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1. A new method is reported for the synthesis of 2-amince=f-
<hydroxypteridines, namely, the condensation of 2=-chloro=3
=methoxycarbonylpyrazines with guanidine salts. This method
will enable the 2=pogsition in this important type of pteridino
molecule to be labelled isolopically at the final stege in
the synthesis. |

A route to 2mch10r9o5mmethozycarhonylpyrazineﬁ stertiang
from readily available aliphatic compoiunds has bsén
developed,

The use of the aldehyde-~binding reagent, sediuvm hydrogon
sulphite in the condensation of di:f-dicarbonyl compounds with
eninomalonamide has bsen shown to facili%a%e the reacition.
Contrary to & provious report, the condensation of methyl
glyoxal with enminomelonamide, with or without en aldshyise~
»bindigg resgent pﬁesen%, gove 2-hydroxy=b-mathylpyrazinc-
«jecarboxyamida. This rseult has since been supported by

nore recent publications by two independent research beams.

2. A method has been developed for the synthesis of Z2:8=dibydiro-
wfehydroxy-2«ininc=B=-ngthylpteridines from pyrazine d@fiﬁa%iﬁﬁ;
This prolininery investisation will probably previde &
suitable synthetic route o pteridine Wy glycosides, which
have been postulsted to cecur in nature.

" The methylation of 2ehydroxy-5H:6-iphenyl-3=parboxylic

acid and its methyl ester have bLeen situdied.




 INTRODUCTTIOR.



Pteridine Syntheses.

Synthesis from more complex substances.

The earliest successful synthesis of the 1:3:5:18-
-tetra-azanaphthalene ring system (I) was carried out in
1895 by Kuhling;. @Tolualloxazineﬁ“ (II) was oxidised.to
2:4ndihydroxypteridinee6=7=dicarboxylic acid, ﬁhich was
decarbozylated in two stages o 2:4-dihydroxypteridine. Fo
other exemple of ¢his dpproach is known, but it is of spoeciel
interest in that it was achieved about the same time as
HOPkinsg carried out his investigations on the pigments of
buttérfl& wings, and antedated any other syﬁﬁhesia by twolve

years.

Syntheses from pyrimidines.

~The conventional methods for the synthesis of the
pteridine ring system employ a condensation of a 4:5-
~diaminopyrimidine (IV) with an a,f-dicarbonyl compound (111),
an ¢-hslocarbonyl compound, an aokeﬁoealcohol or derivatives
of these compounds, The first ezample of such a synthesis

3
weg Isay'!s preparation of 6:7-diphenylpteridine (Vs R? = B2 -



[\

Ph, RS = R4 = H) from 4:5-diaminopyrimidine (IV; R® = R4 = H)
and benzil (III; R* = R® = Ph).

The reaction was more intensively studied by Sachs
'and,Meyerhe,,im in 1908. RB
R.N4Fgo /’(§§qw

R =0 @«\Wjjﬂﬁ"

111 - | v

All pyrimidines containing primary amino-groups in
" both the 4- and 5- positions appear to be sulitable and the
reaction has been widely exploited because of the availability
of tﬁe pyrimidine intermediates. 2:5:6-Triamino=4~hydroxy-
pyrimidine'(IV; R4 ; NH, , RS = OH) has been used extensively
for the synthesis of 2»amino«4ohydroxypteridines, and has
providéd the only route to the increasing number of naturally
occurring pteridiness. It is an essential intermediate in
all reported syntheses 0f»the biologically important compound,
pteroylglutamic acid (P.G»Aa)6 (sce below).

The use of E~substituted pyrimidine intermediates
auch as<5:6=diamino-1:2:3:4»tetrahydro-i:B-dimethyl;2z4-
-dioxopyrimidine (VI) has been much explored&,7’48’9 for the

syﬁtheses of 1~ end B—alkylnzo and ~4-pteridones (eeg.'VII).
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v il
‘The Isay reaction can be carried out under neutral,

acid, or alkaline conditions; neutral conditions usually
give‘%he best yields.

The scope of this recction has been increased by
the replacement of the dicarbonyl compounds by a-substituted
. carbonyl compounds. The a-halccarbonyls 113 aichloroacetone,
a,ﬁ—dichloropropaldehyde,and.aubromotetronic'acid have besen
éondensed with 2:5:6-tri&ming-4nhydroxypyrimidiﬁe1o. The
first éynthesieié of pteroylglutamic acid (XI) depended on
the simultaneous condensation at pH4 of lzzudibromoprqpion—
aldehydéf(lx) with triamino-4-hydroxypyrimidine (X) and

p-aminobenzoylglutemic acid (VIII).

L3
HCO
VIIT IX X
S V w4
coi @H

k,» Bte iND o @v& M%@ :
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The above synthesis requires the loés of two
hydrogen atoms, épparently effected by disproportionationo
and the yield is poor (15%), but this was improved by the
addition of an oxidising agentlg’is’lq. ' 1:2-Dibroﬁo-
propionaldehyde (IX) has been replaced in the above Waller
synthesis with 1:l-dichloro-—3-bromoacetone18 or 1sl1:3-
-tribrbmoacetoneié’iso With thess reagents, loss of the
elements of hydrogen halide makes it unnecessary to use an
oxidising agent, If the thres reactants are not p:eéent
simultaneously, however, 7«substituted'pteridines are
SOmeﬁimes obtainedil. In a2 later imprbvement of the
s&ﬁthesisi7, (IX) was first condensed Withnpyridine ﬁo give
1;(2;5£omo-2-formyiethy1)opyridinium bromide (XII), which
reédted‘with'triamino;a-hydroxypyrimidine (X) to give &
quaternary salt (XIII). The latter reaéted with p-amino-
benééyi-L~glutamic ncid (VIIX) to give pteroylglutami; acid
(x1). o

e B = Br M
/ p =N x
\ ;%f: :i: N\ /¢%?ﬂ§?112 i Nﬁ%lﬁ
A A N Hz,
N ’ .

XII , - XIIT



Aldehydo~ and keto-alcohols react with triemino-
=4-hydroxypyrimidine, but not so far as is known, with
monosubstituted derivatives of 4:5-diaminopyrimidine. The
most common reaction products are T=alkyl-2-aminoe5:6-dihydro-
~4-hydroxypteridines (XIV), which are spontaneously oxidised,
in air, to the corresponding éteridines (XV). Thus with
» hydroxy-acetone and dihydroxy acetone, 2-amino-4-hydroxy-T-
-nethylpteridine (XVs R = Me) was obtainedm° In the latter
case loss of the elements of water takes the place of

dehydrogenation.

Xiv : XV -
Glucose end fructose react simultanecusly by both

mechaniams each giving a mixture of the same 2-amino-4-hydroxy-
~T-tri-(and -tetra-)-hydroxybutylpteridinesi8’19. In the
presence of hydrazine, glucose and fructose give, the 6-tetra-
hydroxybutyl isomer and this has been attributed to the
formation of an ozazone, which enables dehydrogenation to
precedé formation of the pteridine ringig.

 Aromatic keto-alcohols (e.g. benzoin) give pairs of
stable isomeric dihydropteridiness 7=8adihydropteridin¢s are

formed in the presence of acetic acid and different, apparently;



20921
5:6-dihydropteridines in its absence .

The above synthesis (i.e. using 4i15-diamino-
~pyrimidines) suffers from the major'draw-back that when
the carbonyl compound employed is not symmetrical two isomers
can arise, This has led to difficulties in separation and
identification, When, however, the dicarbonyl compound is
an acid (or ester) highly acid conditions tend to favour
the formaﬁion of the 6<hydroxypteridines, whereas mildly acid
or neutral conditions tend to favour that of T-hydroxy-
pteridinesaz’zs'gé, Variation of the pH of the reaction
mediuvm may, howeveriﬁ&&tar the relative proportions of tha
different isomers formed, still leaving the problem of thair
separation. |

When the unsymmetrical dicarbonyl compound is neither
an acid nor an ester, the most guccessful attempts to
influence orientation have involved the use of aldehyde~ and
ketone= binding reegents {such as hydrazine or sodium hydrogen
gulphite); the use of which tends to force an alkyl group
into the 6—positionﬁQ’la, 19 35. Thus triamino=4-hydroxy-
pyrinidine and methyl glyoxal give 2-anino-4-hydroxy-6-methyle -
pteridine 1f the methylglyoxal is firét allowed to react with
hydrazinela, but the T-methyl isomer is obtained if hydrazine

18926
is omitted .




Unambiguous syntheses (from pyrimidines).

The synthesis, utilizing 4~chloro-5-nitropyrimidines,
independently developed by Polonovski and coworkerazv and by
an I,C.X, team?a, is of particular interest because it gives
an unambiguously orientated 6-substituted pteridine. ‘Phus
2:4-dichloro=S-nitropyrimidine was condensed with ethyl
glycinate to give athyl-2-chloro-5-niitro-4-pyrimidyleminoc-
scetate (XVI). The 5-nitro group was catalytically reduced
and the product was cyclised; by treatment with boiling water,
t0 yield 2-chloro-T7:8-dihydro=-6-hydroxypteridine (xvII).
Various dichloro- and. monochloropyrimidines have been usedav,aa
and the 5-nitro group has been replaced by phenylazoga.
Dehydrogenation of the 7=8=dihydroprodﬁcts (e.z. XVII) to
pteridines is readily effected by cold alkaline potassium

22
permanganate o

The other unambiguous synthesis involves the condensa-
tion of 4-amino-5-nitrosopyrimidines (XIX; R* = R® = NH,, ox

R' = B2 = OH) with ketcnes conteining an active methylene

. )
adjacent to the carbonyl group [eogo ethyl phenyl ketone (XVIII)]

- .V - > 30
giving pteridines such as (XX) .
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XVIII XX
This method has been extended to the syntheses

of 7-amino and 7-hydroxypteridines (XXIj R - NH, or OH) by
replaéement of the ketone (XVIII) with arylacetonitriles and
aryacetylchlorides resp@ctivelymu Cyanacetic acid has also
been used o obtein T-amino-6-carboxypteridines (e.g. XXII)ag.
At preéent, the scope of this reaction is limited by the lack

of monosubstituted and unsubstituted 4d-amino-5-nitrosopyrimi-

dines.

XXI . XXIT

Syntheaes from pyrazines.

Before commencement of this work only two methods
had been reported in the literature for the syntheses of
pteridine derivatives from pyrazine intermediates. This was
due to the limited aveilability of suitable pyrazines sand the

35
relatively undeveloped nature of this field .
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@Gabriel and Sonn in 1907 tfeated pyrazine-2:33-
-dicarboxyamide (XXIII);prepared from pyrazine-23:3-dicarboxylic
. ' 35
acid obtained by the oxidation of quinoxaline ; with 2 moles

of potassium hypobromite and obtained 2:4-dihydroxypteridine

H
Vs i oNg, i’" i&
N ONHp QJ@P#
N N
XX111 XXI1v

o 36
In more recent studies, Albert and coworkers have

(XX1v). in poor yield.

synthesised 4-hydroxypteridine (XAVI; R = OH) from 2-amino-
pyraéihe-§=carboxyamide (XXV) by heating the pyrazine with
ethylorthoformate and acetic anhydride under reflux. Likewise
2—amiﬁbpyrazine=3»carboxythioamide vielded 4-mercaptopteridine

- 38
(XXvI3 R = SH).

This reaction has since been extended to the syntheses
of pteridines, N-spubstituted in the pyrimidine ring. Thus
cyclisation of 2-aminopyrazine-3-carboxymethylamide (XXVII)

with & mixture of acetic anhydride and formic acid gave
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5:4-dihyd¥o~3-methy1-4ooxopteridine (XXVIII) in AT% yield?vn
The pyrazine-carboxymethylamide (XXVII) was prepared from
2:4-dihydroxypteridine (XXIV) by & series of reactions
involving initial degradation with alkal%5 to obtain 2-amino~
pyrazine-3-carboxylic acid, the ester of which was converted

37
to (XXVII) by trestment with aqueous methylamine .

Further exploitation of this reéction has been mede
possible’by Taylorts studiesae,se on the aminolytic cleavage
of 2:4-dihydroxypteridihes with organic amines‘(primary and
secondary). This work has made available a greater variety
of 2-aminopyrazine=3-carboxyalkyl-(or aryl-) amides. Thus
2:4-dihydroxy-6:7-diphenylpteridine reactsd with refluxing
bengylamine to give Z—amino-S:6udiphenylpyrazine=3=carb6xy -
benzylamide (XXIX), which was recyclised to 3-benzyl-3:4-
=dihydro=4-0x0-6:7-diphenylpteridine (XXX) with a mixture of
formic»acid and acetic anhydride (or better ethyl‘orthoformate

36239
and acetic enhydride) . Cyclisation with formamadine

yielded 4-hydroxy-06:T7-diphenyipteridine, the N-benzyl‘group

being lost during ring closure.
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In an elternative method of cyclisation developed
by Taylor?g, (XXIX) was heated with ethyl chloroformate to
give 2-(ethoxycarbony1)amino«ﬁs6¥dipheny1pyrazine-3-carboxy—
benzylamide (XXXI), which was cyclised to 3-benzyl-3:4-dihydro-
2-hydroxy-4-0x0-6:T-diphenylpteridine (XXXII) with sodium

ethoxide.

ONH-CHyPh Ph
——>
HCOEL Ph-s

More recently Taylor has described further methods
of eyelising (XXIX) and the correséoﬁding thiocamide without
publishing fuil experimental detailséo.

A few syntheses of pteridines from 2-amino-3-cyano-
~5:6-diphenylpyrazine (XXXIV) have also been summarily
reported by Taylorﬁo. This imporﬁanﬁ-intermeéiate arose
from the accidental discovery of the no#el cleavage of
4-mercapto-5:6-diphenylpteridine with chloroacetic acid
in the presence of potassium carbecnate. The mechanism of

. . 41
this reaction has not yet been elucidated

°
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Heating the cyasnopyrazine (XXXIV) with methyliso-
thiourea hydroiodide gave 2-amino-4-hydroxy-6:7-diphenyl-

. 40
pteridine (XXXV) and not the expected 2:4-diamino derivative .

8-~-Substituted Pteridine Syntheses.

Because of the structural relationships between the
natural pteridines, purines and isoalloxazines it was
suggested by Todd and coworkers&a in 1951 that pteridines
analogous to the purine nﬁcleosides (eog; guanosiﬁe (XxxXvI)
and riboflavine (XXXVII) might e expected to occur in nature.
The B8-position of the pteridine ring corresponds to the
9-position in purines and isoalloxagines, and the most
probable substituent in 8-substituted pteridines would be

expected o be a sugar such as ribose.

@Hém%ﬁ@ﬁ@a%w&
XXXVI - XXXVII
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43
Strehler has reported the isolation of the pigment,

luciferesceine, from the head of the firefly, Photinus pyralis,

and indicated that it is probably ah iminoribifyl pteridineo
The structure (XXXVIII) has been tentatively’suggested44.
More recentiy Forrest and Mitchell45 have reported the
isolation of & yellow eye pigment from the sepia mutant of

Drosophila melanoraster and its probable‘identification as

the 8-lactyl derivative of 2-amino-7:8-dihydro-4-hydroxy-
pteridine-6-carboxylic acid. The modified structure (XXXIX)
haz been sugéested by Wood46 to account for the gbsorption
at long wavelength observed in the ultra-violet (pH 11,
maxinma at 268, and 440 mu; pH 1, mexime at 279, and 409 mu).
The widespread occurrence of folic acid and the
citrovorum factoréo in nature, and the variety of combined
forms in which they appear to occur in animal tissues are
also guggestive of forms which may contain sugar moieties,

The most suitable place for the linkage of a sugar to the

citrovorum factor would be at N(a) since N(s) is formylated.

H%g

€O-CHOR ’CH5
XXXVIII XXXIX
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Several syntheses of 8-substituted pteridines from
5-amino-4-substituted aminopyrimidine intermediates have bcen
reported. ‘Todd and.coworkers42 cyclised 5-5min0-6-anilino—
~2:4-dimethyl pyrimidine (XL) by conver8ion with chloroacetyl-

chloride to the S5-chloroacciamido derivative (XLI), which on
tpeating with siiver carbonate gave T:8-dihydro-6-hydroxy-
-1l:4-dimethyl-8~-phenylpteridine (XLII). 2:5-Dianine-8-cthyl-
amino-4-hydroxypteridine (XLIII) failed to cyclise on similar
treatment, but condenéed with oxalic acid to give 2~amin9a8~
-ethy1~7:8edihydr0=4z6=dihy&roxy~7=oxopteridin§'(XLIV), and
with benzoin to give 2-amin0u8uethyle7:B—dihydrof4-hydroxy¢

<6:T-diphenylpteridine (XIV).
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The last compound (XLV) was employed in the
structural investigations on the citrovorum factor to show
that the formyl group was attached to the N(s) rather than
the N(a) postion“ .

Podd's team - attempted to extend their synthesis,
to 2-amino-4-~hydrozypteridine N(g) glycosides, but they wore
unable to prepare the appropriately substituted pyrimidine
intermediates. However, they succeeded in preparing
4-amino=-8=D~-glucosyl-TsB8-dihydro-6-hydroxy-7~oxo-2-methylthio=-
" pteridine (XIVII) by reacting 4:5-diemino-2-methylthio-6-D-

- tetra~acetyl-glucosylaminopyrimidine (XIVI) with ethyl oxalate

in the presence of sodium ethoxide.

XLVI ' XLVII

Condensation of ethyl oxomalonate with 2:5-diamino-

6B-hydroxyethylamino-4~hydroxypyrimidine (XIVIII) has been
shown to give the 8-PB-hydroxyethyl derivative of ethyl

48
isoxanthopterin-6-carboxylate (XLIX)



XLVIII

XLIX
ha&Hz,C ROW 1y

XLIX
reported the ring closure of 5-amino-8-ethylaminopyrimidines

49
More recently Taylor and loux

(e.g. L) with alloxan in dilute alkaline solution, to obtain
8-ethyl=-7:8-dihydro-T-oxopteridine-b-carboxylic acids
(e.g. LI).
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A NEW SYNTHESIS OF 2-AMINO-4-HYDROXYPTERIDINES.

In the few reported cases where pteridines have
been synthesised from pyrazine intermediates, the
pyrazine-carboxyamides used, were obtained by.degradation
of bicyclic hetero-ring systems, which contained a

34
preformed pyrazine ring, e.g. gquinoxaline , or 2:4-

mdihydroxypteridinesas’37938939. The latter were synthesised
from pyrimidine intermediates in the first instance.
It therefore seemed desirable to investigate a
‘synthesis utilizing pyrezine intermediates which coﬁld he
prepared from simple and readily available aliph&ﬁic compounds .
Furthermore, while the above methods would enable the
2=position in the pteridine nucleus to be lagelled isotopically
in the,fiﬁal stage of a synthesis, they do not increase the
availability of 2=&mino»4whydroxy§teridinese All the
naturally occurring pteridines, so far as is yet known,
contain this grouping. A synthesis of this type of compound
which permits introduction of a labelled atom at the final
stage is likely %o be of considersable importance to biochemists.
Syntheses of pteroylglutamic acid labelled with 14C
at the 2- and 9-positions were described by Weygand and
caworkerssx,sa in 1952, The compound labelled at the
2-position (with 214C) was prepared by converting radioactive

barium carbonate (via @ guanidine salé) to triamino-4<hydroxy-
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pyrimidine labelled at postion 2, The pyrimidine was then
used in the usﬁal Waller eyntheeisii. It would obvibusly
be much better if the labelling was carried out in the last
stage of a synthesis.

It was dlso considered that & synthesig utilizing
pyrazine intermediates would help to_overcomevthe problem of
the formation of a mixture of 6- and 7= isomers experienced in
the conventional Isay synthesis when unsynmetrical a:1fe
-dicarbonyl compounds are condensed with 435-diaminopyrimidines.

‘EBarly syntheses of pyraszines from simpie aliphatic

compounds although numerous, are mainly of the autocondensation
type giving pyrazines, unsuitable as potential pteridine f
'intermsdiatesss. However in 1949 JonesBQ described fhe
synthesis of 2-hydroxypyrezine-3-carboxyamides (IIV),

consicting of the condensation of a:P-dicarbonyl compounds

(LI1I) with aminomalonamide (LIII). : |
R*“?C’ N H&::jiﬁ4uﬂﬂﬁg
R=Co . HN~o "

LII LiII LIv

These hydroxypyrazine=carboxyamides would make

ideal-étérﬁing materials for more versatile derivativés,

which could be condensed to pteridines, and also converted




to pyrazines already shown to be capable of cyclisation.
It has been shown that hydroxypyrazine (ILV) and
3,5, and 6-alkyl substituted analogues can be readily
converted to 2-chlorpyrazines (IVI) with phosphorus
oxychloride either alone or mixed with phosphorus penta-
chloridess’se. The effect of a carboxyamide or alkoxy-

carbonyl group at the adjacent 3-position was not

investigated.

v LVI LVIiI

Since in pyrazine (a syn l:4-diazine) the halogen
is always ortho to a negative nitrogen atom, the monohelo=-
pyrazines resemble the a-pyridyl halides in the reactivity

. of the halogen. Although chloropyrazine gives'a negative

teat for "active! halogen with alcoholic silver nitrate,

the bromo analogue gives a positive %test, and the halogsn

in ch;oropyrazines is sufficiently labile to allow these
compounds to 5@ used in general syntheses of phenols, thiols,
ethers and primary amines. Treatment of chloropyrazine with ‘
28% agueove ammonia at 200° gives aminopyrazine (IVII) in

80% yieldsﬁ. A similar replacement in the case of

a-pyridyl chloride requires a resction temperature of 250°
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67
and the presence of a catalyst .

Esters of pyrazine-carboxylic acids (LVIII) readily
react with ammonia and amines (primary and secondary) to
give amides (LIX) snd there are numerous references to such

25934937965968 '
reactions in the literature ~« The majority of

: 69
these amides were synthesised by Dalmer and Walter  because

of their purported physiclogical behaviour as analeptics.

LVI1I ‘ LIX
Because of the reactivity of both halo- and

alkoxycarbonyl-pyrazines to emino compounds generally it was
 congidered that 2-chloro-3-methoxycarbonylpyrazines (IX)
would constitute fhe most favourable intermediates in a new
syﬁthesis of the pteridine ring system, when reactedbwith
l:l-diamino compounds (e.é° guanidine, urea etc.) _under
suitable conditions. It was also envisaged that these'
compounds could be readily converted to 2-aminopyrazine-3-
~carboxyemides or N-substituted derivatives (1XI). Methods

X . : 36937939940
for the cyclisation of which have been outlined :




o
)

IX A X1

Aminomalonamide (IXVI), the key reactant in ﬁones'
synthesiss4 of 3-hydroxypyrezinecarboxyamides was obtained in
high yields by allowing a solution of aminomalonic ester
(1xv) in'several volumes of alcohol saturated with ammonie

to stand at room temperature for several days. The unstable

amino-ester (LXV) was best prepared from malonic ester
(ILXIII) by nitrosation - according to the general method of
Cherchez — - %o ethyl (hydroximino) malonate (IXIV); which
was catalytically reduced under pressure to the aminoe~ester
(va)sl. This method is superior to that used by Jones,
which depended on an aluminium amalgam reduction of the

hydroximino compound and isolation of (IXV) as its

hygroscopic hydrochloridesz. It was found that the crude
amino=-ester obtained by catelytic reduction could be used
directly without purification by distillation, as the
melondiamide, which separated along with the aminomalonamide
in the last stage, was readily removed by extraction of the

crude product with warm alcohol, the aminomalonamide being
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relatively insoluble.
H,C:(CO,Et), ———>> HON = C:(CQEt),

(LXIII) | (1xIv)

H,N.CH: (CONE, ), <——— K, N.CH:(CO,Et),

(1XvI) - (1xV)

Condensation of aminomalonamide with glyoxal under
the conditions described by Jones54 gave 2-hydroxypyrazinee
—E—carboxyémide (LXVII) in yields less than half of that
quoted (i.e. 90%). Variation of the reaction conditions
or use of polyglyoxal led to no improvement, and tarry
reaction mixtures were occasionally observed. Investigation
of the reaction showed that replacement of glyoxal, by its
sodiun hydrogen sulphite derivative (ILXVII) and the use of
approximately 3 moles of sodium hydroxide (12,5 N) resulted
in greatly improved yields (75%), when the reaction was
carried out at room temperature.

Muehlmann and Day in a receant publicationéa, have also
- reported that they could not reproduce Jones'! result in this
preparation, Further examination of the reaction conditions
led them to use glyoxal sodium hydrogen sulphite also. They,
however, avoided the use of strong alkali, and carried out

the reaction at 80° in aqueous solution, tc obtain an 85%
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yield of the free pyrazine carboxyamide.
The pyrazine-carboxyemide (IXVIII) was hydrolysed
to the carboxylic acid (LXIX) by warming on a water bath

with 4Ne-sodium hydroxide.

o

50, Ha %s&«fﬁc@m& AN € |
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This acid (ILXIX) was obtained previously from 2:4-

~dihydroxypteridine (LXX), by cleavage with strong alkali

to 2-aminopyrazine-3=-carvoxylic acid (ILXXI), and treatment

: 64
of the latter with nitrous acid .

ILXIX

The pyrazine carboxylic acid (IXIX) was converted
to the methyl ester (IXXII) by solution in boiling methancl
and treatment with dry hydrogen chleride, The hydroxy-sster
gave the 2-chloro derivative (LAXIII) in high yield (81%)

. . . .. 56768
on reaction with refluxing phosphorus oxychloride .




Condensation of 2-chloro-3-methoxycarbonylpyrazine
(LXXIII) with free guanidine was catalysed with sodium
methoxide in absolute methanol, and 2-amino-4-hydroxypteridine
(LKXIV)'was isolated in 20% yield, after réfluxing foxr 30 hours.
Reduction of the reaction period lowered the yield (e.g. 10
hours, 7%) and attempts to inérease the yield by carrying out
the reaction in a sealed tube at higher temperatures resultcd
in considerable decoﬁposition end equally poor yields (e.g.

10 hours at 109°, 5%). The use of potassium tert-butoxide

in boiling texri-buiyl alcohol did not increase the yield.
However, when &n intimate mixture of the pyrazine (LXXIII) end
guanidine carbonate was heated at 170° for 30 minutes, an 89%
yield of the pteridine (IXXIV) was cbisined.

The identity of this material with a specimen of
2-amino-4-hydroxypteridine prepared from triamino-4-hydroxy-
pyrimidine (LXXV) and glyoxal66 was established by paper
chromatography and confirmed by comparison of the infra-red

and uwltra-violet spectra.

H-€=0 YY)
+
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A gimilar fusion of urea with 2-chloro-3-methoxy-
carbonylpyrazine did not give 2:4~dihydroxypteridine nor did
reaction with S-methylthiourea in methanol or pyridine yield
4-hydroxy-2-methylmercaptopteridine,

The vereatilify af this intermediate (IXXIII) is
enhanced by the fact that it is readily converted to 2-amino
or 2-methyleminopyrezine-carboxyamide or ~N-substituted
carboxyamides by reaction with ammonia and or alkylamines,
and metﬁods for the cyclisation of guch compounds to pteridine

36937938939
dorivatives have been reported recently o Thusg

Albert and coworkerss5 have shown that emmonia at 20°
selectivelwkbnverted the ester to chloropyrazine-3-carboxy-
amide (LXXVI) which gave 2-methylaminopyrazine-3-carboxyemide
(LXXVII) on treatment with alcoholic methylamine at 120°,
Cyclisation of this pyrazine to l:4=dihydro-l-methyled-oxo-~
pteridine (LXXVIII) was effected with a refluxing mixture of

65
formic acid end acetic anhydride
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The synthesis of 2-emino-4-hydroxy-5:6-diphenylpteridine
(LXXXIII) from 2-hydroxy-5=6-d1pheny1pyrazine-}-carboxyamide
(L}Q(IX)&s was carried out in a similar menner.

The hydrolysis of the pyrezine amide (LXXIX) was best
effected by heating with strong ethanolic alkali in 2 steel
bomd at 180° for 6.5 hours, because of the extreme insolubility
of its monosodium salt in refluxing aqueous alkali.

Chlorination of the hydroxy-ester (LXXXI) to obtain
2-chloro-3-methoxycarbonyl-5:6=diphenylpyrazine (IXXXII) was
carried out in 81% yield by heating with phosphorus oxychloride
in a séaled glass tube at 160°., The use_bf‘refiuxing
phosphorus oxychloride, or a mixture of phosphorus oxychloride

Aand phosphorus pentachloride at 80° proved ineffective, The
observation of Karmas end Spoerrise, that large alkyl or aryl
groups in the remote 5- and 6-positions effectively hinder the
replacement of the 2-hydroxyl by chlorine, when an alkyl group
is at the 3-position, was supporited in this case. Thus
2nhydroxny»methoxycarbonylpyrazine was chlorinated (see above)
under conditions similar to those employed by Xarmas and
Speoeryri for hydroxypyrazines substituted only at the 3-position
with simple alkyl groups, and the 3-methoxycarbonyl group did
not hinder substitution any more than a 3—ethyl groupsp
howvever more vigorous conditions were required for the 5:6-

diphenyl analogue.
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Thé chloro-ester (LXXXII) was condensed with
guanidine carbonate by heating an intimate mixture at 170°
with the formation of 2-amino~4~hydroxy-6:T~diphenylpteridine
(LXXXIII) (_7096)° The identity of the pteridine was confirmed
by compérisonvof the infra-red and ultra-violet gpectra with
that of an authentic specimen prepared68 by condensation of
benzil with triamino-4-hydroxypyrimidine (LXXV). - Inofeased
yields by this route were pbtained by using the dihyd;o-
chloride =salt of the pyrimidine instéad of the bisulphiie salt,

Acetylation of the pteridine with zcetic anhydride
conteining & trace of concentratéd sulphuric acid gave the
2-acetanido derivative (IXXXIV), which unlike the parent
compouhd melted below 360°., A mixed melting point of the
acetyl derivatives from both routes showed no depression.

Attempts to condense Zechhmm-ﬁqmeﬂxngcarbonyl~5:6=
-diphenylpyrazine (IXXXII) with guenidine in the presence
qf sodium methoxide;, under the cbnditions'used'for the parent
compound, gave none of the expected pteridine, but a low
melting product was formed. The aeidid properties, and
analytical results indicated that this waé either 2-hydroxy-
-Bemathoxycarbonyl~5=6=diphenylpyrazine or 2-meth§x§~5:6~
~-diphenylpyrazine-3-carboxylic acid (LXXﬁV)° Tt was not
‘identical with the hydroxy ester (LXXXI)& Rénesterification

with methanol and dry hydrogen chloride %o give a methyl ester
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(IXXXVI) confirmed that the compound was the methoxy acid

LXXXVII LXXXVIII LXXXIX

Reaction of the chloro-ester (IXXXII) with concentrated
ammonium hydroxide af 180° gave 2~-amino-5:6-diphenylpyrazine-~
3-carboxyamide (IXXZXVII). This compound was previously
_ prepared by Taylorﬁa.by degradation of 2:4~dihydroxy-6:7-
~diphenylpyrazine with ammonia and could be cyclised by either
of the methods previously outlinedaesze. Taylor actually
converted (LXXXVII) to the thioamide (LXXXVIII) with
phosphorus pentasulphide before cyclisation, with a mixture of
ethylorthoformate and acetic anhydride, ito cobtain 4~mercapto-
~-5:6-diphenylpteridine (LXXXIX).

It would appear that this new method, i.e., condensing
a chloropyrazine-ester with guenidine, couvld be applied to the

synthesis of Zmamino-4-hydroxy~6—methylpteridine, wvhich is an



intermediate in one of the most flexible methods for the

v . 69970
“gynthesis of pteroylglutamic acid and its analogues .
The starting material for this synthesis would be 2-hydroxy-

d5-me%hylpy:azine—B—carboxyamide (XC), and this compound has

64
heen obtained by Jones from the condensation of methyl

Ao
: H

1VI XC XCYI
That this type of reaction gives only 3:5~disubstituted-

glyoxal with aminomalonamide.

Me-s%:@ ' %&ﬁ*f&%m&dﬁa
$
H-CD HpEC:0

-2-hydroxypyrazines and none of the isomeric 3:6-disubstituted
compounds wes confirmed by Spring and his coworkersvi who
investigated the condensation of methyl glyoxal and phenyl
glyoxal with g-amino-hydroxamic acids, | Thus methyl glyoxal
and DL-alanine hydroxamic acid (XCI) gave the cyclic hydroxzamic

acid (XCII) which was identified by reduction to 2-hydroxy-3:5-

~dimethylpyrazine (XCIII).



Repaetition of Jones! cOndensation.ﬁ4 of freshly
prepared Amethyl glyoxal ”® with eminomalonamide (IXVI) did
not give the product m.p. 243-244° (decomp.) and shown to
be 2-hydroxy-5-methylpyrazine-3-carboxyamide (XC ’°*.  There
resulted instead a compound melting sharply at 219-220° (decompol
but analysing for the pyrazine carboxyemide (XC) or its 6-methyl
isomer €8€¥). Hydrolysis of this new product with 5N-sodium
hydrozide geve a carboxylic aclid, m.p. 188-189° (decomp.) which
angrees with the m.p. 183-184° (decomp.) recorded by Jones for
2-hydrozy-b-nethylpyrazine-3=-carboxylic acid (XCv), prepared
from 2-amino-6-methylpyrazine-3-carboxylic acid (X(}IV’}25 by
treatment with nitrous acid. The 5-methyl acid (XCVJ) described

by Jonesg melts at 155-157°.

XCIV XCV XCVl

The product (m.p. 219-2C0°) obtained in the condensation
must therefore be 2-hydroxy-6-methylpyrazine-3-carboxyamide
(XCVII), i.c. the other isomer, which was not obtained by Joneasi
Rigorous chromatographic examination éf the reaction mixture
failed to disclose the presence of any of the expected

S5-methyl isomer,
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The use of aldehyde- and ketone- binding reagents
(such as sodium hydrogen sulphite and hydrazine) to influence
the orientation in reactions-employing unsymmetrical a:ﬁ—'
-dicarbonyl compounds has proved successful in the pteridine

'series, The use of these réagenté tends to force en alkyl
group into the 6-pogition of the pteridine nucleusi4’18°
Neither reagent affected the orientation of this reaction.
Sodium hydrogen sulphite facilitated the condensation, however,
and 2-hyd:oiyo6-methylpyrazine=3=carboxyamide (XCVII) was
obtained in the abgence of the usuel basic catalyst.

The hydroxy-acid (XCV) was converted to 2-chloro-3-
-methoxycarbonyl-6-methylpyrazine(XCIX) via the hydroxy-ester
(XCVIII) in the usuel way. Fusion of the chloro-ester (XCIX)
with gruanidine carbonate (C) gave 2-amino~4—hydroxy—7-methy1« .

pteridine (CI) in 80% yield. The inra-red spectrum of this
cémpounalwas identical with that of an authentic specimen19
prepared from triamino-4-hydroxy-pyrimidine (IXXV) and methyl
glyoxa1$&nd different from that of 2-amino-4-hydroxy-6-methyl-

pteridine (CIII) prepared from the same reactanis, but employing
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the aldhyde binder, hydrazine (CII), to force the methyl
group into the 6-position}e. This evidenée confirmed the
earlier conclusion, that the methyl group in the originai
pyrazinecarboxyamide (XCVII) was in the 6-position. |

It hag been reported by Karmas'and Spoerri56 that
repetition of the condgnsation of methyl glyoxal with alanine
(CIV) at first yieided the 2ahydr§xy-3=6-aimethylpyrazine (cv).
However reinvestigation of the reac&ion by these workers using
freshly prepared methyl glyoxal always gave 2-hydroxy-3:5-
~-dimethylpyrazine (CVI) the product originally obtained by

) 54
Jones .

HNCHMe
HNC:O

CIv cv , cvli
56 ,
The same workers also reported that the condensation
of methyl glyoxal with glycine gave a mixture of 2-hydroxy-6-

-methylpyrazine (CVII) 8%, and the 5S-methyl isomer (CVIII)s 27%

L

CVII CVIiil
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Siﬁce the publication of the above resultsva, the
conclusions concerning the condensation of methyl glyoxal
with am;nomalonamide.have been confirmed by two independeht
research groups.

~ Huehlmann and Day§3 could not reproduce Jones's
result. They obtained a methyl-2-hydroxypyrazine-3-carboxyamide
m.p. 227° (decomp.) whereas that reported by Jones had m.p.
243-244° (decomp.). The corresponding carboxylic acids had
 @ape 205° (decomp.) and m.p. 155-157° (dscomp.). These
workers&considered that their acid (m.p. 205°) was identical
with z-hjdroxy—s-methylpyz#azine-}-»carboxylica acid [m.p. 183-184°
(decompg)], prepared by Jones54 from the corresponding 2-amino
compound, and reported by him to depress the m.p. (155-157°) of
his acid. Muehlmann and Day concluded that they were dealing
with.thg 6-methylpyrazine series.while Jones. had obfained
the S-substituted series. These results aré in agreement with
those reported above, viz. amide, m.p. 219-220° (decomp.), and
acid m.p. 188-189° (decomp.)

Thesa workers also found that enhanced yieids wers
obtained if the methyl glyoxal was allowed to react wifh excess
sodium hydrogen sulphite before the aminomalonamide was added.
Whilet the reaction was cairied out at 80°, sodium hydroxide
was still added during the reaction period. The yield of 45%

is 8till 25% less than that reported above,



The Russian workers Gortinskaya and Shchukina67
condenaéd methyl glyoxal with aminomalonamide as described
by Joneé54 and hydrolysed the product hoping'to obtain
2-hydroxy-5fmethylbyrazine-}-carboxylic acid, Which they
intended to decarboxylate to obtain 2-hydrdky-5-methy1§yrazine
(CVIII). However, the carboxylic acid obtained had m;p.
180-182°, (decomp.) [gg, m.ps 155-157° (decomp.) given by
Jonés]. Decarboxylation of %his ecid gave 2-hydroxy-6=-
-methylpyrazine (CVII), m.p. 249-250°1previously reported by

56
Karmas and Spoerri (m.p. 250-251°), The 5-methyl isomer

(CVIII) has m.p. 126-128°.

B
7 l,

| CVil CVIII

The Russian workers considered that the acid (m.po
155-157°) obtained by Jones was actvually impure 2-hydroxy-
~-6-methylpyrazine-3=-carboxylic acid (XCV) since their acid
initially melted at 155-157°, but became 180-182° after
reérystallisation. - They did not commeat on the depressed
melting point observed by Jones on mixing his product with
authentic 2nhydroxy-6-methylpjrazinee}ncarquylic_acid, nor
did they compére the m.po(not give@)of their amide with that
recorded by anes (m.p. 243-244°) which is much higher than
that of the 6-methyl isomei (mep. 219-220°). It is therefore |
probable that the products obtained by Jones belonged to the

'S-methyl geries.
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2-Chloro~-3~cyanopyrazines.
Whilst the initial investigetion of a new synthetic

route to pteridine derivatives was directed at the synthesis
of 2-chloro~3~methoxycarbonylpyrazines and their cyclisation,
it was realised that other pyrazines, particularly other
2-halo derivatives; could be synthesised by utilizing
essentially the same intermediates. It was envisaged that -
chlorination of the hydroxypyrazine-}—carboxyamides or =3-
carboxylic acids would also yield suitably reactive interf
mediates.

‘Treatment of 2-hydroxy-5:6-diphenylpyrazine-3-
- =carboxyamide (IXXIX) with a miiture of phosphorus oxychloride
and phosphorus pentachloride at 80°, resulted in dehydration
of the amidé‘group, as well as, replacement of the 2-hydroxy
group with chlorine to give 2-chlor¢-3-cyano-5:6-diphenyl-

pyrazine (CIX) in almost 100% yield.

LXXXIX . em cxX

During the investigation of this compound as a

K3 - > - - 7 4
suitable pteridine precursor, American workers reported

its synthesis by the same method, and further work was

discontinued,
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These workers briefly outlined the cyclisation of
this pyrazine, to 4-aminopteridines, with various reagents.
Fusion of 2-cﬁloro-3-cyano~5=6-diphenylpyrazine {(cIX) with
guanidine.carbonate gave 23:4-diamino-6:7=diphenylpteridine
(CX); R = NH,) in 65% yield. Likewise fusion with thiourea and
urea gave the-é-ﬁercapto (CX3 R = SH) and the 2-hydroxy -
(CX; R = OH) analogues in 515 and 59% yields, respectively.

' 'Methode for thg conversion of ‘the cyanopyrazine (CIX)
into 2~aﬁino~5:6~dipheny1pyrazine-3—carboxyamide (CXI) and
2—aminof3—cyano~5:6—dipheny1pyrazine (CXII)_were also outlined,
The cyclisation of these compounds, which were obtained
previously by the degradation of pteridines was discussed in
~ the introduetiono- The preparation of the amide (CXI) from
2-chloro-E—méthoxycarbqnylasz6-diphenylpyrazine was described

above (page 29).

CXI _ CIX CXII
These ieécﬁions further demonstrate the utility and
poﬁential flexibility of this new approach to the synthesis of
pteridine derivatives which uses pyrazine intermediates that

are readily zvailable from aliphatic compounds. These
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pyrazina compounds are easier to work with than the more
conventional and frequently unsteble diaminopyrimidines,
which have to be handled as their,saltae ‘As tho latter
geneially possess no sharp melting Point, and are insoluble

in organic solvents, they are therefors difficult to purify.

SYETEESIS’Q@_2:8~DIHYDRO»4=HY§ROXY~2aIMINOaBaggTEYLPTER;QINESe

All the reported syntheses of Bssubsﬁituted pteridines
"have invplvad £he use of unstable Saamino=4e9uhstituted aminoe
pyrimidinas and have resulted in the formation of 8-substituted=
=T-pteridones or 8wsubatitutaa-7:Sadihydropteridinesqe’47’48949’
(see introduction page 12). Difficulties in preparing end
cyclising the_apﬁropriately aﬁbstituted pyrinidines, which are
:equireﬁ‘to glve 2-éminqu4-hydrox§pte?idine N(a) glyosides have
besn r@ported*z. Further, tha-cyclisation of certéin-
pyrinidings has given producfs other than KN, substitﬁtad
pteridines. For exémpleethyl oxomalonate reacted’with
&riamin6«6-methylaminopyrimididszg% give a aixture ofyz-aﬁino-
-7-hydroxy-4=methylamingﬁieridine~6~oarboxylic acid (Cxiv) end
2s4~dienino=T18=dihydre-8-noethyl-T=oxopteridine-6-ethoxycarhonyl
(va)as '
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4 poute utilizing sui%gbl@ pyrezine derivatives could
cvercone many of these difficuliies. it was coésidered that
the f-oxo-ester functlion present in lmalkylvlsEndihyéro=5wme§hoxy«
- carbonyle2-~0xopyrazines (CXVIII)‘migh% have reactivity sinilax
to that of ths B-keto-osters normally used for pyrimidine
synth@sesga,:and woﬁld cordense with guanidine to give a
pteridine (GXIX), which, unlike those previously synthesised,
has & transannular bond system similér to that pqStuiated,for

24 : 46
luciferesceine and the Drosophile melanogaster eye pigment
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In order to test the feasibility of this route
preliminary investigations have been limited to the |
preparation of 8=mathjlpterid1neso“ This required the
synthesis of ls2m&ihydio=3mmethoxycarbonyl»l-methyinamoxo-
pyrezines, which could best be prepared by Hemethylation of
the 2ahydroxy~3amethoxycarbohylpyrazin@s, alreédy investigated
in this section,

Only one case of the methylaiion of e hydroxypyrazine
haes been reported. Dutcher = treated hydroxypyrezine (CXX)
with diazomethans and obtained a erystalline monomethyl
dorivetive which he considered to be lzZodihydrOalémethylaza
~oxopyrazine (CXXI). 2-Methoxypyrazine (CXXII), a liguid,
has since been prepar3676 and may also have been present in
the moéher iiquors from the remction. Diagomethylation of
hydroxyl groups & to a ring‘nitrogen generallylgives rise to

_ 65977978
a mixture of O~ and Nemethyl derivatives e

~ @

CXX | CXXI CXXTT
Prgataent of Q»hydfoxyoﬁamethoxycarh@nyléﬁ:écdiphenyla

pyrazine {CXXIII) with diazomeithans geve & mixbture of the O-

and He mé%hyl"&@rivativesb(GXXxvg and CXXV)e. Likowise



a2

veaction with methyl iodide end potessium carbomate in

refluxing dry acetone gave a similar mixture in the ratio

2tl.

CXXIII CXXIV CXXV
Exclusive N-mothylation of hy&rakyhaﬁerocyclic

compounds capable of lactamalactim oauﬁomer*sm is best

, 88 997 378 :
effec%aé with methyl sulphate ‘ ° Methylation of
the hydroxycarboxylic acid (CAXVI) with methyl sulphato at
35° in aqueous solution &b PHB, gave lsaadihydrOnlomethylé
«2-0x0=-536~diphenylpyrazine «3-carboxyiic acid (GXXVII) which

yielded the ester (CXXV)‘Oﬁ treatment with diazbmethane,

CxXxvi - CXXVII CXkV
g-hlkoxyquinolines and 2s:{-dimethoxypyrimidine (CXEVIII)

give Fe-methyl d@ﬁl?g%&VéB {e.go CXXX) on reac%ion with methyl

80761 %82
iodide o Tn@ 1ﬁi0rmea$ate pentava1anu alﬁrogen compounds

(eege CXXIX) ave unauab?a and dissociate with the production of



43

- the N-methyl derivativeéo Treatment of the methozy ester
(CXXIV) with methyl fodide at 180° in a sealed tube yielded

only a trace of the Nemethyl isomer (CXXV).

N
- e
CXXVIII - CXXIX . CXXX
Reaction of the N-methylester (CXXV) with free guanidine

in refluxzing methanol or in the presence of sodium methoxide
wag unsnccessful, However fusion of the pyrazine (CXXV) with
guanidine carbonste at 180-200° gave 2:8edihydro=4-hydrozy-2~
-imino~8~methyl-6:T-diphenylpteridine (CXXXI). This compound
was also synthesiced ﬁsing an alternative route, by Mr. W. Eo
' Fidler, of this Depariment, who condensaé benzil with 215-
=diamino=-4-hydrozy-6-methyleninopyrinidine (CXXXII). The
infra-red and ulira-violet spéc%ra of both produocts were

identical.
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The use of,1:2ndihydro=3=methoxycarhonyl»lamethyl-Zm
-oxopyrazine (CXXXIII) in the above synthesis will enable
%he'preparatidn ofﬂthe unsubstituted pteridine (CXXXIV), which
cannot be cbtained dy the alternative route"from the S5-anino-
m6umethyl§min09yrimid1ne {(OXXXII), The coﬁ&ehSation of
glyoxal with 5aaminoa6=methylamigopyrimidinas haé beeﬁ shown
to give bisdilydropurinyl compounds (e.g. OXXXV).and not

DL
8-methylpteridines (e.go. CXXXIV).

It eppears that this method would offer a cuiteble réut@
to pteridine N, glycosides. This would requirve the synthesis
of suiﬁabi@ pyrazine glycosides which have not yet been
studied, Howover various meﬁhéds have béan develope& 1# the
purine and ﬁyrimidiue nucleoside field for the introduction

of a sugar molety et & ring nitrogon atom®® 88,



. EXPERIMENTAL
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Eelting points were determined using & stendard N.P.L. :

thermometor.
| Papsw ehrométogxaphy was performedvonAHool Whatman

paper by the escending method using (separately) butanol=
-5ﬂ»acetic‘écid (7:3) end aqueous aﬁmonium chloﬁide 3%: ord
the chronatogrems were viewed in ulitrae-viclet light of
wave-lengthe 254 end 36% mu, Yielés‘cf subgtences ﬁhat‘h&ve
no definite melting point refexr to the stage when they
appeared chromatographically homogsneous.

Subatences were dried in air at 110° unless ofhe:wiae
stated.

Ultra-violet absorpiion spectra were determined with
2 Unicam SP.500 spectrophotometer end E denctes intensity

of absorpbion.

Ethlgg&minamalon&tasoaﬁﬂo - Halonic ester (480 go,
3 mol,) was dissolved in glacial ecetic acid (540 éo, 9 mol,),
and o saturated agusous soluiion of sodiuﬁ nitrite (621780,
9 mol.) was added dropwise to the stirred sclutioh over &
period of 2 hours, the temperaburs being kept bolow 20°., The
mixbure was allowed to stand overnight,water (1.5 1.), and
ether (3 1.) weve added end the leyors ellowed to separate.
The agueocus layer wes extracied with more cher (2 x 1.5 30).

‘The combined ezbracts were washed with 5% sodium bicarbonate
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(1.5 1.), 20% agueous urea (2 = 500 c.c.) water (2 x 1 1.),
end dried (magnesivm sulphate) and the ether removed by

" distilletion in vacuo to give 450 g., 80%, of ethyl
(hydroximino) malonate.

The isonitroso ester (100 go) was dissolved in absolgte
alcohol (50 c.c.), and hydrogenated repidly at voom temperaturs
at 4-5 atmospheres pressure, using LOA éalladisea charooalsq
(4 g.) es catalyst. The oatalyst was filtered off and the
- aleohol vomoved under reduced pressurs. The ethyl-asminomalonate
was distilled alt pressures not exceeding 1 mm.; yield 78 go,

B4%, BoDo 58-60° at 0,07 mm., mgo 1.4320.

54
Aminomalonamiée . = Ethyle-aninomalonate (67 g.) was

_ dissolved in saturated ethenolic ammonis (500 coc.) and. the
solution allowed {0 stand at room temperature for 7 days.
kThs produet which separaﬁ@d as a ysallow solid, was oollected,
weshed with ethanol, and driecd; 44 g., 96%, mop. 187-188°
(decomps, ). The aminomalonamide was used without further

purification,

2-Hydrozypyrazine~3-carboxyamide, = Glyoxal sodium

~ 88

hydrogen sulphite hemihydrate (35 g.) was dissdlved in
water {150 c.c.) and o sclution of aminomalonamide (15.5 go)
in water (100 c.c.) added. 12,5 H-Sodium hydroxide (36 CoCo)

wes added dropwise Lo the stirred solution, The mixture wes



chilled overnight end the cryétallina sodium zalt of
auhydxoxypyrazinaéﬁ«car%axyami&a collected, washed with ice
cnld wateyr, and suﬂp@ﬂﬁé& in warm water (60 C.Co)s Acetbic
aeid {20 c.c.) was added and the éuap@neion‘sﬁixr@d for
2 houvrs besfoxe nemnu chilled and the ¢rystalline product
colliected, 14 ge.s 75%, m.p. 268° (decomp.). 4 sanplo was
recryetellized from walter, 8 pals yellow needles, m.p. 270°
{docomp. Je | |
Found: Cp43.1; Hy3.5; ¥,30400
Golo. for Cyl;QyFyt Cp43.25 H,3.63 Ny3002%
gondensaiion of aminomalonenide with sgueous g yoxal
vader the conditions described by Jon9354 gave tarry reaction
miztures and ﬁoar yields (< 40%) of the pyrazine. Muehlmenn
end Dey have elso za@or%e& the use of the sodium hydrogen
5ul§hit@ derivative of glyoxal fa* this reaction, in a

€3
recent publication ..

Qwrfﬂrﬁk?pv“&?.39*;@092“&&?110 20¢ide = 2« Jyaroxypyrazizea

=3-garbozyemide {14 g.) end 4¥-sodiun hydroxide (100 CoCo}

vore hested on s waber bath for 12 hours,  The rosul%ing

solubion wag aeidified with concenirated hydz chlorlc ac;d %o

pE4, ehil%edgvaﬁé $he procipitote collectodo The pzo&uct

wags purified by éissolving in agusous godium bicalbcpatas and
o

the solution trented with charcoal and filteored, The filtr**

wes acidifiod wilh hydrochlozic ecid, end allowed to COOic
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The cxystalline solid was collected, washed with iceecold water,
and dried at 100° (10.8 g, 77%)5 the m.p. was 218-219°
(dscomp. ), undepressed when mixed with & specimen propared
from Z-amino-pyrazing<3-carboxylic aci&se.

Pounds C,42.85 H,3.05 N,20.2.

Calc. for CGH, 0¥, :0,42.93 H,2.935 F,20,0%

68 ;
2egydroxy-s-ngthozycarbonylpyrazing . - A suspension

_cf EahydroxypyrazinanEnOazbaxylic acid (6.5 g.) in dry

- boiling methanol (250 ¢.c.) was treated with dry hydrogen
chloride until it haed dissolved (20.ming), snd the solution
was refluxed for e further 2 hours, before being concentrateé
in vacuo to 50 c.c, Ice-water (220 c.c.) wes added ceutiousliy
%o the chilled solubtion, and the pH adjusted to 3 with sodiunm
hyarogen carbonate. Sodium chloride (55 g.) was added aﬁﬂ
the soluticn exbracted with ethyl acetate (600 c.c.) for

24 hours. The extract was dried, boiled with charcoal (3 g.)
for 10 min., filtered, and e#&porated in vacvo. The yellow
residue {6 g.) wos sublimed at 130° (bath)/0.0E RMm. giving

Zehydroxzy-3-methoxycarbonylpyrazine, 4.7 go, 65%; mep. 151=152°

88 _
2=Chloro-3-nethoxycarbonylpyrazine, = 2=-Hydroxy=3i=

-methozycarbonylpyrazine (3.4 g.) and freshly distilled
phesphorus oxychloride (20 c.c.), containing one drop of
10W=-hydrochloric acid, were refluxed for 3 hours, then taken

to dryness at 80° in vacuo. The residue was poured onto
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crushed ice (140 g.), and the mixture stirréd‘for 20 min,

‘The pH was adjusted to 6 with ammonium hydroxzide (S.G., 0.88)
ﬁbdium’chloride (68 g.) added, and the mixture extracted with
ethryl acetate (8 Z 35 CoCu)o The combined extracts were

rdrieé (sodium sulphate), and evaporated in zgggg, | The
'"esulting pale brown oil on distillation (b.p. 50»52°//0004 ms )
gave 2-chloro-3-methoxycarbonylpyrazine, as white plates, .

5015 Soy 82%’ BePo 31"5290

2eAninc=4-hydroxypteridine. - (a) 2-Chloro-3=

methoxycarbonylpyrazine (1.0 g.) and guanidiné earbonats
(2.0 g.) were finely powdered and the mizbure heabted at 170°
(bath) for 30 min.; with occasional stirring, when effervescecnce
took place, and the mixture turned brown. On coolihg, the
residual solid was dissolved in boiling water (50 c.c.) end
. the solution was filtered., - After treatment with charcoal,
end filtration, the béiimg solution wes brought to pHS with
§§sﬁydyochlcsic aéida The pale yellow solid which separated,
was éollec%ed at 90-100°, washed with boiling water (25 c.c.)
and ethanol (15 c.c.), and dried et 100° %o give 2-3mino=4=
~hydrozypteridine {0.84 g., 89%), m.p.>» 360°.

4 sample {0.37 g.) was dissolved in hot 2N-sodium
hydrozide {1.8 co.c.), the solution filtered hot, and 1lON-sodium

hydroxide {1.8 c.c.) added to the filtrate. The yellow sodivm
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salt which sepérat@d on cooling, was collected, washed with
2.5-§ sodium hydroxide, and air dried to give fine yellow
needles, These were dissolved in boiling water (9 c¢o.c.)
end tho hot solution was poured slowly into 3N-acetic acid
(30 d;ce)o The pale yellow solid which separated was
¢ollec§eﬁ, washed as before, and dried at 135°.
Pound: C,43.95 Hy3.03 N,42.6,
Calc. for CgH;ONg: C,44025 Hp3.13 N,42.9%
Light ebsorption im O.lN-sodium hydroxide: MNax. at 255
(B = 16,000), and 358 mu (E 6,600);
(b) Guanidine hydrochloride (1.1l go) was added %o a
solution of sodium (1006 g.) in dry methanol (40 c.c.).
The éolution wes filtered from sodium chloride, and 2-chloro-
-3-methoxycarbonylpyrazine (2.0 go) was addeds A clear,
bright scarlet solution resulted on shaking, and was refluxed
for 30 hours, during which further precipitation of sodium -
chloride ook place. The filtered solution was diluted with
water (60 coc.), and the pE of -the boiling solution was
adjusted to 435 with warm'glﬁcia; acetic écid. The yellow
bulky precipitate ﬁas collected and purified as sbove, 0,375 g,
20%, m.po.> 360°,
Founds C,44.5s H,a,,i; K943, 00
The yield fell appreciably when‘the period of rafluxihg

yae :ééucad (e.go. 1O hours, yield 7%), or when the reaction




was carricd out at higher tempereatures in a2 sealad tube
(e.g. heating at 109° for 10 hours, yield 5%).
(¢) ¢ A solution of 2:5:6atriamin0m4=hydroxypyrimidine
-dihydrochloride (2,14 g.) in water (20 c.c.) was heated to
70° and trested with 26.5% aqueous glyozal (2.2 coce)f After
24 hours the precipitate {1.3 g.) was collected and purifisd
25 in seation (&), mopo.> 360° ' | |

 The ultra-vislet and infra»red spectra of the above

products were identical.

- . . 54
2-Hydroxy-5:6— diphenylpyrazino-3-carboxyanide - = A

 mixture of benzil (21 go, 0.1 mol.) and’poﬁdere& aminomalonanide
‘(1157 goy 0ol mol.) in 50% aguaous ethanol (350 c.c,) was heaied
to 70° and 12,5 Hesodium hydroxide (10 Goce)’ 0,125 mol.) was
add@d'with stirring. A clear brovn solﬁtibn'resulteﬁvand thén
sﬁdasni& it hecame aimosﬁ s0lid with a crystalline preéipitateo'
The cooleé mixture wes filtered and $he solid was washed.ﬁith
acetone (500 c.c.) and water (250 c.c.), The spafingly
Aéoluble sodium salt was suspended in acetone (200 coCo) and
treated with concentrated hydrochloric acid (20 ¢.c.). The
resulting clear solution was diluited with water (500 €oG,) &and
thg Zehyérox&-iz6adiphenylpy£azinen5a carboxyanide which
sepa?ated, was collected after chilling the mixture overnight.
Tﬁe‘product wasg recrysbtallised from acetong/water s yellow’

needles, 25 go, 835%, mopo 175° (decomp. )



Found:s  C,70.13 H,4.35 N,14.3.

Calc. for C,,H,;0,§ & Gy70.13 H,4053 N,14.4%.

'2»Hgdroxg«B§6=dipbenylpyrazinewﬁecafboxylic acid, -

2-Hyﬁr9xy~5:6-dipheny1pyrazine«B—GarbOXyamide (Boolg.).ana
sodiun hydroxide (8.0 g.) in ethanol (liofcope) vere heated in
a steel bomb at 180° for 6.5 hours., After cooling, warm water
(150 c.e.) wes added, and the ethanol evaporated. ~ The hot
solution was filtered; concenitrated hydrochloric éci& was

éddad to pH4, and the.yellow precipitate was collected after
chillingo Recxjstallis&tion from &gueéus acetone gave

2-hydroxy-~5:6-divhenylpyrazine=3=-carboxylic acid as golden

needles, 7.28 g., 91% m.p. 216-217° (decomp.).
'Found,% C,59075 3;3995 N9904o

CyoHy o O3B, vequires €,69.8; Hy4.1p ¥,9.6%.

2gggdrcggyﬁmmeﬁhéxycarbong§f5z6-diphsny1pyrazinﬂp -

2~Hydmozy»596ndiphenylpyraziﬁeo3acarhoxylic'acid (7.5 g.) in
- dry boiling meihanol (300 c.c.) was treated with dry hydregen
chiaride_until it had Qomple%ely'dissolvad (about 20 min.) and
the solution wes vefluxzed for a further 2 hours. On cooling

the reactlon mizture, 2-hydrony-3-methoxycarbonyl-5: 6=digh’enzl«=

pyrazine waos deposiled as yellow needles. These were collected,
and the mother liguors concentrated %0 50 C.G. gg_vécno when
a second crop was obtained., Recrystallisation from msthanol

gave the hydroxy«@ster as fine yellow needles, 6.65 g., 89%,



- mepo 204-205°.
Found:  Cy70.73 HydeTs H,809.

CrgHye BN, requires 57065 Hy4o65 Mp9.1%.

2a%hlaroéasm@%hozycar%onylos:6edighe§xlgzpazinea -

2-Eydroxy-3-nethoxycarbonyl=5:6-diphenylpyrazine (3.5 go) and
redistilled phoéphaﬂns oxychloride (23 c.c.) containing ome
drop of comcontraited sulphuric acid, were mixed in a Cariusg
tubs. Tho mixturo was heated at 110° (bath)} for 10 min., when
evéluticn of hydrogen chloride had csasad. The tube was then
sealed and heated at 160° for 5.5 hours, The dark yellow
solution wes pou&ed on cracked ice {200 go), end giirred for

30 min,, during which a buff sclid separated. This wes

collected, washed with water, and recrystallised £rom methcnel,

to give small plates of“2echlar@chmathoxycafbonggfs36%

=diphénglpyrazine, 3,0 goslél%, MoPo 113=114°, Recrystallisa-

tion'erﬁ mefhanolalighﬁ petroleum (b.p. 60-80°) fcllbwé& ¥
sublimation gave a séﬁplé of m.po 116=116°55;
- Pound: (0,66.63 534905 Hy8.93 Gl,ilcﬁg
c;égggazzqzcz. roquires C366.63 H,4.03 H,8.63 €1,11.9%.
The yield at 150° was only 50%, and at 190° 14%.  The
use of a mixzture of phosphorus oxychloride and diethylaniline
(g£o7?)zmﬁr of phosph@rﬂs oxychloride and phosphorus

o

- .88 o
pentachloride was unsuccessful.
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2~Anino-4-hydroxy-6:7-diphenylpteridine. = (a) 4

finely powdersd mixture of 2-chloro-3-methoxycarbonyl=5:6=
-diphenylpyrazine (0.2 g.) end guanidiie carbonate (0Cod &o)s
was heoted at 170° (bath) for 30 min., with occasional
stirrings effervescence took placeo The nixture was
extracted with bolling ﬁaﬁe? to leave an orange 501id (0,230 go )
which was ga?ixieé by di%salution in hot 2N=sodlum hydroxide
(20 €,Co )y Tiltration, and the warnm filirate was poured into
'hoiling giacial acatie'acid (10 coCo)o The yellow solid
.ﬁhich s%ﬁaz&%eé was collected at 90-100°, washed with warm
water, éth&nol, and @%herg end dried to give 2=anino=4-hydroxy-
_6g7-aiphany1§teriaina, 0o13 gop T0%s mupo>_3éo°o Recrystall-
isation frém éimekhylformamida gave & yéllow microcrystalline
50lid which was dvied ab 135°
Foundt 6833 HyAoO3H,22.4

Calo. for C,gH 5 0lys  C,68065 Hyde23l,2202%
'Light_abaozption in 0.1N-sodivm hydrozide:s Max. at 270
(B ='20,900), and 380 ms (E = 13,000).
{b) (cf£.68). - & golution of 2:5=6mtriamino=4=hydroﬁy=
pyrimi&in@ dihy&rochldrido (2.4 g.) in warm waster (25 CoCs )
- wags added to @ solutlon of benzil (2.5 g.) in boiling ethanol
(75 c;c;). The ?@ﬁulezng cleay yellow solutlcn on refluxzng,

rapidly danesmﬁe & yellow crystalline sol:xdo After 4 hours
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$he mixture was filtered Whii@ a8t1ll warm, and the residus
- washed with water, and ecetons, The product was purified
25 8bove, 3 Zos 85%, mopo > 360°. |
| Pound: C,68.33 H,4.05 §,21.8%.

fain, Malletts and Tayloria using ths bisulphite
derivative of the pyrimidine obtained the pteridiné in 54%
yield,

The infra-rsd and ultra~violet spsctra of the above
products wexe idesniical, and a mizture of their acetyl

derivatives {sece below) showed mo depression of m.ps

2-fcotamidow-d-hydroxy-6s T-diphenylpteridine. = A mizturo

of 2~aminom4chydroﬁy«6:7adiphaﬁy;p%aridiﬁe (50mz.) and
radisiilled acetlc anhydride (2 c.c¢.) containing 3 droﬁs

of concentrated suiphuric acid, was heated on a stean béth
for 1 hour. The dark solution was cooled, poured into watew
(15 c.c.) with stirring, end the mixiture chilled for 2 h01rs;
The yellow precipitate was collected weshed with 2N-sodium

bicarbonate, waler, and acebons. - Recrystallisation from

aquecue ethanol gave 2»acatamidca4nhydroxgyéz7odinheﬁylpteriéiﬁeg
es pale yellow blades, 40 mg., 70%, mep. 236-238°,
Found: C,67.1p Hedol.

CooFy 0 N requires  C,67.33 H,4.2%. -
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2~ﬁethchu52éadiphenylpyrazinee}ncarbozglic gcid, =

%o a solution of sodium (0.06 3.) in dry methanol (7 CoCo )
wers adled guanmd ine hydrochloride {(0.06 g.) and 2-chloro-
-Femethozycarbonyle5:6~diphenylpyrazine (0.2 z.). The
mizture was refliuxed for 12 hours on a water bath during
which a‘whiﬁe bvulky precipitate separated. The solideas
gollect ed, dissolved in boiling water, and the le trato
takon t0 pHA with glacial acetic ascid. Crystallisation
occurved on cooling to give £1luffy white nesdles, D096 g.):
nepo. 179° (dscomp.). The filtrate from the reaction
mizture was conceanitraied In vacuo, warm water was added to
dissolve any solid matarial, anﬁ the solultion was fillered
from traces of slime. The clear filtrate wes adjusted

to pH4 with glacisl acetic =e¢id, and on cooling, a further
deposit of crysisls was formed {0.04 g£.) mede 175° {(docomp.).

s

Total yield 73%. Recrystallisation from aqueous methaﬁo'

- gave Zemoi hexy«ﬁzé-déna vip razzneaﬁwcarhoxylic’acid as

small white geedles, Mepo 180-181° (decomp.)-

Found: C,?Oc?; 534333 H;Bo?.

CiaHy4 057, requires €,70.63 H,4.65 1,9.2%.

Care musi be taken during the preparation of this

material that it does not btecome mixed with itzsodium salt which



57

cfystalliaag readily from water as white plates, m.pe
254»256°(decompo). The samE'ﬁathoxyaacid, m.p. and mixsd
Mopo. 178=180° (decampo), was obteined from 2-chloro-j-
»mefhﬁxycarbonyln5s6adiphenylpyrazine and sodium methoxide

in ths ebsence of guanidine,

2=Nothoxy=3-nothoxycarbonyl~5s6-diphenylpyrazine. =

2-Nethoxy=516=diphenylpyrasine-3-carboxylic acid (0.2 g.) wag
esterified with methanol and dry hydrogen chloxide, using the
nethod employed for the esterification of the correéponding

hydroxy-acid (sse pagagz_). 2=Mothcxy=3»methogzparbonzﬁrs:6»

~diphenyloyrazine (0.2 g., 95%) was recrystallised from -

methanol to give £luffy white noedles, moﬁo 118,5-119°%
» Founds 09?1023 335005 Npsoso
CypHy g O M, requires Cs71e23 Hy5.03 1,8.8%,

2=fmino=5s6-diphenylpyrezine=3-carboxyamnide, - A4

mizture of 2~oh10roa§cmaﬁhoxycarbenylw5:6sdiphenylpyrazine (0:2
g.) and concentrated ammonivm hydroxide (So.G., 0.88; 4 c.0.)

in a2 sealed Cavius tube was heated at 180° for 16 hoﬁrso

After cooling, the reaction mixturs was cvaporated to dryness
in vacuo gnd the ysllow residue exiracted with cold water

(5 c@eg)o Recrystallisation of %he final vesiduo from

agueous ethaneol gave 2=amin0u5é6wdiphenylpyrazinea5»carbexyo

anide, as pale yellow needles; 0.17 go, 95%; m.po 203=204°,
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Founds 0570023 HgSo'O§ VN,1901
Calc. for Cy,H, 0N,z C,70.33 Hy4e9p N,19.3%.
38 :
Teylor  7zives m.D. 203,5=205°.

, 72 e
Hethyl glyoxal . - Selenium dioxide (245 g.) and

acetone (1.2 1.) were heated under reflux for 3-4 hours,.
earefuily during the initial stages when tﬁe'feaction ﬁﬁs
exothdrmic; The yelléw liguid product wasfdecanted, fhe

. black residue washed with acetons (200 c;c,), and the ﬁhole'
liguid fractionated up to 80° to remove %hevexcass of acetone,
as g pale yellow &zeotroﬁic mixture (b.po 5605f) containing

. about 1% meithyl glyoxal (retainsd as the initial materia} for
- furiher ﬁreparaﬁiona). The residual 1iquia wes fractioﬁﬁted
under-feducéd~pressureo -The yield of methyi glyoxal

, (containing_é little wate:) PePo 54-70;/ ﬁolm.mo was 40 8o

Z-Exdroxynﬁcmethylpyrazine=3-carhoxyamide; - (a)

Freshly prepared méthyl glyoxal (9 g.) in water (12 coc.)

wgs cooled to =20° and finely powdered aminoﬁalonamide (15 g.)
- was éddedo ‘With stirring, and keeping the temperatﬁ¥§ below
0° ,"lzos,ﬁysodium hydroxide (10 c.c.) was added dropwise
over a §eriod of 30 minms, After stirring fﬁr 2,hoﬁrs, the
mixture was allowed to stand for 2 days o<t 0°. The yeilow-
godiﬁmigalf‘which separétéd was cbllected, w&shed'with a

gmall volume ef water, and suspended in moist acstone (250 coc;)o
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The mixture was adjustsd to pH4 with concéntrated hydrochloric
goid, ané the buff solid (13.0 g, 70%) which separated was
collected, washed with ice-cold water and acetone, and dried.
Rigorous chromatosraphic examination of the product, and the
motherwliquore, did not reveal any fluorescent material other
than the soldd isolated. Recrystallisation from methénol

{charcoal) gave Z2-hydroxy-6-methyloyrazine=3-carboxyamide as

pale yellow needles, me.p. 219-220° (decomp.).
Tound: (546,93 HydoTs Hs2Tode

CuHy 0, Ny requives C,47.13 Ho4.63 N,27.55
{b) Freshly prepared methylglyoxal (12 g.) in water (30 coc.)
vas treated with sodium hydrogen sulphite (10 g.) ard the
mixture was set aside at room temperature for 30 min. Finsely
powdered amincmalonémide (20 7o) was added, and the’mixture
was heated on & water~bath until the solid had dissolvéd, On
overnight refrizsration & semi-golid buff mass Separated,
12.5 H-Sodium hydroxide (20 c.c.) was added to the stirred
mixture and the sodium salt of the product, which geparated
as 8 bright yellow precipitate, wase collected, after chilling,
anéd vashed with 2 small volume of water, acetone and dried,
19,2 gop T0%. 4 sample (1 g.) was‘converted to the free

hydrexypyrasine, m.p. 219-220° (decomp.) as before (section o)
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2-Bydroxy-b-methvlipyrazine~3=carboxylic acid. ~ The

sodium salt of 2nhydroxy~6=methylpyrazinen3-carboxyamidé (3.0 go)
was dissolved in ﬁg:éodium hydroxide (20 c.c.), and the
solution wes refluzed until evolution of ammonia had ceased
(30 hours),v The cooled solution was stirred and treated
with concentrated hydrochloric acid until the pH was T-8,
when some silica was fillered off. The filtrate was taken
ﬁo pi4=5, treated with charcosl, filiered, and the filtrate
concentrated ggnggggg_%a 10 ccc. in an stmosphere of nitrogsn.
The dark violet solution deposited needles on ococoling.
Crystallisation from methancl containing a few drops of water
gave 2-hydroxy-6emsthylpyrazing-3-carboxylic acid es thick
clear nesdles which became opague on drying m.p. 188-189°
(decomp. ).
Found:s C,47.03 H,;4.03 N,18,3.
Cale, For CgH; 03K, :C,46.8; Hy3.95 H,18.2%

84
Déscribed by Jones &s a tan powder m.p. 183=184°,

2-Hydroxy=3-mcthoxycarbonyl-6-methylpyrazine, -

2-Hydroxy-6-methylpyrazine=3-carboxylic acid (1.0 z.) was
dissolved in boiling dry methanol (50 c.c.) and the refluxing
mizture treated with dry hydrogsn chloride (30 mins. ). The
selution beceme lemon coloured and yellow crystals began to

separate. After refluxing for a further 2 hours the mixture




61

wes concentrated in vagcuo, on a water bath, to 10 c.c., and
chilled. The yellow crystalline product was collected and

washed with a l}tﬁie dry methanol. Recrystallisation fron

methanol gave 2-hydrexy-3-methoxycarbonyl-6-methylpyrazing as
clear needles, 1.1 gZo.s 100%, MoPo 174=175° (decom@o)
Founds c949085 H§4o7§ Ng16960

C7ﬂécgﬂé requires Ce50.03 HpdoB3 H,lé°7%.

2-Chloro=3-mecthoxycarbonylebenmethylpyrazine, «

2aﬂydroxyabsmethbzycarboﬂyleamethylpyrazine (0.3 go) was
refluxed with redistilled phosbhorus oxychloride (6 c¢.6.),
containing one drop of concentrated sulphuric acid, for

5 hours, The reaction nixture was pouredronﬁo cracked ice
(100 g.) end stirred for 30 min, Ethyl acetate (30 c.c.)

was oadded to the icevcola solution, and the pH was adjusted

to 8 with concentrated ammonis. The équeous layer was
saﬁurated‘withfsodium chloride, and the solution was extracted
with othyl acetats for 24 hours. The yellow extract was
dried and evaporated to dryness in vacuo to give a browa gum

which crysitallised on the addition of methancl, Crysitallisation

from methanol, using charcoal, gave 2-chloro-3-methoxycarbonyle
<Gunothyloyrazing, 0.2 g., 61%, as small yellow needles, m.po
82-83°, Recrystallisation from light petroleum (b.p. 60-80°)

gave clear plates, m.p. 84=05°.
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Found: 094552; H9306~
C,H,Q, N,G1 requires C545.14 I, 3.8%.

2mpnino=4-hydroxy<P-metnylpteridine. = (a) A finely
powdered mixture of 2«chiorou3~methozycarbonylo6«methylpyrazin@
{135 ng.) and guanidine carbonate (0.4 g8.) was heated at
165-175° (bath) for 30 min, with ccessional stirring. The
mixiure turasd light orange at 125° and slowly deepened to &
édull caransl c¢nlour as the temperature was raised. After
cooling the zolid was dissolved in boiling water (7 c.c.),
charcoaled, and filtered. The warm filtrate was poured into
warm glacial ecetic aeid (4 c.c.). The lemen coloured solid
which separated was collected at 90-100° on a sintered glass
funnel)washed with water, ethanol aund ethei, 105 mg., 80%,
WePo p 300°  The product was ﬁurifie& by dissolving in
2H-sodium hydroxide (2.5 C.Co.), the solution filtered and
12H-sodium hydroxzide (2.5 c.c.) added, The mixture wes warned
50 dissélve .Q?eaiéitated solid, end aliowed to cool slowly,
when thse sodium éalt sspsrated as lemon needles, which werve
collected and washaed with 5§esodiunm hydroxide (5 coc.). The.
sodium eé;z wae dissolved in werm water {4 c.co) and the cléa?
soiution sided to boiling acetic acid (3 c¢.ce.)> The 2-aminc-
”4-ﬁydroxy??amsthylp%eridina which separateé was collected end
wagpgﬁ‘%ith warm water,‘ethanol, and sther, and dried a¥ 135°

in vacuo.




O\
W

Found: 034409§ H,402¢
Cale. for C,H,ON; 2,08 C,45.23 H,4.5%.

£} .
: fothyl glyoxel (1 c.c.) was added %o a suspension -

®)
of 2:5i6=-trianino=4=hydroxypyrimidine sulphate (3.66 g.) in
water (20 c.¢.) containing hydrated sodium acetate (3.96 z.).
The mixture, which becans orange-red, was heated on & water
bath for 1 hour, when the colour turned dbulf. The suspended
g0lid was filterad off; washed with a listle water, and added
to wvarm 5jesodium hydroxide (50 c.c.), whon the sodium éal%
gseparated, slmost immedliately. After chilling, the 5911d was
collected washed with S5i-sodium hydroxide (30 c¢.c.), ice-cold
water {10 c.co), and ethanol; Phe pro&uct wee
purifi@d ag abovey; m.po »~ 300°
| Found: C,45.03 Hy4.3%.

The infra-red spectra of the above products weré

identical and different from that of the Gemethyl isomer

(see holow).

2nAminao@n§ydroxyaﬁamethylpteridinai8, A solution
of mwathyl glyoxal (0.6 z.) in weter (20 c.c.) wes treated with
90% hydrazine hydrate (1 c.c.) end afier 30 min. at room
temperaturc the solubtion was added to 8 suspension of 2:5:6=-
=trisninc=4-hydrozypyrinidine sulphaﬁe (2.3 go) in water
{25 e.c.) containing anhydrous sodium acetate (1.38 z.) and

boric acid (1.0 go). The mixture was stirred on the water bath
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in a gentle stream of nitrogen for 4 hours. After cooling
the solid was collected and the crude product was orystallised
g6 its sodium salt by eddition to 5F-sodium hydroxide, . The
yellow nesdle shapod cryaﬁais were collected and dissolved in
warn weter (charcoal ) and sufficient warm-12N-sodium hydrgxida
added %o the filtzrate to make 5N, The sodium salt which
.crysﬁglliSGd out was collected and washed With 5Hesodium
hydroxide and & 1ittlé- ice-cold water. The rosidue was
dissolved in warm water and the solution poured into sufficient
warm acetic fcid to give pH4=5. The 2-amino-4-hydroxy=6-
~methylpteridine which sepér&te& was collected at $0~100°, -

washed with water, ethanol, and ether; 1.0 ge, mopos> 300°%

| 2-Ghlozo-3-cysno-5:6-diphonylpyragine. - A stirred
mixﬁurenﬁf auhydroxyuﬁe6wéiphenylwﬁmcarboxyamide (05 go)s
phosphorus pentachloride {608 mz.) and redistilled phosphorug
oxychloride (7 c.c.) were heated at 85°(beth) for 3 hours,
under anhydrous conditions. The clgar red ‘solution was
cooled, poured ontoAc?acked ice (75 g.) end the mixture
stirred for 30 min. The yellow solid which separated was
filterecd off, washed with cold water and dried, mop. 204=206°

(decomp. ). Recrystallisation from agueous aceione, charcoal,

g8v0 Zaghloro-3-cyano=5:6=diphenylpyrazine as fine yellow
needlos, 0.5 go.y 100%, map;'208é210°. A cample for analysis

was sublimed %o give a white solid, m.p. 210°,




) Found: C 69 75 Hy3.63 Nyldody 01 12. 3
CyyH, ol C1 requires C,70.05 Hy3e 59 Wy24.45 Cl, 12, 2%
A similer prepar&tion has gince been briefly repoxrted

by Taylor and Paudl@r but o mopo. oF analysis were giveno'

Yothylation of 2-hydroxy-3-methoxycarbonyl-516-

adiph@nglwyrazin@, - (g)_ Yith methyl icdide and pgﬁésaium
carbonate. (e£.89). A mixture of 2-hydroxy-3-methoxycarbonyl-
=55 6-diphenylpyrazine (0.5 g.), dry potassium carbonate (005 8o )
and methyl iodide (0.4% coc.) in dry acetone (20 coce)7was
- heated undey veflux for 20 hourao‘ The suspendsd inorgenic salils
wore filtered off and washed with dzy acetone (10 c.c.); end the
yellow filtrats evaporated to dryness gg_zgégg, | The réaulting
residue was exﬁracﬁaé with warn chlcrofozm (3 z 10 o, ) and
the extractis. avanevaueé to dryness in vaguo %o give a yellow
'selid vhich was crysualliaeé fron m@tban@l, 048 gos mePo
110-175°, Ffactzonal recrystallisation of this materiel from
?bemzeno;-ccmﬁainin¢ & trace of petrol(bgbo 60a80°)9 gave
1:ZQdAhngOa)mmeoaaxycarbcnylalcm@%hylezcozeaﬁz6a&1phenglm
-‘pyr&ziau, as-ysllow prisms, Q. § Eoy BoPo _ud ‘mixzed m-Po Witk
authontic material (see below) 185-186°, |
o -Tﬁa clear mofher iigquors weye svaporated to drynassg
&nd thé'whiﬁé s0lid recrystsllised from agueous methanol %o give
'Qmmetho?yaﬁameﬁhaﬁguaxaonylu;»éodtphenylpyravln@, as: fluffy

»whiue ne@dlasg 015 goy mopo and mixed mopo with an authentie
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specinen (see page $7 ) 118-119°. Light absorption in
othanols  Max. at 206 (E = 27,000), 222 (B = 23,200)
271 (B = 13,200) and 338 mu (& = 12,400).

(b) With disgzomethene, - The hydroxy ester (1 Z.) was

treated with 7 equivs, of diszomethane (from 7.2 g. of
%nluene=pwsu1phonylmethylnitrosamidagc)in ether-nethanol.

Af%er siending overnigh%, the solution was evaporated to
dzypess in yacuo, and the resulting mixture of O and He
_eme2thyl isomers (0.95 g.) separated by froctional reerystallisa-

tion, &8s in section g.

152-Dibydro=lensthyl=2-0x0-536-diphenylpyrasine=3-

egarboxylic gcid. - 2-Hydroxy=5:6e-divhenylpyrazines3-caiboxylic

seid (2.5 g.) was treated with 2H-sodium hydroxide (847 0oCos

2 equivs.), and boiling water (40 c.c.) added %o dissolve the

. precipitated disodium salt. To the clear solution (adjusted

to pHEB=9) at 35° neihyl sulphate (s'coc.)'was added dropwise
 during 30 min., end %the whole astirred for 2 hours longer.
The pH was kept at& throughsout by meens of Zii-sodium hydroxide.
ifter stending overnight 0% room temperaiure the mixture vwes
filtered, and the filtrate acidified with concentrated
hydrochloric zcid %o DH3. ‘Ehe yellow grecipitaté wes chlecﬁed,
after chilling, washod with water, and _(iried° Re§rystallisation
frbm chloroform=petrol (bop. 60«80°) and finally £rom benzene

£ave 1:2edihﬂdronlwmethy1«2u0x0a5:6~diphanylpyf&zineq3=

carborxviic sold, &8 yollow prisms, L.66 g.s 66%, m.po203=204°




(decompo ). |
Founds ©C,70.75 Hydo3s Ny90de
C,pH, 4 M 0; requives C,70.63 Hy4.65 N,9.2%.
Light sbsorption in ethenol: - Maz. at 204 (B = 20,600),
243 (B = 10,400), 274 (B = 11,600), and 348 muﬁkessso).

1:2-Dihydro=-3-methozycarhonyl-lenethyl=-2-0x0=5t6<

u&iphenyipyrazine@ - A solution of li2-dihydro-l-nethyl-2-0xo-

=53 6=diphenylpyrasine~3-carboxylic acid (0996vg¢) in methanol
(50 coc.) was treaited with 4 equivs., of diazomethane (£from
4.5+ of ﬁo1uens«pasulphanylmethylniﬁrosamidega) in ether -
mevhanol.,  After standing overnight the solution was evaporated
in vacuo to small bulk and allowed to crystallise. The product
was collecﬁed, washed with water, methancl, and dried, 0.86 ge,
86%; m.p. 184-186°. Recrystallisation from aqueous methanol

gave li2-Gihydro-3-unethoxycarbonyl-lemethyle2-0x0=526=-diphenyle

pyrazine as yellow prisms, m.p. 186-187°,
Found: 09?1355 39499§ }:,805'
CyoH, g, 05 requires C,71.23 H,5.03 H,8.8%,
Light ebsorption in ethanol: Max. at 206 (B = 22,000),

267, (E = 17,000), and 370 mu (B = 8,800),

Ireatuent of 2-methoxy-3-methoxycarbonyl-5:6-

~diphenylpyrezine with mothyl iodide. - The methoxy ester

(45me.) and methyl iodide (2 c.c.) were heated in a sealsd
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tube at 180° for 60 hours. After cooling,chloroforn (15 ooo;)
was added, and the dark solution washed with O.lN-sodium.
thicsulphate (2 z 10 ¢.C.), waber (2 x 10 e.c.), dried
(megnesiun sulphate) end evaporated %o dryneéa in vacuo.
Reozystallisation of the faintly yellow solid (40 mgs) from
methanol gave starting material as white needles, 35 mg., mePe
gnd mized m.p. 118-11%°. Peper chromatography of the mqther
liguors indicated the presence of & itrace of l:2-dihydroe=3j-
«methoxycaﬁhonyla1=methyluéaoxo«ﬁ:6~dipheny1pyrazine as well

as more startinge materlal.

2:8=Dibhydrs-4ehydroxy=2einino=enethylebt: T=diphenyl-

Rleridine. « A finely powdered mixture of li2-dihydroe3-
nme%hoxyc@rbcnylnlmmethylézaaxo»Sz6=aipheﬁ'1pyrazine (0:61 g.)
and granidine cerbonate (2.0 g.) was heated slowly to 175°
(vath) with stirring, The nixture became desp yellow, and
after 30 ﬁin, the temperature was faiséﬁ %0 200° and the
heating continued for another 30 min. On cooling, the residual
6réﬂge solid was stirved with warm Wéter-(EO C.C.) for 10 min,
The mixtare wes cooled and the pH adjustod o 7 with acetic acid.
The yellow solid wano coilecte& and washed libewally with water,
ethanél, and warm chloroform, end dried, 0.55 g. 89%, ﬁopo

> 300% Recrystallisation from a large volume of dimethyl=
forinanide gave 2:8dihydro=4ehydroxy=2~inino-B-nethyl-6sT=

-diphenylpteridine 2s @ microcrystalline solid m.p.d> 300°




FPounds ;20,9
¢ ol B, 0 voquires  Hy2Lo3%.
tight absorpbion dn O.1Nepodium hydroxides  Max ot 218

(B « 302,000}, 267 (B = 24,000) and 380 m (B = 13,700).
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SECTION -11_",

Methylation of 2s4~Dihydroxy-6~ and =T-phenyle

. pteridine, and Related Topics,



STUMMARY

MR CIDIDAE T
° \



The condensation of SiéudiaminOwZ:4udihydroxypyrimidiné
and phenylglyoxal has been investigated, and the nature of
the products obteined by prévious investigators, has besn
esteblished, The methylation of these substances has been
atudied,

The condensation of phenylglyoxal with 5:16=-dianinc-2:4«
dihydroxypyrinidine end 5:Ewdiaminoala2:3:4;ﬁ@trahydrbnls§=
=(inethyl-2s 4~dioxopyrinidine in the pressnce of sodium
hydrogen sulphite gave 7ephenylpteridines. Hitherto it
hes been generally accepted that when sldehyde binding reagents
are ﬁsad, in this ftype of resction, the aliyl or aryl group
will be in the G-position.

Unequivocal synthesis of 1:2:3:4=tetrahydroel:j=-dinethyl-
=2t 4-0ioro=6-phenylpteridine and the F-phenyl isomer have been
carried out. Mixbtures of these compounds (in the raﬁio 2:1 and
1:2) have been shown to form crystalline complezes (with &efini@e
melﬁing points) which failed to separate on recrystallisation.
Alkoline degra&atioh of these Hw~alkylpteridones led to pyrazine
derivatives, The effect of organic bases on the T-phenyl
compound has been studied and some interestiug vesults are
: repor%eé end discussed.

Thé condensation of eninomalonamide and phenylglyoxal
has been reinvestigaited, and the produet, m.p. 252~2§3‘, has

been identified as Eahyércxyménphenylpyrazin@aﬁacarboxyémideo



Unambiguous gtructurcs have been esteblished for the
ptoridines obtained by condensation of triamino-4-hydroxy-
pyrimidine with Wdichldroacetophemm, with phsanylglyoxal,

and with/-nitroacetophenone.



INTPTRODUCTIORN.
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ALEYLATION OF PTERIDIRES.

Until recently the alkylation of hydroxy-pteridines has
seldom been atiempted. Early work was carried out by
Ganapati;, who reported that treatment of "6(or 7)-
_phenyMumazine® (2:4-dihydroxy-6(or 7)-pheny1ptéridine) with
diszomethane gave a dimethyl derivative of unknown consﬁitaa
tion. Wieland and Decker treé%ed leucopterin (I) with
diazomethane and obtained a mixture of two trimethyl deriva-
tives qf unknovn atructure which were morelsoluble in alcohol
and water than the sterting material. Eight years earlier
Wisland and co%orkersa had stated that leucopterin‘did not
react with diazomathanes this earlier failure was ascribed
to the absence of water in the reaction mixture, On€of these
compounds B-trimethyl-lecucopierin was sufficiently soluble in
phencl t0 enable the molecular-weight to be determined., This
fact, together with improved nitrogen analysis; led %o the
adoption of the correct molecular formulae for leuncopterin and
Xanthopterin?,é. Tetrahydroxypteridine on treatment with
diazomethane gave a tetramethyl derivative also of unknown
constifution?. ¥ethylation of 2:4§7=$rihyaroxypteridine (11)
with ﬁethyl sulphate (at 35° end pHS) gave a monomethyl
derivative, A structure has beon pub fofwar& for +this

5
compound , but the orientation has not been completely proved.
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‘Hore recently albert and coworkerssvhave carried out é
systematic investigation of the mefhylation of the four
mono»hydroxypteridineéo A variety of methylating agents
 were used, and the products included N-, 0-, and C-methyl
derivatives. ‘In general however‘gomethylépteridones are
- formed. ‘Treatment of 4-hydroxypteridine (Iii) with methyl
sulphate in alkaline solution (pH8) gave a mixture of 3:4-
-dihydro=3-methyl-4-oxopteridine (V) and l:4-dihydro-l-methyl-
-4-oxopteridine (IV) in the ratio 2:1l. Ethereal diazomethane
on the other hand géﬁe a mixture of 4cmethoxypteridine (vI)
and the 3-methyipteridone (V) in %he ratio 1l:3.

The same research achool7 had previouslyAreported
that methylation of T-khydrozypteridine (VII) with molecular
gquantities of dissomethane geve ?:8=dihydroéa=methyla7= '
oxopteridine (IX) and only a trace of T-methoxypteridine (VIII).
A large excess of diszomethane resulted in dimethylation
giving 7:8-dihydro-63:8-dimethyl-T-oxopteridine (X). The

latter was also obtained by treating (IX) with an excess of






di&zomeﬁhane.

The 8-methyl-T-pteridone (IX) was also obtained in
better yield by the use of methyl sulphate in water at pHS,
when an excess of the reagent was used, ebout 5% of the
dimethjlated compound (X) was also formed. The introduction
éf the second methyl group at posiiion 6 is a rare example of
gfmethylation in an electron deficient seriéso Methylation
on & carbon atom bearing a highly negative charge is well
known, e.g. in the pyrolle and indole series, but electron
‘diagrams show that in pteridine all the carbon atoms are
positive eo The above example was explained along the lines
of C-methylation of ethyl g-dicthylaminoorotonate and the
l:Z-dihydrogggguinolinesio viz., that resonance between the
three atom systems (XI) and (XII) produces a hybrid with a
negatively éharged carbon atom which is attacked by a methyl
cationvand, finally a proton is eliminatedii. The equivalent
of (XIi) with 8-msthyl-7-pteridone is (XIII), which conf&ins
) five.atom system vinylogous with (XII). This accounts for
C-methylation by methyl sulphate but that by diazomethene
probably involves addition across the 5:6 double bond to give
at first a l:12:3-triezoline (XIV) just as in the reaction of
benzylidensaniline with diazcmethaneiao

@ )
>N-C=¢HE <&—> >N=¢~CH

(X1) (X11)



G

ﬁIII . N - . X

The early failurs of e-hydfoxypteridine (XV) and
6«hydréxy§teridine (XVII) %o react with diazomethane and
aqueous methylsulphate was theught to be associated with the
formation of very stablé monohydrates by these ptéridinessao
However both have been shown to be capable of methylationéb
with methyl iodide or methyl sulphate in methanolic_sodigm
methoxide, giving 1:2-dihydro-l-methyl-2-oxopteridine (XVI)
and 3:6-dihydro-S-methyl-6-o0zxopteridine (XVIII) as mono-
hydrates. The lstter is produced in low yield (14%) and
fdrms crystalline complexes with 6-hydroxypteridine (in the

ratios; 2:1 and 5:2).

XvIL XVIIX



Hethyl sulphate methylation of 2:4-dihydroxypteridine
(XIX) (in aqueous suspension at pHB) and 6:7—dihydroxypteridine
(XXI) (in sodium methoxide) gave the NN'-dimethyl derivatives

6
(Xx) and (XXII) respectively b

XIX - XX

CXX1 XXIT
l'One exampie of alkylstion other then methylation has

been reparted. T&ylo:éa found ﬁhét treatment of A-hydroxy-
~63T-diphenylperidine (XXITI) with benzyl chloride under
mild é,lkanne conditions gave 3:4-dihydro-3-benzyl-4=
=.=0:v:'o;p_‘.i:e:z-:i.u:}.ir.te (xX1v),  Purther ecxamination of this reaction
has revealed that a small quantity (¢ 1%) of the isomeric

o 14
l-benzylpteridone (XXV) is also formed .
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. Phe alkylation of some mercaptopteridines has been
reported. Treatment of 4-hydroxy-2-mercaptopteridine (XXVI)
with ethyl bromide and sodium ethoxide ‘giv:es the g_etm
dex;ivative‘ (xxvu)i5 Methyl iodide and sodium hydroxide
, give the S-methyl derivatives (e.g. XXIX) with 2,4, and T-

-monomercaptoPteridlnes (e.g. XXVIII)
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SYNUEESES, OF N-METHYLPTERIDONES.

Syntheses of Nemethylpteridones from Nemethyl and
NN“—dimethylpyrimidones were reported prior to the recent
systematic study of the methylation of hydroxypteridinesi?uao
For example benzil (XXX) reacted %ith 5:6-diamino-l:2:3=4=
—tetrahydro-2:4edi§xopyrimidine (XXXI) to give the NNhndimethylé

pteridone (XXXII).

Ph - GO

Pn - CO
e

XXX - XXxI

Hore recent syntheses connecfed with the alkylation
studies have generally involved ring cyclisation of a’
substituted pyrazine amides,is. Thus 134;dihydro~l-methy1w
~4-oxo-pteridine (IV) was prepared‘by cyclisation of
~2=methylaminopyr&zine=5acarboxyamidi’(XXXIII) with a mixture

£ =
of acetic anhydride and formic acid.
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CLEAVAGE BY ALKALI.

lo,ggg;idonas.

The outstanding property of the Nemethylpteridones is
tha éasa with which they are degraded by mild alkali. The
parent }ydroxyptevidlnes are velatively stable to mild alkali.

Pteridine (XXXIV) itself is reedily degraded by both
dilute acid and alkali., Treatment with refluxing N-gulphurie
scid for five minutes gives 2-amino-3-formylpyrazine (XXXV),
Whilst 2g?s0dium carbonate, when hydroxylamine is present,

rapidly. produces Jeformyl-2-pyrazinylformamidine oxime

(xxxvE) bo r
rﬁg¢\?/¢4§%m ,zﬁw HanoH
kaﬁji\ﬂgﬁﬂ L& *ﬁhﬁﬁ&NW& #

XXX IV XXXV | XXAVI |

This instabllity has been attributed 0 the electron
attr&ctiﬁg chéragter of the four-ring nitrogens which leads
to partiai 16calisation, oﬁ_%he nitrogen atoms of the 108
electrons originating from the six carbons and four nitrogens.
Thus the aromatic stabilisation normally conferred by the
presence of these ?? electronsg is much diminished. . The

tendency of the pteridine nucleus to lose the pyrimidine

(rather than the pyrezine) ring on acid and alkaline hydrolyses
J

. . e
is consonant with the electron-density diagrams which show
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the pyrimidine ring to be more polar and hence more readily
attécked. Subst?tﬁtion of the pteridiné nucléus‘ﬁy
éleétronareleasing groups restores this deficit of electrons
and thﬁé permits normal aromatic stabilisation. However at
least fwo gsuch groups are generally nocessary and their
efficaéy varies sOmewhat with the positions at which they
are inserted?go. Pri- and tetrasubstitution at the 2:4:6 and
7- positions confers remarkable stability, as is indicated by
the inertmness of the naturally occurring leucopterin and
xaﬁthopterin?’8$20921.

" In the Nealkylpteridones the stabilising effect of the
electron releasing hydroxyl gréups of the parent hydroxy-
pteridine has been removed, Further the ability of the
hydroxyp%eridines to form an anion, where the negative
‘charge is distributed over the pteridine ring system,tends
to inhibit atteck by similarly charged hydroxyl ions. ‘Such
a stabilisation is impossible with an K-alkylpteridone as it
cannot form a simple anicn, and hydrolytic attack followed by
. ring cleavage cccurs with easee’is. For example‘234=
-dihydroxypteridine requires to be heated with 1lON-sodium
hydéoxide for 2 hours at 180° before ring opening occurgaa.
1:2:3:4=Tetrahydro-l:5udimethy1o2=4=dioxopteridine’(XXXVII) is

hydrolysed to 2-methylaminopyrazine-3-carboxymethylamide
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(XXAVIII) by refluxing with N-sodium hydroxide for 1 minute.

& ConHrie
e Hide
XRIVIL XXXVIII

This lability of ﬁ«alkylpteriaones has been used %o
détermine the struéture of the alkylation products of
hydroxypteridines by degrading them to pyrazine -or pyrimlidine
; compoundssfiao Thus the isomeric 3-methyl-4-pteridone (V) end
| lmmethy1-4—pteridone'(IV) readily yielded 2-aminopyrazine=3-
carboi&methylamide (XXXIX) and 2-methylaminopyrazine=3-

carboxyaﬁide (XL) respectively with mild alkali.
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- The lemethyl-4-pteridone (IV) is quaﬁtitatively;
decbmposed after 5 minutes at pH1l2, while the parent
4-hydroxypteridine requires refluxing fof‘l hour with
10N-sodium hydroxide to effect cleavageig. Methoxy
pteridines (e.g. VI) are not cleaved by mild alkali, but

' i ' 192§
are rapidly hydrolysed to the corresponding hydroxy compounds .

VI IIT

2, Hydroxy- and Aminopteridines.

Although the introduction of electron releasing gfoups
into pteridine gstabilises the nucleus, probably every known
pteridine may be cleaved by basic hydrolysis provided
sufficiently vigorous conditions are employed. The cleavage
of lumagzines to pyrazines with stroﬁg alkali was deﬁeloped
by Weijlard, Tishier and Ericksonz2 as a route to substituted
2-aminopyrazine-3-carboxylic acids. Thus 2:4~dihydroxypteri-
dine (XLII) yields 2-aminopyrazins-3-carboxylic acid (XLIII)
(94%) on sutoclaving at 170° for 2 hours with 1ON-sodium

22
hydroxide .
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EEIT XLIII

2-Amino-4~hydroxy~- end 2:4-dianinopteridines are also
clesaved to pyrazines under similar éonditions, and the
reaction has'been employed as a means of establishing the
structure of varicus_pteridine derivatives monosubstituted
in the pyrézine ring. The decarboxylated product [2-amino-
-4=hydroxy-6-methylpteridine (XLIV)] formed by condensation
of triamino=b6-hydroxypyrimidine with methyl Yy-dimethoxy-
acetoacetate was cleaved by alkali %o 27amino—5-methylf
pyrazihe-3-carboxylic acid (XILV), thus establishing the
structure‘of the initial condensation product as 2-amino-4-
-hydrgiypteridine=6=acetic-acidzs. - This result played an
~ important part in the fundamental structural work on folic

acid.

XLIv | XLV

ﬂSimilarly,.the reaction product of triamino-6-hydroxy-
pyrimidine and methyl glyoxal acetal was shown to be 2-amino-

'4°hydroxyu7-mathylpteridine (XLVI) by cleavage to 2-amino-6-
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. zs
-methylpyrazine-3-carboxylic acid (XIVII) . The latter

pyrazine was also obtained by cleavage of the rcaction
product of tetra-aminopyrimidine and methyl glyoxsl, thus
establishing the structure of the product as 2:4-diamino~T-

.. 24
-methylpteridine .




PHEEORETICAL



9¢

| The first élkylation of a pteridine was described in

1937 when Ganapatii reported that treatment of "6 or 7=
 -phenyllumazine” (2:4-dihydroxy-6(or 7)-phehy1pteridinq)with
diatomethéme gave a dimethyl derivative of unknown constitu-
tion, It has been shown recently that diazomethylation of
simple hydroxypteridines can give either‘ﬁg, 0~y or .C- methyl
dériva%ivess. The 6 (or 7)-phenyllumazine (LIII) was

repared in the first instance by condensing‘the unsymmetrical
dicarbonyl compound, phenyl glyoxal (LI) with 5:6-diamino-2:4-
dihydroxypyrimidine (LII);‘ 8 reaction which could result in
the formation of either the 6- or T=phenyl isoier or a mixture

of both (LIII).

Tn view of the complete absence of knowledge concerning
the constitution of these products, it wes decided to
reinvestigate the reactions, and establish the nature of the
' dime%hyl compound obtained by Ganapati (m.po 278°),

Condensation of‘phenylglyoxal hydrate with 5=§—diamino-
2:4-dihydroxypyrimidine sulphate in diluée scetic acid gave

en apparently homogeneous product; meop. > 300°% Treatment



of this substance with diazomethane, followed by cryatailisa;
tion from 80% formic acid, gave an appaieﬁtly homogeneous
dimethyl derivative, m.p. 257-238° (Ganaﬁafi gave m.p. 278°).
Alkaliné”de”gradé.tion of the dimethyl compound however, gave
resu1t§ which could not readily.be explaihé&ae,,ahd the
presenéé'of e mixiture of isomers was suspected. No methoxyl
groups;were detected by the Zeisel methbd of estimation..
Condensetion of phenyl glyoxal (LI) with 5:6-diamino-1:2:3:4=
-tetrahydro-l: 3-dimethyl-2:4-dioxopyrimidine (IV) in 10f%
hydrochloric acid gave the same dimethyl compound, mop.
237-238°, Synthesis of the dimethylpyrimidine(fv) from
NN'~dimethylurea (LIV), by the following series of reactions

located the methyl groups on the ring nitrogens.
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This establishes that NN'-methylation of the pteridine
has ‘taken place, and the mixture, if present,‘must therefore
consist of the 6~ and 7- phényl isomera.' _

| Only recently Pfleider?7 has reportéd thatvreaétion of
~ the pyrimidine (IV) with methyl pyruvate (IVI) gives rise

to a mixture of the two possible products (LVIIa, b)

wI IVIia,b
Where an unsymmetrical dicarbonyl compound has been
used in the synthesis of pteridines, the use of aldéhyde—‘
an&.ketoneuﬁinding reagents tends to force an alkyl or aryl
group into the 6aposition?8,29. Condensation of phenyl-
glyoxal with $:6-diamino-2:4-dihydroxypyrimidine (LII) in
the presence of sodium hydrogen éulphite, followed by
methylation of the product with diazomethane, gave a dimethyl
6ompound, m.p. 299-300°, identical with that obta;ned by
reaction of phenylglyozal and 5:6»diaminof}:2:3:4-tetrahydro-
-l:3=-dimethyl-2:4~dioxopyrimidine (IV) in the presence of
sodium hydrogen sulphite. A mixed melting point of this

material and that of m.p. 237-238° showed no depression, and

melted over a considerable range. Unequivocal syntheses of
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1:2:3:4-tetrahydro-l:3-dimethyl-2:4-dioxoé6-phenylpteridine

(LIX), end the 7-phenyl isomer (IX) were therefore essential.

»4_Gpn¢ensation of 2:436-triamino-5-nitrosopyrimidine
(LXII)Vwith carbonyl compounds posaessing'a suitably reactive
a-methylene group [such as ethyl phenyl ketone (1X1)] has
been shown to give pteridines of unambiguous structure

30
(e.go IXIT)

IXI IXII LKIII
Attempts to condense phenylacetaldehyde (IXIV) with

6-amino—1=2s3:4~tetrahydro-1:3-dimethy1-5nnifroso-2:4-dioxo—_
pyrinidine (IXV) in refluxing-glacial acetic acid or at higher
températures (up to 200°) using the same solvqnt in a sealed
glass tubeso were unsuccessful. However, addition of the
nitrosopyrimidine (IXV) to an excess of refluxing phenyl
acetaldehyde (LXIV) gave 1:2:3:4-tetrahydro-l:3-dimethyl-2:4-

- ~dioxo-6-phenylpteridine (LIX) in 41% yield, m.p. 251-255°.
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H(ED

LEIV Xv LIX
-A similax condénsation of acetophencné (IXVI) with
(1XV) gave 112:3%:4-tetrahydro-ls3-dimethyle2s4-dioxo=T~

~phenylpteridine (IX), m.p. 298-300°.

EP@; @%ﬂi N-tie ——
Ph—co  up N,}a
Me
LXVI - IXV ' X

The latter material was identical with that obtained
above from the condensation of phenylglyoxal and 5!6-diamino-
-1:23 31 4~betrahydro-1s 3-dinethyl-2s 4-dioxopyrinidine (IV) in
the presence of sodium hydrogen sulphite, Hitherto, it has
been generally accepted thét when these»aldehy&e-binding ,
reagents are used, the products will have the'alkyl or aryl
- group in the 6apoaition?1,' One eicaption to this rule has
- already been reported by Albert and coworkersie, who found
that reaction of methyl.glyoxal (LXVII) and 4t5-dianino~

pyrimidine (ILXVIII).always gave T-methylpteridine (IXIX)

SSRSISTEIES T TR AT A




whother an aldehyde~binder was present. in the reaotion

-mixture or not.

IXVII IXVIII
It would therefore appear necessary to establish the

configﬁration of the product from such an}Iéay reaction in
esch instance,

A mixture of 1:2:3:4~teﬁrahydro-1:3-dimethy1o2:4=dioxof
~6-phenylpteridine (2 parts) and the 7-phenyl isomer (1 pari)
formed & complex, m.p., 236-238°, Another complex, m.p. 278°,
was obtained when the ratio was reversed. It isltherefore‘
consideréd that fhe material originally obtained by Ganapati1
from the condensation of phenylglyoxél with 5:6-diamino=214-
dihydroxypyrimidine in ecetic acid solutior is a mixture (LIII)
"of 2:4-dihydroxy-6-phenylpteridine and the T-phenyl isomer.
Methylation of this material with diazomethane‘gives g mixture

of the corresponding NN'~-dimethyl compounds (LIX andlX).

i

T N N BN NS L T R ety 1 e
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The apparent discrepancy between the melting points given
by Ganapati for the methylation product (278°) and that
subsequently observed on repeating the reactions (237-238°)
would appear to result from a reversal of the relative
proporfions df the 6- and T-phenyl isomers formed in the
initiel condensation,

The constant solubility, ultra-violet adsorption
spectrum, and n.p. of the mixed dimethyl deriﬁatives, through
Bucceséive recrystallisations, together with the failure of
routine paper chromatography to separate these isomsrs is
worthy of note in a series where much reliance is placed upon
these cri%aria?so

The condensation of phenylglyoxal with 5:6-diamino-2:4-

-dihydroxypyrimidine in strong ammoniscal solution has been g
reportedzz, No attempt was made to determine the homogenity ;
of the prodﬁct apart from degradation with 80% sulphuric acid
at 220° ©0 an unknown phenyl-aminopyrazine (m.p. 130-131°) in
poor yield (14.5%). Repetition of this condensation geve a
2t 4-dihydroxy~phenylpteridine, which on nmethylation with diazo- :
methene, gave & dimethyl derivative m.Dpo 299-.300°, identical
with the material obtained above, The initial condensation
product was therofore 2; 4-dihydroxy=-7-phenylpteridine (LIITb)

and the pyragine degradation product (m.p. 130-131°) was

6-phenyl-2~aminopyrazine (IXX).

.
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The preparation of 2:4-dihydroxyé7aphenylptéridine
cariiéd out in the presence of sodiun hgdrOgen sulphite
. (see,previously, yield 87%) ie preferr@& to that empioying e
strong aqueous gmmonium hydroxide madiﬁgac In vrepeating the
ietter method dark gumny reection mixtures and poor'&ields'
(20%) were encountered. A synthesis of thé.énphenyl isomer
was not achieved., Atteapis o condense phenyiécetaldehyde
with 6=amiﬁo=2z4-dihydroxyo5=nitrosoPyrimidine (1XXI) or
6-emino=4-hydroxy-2-mnethylthio-5-nitrosopyrimidine (LXXII)

under a variety of conditions proved unsuccéssful (e£.52)

ot H |
; =
L&) 5 NN o § S
gg Nﬁ'i@ﬁ % N%J’Sﬂ&
LXXT IXZTI

The ease with which N-alkylpteridones can be degraded

with dilute slkeli has been illustrated and discussed in the

6713 . 88 .
introduction to this section . TFischer has also pointed

out that purines become more subject o hydrolysis by ;lggli
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upon N-methylation., 1:2:3:4~Tetrahydro-ls3pdimethy1-2:4-
-dioxo-6-phenylpteridine (LIX) and the T-phenyl isomer‘(ﬁij
showed ‘Burprising stability to hydrolysis by aqueous alkéii.
~ Refluxing with 2N-sodium hydroxide for 1 ﬁqur.left 40% of the
former'&nd.47% of the latter, unchanged; lIﬁgraasing th&@
concentration of the alkali to 5N and the reaction time'éb
3 hours did not effect complete degradations 27% and 35%
respectively remained unchanged. This apparent sfability |
is due io the lack of solubility of these-pteridones in aqueous
aikalio Thue 1:2:5:4-tetrahydro=lz3~d1methyl-2:4~dioxo¥6~
-phenylpteridine (LIX) gave a quantitati&e yield of 2-methyl-
amino-5-phenylpyrazine-3-carboxymethylemide (IXXIII) on’
re:i’lt;.xing with 0.1 Nepotessium hydroxide in ethanol for
15 minutes, Similar trestment of the 7-phenyl isomer (LX)
gave 2amethylamino=6-phenylpyrazinea3~carboxymethy1amid§ (IXxV).
More drastic hydrolysié (16 hours at 150-200°) of either the
pteridones (LIX, IX) ox the_a.methylamides (IXXIII, LXXV) with
ethanolic sodium hydroxide gave the correspbnding_2—m9thy1amino=
=5(and 6)-phenylpyrezine=-3-carboxylic acids (IXXIV, LXXVI).
'These acids (LXXIV, end LXXVI) were also isolated in
small quantities, together with starting material and the
corresponding methylamides (IXXIII and IXXV), f£rom the aqueous
alkali degradation of the N-methylpteridones (L1x, Bﬁd IX).

‘They are formed in this’réaction by the secondary hydrolysis of
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the methylamides (LXXIII and LXXV), the main degradation
producte, which would appear to result from initial
nucleophilic attack of the hydroxyl ion at C,, followed by
ring 6pehiﬁgo They probably do not result from a dual cleavage
of the pteridine ring system since hydrolysis of the pure
methylamides, under the conditions used for the degradation
of the parent pteridones, gave a gréater yield of the
carboxylic acids in each case, and in the briefer ethanolic
alkali degradations iny the respective methyiamide was'formedq
These degradations are to be compared with the reported
hydrolysis of 3:A4-dihydro-3-methyleq-oxopteridine (LXXVII)
with g}sodium hydroxide when 2-aminopyrazire-3-carboxymethyl=
amide (35%) (IXXVIII) and the corresponding acid (50%8) (LXXIX)
wero formed simultaneously, by fission of the pteridine ripg

' 6
system in two different ways &

Like the H-methylpurines, the N-methylpteridones are
less sensitive %o acid than to alkeli. 1:213s 4~Tetrahydro-
“1=3°éimethy1-2:4mdioxo—7—phenylpteri@ine (IX) was uncgénged.

by refluxing 5N-hydrochloric acid.
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Pteridines which undergo cleavage with alkalﬁ would
be_exped%ed %o be attacked by other nucleophilic reagents,
and the struciurel features influencing the degree of
lability towards slkali should govern the latter cases és
well, Thus 2:4-dihydroxy-6:T-diphenylpteridine (LXXX),
"which was degraded under forcing alksline conditions (1?%
agueous sodium hydroxide under reflux for 35 hours) to give
J-gmino=5:6=diphonylpyrazine coxrboxylic acidaa, was shown by
Taylei§4 to be more readily cleaved by benzylenine, Refluxing
With the amine for 5 minutes gave 2={3wbenzylurcido)=5:6=
-3iphenylpyrazins-3=carboxybenzylanide (IXXXII) in 42% yield,
while longer heating led to further cleavage of the ureido
gsubgtituent to give 2aamino=5:6adiphenyla3acarbgxyﬁsnzyiamide
(IXXXTIII) in 60% yield. Similar typéa of pyrazine products
resulted when the seconéazy amines, piperidine andrmorﬁholine,

34
were used o
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The mechanism of theée cleavages involves iﬁitial
nucleophilic attack at C, by the amine, follo:ed by ring
cleavage at the Ny~ C, linkage, This gives rise to a
2-ureidopyrazinc-3-carboxyamide (LXXXIV)-wﬁich undergoes

immediate annonolysis to give the first isolated produbt a
.2-(substitutedureido) pyrazine-3~carvoxyamide (IXXXV).
Puorther ammonolysis of the latter leads to éhe final product
a substituted-2-aninopyrazine-3-carboxyenide (IXXXVI) and &
izBadisgbstituted urea (IXXXVII). |

Whilst the unéubstitued 2-ureidopyrazine (IXXXIV) was
never iscolated, evidence for its participation was fbund in
the cleavege of (IXXX) with hydrazine Which gave & mixbture
of the expected 3-amino=5:6-diphenylpyrazinoic acid hydrazide
(IXXXVIII) and & small amount of 3«&mino~2-hydroxy-3z4-
~dihydro-5:6-diphenylpteridine (IXXXIX). The latter could
only result from recyclisation of the 2~ureidopyrazine
intermediate (XC).

Although the alkaline cleavage of Nemethylpteridomes has
racéntly'been reportedﬁgis, the effect of organic anines has
not béen studied., Treatment of 1l:2:3:14-dihydro-l:3-dimothyle
=21 4=di0x0-T-phenylpteridine (IX) with refluxing benzylanine
failed to effect cleavapge, and still more drastic conditions
(16 hours in a aeéled tubs at 210°) left the pteridone

unchanged., This was extremely surprising in view of the
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favourable electronic conditions existins in the pteridone for
nucleophilic attack,'énﬁ evidenced bj the lability'to hydroxyl
ions whem in solutioh;‘ A

i However suséension in refluxing hydrazine hydrate led %o

s rapid attack anavthe formation of a single produwet, 3-mathyl-

aninoeS=phenylpyraszinoic acid hydraszide (XCI), which was
identified by synthesis from 5ametﬁylamino-B-phenylpyraz1noic
acid (IXAVI), vie the methyl ester (ACII), by treatment of the

latter with hydrazine.

LRXXVI | N X611

Reaction of (IX) with othanolic ammonie under
anhydrous conditions also led %o ready attadk, with the
formstion of 2uaethylaminOeéophanylpyrazine»B-carboxyamide

(Xc1I1).
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Treatment of the corresponding pyrazine=3-carboxymethyle
emide (IXZV) under similar conditions did not give (XGILI)e
This vould indicabe that initial attack occurred at C, and
not at Gy, and that cleavage of the pteridone by emmonia and -
hydrazine probably followé & similar route to that suggested
for the aminoly%ie cleavage of 224ndihydroxyptaridinesa¢o

& study of a Stuart mcdel of the pheridone (IX)
indiéata& that the resistance o attack by dbenzylemine was
probably due %o steric factors, The presense of the methyl
groups on the ring nitrogens exhibit a blocking effest to the
vlarge benzylamine molecule, while the smazller nucleophilic
agents, ammonia, hydrazine or hydroxyl ion ere not inhibited

from attacking the pesitive carbon cenires,

The gendsncation of aminomalonamideé end ghegylglgggalgand '

the vnembisuous synthesis gg.2mgpinoaﬁigggggw$@henylgjaridineo

Jondensaetion of aminomalonamide with phenylglyoxal,

S8

veing 12, SH-sodivahydrexide as catalyst, hss been showm
to give Zehydroxye5{or 6)-phenylpyrasine-3=carboxyanide, m.p.

213-216° (dscomp.) but the position of the phenyl group was
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not detoermined, Repetition of this reaction, which was not
deécribed in detail, gave & compound, m.p. 252~253° (decomp.)
in poor yield, analysiﬁg for 2-hydroxy=-5(or 6)-phenylpyrazine-
=3-carboxyanide. A'similar condénsation between'aminomalon-
amide and methyl glydxal?v, (ses Section I page 31) ga%e 2=
y ahy&roxynﬁ-methylpyrazin@»ﬁacarboxyamide whereas earlier work
by Joness6 ha@ given'the S5e-nathyl compound. The use 6f
aldehyde bindinﬁ ieagents iﬁ this type of condensation hos
alreody been inveétigatea (Section I, page 32 ), end, es
expected, sodium hydrogen sulphite faciliteted the reaciion,
The same product, m.po. 252-25%°, was obtaeined in the absenco
of the ususl bﬁsia catalyst, in greatly inér@ased yiel&s;‘
Use of these aldehyde-binding reageonis enables the coh&gnaation
tc taks place é@ room temperature or above, without the
formation of black intractebls iars.

.Th@ above product was hydrolysed to & éarboxylic aci&,
m.po 217° (d@cémpb), end the methyl ester of which,heated
at 155° ﬁith.phosphorus okychloriée in a sealed tube gave
2mchlornaﬁamé%hoxyearbony1-5(or 6)-phenylpyrazine, mop.81-83°.

Re&etion of the chloro-ester with alcoholic meth&l&miue-
at 140° gave 2emothylanino-6-phenylpyragine=3=carborymethyl=
amide (IXXV) id@ﬁticél with the product aiready obtained from
the alkaline éegradation of 1:2:3:A»tetrghydro-lz3-dimethyla ‘

=2t 4~diqro-T~phenylpteridine (IX). This.éetablishesAthat the
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phenyl group in the above pyrazine derivatives is in the
6=poai€icn and that the original product was therefore
2<hydroxy=-6-phenyloyrasine-3-carboxyamide (XCIV). The
- material (mopo213-216°) obtained by Joneé36 is presumeably

the Sephenyl isomer.

Hg@ HN-CHEONE, | rfﬁ@ @%&
+
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XCIv XCV

King and Spensley 8 reported the synthesis of 2-amino-
=4=hydroxy-6-phenylpteridine (CIV) fram‘t:iamino§6~hydroxy-
pyrimidine (€) and W{J ~dichlorcacetonhenone (CIII), and of

the T-phonyl isomer (CII) from the same pyrimidine and either
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phenylglyoxal or We-nitroacetophenone (XCIX). Because of

the absencelof melting points, these ptoerldines were difficult
. to distinguish. However degradation with 4Nesodium
‘hydroxide a% 1709’for 20 hours gave rise to two distinct
series of pyrazine derivatives but none of the products ve?e
- knowmn or synﬁhesiéa& unambiguouslyga. The ccndensation_df‘
triamincoﬁ—hydroxypyrimiéine (e) andédnnitroacetophanone
(XCIX) in the absence of bisulphite yielded a Schiffg Yase
intermediate (CI) which gave a colour with Folin=Dénis
reagenﬁsg, Prom this it was deduced by King end Spensley
that the 5=gmino group wae still present in the Schiff% base.
(CI) and that cyclisétion of the latter, with dithionite gave

the T-phenylpteridine (CII).

b A cII
Az the product obtained when Wikdichloroacetophenone

(CIII) was condensed with the pyrimidine (C) gave rise to a

- 88
different series of pyrazine derivatives, it was councluded
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that it must be the isomeric 2=-amino=4=hydroxy-6-phenyle-
pteridine (CIV). -

Alkaline degradation of the product (CII) from
W-nitzoacetophenone gave 2-=hydroxy-bphenylpyrazine-3<
~carboxylic acid (ACV) mepo 208-209° (ethyl ester, m.p.
112»114532 This compound appears to be identiecal with A
the carboxylic acid, mep. 217° (ethyl sster, m.p. 112-114°)
obtainegd from 2<hydroxy-b-phenylpyrazine=j=carboxyamide
(%¢17) (see above).

However xepetition of ths condensaticn of triamino-6-
~hydroxypyrimidine (€) withull-dichloroacetophenone, with
phenylglyoxal, and with ilenitroacetophenone gave in each
case 2waminoaéchy&roxy«6=phenylpteri&ine (c1v). The
infra-red specire of tﬁese products were all identical and
different from the T-phenyl icomer (CII),-which was unambigue-
ously prepared by condensing 2«chiorou3amethoxycarbony1=6e

-phenylpyrazine (XCVII) with guanidine carbonate (c¢£.37).
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.aThe infra-red spectrum of & specimen of "é-amin§=4w
-hydfﬂxy-?uphenylpteridine" kindly supnlied by Dr. Po o
Spenﬁiey was identical with that of tho G-phenyl isomer
(CI¥) and diffaregﬁ £ron that of the authentic T-phenyl
corzpound (Cil).

The Schiff's base formed on vepetition of the condensa~
tion of the trianino-8-=hydroxypyrimidine (C) and tatmitro-
acatophenons 4id not give a celour with Folin-Denis reagentsg;
Gycliaétion of tho anil with sodium dithionite, followed by
alkaline degradation of the pteridine gave éahydroxye5=phenylu

pyrazine-3=carboxylic acid (GV), m.p. 200° (ethyl ester,

mopo 158-159°).

g " ——
R 2

CIV ' cv
It ig difficult to explain the difference bhetween these

_

results and those of King and Spenslsy. The orientation of

the products obtained when unsynmetrical dicarbonyl compounds
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and theif‘derivatives are condensed with 4:5~diaminopyrimi-
dines appears:to be unpredictable, and different producfs can
be obtained under apparently identical conditions. It is

therefore essential that these structures should be verified

in each instance,




-  EXPERIMENTAL
ﬂaaq X %




Moelting points worve determined using a standard W.P.L.
thermoneter, | |

Paper chroma%égraphy vas performed on Mo. 1 Vhaiman
paper by the ascending method using (separotely) butandléﬁﬁg
-gcatic acid (7:3) and sgueous ammonium chloride 3%, and the
vehromategr&ma wexre viewed in ultrae-violet light of wave=lengths
254 and 365 mu. Yields of substances thot have no definite
nelting point refer o the sitaze when thsy anpeared chroma-

tographically hononeneous.

Substances were Aried in air et 110° unless otherwise
stated.

Ultra-violet sbsorption spectra were determined with o
Unicar S.P. 500 spzeivophotometer and B denotes intensity of

absorntion.

40
5:6-Disminc=-2s 4-dibydroxypyrinidine sulphate . =~

Powdered uree {11.3 g.) and ethyl cysncacetats {310.6 c.c.) were
edded to a solution of sodiuvm {4.6 g.) in absclube ethanol

(?5 CoCo )o The nizbure was hsated under reflux for 2 hours
and then filtercd hot. The sodium salt of 6-amino=2:4-
«dihydrozypyrinidine thus obtained wes washed with alcohol and
disseived in waber (L00 c.c.). Ice {50 g.) and sodium nitriie

{8 g.) were efded and the mizdure added dropwise to a mixture

of acetic acld {24 g.), water (25 c.c.) and ige (75 go)o
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Anwonivm hydroxide (S.G., 0.88) was then added until the
sblution bécame slkaline, when the rose=~coloured salt of
6namino~2:4«dihydroxy-6anitrosopyrimidine wag filtered off.
The salt was suspended in hot water (250 c.c.), sodium
hydrosalpﬁite {40 g.) 2dded, and the stirred mixture heated
vuntil Boiling, The mixture was chilled and the buffmcoloured
precipitate of 5i16=dianino-2:14-dihydrozypyrimidine sulphate
collocted hy £iltration, The product wes purified by
dissolving in 6% agueous sodium hydroxids éontaining a listle
sulphite, charccaled,and the clarified solution poured into
boiling 107% sulphurio acid (110 c.c.). Afber chilling, the
pyrimidine sulphate was filtered off, washed with water, and

dried, 13 3., 62%,

b=inino=l22s3s d=totrahyiro=1:3=dinethyl=-5-nitroso=2:4-

18
-dioxopyrimidine monohydrats . = N H'-Dimethylureca (88 g.),

eyanscetic eeid (85 g.) and acebic anhydride (202 c.c.) woze
heatod, with the oxclusion of moisiture, at 60° for 3 hours.
The oxucess anhy&rida and the aceﬁic acid Tormed during the
reaction were rsmoved under reduced pPrassure. A 5% sodium
hydroxzide solution (500 e.c.) was added slowly %o the coolaed,
stirred vesidve, whereupon the 6H=amino-152:3t4-tetrahydro-isi-

=dimethyl-2s:4~dioxopyrinidine pxecipltated. A solution of

godiunm nitrite (85 g.) in water (500 c.c.) was added %o the
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cooled, stirred mixzture and it was acidified by the dropwise
addition of acetic. aeid (120 c.c.) aV@r‘a=pefiod of 1 hour.

The sbtirring was dcntinued for an sdditional 2 hours at reonm
'%Qmperaﬁureo The mixture wes thoroughly -cooled, the red-violstd
pracipltate was £ilteved and washed ﬁith water, 95% ethanol

‘and finally with ethers yileld 162 g. (80%), m.po 233° (8ecoup,).

.

H516-Diaminc-1:2:31d=tetrohydro=-le 3=0imothyl~2: 4=diozo-

saa 48 . ; .
pyrinidine. - Tho product from the previous reaction (80.8 go)
wes stirred end concentvated ammonium hydroxide (400 c.c.) was
sdded. The yellow-orange ammonium salt was waimed on a sieam

2

ath, stirved end o solution of sodium hydrosulphite (220 g.) in

Bd

weter (1 1.) wes odded during a 20 minute period. The sals
dissolved and the solution undexwent a series of colour chengas,
The solution was stirred and heated for 15 minuies, filtered

while hot snd the filtrvaie cooled. Tha precipitate was used

©

withou’s further purification; m.p. 209° {decomp.), yield %0%,

Mized dimethyl compounds, mep. 257-238° -~ (a)° Phenyle
glyoxal hydf&ﬁ@ééiﬁ'go)g 536odiamin0m2;qadihjdroxypyrimi&ins
sulphate (5 g.), glocial scotic zcid {125 6.c.) and water
(875 csce) woere gently refluxed for 1 hour. The mixzbture was
cooled, and filtercd yielding 3.73 5o of ciude product, which
was cfystallised from agueons ethanol or (better) Hﬂudimethylm

formamide to give orange-yellow needles, mopey 300% 2.65 go,



=
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e

84%. The solubility in these solvenis, end the ultr@mviale%
abgorption spactrun [in 0.1 H=sodium bhydroxzide; 1 e 6%

208 (B = 20,600), 273 (E = 14,200), and 352 mu (& « 13,800}]

LS

were constant. Only one spot was cbiained on paper ch
graphy in the above colvent sysitems,

This moterial vas tyested with

1 - .
in ether , methanol being added to iui iat% the zeatiicn.  ihe
product was vecrysiallised from 80% formic =meid givirg pals

3
vellow needies, m.p. 237-238° (Ganapatsi gives mepo £78°%),

Pounds C,62.45 Hodo55 Np20:77.

o

Iight sbsorpbtion in ethanol:  Hax. at 203 (E'a 219,500), 230
(B = 12,400), 280 (E = 18,500), ond 357 mu (B = 32,400}, !
{p) Ssb-Dianinge=Li2:314=tetirahydro=1t5=d m~%hy1~25ﬁuﬁibka
pyrimidine {1 g.) wes dissolved in & mixture of 1U% hydvochlorvie
acid (25 c.0.) and ethanol {15 co.2.); and phenylglyoxal hydrote
(1 g.) wes added., The eolution wes refluxed for 1 hour,
cooled, and the product collescted. RGGTyﬁtall igation from
80% formic acid {15 ce.c.) gave pale yellow needles (1.3 gos 53%):
BoPoe &£37«23D

46

03

23 4-Dihydroxzy-T=phenyinieridine. - FPhonylglyoxal hydr&u@

(2 g.) wes dissolved in wabter (100 Gece)p o solution of sodiunm
hydrogen sulp;'tr (A.1.343 15 000@) added and the mixture seb
aside for 1 hour. A soiuntion of 5:béediamino=2:4-dihydrozy-

pyrinidine sulphate (2.3 #.) end sodium sulphite hydrate (8 g.)



in wator (209 c.c.) was added, and tho mixture heated uniewr
reflux for 1 hour. After coolingyacelic acid was edded witk
gtirring to give pH 4=-5. The product which‘separated was
collected by Tiltration, washed with water, ethanol, ether and
dried. Recrystallisation from NNedimethylformamide gave 2id-

-dihydroxy~Tephenvipieridine as pale ysllow nsedles, (2.5 o3

877)s mops » 300°
Found: 0,60.03 Haag2§‘Np2§olo
Cinf G Ny roquires . ;60003 Hy3.45 1\'@23&%.
Light aﬁsorp%ion in O.LngOQium hydroxide: Max, at 208
{(E = 21,000) and 352 (B = 16310@; inflexion at 260;265 nu

(B = 8,000),

1:253:4-Totrabydro-1i3-dinethyl-2t {=di0x0=T~phenyinteri-

ding. = (a) Acetophenons (10 g.) end S-emino=liZ2:i3sf-tetrahydros
wli3edimeshyleSenitroso-23d-dioxopyrinidine (1 g.) vere refiuxed
gontly for 30 nin, Durings this periocd an scetophononse-watew
nizture was ellowed to distill off ond the volume was restored
7ith fresh scefophenone (G8. 3 c.Co). Tho dark resction
mixture wos cooled and ether (50 c.c.) added. After standing
overnipght, the solid woes colleected, washed with other, en

dried to‘give a ton pawder (05 Go3 35%)s  Recrystallisation
Sron 80% formic acid {charcoal) gave 1:2:3:4~-iobrehydre-1tie

-3inethyl~d:d-dioxo=-Tphenylpteridine as fine yellow needles,

ﬁiopo 298“50905



Founds GC,62.,635 Hydo33 Ne20.5.
Gy Hy 5 0, N, Tequires C,62.75 Hy4o58 Ny20.97%.

Light sbsorption in ethanol:s Mex. at 204 (E = 23,500),
225 (B = 22,700), 260 (E = 9,400), 282 (E = 9,000), and
354 mu (B = 19,300). |
(b)  2:4-Dihydroxy-T-phenylpteridine (2 g.) was stirred fori
1 hour with 8 equivalents of diazomethane (£rom 21g. of
p»tolylsulphcnylm@thylnitrosamideﬁi) in ethcr-methancl, when
vigorous evelution of nitrogean took place. After standing A
overnight, thse product wes collected and vecrystallised from
80% formic acid %o give the pheridone {2 zZ.5 90%), mepe 299=300°,
undeprossed when mixed with above material.

Found: (,62.8; Hy4o63 Ny20,8%.
(e) 'Po phenylolyoxzal hydzaie (2 g.) in water {25 c.c.) was
sdded a solubtion of sodiun hydvogen sulphite (d.1.34g 15 éoéc);
and the mixture was allowed %o stand for 1 hour, 5:6-Diaminc-
~132¢324etbotrahydro~ls3-dinethyle2: f~dioxopyrinidine (2 g.) and
sodium sulphite, hydrated, (8 z.) in water (100 coco) were added
and the sclution heated under roflux for 40’mino . On cooling,
the dimethylpteridone crysitallised rapidly;; "Recrystallisation
frém 80% formic acid gave pale yellow neecdles, mep. and mixed

BePo 299=300°,
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132:3:4~Tetrahgdrowlz3qg;meth11~234-di010a6mpheny1pteria

dine. = Phenylacetaldehyde (5 g.) was refluxed gsntly and
G-amin0a132:334ntetrahydro=lz3=dimethy1»5=nitroso;ée4~dioxo;
pyrimidine (0.5 g.) was added slowly, After refluxing for

" 25 minn,'ﬁhe dark red mizture, was cooled and ether was added.
The orange=yellow solid (0,32 g., 41%) vhich separated, was
collected after standing overnight end washed with ebthér.

Recrystallization from 80k formic acid gave li2:3314=istrahydro-

=l:3=Gimothyl-2s4=dioxo-6-phonylptoridine as clear lemon
needlss, Mip. 251=253°%, '
| Tound: C,62.9; Hodo33 N,2008,
Gyl Oally roguires €,62.75 H,4.5¢ N,2009%.
Light ebgopption in ethanols Max. at 205 (E = 20,000), 280
(B = 22,400) and 360 nuE=9,600).
Mixtures of this material and the 7nppany1pteridons_in
therra%io 2 $0 ) gave m.Do 256~238° snd in the ratio 1 to 2

gave BoDo -278%

22
23 4-Dihyiroxy=T=phanyliptoridine . - To & warm solution

of $:6-diamino=234-dihydroxypyrinidine sulphete (5.7 g.) iz
water (75 c.c.) and concontrated ammonium hydroxzide (15 coco)
was edded phenylglyoxal hydrete (5.7 g.). The mixture was
refluzed for 1 hour, cooled, and acidified with acetic acid.
The product was filterved off, washed with water and alcohol

m.p.> 3005 0.2 go3 207
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1:23334-Tetrahzdro=l:Badimethy1=2:4=dioxo=7epheny;pterié
dine. - The above product (0.2 g.) was suspeﬁded in an
ethereal solution of ‘diazomethane [from p-tolylsulphonyl-
methylnitrosamid041 (2,06 g.)], methanol (3 co.c.) added, and
the mizxture stirred for 2 hours, After standing ovérnight
vthe yellow residue was filtered off, washed with ether and
dried.; The product was recrystallised from 80% formic acid
a9 palg yellow needles (1.5 go) mopo and mixed m.po with

suthentic T-phenylpteridone 298-300°,

Unsuccessiul syntheses of 2:4=-dihydroxy-0-phenylptéridine. -

(a) A mixture of 4-amino-2:6-dihydroxy-Senitrosopyrimidine (0.52.)
end phenylacetaldehyde (5 g.) was heated under reflux for 30
min., The orange brown mixlture was cooled,»éhaken with ether
(100‘¢eéﬁ) and the buff coloured solid filtéred off, and washed
by suspension in ether (30 c.c.), filtered and dried, 0.33 g.
Paper chromatography indicated the formatioﬁ of a maﬁerial with
Rf's similar to 2:4-dihydroxy-7-phenylpteridine. However
attempts to purify this material by ecrystallisation or solution
in 2f-sodium hydroxide, followed by precipitation with acid,
gave tarry residues,

{v) Timmiaaa has shown that in condensations similar to that
attempted above replacement of the 2-hydroxypyrimidine by the
more soluble 2-methylthiopyrimidine givesAmore satisfactory

results, However reaction of phenylacetaldehyde with
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42
4-amino-6-hydroxy-2-methylthio-5-nitrosopyrimidine under a

variety Qf conditions (reflux, refluxing ethano%/%odium ethoxide,
refluxing dry ethylene glycol alone, or sodium ad@ed) failed to

yield the desired product.

2-Methylamino-6-phenylpyrazine-3-carboxymethylemide. -

w_1:235:4—Tetrahjdr051=3-dimathyl=2:4=dioxo-?-phenylpteridine

(0.2 g.) was dissolved in refluxing ethanol (200 c.c.) and warm
0.3 N-ethanolic potassium hydroxide (100 c.c.) was addéd with
shaking. After refluxing for 15 min., the solution was céoled
and neutralised by the addition of glacial acetic acid (1.7 c.co).
The ethanol was remoﬁed in vacuo on a water bath, and the yellow
residue suspended in water (50 c.c.) and extracted with chlore-
form (3 x 60 coc.)o The combined extracts were dried.
{magnesium sulphate) and evaporated to give a yellow solid.
Crystallisation from light petroleum (b.p. 60-80°) gave

2-methylamino-6-phenylpyraszine-3-carboxymethylanide as long

yellow needles (99%), m.p. 112-114°.
| Found: VC,64°7; H;5.T3 FH,23.1

C,5H,,0N, requires C,64.4; H,5.85 §,23.1%.

2=HMethylamino-6-phenylpyvrazine-3=carboxylic acid. =
(&) 1:2:3:4-Tetrahydro-l:3-dinethyl-2:4-dioxo-T-phenylpteridine
{(1.05 g.) and sodium hydroxide (1 g,) in ethanol (35 c.c.) were
heated in a steel bbmb at 200° for 16 hours. After cooling,

‘water (50 csC.) was added, and the ethanol evaporated. The hot
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golution was filtered, concentrated hydrochloric acid was

added to pH4, and the yellow precipitate was collected after

chilling, 2=Methylamino=-6-phenylpyrazine-3-carboxylic acid
(0.76 g., 80%) was recrystallised from ethanol, fluffy needles,
mopo 178-179° (decomp.) |
Found: C,62.73 Ho4.55 N,18.2
CizHy 0,8 requires C,62.9; H;4.85 N,1803%.
(v) This acid was also obiained in 85% yield on similar
hydrolysis of 3=methy1amino=6»phenylpyraziﬁew3~carboxymethy1«

amide.

3eMethoxycarbonyla2amethylaminoaécphenylpyrazineo - A

suspension of 2=methylaminom6ophenylpyrazine-3-carboxylid acid
(85 mg.) in vefluxing dry methanol (200 c.c.) was treated with
T dry hydrogén chloride for 10 min. The yellbw solution
doepened in colour and was refluxed for a further 2 hours,
before concentrating in vaguo to 10 c.c. Water (10 c.c) was
" added end the solubion chilled. The product separated as
fine,dérk yélloW'needlesg which were filtered off, washed
with methanol, water, and dricd (80 mg., 93%). The 3-

-methoxycarbonyl-2-methylanino=-6-phenylpyrazine was recrystall-

ised from agueous methanol, as fine yellow needles. A sample
wes sublimed for analysis m.p. 134-135°,
Found: C;64033 Hy5.23 Ny1T7.5.

015}11302N3 requires 0964025 H95c4§ 1‘191703%
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~T-phenylpteridine with agueous alkali. - The pteridone (3 g.)

was refluxed with 2)- sodium hydroxide (150 c.c.) for 1 hour.
The mixture wes chilled overnight and the yellow precipitate
(2.66 g.) was collected, washed with water and dried, The
"50lid was extracted with beiling light petroleum (bop. 60-80°;
4 x 50 coco) leaving a residue (lod go, 47%) of 1:2:3:4-tetra-
hydro»i:B-dimethylwga4udioxo=7=pheny1pteridine, MoPo 299-300°,
The bright yellow petroleum extract was concentrated, and on
cooling, 2-methylemino=6-phenylpyrazine-3-carboxymethylamide
(1.2 &, 45%) crystallised as long yellow needles, mop. 112-114°,
The alkaline filitrate was acidified with concentrated hydro-
chlorie acid to pH4 and extracted with chloroform (5 x 50 c.c.),
The combined extracts were dried (sodium sulphate) and evaporated
to dryﬁesé to give a2 yellow solid. Crystallisation from
ethanol gave 2-methylamino-6-phenylpyrazine=3-carboxylic acid
(0,08 goy 3%) mopo 178-179° {Gecomp. ).

Awn identical hydrolysis of 2~methylamino=6-phenylpyrazine
-3-carboxymethylenide (0.5 g.) with 2N-sodium hyéroxide (25 c.c.)
gave the carboxylic acid, m.p. L78-179° (decomp.) (0;032 g 7%)

When the pteridone was refluxed with 57 alkeli for 3 hours,

56% of the eamide and 9% of the acid were produced.

2-Methylamino-S-phenylpyragine-3-carboxymethylamide. =

1:2:3:4-tetrahydro-1: 3=dimethyl=2: 4-dioxo-6-phenylpteridine

i{}i
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(0.2 g.) was dissolved in refluxing eypanol (200 CeCo) ﬁﬁd;
warm O,3N-ethanolic potassium hydroxide (100 c.c.) was added
and the mixture refluxed for 15 min. The reaction mixture
was worked‘up as forAthe 6~-phenyl isomer (Beé above) to give

2-methylamino-5-phenylpyrazine -3-carboxymethylamide. The

" product was recrystallised from light petroleum (b.p. 60-80°);
fine yellow needles, 98%, m.p. 92-94°.
Found: C,64.5; H,5.83 N,23.3.

CypH,, 0N, requires €,64.4; H,5.85 N,23.1%.

2-Methylamino-6-phenylpyrazine-3-carboxylic acid. =

(a) 1:2:3:14-Tetranydro=-1: 3=-dimethyl-2:4~dioxo-6-phenylpteridine
(1,05 g.) and sodium hydroxide (1 g.) in ebhanol (30 coc.)

were heated in » steel bomb at 140° for 17 hours. After
cooling, water (50 c.c.) wes added end the ethanol evaporated.
The warm agqueous solution wes filtered, the pH &djusted to 4
with ccnéentrated hydrochloric acid, aﬁd the mixture chilled,

The canary yellow crystalline solid was coilected, washed with

water, and dried, (082 gey 91%). The 2-methylamino=5e

-phenylpyrazine=3-carboxylic acid was recrystellised from

aqueous methancl, soft yellow needles, m.p, 173-174%
Found: ©,6%.25 H,4.63 n,1805;
Cyplly, O, N, Tequires €,62.9; H,408; N,1803%.
(v) This acid was a2lso obtained in 10C5% yield on similar
hydrolysis of 3-methylamino-5-phenylpyrazine=3-carboxymethyl-

anide.




5»Methoxycarhonyl—Zamethylamino—Sﬁphenylpyrazineo -

2-Methylamino~5-phenylpyrazine-3-carboxylic acid (0.5 g.) in
refluxing dry methanol (25 c.c.) was treated with dry hydrogen
chloride for 20 min., and the mixture refluxed for a further

2 hours, before concentrating in vacuo to 10 c.c. The yellow ”
«solutioﬁ wes poured into ice cold water (50 ceco)y the resulting F
solution neutralised with sodium carbonate, and extracted with |
chloroform (5 x 50 c.c.). The combined extracts were dried
(magnesiﬁm sulphate) and evaporated in vacuo %o give & yellow [

carbonyl - .
gunm, which crystallised, F=Methoxye~2-nethylanino-5-phenyl-

pyrazine was recrystallised from chloroform methanol, thick
yellow needles, 0,45 g., 85%, mepo 140-141°.
| Found:  ©,64.55 H,5.25 H,1701

C,5H, 50 B, requires  C,64.23 H,5.43 N,17.3%.

Treaiment of 1:23354-tetrahgdro—1=Bndimethzln2:4ndioxo=6=

phenylpteridine with agueous glkali, - The dimethylpteridone

(0.6 g.) was refluxed with 2N-sodium hydroxide (30 c.c.) and
the reaction mixture worked up as described for the 7-phenyl
isomer (see above) %o give 40% of starting material, (m.po

252-25%°), 52% of methylamide (m.p. 92-94°), and 8% of

carboxylic acid (sm,p. 172-173°),
An identical hydrolysis of the pure methyiamide gave

33% of the carboxylic acid (m.p. 172-173°).
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When the pteridone was heated with 5F-alkali for
3 hours 60% of the amide,12% of the acid, and 27% of starting

matefidl were obtained.

Acid tresmiment of 1:2:3:4-tetrahydro-1:3-dimethyl-2:4-

-dioxo-T=phenylpteridine. = The dimethylpteridone (0.5 g.)

was heated with SN-hydrochloric acid (40 c.c,) under refiux
for 6 hours, Paper chromatography indicated that no reaction
had taken place and the starting material (0.47 g.) was

Tecovered, m.p. 298-300°,

Treatment of 1:2:3:4-tetrahydro-1l:3-dimethyl-2:4~dioxo-

-7-phenylpteridine with benzylemine. - The pteridone (0.5 g.)

~ and benzylanine (15 coc.) wexre heated in a sealed glass tube

at 260° for 24 hours. The clear yellow soliution on cooling.
deposited crystals, which were collected, washed with ethanol
and dried, 0,46 g.,m.po &nd mixed m.p. with starting material
298a306f;' Paper chroma@agraphy of the filtrate and washings

indicated the presence of starting materiel only,

. -3-Methylamino=5~phenylpyrazinolic acid.hydrazide, -

(a) 1:233:4-Tetrahydro=-1;: 5~dimethyl-2: 4-dioxo=T-phenylpteridine

(0.5 .g.) was suspended in 85% hydrazine hydrate (15 co.c.) and
the mixture heated under reflux for 6 hours. The orange-red
mixture was chilled and the suspended deep yellow needles

collected, washed with water, methanol, and dried, The
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§-methylamino-5=pheny1pyrazinoic acid hydfazide was

recrystallised from chléroformfmethanol, fluffy yellow
needles, 0,37 g., 80%, Mmepo 215-216,5°.
‘Found: Cs59.3% H,5g25 N,28°9.

C,,H,50 Ny requires €,59.33 H,5.43 N,28.6%.
(b) A mixture of 3«methoxycarbonylm2=methylamino=6-phenyl-'
pyrazine (091 g.) and 85% hydrazine hydrate (2 c.c.) was
heated under reflux for 50 min., chilled and the crystalline
product collected, washed with water and dried, The acid
hydraziée was recrystallised from chloroform-methanol, soft
yellow needles, 0.08 g., 80%, mop, 216-217°, A mixed
melting point with a sample from the previous experiment

showed no depreassion,

2-Mothylamino~6=-phenylpyrazine~3-carboxyamide. =

(a) 1:2;3:4~Tetrahydr0el:BAdimethy1=2:4mdioxo=7~pheny1pteridine
(250 mg.), absolute alcohol (20 c.c.) and liguid ammonie

(5 c.c.) were heated together in & stesl bomb at 210° for

20 hours. The resulting yellow solution was filtered-and

the clear filtrate evaporated in vacuo %o give an orange
yellowsoiid0 The residue was exivacted with boiling light
petrcieﬁﬁ (4 % 30 ceco)’and the combined extracts crysfallised

to giﬁe 2amethylémiﬁdéémphenylpyrazine~5~carboxyamide, fine

vellow needles, 0.168 go, T79%. The product was recrystallised
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from chloroforq/petrol (bsp. 60-80°) lemon coloured'needies,
mep. 188-189°. | |
 Found: C,63.1; H,4.93 N,24°7.'
Gy pH,,0 N, requires C,63.1; H,5.3) ,24.6% |

(p) A mixture of'3=methoxycarbonﬁ92-methylaminoéééphenyl=
pyrazine (0,13 g.) and eaturated ethanolic ammonia (5 c.c.)
were heated in & sealed tube ab 125° for 5 hoursa The cooled
reaction mixture-was filtered and the filirate evaporated.to
dryness gg_zgggg;‘ The 2~methylamino-éuﬁﬁenylpyrazine-3é
=carboxyamide waaﬂfecrystallised from chlprofor%/feﬁrol
(bop. 60-80°), cldéters of yellow needles, 0,10 g. 80%,_mopo
187-188°.

A mixed melting point with a sample from thé previous
exporirent showed no depression.

Treaﬁment.of 2-methylamino-6-phenylpyrazine-3-carboxy=-
methylamide (0.25 g.) with dry ethanol and ligquid ammonia under
the same conditions used for the pteridone (section (a) above)

gave the starting meterial m.pe 112-114°, 0.24 go

2-Hydroxy-6-phenylpvrasing-3-carboxyamide. = (a) Phenyl-

glyoxal hydrato (5.4 g.) in water (25 c.c.) was treated with
agqueocug socdium hydrégen sulphite (da)l,34; 50 c.c.), and the
mnizxture was'allowed to stend at room temperature for 45 min,

Aminomalonemide (see experimental Section I) (3.9 g.) in water
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(30 c ¢.) was added, and the cloudy solution was haated on the
eteam bauh for 2.5 hours, during which aryellow crystalline
precipitate separ&tedo This was collectgdg washqd with water
and e»hanol, and uried. | Recrystallisation from ethanol gave

nhydroxyaéaphenylpyr&zineanoarboxvanida as yellow needleap

mepo 252-253° (decomp. ), 4.81 ga, 62%.

Pound: C,61.73 Hodo3s W,y19.3.

G, B0, N; requirses 0561045 H,4.25 1,19.,5%

~-{b)  The seme proﬂuct, in nuch smaller yield l6%,~waa obitained
vhen the condensation was carried aub as described by Jonesss°
Tha;praﬁuct obtained Jones had m.p. 215«216° (deggmpa),
(c) A mixbure of hﬂdodichloroécetopheﬂone (3, 62 go ) (see
below), aminomalonamide (1 g.) and sod1um acetate (5 5 go) in
water (50 ¢.c.) was refluzed for hours, concentrated to

’720,c,oo and chilled. The yellow prsclpit&b@ was collect@d

" and washed with.water. Recrysvalllsatxon from ethanol gave

- 2=hydroxy~b-phenylpyrazine-3-carboxyenids, as yellow needles,

0.25 geos 14%, m.p. and mixed m.p. 251-252° (decompo)°

2-Hydroxy-6-phenylpyrazine-3-carboxylic acid. =

2-Hydroxy-6-phenylpyrazine~3-carboxyanide (1.3 g£.), sodium
_hydrozide (1.1 g.) and ethanol (30 c.c.) were heated in &
stesl bomb at 150° for 16 hours. The yellow gelatinous

product wes dissolved in water (50 c.c.), and the ethanol
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evaporated, The warm solution was filtered, the filtrate
acidifiéa to pH4 with concentrated hydrochloric acid, and the
heavy yellow precipitate collected, washed with water'an& dried.
Tﬁe 2~hydroxy=6-phen&lpjrazine=3=carboxylic acid was recrystall-
ised from othanol, yellow needles, 1.25 g, 96%, m.p. 217°
(decomp;)u .
| ' Found: €,60.93 E,3.5; N,13.0,

Calc, for Cy HyOsly: C,6l.1; H,3.75 W,13.0%
This acid gave a mid-blue fluorescence in ultraeviﬁlet
- light,  King and Spensley?e_report a similar fluorescence

and m.p. 208-209° (decomp. ).

2éﬁydraxxfiueghoxycarbonz;u6»phenylpyrazineo - A solution

of the above acid (0.3 g.) in refluxing dry ethanol (4 c.c.)
‘céntainﬁng é dfops of concentrated sulphuric acid was heated
for 2“hoﬁrs° On cooling‘the product crystallised es paie
yéllaw p;i:ésms, 0,27 g. Recrystallization from ethanol gave the
ester as clear prisms, m.p. 112=114°, -
' -Found= 463055 HydoTs Ny11l.7
Cale. for C,;H, 0N, C,63.9; H,5.03 N,11.5%

, " 3s
King and Spensley give m.p. 112°.

2;Eyéroxy~3amethoxycarbonyl=6aphenylpyrazineo e

2-Hydroxy-b-phenylpyrazine=3-carboxylic acid (2.75 g.) in dry
boiling”ﬁethanol (150 c.c.) was itreated with dry hydrogen

chloride until it had completely dissolved (about 20 min.).
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The clear orange solution wes refluxed for & further 2 hours.

When the reaction mixture was cooled, 2uhydroxy%5-methdxxf

carbonyl-6-phenylpyrazine was deposited as white prismatic

neédlesénl The acidic mother liquors were concentrated in vacuo
to ca. 75 c.c. ond after the addition of water (75 c.cs), the
solufion was neutralised with ammonium hydroxide (S.G.0.88),
the temperature being kept below 10°, The solution was
extracted with chloroform (4 x 100 c.c.) and the combined
extracts after drying (sodium suiphate) were evaporated
in vacuo %o give & yellow solid, Crystallisation from methenol
(charcoal) gave a second crop of the wethyl ester (total yield
2.7 gey 92%). A semple recrystallised from chloroform-methanol
had mepo. 172=-173°.

Feunﬁ: C,62,T3 H,4.33 H,12,4. -

C,pH, o0 N, requires C,62063 Hybods N,12,2%

2-Chloro-3-methoxycarbonyl-6-phenyloyrazine. =

2oHydroxy»§=methoxycérbony1=6aphenylpyraziné‘(1 g.) and
redistilled phosphorus oxychloride (14 c.éo);containing'One
drop of concentrated sulphuric acid;were mixed in a Carius tube,
The mixture was heated at 115° (bath) for 30 min.; evdlutiog

- of hydrogen chloride had then ceased, The tuke wes séaled and
heated at.l55° for 16 hours. The cooled reaction mixture was

poured on cracked ice (150 g.), and the mixture stirred for
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for 30 min. The product, which separated, was collected,
washed with water, and dried (0.94 g., 87%). Reerystaliisation
from chloroform/hethanolland finally from methanol gave the

chloro-ester as clear prisms, m.p. 81-83°,

Found: C,S?astg H9305§ N,llo4; Cl,l}ogo

C,2Hg O, Ny C1 requires  €;57093 Hy3.65 Ny1lo35 Cl,14.3%.

2uMethylaminon6apheny1pyrazine=5ncarboxzmetgylamidéo=

2-ChlérOeﬁomethoxycarbonylu6~phenylpyrazine (0.1 g.) and 33%
ethanclic methylamine (2 c.c.) wore heated in a Carius tube at
140° for 6 hours. The yellow solution was evaporated to dryness
in vacuo, absolute methanol (10 c.c.) was added, and the aolutionj
gain taken to dryness to leave a yellow residue which was
exfractad with chlaroform (3 x 10 co.c.)o The combined extractis
were cdndentr&tea, and on the addition of light petroléuﬁ
(b;p;'60a80°), Zamethylamin0a6=phenylpyrazinec3acar50xym9thyl—
amide‘(GE‘mg., 67%) erystallised es long yellow needles, m.p.
112-113°, A mixed m.p. with the nethylamide obtained by
degradation of”1:2:§§4—tetrahydro»lzB—dimethylc2:4-diox0a7~

-phenylpteridine showed no depressicn.

2=-Amino=4-hydroxy-T-phenyipteridine. - An intimate mizturs

of 2-chloro=3-methoxycarbonyl-6-phenylpyrazine (0.2 g.) and
guanidine carbonate (0.5 g.) wes heated at 170-180° (bath) for

30 min. with occasionel stirring, The .yellow reaction -

»
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nixture wvas cooled, and warm water (40 q;co)"was‘addgdo " The
resulting suspension was heated to 95°, and glacial acetic
acid Wﬁs sdded to pH4-5 when further precipitation took plqceo
The palé yellow solid was collécted at 90-100°, washed with
water, éthanol and ether, and dried to give 2-amino~4-hydr0xy-
7-phenylpteridine (170 mg., 88%) m.p. > 300°. The product
ﬁas_purifie& by dissolving in hot 2N-sodium hydroxide, and
reprecipitating with acetic acid ai 95~106°, and was dried
at 135°°‘ |

Found: 0,459,953 Hy;3.83 N,29.4

Calc, for Cy,HyONy: C,60.23 H,3.85 N,29,3%,

43 ‘
Wig-Dichloroacetophenone . = Dry chlorine was passed

into a solution of acetophenone (24 g;) in glacial acetic acid
(100 c.c.). Initially the mixture turned yellow in colour
prior to a distinct rise in temperoture, and at 25° the colourw
rapidly faded. The reaction temperature was not allowed to
excoed 60°, by controlling the flow of chlorine, which was
continuéd until the solution became yellow and an increase in
weight of 20 g. had occurred, The reaction mixture was poured
over crushed ice (600 g.), stirred several times, and allowed
to stand vutil the jice melted, The product which separated
es a heavy oil was collected, treated with benzene (20 c.c.)

and the water and benzene distilled off in vacuo to leave
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W w-dichloroacetophenone as a clear oil (3% z.).

: 44 %45
w-Nitroacetophenone ¢« = A mixture of redistilled

benzaldehyde (16 g.) and nitromethane (9.6 ¢.) was cooled to
- 10°, :anhydrous potassium carbonate (4 g,) was added with
stirring, during 45 min., the temperature being kept below
10°. After 1 hour écetic acid (10‘c°c¢) and then water
(100 ¢.c.) were added. The aqueous lsyer wes decanted and
the heavy oily phenylnitromethylcarbinol obtéineﬁ was washed
with watexﬁéa |

The agueous layer was exitracted Withiether. The extracts
were combined with the oily layer aléng with more ether (100 c.c.)
and washed with 10% sodium bisulphite (2 x 75 c.c.), 5% sodium
bicafbonate (2 = 75 c;co) and finally with water. Theether
solution was dried (magnesium sulphate) and concentréted
in vacuo at 40°, to give 18,7 go of the cerbinol. The latter
(15.7 g.) wes oxidised with potsssium dichromate (15.7 g.) in
acetic acid (75 c.c.), by the method used by Long and 'Troutman‘w,

to give Wenitroacetophsnone (11.7 g.); MeDo 105-106°.

. . )
2-Anino=4-hydroxy-6-phenylpteridine. ~ (2) Priemino-4-

=hydroxy pyrimidine dihydrochloride (4.5 g.) in 50% aqueous
othanol {80 c.c.) was treated with sodium acetate (13.5 g.)
followed by Wisdichloroacetophenone (3.8 g.) and:the mixture

heated under reflux for 1.5 hours, 2-Amino-4-hydroxy-6-
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 phenylpteridine separated (3.1 g., 60%), and was purified

by dissolving in hotAQEfsodium hydroxide, and collecting

the sodium salt, which crystallised on cooling. The pteridine
(mopo‘>‘566°) was obtained by dissolving the salt in water

an@ aci@ifying the solution to pH2,

(v) Triaminoerhydroxypyrimidine wag condensed with

phenyl glyoxal as described by King and Spensley§8 for the
preparation of the Te-phenyl isomer. The infra-red spectrum
of the purified product was identical with that of the material
prepared from dw-dichloroacetophenone, and different from the
spectrum of the suthentic é~amino=4uhydroxy~7mphenyipteridine
prepared above,

(¢)(3) 2:4-Diasmino~6-hydroxy~5-(2-nitro-l-phenylethylideneamino )=

-pyrimidine. - To & clear solution of triamino-4-hydroxys
pyrimiding dihydrochloride (5 g.) in water (50 c.c. ), powdered
sodium acetate {10 g.) and thentasnitroacetophenone (4 -g.) in
warm 50% agueous ethanol (200 c.c.) were added. A crystalline
precipitate gradually separated from the reddish-orange mixture
in ths cold, Afver sﬁgnding for 24 hours the 2:;4-diamino-b6-

chzdroxy»5~(Zanitro=1=phenylethylidene&mino)= vrimidine wasg

filtered off and recrystallised from 50% ethanol, orange needles,

4.52 go,-éﬁ%, mePo p 300° The Schiff's base gaye no

_ 39
colouration in ammoniacal solution with the Folin-Denis reagent.




Founds: C,47.23 H;4.43 N,27.8.

Cypl o 05 Mg JH, O vequires C,47.13 H,4.6;5 N,27.5%
(ii) A suspension of the above Schiff's base (3.3 g.) in
refluxing 25% ethanol {75 c.c.) was treated with sodiumF
»dithionite (15 g.), added in portioms during 1 hour. The
suspend;d golid became canary-yellow, and after an additional
hour the mixture was allowed to cool., The product,'which
contained sulphur, was collected, dissolved in 2N-sodium
hydroxide, filtered,and the clear filtiate acidified with
concentrated hydrochloric acid to pH2. The 2=-amino=-4-hydroxy-~
-6-phenylpteridine was collected washed with water; ethanol and
dried, 2.7 gos Mepo P 360°% Identical with material prepared

in sections (a) and (b).

2QHIdroxyo5=phenylpvrazine;3—carboxylic acid; -  The
pteridine (0,63 g.) from (c) was heated with 4K-sodium
hydroxide (10 c.c.) at 180° for 20 hours, and the product
iabiafed by diluting tﬁe solution with water (10 coca), and
acidifying the filtered solution to pH2. The  2-hydroxy-5-
‘-phenylpyraezine=3-carboxylic acid was crystallised from
chloroform/ethanol, yellow prisms, 180 mgoyMoPo 200° (decomp.)
(ethyl ester, m.p. 158-159° °). In dilute acid solution this
acid gave & brilliant pale green ulitra-violet fluorescence, quite?
distinct from that of the isomeric 6«pheny1pyrazine; the mixed

m.p., with the latfer was 187-190°
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