial loss of
hydrogen chloride seems to occur on standing in air,
indicating the presence in the thiochrome molecule of
one very feebly basic grouping as well as oane of
more normal strength.

The known facts pointed to the presence in
aneurin of a pyrimidine ring bearing an amino group

in position 4 which could be gquantitatively removed
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as ammonia by heating with strong hydrochloric acid.
Under similar conditions tnilochrome yields no
ammonia being indeed, for the most part recovered
unchanged. Furthermore, the de-aminated vitamin
obtained in solution (and presumably identical with
the "chloro-oxyvitamin®" of Buchman and Williaus)
gave no fluorescent product on oxidation with
potassium ferricyanide. It follows that the
pyrimidine amino.group is involved ia the production
of thiochrome. The blue fluorescence of thiochrome
is similar to that of 6:7-dimethylalloxazine. It
therefore seemed at first possible that thiochrome
might be a pyrimidazine derivative especially as the
vitamin formula (IV) is that of a derivative of an
0 =diaminopyrimidine. However, closer examination
shows the difficulty of formulating the production of
a six membered k-diazine ring by potassium ferricyanids
oxidation; fdr this to occur the methyl group in
position 4 of the thiazole would need to take part
in the ring closure, and this is rather unlikely.
By analogy with pyridine derivatives a more = likely
hypothesis seemed that the vitamin is oxidised in
the form of its pseudo-base and that the keto-group

so formed condenses with the free amino group. This
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Ch—S CHam
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another possible mechanism of a similar type
was suggested by Kuhn and Vetter (1935); accordiag
to it ring closure is considered to occur by
intramolecular losé of water at tane pseudo-base

stage and the resulting compound 1s oxidised.

NH, o NRS NN
cH-
o> Ll T I!I
~ - m——

\

On this basis, assuming thne Williswms formwula
(IV) for aneurin to be correct thiochrome would be

represented by (VI).

N
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shortly arlter tie completion off this viece
of work Kuhn and Vetter (1935) also obtained
thiociirome frow aneurin by oxidation with porphy-
rexide and proposed for it a similar structure.
"induas Tschesche aund Grewe (1935) also urcuosed
a similar structure, but both these groups of
workers preferred a formula in which the pyrimidine

part of the molecule in aneurin aund thiochrowe bore

methyl groups in positions & and 6 rather than an

ethyl group in position 6. findaus and his co-workers
based their view on hypothetical strcutures assigned
to nitric acid or barium.permanganate oxidation
products of aneurin, waile Kuhn's claiwms rested on the
result of C-methyl estimations.

is it was important before golng ifurtuer to
settle the question as to the number of alkyl.groups
in aneurin and thiochroume, a series of C-alkyl
determinations was made on both these cowpounds and
on a number of substaices of known constitution.

The results are shown in the following table.
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B Average nuwver of
vawe of Compound equivalents of velatile
acid produced
(as acetic acid)

N-Phenyl-2:4-diuethyl

thiazolium iodide | 1.31
S5~ilethyl-uracil 0.77
Pyrimidine sulphonic acid from

anevrin (Williaums) 0.62
3-iiethyl-(thiazolo 21:51:2:1—

benziminazole) 1.0
Thiochrome 1.6
suneurin (hydrochloride) 1.35

Bearing in wind the fact that each C-alkyl
sroup (éthyl as well as methyl) on oxidation with
chromic acid will give rise to an amount of acetic
acid varying from 0.6 to 1 eguivalent it was deduced
from the above table that (1) Williaws pyrimidine
frafment of the sulphite cleavage containsg one alkyl
group i.e. an ethyl group; (2) thiochrome and auecurin
both contain the szme number of alkyl groups 1.e. two
(3) the higher value for talocuarcme as compared with
aneurin was reconciled by the fact that in wmethyl-
thiazolobenziminazole (see below) the alkyl group
was rewoved quantitatively; auneurin, on tae otuer

nand, gave, like the synbthetic thiazolium salt, a
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low yield of acetic acid.

It secwmed, therefore, that the formulation of
anevrin and thiochrome with an ethyl group was
preferable. The compound S—methyl—(thiazolo—zl:31:
2:1-benziminazole) (VII) was prepared as a model for
a possible thiochrome synthesis. It was readily
obtained by condensation of chloro-acetone with
thio-benziminazoline; viewed in ultra-violet light,
alcoholic solutions of the product showed feeble

blue fluorescence.

1

. «
N S

NH cH N\ 1
L ¢ Neg New®
C=8 +* co —2 ‘ ' TR
/ ' s ‘N C .CHy

NH cHyCe .

(78 .

Vii

The production of a number of fluorescent
"guinochromes" similar to thiochrome, on oxidation
of aneurin with potassium permanganate, was reported
by Kinnersley O'Brien andPeters (1935b) but as none
of these products was isolated in a pure state,
definite evidence of their existence as individual
chemical compounds is lacking. The only further

degradative work carried out up to thae eud of 1935
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was done by 'Yindaus, Tschesche and Grewe (1935) who
oxidised aneurin with barium permanganate and
obtained a base which they sugzested might be
R:6-dimethyl 4:5—diamin?pyrimidine.

As a result df the work on thiochrome the
position of the original Williams aneurin formmla
(IV) was strengthened and owing to the difficulty of
obtaining aneurin from natural sources it seewmed
likely that further progress would be best made in
the synthetic field. Accordingly experiments were
commenced in the direction of synthesis of aneurin
and thiochrome.

ineurin according to the Williawms formula (IV)
was to be regarded as a 3—pyrimidylfhiazolium salt,
and, before attempting the syn@hesis of such a
structure, it seemed desirable to work out methods
for preparing 3-arylthiazolium salts, since such
mefhods could then be applied to the more valuable
pyrimidine compounds.

3-Alkylthiazolium salts, including the benzyl
compounds,'can readily be prepared by the direct
addition of alkylhalides to thiazole derivatives.

Despite wmany efforts under varying conditions
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however, it was found impossible to obtain the
corresponding 3-aryl compounds from halogeznated
benzene derivatives. Similar negative results
were obtained with pyrimidine derivatives bearing a
halogen in position 5.

An attempt was now made to modify the well known
Hantzsch synthesis of thiazoles in such a way as to
lead to the production of thiazolium salts. It
seemed possible that the replacement of unsubstituted
thio-amides in the Hantzsch synthesis by thioamides
of the general formala R.CS.NHR; might lead to the

direct formation of thiazolium salts according to the

scheme :
sH gei‘u ?/ ?‘H —
R_‘K Chocw, 7RG HCRs v
NR, H\chR'
\

*TY
2 C*w/w\t X

R\/V‘EL

This expectation was realised and tne reaction
was found to be of general application. A similar
result was obtained independexntly by Clarke and

Curin (1935) in america at about The same time.
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In a preliminary experiment H-umethyl thio-
acetanide wag found to react even at roowm temnerature
witn chloro~-acetone yproducing 3-metn;l-2:4-divetiyl—
thiazoliuw chloride (Ix; R = By=Ry=CHgz) in
~gquantitative yield. ‘fnen thicacetanilide was heated
on the water-bath with chloro-acetone either alone
or in absolute alconolic solution 3-phenyl-2:
dimethylthiazolium chloride (IX; R = Bz~0hr, 31:C6H5)
was similarly produced. If, however, the substances
were allowed to react at room temperature an uastable
crystalline substance was obtalned which could bve
converted into the expected thiazolium salt by
heating for a snort time. The conclusion that this
compound was the hydrochloride of S-acetonyl-
thioacetanilide (VIII; R = Ry=CHy; R =CH_ ) was
verified Dby aﬂaljbls and by its behaviour on
hydrolysis. Dissolved in water or -dilute wmineral
acids the substance underwenf hydrolysis slowly in
the cold .and more rapidly on warming yielding aniline,
acetanili&ekand a sulvhur countaining compound wiich is
presumably derived from a hypothetical thiol-acetone
(x). As this sulphur compound forms a semicarbazone,
gives a colourless precipitate with mercuric chloride

and aanswers the tests for —uil Jroups, it may possibly
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nave structure (XI). The production of both
aniline and acetamlide in the hydrolysis is
interesting as it suggests that fission occurs not

only between I and C but also betweea C and S, as

follows:
CH<
o
C,Hs N = C=S—CH,CocH
H'&o Hlo
& C’H} '>
C HsNr—c=0 C HeNH, + CH coS5CH, cocry
+ l
\%
CH_COCH ) ‘
(HS 2" 3 <HS.CHLCOCH5)-\- CH}Cooﬂ
X | x

HS.cH, &= CH,
|

S.cH,cocH,
X1
Condensation of thioacet-¢ -toluidide and O~
nitro-thioacetanilide with chloracetone gave in
similar fash‘ion 3- 0-tolyl-and 3~ o intro-2.:4-
dimethylthiazolium chlorides; in both cases the

corresponding interwmediate products could be isolated.
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4is a result of this work on 3-arylthiazolium

salts it seemed likely that synvhesis of the supposed
aneurin (IV) could be effected by condensation of
4-amino-5-thioformamido-6-ethylpyrimidine (XII) with

a suitabled -halogenated ketone (XIII. R = H)

N
A
N NHCS H CHCL CocHy
CyHg _
s T
X —_—
N
N i
s cH—9S
v & | . Hee
~~C=C
l
Gy €T Chy cHyeH,0H
W “

Por convenience the syntheses of the interwediate
compounds (XII) and (XIII) and their subsequent
condensation will be dealt with in turn.

In their synthesis of 4~methyl—5—g?—hydroxyethyl
thiézole (cf. pe 14 ) Clarke and Gurin condensed
wethylo-chloro-Y-ethoxypropyl ketone (X111 R:CZH5)
with thioformamide and subsejuently de—alkyiated the
product by heating to a high temperature with strong
hydrochloric acid. Since such treatment is known
to0 de-aminate aneurin, the above meantioned ethoxy-

ketone may be regarded as useless 1n a vitamin
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synthesis. Accordingly methylo(-chloro—Y’-
hydroxypropyl ketone (XIII; R = H) was synthesised

according to the scheme:

CH, COOCH,CH, By + CH,COCHNa C00OC, Hg

)

CHBCoocHZcHzCH(coaczﬂs)cocn3
\L S0,c¢,
CHycoo CHzCHzCCC(CooClHS)COCHs

b bl

HocH,cH, cHce cocHy

In this synthesis the initial step, namely,
condensation of /8 -bromoethyl acetate with ethyl
sodioacetoacetate, is rather unsatisfactory; the
method described in the literature by Haller and
March (1905) gives very poor results and the use
of benzene as a diluent although leading to an
improvement, still gives rather low yields.  Ior
this reason the more recent synthesis of Duchman

(1936) which starts from ethylene oxide and ethyl
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sodloacetvacetate is preferable for general work.
| Lethyldrchloro—y’-hydroxypropyl kxetone condensed
readily with thioformamide to give 4-methyl-5-
,@—hydroxy—ethyl thiazole whose picrate gave no
depression in m.p. when mixed with a spécimen (m.p.
1620) Prepared from aneurin by sulphite cleavage.
afforts were also made to prepare methyld -
halogeno-Y -phenoxypropyl ketones in tae hope that
the phenoxyethyl thiazoles resulting from their
condensation with thioamides would yield the
corresponding hydroxy compounds under relatively
nmild conditions. a4t first, direct halogenation of
methyl Y -phenoxypropyl ketone (Boyd Barrett and
Robinson 1932) was tried under a variety of conditions
but no homogeneous product could be isolated. The
synthesis of methylo(—chloro—\{-phenoxypropyl ketone
_) was, however, effected by a wmethod

)
analogoﬁs to that employed for the corresponding

(XIII; R = C,H

hydroxy compound (XIII; R = H); the substance could
ﬁot be purified completely by distillation, but

it condense%with thicamides readily to yield
phenoxyethyl thiazoles. Further work with phenoxy-
compounds was discontinued as it was found

impossible to replace the phenoxy-group by hydroxyl
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save under conditions which destroy aneurin.

Before attewpting the synthesis of 4-amino-5-
thioformamido—G—etnylpyrimidine (XII) a series of
model experiments was made with more accessible
pyrimidine derivatives. It was known that an amino
group in position S5 of the pyrimidine nucleus is
unique in that it is readily acetylated; amino
groups in other positions are not. Thus formylation
of a 4:5~-diaminopyrimidine yields 4-anino-5-
formamidopyrimidine and not the diformyl derivative
(Gabriel and Colman 1901; Johas 1908).

Thiocacylamidopyrimidines had not been described
in the literature, and it was found impossible to
prepare them by the action of phosPhoras pentasulphide
on the corresponding acyl derivatives. 4 slwmilar
lack of success was encouatered on attempting to
replace the 5 amino-group by an isonitrile group
with a view to subsegquent addition of aydrogen
sulphide according to Hofmann (1878).

Phioacetic acid reacts readily with priwary
amines to give the corresponding acetyl derivatives
(Pawlewski 1898, 1902); thiocacylation was therefore
attempted by heating amines with thiol-thionic acids

(RC3SH).  With dithioacetic acid this was completely
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successful. S5-thioacetamido~-6-methyluracil (XIV)

being readily obtained from 5-amino-6-methyluracil.

N N

Ho OH Rl NHL

N Nn-l»c;scv\,> N NHCSH
CHy R,
v XV

a——

Dithioformic acid (HCSSH) acted in a similar way,
but the thioformyl-derivative was obtained in poor
yield and was difficult to purify. It was found,
however, that thioformylation could be readily
effected by mixing aqueous solutions of S5-~amino-
pyrimidines and potassium dithioformate; at room
temperature in aﬁ atmosphere of carbon dioxide the
thioformyl derivatives normally separate in almost
pure condition, the yield being nearly quaatitative.
Amino groups in positions &, 4 and 6 of the pyrimidine
nucleus did not react under these conditions. The

ease with which thioformylation occurred in the case
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of S-aminopyrimidines has led to the application of
the method to all classes of amines (Todd Bergel
Karimillah and Keller 1937); as a result, it may be
that thioformyl derivatives will play an important
part in the separation and identification of awmines
in general.

Using pobtassium dithioformate énd 4 :5~diamino-
6~ethyl pyrimidine, 4-amino-5~thioforuwamido-6-ethyl-
pyrimidine (XV; Ry=H; Ry= Colls) necesaary for the
projected vitamin synthesis was obtaiaed. In similar

fashion 4-anino-5~thioformamidgo-6-methyl-pyrimidine

(xv(XV; By=H; Rp=CHy;) aud 2:i-diawino-5-thiorormauldo-6-
methylpyrimidine (XV; Ry=NHg; BZ=CH5). 41l three
aré crystalline compounds whicih evolve hydrogen
sulphide above the melting point and yield the
corresponding purines. On heating with chloroacetone
they yield the corresponding 3-pyrimidylthiazolium
saltg. |

In course of these syntheses a considerable
number of aminopyrimidineévere prevared; most of
theée are known compounds,:but 2—amino-4-hydroxy-
8-ethylpyrimidine aﬁd 2:4~diaminq—6—ethylpyrimidine
had not nitnertdpeen described. ILeither could be

thioformylated with potassium dithioformate.
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AS wasmentioned above 3=pyrimidyl-thiazoliunm

salts can be synthesised by heating 5~thioformamnido-
pyrimidines with chloroacetone. This simple method
.cannot, however, be applied when chloroacetone is
replaced by Kethylo(—chloro—Y’—hydroxypropyl ketone
owing to the low reactivity of the latter substance.
The difficulty can be surmounted by using, in nlace
of the free thioformamido~compound, its sodium salt.
This condenses readily in absolute-alcoholic solution
with o -halogenated ketones and the product, treated
with hydrogen chloride, yields the desired 3-
pyrimidyl-thiaszolium salt.  In this wey the sodiuw
salt of 4-amino-5-thioformamido-6-ethylpyrimidine

(p. 3¢ ), condensed with methyld ~chloro-Yy-hydroxy-
propyl ketone (p. 20 ), yielding 3-(4l-amino-

61 _ethyl-pyrimidyl-5T)-4-methyl-5-/4 ~hydroxyethyl-

thiazolium chloride hydrochloride (Iv).

Aiccording to the original suggestion of “illianms




56
(1935) tais compound snould Lave been idensical with

the hydrochloride of aneurin. fhis was 20t the case;
in appearance aond general solubilitvies the syntnetic
substance resewbled tie natural vitawmin hydrocaloride,
‘but it melted mumch lower (220° as‘compared with 2500)
and when tested on rats by the electrucardiagraphic
method of Birch and Hdarris (1834) it siaowed no
weasurable physiological activity. several otaer
gynthnetic 3-pyrimidylthniazolium salts described in
the experimental section were tested bilologically
with similar negative results, and none of tucu
underwent fission with sodium sulphite in acid
solution. The forwmaldehyde-azo test is given by (IV)
as well as by the vitawmin. A positive regult in
this test seens to depend in some way on The presence
of akg—hydroxyethyl group in position 5 and a
hydrogen atom in sosition 2 of the thiazole nvcleus.
Thus 3-pyrimidyl thiazolium salts without the
hydroxyebhyl group, the oxychlorovitamin of Suchman
and Williams (1935) and thiochrome all give zegative
results.

Any possibility that the vitamin might be
represented by a closely related structure beariayg two
wethyl sroups lustead of'one ethyl sroup ia the

pyrimidiae could Dhe excluded on the followlng _rounds.
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Jhen synthetic 3-pyrimidylthiazolium salts countaining
an amino-group in position_Gl are oxildised with
potassium ferricyanide under thne conditions used
for preparing thiocarome frowm azeurin, they yield
solutions which, though blue~fluoresceat in ultra-
violet light, show no fluorescence whatever in
visible light, in which thiochrome solutions
fluoresce strongly. Zvidence pointing in the same
direction was obtained in experiuments carried out
with a view to synthesising thiocarome for which on
the basis of structure (IV) for aneurin the formula

I

(VI) had been proposed (p. &1 ).

N N .
N S N\\
Y N AN
I\
N ——-(:.cn3 N —_— N — C CHy
C.Hs  v) OH XVI

By analogy with methyl-thiazobenziminazole
(p. 24 ) thiazolopurines of type (VI) should be
capable of synthesis from 8-thiopurines aud
A -halogenated ketones. By this means the substance
(XVI was prepared from 2:6-dihydroxy-8-thiopurine
(Fischer 1898) and chloroacetone; the compound

had a feeble, though distinct, fluoreseence 1in
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ultra-violet light but none in visible lizht. In
continuation 8-thio-6-metinylpurine (Gabriel 1901)
and 8-thio-6-ethylpurine (prevared in similar
fashion from 4:5-diamino-6-ethylpyrimidine) were
condensed with chloroacetone and with mnethyl { ~chloro~
\/-hydroxypropyl ketone; the products were not
compnletely purified, but in zneutral or alkaline
soluvion they showed feeble blue fluoresce:ice only
when viewed in ultra-violet light. The non-
fluorescence of thiazolopurines in visible light has
also been noted independently by Ochiai (1936).

The conclusion that thiochrome is not a thiazolo-
purine is inevitable, and on the evidence of these
synthetic experiments it is clear that the vitawin
hydrochloride is not a 3-pyrimidyl-thiazolium salt.

If the aneurin molecule contains a pyrimidine
nucleus then the only possible slructures ior it
are (XVII; ng; BZ:CHg) or the closely related
(XVII; Ry=CHg; R,=H). The forumer structure was
indeed proposed on purely theoretical grounds by
Makino and Imai (1936). L distinction between the
two alternatives is impossible on the synthetic

evidence described above.
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Simultaneously with the completion of the
portion of the work described Williams (1936)
announced that he had proved by synthesis the
structure (XVIII)’for the acidic product of the
sulphite cleavage; details of the synthesis have
only recently been published (Cline, Williams,'ﬁuehle
and Vaterman 1937).  Consequently aneurin must be
represented by (XVII; R,=CH, ; BzzH). 4 synthegis
of (XVIII) Was%lso reported later (during the course
of the work described below) by Grewe (1956); in
the same paper he also described a syanthesis of (XIX
the ﬁariumbpermanganate oxidation product of aneurin,
and mentioned that aneurin itself had been synthesised

by indersag and Testphal in the Llberfeld laboratories
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of the I.G. Parbenindustrie A.G. and had been
shown to have structure (XVII; Ry=CHg; BZ:H).

On the basis of the vitamin formula (MVII;
Ry=CH,; Ro=H), thiochrome should have the structure
(XX) and attention was now directed to its synthesis.
It seemed likely that compounds similar to (XX)
night be synthesised by éondensing 4-chloro-5-
chloromethylpyrimidines with 2-aminothiazoles;
thiochrome itself would be synthesised in this way

from 4-chloro-5-chlorouethyl-2 methyl-pyrimidine

(XXI) and 2—amino—4—methyl—5-/?—hydroxy—ethyltniazole

(XXIIa or XXIIb).
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For the synthesis of (XXI) various nethods
seemed possible; the rollowing was adopted as the
earlier intermediates were necessary for attempts
to synthesise aneurin that were being comuenced at
the same time. Condensation of acetamidine with
ethyl formylsuccinate yielded ethyl 4-hydroxy-2-
methylpyrimidine-5-acetate (XXIII), from which, by
Curtins degradation, 4~hydroxy-5-aminometiyl—-2-
methyl-pyrimidine (ZXIV) was obtained in good yield.
Various methods of carrying out this degradation
were tried, the most successful belng direct
conversion of the hydrazide to the vrethane (cf.
Jackson and Kenner 1928) and subsequent hydrolysis
with concentrated hydrochloric or hydrobromic acid.
The amine (XIV) was characterised as its hydrochloridsg
thioformyl, and acetyl derivatives. Replacement of
the amino-zroup by hydroxyl was effected by nitrous
acid, and the resulting 4-hydroxy-5-hydroxymethyl-
2-methylpyrimidine (X&V), on boliling with
phosphoryl chloride, yielded the regquired chloro-
compbund (XX1). - 2-Amino-4-methyl-5~/3 ~hydroxyethyl-

thiazole (XXII) was obtained by condensing methyl
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o(-chloro—y'—hydroxypropyl ketone with thiourea and
characterised as its picrate.

Jhen a mixture of (XXI) and (XxXII) was heated

at 1100 for a short time, reaction occurred with the
formation of a thick resin, which was in the main
soluble in water; the agueous solution, when made
alkaline, deposited a cousiderable amount of an
insoluble substance, presumably formed by interaction
of the chloromethyl group of the pyrimidine with the
<—-amino-group of the taiazole. The filtered alkaline
solution had the intense blue fluorescence
characteristic of thiochrome solutions; from it was
igolated a yellow crystalline substance having all
the properties of thiochrome prepared from aneurin.
The identity of the syathetic material was established
by careful comparison with a specimen of thiochrome
prepared from the vitamin; both had the sawme wmelting
point, fne mixed melting point showed no depression,

and no divergences in other properties could be
detected. Thiochrome therefore has structure (XX).
Wor the ring system present in thiochrome the name

thiochromine is proposed; thiochrome itself is then

% :9-dimetiyl-2-/3 ~hydroxyethylthiochromine.

In a similar fashion 9-chloro~3:7-dinethyl-




~thiochromine (¥XxVI; R=H) and 9-chloro-3:7-
dimethyl-2- /3 -hydroxyethyltniochromine (XIVI;
:CdZCHZOH) were prepared by condensation of 2:4-~
dichloro—5-chloromefnyl-6—metnylpyrimidine with
R-amino-4-wethylthiazole and 2-awmino-4-methyl-5-/3 -
hydroxethyltniagole respectively; both these

com ounds are similar in properties to tialochrome,
and exhibit almost identical blue fluorescence in

neutral or alkaline solution.
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That salts of thiochrome on electrometric
titration behave as if they contained a quaternary
nitrogen atom has been reported by Ogston and Peters
(1936), although thiochrowe itsell has the properties

£ o) ~ possi] explanati
of a tertiary base (p. 12 s ~ posszible explanation
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for this anomaly is that thiochrome may be in
reality an anhydro-base and‘that its salts‘may
have structure (XXVII), it being assumed that the
guaternary base liberated from such salts is very
unstable and passes at once into the anhydro-form
by loss of water. |

ilthough the synthetic method employed in the
synthesis of thiochrome leaves no doubt as to the
structure of the final product, it is imucossible to
say whether the 2-amino-thiazole reacts as such
(ZXIla) ﬁr in the tawtowmeric 2-imino-thiazoline form
(XXIIb). The syntiesis way also be regarded as
indirect proof of the structure of aneurin (XVII;
Ry=CH, ; Bzzﬁ);

Simultaneously with the work Jjust described on
the syathesis of thiochrowme experiments were set
afoot with a view to tne complqﬁe synthesis of
aneurin so as to establish its structure
conclusively. In August 1936 however, just when
the thiochrome synthesis was complete Williams and
Cline (1936) in a letter to the Iditor of the
Journal of the imerican Chemical society announced

that tney had succeeded in synthesising aneurin.
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They indicated schematically the course of their
synthesis but no details were published. The

following scheme is reproduced from their letter:
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At about the same time Grewe (1936) mentioned
in a publication that the I.3. PFarbenindustrie 4.G.

had arnthesiged tne vitawmin. i'ew details of this
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sjntinesis are available (cf. sngl.Pat.456, 735.
Centr., 1937, 1, 2818) but it may be deduzced from
Grewe's paper that it differs from that of “illiams
and Cline only in the fact that the following route
(devised ﬁy Grewe) is used for the synthesis of the

necessary intermediate(XXVIIf}
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It was decided to coatinue the work already
commenced on the syathesis of aneurin for several
reasons. In the first place the projectéd synthnesis
depended on an exteasion of the syanthetic method
worked out for 3-pyrimidyl-thiazoliuw salts and was
thus distinct from either of those wmentioned above;
furthermore the great importaunce of aneurin in
clinical medicine made it desirable that the

synthetic product should be made readily avallable.
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The synthesis of awneurin to be described was
based on a series of investigations in which many
avenues of approach were tried. The method adopted
depends on the condensation of 4-amino-5-thio-
formamido-methyl-2-methylpyrimidine (XXIX) with
methyl & ~chloro-Y ~hydroxypropylketone (XXX;:

R=H) or one of its derivatives.

N N
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Efforts were at first made to utilise etayl
4-hydroxy-2-methylpyrinidine-5-acetate (XXIII.
p. 40 ), but all attempts to modify the Curtiums
or Hofmann degradation with this ester or its
derivatives so as to produce the desired 4-amino-
5—aﬁinomethyl—2—metnjlpyrimidine failed, the low
resistance of the amino group in position 4 to
hydrolytic agents invariably causing production of
4—hydroxy—5—aminomethyl—z—methylpyrimidine; the

latter compound, too,could not be chlorinated. On
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the other hand attempts to aminate 4-chloro-5-
chloromethyl-2~wethylpyrimidine led to Fformation
of secondary amines; consequently the use of
compounds of this series had finally to be abandoned.

Condensation of acetamidine with ethyl
o(—ethoxymethylene-o(—cyanoacetaté (XXXI) in
absolute alcoholic solution gave an intermediate
compound, probably ethyl & -~cyano~/~acetamidino-
acrylate, which on héating with alkali yielded 4-
hydroxy-5-cyano-2-methylpyrimidine XAXII. Rerluxing
with phosphoryl chloride afforded 4~chloro-S-cyano-
—2-methylpyrimidine (XXXIII), which could be
aminated to give 4-amino-5-cyano-2-methyloyrimidine
(XXXIV); the latter compound gave on catalytic
hydrogenation 4-grino-5~aminomethyl-2~methylpyrimidine
(XXvV), isolated as its hydrochloride. The compound
(XXXIV) has been prepared in a dirferent way by

crewe (1936) who also describes its reduction to the

diamine. N W]
CH NH,
) Cooczﬂs - C“S OH 3 —_’__
CHOC, He T xxxu/
Rvrerery xxx! ihibas
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N CHy Nty
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An alternative route for the synthesis of
(KXXIV), which, though slightly longer, uses a
cheaper starting material and is perhaps more
reliable than the above, is the following. Hthyl
with acetamidine in presence of sodium ethoxide to
give ehtyl 4-hydroxy-R-methylpyrimidine-5-carboxylate
(XAXVII), which, after successive chlorination with
phosphoryl chloride and heating with alcoholic
ammonia under pressure, yielded ethyl 4-amino-2-
methylpyrimidine-5~-carboxylate (XXXVIII). after
conversion of the latter into the corresponding amide
(X(AIX) with concentrated agueous aumonia, the
product was dehydrated to give the nitrile (AxxIV),
which could then be reduced as above umentioned.
from the diamine (XXXV), 4-amino-6-thioformamidomethyl
~2-methylpyrimidine (XXIX) was readily obtained by
treatment in agueous solution at room temperature

with potassium dithioformate.
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The way now seemed clear for Lhe s,nthesis of

aneurin. 4s a result of the experience salued in
the syatinesis of 3-pyrimidylthiazolium salts (p.35 )
it was at first endeavoured to cbndease the
thioformamido compound (4xIX) in the form of its
sodium derivative, with methyl X -chloro-Y -hydroxy-
propyl ketone (XXX; R=H), but although the condensation
was tried under various conditions, only traces of
aneurin could be obtained, the main product being the
hydrochloride of the diamine (ZXV). The reason for
these failures may have been lain 1n the ianstability
of the sodium derivative. Comyounds (XXIX) and

(xXx; B=H) did not yield aneurin when heated together
in dioxan solution, but when a mixture of the two
substances alone was heated at 140° reaction occurred
with considerable darkening and resinification. From
the product a substance was isolated, in poor yield,
which had the properties of anéurin. Tnis partial
failure was ascribed to the already wentioned low
reactivity of the halogen ketone, which probably
exists 13rge1y in the cyclic oxide from (cf. Buchman
1936). To avoid this trouble the thioformamido
compound (XXIX) was heated with methylo(—chloro-y%

0
acetoxyprovyl ketone (XXKX; R=0COCHz) at 115 -
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120° for a few minutes; swooth reaction occurred
with production of a brownish yellow mass, which
crystallised oa trituration with hot absolute
alcohol containing hydrogen chloride. After
recrystallisation from alcohol a product was obtained
m.p; 235-2340 having all the properties of aneurin
chloride obtained from natural sources. The acetyl
group of the halogen ketone is eliminated at socnme
stage in the process; the most likely explanation
is that the acetyl group in the initial reaction
product hydrolyses off during the heatiag with
alcohol containing nydrogen chloride.

The synthetic material could not be distinguished
from the natural by the formaldehyde-azo test
‘(Kinnersley and Peters 1934) or the thiochrome test
(p. 18 ) and it showed, within the limits of
experimental error, a similar biological activity
(380,000 I.U. per g.; natural vitamin 400,000 I.U.
per g.), as .easured by the electrocardiagraphic
method on rats (Birch and Harris 1934). Natural
aneurin chloride isolated from rice polishings

usually shows a melting point 249-250° when pure,
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but a low-melting form has been reported by
tinnersley O'Brien and Peters (1535a) who give
MeDo 230° f 20; Williams and Cline (1936) state
that their syntnetic chloride had m.p. 2535-234°.
The synthetic product here described apparently
corresponds to the latter, but it is not consideied
that the difference in melting point is due to
stereoisomerism as was tentatively suggested by
Williams and Cline; 1t seems more probable that the
existence of two forms of equal biological potency
is due to dimorphism, a phenomenon which has been
noted by Einnersley C'Brien and Peters (1935a) in
the case of the sulphate and by Windaus and nis
collaborators (1933) in the case of the picrolonate.
\iized with natural aneurin chloride of m.p. 249°
the synthetic product had m.p. 245-246°, and by
seeding a solution with a crystal of natural vitamin
a product m.pe. 245-247° was at once obtained.
Since the completion of this work Williams and
Cline (1937) have also reported interconversion of
the two forms. In accordance with this view botia
natural and syathnetic products gave identical
@urtner, by oxidation of the syntnetic

picrolonates.

vitamin with alkaline potassium ferricyanide a product
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was obtained m.p. 224—2250, identical in every
respect with thiochroume prenared either from
natural aneurin or by syathesis.

he syantheses of éneurin and thiochrome which
nave been described confirm the structures assigned
to these compounds and establish beyond doubt the
chemical constitution of the antineuvuritic vitamin
(vitawmin Bl)' Liuch work remains to be done before
its mode of action in living organisms is fully
waderstood, and further clinical trials will he
necessary to assess its value in the treatwment of
nervous diseases. Hitherto such work has
undoubtedly been hampered by scarcity of pure vitamin
B1 from natural sources, but this difficulty is

now removed, the synthetic vitamin being readily

accessiblee.
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Isolation of Aneurin from Rice Polishings. The

procedure employed followed closely that described
by Williams, Waterman and Keresztesy (J. Amer.Chemn.
530C., 1934, 56, 1187). It was, however, found
that the helianthine precipitation used by these
authors could be omitted without affecting either

the yield or purity of the final product.

Thermal Decomposition of ineurin. The vitamin

chloride (19.4mg) was dissolved ia a little wmethyl
alcohol and the solution rubbed with silver oxide
(14.1mg. of a preparation containing 96% 4gs0;
13.2mg. corresponded to 2 equivalents) until the
solution was free of Cl ions. 4after filtering,
the solution was evaporated to dryness and the
residue heated in vacuo (O.lmm) to 180°-190°. 4
mixture of crystals and resin distilled out.v This
mixture was collected and again subjected to vacuum
. distillation in a vertical tube; the distillate

formed three layers on the walls of the tube:

(4) a small upper layer of liquid; (B) an intermediate

zone of crystals; (C) a lower layer of yellowish

resine.
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Yractions (A) and (C) were non-fluorescent angd
could not be crystallised.

Fraction (B) was again distilled and finally
‘purified by allowing to stand With absolute ether
for several hours which dissolved out resinous
impurities leaving the product as a mass of colourless
needles m.p. 155-160°. The substance apveared to
be basic in character, contained no sulphur and its
agueous or alcoholic solutioas showed strong blue
fluorescence. The fluorescence was not destroyed
by addition of acid. (Found: C,56.2; H,5.5; N,29.7.
CgHyoON, requires C,56.9; H,5.3; N,29.5). Yield;
1.5mg. |

The experiment was repeated under varying
conditions using both silver oxide and silver
carbonate to liberate the vitamin base but no
better results could be obtained; the yield too
was variable the amount of product from 20mg.
vitamin ranged frdm 1 to 1.5mg. Further work on

this substance was accordingly abandoned.

Thiochrome from Aneurin. To a solution of the

vitamin chloride (20mg.) in methyl alcohol (1-2cc),
methyl alcoholic potassium hydroxide (2cc. of 15%)

and aoucous pobtassium ferricyanide (lcc. of 33%)
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were added.  After addition of butyl alcohol (10cc.)
and sufficient water to bring inorganic salts into
solution the mixture was shaken vigorously for 2
minutes and the blue-fluorescent butyl alcohol
layer tapped offj; the agueous layer was extracted
with further quantities of butyl alcohol until the
last extract showed no fluorescence. The combined
butyl alcoholic extracts were washed with a little
water and dried over sodiuwm sulphate to remove the
last traces of potassium ferricyanide. Un shaking
the dried extracts with dilute hydrochloric acid
(pH 2=3) the blue fluorescence disappeared and a
greenish-yellow substance passed into the agqueous
acid layer. The greenish-yellow acid solution was
separated and evaporated to dryness under reduced
pressure (bath temperature 40°), and the crystalline
residue dissolved in a little concentrated agueous
potassium hydroxide (25%) and extracted repeatedly
with chloroform till the extracts showed no
fluorescence. The combined chloroform extracts
Which had a vivid blue fluorescence were dried over

sodium sulphate and finally for a short time over

) e ; i " now
potassivm carbonate. The dried extract was no

concentrated under reduced pressure to a volume of
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about 4cc. and set aside. In a short time sulphur
yellow flaky crystals of thiochrome separated which
after recrystallisation from chloroform had MeDPe
225-226° with decomposition. Yield, Omg. i.e. 60%.
(Pound: C,54.6; H,5.5; N,21.6; S,12.3. 012H14ON4S
requires C,54.9; H,5.3; N,21.4; S,12.2).

The substance had all the properties described
for thiochrome by Kuhn and his collaborators
(Z.physiol.Chem., 1935, 234, 196). The comparison
with thiochrome isclated directly frowm yeast was
carried out by Prof. Kuhn who reported: Both substances
had m.p. 226-227° (Berl-block, shortened thermometer)
and a mixed m.p. showed no depression. The
absorption spectrum and fluorescence -pH curve were
identical for both specimens.

Thiochrome can be prepared in a similar fashion
from partially purified rice concentrates; the
yield of crystalline product is however much lower
than that obtained when pure vitamin is used as
starting material, for yellow, oily substances are
formed at bLhe same time which are very difficult to
separate from the thiochrome. “leakly alkaline
solutions of the vitamin oxidised with air, oxygen,

hydrozen peroxide or potassiva permanganste, and

i a2
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also acid solutions oxidised with selenium dioxide
give products containing thiochrome but these
methods are not to be recomuended where isolation of
the crystalline pigment is desired.

In order to use the development of blue
fluorescence on oxidation as a test for the presence
of aneurin in vitawin coanceatrates it is only
necessary to Shake an agqueous extract of the material
with butyl alcéhol, separate the agueous layer and
after making it alkaline to add potassium ferricyanide
solution. bxtraction of the mixture with butyl
alcohol yields a blue fluorescent butyl alcoholic
layer the fluorescence bheing visible in daylight,
save when the conceantration of vitawmin is very low
in which case it will be most readily detected in

ultra-violet light. This test may be recommended

for qualitative work.

Properties of Thiochrome. Thiochrome is readily

soluble in methyl alcohol, moderately so in water
and ethyl alcohol, and sparingly soluble kn acetone,
chloroform and ether. It sublimes unchanged 1in a
high vacuum (O.lmm) at 210-215°.,  ifter heating
for 30 minutes on the water bath with 205 sodium

hydroxide, thiochroume, unlike aneurin, gives a
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golution free of sulphide-ions (nezative test with
svdiun nitroprusside). Tested biolugically by the
heart-rate wethod in rats (Birch aud Harris, Biocheu.
Je, 1934, 28, 60R) thiochrome was inactive in doses
of 5y, 10y, and 20y, and the forméldehyde—azo—
reaction of Kinnersley and Peters (Biochem.d., 1934,
28, 667) was negative. 4 negative result in this
test was also given by the leuco~compound which
couid be obtained in solution on reducing with sodium
hydrosulphite or with hydrogen in presence of a
platimised silica catalyst; leuco-thiochrome is

readily re-oxidised to give the original pigment.

Thiochrome Hydrochloride. To thiochroume (8mg.)

dissolved in a minimum of methyl alcohol four
volumes of acetone were added followed by a few
drops of ethereal hydrogen chloride. The
hydrochloride came down at once as a bulky
precipitate which could be recrystallised from a
mixﬁure of methyl alcohol and acetone. It formed
almost colourless needles which developed a yellow
colour on drying in a desiccator (Found: C1,17.0;
.17.8. 012H140N48 HC1 requires C1,11.9. 012H140H48.

2HC1 reyuires C1,21.2).  On heating the

T . s+ a ~~ 0
hydrochloride slow decomposition set in from 200
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onwards, and at 217-221° it melted to a reddish
brown viscous liquid.

Catalytic hydrogenation of the hydrochloride
(2 mg.) in dilute methyl alcoholic hydrogen
chloride using a palladium catalyst gave a very
hygroscopic colourless substance, which showed no
fluorescence in neutral or alkaline solution and

could not be re-oxidised to thiochrome.

Deamination lxperiments with Aneurin Thiochrome and

R2:6-dihydroxy-4:5~diamino-pyrimidine. sneurin

chloride was heated at 100° with concentrated

hydrochloric acid in a sealed tube during 4 hours.

The solution was councentrated, cooled, made alkaline

with baryta, and the liberated ammonia driven by a

stream of air into standard sulphuric acid and

estimated by titration.

Thus with 5.6mg. chloride in 2c.c. concentrated

hydrochioric acid

Found: NHz, 0.28mg. Calculated for imol.NHgz, OfZVmg.

The formaldehyde-azo-test was negative when

applied to a solution of the deaminated vitawmin,

ﬁhich also failed ﬁo give any fluorescent product

on oxidation with potassium ferricyanide.

Prom thiochrome (5.18mg.) under precisely
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similar conditions no amrionia was split ofr; indeedqd,
most of the thiochrome was recovered unchanged
(m.p. and mixed m.p.).

2 :6-dihydroxy-4:5-diaminopyrimidine sulphate
(Traube, Ber., 1800, 33, 1382, 3043). (20.4mg.)
Similarly treated gave .29mg. NH. (ecalculated for

loss of 1 mol. NHxz, .3mg.).

syntihesis of Quaternary Thiazolium Salts.

d—-Benzyl-2:4~dimethylthiagzoliunm bromide, 4 mixture

of benzyl bromide and 2:4-dimethylthiazole

(Hantzsch 4. 1889, 250, 264) in eguimolecular
proportion was heated on a water bath during 15
minutes. The crystalline mass which was produced
was washed thoroughly with ether aand recrystallised
by dissolution in absolute alcohol and adding
sufficient absolute ether to cause a FPaint turbidity.
The bromide separated in colourless needles m.p.173°
(iound: Br, 5.0. 012H14NS Br reguires Br, 4.9).

The yield was quantitative.

2:3:4-Trimethylthiazolium Chloride. The N-methyl-

thioacetamide required for this experiment was |
prepared by heating a mixture of N-methyl-acetamide

and phosphorus pentasulpnide using benzene as a
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diluent; it was obtained in 20% yield and had

MePe 59°,

Chloroacetone (5cc.) was warmed to 80° on a
water bath and powdered N-methyl-thioacetamide
(5g.) was added in swmall portions at a time. it
ceach addition a violent reaction occurred and by
the end of the operation the contents of the flask
formed a solid nass. The product was stirred with
dry ether to remove unchanged chloroacetone,
dissolved in a little methyl alcchol and ether
added till a slight turbidity appeared. On standing
2:3:4-trimethylthiazolium chloride separated in
colourless exceedingly hygroscopic needles, m.p. 235°
with decomposition. (Found in dried material Cl, 21.C;
CgH1QlNSCL requires Cl, 21.7). The yield was
pracﬁically quantitative and the product was identical
with a specimen of chloride prepared by the action
of silver chloride on 2:4-dimethylthiazole methiodide

(prepared by direct addition of methyl iodide to

2:4-dimethylthiazole.)

3—Phenyl—2:4-dimethylthiazolium Salts. A mixture

of thiocacetamilide (B5g.) and chloroacetone (5.5cc.)

was heated on a boiling water bath, in a flask
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fitted with a calcium chloride tube to prevent

any access of moisture. After a few minutes a
sudden and vielent reaction took place and the
contents of the flask acquired a thick syrupy
consistency. after cooling, the brownish reaction
product was dissolved in some 30cc. water, boiled
with animal charcoal and filtered; on adding
excess of 20% aqueous perchloric acid, 3-phenyl-

2 :4~dimethylthiagzolium perchlorate separated in
colourliess needles. Recrystallised from a mixture
of acetone aud ether it had m.p. 180°. Yield,
quantitative. (Found: C,45.1; H,4.5; N,4.5.
C11H,504 N5C1 requires C,45.6; H,4.1; N,4.8).

The picrate forwed swall yellow needles m.pe.
115°, The chloride was obtained as colourless
needles by dissolving the picrate in 5% metayl
alcoholic hydrogen chloride and precipitating with
ether. It was extremely hygroscopic and had m.pe.
184° with decomposition, when heated in a sealed
tube. Generally speaking the chlorides of

thiazolium salts are hygroscopic and other salts

eoga

perchlorates are often preferable for isolation

purposes. The jodide had the properties described by

Clarke and Gurin (J.Amer.chem.soc., 1935, 57, 1876).




s—.cetonyl-thioacetanilide Hydrochloride. Thio-

acetanilide (5g.) was added to chloroacetone (6g4)
at 15—200, and the solution left to stand at tais
temperature. AT¥ter some three hours, colourless
crystals suddenly began to separate, and, within

a further half hour, the contents of the Ilask set
to a crystalline mass. The crystals were wasied
first with acetone and then with ether to remove
chlc oacetohe and recrystallised from methyl alcohol
by addition ofhetner. ‘"he hydrociloride was taus
obtained in colourless needles m.De. 1120; the yield
was guantitative. (Found: C,53.9; H,5.8; 1I,5.9;
5,15,05161,14.5. CllHléoﬁSCl requires C,54.2; H,5.8;
1,048, 5,15;1; Cl,14.6.).

The free base was obtained as au: uastable oil,
which decomposed when attempts were wmade to distil
it, even under reduced pressure. Its nerchlorate
had fepe 1500. Jrom the hydrochloride a
semicarbazone could be cbtained m.p. 250° with

, ) o e
decomposition. On heating at 90-100" for a time

e d

the hydrochluride was slowly converted into 3-phenyl-

9 .4-dimethylthiazolium chloride (above).
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Hydrolysis of ~—acetonyl-thicacetanilide. On

boiling with water or dilute hydrochloric acid the
above hydrocihloride underwent decomposition with the
separation of oily droplets. The mixture produced
in this way was subuitted to steaw distillation;
the distillate had an unpleasant odour reminiscent
of mercaptan, and it gave, with wercuric chloride,
a white precipitate m.p. 85° which contained sulphur.
The distillation residue was extracted once

or twice with ether. From the ethereél extracts a
crystalliﬁe substance was isolated; ‘it was
identified as acetanilide (mixed m.p. 114-115°).
The aqueous layer from the etier extraction was
made alkaline and again extracted with ether. The
etner extract was shown to contain aniline which
was isolated and characterised as its acetyl
derivative.

inother portion of the original aqueous mixture
was treated with semicarbazide hydrochloride and
sodium acetate. 4 mono-semicarbazone separated,
which crystallised from methyl alcohol in colourless
YTisms m.P. 2139 with decomposition. (Found: N,19.4;
5,287, C7H150N332 requires N, 19.2; 3, 29.2). The

semicarbazone answered the tests for compounds
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codtaliliyy a rree -uil groun (red cocloursicion on &

addicion of sodiwm nitrite to an acetic acid solution;

walte nrecinitate with mercuric chlorige).

o—- O0-U0lyl-2:4-dimstyltiiagolive Jalts. Yhe taicacet-

0 ~toluidide required for these experiments was
prepared by the action of phosphorus pentasulpnide oca
acet- o -toluidide; it had m.p. 68°.

The coandensation of thiocacet- o -toluidids and
chlorocacetone was carried out in tiae manner above
described in the case of thicacetanilide. ‘he 3-¢ -
tolyl R:4-dimethyltihiazolium chloride produced being

very hygroscopic it was coaverted ianto the wperchlorate

MePo 172° with decomposition, aud analysed as such.
(found: C,47.7;H,5.0;I1,4.5. Cq,H, 0, T5C1 requires
C,47.4; d,4.6; H,4.6). The correspoading picrate
melbed at 1507 and the iodide at 217—2180, melting
being accompanied by decompousition in both cases.

I'he corresponding intermediate product c-acetoryl
—thioacet- o~-toluidide was obtained in similar fashion
to the lower homologue described above. The
hydrochloride had m.p. 188° (found: 0,55.9; H,6.5;
1,5.6. 012H16N501 requires C,55.9; H,6.2; ¥,5.4.) It
was rat.er more resistant to hydrolysis tuan .“,%—-aoe‘conyl‘3
—thioscetanilide hydrochloride, but after a boiling

for a Gime with water or dilute mineral acld it gave
L 4 o

O-toluidine, acet- o—toluidide and the saume sulphur

as wag described above.
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3- (J—Nitrophenyl)-z:4—dimethylthiazolium Salts.

Preparation of o-nitro-thiocacetanilide: ¢*~Nitro-
aceétanilide (1 wmol.) and phosphorus pentasulphide
(3.5 mols.) are mixed intimately in a mortar, and
the mixture heated in 1g. portions in test tubes

on a water-bath (the use of larger quantities at a
time is dangerous). The warwming should not last
more than 3 minutes when the mass sinters together;
if continued further the reaction mixture ignites
spontancouslye. The test tubes are cooled crushed
in a mortar and the mixture of glass and reaction
products extracted with alcohol. The alcohol
solution is now saturated with solid caustic soda
allowed to stand for a time, then diluted with water
filtered, and the product precipitated by saturating
the solution with carbon dioxide. The precipitate
is redissolved in R» sodium hydroxide solution,
filtered from impurities, and the o-nitro-thio-
acetanilide again precipitated with carbon dioxide.
It crystallises fron dilute acetone in yellow prisms
m.p. 114° (Found: C,49.0; H,4.3; N,14.0. CgHglpNpS
requires C,49.0; H,4.1; N,14.3).

The thiazolium salts of this group were

prepared in the manner described for the 3-phenyl-




-salts. 3-(0 -nitrophenyl) -2:4-dimethylthiazolium
perchlorate crystallised frowm water in colourless
leaflets m.p. 205°. (Found: C,40.1; H,3.5; N,8.4;
S,9.3; €1,10.4. 011H1106N2301 requires C,39.3; H,3.6;
¥,8.3; $,9.6; C1,10.6).

C-4lkyl Hstimations (by ir. H. Roth) on 4neurin,

Thiochrome and other Substances. (Oxidation with

chromic acid)

a) 3-Phenyl-2:4-dimethylthiazolium iodide. 7.457,
6.841mg. substance: 3.09, 2.85c.c. n/100 NaOH.
round: CllHIZNSI gives 1.31, 1.32 equivalents acetic
acid.

b) 5-liethyluracil. 6.848, 7.190mg. substance:

4.26, 4.34c.c. n/100 NaOH.  Found: 05H602N2 gives
0.78, 0.76 eguivaleants acetic acid.

¢) Pyrimidine-sulphonic acid from sulphute clearage
of aneurin. 5.766, 4.981mg3. substauce: 1.78, 1.5lc.c.
n/10C NaOH. Found: C H OLM 3 gives 0.63, 0.62
equivalents acetic acid.

d) 3-siethyl-thiazolobenziminazole. 8.273, 7.180mg.

substance: 4.50, 3.85c.c. n/100 HalH. Found:

C10HgNoS gives 1.08, 1.00 equivalents acetic acid.

e) Thiochrome. b.687mg. substance: 3.45c.c. n/100




- 68.
NaOH. IFound clzﬂléomés gives 1.59 equivalents

acetic acid.

f) ineurin Chloride. 7.120, 7.328mg. substance:
.83, Z2.96cc. n/100 Wa0H. Found: 012H180N43012
gives 1.34, 1.36 equivalents acetic acid.

1

3eMethyl—(thiazolo-21:5 :Z:Q}benziminazclé (VII). A

mixture of -phenylenediamine (2g.) and thiourea
(1.4g.) was heated at 180° during 1 hour. Ammonia
was evolved and the reaction mixture, initially
liguid, set to a solid reddish crystalline nass.
4sfter cooling and recrystallising from hot alcohol
thiobenziminazoline was obtained in almost colourless
crystals m.p. 295-300° (Yield, 1.3g.).

The above thiobenziminazoline (1g.) was heated
for a few minutes with chloroacetone (0.6g.) at 100
-110° for 3-5 minutes. Sudden reaction occurred
and the contents of the flask melted and then
solidified.again. iLfter cooling, the product was
dissolved in water, the soiution washed with ether
to get rid of any unchanged chloroacetone, and then
made alkaline. The precipitate of 3-methyl-
thiazolobenziminazole was recrystallised from dilute

; o]
alconhol, small, colourless prisms m.p. 164-1695
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(Found: C,63.9; H,4.3; W,14.9; 5,17.3. CqpHdlrequires

C,63.8; H,4.3; N,14.9; 5,17.0), Yield, 1g. In
alcoholic solution, the substance showed a Ffeeble

blue fluorescence when viewed in ultraviolet light.

sethyl L ~Chloro-Y ~hydroxypropyl ketone and its

Derivatives.

Bthyl  ~2-icetoxyethylacetoacetate. To a

suspension of dry sodium ethyl acetoacetate (152g.)
in dry benzene (700c.c.) /3 ~bromoethyl acetate
(167g.) was added at a temperatufe of 15-20°,  The
mixture was heated on the water bath until the
solution reacted faintly alkaline (6-10 hours), then
cooled, poured into ice water and extracted with
ether. After removal of the ether the residual oil
was distilled under reduced pressure, the fraction
boiling at 138-142° (14mm) being collected (Yield,
25%). Haller and sarch (loc.cit.) give b.p. 147-
150° (13mm).

Bthyld = Chloro-o-2~acetoxyethylacetoacetate.

Sulphuryl chloride (82g.) was added gradually with
stirring to the above ester (123g.), the temperature

being kept at 0  When all had been added, (ca. 1

L i A0 & SIS
hour) che sclution was kept at O° for a further hour,

then ciluted with ether (250c.c.) aad refluxed for a
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saort Gime to remove sulphur dioxide aud Ldrc.en
caloride. The etler was removed, ard iz resid
011 repeateily fractionated in vacuo. ae msin
fraction b.p. 120-121° (2mm) was collected (Tield
86%).  (found: C,47.9; H,6.0; C1,13.3. C108456,01
reguires C,47.9; H,6.0 C1,14.1.).

Methyl X -Chloro-Y -acstoxproovyl Xetone (XI11;

E:CGCHBQ. The above ester was hsssed under reflux
for 6 hours with a mixture of dilute sulphuric acid
(20c.é. of 15%) and zlacial acetic acid (2CC.C. ).
Tne solution was cooled, poured into wazer, acnd
extracted with ether. sfter removal orf thas ether
and acetic acid a colourless liguid was obitained,
which, arter several fractionatiozns, boiled at
90-93° (2mm) (Yield, 40%). (Found: C,47.1; H,8.2;
Cl, 1is.8. C7H110301 eguires C, 47.0; H, 6.2;
Cl, 19.9).

Liethyl o ~Chloro-Y -hydroxypropyl Ketone(XIII; R = H).

The chloro-ester (above) was heated under
reflux during 4 hours with a mixture of dilute
sulphuric acid (35c.c. of 35%) and alcohol (70c.c.),
then poured into water and tas mixture extracted with
ether. On removal of etaer from tae driec gxtract,

an oil was left which afier reneaved fracticnation
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gave a colourless liquid b.p. 85-92° (16 mm)
(Yield, 20%) (iound: Cl,25.4. C5H90201 requires
Cl, 26.0).

4-ilethyl-5-/3 -hydroxyethylthiazole. 4n ethereal

solution of thioformamide was prepared by shaking
together finely powdered phosphorus pentasulphide
(12g), formamide (20g) and absolute ether (200c.c.)
for ca. 20 hours (Gabriel, Ber., 1916, 49, 1145.);
the clear ether layer was decanted and used as a
stock solution of thioformamide.

The chloroketone (XIII; R=H) (250mg) was added
to ethereal thioformamide solution (10c.c.), and
the mixture allowed to stand when colourless crystals
of the thiazole hydrochloride slowly separated.
After 5 hours the ether was distilled off, and the
residue heated for 1 hour at 1000, cooled, and
dissolved in dilute hydrochloric acid. After
extraction with ether to remove any unchanged ketoune,
the solution was made strongly alkaline and again
extracted with ether. The extract on evaporation
yielded 4_methy1_5_ﬁz-hydroxyethylthiazole as an

0 .
elmost colourless oil b.p. 250-255 (capillary

method of Emich). The base was not purified further;
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treatument with ethereal picric acid _jave a picrate
crystallising from alcohol in yellow needles m.D.
162-163°. (Pound: S,8.2. CyoH 905N, S requires 5,8.6).
A mixed m.p., with 4-methyl-5-/5 -hydroxyethylthiazole
picrate (m.p. 162°)prepared from aneurin showed no

depression.

Bthyl A —2~Phenoxyethylacetoacetate, This ester was

prepared from phenoxyethyl bromide and sodium etayl
acetoacetate in alccholic solution (cf. Boyd Barrett
and Robinson, loc.cit.). It had b.p. 148° (4umm).
(Found: C,68.1; H,7.3. 014H1804 requires C,67.2;
H,’?.z)t

Ethyl A-Chloro-o—2-phenoxyethylacetoacetate. The

above ester (10g) was chlorinated with sulphuryl
chloride (6g) in the wmanner described under the
corresponding acetoxy compound. The product was a
colourless liguid D.p. 135-140° (Smm). (Yield, 70%
(Found: C,59.3; H,6.1; Cl,11.9. 014H170461 requires
¢,59.1; H,6.0; 01,12.4).

liethyl & —=Chloro-Y —phenoxypropyl Ketone (XIII;

B=CgHy). The above chloro-ester (7g) was
nydrolysed by refluxing for 4 hours with a mixture
of dilute sulphuric acid (l4c.c. of 15%) and glacial

acetic acid (l4c.c.). 4after repeated distillation
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the main fractiqn of the product boiled at 168-
172° (12mm). (Found: G,62.0; H,6.0; C1,12.2.
C,,H,50,01 requires ¢,62.1; H,6.1; C1,16.7). The
low chlorine content may be due to partial
decomposition during distillation; that it is wainly
the desired ketone is shown by its condensation
with thiocacetawmide.

2:4—Dimethyl~5—f§gphenoxyethylthiazole. ‘"he apove

chloroketone (200mg) reacted rapidly with
tnioacefamide (6ung) when the mixture was warwmed

for a few minutes over a free flaue. On working
up, the free base was obtained as a colourless thick
oil. It gave a picrate crystallising from alcohol
in yellow needles m.p. 122°. (Found: ¥,12.1; $,6.8.

1808N4° requires 1,12.1; 5,6.9)

Thiocacylation of Pyrimidines.

6-liethyl-5~thioacetylaminouracil (XIV). Buethyl-

S—aminouracil (1g) (Behrend, Annalen, 1885, 231, 250.)
dissolvedin dioxan (50c.c.) was heated on the water

bath with dithioacetic acid (P.9g) (Pohl,Ber., 1907,

40, 1304) during 4 hours. The mixture was cooled

. e y ! m . S
and diluted with petroleuxm ether. The yellowish

vrecipitate crystallised frou hot water in colourless
£
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needles m.p. 265-267° (Found: C,42.4; H,4.8;

?
N,21.1. C7H902N3S requires C, 42.2; H,4.6; H,21.2)
Yield, gquantitative,

6~-lkiethyl-5-thioformylaninouracil. 6~methyl—-5-

aminouracil‘(lg) in dioxane (50c.c.; was heated
under reflux with dithioformic acid (0.7g) (Levi,
A%ti R. 4ccad.Lincei, 1923, (5), 32, I, 569).

The crude thioformyl derivative precipitated with
petroleum ether was difficult to purify. After
recrystallisation from water it had m.p. 260-262°
(Found: I,21.0; CGH702N55 requires I, 22.7;
06H702H58. H,0 reguires ¥,20.7).

3—(21'4'-dihydroxy—-6"'-methylpyrinidyl-5"')-4-methy-

lthiazolium chloride. The above thioformyl compouand

(1L mol) mixed with chlorcacetone (4-5 mols) was
heated carefully over a free flame. Vigorous
reaction occurred, and after 10-15 minutes the
mixture was cooled, and the product precipitated as

a gum by addition of ether. It crystallised from

a mixture of alcohol and acetone in colourless
needles Mm.pe. 5060 with decomposition. (Found: C,40.9;

H,4.6; N,15.6; €1,13.6. 09H1102N3SCI requires C,41l.4; H

4.3; N,16.1; C1,13.6).
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4—Amino—5-thioformamido-G~methylpyrimidine iV

R=H; BZ=CH3). To 6-methyl-4:5-diaminopyrimidine

(1.5g) Gabriel and Columan, Ber., 1907, 34, 1254)
dissolved in water (lCc.c.) is added potassium
dithioformate (Rg); after a short time traces of
crystalline material m.p. 300° separate. The
solution is filtered and placed in a shallow dish,
which is allowed to stand over sulphuric acid in a
desiccator filled with carbvon dioxide. After

standing overnight the crystalline precipitate is
collected; the filtrate may be treated with a

further quaatity of potassium dithioformate and the
process repeated until the yield 1s nearly
guantitative. e thioformyl-compound crystallises
from water in colourless needles. (¥ound: C,43.0;
H,5.2; S,18.6. CGH8N45 reguires ¢,42.9; H,4.8; 3,19.0).
On heating it welts sharply at 168°, with evolution

of hydrogea sulphide; the melt resolidifies, and on
further heating melts at 230°. Gabriel, (Ber., 1907,
34, 1247) gives m.D. 235° for 4-methylpurine,.
Conversion to 4-methylpurine occurs slowly at
temperatures from 100° onwards. The substance is

very soluble in alcohol, less SO in methyl alcohol,

' 4 3 &1
acetone and water, and insoluble 1in etner.
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2~Amino-4—hydroxy—6—ethylpyrimidine. 4 nmixture

of ethyl propionylacetate (13-3g) (Willstatter and
Clarke, Der., 1914, 47, 298) guanidine carbounate
(8g) and absolute alcohol (85c.c.) was heated under
reflux for 4 hours, cooled, and the broduct filtered
off and recrystallised from hot water. Colourless
prisms m.p. 247-248° (Yield, 7g) (Found: C,51.6;
H,6.2; 1,29.6 CgHOH, requires C,51.8; H,6.2;
N,30.2). It could not be thioformylated with
potassium dithioforuate.

7hen the above compound (lg) was heated with
councentrated hydrochloric acid (6c.c.) for 2C hours

at 160°, 4-ethyluracil m.p. 205° was obteined

(Yield, 60%).

2—-Amino~4-chloro-6-ethylpyrimidine. 4 mixture of

the above compound (3.5g) and phosphoryl chloride
(10c.c.) was heated under reflux for 2 hours. The
refluxing brownish solution was poured on ice, made
alkaline with ammonia, and the precipitated
chloro-compound collected. It crystallised from
alcohol in colourless needles M.p. 120-121°. (Yield,

60%) (Found: C,45.2; H,4.9; N,26.1. CgHgl3Cl requires

G,45.7; H,5.1; N,ZG.?)»
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&:4-viamino-6-ethylpyrimidine. The above chloro-

compound (0.8g) was heated with saturated alcoholic
amuonia (R0c.c.) in a sealed tube at 180° during 6
hours. The alcohol was removed, the residue
dissolved in a little water and solid potassium
hydroxide added. The precipitated diamine was
collected and re-crystallised from ethyl acetate
containing a little petroleum ether. Colourless
needles m.p. 160-161° (Yield, 80%) (Found: I,40.C.
C6H10N4-requires 0,40.6). The substance could not
be thioformylatedwith vpotassium ditnioformate.

4-imino-5-thioformamido-6-ethylpyrimidine XV;

glggi_gzggzg5). 6-Bthyl—-4:5~diaminopyrimidine was
prepared from 6-ethyluracil using, with slight
modifications, the method of Robianson and
Tomlinson (J.1935, 1283).  The following method of
isolating the diamine is simpler, and gives much
improved yields; The reaction mixture obtained on
reduction of 2—chloro-6—ethyl-4:5—d§%mino—pyrimidine
is Filtered, concentrated to remove alcohol, diluted
somewhat with water and solid potassium hydroxide

is added. The precipitated diamine is filtered off
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and crystallises from ethyl acetate in large
Jellowish priswms m.pe. 164-1650: Hobinson and
Tomlinson (loc.cit.) give m.p. 159-161°, 4 furtaer
quantity may be obtained by extracting the alkaline
mother 1liguor with ethyl acetate (Total yield, 80y
Or WOre.).

The diamine (100mg), thioforuylated in aqueous
solution with potassium dithioformate in the manner
described above, gave a product crystallising from
water in colourless aneedles m.p. 178° with evolution
of hydrogen sulphide (Yield theoretical) (Found:
C,45.5; H,6.0; 5,17.1. 07H10H45 requires C,46.1;
H,5.5; 5,17.6). (

2:4-pDiamino~-5~thioformamido~6-methyloyrimidine IV

By

(Gabriel and Colman, loc.cit.) on treatwment with

=NH_; Rn:CHS). 2:4:5-Triamino-6-methylpyrimidine
&~ &

potasSium dithioformate as above gave colourless
ors0 s e 19 4

needles (from water) m.p. 255 ° with evolution of

hydrogen sulphide. (Found: 5,17.2. CgHg N3 requireés

5,17.5).
3-(2':4'-dianino-6'-methylpyrimidyl-5')-4-methyl—

thiazolium chloride hydrochloride. To a solution

of the zbove thiotormyl compound (1 mol) in acetone

was added chlovoacetone (2 mols) and tne mixture
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left for 3 days at room temperature, diluted with
an egual volume of alcohol, and the nmixture refluxed
for a further 4 hours. Juring the heating
colourless needles separated and, after cooling,
these were collected and recrystallised from a
aixture of alcohol and acetone containing hydrogen
chloride. Colourless needles m.p. 315° with
decomposition; the crystals contain water of
crystallisation, which is only exnelled with
difficulty. (¥ound: ¢,31.2; H,5.4; 11,19.9; 5,9.0;
C1,20.4%. Clly 505561, zH;0 requires C,31.0;

H,5.5; N,20.1; $5,9.2; C1,20.4). The corresponding
picrate has m.Dp. 255°, On shaking with alkaline
potassium ferricyanide a substance is produced which
though non-fluorescent in visible light is blue
fluorescent in ultra-violet lignht; the fluorescence
disappears, on making acid but reappears on making

alkaline againe.

synthegis of 3-Pyrimidyltniagolium Salts.

3-(6'-Ethyl—4"'-aminopyrimidyl-5"')—4-methyl-5-/4 —

hydroxyethyl-thiazolium chloride hydrochloride (IV).

Do a nmixture of 4-awino-5-thiocformzmido-6-

ethylp,/rimidine (108.5mg = 1 mol) (see above) and
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absolute alcohol (lOc.c.), was added a solution of
sodivm ethoxide in alcohol (lc.c. containing 13.70g =
1 atom Fa). To the clear solution formed methyl
A —chloro-Y -hydroxysropyl ketone (0O.lc.c. i.e.
excess) was added, and the mixture left overnight
at room temperature. 4After filtering from sodiun
chloride alcoholic hydrogen chloride (0.3c.c.
containing 27.7mg. = 1 mol HC1l) was added aad the
solution heated under reflux for 4 hours. 4t the
end of this time a further quantity of alconolic
hydrogen chloride (0.3c.c. 1 mol HCl) was added,
heating continued for 1 hour, and the solution cooled
and excess of acetone added to precipitate the
guarternary salt, which crystalliSed from standing
in the ice chest for a few hours.  The hygroscopic
product crystallised froum an alcohol-acetone mixture
in bundles of swall colourless needles containing
water or crystallisation. On heating water is
expelled at about 100-110°, and on further heating
the salt mellts at 2200 with deconmposition.

(found: ¢,41.1; H,6.1; 5,8.5; C1,20.5. 012H18ON SC1,.

4
HgO requires C,40.6; H,5.6; $,9.05 C1,20.0).

Oxidation with alkaline potassium ferricyanide

save solutions which, though non-fluorescent in
[o]
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in visible light, had blue fluorescence in ultra
violet light. fhe formaldehyde-azo-test is positive
and indistinguishable from that given by natural
aneurin. Tested by the electrocardiagraphic metiod
1.2 mg contained {1 I.U. The inactivity of the
substance was confirmed by Professor R.A. Peters
who kindly examined it, and to whowm I wish to exnress
nmy thanks.

3=(6'-ithyl-4'—-aminopyrimidyl-5"')—4-methyltihaiazolium

chloride hydrochloride. 4~-Amino-5-thioformamido~6~-

ethylpyrimidine (108.5mg) was converted into its
sodium salt, and condensed with chlorocacetone
(Oelcec.) in a manner similar to that described
above, the total period of heating being in this

case only 3 hours. The product crystallised from
alcohol-acetone in hygrocopic colourless needles

MePe 252-253° with decomposition. (Found: C,40.6;
H,5.1; 5,10.5; C1,23.6. ClOH14N4SClz requires C,40.9;
H,4.8; S,lO.Qj Cl,24.2).

The substance reacted negative in the
formaldehyde-azo-test, and tested by the electro-
cardiagraphic method 2.8mg. contained{l I.U.
Oxidation with alkaline potassium ferricyanide gave

a solution which had weak blue fluorescence in
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ultra-violet lignt.

5-(6'-vethyl—4'—aminopyrimidyl-5')-4 methyl-5-/5 —

hydroxyetiayl-thiazoliwa chloride hydrochloride.

4-imino-5-thioformanido~6-metinylpyrimidine (1U0mg)
was converted to its sodium salt and condensed with
nethyl o -chloro-Y -hydroxypropyl ketone (0.lc.c.)
in the wanner above described, tne total jperiod of
heating being 5 hours. The product crystallised
from alcohol-ethyl acetate in colourless needles
which on heating lost water of crystallisation atb
100-110" and melted with decomposition at 250°

(Ffound: ¢,38.8; H,5.4; S,8.5; C1,21.0. C om, 561,

1116
HZO requires C,38.7; H,5.4; S5,9.4; ¢1,20.8). The
substance gives a positive tformaldehyde-azo-test and
oxidation with alkaline potassium ferricyanide gives
a solution which is blue fluworescent in ultra-violet
light. Tested by the electrocardiagraphic method
R.8mge. contained<} I.U.

5-(6'—Methyl-é'—aminopyrimidyl—S')~4—methzlthiazolium

chloride hydrochloride. 4-Amino-5-thioformanido-6-

methylpyrimiiine (100mg), coandensed in the form of
the sodium salt with chloro-acetone (O.lc.c.), the

period of heating being 3 hours, zave a product




83.

crystallising from alcohol-acetone in aeedles m.D.

=<

254-255% ith decomyosition. Uwing to its

extrenely hygroscopic chaearacter it was difricult to
analyse. (found: C,33.9; H,5.7. CgH 2&46012. 2 H,0
requires C,34.2; H,5.1). The substance did nct

give the formaldehyde-azo-test and tested biologically
by the electrocardiagraphic method 5mg. countal ned
{1 I.U. Oxidation with alkaline potassium ferricyanide
-gave a solution blue-fluorescent in ultra-viclet light.

2:6~Dihydroxy-8~thiopurine. +This subatance has

been described by riscaer (loc.cit) who vrepared it

by heating bromoxanthine with potassium hydrozen
sulphide. It was prepared in the following way:
2:6-dihydroxy-4:5-diaminopyrimidine (1 mol) (Traube,
Ber., 1900, 33, 3382) was heated witi thiourea

(4 mols) at 240-250° for 1 hour. The melt was cooled
and extracted repeatedly with boiling water; the
extract, on cooling, deposited a nearly colourless
powder having the properties reccrded by irischer
(loc.cit.) (found: in material dried at 150° high vac.:‘
1,30.8; C5H402N48 requires 1,30.4).

4-_Eethyl_z;6_dihydroxy-(thiazolo~2':3':8:7)—purine-

2:6_Dihydroxy—B—‘thiOPWine (120mg) was boiled with

N e\ o Sy T T - 1’ 2
chloroacetone (20Uwmg) for 20 minutes then cooled and




diluted witn etner. The solid residue was
recrystallised by dissolving in hot dilute ammoania
and making weakly acid with acetic acid; oh cooling
the product separated as a white micro-cr/stalline
powder which did not melt below 2500. (Found: C,42.7;

N S requires J,43.2;

A
=

H,2.8; i1,25.0; 3,14.7 CBHGOz
H,2.7; N,25.2; S5,14.4) The gubstaance is soluble in
ammonia, caustic alkalies and hydrochloric acid and
insoluble in dilute acetic acid or cold water. A
solution in coancentrated ammonia gives no imuediate
precipitate with silver nitrate (distinction from
2:6—dihydroxy-S—ﬁhiopurine). Its ammoniacal solution
fluoresces light blue in ultra-violet light, the
fluorescence disappearing on making the solution
acid.

4-ithyl-8-thiopurine. 4-ithyl-5:6-dianminopyrimidine

(100mg ) was heated with‘thiourea (150mg) to 170-180°
for 1 hour by which time evolution of ammonia had
ceased. The melt was cooled, triturated with water,
and the iasoluble residue dissolved in'hot dilute
armonia. Lfter treatwent with charcoal and boiling
off the‘ammonia, the solution on cooliang deposited
yellowish needles m.p. 300°. (Found: C,46.9; H,4.4.

CyHgNgs regquires C,46.7; H, 4.4).
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uxperiments on the Coandeasation of d—methyl-and-~

4-5thyl-8~thiopurines with & ~halozenated -lketones.

The general wethod used was heating the sodium
derivative of the thiopurine with the appropriate
halogenated ketone in alcoholic solution for 12 hours.
the ketounes used were chloroacetone and wethyl-g -
chloro-}”—hydroxypropyl ketone; 1in every case
solutions were obtained, which, when neutral or
alkaline, showed blue fluorescence in ultra-violet
light, but no fluorescence in visible light could
be detected. As the products were difficult to
isolate in a pure state the experiments were not
pursved further, it being clear that no subsbaaces

gsimilar to thiochrome were obtainable in this waye.

synthesisbf Thiochrome.
¥

Rthyl-4-llydroxy-2-methylpyrimidine-5-acetate (XXIII).

To acetamidine hydrochloride (94.5g), dissolved in
a cold solution of sodium (23g) in absolute alcohol
(600c.c.), Was‘added freshly distiiled ethyl
formylsuccinate (202g) (7islicenus, 4., 1908, 363,
547 ) After standing ror 2 nours at room temperatureﬁ
the mixture was heated under reflux for a Tfurther

2 hours. Gthyl acetate (ca 250c.c.) was added, the
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mixture again heated to boiling, filtered fron
sodium chloride and allowed to cool. The product
separated as fine colourless needles m.p. 178°,
after recrystallisation from ethyl acetate or
a;cohol. (Found: C,55.4; H,6.1; N,14.9; 09H1203H2
requires C,55.1; H,6.1; 7,14.3) (Yield: 54%).

4-Hydroxy—-2-methylpyrimidine-5~acethydrazide. On

heating a mixture of the above ester (10Cgz) with
hydrazine hydrate (135c.c. of 50%) on the water
bath for 2 hours the ester dissolved and separation
of the hydrazide occurred. It crystallised fron
alcohol, in which it is sﬁaringly soluble, in heavy
colourless prisms m.p. 246° (Found: C,46.5; H,5.7;
N,50.7. Cyly 0N

2 4
(Yield: 80-85%).

reguires ¢,46.2; H,5.5; 1,30.8).

The hydrazide may also be obtained in
approximately the same yield by heating the ester i
with 70% hydrazine hydrate solution for a short

time, or by warming for 5 hours in alcoholic

solution with hydrazine hydrate.

4-Hydroxy-5-mrethanomethyl-c-methylpyrimidine. The |
above hydrazide (20g) was suspended in absolute ‘
alcohol (300c.c.) containing hydrogen chloride (6g).

To the cold mixture was added awmyl nitrite (19.3g)




and the whole warmed to 50-60° until evolution

of nitrogen ceased (about 1 hour). buriag the
héating the hydrazide slowly dissolved and a Jelly-
like subgtance separated. ~fter cooling, ether

was added to preqipitate the remainder of the wproduct.
The jelly obtained was filtered, and the residue
dried in a desiccator; this product, the uretiane
hydrochloride had m.p. 209° (Yield, 98%.)

The urethane prepared frow the hydrocihloride by
trzatment with alcoholic ammonia crystallises from
ethyl acetate in colourless meedles m.pe. 173°.
(Yound: C,51.3; H,6.2; I,19.9. CoHy 505N, requires
C,51.2; H,6.2; [,19.9)., ‘

4-Hydroxy~S-aminomethyl-R-methylpyrimicine (A4iIV).~

The urethane hydrochloride (5g) was neated with
concentrated hydrochloric acid (50c.c.) in a sealed
tube at 100° during 2 hours. The clear solution

was evaporated to swall bulk in vacuo, and etaer
added; the hydrochloride of the desired wvase
separated in colourless needles. KLecrysvallised from |
absolute alcohol, it had m.p. 278-282° (Found : c,41.6; i
H,6.2; C1,20.9. CgHgONz HC1 requires C,41.0;
H,5.7; C1,20.2). (Yield, quantitative.) iurtoer

P B o e L S,
puritication could not be efiected by crystallisavion
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The corresponding hydrobromide m.p. ZVOO can readily
be prepared, in gquantitative yield, by heating the
uretnane with strong hydrobromic acid (60%) on the
water Dbath for 3 hours. The free base could not be
crystallised, but it yieldea stable thioioriyl and
acetyl derivatives. |

4-Hydroxy-5~thioformamidomethyl-2-methylpyrinidine.

To a solution of the awmine hydrochloride in water

were added potassium carbonate (1 equiv.), and excess
of potassium dithioformate. In a few minutes the
thioformyl derivative separated; 1t crystallised from
water in colourless platelets m.p. 159-200°. (round:

C,45.7; H,5.4; $,17.4. C,HON,5 requires C,45.9;

3
H, 4.9; 5,17.4).

4-Hydroxy-S—-acetamidomethyl-2-methylpyrimidiae. 4

mixture of amine hydrochloride (350mg) fused sodium
acetate (35umg) and acetic anhydride (5c.c.) was
heated under reflux for 30 minutes, evaporated to
dryness in Vacuo, and the residue extracted with
chloroform, filtering from inbrganic material.
After removal of the chloroform the residue
crystailised from dioxane in colourless prisms m.De.

'219_2200. (Found: N,23.0. CgH110,N5 requires §,23.3).
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4-Hydroxy-5-nydroxyuethyl-2-netiylyuyrinidine (RAV) .

sfter a series of exueriments using various uethods
of deamination the foilowing wag adopted as belag
the most reliable. 0 the hydrochloride of the
amine (XXIV) (5g) dissolved in dilute hydrochloric
acid (ca 60c.c. of 5%), is added, drop by drop, a
concentrated aqueous solution of sodium nitrite
(15g )  The mixture is now heated in an open flask
on the water bath for 7 hours, and the brownish,
slightly alkaline solution then submitted to
continuous extraction with ethyl acetate in a ligquid
Soxhlet apparatus. The crude product, which
separates from ethyl acetate solution ir reddish
crusts, is collected and exvracted with a large
quantity of boiling dioxan which leaves benind a
quantity of insoluble by-products; these have not
been frurther exawined, but appear to explode when
heated in the dry state. The dioxan solution on
concentration deposits 4-hydroxy-5-hydroxyuetinyl-<—
ﬁethyl—pyrimidine in colourless needles; a further
small amount may be obtained by precipitation of
the mother liguor with petroleun etner, and
treatnent of tue precipitate with dioxan as above

described. After recrystallisation from diloxane



the substasnce has m.p. 215-216°. (Pound: 1,20.2.
CgHgOplly, requires IM,20.0) (Yield, 1g).

4-Chloro—S-chloromethyl-Z—methylpyrimidine (ZXI) o

The above hydroxy-methyl compound (1g) was heated
with phosphoryl chloride (4c.c.) at 115---120O during
&0 minutes, When‘it slowly dissolved to a brownish
solution. After removal of the phosphoryl chloride
in vacuo, the thick residue was treated with ice-
water, the mixture made alkaline with potassium
carbonate and extracted 4 times with ether;on
removal of the ether:the residﬁe set to a mass of
crystals. Hecrystallised from a small guancity of
petroleun ether (b.p. 40-60°) tie product formed
long prisms m.p. 54°. (Pound: 01,39.7. CgHgN,Cl,
requires €1,40.1) (Yield 0.65g).

2-imino—4-methyl-5-/4 -hydroxethylthiazole (XIII).-

A mixture of metnylo(—chloro-}/—hydroxypropyl ketone
(3g) and powdered thiourea (17g) was heated to lOOO;
within a few minutes a violent reaction occurred
which quickly subsided. -After a further 5 minutes
the mixture was cooled, dissolved in water, and any
unchanzed halogenated ketone removed by extraction

with ether. After making strongly alkaline the
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the thiazole base was extracted with a large-amount
of ether. The extract, dried over sodium sulphate
and evaporated, left a residue which distilled as
a pale yellow oil at 1'?2-—1750/2mm. (Yield, 2.5g).
On keeping for several weeks the oil set to a hard
crystalline mass m.De. 85—900. The base was not
further purified; treatment with etheral picric acid
yielded a picrate crystallising from alcohol in pale
yellow needles m.p. 213° (Found: N,17.5; S,7.8.
CioH15050:5 requires I,18.1; 8,8.2?

Thiochrome (II). - A mixture of 4-chloro-5-

chloromethyl-2-methyl-pyrimidine (XXI) (580mg) and

2-amino-4-methyl-6~/4 -hydroxyethyl-thiazole (XXII)
(470mg ) was heated on an oil bath to 110°.  The
initially clear liguid suddenly began to become
~eloudy, and after some 15 mianutes was opaquerand
viscous. The brown melt was cooled, and extracted
with etiher to remove any uuchanged starting material,
then dissolved in water (ca& 15c.c.) and the solution
made alkaline with cold sodium hydroxide solution.
AfPter filtering from a cream coloured amorphous
precipitate, the yellowish solution, which showed
strong blue fluorescence, was extracted with butyl

alcohol until the extracts were no longer
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fluorescent. The combined butyl alcohol extracts
were now shaken three times with dilute hydrochloric
acid (1%) when the fluorescence disappzared. The
greenish yellow agueous acid extracts were combined,
and evaporated to dryness in vacuo at 30-400, and
the residue made strongly alkaline by addition of a
small amount of 1R/ methyl alcoholic potassium
hydroxide. The mixture was shaken taree times with
chloroform (total volume 750c.c.) adding a few drops
of water to bring inorganic matter into solution,
and facilitate separation. The intensely blue
fluorescent chloroform extracts were combined, dried
rapidly over potassium carbonate and evaporated to
small bulk (ca 8c.c.) in vacuo. On cooling,
thiochrome separéted in pale yellow flakes. Re-
crystallised from chloroform it had m.p. 225—2260
(uncorr.) (Found: C,55.3; H,5.7; N,21.0. 012H140N48
requires C,54.é; H,5.3; N,21.4.)

Comparison of Synthetic Thiochrome and Thiochrome

from ineurin. Both substances had the same m.pe.

225-226° (uncorr.) and a mixed m.p. showed no
depression. The crystalline form in both cases was
identical and no divergence could be detected in

their fluorescent properties. For further evidence
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of identity I am indebted to Dr. 4.5. Gillam of
. usnchester University who kiandly compared the
abgorption of the two substances. Natural and
syntihetic thiochrome showed virtually ideatical
absorption maxima at 368 and 369 mpi respectively.
The spectroscopic evidence therefcecre indicates that
the two substances are gualitatively and, in so far
as could be ascertalned with the available material,
quantitatively identical.

&:4~Dichloro-b~chloromethyl-6-methylpyrimidine. -~ On

heating a mixture of 2:6-dihydroxy-5-hydroxymethyl—-6-
methylpyrimidine (6g) (Kircher, A., 1911, 385, 293.)

and phosphoryl chloride (15c.c.) under reflux during

30-40 minutes, the pyrimidine dissolved to give a
'deep brown selution. after removing excess of
phosphoryl chloride in vacuo the thick residue was
triturated with ice water made alkaline with potassium |
carbonate and extracted witn ether. The ether
extract on evaporation left a brownish resin which
was dissolved as far as possible in petroleum ether
(bapoe 40—600) filtered from aworphous impurities and
the filtrate again evaporated. The residue

crystallised from a small voluue of petroleumether




CeHyl,Cl, requires C1,50.4). (vield, 3g).

3:7-Dimethyl-9~chlorothiochromine (XVI; R=H). 4

mixture of the above trichloro-compound (1.3g) and
R-amino-4-methylthiazole (0.7g) (Traumann, 4.,
1888,249, 38.) was heated to 110° for ca 15 minutes,
when the initially, clear liquid mixture becaue
brown and viscous. After removing any unchanged
starting material from the product with ether, it
was dissolved in a little water, made strongly
alkaline, and filtered from a cream coloured amorphous
precipitate. The yellowish, blue-fluorescent
filtrate was extracted with butyl alcohol and the
fluorescent substaance isclated by a process exactly
analogous to that described above for thiochrome.
Recrystallised from chloroform the product formed
pale yellow, woolly needles m.p. 291-292° with

decomposition. (Found: C,47.3; H,3.8; N,22.1;

S,12.5; Cl,14.1. 010H9R48 Cl reguires C,47.5; H,3.6
§,22.2; 5,12.6; ¢1,14.1).

The compound is soluble in water and alcohol,
sparingly sovin chlordform, and practically
insoluble in ether and acetone. In neutral or
alkaline solution it has an intense blue fluorescence

similar to, but slightly stronger than, that of
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thiochrome; as with the latter substance, addition
of acid causes the blue fluorescence to disappear

the acid solution being greenish yellow.

2-/3 -Hydroxyethyl-3:7-diucthyl-9-chlorothiochrouine
(XXVI; R=CH, ,CH,0 H).

R :4-Dichloro-dS~chloromethyl-6-methylpyrimidine (1g)
énd R-amino-4-methyl-5-/3 ~hydroxyethylthiazole

(650mg) were heated together at 110° during 15 minutes,
énd the brown resin which was produced was worked up
exactly as described above for thiochrome. The

product crystaiiised from chloroform in pale yellow
platelets m.p. 260-261° with decomposition. (Found:

S,10.4; C ON,5C1 requires 1,10. 8).

12 13
The substance was closely similar to thiochrome

in its solubilities and the blue fluorescence of its

neutral or alkaline solutions was very similar to

that shown by the latter compound under the same

conditions; addition of acid caused disappearance I

of blue-fluorescence and formation of a greenish

yellow solution.

Synthesis of Aneurin.

a-Hydroxy—b-cyano-2-methylpyrimidine (XXXII.) To
an ice-cold solution of scdium (10.2g) in absolute

alcohol (300cc), was added acetamidine hydrochloride
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(41.4g), the mixture shaken for a few miautes and

quickly filtered from vrecipitated sodium chloride.

“o the cooled filtrate was added ethyl ethoxymethylene-i
cyanacetate (75g) (De Bollemont, 1899, C.r. 128, 1340. |
Bull.Soc.Chim., (31, 25, 20) in portions, with
shaking. 48 The ester went into solution a yellow
éolour developed and almost immediately a

crystalline substance began to separate. ifter
standing overnight at 0° thne precipitate was collected'g
it crystallised froﬁ'etayl acetate in colourless
needles m.p. 108-110° (Found: C,52.7; H,6.3; 7,23.1
08H1102N5 requires C€,53.0; H,6.1; I,23.2). This
product may be ethylwx—cyano—/?—acetazﬁdino—acrylate.
Yield 37g.

The'above intermediate product (36g.) was heated
on the water bath for 5 minutes with a solution of
sodium hydroxide (9g.) in water (360cc.). The
vellow solution was cooled, acidified with acetic

acid and concentrated in vacuo, to about half the

origiﬁal volume. On staﬁding, 4-hydroxy-5-cyano-
Z—methylpyrimidine’separated, it crystallised from
water in fine colourless.needles or rods m.p. 233-
2555. (Found : 6,53.3; H,4.0; H.so.s. Colg omz

requires €,53.3; H,3.7; N,3l.1) Yield, 9g.
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afforts were made to cause direct production
of the pyrimidine so as to avold, if possible, the
losses involved in the ring closure of the intermediate
ester with sodium hydroxide; for this purpose
condensations were made at various temperatures
using varying amounts of sodium ethoxide, but Wifhout
satisfactory results.

4-Chloro-5-cyano-2-methylpyrimidine (ZUIIII). Then

4-Hydroxy-5-cyano-2-methylpyrimidine (5g.) was

heated under reflux with phosphoryl chloride (15cc)
during 30 minutes, most of the material dissolved
up to give a dark brown solution. 4fter removing
the P0015 in vacuo the mixture was poured into ice
water, neutralised with potassium carbonate, and
extracted with ether. «fter drying the extract
over sodium sulphate and removing the sﬁlvent, the
chloro-product remalned as a reddish yellow resin;

in this condition it was pure enough for amination

purposes. Recrystallised from light petroleum 1t
formed long colourless rods u.p. 63-64° (Found: C1,
22.6. CgHyN5Cl reguires Cl, 23.1). Yield, 60-70%

4-Amino-5-cyano-2-methylpyrimidine (XAXIV) The

above chloro-product (2g) was heated with absolute

alcoholic ammonia (6c.c. saturated at 00) in a sealed
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tube at 100° during 4 hours. After removal of the
alcohol and émmonia in vacuo the residue was boiled
with ca 100cc. chloroform, filtered frowm ammonium
chloride and evaporated. Un recrystallising from
methyl alcchol the product formed colourless needles
m.p. 249° with partial sublimation Grewe (loc.cit.)
gives m.p. 249° (Found: C,54.0; H,4.8. Calc. for
CgHgN,: C,53.7; H,4.5).  Yield 40%

Bthyl 4-Hydroxy-2-methylpyrimidine-5-carboxylate

(XXAVII). To a solution of sodium (12.8g) in
absolute alcohol (50Uce) at 0° were added acetamidine
hydrochloride. (26.3g) and ethyl ethoxymetnylene-
malonate (60Ug.). (Claisen, Ber., 1893, 26, 2731).
After standing for 1 hour at room temperature the
mixture was heated on a water bath under reflux for
a further hour. After removing most of the alcohol
in vacuo the residue was diluted with water, and
unchanged ester removed by extraction with etherf

The agueous solution was now acidified with acetic
acid and the pyrimidine extracted with ethyl acetate,
The residue obtained on evaporating the dried ethyl
acetate Solution crystallised from acetdne in long

woolly needles m.D. 191°. (Found: C,52.8; H,5.9.

CgHig O3p requires C,52.7; H,5.5). Yield 60%
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sGhyl 4-imino-g-methylpyrimiiine~5-carboxylace.

(XZXKVIIT). 4 mixture of the above ester (96g.)

and phosphoryl chloride (25.cc) was heated under
reflux for 30 minutes. The red solution so formed
was evaporated in vacuo (o remove phosphoryl chloride,
the resinous residue treated with a little ice water,
made alkaline with potassium carbonate, and extracted
with chloroformn. The dried chloroform solution on
evaporation left the crude chloro-ester as a

reddish oil, which without further purification was
heated in an autoclave at 100° during 3 hours, with
10 times its volume of absoiute alcoholic ammonia
(4).

After cooling, the alcohol and excess ammonia
were removed under reduced pressure and the residue
rebrystallised several times from water. The
product formed long colourless needles m.p. 1200.

ound N,25.2.'08H1102N5 reguires N,23.2) Yield, i
65%

4-imino-2-wethylpyrimidine-5-carboxylic acid amide

QXXKIXQ. The above finély powdered amino—ester
(50g.) was shaken at room temperature with
concentrated agqueous ammonia (320ce; S.G. *880)

during 36 hours. The needle shaped crystals of
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starting material disapoeared gradually, although
no apparent dissolution was observed. After
filtering from ammonia, the solid material was
recrystallised frowm absolute alcohols Small prisms
m.p. 264-265° (round: I,36.7: CgHgON, requires
W,36.8). Vvield, 65%. 4 further swall quantity
can be obtaiced by councentrating the ammoniacel
mother liquors.

4-imino-5-cyano—2-methylpyrimidine (XXXIV). The

above amide (2g) was heated under reflux with
phosphoryl chloride (l5cc) during 2-3 hours, the
mizxture tThen poured on ice, made alkaline with
potaséium carbonate, and extracted with chloroforum.
After drying over sodium sulphate the chloroform
was removed; the residue crystallised from metayl
alcohol in needles m.p. 249° with partial sublimation.
L,mixed m.p. with another sawmple of 4~gauino~S5~cyano—
2-methyl pyrimidine showed ao depression. Yield, 50%
when large gquantities of material were used in
this preparation the yield of product diminished
considerably; this may be due to the insolubility
of the amide in phosphorylchloride, and phosphorus

pentachloride may be preferable on the large scale.
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d-hnino-S—aminonethyl-2-methyloyriwidine hydrocaloride.

e above awino-nitrile in acetic acid solution
was subjected to catalytic hydrogsnation in presence
of palladised charcoal (cf. Grewe, 4.physiol.Cheu.,
1936, 243, 89). The product had m.p. 264-265°. The
sawe result was achieved using a platinum oxide
catalyst though the reduction was slower.

4-iwmino-S5~thioformamidometnyl-2-methyl pyrinidine

(X£IX). 4n agueous solution of the above
hydrocaloride was neutralised with pobassium bi-
carbonate and a slight excess (ca. 1.2m0l) potassium
dithioformnate added. .fter a short time the
thioformyl derivative sgparated. It ciystallised

from alcohol in colourless platelets m.pe. 1870. with

decomposition (Found: C,46.1;HG.5. C7H10N48 requires
C, 46.1; H,5.5).
Aneurin Chloride. L mixture of 4-amino-5-thio-

Pormamido-methyl-2—methylpyrimidine (500mg) and
methylci-chloro—Y-acetoxypropylketone (600mg. )was

heated in a paraffin bath during 15 minutes. The

mixture Tifst became ligquid and thea became brownish
and viscous, a thiazole-like odour becoming

noticesable. he mass was cooled and triturated




102,
repeatedly with dry ether when it fell to =
sellowish browa powder. Tiis was collected and
heatedeith ca Scc absolute alcohol containing a
little hydrogen chloride; after a few minutes the
product began to crystallise, without having
completely dissolved. after cooling it was collected
aind separated from a sméll amount of spariagly
soluble 4-amino-d-aminomethyl-2-methylpyrimidine
hydrochloride by fractional crystallisation from
absolute alcohol. The product had m.p. 233-234°
unchanzed by recrystallisation. (Found: C, 40.5;

H, 6.0; N,15.5; 3,8.5; Cl, 20C.1l. 012H180N48012. Hy0
reyuires C,4C.6; H,5.6; N,15.8; $5,9.0; Cl, 20.0).

The same product could be obtained, thouzh in
sualler yield, by using methyl L -chloro-Y -
hydroxypropylketone in place of its acetate in the
above reaction, the condensation in this case being
carried out at 140°,

Comparison of Hatural and oyatnetic saxnevrin Chloride.

dxamined qualitatively by the formaldehyde-azo-
test and the thiochrome test no difference in the
behaviour of the two products could be detected.
Tested biologically ﬁ& the electrocardiagraphic

method the syathetic material showed no activiiy of
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380,000 I.U. per g. and the natural 400,000 I.U.
per g.
Treatment with cold agueous picfolonic acid

caused, with each sample, separation of yellow
neédle like crystals of a pidrolonate m.p. and

mixed m.Dp. 164—1650; recrystallisation of this
product from water in the ordinary way gave in each
case a mixture of needles and prisms with a rather
indefinite m.p. ca 1‘70—180O not depressed on mixing.
On heating this material for 5 minutes with a small
amount of water - insufficieant to dissolve it
completely - and filtering hot, the residue was found
td consist of priswms m.D. 228-229° with decomnposition.
A mixed m.p. showed no depression.

These results correspond exagtly with the data
for the dimorphous aneurin picrolonate described by
indaus Tschesche Lagueur and Schultz (Z.physiol.
Chem., 1932, 204, 123).

On oxidation with potassiua ferricyanide in
alkaline solution the synthetic material gave a
product m.p. 225-226° identical wita thiochrome in
all its properties; a mixed m.p. with a specimen of
thiochrome showed no depression.

The only apparent difference in the two

S
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chlorides lay in the m.p. for the specimen rrom
natural sources had meDd. 2%9—2500, the synthetic
being 233-234°. 4 mixture of the two had m.p.
243-246°. On seeding a solution of the synthetic
product with a crystal of the natural, a product
separated m.on. 245—2470, wnile a solution of natural
vitamin seeded with the syntaetic gave crystals
MeDo 241-244°, In all cases the crystals appeared
to be colourless platelets. In view of these facts
and the formation of the dimorphous picrolonate I
am of the opinion that aneurin chloride is itself

dimorphous.
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(Reprinted from NATURE,‘ Vol. 136, page 259, August 17, 1935.)

A Crystalline Fluorescent Dehydrogenation Product
from Vitamin B,

THE production of fluorescent solutions on oxida-
tion of vitamin B, (antineurin) has been indicated in
these colurmns by Peters?, but no crystalline fluores-
cent product has hitherto been reported.

An alkaline solution of potassium ferricyanide
transforms the vitamin hydrochloride (C,,H sONSCl,)
into a pale yellow, sulphur-containing compound
(crystals m.p. 221°, from chloroform) having, in
neutral or alkaline solution, an intense blue fluores-
cence ; it possesses all the recorded properties of the
‘thiochrome’ (C;,H;,ON,S) of Kuhn and his col-
leagues?, including & similar absorption spectrum. .
This result is to us the more interesting, as thermal
decomposition of the vitamin also yields a blue
fluorescent compound®, CoH,,0ON,, which may have
a related constitution.

G. BARGER.
F. BERGEL.
A.R.Topp.

Department of Medical Chemistry,

University of Edinburgh.
July 31.
" UNATUEE, 185, 107; 1085, ~ oo
* R. Kuhn, W’agﬂer-.‘l’auregg, W. van Klaveren and H

Vetter, Z. phyml Chem., 234, 196 ; 1935
596 lBg.;ger, B.C.P. .Tansen, n.ndA R. Todd, Chem and Ind., 54,
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443, G. Barger, F. Bergel und A. R. Todd*: Uber das
Thiochrom aus Vitamin B; (Antineurin). - ’ ,
[Aus d. Medizin.-chem, Institut d. Universitat Echnbm'gh]
) (Eingegangen am 4. November 1935.)

Vor einiger Zeit haben R. Kuhn, Th. Wagner-Jauregg, F. W. van
Klaveren und H. Vetter?) iiber die Isolierung eines gelben Farbstoffes
aus Hefe berichtet, der in Losung eine intensive blaue Fluorescenz zeigt.
Sie stellten dafiir die Bruttoformel C;,H,,ON,S auf und schlugen den Namen
,, Thiochrom** vor. Es wurde die Vermutung ausgesprochen, da$ in dieser
Substanz ein Dehydro-vitamin B, vorliegen konnte, da seine Brutto-
formel eine groBe Ahnlichkeit mit der des Vitamins (C,,H;;ON,SC1,) auf-
weist und die Hefe verhiltnism#aBig reich an diesem Vitamin ist. Ein solcher
Zusammenhang schien umsomehr wahrscheinlich, als fluorescierende Sub-
stanzen bereits unter den oxydativen (in Losung)?) und thermischen?) Abbau-
produkten des Vitamitis beobachtet worden waren.

Da, wie bekannt, es bisher nicht gelungen war, das Molekiil des Vitamins
unter milden oxydativen Bedingungen in krystallisierte fluorescierende
Derivate iiberzufithren, nahmen wir. die Untersuchungen in dieser Richtung
auf, in der Hoffnung, wenigstens Substanzen zu finden, die Ahnlichkeit mit
dem schwer zuginglichen thermischen Abbauprodukt besitzen wiirden.

Wie schon an anderer Stelle?) kurz berichtet, ist es gelungen, das Vita-
min B, (= Antineurin, nach Jansens Vorschlag) mit einer Ausbeute von
33—409%, in alkalischer Losung bei 15—20° mit Kaliumferricyanid in
eine Substanz von der Formel C,H;,ON,S zu verwandeln, die sich mit Thio-
chrom als identisch erwies. Auch an dieser Stelle méchten wir Hrn. Prof.
R. Kuhn, Heidelberg, unseren  besten Dank dafiir aussprechen, dafi er
freundlicherweise die angenommene Identitdt unseres Produktes mit seinem
Thiochrom aus Hefe durch direkten Vergleich bestitigte (vergl expenmentell
Teil).

Zur Darstellung von Thlochrom ist es nicht unbedingt nétig, von
reinem krystallisierten Antineurin auszugehen. Bereits mehr oder weniger
vorgereinigte Konzentrate aus Reis-Hautchen koénnen auf die gleiche Weise

wie das reine Antineurin zum Farbstoff verarbeitet werden. Doch zeigen
die Ausbeuten dieser Versuche eine groBe Diskrepanz zu den moglichen, die
sich aus dem durch Dbiologischen Test bestimmten Gehalt an Antineutin
errechnen lassen. . Das Auftreten von blauer Fluorescenz bei der Oxydation
von Konzentraten mit Kahumierncyamd kann als orientierender Test ‘fiir
Antineurin besonders im ultravioletten Licht verwendet werden; doch geben
erst verhaltnismaBig hochkonzentrierte Extrakte, wie das auch bei Peters’
Formaldehyd-Azotest der Fall ist, reproduzierbare Resultate. Aunch andere
Oxydationsmittel, wie Wasserstoffsuperoxyd, Selendioxyd, Kaliumperman-
ganat; sind imstande, Antineurin zum Thiochrom zu oxydieren, allerdings
mit unbefriedigenden Ergebnissen. Blau fluorescierende Ldsungen, die iu
ihren Eigenschaften mit Lésungen von reinem Thiochrom 1denﬁsch sind,
kénnen bereits durch autoxydatlve Emwn'kung von Lu.ft oder Sauerstoff

*) Beit Memorial Research Fellow %) .Ztschr., physml Chem 234 196 [1935]
%) R. A. Peters, Nature 185, 107 [1935]. -

3) G. Barger, B. C. P. Jansen u. A. R. Todd, Chem. and Ind. 54 596 [1935]
1 G. Barger, F. Bergel u. A. R. Todd, Nature 136, 259 [1935).
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auf die I,6sungen der freien Vitaminbase entstehen, was auch das Vorkommen
des Farbstoffes in der Hefe erkliren konnte.
Die Existenz eines quartiren Stickstoffatoms im Antineurin scheint

ziemlich gesichert. Weisen doch seine allgemeinen Eigenschaften, die Sulfit-
Spaltung von Williams?®), seine thermiische Zersetzung®) und die Resultate |
der elektrometrischen Titration?) darauf hin, trotzdem letztere von den . :
verschiedenen Autoren auf verschiedene Weise ausgedeutet werden. Unter
dieser Voraussetzung sollte .die Bruttoformel des Vitamin-Hydrochlorids
[C.H;;ON,S]CL, HCL, und die der freien Base, C,H;sO,N,S lauten. Deshalb
ist es unméglich, die Bildung von Thiochrom als eine einfache Dehydrierungs-

" Reaktion zu betrachten. Unterscheidet sich doch seine Formel von der des
Vitamins um H,0, d. i. H;O+H,. Diese Uberlegung findet ihre Stiitze in
der Tatsache, daB das Thiochrom im biologischen Versuch (Herzfrequenz-
Methode) sich als vollkommen inaktiv erweist®) und bei der katalytischen
Hydrierung nicht in Antineurin zuriickverwandelt wird.

Unshnlich dem Vitamin, sublimiert Thiochrom unverindert im Hoch-
vakuum bei 210—215°. Dies legt, neben seiner Ldslichkeit in organischen
Losungsmitteln, die Vermutung nahe, daBl es kein quartires Stickstoffatom
mehr besitzt. Sein Hydrochlorid hat die ungewdhnliche Eigenschaft, sich -
zuerst in farblosen Krystallen abzuscheiden, um dann beim Filtrieren unter
Entfernung der letzten Spuren des Losungsmittels deutlich gelb zu werden.
Eine Erklirung hierfiir zu geben, ist schwierig. Eine Wasser-Anlagerung liegt
nicht vor, da die gelbe Farbe auch in der Trockenpistole nicht verschwindet.
Die Farbung hat vielleicht mit der Tatsache zu tun, daB die Analysen-Werte
des Thiochrom-Hydrochlorids fiir Chlor zwischen einem und zwei Atomen
liegen. Es muB also ein teilweiser Verlust an HC] bereits an der Luft einge-
treten sein, was auf eine dullerst schwache basische Gruppe neben einer nor-
malen schliefen 143t.

Im Antineurin.selbst ist nach allen vorliegenden Ergebnissen®) neben -
dem quartiren Stickstoff noch eine an einem Pyrimidinring gebundene NH,-
Gruppe vorhanden. Diese Aminegruppe wird quantitativ dutch konz.
Salzsaure bei 100° als Ammoniak abgespalten. Unter gleichen Bedingungen
gibt Thiochrom kein Ammoniak ab, sondern wird zum gréBten Teil unver-
dndert wiedergewonnen. Auflerdem 148t sich das desaminierte Vitamin,
das in Losung erhalten wurde und wahrscheinlich verwandt mit dem von
Williams beschriebenen Chloro-oxy-vitamin®) ist, durch Kalium-
ferricyanid nicht in blau fluorescierende Produkte verwandeln. Daraus ergibt
sich, daB diese Aminogruppe des Vitamins sicher an der Bildung des Thio-

’) R. R. Williams, R. E. Waterman, J. C. Keresztesy u. E. R. Buchman,
Journ. Amer. chem. Soc. §7, 536 [1935]. %) a.a. 0. :

) T. W. Birch u. L. J. Harris, Nature 135, 654 [1935]; R. C. G. Moggridge u.
A. G. Ogston, Biochem. Journ. 29, 866 [1935]; R. R. Williams u. A. E. Ruehle,
Journ. Amer. chem. Soc. 57, 1856 [1935].

%) Nach einer gerade erschienenen, etwas spekulativen Mitteilung von H. W. Kin-
nersley, J. R. O’Brien u. R. A. Peters, Biochem. Journ. 29, 2369 [1935], soll eines
der nicht isolierten ,; Quinochrome* noch Vitamin-Wirkung zeigen, was wohl auf einer
Uberschiitzung der Permanganat-Oxydation (in Gegenwart von Alkohol !y beruhen diirfte.

%) vergl. R. R. Williams, E. R. Buchman u. A. E. Ruehle, Journ. Amer. chem.
Soc. §7, 1093 [1935]. o . . ,

) E. R. Buchman u. R. R. Williams, Journ. Amer. chem, Soc. 57, 1751 [1935].

t
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chroms beteiligt ist. In diesem Zusammenhange mag erwdhnt werden, daB
auch Peters’ Formaldehyd-Azotest von der Existenz dieser Gruppe ab-
hingt, da er beim desaminierten Vitamin und dem Thiochrom véllig negativ
ausfallt.

Die blaue Fluorescenz des Thiochroms ist dhnlich der des 6.7-Dimethyl-
alloxazins!'). Es ist daher nicht ohne weiteres von der Hand zu weisen,
daB Thiochrom ein Pyrimidazin-Derivat ist, um so mehr als Antineurin nach
Williams von einem o-Diamino-pyrimidin abgeleitet werden kann. Wie
bekannt, schlug Williams vor einiger Zeit!?) fiir das Vitamin die Kon-
stitutionsformel I vor. Bei nidherer Betrachtung ist es jedoch schwierig, sich

~N H : N NG S
T TeNm, B e~ ¢ ¢ C.CH,.CH,.OH
o — o |\
’ : !
¢ ol N ¢ N— C.CH,
~C~~ (-)’ﬁ C:,,,,,,:,:C ~C#~
CoH, CH, CH,.CH, OH C,H II.

daraus die Bildung eines sechsgliedrigen Azinringes mit Hilfe von Kalium-
ferricyanid vorzustellen, in Anbetracht der Tatsache, daBl der Schwefel im
Thiochrom-Molekiil erhalten bleibt. Es besteht keine grofe Wahrschein-
lichkeit, daB die Methylgruppe des Thiazols einen solchen Ringschlufl bewerk-
stelligt. In Analogie zu Pyridin-Derivaten scheint eher die Oxydation des
Vitamins in Form der Pseudobase plausibel, wobei darauffolgend die gebildete
Ketogruppe mit der freien Aminogruppe sich kondensieren konnte:

R, R, R, R, R; R,
S G Cam s
R;§<\ > R.N< - R.N<
OH(C----§ CH——8 C——s
H OH  —NH,0

Beniitzt man Williams Vitamin-Formel I, so sollte die entstandene
Verbindung die Struktur II haben. Daraus ergibe sich auch eine zwanglose
Erklirung dafiir, daB der Schwefel im Thiochrom zum Unterschied vom
Vitamin sich gegen Alkali stabil verhilt. Es liage ein kondensiertes Thiazolin-
Ringsystem vor, in dem der Schwefel analog dem Sauerstoff im Furan-Cumaron
und dem Stickstoff im Pyrrol-Indol eine gewisse Unangreifbarkeit erworben
hat. Ob ein solches System Fluorescenz aufweist, kann nur die Synthese
ergeben. '

Versuche in der Richtung, derartige Verbindungen, aber auch solche
mit sechsgliedrigen Azinringen aufzubauen, werden gerade unternommen.
Im Verlauf dieser Synthesen entdeckten wir!8), dafl N-Alkyl- und N-Aryl-
thioamide sich verhiltnismiBig leicht mit o-Chlor-ketonen umsetzen

-11) R. Kuhn u. Mitarbeiter, a. a. O.
12) R, R. Williams, Journ. Amer. chem. Soc. 57, 229 [1935].
13) Mitbearbeitet von Dr. Xarimullah.
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und dabei direkt quartire Thiazoliumsalze liefern. Wir erwéhnen.

dies in diesem Zusammenhange, weil H. T. Clarke und 8. Gurin?4) kiirzlich
die Darstellung von N-Phenyl-thiazoliumsalzen auf demselben Wege be-
schrieben haben. Unsere Resultate bestitigen und erweitern ihre Beobach-
tungen. Die Einzelheiten unserer Ergebnisse in dieser Richtung sollen in Kiirze
an anderer Stelle veréffentlicht werden.

Wir haben Hrn. Prof. B: C. P. Jansen, Amsterdam, fiir die Anregung
zum Studium des Vitamins und die freundliche Uberlassung eines Teiles des
fiir unsere -Versuche benétigten, krystallisierten Antineurins und dem Me-
dical Research Council fiir die bewilligten Mittel bestens zu danken.

. Beschreibung der Versuche.
Thiochrom aus Antineurin.

Zu einer Losung von 20 mg Antineurin-Hydrochlorid in 1—2 ccm Methyl-
alkohol werden 2 ccm 15-proz. methylalkohol. Kalilauge und 1 ccm
33-proz. wiBrige Kaliumferricyanid-L6sung hinzugefiigt. Dann gibt
man 10 ccm Butylalkohol, sowie die fiir die Losung der anorganischen Salze
notige Menge Wasser hinzu, schiittelt die Mischung 2 Min. heftig und trennt
die blau fluorescierende Butylalkohol-Schicht ab. Diese Extraktion wird
mit weiteren Mengen Butylalkohol solange wiederholt, bis der letzte Extrakt
keine Fluorescenz mehr zeigt. Die vereinigten butylalkoholischen Ausziige
werden mit ein wenig Wasser gewaschen und iiber Natriumsulfat getrocknet,
um die letzten Spuren von Kaliumferricyanid zu entfernen. Schiittelt man
die getrockneten Extrakte mit verd. Salzsiure (pg=2—3), so verschwindet
die blaue Fluorenscenz, und eine griinlich-gelbe Substanz geht in die Saure
iiber. Die griin-gelbe saure Losung wird abgetrennt und im Vakuum (Bad 40°)
zur Trockne eingedampft. Der krystallinische Riickstand wird in wenig
konz. Kalilauge (25-proz.) geldst und wiederholt mit Chloroform extrahiert,
bis die letzten Ausziige keine Fluorescenz mehr zeigen. Die vereinigten
Chloroform-Extrakte, die leuchtend blau fluorescieren, werden iiber Natrium-
sulfat und anschlieBend kurz iiber Kaliumcarbonat getrockmet. SchlieBlich
wird im Vakuum auf etwa 3—4 ccm eingeengt und in den Eisschrank gestellt.
Nach einiger Zeit scheiden sich die schwefelgelben Krystalle des Thiochroms
ab, die nach dem Umlésen. aus Chloroform den Schmp. 221° (unkort.) zeigen;
Ausbeute 5—6 mg = 33—409%, d. Th.

2.664 mg Sbst. (bei 80—100°, 0.1 mm getrockn.): 5.33 mg CO,, 1.32 mg H,0. —
1.571 mg Sbst.: 0.292 cem N (20°, 757 mm). — 2.480 mg Sbst.: 2.220 mg BaSO,.
C.HON,S.. Ber. C 549, H 5.3, N 214, S12.2.
Gef. ,, 546, ,, 5.5, ,, 216, ,, 12.3.

Die Substanz besitzt alle Eigenschaften, die fiir das Thiochrom von
Kuhn und Mitarbeitern'®) angegeben werden. Der Vergleich, den Prof.
Kuhn mit seinem Thiochrom aus Hefe durchgefiihrt hat, ergab folgende
Resultate: Beide Substanzen zeigten den Schmp. 226—2270 (Berl-Block,
abgekiirztes Thermometer); der Misch-Schmp. ergab keine Depression; Ab-
sorptionsspektrum1®) und Fluorescenz-pg-Kurve waren identisch.

14} Journ. Amer. chem. Soc. 57, 1876 [1935]. %) a.a. 0.

1%) Dr. E. B. Ludlam hatte schon vorher die groBe Ahnlichkeit der Absorptions-
spektra festgestellt, wofiir wir ihm bestens danken. . )
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Thiochrom wird auf #Ahnliche Weise aus vorgereinigten Antineurin-
Konzentraten aus Reis-Kleie dargestellt; die Ausbeute an krystallisiertem
Material ist aber sehr viel geringer, als wenn man von reinem Vitamin ausgeht ;
denn es entstehen nebenbei 6lige Substanzen von gelber Farbe, die nicht
mehr zur Xrystallisation gebracht werden konnen. Schwach alkalische
Losungen des Vitamins, die mit Luft, Sauerstoff, Wasserstoffsuperoxyd und
Kaliumpermanganat oder schwach saure, die mit Selendioxyd behandelt
werden, ergeben ebenfalls thiochrom-haltige Loésungen, die aber vorliufig
zu wenig giinstigen Isolierungs-Ergebnissen fithrten. Um mit Hilfe des Auf-
tretens der blauen Fluorescenz Konzentrate auf Antineurin zu priifen, hat
man nur notig, den jeweiligen Vitamin-Extrakt mit Butylalkohol auszu-
schiitteln, die abgetrennte wiBrige Losung alkalisch zu machen und mit
Kaliumferricyanid zu versetzen. Eine weitere Extraktion mit Butylalkohol
bringt im Falle eines an Thiochrom reichen Konzentrats die blaue Fluorescenz
im Butylalkohol schon am Tageslicht zur Erscheinung; im Falle an Thio-
chrom &4rmerer Konzentrate wird die Fluorescenz im ultravioletten Licht
sichtbar. Diese Testmethode hat nur qualitativen Wert.

Thiochrom ist gut l6slich in Methylalkohol, ziemlich gut in Wasser,
méBig in Athylalkohol und ziemlich schwer 18slich in Aceton, Chloroform
und Ather. Es sublimiert im Hochvakuum unverdndert bei einer Temperatur
von 210—215°. Nach !/,-stdg. Erhitzen in 20-proz. Natronlauge zeigt Thio-
chrom zum Unterschied vom Antineurin keine Nitroprussidnatrium-Reaktion
auf 8. Im biologischen Test nach der Herzfrequenz-Methode an Ratten'?)
148t das Thiochrom in Dosen von 5y, 10y und 20y keine physiologische
Aktivitat erkennen. Der Formaldehyd-Azotest nach R. A. Petersl8) ist
vollkommen negativ im Falle des Thiochroms und seiner Leukoverbindung,
die in Losung mit Hilfe von Natriumhydrosulfit oder durch katalytische
Reduktion (Platin-Kieselgur-Katalysator) erhalten werden kann. Das Leuko-
thiochrom wird sehr leicht zum urspriinglichen Thiochrom zuriickoxydiert.

Thiochrom-Hydrochlorid: Zu 8 mg Thiochrom, das in mdg-
lichst wenig Methylalkohol gelost ist, werden das 4-fache Volumen an
Aceton und einige Tropfen dtherischer Salzsdure hinzugefiigt. Das Hydro-
chlorid, welches sich zuerst voluminds abscheidet, wird aus einer Mischung

' von Methylalkohol-Aceton umkrystallisiert. Es bildet fast farblose Nidel-
chen, die sich selbst beim Trocknen im Exsiccator und in der Trockenpistole
deutlich gelb firben.

» 2.580 mg Sbst.: 1.775 mg AgCl. — 3.471 mg Sbst.: 2.495 mg AgCL

C,,H,,ON,S,HCL. Ber. C1 11.9.
C,sH,,0N,S, 2HCI. Ber. Cl 21.2.
Gef. ,, 17.02,17.78.

Beim Erhitzen des Hydrochlorids in einem Schmelzpunkts-Rohrchen
tritt oberhalb 200° langsame Zersetzung auf," wobei die Substanz bei 217—221°
zu einer viscosen, rotlichen Flissigkeit zusammenschmilzt.

Bei der katalytischen Hydrierung von 2 mg Hydrochlorid in verd.
methylalkoholisch-salzsaurer Losung mit Palladium--Katalysator wird nach

|

|
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17) T. W. Birch u. L. J. Harris, Biochem. Journ. 28, 602 [1934].
18) H. W. Kinnersley u. R. A. Peters, Biochem. Journ. 28, 667 [1934].



2262 [Jahrg. 68

einiger Zeit beim Abdampfen des Losungsmittels im Vakuum eine sehr hygro-
skopische, farblose Substanz erhalten, die weder in alkalischer Losung fluores-
ciert, noch leicht zum Thiochrom zuriickoxydierbar ist. Die weitere Unter-
suchung dieser Substanz steht noch aus.

Desaminierungsversuche mit Antineurin und Thiochrom.

Antineurin-Hydrochlorid wird mit konz.  Salzsiure 4 Stdn. in einem
FinschluBrohr auf 1009 erhitzt. Die Losung wird eingeengt, abgekiihlt, mit -
Baryt alkalisch gemacht, das gebildete Ammoniak mittels eines Luft-
stroms in vorgelegte Schwefelsiure fibergetriecben und in -iiblicher Weise
titriert.

5.6 mg Antineurin-Hydrochlorid in 2 ccm konz. Salzsdure.

Ber. fiir 1 Mol NH; 0.27 mg. Gef. NH; 0.28 mg.

Der Formaldehyd-Azotest einer Lgsung des desaminierten Vitamins ist
negativ. Desgleichen fithrt die Oxydation einer solchen Losung mit Kalium-
ferricyanid zu keinem fluorescierenden Produkt. '

Aus 5.18 mg Thiochrom, unter genau den gleichen Bedingungen mit
Salzsiure behandelt, konnte kein abgespaltenes Ammoniak erhalten werden.
Aus der Iosung lieB sich auf dem {iblichen Wege Thiochrom wiedergewinnen,

* das keine Schmelzpunkts-Depression mit dem Ausgangsmaterial zeigte.
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38. A.R.Todd!, F. Bergel und Karimullah:

Uber Aneurin®), IL. Mitteil.: Uber die Synthese von N-Aryl-
thiazoliumsalzen; tiber Einzelheiten in der Konstitution des
Aneurins und Thiochroms.

[Aus d. Medizin.-chem. Institut d. Universitit Edinburgh.]

(Eingegangen am 21, Dezember 1935.)

a) Uber die Synthese von N-Aryl-thiazoliumsalzen: Wir
haben bereits im ersten Teil?) unserer Abbandlungen iiber die Chemie des
Vitamins B; (Aneurin) angedeutet, daB kiirzlich H. T. Clarke und
S. Gurin®) in ihrer VerSffentlichung iiber die Synthese des Thiazol-Spalt-
stiicks aus Aneurin u. a. eine Methode zur Darstellung von N-Phenyl-
thiazoliumsalzen erwihnen, die wir unabhingig von ihnen ebenfalls ge-
funden haben, wobei unsere Resultate die der amerikanischen Autoren um
einiges erweitern. Da diese Methode fiir die synthetische Seite des Vitamin-

- Problems von einiger Bedeutung sein diirfte, mochten wir an der Hand von
Modell-Beispielen die Einzelheiten bekanntgeben.

N-Alkyl-thiazoliumsalze, auch.die Benzylverbindung, lassen
sich leicht durch direkte Einwitkung von Alkylhalogeniden auf Thiazol-

1) Beit Memorial Research Fellow.

1) Durch einen bedauerlichen Irrtum wurde in der vorhergehenden Verdffent-
lichung der Name ,,Antineurin® fiir das Vitamin B, verwendet. Inzwischen hat uns
Hr. Prof. Jansen freundlichst darauf aufmerksam gemacht, daf sein Vorschlag ,,Aneu-
rin‘ lautete. Um MiBverstindnisse zu vermeiden, soll von nun an dieser Name fiir das
Vitanrin B, gebriuchlich werden. ’

%) B. 68, 2257 {1935]. % Journ. Amer, chem. Soc. 57, 1876 [1935].
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Derivate darstellen. Alle Bestrebungen jedoch, die analogen N-Aryl-Ver-
bindungen auf gleichem Wege aus halogenierten Benzol-Derivaten zu er-
halten, schlugen fehl. Dieselben negativen Ergebnisse zeigten in 5-Stellung
halogenierte Pyrimidine.

Es wurde als nichstes versucht, die wohlbekannte Hantzschsche Syn-
these von Thiazolen so zu modifizieren, da8 sie zur Darstellung quartirer
Thiazoliumsalze fithren muBte. Es schien von vornherein nicht unmdéglich,
daB der Ersatz unsubstituierter Thio-amide in der Hantzsch schen Synthese
durch Thio-amide von der allgemeinen Formel R.CS.NH.R! nach
folgendem Schema zur Bildung der gewiinschten Thiazoliumsalze fiihren
koénnte: _

SH Cl.CH S——%H :T*——-%H
| I [
R.C HO.C.R? —> R.C HO.C.R? —> R.C.__C.R?+4 H,0.
~N.R! ~N.R! CLN-._
1. HCI . R

Diese Voraussetzung stellte sich als richtig heraus; die Reaktion ist
ganz allgemein anwendbar.

In einem Vorversuch wurden N-Methyl-thioacetamid und Chloz-
aceton zusammengebracht, wobei bereits in der Kilte, rascher in der Wirme,
in beinahe quantitativer Ausbeute N-Methyl-2.4-dimethyl-thiazolium-
chlorid (II, R = R! = R? = CH,;) gebildet wurde. Es wurde in das Jodid
verwandelt und mit einem auf dem iblichen direkten Weg dargestelliten
Produkt identifiziert. Bei diesem Versuche konnte kein Zwischenprodukt,
das der Formel I entsprochen hitte, gefaBt werden. :

Verwendete man Thio-acetanilid und erhitzte es mit Chlor-aceton
auf dem Wasserbade, mit oder ohne Alkohol als I,6sungsmittel, so entstand
direkt N-Phenyl-2.4-dimethyl-thiazoliumchlorid (II, R = R? = CH,;
R! = CgH,). LieB man dagegen die Reaktion bei 15—20° verlaufen, so erhielt
man eine unbestdndige krystalline Substanz, die aber durch kurzes Erhitzen
in das entsprechende Thiazoliumsalz verwandelt werden konnte. Die Ver-

-mutung, daB in diesem Produkt das Hydrochlorid des S-Acetonyl-
thioacetanilids (I, R = R? = CH,; R! = C;H;) vorliegt, wurde durch die
Amnalyse und das Verhalten bei der hydrolytischen Spaltung bestitigt. In
Wasser oder verd. Mineralsiuren unterliegt nimlich die Substanz, langsam in
der Kilte, rascher beim Erhitzen, einer Hydrolyse, die unter Bildung von
Anilin, Acetanilid tund einer schwefel-haltigen Verbindung, die durch
Kondensation eines hypothetischen Thiol-acetons (III) entstanden sein muBte,
vor sich geht. Da letztere ein Semicarbazon bildet, mit HgCl, einen farblosen
Niederschlag gibt und Reaktionen auf eine SH-Gruppe liefert, ist sie vielleicht,
der Analyse nach, entsprechend Formel IV aufzufassen. Das Auftreten von
Acetanilid unter den Endprodukten der Spaltung zeigt, daB der Zerfall inter-

essanterweise nicht nur zwischen N und C, sondern auch zwischen C und S
erfolgt: :
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CeH,.NH.C:0 + (HS.CH,.CO.CH,)

ot
CH, 4& III. \ HS.CHg.(I::CHQ
CeH;.N:C.8.CH,.CO.CH, \-_.n,, S.CH,
? co
%0 . .
CeH;.NH, -+ CH,.CO.8.CH,.CO.CH, / IV. CH,

{H,0
CH,.COOH -+ (HS.CH,.CO.CH,)

Kondensation von Chlor-aceton mit Thioacet-o-toluidid und
o-Nitro-thioacetanilid fiihrt zu N-0-Tolyl- bzw. N-o-Nitrophe-
nyl-24-dimethyl-thiazoliumchlorid. Auch hlerbel konnten die ent-
sprechenden Zwischenprodukte gefaBt werden.

Die quartdren Thiazoliumchloride konnten sidmtlich isoliert werden,
doch ist es angesichts ihrer groBlen Hygroskopizitdt besser, zur Isolierung
die Jodide und besonders die Perchlorate zu verwenden.

Nihere Angaben iiber die Darstellung der entsprechenden Pyrimidin-
Derivate erfolgen spiter. Die Synthese der als Ausgangsmaterial nﬁtigen
bisher unbekannten 5-Thioacyl-amino-pyrimidine 1st mit gewissen
Schwierigkeiten verbunden.

b) Uber Hinzelheiten in der Konstitution des Aneurins
und Thiochroms: In unserer ersten Vertffentlichung? haben wir vor
kurzem Formel V fiir das Thiochrom vorgeschlagen. Seit der Einsendung

8

AN N /S\ ’ 1
C N \9 8\2

C.CH,.CH,.OH

H .
I TR T
- J |
N\ /C’ ***** N ‘“AC.CH3 rl C lel—C.CH3
C 5=~ 10 3
~C,H, V. 4 © VI

dieser Arbeit haben A. Windaus, R. Tschesche und R. Grewe5) und in
einer anderen Vertffentlichung R. Kuhn und H. Vetter®) eine &dhauliche
F ormulierung vertreten. Sie unterscheidet sich nur dadurch von der unsrigen,
daBl im Pyrimidin-Teil in 2- und 4-Stellung Methylgruppen angenommen
werden, wihrend unser Ringsystem in 4-Stellung nur eine Athylgruppe (wie
sie auch in der Williamsschen Formulierung vorgesehen ist) tragt. Wahrend
Windaus und Mitarbeiter ihre theoretische Auffassung vom Thiochrom von
der noch nicht endgiiltig geklarten Konstitution der von ihnen durch Salpeter-
siure bezw. Banumpermanganat erhaltenen Pyrimidin—Spaltstucke (a.a.0.)
herleiten, stiitzt Kuhn seine Auffassung auf die Ergebnisse seiner C-Methyl-
Bestimmungen?).

Zur Klirung der Natur und Zahl der Alkylgruppen im Aneurin und
Thiochrom haben wir schon vor einiger Zeit Bestimmungen der C-stindigen
Alkylgruppen von einer Reihe von Substanzen, die in folgender Tabelle ver-

einigt sind, durchfithren lassen®):

1) Bezifferung gemif den Vorschligen in Band IIT d. Literatur-Register d. Organ.

5} Ztschr. physiol. Chem. 287, 98 [1935]). % B. 68, 2375 [1935].
) Bestimmungen von Hrn. Dr. H. Roth (Heidelberg).

Chemie.
7) B. 68, 2383 [1935].
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Durchschnitt

Name der Verbindung der Aquivalente Siure,
bezog. auf Essigsdure

N-Phenyl-2.4-dimethyl-thiazoliumjodid ................. ... ... 1.31
5-Methyl-uracil ... 0.77
Pyrimidin-sulfonsdure aus Aneurin nach Williams ............... 0.62
3-Methyl-[thiazolo-2’. 3’: 2. I-benzimidazol] ......... ... .. ... oot 1.0

THIOCHIOML . .ottt i i it i it 1.6
Aneurin-Chlorhydrat ........ ... o i 1.35

Zieht man angesichts dieser Tabelle in Betracht, dafl fiir eine Alkyl-
gruppe, und dies kann unserer Meinung nach auch eine Athylgruppe sein,
der Aquivalentwert zwischen 0.62 und 1 schwankt, so ergibt sich daraus,
daB 1) Williams Pyrimidin-Spaltstiick nur eine Alkylgruppe, d. h. eine
Athylgruppe, besitzt, 2) Thiochrom und Aneurin die gleiche Zahl von
Alkylgruppen, ndmlich zwei, haben, 3) der héhere Wert beim Thiochrom
gegenither dem Aneurin (Ruhn?) errechnet iiberraschenderweise 1.75 Aqui-
valente) gedeckt ist, durch die Tatsache, daB die von uns dargestellte Ver-
bindung 3-Methyl-[thiazolo-benzimidazol] (siche weiter unten) das C-Methyl
quantitativ abspaltet; es ist in seiner Konstitution analog der vorgeschlagenen
Thiochrom-Formel; dagegen gibt das, wie das Aneurin, quartire Thia-
zoliumsalz verminderte Ausbeuten.

Uns scheint nach diesen Uberlegungen die Formulierung nach Williams
mit einem Athyl-pyrimidin die bevorzugte zu sein.

Das soeben erwihnte Thiazolo-benzimidazol wurde im Verlauf unserer
synthetischen Versuche in der Thiochrom-Reihe aus Pheuylendiamin und
Thio-harnstoff bei nachheriger Kondensation des gebildeten Thio-benzimida-
zolins mit Chlor-aceton, dargestellt. Damit ergibt sich ein Weg zur Total-
synthese des Thiochroms selbst. Wihrend das Benzprodukt nur schwach
blau im ultravioletten Licht fluoresciert, wird diese Eigenschaft bei den ent-
sprechenden Pyrimidin-Derivaten, {iber die zusammenfassend zu berichten
sein wird, immer deutlicher.

Fiir finanzielle Unterstiitzung durch die Rockefeller-Stiftung mdchten
wir auch an dieser Stelle unseren Dank aussprechen.

Beschreibung der Versuche.
N-Benzyl-2.4-dimethyl-thiazoliumbromid.

Aquimolekulare Mengen von Benzylbromid und 2.4-Dimethyl-
thiazol wurden 15 Min. auf dem Wasserbade erwdrmt. Der entstandene :
Krystallbrei wurde mit Ather gewaschen und aus Alkohol-Ather umkrystalli-
siert. Schmp. 1730

3.683 mg Sbst.: 0.156 cem. N (10°, 747 mm).

CH, NSBr. Ber. N 4.9. Gef. N 5.0.

N-Methyl-2.4-dimethyl-thiazoliumchlorid.

Das fiir die _Umsetzung notige N-Methyl-thioacetamid wurde aus
N-Methyl-acetamid durch Erhitzen mit P,S; in Benzol dargestellt (Schmp.
59°, Ausbeute 209, d. Th.). 5 cem Chlor-aceton wurden auf dem Wasser-
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bade auf 80° erwdrmt und 5 g N-Methyl-thioacetamid in kleinen Portionen
binzugefiigt. Es erfolgte jedesmal eine heftige Reaktion, wobei am Ende
die Reaktionsmasse fest wurde. Sie wurde in wenig Methylalkohol geldst
und mit Ather bis zur beginnenden Triibung versetzt. Beim Stehen krystalli-
sierte das Chlorid aus. Farblose, sehr hygroskopische Nadeln, Schmp. 235°
unt. Zers. Ausbeute fast quantitativ. Die Substanz erwies sich als identisch
mit dem aus 2.4-Dimethyl-thiazol-Methyljodid mit Silberchlorid dargestellten
Cl-Salz.
CoH,NSCL  Ber. Cl 21.7. Gef. Cl 21.0.

N-Phenyl-2.4-dimethyl-thiazoliumsalze.

Eine Mischung von 5g Thio-acetanilid und 5.5 cem Chlor-aceton
wurde auf dem Wasserbade unter Ausschlufl von Feuchtigkeit erhifzt. Nach
einigen Minuten trat eine heftige Reaktion ein, und das Gemisch verwandelte
sich in einen zdhen Sirup. Dieser wurde in 25—30 ccm Wasser gel6st, mit
Tierkohle behandelt und filtriert. Auf Zusatz einer 20-proz. Losung von
Uberchlorsaure fiel das N- Phenyl-2.4 dimethyl-thiazoliumperchlorat
in farblosen Nadeln aus. Aus Aceton-Ather umkrystallisiert, zeigte es einen
Schmp. von 180° Ausbeute quantitativ.

CyH,,0,NSCL  Ber. C 456, H 4.1, N 4.8.
Gef. ,, 45.1, ,, 4.5, ,, 4.5.

Das Pikrat bildete gelbe Néddelchen, die bei 115° schmolzen. Das Chlorid wurde
in farblosen Nadeln erhalten, wenn man das Pikrat in 5-proz. methylalkohol. Salzsdure
16ste und mit Ather fillte. Es ist aufBlerordentlich hygroskopisch und schmilzt im ge-
schlossenen Réhrchen bei 184° unt. Zers. Das Jodid hatte die von Clarke und Gurin?)
angegebenen Figenschaften.

S-Acetonyl-thioacetanilid-Hydrochlorid.

Zu 6cem Chlor-aceton wurden 5g Thio-acetanilid bei 15—20°
hinzugefiijgt und das Gemisch sich selbst iiberlassen. Nach etwa 3 Stdn.
begannen sich plétzlich Krystalle anszuscheiden, und nach weiteren 30 Min.
war der Kolben-Inhalt eine feste Masse geworden. Das Produkt wurde zuerst
mit Aceton und dann mit Ather zur Entfernung von unverindertem Chlor-
aceton gewaschen und aus Methylalkohol-Ather umkrystallisiert. Das so
gewonnene S-Acetonyl-thioacetanilid-Hydrochlorid bildete farblose
Nidelchen und schmolz bei 1120, Ausbeute fast quantitativ. ‘

Die freie Base wurde als unbestdndiges O, das sich selbst bei Vakuum-
Destillation zersetzte, erhalten. Das entsprechende Perchlorat schmolz bei
130°. AuBerdem lieB sich ein Semicarbazon aus dem Hydrochlorid dar-
stellen, das bei 230° unt. Zers. schmolz. Beim Erwirmen auf dem Wasser-
bade ging das Chlorid langsam in das N-Phenyl-2.4-dimethyl-thia-
zoliumchlorid iiber.

C,H,;,ONSCL. Ber. C 54.2, H 5.8, N 5.8, S 13.1, CI 14.6.
Gef. ,, 539, ,, 5.8, ,, 5.9,,, 13.0, ,, 14.3.

Hydrolyse des S-Acetonyl-thioacetanilids: Das oben erwihnte
Chlorid zersetzte sich beim Kochen mit Wasser oder verd. Salzsiure unter
Bildung von 6ligen Tropfchen. Das Reaktionsgemisch wurde einer Destillation
mit Wasserdampf unterworfen. Das Destillat hatte einen mercaptan-dhnlichen,
unangenehmen Geruch und gab mit HgCl, eine weile Fillung (Schmp. 859),
die Schwefel enthielt. Beim Erwirmen der urspriinglichen wiBrigen Lésung
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mit Semicarbazid-Chlorhydrat und Natriumacetat fiel ein Semicarbazon
aus, das aus Methylalkohol in farblosen Prismen krystallisierte. Schmp. 2139
unt. Zers. Das Semicarbazon gab positive Reaktionen auf freies SH; so ent-
stand Rotfirbung mit einem Kérnchen Natriumnitrit in Eisessig, und Queck-
silberchlorid verursachte eine weille Fillung.
3.874 mg Sbst.: 8.100 mg BaSO,. — 3.563 mg Sbst.: 0.592 cem N (13°, 744 mm).
CH,,ON,S,. Ber. N 19.2, S 29.2.
Gef. ,, 19.4, ,, 28.7.

Aus dem Riickstand von der Wasserdampf-Destillation wurde durch
Ather-Extraktion eine krystalline Substanz isoliert, die sich als Acetanilid
herausstellte (Misch-Schmp. 114—115%). Der wilirige Rest wurde alkalisch
gemacht und mit Ather extrahiert. Der Ather-Extrakt enthielt Anilin
(durch sein Acetylderivat identifiziert).

N-0-Tolyl-2.4-dimethyl-thiazoliumsalze.

Das fiir die Umsetzung nétige Thioacet-o-toluidid wurde aus Acet-
o-toluidid mittels P,S; gewonnen; Schmp. 68°. Die Kondensation mit Chlor-
aceton folgte in den Grundziigen den beim Thio-acetanilid beschriebenen
Einzelheiten. Das Perchlorat schmilzt bej 1729, das Pikrat bei 150° und
das Jodid bei 217—218° unt. Zers.

C,oH,,0,NSCl (Perchlorat). Ber. C 474, H 4.6, N 4.6.
Gef. ,, 47.7, ,, 497, ,, 4.5.

Das entsprechende Zwischenprodukt S-Acetonyl-thioacet-o-tolui-
did wurde in gleicher Weise wie das niedrige Homologe dargestellt. Das
Hydrochlorid (Schmp. 1259 ist stabiler gegen hydrolytische Einfliisse,
gibt aber nach einiger Zeit Toluidin, Acet-o-toluidid und dieselbe schwe-
felhaltige Komponente, die oben beschrieben ist.

3.271 mg Sbst.: 6.710 mg CO,, 1.910 mg H,0. — 3.938 ing Sbst.: 0.102 cem N
(18.5%, 744 mm).
A CH,, ONSCL. Ber. C 559, H 6.2, N 5.4.

Gef. ,, 5595, ,, 6.5, ,, 5.6.

N-[o-Nitro-phenyl]-2.4-dimethyl-thiazoliumsalze.

Das fiir die Umsetzung nétige o-Nitro-thioacetanilid wurde wie
folgt dargestellt: 1 Mol. o-Nitro-acetanilid wurde mit 3.5 Mol. Phos-
phorpentasulfid in einem Morser innig gemischt und in Portionen von
etwa 1g in einem Reagensglas im Wasserbade erhitzt. Das Erwarmen soll
nicht linger als 3 Min. dauern, bis gerade die Schmelze zusammensintert.
Andernfalls fingt das Gemisch Feuer. Die Reagensgliser werden in einem
Mérser zerkleinert und die Masse aus Glas und Reaktionsprodukt mit Alkohol
ausgezogen. Die Alkohol-Lésung wurde mit festem Atznatron gesittigt,
stehen gelassen und nach einiger Zeit mit Wasser verdiinnt. Hierauf wurde
filtriert und mit gasférmigem CO, gefillt. Das entstandene Produkt wurde
mit 2-proz. Natronlauge erneut zur Losung gebracht, wobei unverindertes
Ausgangsmaterial zuriickblieb. Wiederum mit CO, gefillt, lieB sich das
o-Nitro-thioacetanilid aus Aceton-Wasser umkrystalhmeren Gelbe
Prismen, Schmp. 1149,

CH,0,N,S. Ber. C 49.0, H 4.1, N 14.3.
Gef. ,, 49.0, ,, 4.3, ,, 14.0.




(1936)] 223

Die Thiazoliumsalze dieser Reihe wurden auf dem bereits beschrie-
benen Wege bereitet. Perchlorat, Schmp. 2059, krystallisierbar aus Wasser,
farblose Blittchen. .

3.730 mg Sbst.: 5.49 mg CO,, 1.17 mg H,0. — 3.432 mg Sbst.: 0.250 ccm N (18°,
744 mm). — 4.511 mg Sbst.: 3.050 mg BaSO,. — 3.851 mg Shst.: 1.620 mg AgCl.

CH;0N,SCL. Ber. C 39.3, H 3.6, N 8.3, S 9.5, Cl 10.6.
Gef. ,, 40.1, ,, 3.5, ,, 84,.,, 9.3, ,, 104.

C-Alkyl-Bestimmungen.
Bei der Oxydation mit Chromsidure nach R. Kuhn und H. Roth wurde
gefunden:
a) 7.457 mg, 6.841 mg N-Phenyl-2.4-dimethyl-thiazoliumjodid: 3.09,
2.85 ccm nfy0-NaOH.
CH,NSJ. Gef. Aquiv. Essigsdure 1.31, 1.32,
b) 6.848, 7.190 mg 5-Methyl-uracil: 4.26, 4.34 ccm n/;0-NaOH.
C;H,O0,N,. Gef. Aquiv. Essigsdure 0.78, 0.76.
¢) 5.766, 4.981 mg Pyrimidin-sulfonsdure aus Amneurin: 1.78, 1.51 ccm
/100 NaOH.
CeHyO,N;S. Gef. Aquiv. Essigsdure 0.63, 0.62.
d) 8.273, 7.180 mg 3-Methyl-[thiazolo-benzimidazol]: 4.50, 3.85 ccm
N [100-NaOH. '
CyoHN,S. Gef. Aquiv. Essigsdure 1.02, 1.00.
e} 5.687 mg Thiochrom: 3.45 ccm n/y-NaOH.
C2H,,ON,S. Gef. Aquiv. Essigsdure 1.59.
f) 7.120, 7.328 mg Aneurin-Chlorhydrat: 2.83, 2.96 ccm n/,y,-NaOH.
CoH,,ON,SCl,. Gef. Aquiv. Essigsdure 1.34, 1.36.

3-Methyl-[thiazolo-2'.3":2.1-benzimidazol] (VI).

Ein Gemisch von 2g o-Phenylendiamin und 1.4 g Thio-harnstoff
wurde 1 Stde. auf 180° erhitzt. Unter starker Ammoniak-Entwicklung setzte
sich das anfangs fliissige Gemenge zu einem Krystallbrei um, der etwas rdtlich
gefirbt war. Aus heilem Alkohol umgeldst, ergab sich-Thio-benzimida-
zolin vom Schmp. 295—300°. Ausbeute 1.3 g.

1g von letzterem wurde mit 0.6 g Chlor-aceton 3—5 Min. erwarmt.
Es trat plotzliche Reaktion ein, unter Schmelzen des ganzen Gemisches und
Wiederfestwerden. - Das Produkt wurde in Wasser gelst, mit Ather gewaschen
und - alkalisch gemacht. Der Niederschlag wurde aus verd. Alkohol um-
krystallisiert; kleine, farblose Prismen, Schmp. 164—165°. Ausbeute 1g.
In alkohol. Losung fluoresciert die Substanz im ultravioletten Licht schwach
blau.

3.320 mg Sbst.: 7.780 mg CO,, 1.290 mg H,0. — 4.045 mg Sbst.: 0.516 ccm N
(159, 748 mm). — 4.422 mg Sbst.: 5.570 mg BaSO,. .
CoHN,S. Ber. C 63.8, H 4.3, N 14.9, S 17.0.
Gef. ,, 63.9, ,, 4.35, ,, 14.9, ,, 17.3.
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{Reprinted from NATURE, Vol. 138, page 76, July 11, 1936.)

The Structure of Aneurin and Thiochrome

R. R. WizLiams has just published® a note on the
structure of aneurin (vitamin B,). From a study of
degradation products of the vitamin, he concludes
that his original formula (1)? for aneurin is wrong,
and that it should be represented by (iI:where
R,=CH;; R,=H); this new structure is similar in
essentials to that suggested on theoretical grounds
by K. Makino and T. I. Imai (11 : where R;=H;

R,=CH,)".
N=C.NH, N=C.NH,
¢ b Y
N o—0.HC v —CH—NNo—c.HO
| @ I i ,
N—C.C,H, CH, CH,CH,0H N—C.R, CH, CH,CH,OH
I 11
N=C—N
[ NC—S
e c-nN¢ |
NC=—C

L]

N—C.C,H, CH,CH,CH,0OH
fasy

For thiochrome, which is formed from aneurin by
mild oxidation, we suggested on the basis of formula
(1) the structure (1rz)%, In the course. of subsequent
synthetic work we observed that thiazpurines,
prepared as models for a thiochrome synthesis,
although blue fluorescent in ultra-violet light, never
showed fluorescence in daylight. This led us to suspect
that (1) might not represent aneurin, and our suspicion
was confirmed on completing the synthesis of the com-
pound having structure (1). The synthetic substance,
though exhibiting similar colour reactions to aneurin,
is not identical with it ; on oxidation with potassium
ferricyanide it gives a substance non-fluorescent in
daylight, but blue fluorescent in ultra-violet light.
The difference in fluorescence between thiochrome
and synthetic thiazpurines suggests that the former
contains a different ring system. Accordingly, the
possibility that the formula of Makino and Imai
might represent the vitamin has been explored by
synthetic methods. These experiments are not yet
complete, but a compound similar in structure to
(11) has been prepared, which on oxidation with
potassium ferricyanide yields a substance exhibiting
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342. Aneurin. Part II11.*¥ Methyl a-Chloro-y-hydroxypropyl Ketone
and its Application to Thiazole Synthesis.

By A. R. Topp, F. BERGEL, and (Miss) A. JAcoB.

By cleavage of aneurin (vitamin B;) with an acid solution of sodium sulphite Williams,
Waterman, Keresztesy, and Buchman (]J. Amer. Chem. Soc., 1935, 57, 536) obtained an
acidic substance CgHyO3N,S, considered to be a pyrimidinesulphonic acid, and a base
C¢H,ONS, which Clarke and Gurin (ibid., p. 1876) showed to be identical with 4-methyl-
5-g-hydroxyethylthiazole. Largely on the basis of this work Williams (ibid., p. 229)
formulated the vitamin hydrochloride as 3-(6’-amino-4'-ethylpyrimidyl-5')-4-methyl-5-g-
hydroxyethylthiazolium chloride hydrochloride (III; R = H).

N
CH,-CH,"OR CH—S
H, 2 Y
N _NH-CSH CHCI-COMe NG, HU
t Cl (;,::
Me CH,CH,OR .
(™) ' (IL.) (I11.)

It seemed possible that quaternary salts of type (III) might be synthesised by extend-
ing the methods employed for 3-arylthiazolium salts (Clarke and Gurin, loc. cit.; Todd,
Bergel, and Karimullah, Ber., 1936, 69, 217) to the condensation of 6-amino-5-thioform-
amido-4-ethylpyrimidine (I) with a suitable a-halogenated ketone (II). In their synthesis
of 4-methyl-5-p-hydroxyethylthiazole Clarke and Gurin (loc. c¢#t) condensed methyl
a-chloro-y-ethoxypropyl ketone (II; R = Et) with thioformamide and subsequently
de-alkylated the 4-methyl-5-g-ethoxyethylthiazole initially formed, by heating in a sealed

tube with concentrated hydrochloric acid. Such treatment is known to deaminate aneurin .
(Buchman and Williams, J. Awmer. Chem. Soc., 1935, 57, 1751 ; Barger, Bergel, and Todd, ‘“ﬂ‘
Ber., 1935, 68, 2257), so the above-mentioned ethoxy-ketone was regarded as useless for

our purpose.
We therefore synthesised methyl a-chloro-y-hydroxypropyl ketone (II; R = H) according
to the scheme : :

CH,CO-0-CH,-CH,Br -+ CH,:CO-CHNa-CO,Et —>
CH,CO-0-CH, CHyCH(CO,E)-CO-CH, (IV)
S%%, CH,CO-0-CH,-CH,CCI(CO,Et)-CO-CH, 2% HO-CH,-CH,CHCI-CO-CH,
V)

The condensation of B-bromoethyl acetate with ethyl sodioacetoacetate at 160° (Haller
and March, Compt. rend., 1908, 189, 100; Bull. Soc. chim., 1905, 33, 618) is unsatisfactory ;
better results are obtained by using benzene as a diluent and refluxing the mixture on
the water-bath. Chlorination of (IV) with sulphuryl chloride proceeds smoothly, and the
desired chloro-ketone is obtained on careful hydrolysis of the product (V).

Methyl «-chloro-y-hydroxypropyl ketone condensed readily with thioformamide,
yielding 4-methyl-5-B-hydroxyethylthiazole, whose picrate gave no depression in m. p.
when mixed with the specimen (m. p. 162°) prepared from the vitamin.

Efforts were also made to prepare methyl «-halogeno-y-phenoxypropyl ketones in the
hope that the phenoxythiazoles resulting from their condensation with thioamides would
yield the corresponding hydroxy-compounds under relatively mild conditions. At first,
direct halogenation of methyl y-phenoxypropyl ketone (Boyd, Barrett, and Robinson, J.,
1932, 318) was tried under a variety of conditions, but no homogeneous products could
be isolated. The synthesis of methyl a-chloro-y-phenoxypropyl ketone (I1; R = Ph) was,
however, effected by a method analogous to that employed for the corresponding hydroxy-
compound (II; R = H); as is evident from the chlorine content, the substance could

* Part I1; Ber., 1936, 69, 217.
"~ 1585
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not be purified completely, but condensation with thioacetamide gave in good yield,
2 : 4-dimethyl-5-g-phenoxyethylthiazole, isolated as its picrate. Further experiments
with phenoxythiazoles were discontinued, as replacement of the phenoxy-group by
hydroxyl could not be satisfactorily accomplished.

EXPERIMENTAL.

Ethyl «-2-Acetoxyethylacetoacetate (IV).—To a suspension of dry ethyl sodioacetoacetate
(152 g.) in dry benzene (700 c.c.), B-bromoethyl acetate (167 g.) was added at 15—20°. The
mixture was heated on the water-bath until the solution reacted faintly alkaline (6—10 hours),
then cooled, poured into ice-water, and extracted with ether. After removal of the ether the
residual oil was distilled under reduced pressure, the fraction, b. p. 138—142°/12 mm., being
collected (yield, 25%). Haller and March (Joc. ¢it.) give b. p. 147—150°/13 mm.

Ethyl a-Chloro-a-2-acetoxyethylacetoacetaté (V).—Sulphuryl chloride (82 g.) was added during
1 hour with stirring to the ester (IV) (123 g.) at 0°. The solution was kept at 0° for a further
hour, then diluted with ether (250 c.c.) and refluxed for a short time to remove sulphur dioxide
and hydrogen chloride. The ether was removed, and the residual oil repeatedly fractionated
in a vacuum. The main fraction, b. p. 120—121°/2 mm., was collected (yield, 86%) (Found :
C, 47-9; H, 6-0; Cl, 13-8. C,,H,;0,Cl requires C, 47-9; H, 6-0; Cl, 14-1%).

Methyl o-Chlovo-y-acetoxypropyl Ketone (II; R = CO-CH;).—The above ester (V) was
heated under reflux for 6 hours with a mixture of dilute sulphuric acid (20 c.c. of 15%) and
glacial acetic acid (20 c.c.). The solution was cooled, poured into water, and extracted with
ether. After removal of the ether and acetic acid a colourless liquid was obtained which after
several fractionations boiled at 90—93/2 mm. (yield, 409,) (Found: C, 47-1; H, 6-2; Cl, 19-8.
C,H,,0,Cl requires C, 47-0; H, 6-2; Cl, 19-9%). .

Methyl «-Chlovo-y-hydroxypropyl Ketone (I1; R = H).—The chloro-ester (V) was heated
under reflux during 4 hours with dilute sulphuric acid (35 c.c. of 35%) and alcohol (70 c.c.),
then poured into water, and the mixture extracted with ether. On removal of ether from the
dried extract an oil was left which after repeated fractionation gave a colourless liquid, b. p.
85—92°/16 mm. (yield, 209%) (Found : Cl, 25-4. CzH,O,Cl requires Cl, 26-0%).

4-Methyl-5-3-hydroxyethylthiazole.—An ethereal solution of thioformamide was prepared by
shaking together finely powdered phosphorus pentasulphide (12 g.), formamide (20 g.), and
absolute ether (200 c.c.) for ca. 20 hours (Gabriel, Ber., 1916, 49, 1145); the clear ethereal
layer was decanted and used as a stock solution of thioformamide. .

When a mixture of the chloro-ketone (II; R = H) (250 mg.) and the thioformamide
-solution (10 c.c.) was kept, colourless crystals of the thiazole hydrochloride slowly separated.
After 5 hours the ether was distilled off, and the residue heated for 1 hour at 100°, cooled, and
dissolved in dilute hydrochloric acid. After extraction with ether to remove any unchanged
ketone, the solution was made strongly alkaline and again extracted with ether. The extract
on evaporation yielded 4-methyl-5-B-hydroxyethylthiazole as an almost colourless oil, b. p.
250—255° (capillary method of Emich). The base was not purified further; treatment with
ethereal picric acid gave a picrafe crystallising from alcohol in yellow needles, m. p. 162—163°
(Found : S, 8-2. C,,H;,04N,S requires S, 8-6%).

Ethyl a-2-Phenoxyethylacetoacetate.—This ester was prepared from B-phenoxyethyl bromide
and ethyl sodioacetoacetate in alcoholic solution (cf. Boyd, Barrett, and Robinson, loc. cit.).
It had b. p. 148°/4 mm. (Found : C, 68-1; H, 7-3. C,H,,0, requires C, 67-2; H, 7-2%). ‘

Ethyl «-Chloro-a-2-phenoxyethylacetoacetate.—The above ester (10 g.) was chlorinated with
sulphuryl chloride (6 g.) in the manner described under the corresponding acetoxy-compound
(V). The product was a colourless liquid, b. p. 185—140°/3 mm. (yield, 70%) (Found: C,
59-3; H, 6-1; Cl, 11-9. C.H,,0,Cl requires C, 59-1; H, 6-0; Cl, 12-49,).

Methyl a-Chloro~y-phenoxypropyl Ketone (II; R = Ph).—The above chloro-ester (7 g.J was
hydrolysed by refluxing for 4 hours with a mixture of dilute sulphuric acid (14 c.c. of 15%)
and glacial acetic acid (14 c.c.). After repeated distillation the main fraction of the product
boiled at 168—172°/12 mm. (Found: C, 62:0; H, 6-0; Cl, 12-2. C,,H,,0,Cl requires C,
62-1; H, 61; Cl, 16:7%). The low chlorine content may be due to partial decomposition
during distillation ; that the substance is mainly the desired ketone is shown by its condensation
with thioacetamide.

) 2 : 4-Dimethyl-5-3-phenoxyethylihiazole.—The above chloro-ketone (200 mg.) reacted rapidly
with thioacetamide (60 mg.) when the mixture was warmed for a few minutes over a free

flame. The free base was finally obtained as a colourless thick oil. It gave a picrate crystal- -

ket
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lising from alcohol in yellow needles, m. p. 122° (Found: N, 12-1; S, 6-8. C;,H,;;0,N,S
requires N, 12-1; S, 6-9%).

The authors express their thanks to the Rockefeller Foundation for a grant, and to the Beit
Memorial Trustees for a Fellowship awarded to one of them (A. R. T.).
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343. Amewrin. - Part IV. 5-Thioformamidopyrimidines.
By A. R. Topp, F. BERGEL, and KARIMULLAH.

For the synthesis of 3-pyrimidylthiazolium salts according to the scheme indicated in
the preceding paper it is necessary to synthesise 5-thioformamidopyrimidine derivatives
including those of type (I). Itisknown thatan amino-group in position 5 of the pyrimidine
nucleus is unique in that it is readily acylated; amino-groups in other positions are not.
Thus, formylation of a 5 : 6-diaminopyrimidine leads to the formation of the corresponding
6-amino-5-formamidopyrimidine and not to a diformyl derivative (Gabriel and Colman,
Ber., 1901, 84, 1246 ; Johns, Amer. Chem. J., 1908, 41, 58). Thioacylamidopyrimidines are
not described in the literature, and we were unable to prepare them by the action of
phosphorus pentasulphide on the corresponding acyl derivatives. A similar lack of success
was encountered on attempting to replace the 5-amino-group by an ssonitrile group with a
view to subsequent addition of hydrogen sulphide according to Hofmann (Ber., 1878, 11,
339).
N N

R, \NH "o/ \OH
@ N H-CSH N Hcsr M)

2 Me

‘Thioacetic acid reacts readily with primary amines to give the corresponding acetyl
derivatives (Pawlewski, Ber., 1898, 31, 661; 1902, 385, 110); accordingly we next tried
direct thioacylation by heating amines with dithio-acids (R*CS'‘SH). With dithioacetic
acid, this was completely successful and 5-thioacetamido-4-methyluracil (I1; R = Me) was
readily obtained from 5-amino-4-methyluracil. Dithioformic acid acts in a similar way,*
but theyield is not good and the product is difficult to purify. It was, however, found that
the thioformylation can be readily effected by mixing aqueous solutions of 5-amino-
pyrimidines and potassium dithioformate; at room temperature in an atmosphere of
carbon dioxide the thioformyl derivatives normally separate in almost pure condition,
the yield being nearly quantitative. Amino-groups in positions 2, 4 and 6 of the pyrimidine
nucleus did not react under these conditions.

In this way 6-amino-5-thioformamido-4-methylpyrimidine (1; Ry, = H, R, = Me), 6-
‘amino-b-thioformamido-4-ethylpyrimidine (I; R, = H, R,=Et), and 2:6-diamino-
b-thioformamido-4-methylpyrimidine (I, R, = NH,, Ry = Me) were prepared from the
corresponding 5-amino-compounds; they are crystalhne substances which evolve hydrogen
sulphide above the melting point and yield the corresponding purines. On heating with
chloroacetone, they yield the corresponding 3-pyrimidylthiazolium salts.

In the course of this work a considerable number of aminopyrimidines were prepared ;
most of these are known compounds, but 2-amino-6-hydroxy-4-ethylpyrimidine and 2 : 6-

- diamino-d-ethylpyrimidine have not hitherto been described. ~ Neither could be thioformyl-

ated w1th potassmm d1th1oformate

EXPERIMENTAL.

5-T}noaoetamzdo-é—methylumml (II ‘R = Me) ~5-Am1no-4¥methylurac11 (1 g) (Behrend,
Ammlen, 1885, 281, 250), dissolved in dioxan (60 c.c.), was heated on the water-bath w1th di-

* Expenments by Miss A Jacob.
557
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thioacetic acid (0-9 g.) (Pohl, Ber., 1907, 40, 1304) during 4 hours. The mixture was cooled
and diluted with light petroleum. The yellowish precipitate crystallised from hot water in
colourless needles, m. p. 265—267° (Found : C, 42:4; H, 4-8; N, 21-1. C,;H,O,N,S requires
C, 42-2; H, 4-6; N, 21-:2%,). Yield, quantitative.

5-Thioformamido-4-methyluracil (I1; R = H).—5-Amino-4-methyluracil (1 g.) in dioxan
(50 c.c.) was heated under reflux with dithioformic acid (0-7 g.) (Levi, A#i R. Accad. Lincet,
1923, 382, I, 569). The crude thioformyl derivative precipitated with light petroleum was
difficult to purify. After recrystallisation from water it had m. p. 260—262° (Found : N, 21-0.
C¢H,0,N,S requires N, 22:7%. CgH,0,N;S,H,0 requires N, 20-7%).

3-(2' : 6’-Dikydroxy-4"-methylpyvimidyl-5')-4-meihylihiazolium Chloride.—The above thio-
formyl compound (1 mol.), mixed with chloroacetone (4—5 mols.), was heated carefully over a
free flame. Vigorous reaction occurred, and after 10—15 minutes the mixture was cooled, and
the product precipitated as a gum by addition of ether. It crystallised from alcohol-acetone
in colourless needles, m. p. 306° (decomp.) (Found: C, 40-9; H, 4-6; N, 15-6; Cl, 13-6.
C,H,,0,N,CIS requires C, 41-4; H, 4-3; N, 16-1; Cl, 13-6%),).

6-Amino-5-thioformamido-4-methylpyvimidine (I; R, = H, R, = Me).—To 5 : 6-diamino-4-
methylpyrimidine (1-5 g.) (Gabriel and Colman, Ber., 1901, 84, 1254), dissolved in water (10 c.c.),
potassium dithioformate (2 g.) was added; traces of crystalline material, m. p. above 300°,
soon separated. The solution was filtered and kept over sulphuric acid in a desiccator filled
with carbon dioxide. After 12 hours the crystalline precipitate was collected (the filtrate
may be treated with a further quantity of potassium dithioformate and the process repeated
until the yield is nearly quantitative). The thioformyl! compound crystallised from water in
colourless needles (Found : C, 43-0; H, 5-2; S, 18-6. CgHgN,S requires C, 42-9; H, 4-8;
S, 19-0%). It melted sharply at 168° with evolution of hydrogen sulphide; the melt resolidified
and on further heating melted at 230°. Gabriel (Ber,, 1901, 34, 1247) gives m. p. 235° for
4-methylpurine. Conversion into 4-methylpurine occurs slowly above 100°. The substance
is very soluble in alcohol, less so in methyl alcohol, acetone and water, and insoluble in ether.

2-Amino-6-hydroxy-d-ethylpyrimidine.—A mixture of ethyl propionylacetate (13-3 g.)
(Willstatter and Clarke, Ber., 1914, 47, 298), guanidine carbonate (8 g.), and absolute alcohol
(25 c.c.) was heated under reflux for 4 hours, cooled, and the product filtered off and recrystallised

from hot water; it formed colourless prisms (7 g.), m. p. 247—248° (Found : C, 51-6; H, 6-2; 3

N, 29-6. CH,ON; requires C, 51:8; H, 6-2; N, 30-2%). When it (1 g.) was heated with
concentrated hydrochloric acid (6 c.c.) for 20 hours at 160°, 4-ethyluracil, m. p. 205°, was obtained
(yield, 609%).

6-Chloro-2-amino-4-ethylpyrimidine.—A mixture of the above compound (3-5 g.) and
phosphoryl chloride (10 c.c.) was heated under reflux for 2 hours. The resulting brownish
solution was poured on ice and made alkaline with ammonia, and the precipitated chloro-

compound collected. It crystallised from alcohol in colourless needles, m. p. 120—121° (yield, -

60%) (Found : C, 45-2; H, 4-9; N, 26:1. CgHgN,Clrequires C, 45:7; H, 5-1; N, 26-7%,).

2 : 8-Diamino-4-ethylpyrimidine.—The above chloro-compound (0-6 g.) was heated with
saturated alcoholic ammonia (20 c.c.) in a sealed tube at 180° during 6 hours. The alcohol was
removed, the residue dissolved in a little water, and solid potassium hydroxide added. The
precipitated diamine was collected and recrystallised from ethyl acetate containing a little
light petroleum; it formed colourless needles, m. p. 160—161° (yield, 809,) (Found : N, 40-0.
CeH, (N, requires N, 40-6%,).

6-Amino-5-thioformamido-d-ethylpyrimidine (1; R; = H, R, = Et).—5: 6-Diamino-4-ethyl-
pyrimidine was prepared from 4-ethyluracil by a slight modification of Robinson and Tomlinson’s
metho.dl (J., 1985, 1283). The following process for isolating the diamine is simpler and gives
much 1mproved yields : The reaction mixture obtained on reduction of 2-chloro-5 : 6-diamino-4-
ethylp}trlmidine is filtered, concentrated to remove alcohol, and diluted somewhat with water,
and solid potassium hydroxide added. The precipitated diamine crystallises from ethyl acetate
in I%rge yellowish prisms, m. p. 164—165°; Robinson and Tomlinson (loc. ¢it.) give m. p. 169—
161°. A further quantity may be obtained by extracting the alkaline mother-liquor with ethyl
acetate (total yield, 60%, or more).

The diamine (100 mg.), thioformylated in aqueous solution with potassium dithioformate in
the manner described above, gave a product crystallising from water in colourless needles, m. p.

178° with evolution of hydrogen sulphide (yield, theoretical) (Found: C, 45:5; H, 6:0; S, 17-1. ..

C,H,,N,S requires C, 46-1; H, 55; S, 17-6%,).

.2 :.6-Dz'amino-5-thigformamido-4-methylpy¢'z'mid1}ne (I; R;=NH, R;=Me)—2:5:6-
Tr1am1no-4-methylpyr1midine (Gabriel and Colman, loc. cit.) on treatment with potassium
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dithioformate as above gave colourless needles (from water), m. p. 255° with evolution of
hydrogen sulphide (Found : S, 17-2. CgH NS requires S, 17-5%)).

3-(2’ : 6’-Diamino-4"-methylpyrimidyl-5')-d-methylihiazolium Chlovide Hydyochlovide.—To a
solution of the above thioformyl compound (1 mol.) in acetone, chloroacetone (2 mols.) was
added. The mixture was left for 3 days at room temperature, then diluted with an equal volume
of alcohol, and refluxed for 4 hours. The colourless needles that separated were collected
after cooling and recrystallised from alcohol-acetone containing hydrogen chloride; needles,
m. p. 815° (decomp.), were obtained containing water of crystallisation, which was only expelled
with difficulty (Found : C, 31-2; H, 54; N, 19-9; §, 9-0; Cl, 20-4. C,H,3N;Cl,S,3H,0 requires
C, 31-0; H, 55; N, 20-1; S, 9:2; Cl, 20:4%,). The corresponding picrate has m. p. 255°.
On shaking with alkaline potassium ferricyanide, a substance is produced which, though non-
fluorescent in visible light, is blue-fluorescent in ultra-violet light; the fluorescence disappears
when the liquid is made acid, but reappears when it is made alkaline again.

Our thanks are due to the Rockefeller Foundation for a grant, and to the Beit Memorial
Trustees for a Fellowship awarded to one of us (A. R. T.). .
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344, Aneurin.. Part V. The Synthesis of 3-Pyrimidylthiazolium
v Salts, including an Isomer of Aneurin.*
By A. R. Toop and F. BERGEL.

ArLTHOUGH 3-pyrimidylthiazolium salts can be synthesised by heating 5-thioformamido-

pyrimidines with chloroacetone (preceding paper), this simple method cannot be applied
when chloroacetone is replaced by methyl a-chloro-y-hydroxypropyl ketone, owing to the
low reactivity of the latter substance. The difficulty can, however, be surmounted by
usirig, in place of the free thioformamido-compound, its sodium salt. This condenses
readily in absolute-alcoholic solution with «-halogenated ketones and the product, treated
with hydrogen chloride, yields the desired 3-pyrimidylthiazolium salt. In this way, the
sodium salt of 6-amino-5-thioformamido-4-ethylpyrimidine (I}, condensed with methyl
a-chloro~y-hydroxypropyl ketone (II), yielded 3-(6'-amino-4'-ethylpyrimidyl-5')-4-methyl-
= Et).

5-8-hydroxyethylthiazolium chlovide hydrochloride (I11; Ry = H, Ry =

N ‘ N
N NgchH EHE.CH{OH I%\I NHzN CH—S oy
HCI-COMe _Kg:—_q |
Et Ry O Me CH,CH,0H
(I (1r) (IIL)

According to the original suggestion of Williams (J. Amer. Chem. Soc., 1935, 57, 229),
(III; R = H, R, = Et) should have been identical with the hydrochloride of aneurin
(vitamin B;). This was not the case; in appearance and general solubilities the synthetic
substance resembled the natural vitamin hydrochloride, but it melted much lower (220°
as compared with 250°) and when tested on rats by the electrocardiographic method of
Birch and Harris (Biockem. J., 1934, 28, 602) it showed no measurable physiological activity.
Several other synthetic 3-pyrimidylthiazolium salts described in the experimental part of
the paper were tested biologically with similar negative results, and none of them underwent
fission with sodium sulphite in acid solution. The formaldehyde—azo-test of Kinnersley
and Peters (Biockem. J., 1934, 28, 667) is given by (III; R = H, R, = Et) as well as by
the,actual vitamin. Our observations, however, suggest that a positive result in this test
de;#ends in some way on the presence of a p-hydroxyethyl group in position 5 and a hydrogen
atom in position 2 of the thiazole nucleus. - Thus 3-pyrimidylthiazolium salts without
the B-hydroxyethyl group, the oxychlorovitamin of Buchman and Williams ( J. Amer.

* A préliminary note on the results of this mvestxgatlon has already been pubhshed by us (Nature,

‘1936, 138, 76).
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Chem. Soc., 1935, 68, 1751), and thiochrome (Barger, Bergel, and Todd, Ber., 1935, 68,
2257) all give negative results.

Any possibility that the vitamin might be represented by a closely related structure
(II1; R, =R, = Me) may be excluded on the following grounds. When synthetic
3-pyrimidylthiazolium salts containing an amino-group in position 6’ are oxidised with
alkaline potassium ferricyanide under the conditions used for preparing thiochrome from
aneurin, they yield solutions which, though blue-fluorescent in ultra-violet light, show no
fluorescence whatever in visible light, in which thiochrome solutions fluoresce strongly.
Evidence pointing in the same direction has been obtained in experiments carried out with
a view to synthesising thiochrome, for which, on the basis of structure (III; R =H,
R, = Et), we proposed the formula (IV) (Barger, Bergel, and Todd, loc. cit.).

N N S N N S
vy 3 “\qa/r\ﬁc-mz-crx.‘,-on HO \9/\C'H v
( V) N 1 5 7N§,_£ICIM N N_ ,CM ( )
' ];t - ) a1 ¢

By analogy with 3-methylthiazolobenzimidazole (Todd, Bergel, and Karimullah, Ber.,
1936, 69, 217) thiazolopurines of type (IV) should be capable of synthesis from 8-thiopurines
and «-halogenated ketones. By this means Mr. B. A. Hems, B.Sc., prepared from 2 : 6-
dihydroxy-8-thiopurine (Fischer, Ber., 1898, 31, 431) and chloroacetone the substance (V).
This compound had a feeble though distinct fluorescence in ultra-violet light but none in
visible light. In continuation we have condensed 8-thio-6-methylpurine (Gabriel, Ber.,
1901, 84, 1254) and 8-thio-6-ethylpurine (prepared in a similar fashion from 4 : 5-diamino-6-
ethylpyrimidine) with chloroacetone and with methyl a-chloro-y-hydroxypropyl ketone
(II); the products were not purified, but in neutral or alkaline solution they showed feeble
blue fluorescence only when viewed in ultra-violet light. The non-fluorescence of thiazolo-
purines in visible light has recently been noted in addition by Ochiai (Ber., 1936, 69, 1650).
The conclusion that thiochrome is not a thiazolopurine derivative is inevitable. On the’
available evidence it is clear that aneurin is not a 3-pyrimidylthiazolium salt. The only
alternative structure which will accord with the properties of the vitamin is proposed by
Makino and Imai (Z. physiol. Chem., 1936, 239, 1), namely (VI; R = H, R, = Me) or the
closely related (VI; R; = Me, R, = H) differing only in the position of a methyl group.

N N

N N S |
Ry \NH, CH— Mo \NH, M N\ CH,CH,-OH
N CH,—N< ___(?,HCI M JcH;SOH N N—CMe

2 ¢ Me CH,CH,OH H,
(VL) (VIL) (VIIL)

Simultaneously with the completion of this work, Williams (J. Amer. Chem. Soc., 1936,
58, 1063) announced that the pyrimidinesulphonic acid from the sulphite cleavage of aneurin
has the structure (VII), and that aneurin itself is consequently (VI; R; = Me, R, = H).
A synthesis of (VII) has also been recorded by Grewe (Z. physiol. Chem., 1936, 242, 89),
who, however, does not describe the preparation of 6-amino-2-methyl-5-bromoethyl-
pyrimidine, its immediate precursor; he also states that (VI; R = Me, R, = H) syn-
thesised by the I.G. Farbenindustrie A.G. in their Elberfeld laboratories is identical with
the vitamin.

On the basis of the vitamin formula (VI; R = Me, R, = H) thiochrome should have
the structure (VIII); this is at present being investigated by synthetic methods.

EXPERIMENTAL.
- 3-(6"-Amino-4'-ethylpyrimidyl-5%)-4-methyl-5-B-hydvoxyethylthiazolium Chlovide Hydrochloyide
(III; R, =H, R, = Et).—To a mixture of 6-amino-5-thioformamido-4-ethylpyrimidine
(108-5 mg.; 1 mol.) (preceding paper) and absolute alcohol (10 c.c.) was added a solution of
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sodium ethoxide in alcohol (1 c.c. containing 13-7 mg.; 1atom Na). To the clear solution formed,
methyl a-chloro-y-hydroxypropyl ketone (0-1 c.c.; i.e., excess) was added and the mixture left
overnight at room temperature. After filtration from sodium chloride, alcoholic hydrogen
chloride (0-3 c.c. containing 27-7 mg.; 1 mol. HCl) was added, and the solution heated under
reflux for 4 hours. A further quantity of alcoholic hydrogen chloride (0-3 c.c.; 1 mol. HCI)
was then added, heating continued for 1 hour, the solution cooled, and excess of acetone added
to precipitate the quaternary salt, which crystallised in the ice-chest after a few hours. The
hygroscopic product crystallised from alcohol-acetone in bundles of small colourless needles
containing water of crystallisation. This was expelled at 100—110° and the salt then had m. p.
220° (decomp.) (Found: C, 41-1; H, 6-1; S, 85; Cl, 20-5. C,;H,ONCL,S,H,O requires
C, 40-6; H, 56; S, 9:0; Cl, 20-09,).

Oxidation with alkaline potassium ferricyanide gave solutions which, though non-fluorescent
in visible light, had blue fluorescence in ultra-violet light. The formaldehyde-azo-test was
positive and indistinguishable from that given by natural aneurin. Tested by the electro-
cardiagraphic method, 1-2 mg. contained less than 1 I.U. The inactivity of the substance was
confirmed by Professor R. A. Peters, who kindly examined it, and to whom we wish to express
our thanks.

3-(6"-Amino-4"-ethylpyrimidyl-5')-4-methylthiazolium  Chlovide Hydyochloride.—6-Amino-5-
thioformamido-4-ethylpyrimidine (108-5 g.) was converted into its sodium salt and condensed
with chloroacetone (0-1 c.c.) in a manner similar to that described above, the total period of
heating being in this case only 3 hours. The product crystallised from alcohol-acetone in hygro-
scopic colourless needles, m. p. 2562—253° (decomp.) (Found : C, 40-6; H, 5-1; S, 10-5; Cl, 23-6.
C,oH;N,CLS requires C, 40-9; H, 4-8; S, 10-9; Cl, 24-2%).

The substance reacted negative in the formaldehyde—azo-test and, tested by the electro-
cardiagraphic method, 2-8 mg. contained less than 1 I.U. Oxidation with alkaline potassium
ferricyanide gave a solution which had weak blue fluorescence in ultra-violet light.

3-(6'-A mino-4’-methylpyrimidyl-5')-4-methyl-5-3-hydroxyethylihiazolium Chlovide Hydvochlovide
(III; R, = H, R, = Me).-—6-Amino-5-thioformamido-4-methylpyrimidine (100 mg.) was
converted into its sodium salt and condensed with methyl «-chloro-y-hydroxypropyl ketone
(0-1 c.c.) in the manner above described, the total period of heating being .5 hours. The product
crystallised from alcohol-ethyl acetate in colourless needles, which lost water of crystallisation
at 100—110° and melted and decomposed at 250° (Found : C, 38-8; H, 5-4; S, 85; Cl, 21-0.
C;,H,ON,CLS,H,O requires C, 38-7; H, 54; S, 9-4; Cl, 20-8%).

The substance gives a positive formaldehyde—azo-test and oxidation with alkaline potassium
ferricyanide gives a solution which is blue fluorescent in ultra-violet light. Tested by the
electrocardiagraphic method, 2-8 mg. contained less than 1 I.U.

. 3-(6"-Amino-4"-methylpyrimidyl-5')-4-methylthiazolium Chlovide Hydvochlovide.—6-Amino-
5-thioformamido-4-methylpyrimidine (100 mg.), condensed in the form of the sodium salt with
chloroacetone (0-1 c.c.), the period of heating being 3 hours, gave a product crystallising from
alcohol-acetone in needles, m. p. 254—255° (decomp.). Owing to its extremely hygroscopic
character it was difficult to analyse (Found: C, 33-9; H, 5-7. CyH,,N,Cl,S,2H,0 requires
C, 342; H, 51%). The substance did not give the formaldehyde-azo-test and, tested
biologically by the electrocardiagraphic method, 5 mg. contained less than 1 I.U. Oxidation
with alkaline potassium ferricyanide gave a solution blue-fluorescent in ultra-violet light.

2 : 6-Dikydroxy-8-thiopurine.—This substance was prepared by Fischer (loc. cit.) by heating
bromoxanthine with potassium hydrogen sulphide. We obtained it in the following way :
4 : 5-diamino-2 : 6-dihydroxypyrimidine (1 mol.) (Traube, Ber., 1900, 33, 1382) was heated with
thiourea (4 mols.) at 240—250° for 1 hour. The melt was cooled and extracted repeatedly with
boiling water; the extract on cooling deposited a nearly colourless powder having the properties
recorded by Fischer (loc. cit.) (Found in material dried at 150° in a high vacuum : N, 30-8.
Calc. for C;H,O,N,S : N, 30-49%,).

2 : 6-Dihydroxy-4’-methylthiazolo-(2' : 3" : 8 : 7)ﬁm'z"ne (V).—2 : 6-Dihydroxy-8-thiopurine (120
mg.) was boiled with chloroacetone (200 mg.) for 20 minutes, the mixture then being cooled and
diluted with ether. The solid residue was recrystallised from a solution in hot dilute aqueous
ammonia made weakly acid with acetic acid; on cooling, the product separated as a white
micro-crystalline powder which did not melt below 250° (Found : C, 42-7; H, 2-8; N, 25:0;
S, 14-7.  CgH(O,N,S requires C, 43-2; H, 2-7; N, 25-2; S, 14-4%). The substance is soluble
in aqueous ammonia, caustic alkalis, and hydrochloric acid and insoluble in dilute acetic acid
or cold water. A solution in concentrated aqueous ammonia gives no immediate precipitate
with silver nitrate (distinction from 2 : 6-dihydroxy-8-thiopurine). Its ammoniacal solution
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fluoresces light blue in ultra-violet light, the fluorescence disappearing when the solution is
made acid.

8-Thio-6-ethylpurine.—4 : 5-Diamino-6-ethylpyrimidine (100 mg.) was heated with thiourea
(150 mg.) at 170—180° for 1 hour; evolution of ammonia had then ceased. The melt was cooled,
and triturated with water, and the insoluble residue dissolved in hot dilute aqueous ammonia.
After treatment with charcoal and removal of the ammonia by boiling, the solution was cooled ;
it deposited yellowish needles, m. p. above 300° (Found : C, 46-9; H, 4-4. C,HgN,S requires.
C, 46-7; H, 4-49%).

Experiments on the Condensation of 4-Methyl- and 4-Ethyl-8-thiopurines with «-Halogenated
Ketones.—The general method used was to heat the sodium derivative of the thiopurine with
the appropriate halogenated ketone in alcoholic solution for 12 hours. The ketones used were
chloroacetone and methyl a-chloro-y-hydroxypropyl ketone; in every case solutions were
obtained which when neutral or alkaline showed blue fluorescence in ultra-violet light, but no
fluorescence in visible light could be detected. As the products were difficult to isolate in a pure
state, the experiments were not pursued further, it being clear that no substances similar to
thiochrome were obtainable in this way.

The authors thank the Rockefeller Foundation for a grant, and the Beit Memorial
Trustees for a Fellowship awarded to one of them (A. R. T.).

MEDICAL CHEMISTRY DEPARTMENT, UNIVERSITY OF EDINBURGH. [Received, August 15th, 1936.]

! : . . - s

PriNTED 1IN GREAT BriTAIN BY RicHArRD Cray & Sons, LiMiTED,
‘ BuNGAY, SUFFOLK.




ANEURIN. PART VI. A SYNTHESIS OF
THIOCHROME AND RELATED COMPOUNDS

BY
A. R. TODD,
F. BERGEL,

H. L. FRAENKEL-CONRAT,
. AND
(Miss) A. JACOB

. .
Reprinted from the Journal of the Chemical Society,
: November, 1936. '



Reprinted firom the Journal of the Chemical Society, 1936.

353. Aneurin. Part VI. A Synthesis of Thiochrome and
Related Compounds.*

By A. R. Topp, F. BErRGEL, H. L. FRAENKEL-CONRAT, and (Miss) A. JAcCOB.

KunN, WAGNER-JAUREGG, VAN KLAVEREN, and VETTER (Z. physiol. Chem., 1935, 234,
196) isolated from yeast a yellow basic substance, C,,H,,0ON,S, whose neutral or alkaline
solutions were characterised by intense blue fluorescence; to it they gave the name
thiochrome. The same substance was obtained by Barger, Bergel, and Todd (Natwure,
1935, 136, 259; Ber., 1935, 68, 2257) by oxidation of an alkaline solution of aneurin (I)
with potassium ferricyanide. Thiochrome is also formed from aneurin by a number of
other oxidising agents (Barger, Bergel, and Todd, loc. cit.; Kuhn and Vetter, Ber., 1935,
68, 2384). Taking into account its mode of formation from the vitamin (I) and its pro-
perties, the most probable structure for thiochrome appeared to be (II) (cf. Part V; this
vol., p. 1560). Evidence for the accuracy of this view seemed most readily obtainable
by synthetic methods.

N s
@ Me \WH, HG” \G-CH,CH,OH (Xm\q/ NGCHyCHyOH (qp

N /N——CMe N—3CMe
-~ |
CH, oH o
N HN HN
2 \CH— \\C——
N Xua N< | HN
2 ' (l‘,:: Q—__.
(I1L.) ‘Me CH,CH,-OH Me CHyCH,OH

L(IVa) (IVb.)

It seemed possible that compounds similar to (IT) might be synthesised by condensing
4-chloro-5-chloromethylpyrimidines with 2-aminothiazoles; thiochrome itself would be
synthesised in this way from 4-chloro-5-chloromethyl-2-methylpyrimidine (I11) and 2-amino-
4-methyl-5-g-hydroxyethylthiazole (IVa or IVd).

For the synthesis of (IIT) various methods seemed possible; we adopted the following
route, as the earlier intermediates were available in connection with other synthetic
investigations. Condensation of acetamidine with ethyl formylsuccinate yielded ethyl
© &-hydroxy-2-methylpyrimidine-5-acetate (V), from which by Curtius degradation 4-hydroxy- -
5-aminomethyl-2-methylpyrimidine (VI) was obtained in good yield. Various methods
of carrying out this degradation were tried, the most successful being direct conversion
of the Aydrazide into the urethane (cf. Jackson and Kenner, J., 1928, 1657) and subsequent
hydrolysis with concentrated hydrobromic or hydrochloric acid; a description of other
‘methods of degrading (V) is reserved for a later communication dealing with the synthesis
of substances of the aneurin type. The amine (VI) was characterised as its hydrochloride,
thioformyl and acetyl derivatives. Replacement of the amino-group by hydroxyl was
effected by means of nitrous acid and the resulting 4-hydroxy-5-hydroxymethyl-2-methyl-
pyrimidine (VII), on boiling with phosphoryl chloride, yielded the required chloro-compound
(III). 2-Amino-4-methyl-5-8-hydroxyethylthiazole was obtained by condensing methyl
a~chloro-y-hydroxypropyl ketone (Part III; this vol, p. 1555) with thiourea and
characterised as its picrate.

When a mixture of (ILI) and (IV) was heated at 110° for a short time, reaction occurred
with the formation of a thick resin, which was in the main soluble in water; the aqueous
.solution, when made alkaline, deposited a considerable amount of an msoluble substance,
presumably formed by interaction of the chloromethyl group of the pyrimidine with the

* A preliminary note on the results of this investigation has a.lready been published (Nature, 1936,

138, 406). oot
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2-amino-group of the thiazole. The filtered alkaline solution had the intense blue fluores-
cence characteristic of thiochrome solutions; from it was isolated a crystalline substance
having all the properties of thiochrome prepared from aneurin.

N N , N
Me”” N\OH Me/” \OH Me/” \OH
NI\/CHz-COZEt — N Jm,NH, —> N JcHgon —> D
(V) (VL) (VIL)
N N S N NH s\
wury G \(/\IQR M \ucu/ C-CHyCHyOH 1y
N /N——CMe N N——CMe
Me CH, CH> ~

The identity of the synthetic material was established by careful comparison with a
specimen of thiochrome prepared from the vitamin; both had the same m. p., the mixed
m. p. showed no depression, and no divergences in other properties could be detected.
The synthesis proves that thiochrome * has the structure (II) and may also be regarded
as a proof of the structure of aneurin (I), a synthesis of which has recently been reported
by Williams and Cline (J. Amer. Chem. Soc., 1936, 58, 1504).

In a similar fashion 9-chloro-3 : 7-dimethylthiochromine (VIIL; R = H) and 9-chloro-
8 : T-dimethyl-2-8-hydroxyethylthiochvomine (VIII; R = CHyCH,OH) were prepared
by condensation of 2 :4-dichloro-5-chloromethyl-6-methylpyrimidine with 2-amino-4-
methylthiazole and 2-amino-4-methyl-5-g-hydroxyethylthiazole respectively; both these
compounds are similar in properties to thiochrome and exhibit almost identical blue
fluorescence in neutral or alkaline solution.

That salts of thiochrome on electrometric titration behave as if they contained a
quaternary nitrogen atom has been recorded by Ogston and Peters (Biockem. J., 1936,
30, 736), although thiochrome itself has the properties of a tertiary base (Barger, Bergel,
and Todd, loc. cit.). A probable explanation for this anomaly is that thiochrome may be
in reality an anhydro-base, and that its salts may have structure (IX), it being assumed
that the quaternary base liberated from such salts is very unstable and passes into the
anhydro-form by loss of water. ‘

Although the synthetic method described leaves no doubt as to the structure of the
final product, it is impossible to state whether the 2-amino-thiazole (IVa) reacts as such
or in the tautomeric 2-imino-thiazoline form (IVd). Owing to the number of side reactions
the yield of thiochrome in the final condensation is rather unsatisfactory; experiments
designed to obtain a more efficient synthetic method are in progress.

EXPERIMENTAL.

Ethyl 4&-Hydroxy-2-methylpyyimidine-5-acetate (V).—To acetamidine hydrochloride (945 g.),
dissolved in a cold solution of sodium (23 g.) in absolute alcohol (600 c.c.), was added freshly
distilled ethyl formylsuccinate (202 g.) (Wislicenus, 4#nnalen, 1908, 363, 347). After standing
for 2 hours at room temperature, the mixture was heated under reflux for a further 2 hours.
Ethyl acetate (ca. 250 c.c.) was added, and the mixture again heated to boiling, filtered from
sodium chloride, and allowed to cool. The product separated in fine colourless needles, m. p.
178° after recrystallisation from ethyl acetate or alcohol (Found : C, §5-4; H, 6-1; N, 14-9.
CgH ,05N, requires C, 55-1; H, 6-1; N, 14-39,). Yield, 549%,.

4-Hydroxy-2-methylpyrimidine-5-acethydrazide.—When the above ester (100 g.)- was heated
with hydrazine hydrate (135 c.c. of 509,) on the water-bath for 2 hours, it dissolved and separ-
ation of the Aydrazide occurred. This crystallised from alcohol, in which it was sparingly

-soluble, in heavy colourless prisms, m. p. 246° (Found : C, 46-5; H, §:7; N, 30-7. C,H,,0,N,
requires C, 46-2; H, 5-5; N, 30-8%). Yield, 80—85%. The hydrazide may also be obtained

* The pame thiochromine is proposed for the condensed ring system present in thiochrome (II),
which could be then described as 3 : 9-dimethyl-2-B-hydroxyethylthiochromine.
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in approximately the same yield by heating the ester with 709, hydrazine hydrate solution
for a short time, or by warming it for 5 hours in alcoholic solution with hydrazine hydrate.

4-Hydroxy-5-urethanomethyl-2-methylpyvimidine.—The above hydrazide (20 g.) was sus-
pended in absolute alcohol (300 c.c.) containing hydrogen chloride (6 g.), amyl nitrite (19-3 g.)
added to the cold mixture, and the whole warmed at §0-—60° until evolution of nitrogen ceased
(about 1 hour). During the heating the hydrazide slowly dissolved and a jelly-like substance
separated. After cooling, ether was added to precipitate the remainder of the product. The
jelly obtained was filtered, and the residue dried in a desiccator; this product, the urethane
hydrochloride, had m. p. 209° (yield, 98%). The urethane, prepared from the hydrochloride
by treatment with alcoholic ammonia, crystallised from ethyl acetate in colourless needles,
m. p. 178° (Found: C, 51-3; H, 62; N, 199. CH,;;O;N; requires C, 51-2; H, 6-2;
N, 19-9%).

4-Hydroxy-5-aminomethyl-2-methylpyrimidine (VI).—The urethane hydrochloride (5 g.)
was heated with concentrated hydrochloric acid (50 c.c.) in a sealed tube at 100° during 2 hours.
The clear solution was evaporated to small bulk in a vacuum, and ether added; the kydro-
chloride of the desired base separated in colourless plates. Recrystallised from absolute alcohol,
it had m. p. 278—282° (Found : C, 41-6; H, 6-2; CI, 20-9. CgH,ON, HCI requires C, 41-0;
H, 5-7; Cl, 20-:2%) (yvield, quantitative). Further purification could not be effected by
crystallisation. The corresponding hydrobromide, m. p. 270° can readily be prepared in
quantitative yield by heating the urethane with hydrobromic acid (60%,) on the water-bath
for 3 hours. The free base could not be crystallised, but it yielded stable thioformyl and acetyl
derivatives. .

4-Hydroxy-b-thioformamidomethyl-2-methylpyrimidine. To a solution of the amine hydro-
chloride in water were added potassium carbonate (1 equiv.) and excess of potassium dithio-
formate. In a few minutes the thioformyl derivative separated; it crystallised from water in
colourless platelets, m. p. 199—200° (Found : C, 45:7; H, 5-4; S, 17-4. C,H,ON;S requires
C, 459; H, 49; S, 174%,). :

4-Hydroxy-5-acetamidomethyl-2-methylpyrvimidine. A mixture of the amine hydrochloride
(350 mg.), fused sodium acetate (350 mg.), and acetic anhydride (5 c.c.) was heated under
reflux for 30 minutes, the product evaporated to dryness in a vacuum, and the residue extracted
with chloroform. ' The extract was filtered from inorganic material, and the chloroform removed ;
the residue crystallised from dioxan in colourless prisms, m. p. 219—220° (Found : N, 23-0.
CgH;,0,N, requires N, 23-29%,).

4-Hydroxy-5-hydvoxymethyl-2-methylpyvimidine (VII).—A concentrated aqueous solution
of sodium nitrite (15 g.) was added drop by drop to the hydrochloride of the amine (VI) (5 g.)
dissolved in dilute hydrochloric acid (ca. 60 c.c. of 5%), the mixture heated in an open flask
on the water-bath for 7 hours, and the brownish alkaline solution continuously extracted with
ethyl acetate (Soxhlet). The crude product, which separated from the ethyl acetate solution
in reddish crusts, was collected and extracted with a large quantity of boiling dioxan, which
left insoluble by-products (these have not been further examined, but explode when heated in
the dry state). The dioxan solution on concentration deposited d4-kydroxy-5-hydvoxymethyl-
2-methylpyrimidine in colourless needles; a further small amount was obtained by precipitation
of the ethyl acetate mother-liquor with light petroleum and treatment of the precipitate with
dioxan as above described. After recrystallisation from dioxan the substance (1 g.) had m. p.
215—216° (Found : N, 20-2. CgH O,N, requires N, 20-0%).

" 4-Chloro-5-chlovomethyl-2~methylpyrimidine (111).—The above hydroxymethyl compound
(1 g.) was heated with phosphoryl chloride (4 c.c.) at 115—120° during 20 minutes; it slowly
dissolved to a brownish solution. After removal of the phosphoryl chloride in a vacuum the
thick residue was treated with ice-water, and the mixture made alkaline with potassium car-
‘bonate and extracted four times with ether. After removal of the ether the residue set to a
mass of crystals. Recrystallised from a small quantity of light petroleum (b. p. 40—60°),
the product formed long prisms (0-65 g.), m. p. 54° (Found: Cl, 39-7. CgH/N,Cl, requires
Cl, 40-1%,).

2-Amino- 4—methyl—5 B-hydroxwthylthmzole (IV).—A mixture of methyl «-chloro-y-bydroxy-
propyl ketone (3 g.) and powdered thiourea (1-7 g.) was heated to 100°; within a few minutes .
-a violent reaction occurred which quickly subsided. After a further 5 minutes the mixture
was cooled, dissolved in water, and any unchanged halogenated ketone removed by extraction
with ether. From the aqueous solution, made strongly alkaline, the thiazole base was extracted
with a large amount of ether. The extract, dried over sodium sulphate and evaporated, left
a residue, which' distilled as a pale yellow oil (2-5 g.) at 172—175°/2 mm. After several weeks
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the oil set to a hard crystalline mass, m. p. 85—90°. The base was not further purified; treat-
ment with ethereal picric acid yielded a picrate crystallising from alcohol in pale yellow needies,
m. p. 213° (Found : N, 17-5; S, 7-8. C,,H,;0,NS requires N, 18-1; S, 8-2%,).

Thiochvome (II).—A mixture of 4-chloro-5-chloromethyl-2-methylpyrimidine (III) (580 mg.)
and 2-amino-4-methyl-5-8-hydroxyethylthiazole (IV) (470 mg.) was heated to 110°, the initially
clear liquid becoming opaque and viscous after some 15 minutes. The brown melt was cooled,
extracted with ether to remove any unchanged initial material, and dissolved in water (ca.
15 c.c.), and the solution made alkaline with cold aqueous sodium hydroxide. After filtering
from a cream-coloured amorphous precipitate, the yellowish solution, which showed strong
blue fluorescence, was extracted with butyl alcohol until the extracts were no longer fluorescent.
The combined butyl alcohol extracts were shaken three times with dilute hydrochloric acid
(1%,), the fluorescence disappearing. The greenish-yellow aqueous acid extracts were combined
and evaporated to dryness in a vacuum at 80—40°, and the residue made strongly alkaline by
addition of a small amount of 129, methyl-alcoholic potassium hydroxide. The mixture was
shaken three times with chloroform (total vol. 750 c.c.), a few drops of water being added to
bring inorganic matter into solution and facilitate separation. The intensely blue fluorescent
chloroform extracts were combined, dried rapidly over potassium carbonate, and evaporated
to small bulk {ca. 8 c.c.) in a vacuum. On cooling, thiochrome separated in pale yellow flakes;
Recrystallised from chloroform, it had m. p. 225—226° (uncorr.) (Found: C, 55-3; H, 57
N, 21-0. Calec. for C,,H,,ON,S: C, 54-9; H, 5-3; N, 21-49%,). .

Comparison of Synthetic Thiochvome and Thiochvome from Amneurin.—Both substances ha
the same m. p. 225—226° (uncorr.) and a mixed m. p. showed no depression. The crystalline
form in both cases was identical and no divergence could be detected in their fluorescent pro-
perties. For further evidence of identity we are indebted to Dr. A. E. Gillam of Manchester
University, who kindly compared the absorption of the two substances. Natural and synthetic
' thiochrome showed virtually identical: absorption maxima at 3680 and 3690 A. respectively.
The spectroscopic evidence therefore indicates that the two substances are qualitatively and,
in so far as could be ascertained with the available material, quantitatively identical.

2 : 4-Dichloro-5-chlovomethyl-6-methylpyrimidine.*—2 : 6 - Dihydroxy - 5 - hydroxymeéthyl - 6 -
methylpyrimidine (6 g.) (Kircher, Annalen, 1911, 385, 293), heated with phosphoryl chloride
(15 c.c.) under reflux during 30—40 minutes, dissolved to give a deep brown solution. After
-removal of the excess of phosphoryl chloride in a vacuum the thick residue was triturated with
ice-water, made alkaline with potassium carbonate, and extracted with ether. The extract
on evaporation left a brownish resin, which was dissolved as far as possible in light petroleum
*(b. p. 40—60°) and filtered from amorphous impurities, and the filtrate again evaporated.
-The residue crystallised from a small volume of light petroleum in heavy colourless prisms
(3 g.), m. p. 38—39° (Found : Cl, 50-4. CgHN,Cl, requires Cl, 50-49%,).

9-Chlovo-3 : T-dimethylthiochvomine (VIII; R = H).—A mixture of the above trichloro-
compound (1:3 g.) and 2-amino-4-methylthiazole (0-7 g.) (Traumann, Annalen, 1888, 249, 38)
was heated at 110° for ca. 15 minutes, the initially clear liquid becoming brown and viscous.
After removal of any unchanged initial material by means of ether, the product was dissolved
in a little water, made strongly alkaline, and filtered from a cream-coloured amorphous pre-
cipitate. The yellowish, blue-fluorescent filtrate was extracted with butyl alcohol, and the
fluorescent substance isolated by a process exactly analogous to that.described above for
thiochrome. Recrystallised from chloroform, the product formed pale yellow, woolly needles,
m. p. 291—292° (decomp.) (Found : C, 47-3; H, 3-8; N, 22:1; S, 12-5; Cl, 14-1. C,,H,N,CIS
requires C, 47-5; H, 3-6; N, 22-2; S, 12-6; Cl, 14:1%). The compound is soluble in water
and alcohol, sparingly so in chloroform, and practically insoluble in ether and acetone.  In
-neutral or alkaline solution it has an intense blue fluorescence similar to but slightly stronger
than that of thiochrome ; as with the latter substance, addition of acid causes the blue fluorescence
- to disappear, the acid solution being greenish-yellow. :

9-Chloro-3 : T-dimethyi-2-B-hydvoxyethylthiochromine (VIII; R = CH,CH,-OH).—2 : 4-Di-
ch}oro-:‘i-chloromethyl-6-methy1pyrimid'me (1 g) and 2-amino-4-methyl-5-8-hydroxyethyl-
thiazole (650 mg.) were heated together at 110° during 15 minutes and the brown resin produced
was worked up exactly as described above for thiochrome. The product crystallised from
chlm:oform in pale yellow platelets, m. p. 260—261° (decomp.) (Found : S, 10-4. C,,H,;ON,CIS
requires S, 10-8%). The substance was closely similar to thiochrome in its solubilities, and the
blue fluorescence of its neutral or alkaline solutions was very similar to that shown by the latter

* This compound was'first obtained by Dr. R. Keller in the course of other work.
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compound under the same conditions; addition of acid caused disa.ppearance‘ of the blue
fluorescence and formation of a greenish-yellow solution.
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73. Aneurin. Part VII. A Synthesis of Aneurin.
By A. R. Topp and F. BERGEL.

Wirriams and CLINE (J. Amer. Chem. Soc., 1936, 58, 1504) have reported a synthesis of
aneurin (III) and indicated briefly the route they employed. No details have yet been
published, nor are details available of the synthesis carried out by the I. G. Farbenindustrie
A. G. (cf. Grewe, Z. physiol. Chem., 1936, 242, 89). Both appear to be carried out by the
addition of 4-amino-5-bromomethyl-2-methylpyrimidine to 5-g-hydroxyethyl-4-methyl-
thiazole. ‘
We have synthesised the vitamin by a method which is an extension of that already
described for 3-pyrimidylthiazolium salts (Part V; J., 1936, 1559) and depends on
the condensation of 4-amino-5-thioformamidomethyl-2-methylpyrimidine (I) with methyl
oc-chloro-y—hydroxypropyl ketone (II; R = H) or one of its derivatives.

CH,CH, -OR /CH— 5
Me NH-CSHT | , HCL
/ CHCI-COMe 1(1 CMe-C CH,CH,OH

CH,
(L) (L) (IIL.)

For the synthesis of (I) we at first endeavoured to utilise as a starting material ethyl
4-hydroxy-2-methylpyrimidine-5-acetate (cf. Part VI; J., 1936, 1601), but all attempts
to modify the Curtius or Hofmann degradation with this ester and its derivatives so as to
produce the desired 4-amino-5-aminomethyl-2-methylpyrimidine failed, the low resistance
of the amino-group in position 4 to hydrolytic agents invariably causing production of
4-hydroxy-5-aminomethyl-2-methylpyrimidine; the latter compound, too, could not be
chlorinated. On the other hand, attempts to aminate 4-chloro-5-chloromethyl-2-methyl-
pyrimidine led to formation of secondary amines; consequently the use of compounds of this
series was abandoned.

Condensation of acetamidine with ethyl «-ethoxymethylene-a-cyanoacetate (IV) in
absolute alcoholic solution gave an intermediate compound, probably ethyl «-cyano-g-
acetamidinoacrylate, which on heating with alkali yielded 4-hydroxy-5-cyano-2-methyl-
pyrimidine (V). Refluxing with phosphoryl chloride afforded 4-chloro-5-cyano-2-methyl-
pyrimidine (VI), which could be aminated to give 4-amino-5-cyano-2-methylpyrimidine
(VII); (VII) gave on catalytic hydrogenation 4-amino-5-aminomethyl-2-methylpyrimidine
(VIII), isolated as its hydrochloride. The compound (VII) has been prepared in a different
way by Grewe (loc. cit.), who also describes its reduction to the diamine.

N N
A NH, Eto'q’_%N Me H M \ 01 Me Me
e+ GON-— "\ N N CH2 NH,
NH EtO-CH
v, v, (v1 ) (VIL) (VIIL.)
N N

NH, EtO-CO
N Me/ NOH  Me/ \NH, Me” \NH,
MeG +  (-COEt — CO,Et Ix?Oco Bt §<>co Xg, — (VII)
NH EtO-CH N 2 2

: X. XI. XIL.
Ix,) &) e (X1.) (XIL.)
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An alternative route for the synthesis of (VII), which, though slightly longer, uses a
cheaper starting material and is perhaps more reliable than the above, is the following.
Ethyl ethoxymethylenemalonate (IX) condensed readily with acetamidine in presence of
sodium ethoxide to give ethyl 4-hydroxy-2-methylpyrimidine-5-carboxylate (X), which, after
successive chlorination with phosphoryl chloride and heating with alcoholic ammonia under
pressure, yielded ethyl 4-amino-2-methylpyrimidine-5-carboxylate (XI). After conversion of
(XI) into the corresponding amide (XII) with concentrated aqueous ammonia, the
product was dehydrated to give the nitrile (VII), which could then be reduced as above
mentioned. From (VIII), 4-amino-5-thioformamidomethyl-2-methylpyrimidine (I) was
readily obtained by treatment with aqueous potassium dithioformate (cf. preceding paper).

The way now seemed clear for the synthesis of aneurin. As a result of our experience
in the synthesis of 3-pyrimidylthiazolium salts (Part V, loc. cit.) we first endeavoured to
condense (I) in the form of its sodium derivative with methyl «-chloro-y-hydroxypropyl
ketone (II; R = H) (Part III; J., 1936, 1555; Buchman, J. Amer. Chem. Soc., 1936, 58,
1803), but although various conditions were tried, only traces of aneurin could be obtained,
: the main product being the hydrochloride of (VIII). Thereason for these failures may have

lain in the instability of the sodium derivative. Compounds (I) and (IT; R = H) did not
yield aneurin when heated together in dioxan solution, but when a mixture of the two
compounds alone was heated at 140° reaction occurred with considerable darkening and
resinification. From the product a substance was isolated in poor yield which had the
properties of aneurin. The low reactivity of the hydroxy-ketone (II; R = H), which
probably exists mainly in the cyclic oxide form (cf. Buchman, Joc. ¢it.), has already been
mentioned (Part V, loc. cit.). Accordingly we heated a mixture of (I) and methyl «-chloro-
y-acetoxypropyl ketone (II; R = Ac) (Part III, loc. ¢cit.) at 116—120° for a few minutes;
smooth reaction occurred with production of a brownish-yellow mass, which crystallised on
trituration with hot absolute alcohol containing a trace of hydrogen chloride. After
recrystallisation from alcohol a product was obtained, m. p. 233—234°, having all the
properties of aneurin chloride obtained from natural sources. The acetyl group in the
ketone (IT; R = Ac) is apparently eliminated in the reaction; this might be most readily
explained by assuming that this compound also exists largely in the cyclic oxide form.

The synthetic material could not be distinguished from the natural vitamin by the
formaldehyde-azo-test (Kinnersley and Peters, Biochem. J., 1934, 28, 667) or the thiochrome
test (Part I; Ber., 1935, 68, 2257) and it showed a similar biological activity (380,000 I. U.
per g.; mnatural vitamin, 400,000 I. U. per g.) as measured by the electrocardiagraphic
method on rats (Birch and Harris, Biochem. J., 1934, 28, 602). Natural aneurin chloride
isolated from rice polishings usually shows a m. p. 249—250° when pure, but a low-melting
form has been reported by Kinnersley, O’Brien, and Peters (Biochem. J., 1935, 29, 701),
who give m. p. 230° £ 2°; Williams and Cline (foc. cit.) state that their synthetic chloride
has m. p. 232—234°. Our synthetic product apparently corresponds to the latter, but we
do not consider the difference in m. p. is due to stereoisomerism as was tentatively suggested
by Williams and Cline; it seems more probable that the existence of two forms of equal

i

biological potency is due to dimorphism, a phenomenon which has been noticed by Kinners- ="

ley, O’Brien, and Peters (Joc. cit.) in the case of the sulphate. Mixed with natural aneurin
of m. p. 249°, the synthetic material had m. p. 243—246°. 1In accordance with this view we
have compared the picrolonates prepared from the natural and the synthetic vitamin
(see p. 367). Further, by oxidation of the synthetic vitamin with potassium ferricyanide
in alkaline solution we have obtained a product, m. p. 225—226°, identical in every respect
with thiochrome prepared either from natural aneurin or synthetically (Part VI, loc. cit.).
The synthesis of analogues of aneurin with a view to the determination of the necessary

substituents for biological activity in 3-pyrimidinomethyl-thiazolium salts will form the
subject of a later communication.

EXPERIMENTAL.

4-Hydroxy-5-cyano-2-methylpyrimidine (V).—To an ice-cold solution of sodium (10-2 g.) in
absolute alcohol (300 c.c.) was added acetamidine hydrochloride (41-4 g.); the mixture was
shaken for a few minutes and quickly filtered from precipitated sodium chloride. To the cooled

\
]
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filtrate was added ethyl «-ethoxymethylene-a-cyanoacetate (75 g.) (de Bollemont, Compt. rend.,
1899, 128, 1340; Bull. Soc. chim., 1901, 25, 20) in portions with shaking. As the ester went into
solution a yellow colour developed and almost immediately a crystalline substance began to
separate. After standing overnight at 0°, the precipitate was collected; it crystallised from
ethyl acetate in colourless needles (37 g.), m. p. 108—110° (Found: C, 52-7; H, 6:3; N, 23-1.
CgH ,0,N; requires C, 53-0; H, 6-1; N, 23:2%). This product may be ethyl a-cyano-g-acetami-
dinoacrylate.

The above intermediate product (36 g.) was heated on the water-bath for 5 minutes with
a solution of sodium hydroxide (9 g.) in water (360 c.c.). The yellow solution was cooled, acidi-
fied with acetic acid, and concentrated in a vacuum to about half the original volume. On
standing, 4-hydroxy-5-cyano-2-methylpyrimidine separated; it crystallised from water in fine
colourless needles or rods (9 g.), m. p. 233—235° (Found : C, 53-3; H, 4:0; N, 30-8. C.H ON,
requires C, 53-3; H, 3-7; N, 31-1%).

Efforts were made to cause direct production of the pyrimidine so as to avoid, if possible, the
losses involved in the ring closure of the intermediate ester with sodium hydroxide; for this
purpose condensations were made at various temperatures with various amounts of sodium
ethoxide but without satisfactory results.

4-Chlovo-5-cyano-2-methylpyvimidine (VI)..—When 4-hydroxy-5-cyano-2-methylpyrimidine
(5 g.) was heated under reflux with phosphoryl chloride (15 c.c.) during 30 minutes, most of it
dissolved to give a dark brown solution. After removal of phosphoryl! chloride in a vacuum,
the mixture was poured into ice-water, neutralised with potassium carbonate, and extracted with
ether. After drying of the extract over sodium sulphate and removal of solvent, the chloro-
compound remained as a reddish-yellow resin, pure enough for amination purposes. Recrys-
tallised from light petroleum, it formed long colourless rods, m. p. 63—64° (Found : Cl, 22-6.
CeH N,Cl requires Cl, 23-1%). Yield, 60—709%,.

4-Amino-5-cyano-2-methylpyvimidine (VII).—The above chloro-compound (2 g.) was heated
-with absolute-alcoholic ammonia (6 c.c. saturated at 0°) in a sealed tube at 100° during 4 hours.,
After removal of the alcohol and ammonia in a vacuum, the residue was boiled with ca. 100 c.c.
of chloroform, and the solution filtered from ammonium chloride and evaporated. On recrys-
tallising from methyl alcohol, the product formed colourless needles, m. p. 249° with partial
sublimation (Grewe, loc. cit., gives m. p. 249°) (Found : C, 54-0; H, 4-8. Calc. for C;HgN, : C,
53-7; H, 4-5%). Yield, 40%,.

Ethyl &-Hydvoxy-2-methylpyrimidine-5-carboxylate (X).—To a solution of sodium (12-8 g.) in
absolute alcohol (500 c.c.) at 0° were added acetamidine hydrochloride (26-3 g.) and ethyl
-ethoxymethylenemalonate (60 g.) (Claisen, Ber., 1893, 26, 2731). After standing for 1 hour at
room temperature, the mixture was heated on a water-bath under reflux for a further hour.
After removal of most of the alcohol in a vacuum, the residue was diluted with water, and un-
changed ester removed by extraction with ether. The aqueous solution was acidified with acetic
acid, and the pyrimidine extracted with ethyl acetate. The residue obtained on evaporating the
dried ethyl acetate solution crystallised from acetone in long woolly needles, m. p. 191° (Found :
C, 52-8; H, 5-9. C.H,,0;N, requires C, 52-7; H, 5-5%,). Yield, 609%,.

Ethyl 4-Amino-2-methylpyrimidine-5-carboxylate (XI).—A mixture of the above ester (96 g.)
and phosphoryl chloride (250 c.c.) was heated under reflux for 30 minutes. The red solution so
formed was evaporated in a vacuum to remove phosphoryl chloride, and the resinous residue
treated with a little ice-water, made alkaline with potassium carbonate, and extracted with
chloroform. The dried chloroform solution on evaporation left the chloro-ester as a reddish oil, -
which without further purification was heated in an autoclave at 100° during 3 hours with 10
times its volume of absolute-alcoholic ammonia (4N). After cooling, the alcohol and excess of
ammonia were removed under reduced pressure, and the residue recrystallised several times from
water. The product formed long colourless needles, m. p. 120° (Found : N, 23-2. CgH,;,0,N,
requires N, 23-2%,). Yield, 65%.

4-Amino-2-methylpyrimidine-5-carboxyamide (X1I).—The above finely powdered amino-ester
(60 g.) was shaken at room temperature with aqueous ammonia (320 c.c., 4 0-880) during 36
hours. The needle-shaped ‘crystals of the initial material disappeared gradually, although no
apparent dissolution was observed. The amide was collected and recrystallised from absolute
alcohol, forming small prisms, m. p. 264—265° (Found : N, 36-7.  CgHON, requires N, 36-8%,).
Yield, 65%. A further small quantity was obtained by concentrating the ammoniacal mother-
liquor. ‘

d 4-Amino-s-cyano-2-methylpyrimidine (VII).—The above amide (2 g.) was heated under reflux
with phosphoryl chloride (15 c.c.) during 2—3 hours, and the mixture then poured on ice, made
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alkaline with potassium carbonate, and extracted with chloroform. After drying over sodium
sulphate, the chloroform was removed; the residue crystallised from methyl alcohol in needles,
m. p. 249° with partial sublimation, not depressed by 4-amino-5-cyano-2-methylpyrimidine
prepared as described above. Yield, 509%,.

When large quantities of material were used in this preparation, the yield of product dimin-
ished considerably; this may be due to the insolubility of the amide in phosphoryl chloride,
and phosphorus pentachloride may be preferable on the large scale.

4-Amino-5-aminomethyl-2-methylpyvimidine Hydrochlovide—The above amino-nitrile in
acetic acid solution was subjected to catalytic hydrogenation in presence of palladised charcoal
(cf. Grewe, loc. cit.). The product had m. p. 264—265°. The same result was achieved with a
platinum oxide catalyst, though the reduction was slower.

4-Awmino-5-thioformamidomethyl-2-methylpyvimidine (I).—An aqueous solution of the above
hydrochloride was neutralised with potassium bicarbonate, and a slight excess (ca. 1-2 mols.) of
potassium dithioformate added. After a short time the fhioformyl derivative separated. It
crystallised from alcohol in colourless platelets, m. p. 187° (decomp.) (Found : C, 46:1; H, 5-5.
C,H,(N,S requires C, 46-1; H, 5:59%,).

Amneurin Chlovide (I11).—A mixture of 4-amino-5-thioformamidomethyl-2-methylpyrimidine
(500 mg.) and methyl «-chloro-y-acetoxypropyl ketone (600 mg.) (Part III, loc. cit.) was heated
in a paraffin-bath at 115—120° during 15 minutes. The mixture became liquid and then brown-

_ish and viscous, a thiazole-like odour becoming noticeable. The mass was cooled and triturated
repeatedly with dry ether; it then fell to a yellowish-brown powder. This was collected and
“heated with ca. 3 c.c. of absolute alcohol containing a little hydrogen chloride; after a few
moments the product began to crystallise without having completely dissolved. After cooling, it
was collected and separated from a small amount of sparingly soluble 4-amino-5-aminomethyi-2-
methylpyrimidine hydrochloride by fractional crystallisation from absolute alcohol. The pro-
duct had m. p. 233—234°, unchanged by recrystallisation (Found : C, 40-5; H, 6-0; N, 15-5;
S, 8-5; Cl, 20-1. Calc. for C,,H,;ONCL,S,H,0:C, 40-6; H, 5-6; N, 15-8; S, 9-0; Cl, 20-0%,).

Comparison of Natural and Synthetic Anewrin Chioride—In addition to the tests mentioned
on p. 365, the following experiments were made. Treatment with cold aqueous picrolonic acid
caused with each sample separation of yellow needles of a picrolonate, m. p. and mixed m. p.
164—165°; recrystallisation of this product from water in the ordinary way gave in each case
a mixture of needles and prisms, m. p. 170—180°, not depressed on mixing. When this material
was heated for 5 minutes with a small amount of water—insufficient to dissolve it completely—
and the solution filtered hot, the residue consisted of prisms, m. p. 228—229° (decomp.). A
mixed m. p. showed no depression. These results correspond exactly to the data for the dimor-
phous aneurin picrolonate described by Windaus, Tschesche, Laqueur, and Schultz (Z. physiol.
Chem., 1933, 204, 123).

The only apparent difference in the two chlorides lay in the m. p., our specimen from natural
sources having m. p. 249—250°, the synthetic material 233—234°, and a mixture of the two
243--246°. On seeding a solution of the synthetic product with a crystal of the natural, we ob-
tained a product, m. p. 245—247°; a solution of the natural vitamin seeded with the synthetic
gave crystals, m. p. 241—244°.* 1In all cases the crystals appeared to be colourless platelets. In
view of these facts and the formation of the dimorphous picrolonate we are of the opinion that
‘aneurin chloride-is itself dimorphous.

We are indebted to the Beit Memorial Trustees for the support accorded to one of us (A. R. T.)
in the earlier stages of this investigation; also to the Rockefeller Foundation for a grant to Prof.
G. Barger, in whose laboratory the work was initiated, and for whose continued interest we
-express our thanks. We also thank Sir Gilbert Morgan of the Chemical Research Laboratory,
Teddington, for the use of an autoclave.

MEDICAL CHEMISTRY DEPARTMENT, B1oCHEMICAL DEPARTMENT,
UNIVERSITY OF EDINBURGH. THE LisTER INSTITUTE, LONDON.
[Received, February 9th, 1937.]

* (Note added, March 2nd).  Since the above was written the interconversion of the two forms
of the chloride has also been reported by Williams and Cline (J. Amer. Chem. Soc., 1937, 59, 216).

PriNTED IN GREAT BriTalN BY Ricuarp Cray & Sons, Livitep,
Buncay, SurroLK.




