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Naturally Cccurring Pteridines.

Pteridines were first isolated from natural sources,
such as the wings of lepidoptera, by Hopkinat *2°3 in the
1880 g, Synthetic compounds having the pteridine nucleus
were synthesised first about the same time by Kuhlingt.
The relationship was not recognised until 19405 °¢ when
Wieland and his collaborators’ showed that the wing pig-
ments of butterflies investigated by Hopkins were derived

from the pteridine nucleus(I).

Since-that time a large number of ptéridines have
been isolated from a wide variety of natural sources®’®.
Among the most importent of these are the pteridines which

congtitute the folic acid series.

Phe Folic Acid Series.

(2) Chemical Nature: The members of the group of big-

~ logically active compounds called the»Eolic acids are

very similar chemically. All contain the 2-amino and
4-hydroxy groups common to naturally occurring pteridines
and all contain a p-aminobengoic acid residue. Each
compound provides the minimal requirement for growth,
within the group, for one or another organism which cone-
verts its particularlactive member of the group tc the co-

. @

=onzyms Lorm of the Police acids. The chemnical nature of
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the co-enzyme form, co-enzyme F, is unknown. Leu-

covorin appears to be closest to it chemically, for

leucovorin is a growth factor for*Leueonqstic citrovofuma
for which the other folic acids are either not active

or much less s0, while leucovorin is as active as the

o

other forms of folic acid for the less exacting organisuin.

-

The first of the group to be characterised chemicslly
was pteroylglutamic acid which was shown %0 have the full
biological activity of a factor, occurring naturally,

for the growth of Lactobacillus caseil?.

The relationship between the various members of the
group is not yet clear. It is established that noune
1lie on the normal metabolic pathway %o the co-engyme
form*? 12 Present evidence shows that all the bio-
logical functions of p-aminobengzoic acid are exerted
through the ultimate co-enzyme form of the felic acids,
eech of which contains a p-aminobenzolc acid residue;
Co~enzyme F may have slightly different formgt B 14716
and-cOnjecture has given rise to a largely hypothetical
metabolic pathway from gnaminobeﬁzoic acid to co-enzyme
. There are obviously a number of steps between

pteroylglutamic acid and the co-enzyme (Scheme 1).
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acid enzyms !
Sulphonamide

Pteroyleglutamic acid

Scheme 1.

X and Y represent pteroylglutamic acid and leucovorin
respectively as they exist in the cell. X ig formed
through utilisation of pteroylglutamic acid by some
organisms and through biosynthesis from p-aminobenzoic
acid by others (pathway a). The latter roﬁte is blocked
competitively by sulphonamides. ¥ is formed by util-
isation of leucovorin or metabolically from X*¢. Y may
be a reduced, and or, formylated derivative of X or p-
—aminobenzoic may combine with a precursor of the pier-
idine moiety, perhaps a triaminoPyrimidine, before ring
closure- occurs. |

Porrest and Walker®*? postulate the condensation of
reductone (VI) with p-aminobenzoylgiutemic acid to give
{(VII) which then condenses with triamin0m4®hydrozypyrm

imidine, a substance not yst demonstrated in nature.




OHC ~=C -OH
CHOH

VI. VII.

Tschesche and his co-workers'® consider that 2-zming-
~4:7-dihydroxypteridine-6-aldehyde condenses with p-
~aminobenzoylglutanic acid (this compound has no growth
promoting properties for micro-organisms) and that the
product is reduced to pteroylglutemic acid. These
workers have shown that this 6-aldehyde (not yet found
in nature) as well as the 7--hydroxy derivatives of
pteroylglutamic acid strongly promote the growth of
S.faecalis.

Woolley believes thet pterithiamine (VIII) is acted
upon by thiaminase in the presence -of p-aminobenzoyl-
glutamic acid to give pteroylglu"camic'acid° Pterithi-

amine is not known to occur in nature*®.
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X and Y may contaln some other chemical residue,
possibly a pentose or pentose phosphate on Ng2° which
is present in co-enzyme F but not in the known forms
of folic acid. In this connection, the pteridine
derivatives which bear an alkyl group on Ny, described
later in this thesis are of some interest. Greemberg?®
has shown that yeast extract contains a compound active
in the ring closure of 5—amino-4~imidazolecarboxamide
ribotide to indsine, The active cbmpcund, not yed
isolated, may be made by incubation of 1eucovorin,.or
formate ang tetrahydropteroylglutamic acid, with aden-
osine triphosphate and certain enzymes. Greenberg
suggeats that this compound is co-enzyme Ff - This
co-engyme P may contain an adenosine triphosphate residux

or a portion of this molecule, or adenosine triphosphate
mey function merely as a source of phosphate and/or
energy. .

(b) Metabolic Functionss - Polic acid is an absoclute

requirement for the growth of micro-orgsnismg. These
organisms which do not require en exogenous asource
synthesise folic acid from p~aminobenzoic acid.

The ability of various chemically unrelated compounds,

purines, thymine, some amino acids, vitamin B;,, %o

m

gustain growth in a medium defiecient in folic acid




guggeats that folic acid is concerned at some st

tage
in the biosyatucsis of %these compounds??. It is now

established that the function of folic acid is in the
transfer of onre carbon residues. The extent of Ffolic
acid implication in metabolism igs summarised below

(Schene 2).

co=enzyme F &

. Folic acidf———— p-aminobenzoic acid
S S Thymine desoxyriboside

| - > Purine (desoxyriboside or ribotide]
l

methicnine

serine
. amiﬁo acids lygine
threonine
histidine

leucine

Cure

> vitamin B 12.

Scheme 2.

The role of folic acid in purine metabolism was

Piret 1lluvminated by the isgolation and characterisation

of Bezning-d-imidazolecarhoxamide which wasg found %0
aceurnmiste in culburss of Bact. coli deficient in foll




acidi®'®%, This carboxamide requires only ome carbon
atom to complete ring closure to a purine. Leucovorin
is active in the ring closure of 5-amino-4-imidazole~
carboxamide ribotide 5'-phosphate (IX) to inosinic

acid (X)%°.

Hﬁ —(0 N% - CoehggmeF

| o+
H —ls
: ( HOor (H;OH)
x Cs FE!@O@.
H:PO3

£t 1s probable that folic acid is concerned in the
provigion of the other ureido carbon in the purine
skeleton for both have a common origim in forﬁateg the
rethylene carbon of.glycine or the 8-carbon of serine® =7 '"
Further, in folic acid deficient rafs incofporaﬁion of
C'¢ formate 1nto liver purlnes is reduced in both
pOBlulonSol Separate eﬁzymes may- be responslbie for
ringiclosure at the two positions with co-enzyme F a
co-engyme for both. _

Pyrimidines have a simllar ureido carbon auom to
that ¢f purines, there ig, however, no evidence that

folic acid has a role in ring closure of pyrimidines.




tudieg with folic acid antagonists have shown
that at the histological level the principal role

of Tolic acid ig in cell division. Folic acid

antagoniste prevent the cells of a leukaemic bone

marrow from completing mitosis®?, and produce

atunting of the chick embryos?,.
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1. Bigdihydropurinyls.

The condensation of glyoxal with 5-amino-2-hydroxy-
~4-methylaminopyrimidine (XI; R = OH; R' = H) 4id now

give the expectied product 8-methyl-2-pteridone (XII1),

but gave & pale yellow insoluble compound in good yield.
The properties of this compound were markedly different
from those of N-alkyl pteridonesSh. It was insolubie
in all organic solvents and decomposed without melting

at & high temperature. It was soluble in acid and
alkali and could be precipitated unchanged from eilther

by neutralisation. Pteridones, on the other hand, are
usually soluble in organic solvents,'melﬁ below 200° .,
and are degraded by 2lkali®?, Elementéry snglysis

of the insoluble compound permittéd the empirical formuis
CeHy ONg & Insolubility prevented determination of the
molecuiar‘weight. Solubility in alkali ihdicated the
continued existence of the pyrimidine hydroxyl group

ag such. Attempts to_methylate this group, in order

to increase'solubility,vwere made and the following
reagents were tried without success: diazomethane;
dimethyl sulphate and alkali; methyl iodide and potassiun

carbonate.
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Analogous compounds were synthesised by the

condensation of glyoxal with 5-amino-4-methylamino-

pyrimidine (XI; R = R* = H), S5-amino-4:6-bismethylamino-
pyrimidine (XI; R = H, R' = NHCH;), or 5-amino-4-chloro-
~6-methylaminopyrimidine (XI; R = H, R' = C1). The
chloro compound was sufficiently soluble in camphor to
permit of determination of the molecular weight by &
modified Xast procedure. The molecular weight in-
dicated that two pyrimidine nuclei had combined with
one glyoxal nolecule,

Two possible structures (XIII; and XIV; R® = NHCHg)
satisfied these'requirements. The ¥nown lability of
azomethines to acid and the stability of tha compounds
under investigation to acid, militated against for-
mulation (XIV), but further evidence, upon which to
base a conclusion, was required. Accordingly, several

authentic azometunines were syntheslised by the conden~

pation of glyoxal with 5-amino~2:4-bisdimethylamino-
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pyrimidine to give the bright red azomethine (XIV;

R = R = W(CHy),, R® = H), with 4~amino-2:6~dihydroxy-
pyrimidine (XV; R = H) %o give the colourless agomethine
(XVI; R = H), and with 6-amino-i:2:3:4-tetrahydro-1ls3-
-dimethyl-2:4-dioxopyrimnidine (XV; R = CHy) %o give

the colourless azomethine (XVI; R = CHz).

XITT
XIV
0 g\ o o
4
H ?‘Vk@ 0 | NeHCH=N g«g,g 0
R R 7

Xy XVl
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All three authentic azomethines weré acid labile,
reveraion to the parent pyrimidine taking place on
treatment with dilute ecid. The ultra-violet ab-
sorption spectra of the three azomethines bore no
resemblance to those of their parent pyrimidines (Fig.2).
This 1s to be expected, since the conjugation betwesn

.the two pyrimidine nuclei provided by the glyoxylidens
moiety furnishes a new light absorbing systen. The
ultra~violetrabsorption spectrum of each insoluble

compound, on the other hand, was very similar t¢ the

spectrum of its parent pyrimidine (Table I; Fig. 1).

Fig.l. Absorption spectra Pig.2. Absorption spectre
in ethanol. in ethanol.

o

L 3 ) 3.0 $ L ; ? 3
250 300 360 260 .300 360 400 4560
Wavelength(mu) wavelength(mu)
A,Big-{6-Chloro-8:9- A,Glyoxylidenebig-{5-amino-2:4-
-dihydro -9 -methyl - -bisdimethyleminopyrimidine.

purin-g8-ylj).

B,5-Anino-6-chloro-4-~ B,5-Anino-2:4~-bisdimethyl-
-methylaminopyrime- eminopyrimidine.
idine.




EBach insoluble compound showed an increase in the
wavelengths of absorption in comparison with those of
its parent pyrimidine, and algo showed an increase in
the intensities of absorption by a factor of.two9 both
effects being attributable to the greater molecular
welght of the ingoluble compounds. ( Tister and Ramage®®
investigated the synthesis and properties of some 5:6:7: 8~
~tetrahydropteridines. They observed that the ultra-
~-violev absorption spectra of these tetrahydropteridines
ciosely resembled those of the corresponding 4:5-di-
aninopyrimidines. The spec%ra of fhe pteridines ghowed
a glight bathochromic shift due %o increased molecular
weighto). There wag therefore no conjugation between
the pyrimidine moieties in the insoluble compounds and
the azomethine formulation (XIV) was discarded. The
criginal insoluble compound is consequently formulated
as»bis~(8:9—dihydro—2-hydroxy~9—methy1purinn8-y1) (XI1I1;
R = OH, R* = H) and the analogous compounds are £or-
mulated similarly (XIII; R = R! = H.XIII; R = H, R* =
NHCH, .XIIIy R = H, R* = CI).

The difference in colour observed in the three azo-
methines synthesised, one bright red and the others

colourless, is due to lack of full aromaticity in the
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Table 1.

a2 A 2, 7 R

Absorntlon

spectra (in water).

hY

Compound.

5=ANino=-2-hydroxy-i-
-methylaninopyrimidine

Bis={8:9-dihydro=-2~
~h“d;oxba9wmethy1purinm
,,,8_33;:!

5-Amino=-4-methyl
pyrimidine

nino-

Big=(8:9-dihydro-9-
-methylpurin-8-yl)
5=Aming=4s6-bismethyl-
aninopyrimidine

»(BOdeihydrom
mmpcnyl ~b-methylanino-
purin-8-y1)

thine (XXII)

P

Azomes

4»Am1no»2 6-Aihydrogxy=-
pyrimidine

Glyoxylidenebis~{4-
-amino=236=-dihydroxy-
pyrinidine)

6-Aminc-1:2:3s4~tetra-
hydrc-1: 3~ dlmebhyi=2 G-
=d10xonyrimiding

nycv »lafmcruecﬁv' 23ém
mdﬂoxooVﬂﬁmlang

Anax(mu)
2223294

2333330

2053288

2093305

224286

2273292%

22032303
25835410

2203206

2223245,
274

éi o

8,850; 5,780 3

20,150311,000 g

14,3003 8,700

29,500;15, 300 i

25,100;10,250 .
46,400521,400 .

>17 3300317, 340 i3

15,340333, 340
1,600 5 3,580 i

15,590312,160; 1%
12,800

>2,890320,950 7

16,10031%,980; 7
8,980



case of the two tetraoxo azomethines. That thisg is so
in the case of the tetrahydroxy azomethine (XVI; R = I}
ig illustrated by the close resemblance in ultra-violet

absorption specirum of the tetrahydroxy zzomethine

(XVI; R = H) and of its 1:3:1':3'~tetramethyl homologue
(XVI; R = CHy) (Table 1).

In attempts to synthesise authentic azomethines it
was obgerved that neither 5-aminopyrimidine nor Suamiﬁaw
~4:6-dichloropyrimidine react with glyoxal under con- .
ditions similar tovthose producing bisdihydropurinyls.
This is in agreement with the results of Whittakers4
who condensed anitrobehzaldehyde wi%h‘s;amindpy?imiiine
only under drastic conditions. The ready condensation
of p-nitrobenzaldehyde with 5-amino-4-chloro-bt-methyl-
aminopyrimidine to give an azomethine indicates that
the presénce of at least one electron reléasing group,
in addition %o the 5-aminc group, is essen%ial for such
reactions.

Attenpts were made to synthesise a bisdihydropurinyl
by‘another route. Oxalyl chloride was %o be‘reacted
with 4:6~bismeﬁhylaminonseni%fopyrimi&ine to give the
amide (XVII) which on reduction of the nitro group and

cycligation would have given a bispurin-8-yl derivative.
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The reaction product from the oxalyl chloride reaction,
however, while analysing for the dihydrochloride of
(XVII) was hydrolysed to the original pyrimidine by
treatment with boiling water or with cold dilute sodium
hydrogen carbonate solution. = Hydrogenation using Ransy
nickel or platinum catalyst gave 5-amino-4:6-bhismethyl-
aminopyrimidine. A compound with similsy properties
and presumably with similar'structure~Was obtained by
reaction of oxalyl chloride with 2:4-bisdimefhylaminoc-
~5-nitropyrimidine. The quaternary salt étructures
(XVIII; R = H, R* = R? = NHCH;. and XVIII; R = R* =

= N(CHg )y, R®

it

H) are accordingly proposed for these
compounds, although in the case of the 2:4-bisdimethyl-
Vamino—s-nitrOpyrimidine product the possibility of
guaternisation on Ny in the pyrimidine ring or on an
exocyclic nitrogen atom cannot be excluded. The case
for quaternisation om a ring nitrogen atom in.preference
to amide formation, is strengthened by theoretical con-
siderations. The potentially tautomeric heterocyclic
amines are cyclic amidines or vinylogous amidines and
will show to some extent the properties~of.aﬁidines.

As in all amidines cation formation occurs by ?roton

addition to the doubly bonded nitrogen atom, that ig,
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to the rigg'nitrogen atom in en aminopyrimidine, for
2- and 4-aminopyrimidines are known to exist in the
amino formS®°36737

NH(H;

XVII

A further attempt was made to synthesise a bis~
dihydropurinyl by formation of the diamide (XIX) of
oxalic acid end 5-amino-4:6-dichloropyrimidine by reaction
of oxalyl chloride with this pyrimidine. Treatment of
the diamide (XIX) with methylamine did not give the
expected bismethylamino diamide (XX). Substitution of
one chloro group per pyrimidiﬁe»nucleus by methylanming
took place but was followed by ammonolysis of thé amide
$0 give 5-amino-4-chloro-6-methylaninopyrimidine (XXI).

That the reaction tc the methylaminopyrimidine (XXI)
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proceeds through the methylamino amide (XX) was shown
when methylamine did not react with S5-amino~4:6-~di-
chloropyrimidine under the conditions used for reaction
with the diamide (XIX). it appears'that'the chloro
groups are activated in the amide (XIX) by the‘ﬁnu
saturated group at position 5 in the pyrimidine ring,

due to the emide existing in the imidol formd©°39,
Cl

¢l

e

N 0
ZNHH HY HN-

Hz (Hy

Purrmann®® has reported the only previously known

case of g diketone condehsing with two moles of pyr-
imidine. He -condensed chloral with 2:435-triamino-6-
~hydroxypyrimidine to give a compound C, oH; 303Ny 4, OF
unknown structure. This reaction was further in-

vestigated by Woodé®, who assigned an azomethine structure
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(XX11) to the compound on grounds of spectroscopilc
comparison with the azomethine (XIV; R = R* = N(Cﬁs)zg
R® = H), and converted the azomethine (XXII) to xan-

thopterin (XXIII) by treatment with acid.
45 E)H H oM

OH
Ll . |
O PN EBN
\i;'//?\\\ﬁ' <% H
I R
i

! XX11I3

AT W e A €T MR D T €7 022 TR £ 1 BB A3 10 Cb (38 06
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2. 2=Pteridmes.

The condensation of glyoxal with S-amino=2-hydroxy-
~4-methyleminopyrimidine (XI; R = OH, R ‘= H) has been
shown to give rise to bisdihydropurinyls; the reaction
of c-diketones with this pyrinmidine was next investiga%edu
Condensation of benzil with 5-amino-2-hydroxy-4-methyl-
eminopyrimidine (XI; R = OH, R' = H) gave B-methyl-6:7-
~diphenyl-2-pteridone (XXIV; R = Ph) and with diacetyl
this pyrimidine gave the corresponding trinethyl—2-
-pteridone (XXIV; R = CHy ). The last named compound
has also been prepared by Brown and Mason??, who in-
vesgtigated the synthesis of 211 the possible monomathyl
derivatives of the four monohydroxy pteridinéé° Ths
author of this thesis here wishes to thank Dr. D. J e
Browvn for providing a copy of his paper-intadvance 0%
publication. Thé paper was received subseqguent 1o
the work hereinunder reported and the conclusions of
lrown and HWason are sﬁmmarised later in thig section.

The 2-pteridones (XXIV; R = Ph. XXIV; R = CHy) avc
soiuble in organic solvents, have melting points, aund
their absgorpiicn spectra are gquite distinet from those
6T the bpigdihydropurinylis. Thegs 2-pieridonzs, however,

exhibited paculiay physicael and chemical properties



which placed their formulation as the pteridones
(XXIV; R = Ph, XXIV; R = CHg) in doubt. Both come
pounds have a sirong affinity for 1 mole of water,
which, in the case of the trimethyl pteridome (XXIV:
R = Clly) can be driven off by heating under vacuum.

Hydration re~cccurs when this compound is exposed ¢

the atmosphere. Ia the case of the diphenvl analogus
- <3

{XX3V: R = Pa) the moie of water cannot bhe removed.
Both compounds are readily soluble in alkali snd no

at all in water. This property indicates the exldgt-

gnce within the mclecule of an acvale or phenclle seade
fhe Z~olkyl-2-pteridones slso show remarkable stabil

5

t0o alkali: relative to other H-alikyl pteridones. The

diphenyl asnaiogus (XXIV: R = Ph), when refluxed with

=

1YY

J'J

R.r

5 M.alkali for 65 hours degrades to the extent of only

Srds. by weight. 1l:3-Dimethyl-2:4-pteridione;on the

other hand, hydrolyses to a pyrazine derivative on ve-

fluzing with 1 N-HaOH solution for 1 minutef®. Both

acid end alkaline degradation of the diphenyl pterid
(XXIVs R = Ph) have been investigated and a feasible

-

route to whe degradation products posgtulated.
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Alkaline solubility of, and retention of 1 nole
of water by the 8-methyl-2-pteridones (XXIV; R = Ph.
XXIV; R = CHy) is most readily explained on the basis
of the 2:7-dihydroxy compound (XXV)g which may avise
by incomplete condensation; this is eQuivalen% to
hydration of the pteridonse. Brown and Mason favour
this theory. -~ They suggest that in the case of,é« and
b-hydroxypteridine and their N-Me derivatives thé strongly
bound molecule of water is actually constituted in the
molecule by addition across the 3:4 and 7:8 double
bonds as in XXVI and XXVIII respectivély'and in 6:7:8=
~trimethyl-2-pteridone (XXIV; R = CHy) the water is
regarded as adding a hydrogen atom at the 2-oxo function
and a hydroxyl group at C, as in (XXV; R = CHj).

The evidence led for this theory by Brown and
Mason is that of spectral comparison of the pleridines

with selected models. In 211 caseg but that of
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6:7:8~trimethyl=2-pteridone (XXIV; R = CH3) this
evidence 1is consistent and commanding. Further, 2-
-hydroxypteridine, postulated with one mole df water
as (XXVI) was oxidised to 2:4-dihydroxypteridine (XXVIT).
No such oxidation could be carried out on 6:7:8=trimethyl-
-2-pteridone where the hydroxyl function at C, would be

" tertiary (as in XXV). The spectrum of the 2-pteridcns
(XXIV; R = CHy), however, more closely resembles thaﬁ of
N-methyl-F-quinolone (XXIX) than that of any other model
proposed by these authors. Solubility in alkali of ¥he
2-pteridone (XXIV; R = CH;) is advanced by Brown and

Mason as indicative of the presence of a 2-hydroxyl
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group and consequently of a mole of water congtituted
in the intact molecule, but this solubility can equally
well be explained by partial hydrolysis of the 2-
-pteridone (XXIV; R = CHy) by attack of hydroxyl at
C, to give the anion of (XXV) (see page 32). . They
‘also found that the mole of water in the 2-pteridone
(XX1IVv; R = CHS) can be replaced by ethanol on recry-
ptallisation from that solvent. While water may
hydrate across a double bond by ionisation, it is un-
likely that ethanol will. |

Critical consideration of their evidence thus
favours the transannular structure (XXIV; R = CHy)
for 6:7:8-trimethyl-2-pteridone and this is supported
by the following additional informafion'which largely
relates to the 6:7-diphenyl analogue (XXIV; R = Ph).

(1) Spectroscopic evidence: (a) Infra-red. -
The diphenyl 2-pteridone (XXIV; R = Ph) shows an
absorption band in the smide region at 1639 cm. *.
No absorption band due to hydroxyl was observed, but

this could be due to strong hydrogen bonding.

(b) Ultra-violet. - (1) Synthesis of the 7:8-

~Qihydro anaiogue (XXX) of the diphenyl pteridone

(XXIV; R = Pa) by condensation of benzoin with 5-amino-
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~2=hydroxy~4-nethylaminopyrimidine permitted a speciro-
graphic comparison between them to be made. The 7:8-
~dihydropteridine (XX¥) exists in the solid state wiih
4 mole of water and no sinister construction can be
placed upon the presence of water in this case. = The
abgorption spectrum of the 2-pteridone (XXIV; R = Ph)
ig similar in wavelengith of absorption to that of the
7:8~dihydropteridine (XXX) but the intensity of absor-
ption of the pteridone (XXIV; R = Ph) is almost double
that of the dihydropteridine (XXX). = Asimilar cor-
relation was observed between 2:8-dihydro-=4-hydroxy-2-
~imino-8-methyl-56:7-diphenylpteridine (XCI: A trans-
annuliar form) and Zmamin0=7:89dihydrou4ohydroxym8~m@ﬁhylm
~6:7=diphenylpteridine (XCII: A 7:8-dihydro form) (smee

Pable 2).

Ph~ ; H
h\%% \@ SC\ N

HK/N\N//&ﬁ%ﬁﬁ\\@H %éf/ NS Q?NR



(2) 8-Benzyl-6:7-dimethyl-2-pteridone (IXVIII;

R = 0, R* = CHy, R® = CH;Ph), investigated in another
context (page 53), analyses anhydrous, is not hygro-
scopic, and has absorption gpectra both in ethanol and
alkali closely resembling those of the other 2-pteridones
(XXIV; R = CHy;. XXIV; R = Ph) (see Table 2).

(3) 2:8-Dihydro-6:7:8-trimethyl-2-methylimino-
pteridine (XXXI; R = CHg) (pageb’) is anhydrous in the
solid state. It has an ultra-violet absorption>spectrum
in ethanol closely resembling those of the 8-alkyi~2m
-pteridones. The spectrum is not changedehen the
compound is examined in solution in dioxan whenAthe Con=-
ditions have been rigourously controlled to exclude
moisture (see Table 2). This compound, therefore,
exists in solution in the non-hydrated form, and its
spectrum, closely resembling those of the 2-pteridones
(XXIV; R = CHy. XXIV; R-= Ph) and of the 2-gmino compound

(XXXI; R = H), may be taken as a function of the trans-

1

annular bond system (as in XXIV; XXXI) (Table 2).

2. Synthetic evidence:- The synthesis of 8-

~substituted 2-o0xo (or imino) pteridines almost certainly
goeg via a pseﬁdombase intermediate (XXXII). This route

is exemplified in the synthesis of the pseudo-base



Table

Compound

8-Methyl-6:7-diphenyl-
~2=pteridone

6:T7:8=-trimethyl-2-
-pteridone

7:8=dihydro-2-hydroxy-
~-8-methyl-6:7-diphenyl-
pteridine

2:8-dihydro-6:7:8-trie
mnethyl-2-methylimino-
pteridine

8-~-Bengyl-6:7-dinethyl-
~2=-pteridone

2:8-dihydro-4-hydroxy-
~2=iminc~8-methyl=-6:7-
~diphenylpteridine

2-Amino~7:8-dihydro-4-
-hydroxy-8-methyl-6:7-
-diphenylpteridine

2:8-dihydro=2-imino-
-6:7:8=%trimethyl-
pteridine

1= E%hanole 2 = @/10 HalOH.

2.

Anax. (mu)

2403316
23453351

2393327
2403344

2423315
2345327
22032483

352

22032473
354 '

2203248
328

22032343
334344

270353823

2603398

2383340

23,200315,600 1
22,400312,400 2
21,900;17,800 4
17,000;15,500 2

13,5005 8,500
17,2003 9,500

AN ot

+17,000323,000;
17,400

»17,000321,200; %
17,300

29,000320,600; 1
18,200
»18,000318,100; &
14,700

A%

22,200313%,900

Ny

18,900;12,200 4

3 = dry dioxan. 4 = waior



(XXXII; R = Pa, R* = CH;, R®¥ = H) by the condensation

of benzil with S-amino-4-methylaminopyrimidine (XI;

R =R = H), Thig pseudo-base is only synthesised

in solutions containing hydrogen ion and then in only
small yield. In conditions similar %o those giving

the 2=pteridones in good yield no-pseudo-base (XXXII@

R = Ph, R! = CHy, R? = H) is formed. These observaiions
indicate that in the 2-pteridone syntheses the conden-
sation is not simply one of pseudo-base formation to

give a 2-hydroxy pieridine (XXXII; R = Ph or CHg, R* = Ci,
R? = Qf) and that further reaction, probably to the 2-

~pleridone (XXIV; R = Ph or CH;) takes place.

AXAII

The condensation of 2:4:5-~triaminodiphenylamins
(XXXITII) with benzil in acid solution gives almost ex-
cilusively the quaternary salt (XXXIV) and only a 1little
of %he Fully arvomatic quinoxaline (XXXV). The stability

of the cation (XXXIV) would thus appear to be greater



than that of the cation of (XXXV)sgb’c. The
geat of the positive charge in the quaternary'salt‘
(XXXIV) is almost certainly on an exocyciic nitrogen
atom (XXXIVb), for amino groups kept in theimind form
by alkylation of a ring nitrogen atom are stronger
bagses than a heterocyclic N atom®®. The stability
of the transannular bond system in Healkylated guin-
oxalines such as (XXXIVb) thus appears to be gréater
than that of the fully aromatic gystem. By analogy
therefore the stability of Ng-alkylated-2-—imino (or
0x0) pteridines such as (XXIV.XXXI) should compére'
favourably in stability with that of fully éromatic

pteridines.

XXXV XXXive



The pseudo-base (XXXVI) is soluble in dilute acid
and is regenerated from its cation (XXXVII) by nthralw
isation. The spectrum in acid solution of the pseudo-
~base (XXXVI) resembles the spectrum of the cation of
pteridine. The formation of fully aromatic cations
from heterocyclic pseudo-bases is well substantiatedts .
The cation (XXXVII) is formed by hydrogen ion attach-
ment on Ny of the pseudo-base (XXXVI) followed by eli-

mination of water,
Zh Ph
?Q\
OH’
N Zh”
c:—g

XXXV XXXVII

3. Alkaline solubility:- The structure of the

8-substituted 2-pteridones being accepfed as (XXIV),
the solubility of these compounds in alkali must be
explained. Three structures for the anion can be
postulated. (i) ‘A ring-opened structure (XXXVIII) is
unlikely because (a) acid readily regeneratés the
pteridone (XXIVy R = Ph), (b) no definite absorption
band for a carbonyl group is given in the infra-red abe

sorpvion spectrum of the sodium salt of the diphenyl
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2-pteridone (XXIV; R = Phj}, (c¢) further degradation
of the anion (XXXVIII) with alkali would be easy, this
has been shown not to be so (see page 38j..

(ii) A structure in which a proton is eliminated¢
only one anion of this type is possible (XXXIX).
Purther degradation of this anion (XXXIX) to benzil
and 5-amino-2-hydroxy-4-methyiaminopyrimidine cannot
be readily explained and this structure is also elim-
inated. A

(iii} An anion formed by the addition of & hydroxyl
group to the diphenyl pteridone (XXIV; R = Phj. This
structure (XL) is the only feasgible one and is presum~-
ably formed by attack of hydroxyl ion ét Cy ;s a centre
rendered susceptible to nucleophilic attack due to in-
duction of electrons by i, and by the aromatic ring on
Coyo Tautomerism then occurs changing the seat of the
negative charge to the oxo function on C, to give the

anion (XL).

| Reactiong of 8-Methyl-6s87-diphenyl-2-pteridone

with acid and alkali.

The psculiar stability to hydrolysis by alkali of
the 8-methyl-2-pteridoneg, already referred to, led to

an investigation of the degradation of the diphenyl
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pteridone (XXIV; R = Phl. Wost H-alkylated pteridones

P
R ]

o far degraded”® have been alltylated on the ring

oW

nitrogen atom adjacent to the carbon atom carrying tha

O
o]

x0 function, that isg, an H-methyli cyclic amide l1ike
(XL} and fission of the amide linkege has usually
occurred®®. In fhe case of the Nammethyl‘Zmpteridonegg
however, no such amide linkage exists and the products
of degradation were not predictable with certaintvy.
Both acid and sikaline hydrolysis were found to degrade
8~methyl-6:7-diphenyl-2-pteridone (XXIV; R = Ph) o
henzil and 5waminOWZ—hydroxy_4~methylaminopyrimidinea
The stability of the pteridone (XXIV; R = Ph) %o

eikaline hydvolysis is ascribed to the formation of tho

b
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anion (XL), the negative charge of which makes the
approach of cther hydroxyl ions more difficult. No

gsuch stabilised ion occurs in the degradation by aciad,
which went smoothly and to complefion° In both de-~
gradations the weight of the pyrimidihe fregment was
determined by making up the aqueous phase, after chloro-
form extraction to remove benzil, to a2 known volume and
comparing the absorption intensity of the solution with
that of a gstandard solution of S5-amino-2-hydroxy-4-
-methylaminopyrimidine at 294 mu. The chloroform

extract on evaporation gave benzil, which was weighed.

The anion (XL) was 4isolable as its sodium salt
by the addition of strong NaOH solution to a solution
of the pteridone in alkali.  The pteridbne (XTv)
could be regenerated by acidification of a solution
of its sodium salt in water. This takes place by the

pseudo-base change in an scid solution to a fully



aromatic system (Scheme 3) shown by the 7:8-dihydro-
pteridine pseudo-bage (XXXVI) already described. In-
itial reaction takes place on the anion (XL) by neutral-
isation to give the conjugate acid (XLII) of the base
(XL). Further hydrogen ion stltacks the basic nitroge:
atom Nz to give an intermediate (XLIII) from which water
splits off to give the cation (XLIV). Extrﬁsion of
hydrogen ion gives the diphenyl pteridone (XLV , i.e.

XXIVs R = Ph) on tautomerisation.

NG Ry Nz N
O ;f ﬁ l /);. et | L 0> + ‘%l\
H

Scheme 3

Degradations: The following schemes for the de-

gradation of 8-methyl-6:7-diphenyl-2-pteridone are

probable.

(a) Alkaline. -~ Alkaline degradation cf the 2-



~pteridone (XLV) proceeds through the anilon (XL}

by rurther attack. of hydroxyl ion at C,. Thig is g
slow step due tc the repulsion of two similarly charged
particles. Concurrent with the gitrengthening of the
new hydroxyl-carbon atom bond is a weakenirg of the
Cyp-Nz bond resulting in fission of this bond %o give
the intermediate (XLVI}. Hydrogen ion guickly athacks
the double negatively charged ion (XLVI) in a Fast
ionic reaction to give the azomethine anion (XIVII)
wiich undevgoes hydrolysis of the ethine double boni
o give benzil and S5-anino=-2-hydroxy-4-methylamino-

S pyrinidine (XLVIII).  Alkaline hydrolysis is slow be-
cause 2ach of three gteps invoiving hydrozyl ion par—

ticipation is hindered by a negative charge on bovh

2-0x0 function is, however, diun

@

reacting specles. The
equilibrium beitween anion and neuiral molecule due t¢
hydrolysis of the salt of a weak acid and a girong
base, the hydroxyl ion may then more readily atvack the

small amount of neutral molecule.

(b) Acid. - Electrophilic attack commences at®

B, by & =zlow rate determining reaction to give the

intermediate (XNLIX) which is attacked by hydroxyl ion

*

in & Tagh icnic reaction o give the inbermsdiadte (Lj.
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Tals intermediate someriges to the Schiff = bage (L1
winich is then degvaded in the normal manner of acid
hydroliysis of an agomethine to give benzil and 5-aminio-
~2=-nydroxy-4-methylaminopyrinidine (XLVIII}.  Acid
deg:faﬂa'tion proceeds more readily than doesg alkaline

Y R ISR, oy A L P Y N TR o 5o ey
DEUAdANIOn Lelanas 1y Yne TOrasr wnere 1 1o
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.

nydrogen ion except afier the agomethine (LI) stage

whenr the methylamino group may accept & proton.

h

3. Theory of Condensastion of Dicarbonyl Compounds

with 5-Amino-4-aglkyl (or aryljiaminopyrimidines.

vy

Summary s Two factors are operative in the formation

3

¥

oL vhe type of product obtained from the condensation

of a carbonyl compound with & S-amino-4-2lkyi{or aryi)



aminopyrimidine. One factor is the molecular size of
the carbonyl compound. The other ig the nucleophilic
reactivity of the 4-alkyl(or aryl)amino nitrogen atom

relative to that of the S5-amino nitrogen atom.

The carbonyl function has a tendency to polarise
thus %;0 = Sm, rendering the carbon atom more electro.
philic. The greater the electrophilic reactivity of
the carbon atom the greater will be itg tendency to
condense with amines. The nitrogen atom of the aminc
geoup has a slight negative charge due to electron
donation from its gubstituents. Thé greater the
nucleophilic reactivity of the nitrcgen atom the more
readily it will condensge with & carbonyl group.  The
first intermediate in the condensation is the formatior

of an aldehyde-ammonia which dehydrates to form the

Schiff'gs basge.

HCm==0 HyN- -=m>)‘z‘«===-?u —p Jo=N-
OH H

The theory of condensation must reconcile the
following experimental observations. Glyoxal con-=
denses with S-gmino-4-methylaminopyrimidines to give a
bisdihydropurinyl structure and with 4:5-diaminopyr-

imidines +to give a pteridine structure. Diacetyl and
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benzil react with both types of pyrimidine to give &
ptéridine gtructure.

At least two factors are operating to give the
anomalous results, one is attribuiable to the pyrimidine
reactant, the other to the carbonyl reactant. . For, if
only one factor operated then either, eaéh pyrimidine
would give the same type of condensation product with
every diketone, or each diketone would give the game

type of product with every type of pyrimidine.

Congideration of the pyvrimidine factor.

The site of initial attack of the carbonyl compound

Sabs

Lar

Y
1y

of paramount importance in determining the n

-2

3

whe product. A controlling facv

:3'
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relative nucleopnilic reactivities o itrogen a-
on the 5 and 4 pogitions of the pyrimidine ving. A
meésure of the relative nucleophilic_reactiviﬁies of
the nitrogen atoms of the C, substituents used, may be
gained by comparison of the basic strengths of the free
bages of some selected substituents (see Table 3).
This correlation permits the~arraﬁgement of the

4-gubstituents in order of deéreasing nucleophilie
reactivity as follows:- methylamino, amino, benzgyl-

.
R

emine, 2nilino. Synthetic work by Todd and CoO-worker:s
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Table 3.

Free base of 4-substituent |C(propnl.to K)

methylamine 5.16
amrmonisa 1.8

benzylamine 1.04
aniline 0.17

ca purine syathegis substantiates, in part, this order.
Thespe workers found that 4-amino_6-methylaminom2mmethy1w
thio~5-thioformamidopyrimidine (LII) underwent ring
gliosure to give 9-methyl-2-methylthicsdenine (LIII)
exclusively, end no 4-methylamninc-2-methyithiopurine
(LIV) was given. Todd anticipated that the reaction
would take thig path, but on false theo'eclcal gagunpticns.
He considered that a methylamino group would be less
likely to tautomerise to the imino form than would an
amino group. It has since been shown that both amino
and methyleminc groups exist as such®7?, and do not
tautomerise in pyrimidines. The choice of product has
here haen debvermined by the relative nucleophilic

raastivity of +the competing groups.
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Positions 2 and 4 (4 = 6) of the pyrimidine fing
arz deactivated by an electromeric effect (ILV). Positinm
5 ig deactivated merely by the generel inductive electrnn
pull of the aromatic ring and of the ring nitrogen atomadd¥s
The low electron density of the three positions 2,4, and
6 is transmitted to any attached group. Thus the 5-
-amino group is the least denuded of electrons of any
aninopyrimidine and because of this is the mcst nucleo-
philic.

It must now he determined whether the 5-amino groun
is more reaciive than the 4-methylamino group of a

pyrimidine. The Tollowing experinmsntal obssrvetlous
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are the only evidence which can be led to show thetd

the 4-methylaminoc group is the more reactive. Synfthesis
of a bisdihydropurinyl by condensation of glyoxal with

a S5-amino-4-methylaminopyrimidine goeg more readily

(two minutes at 50° in one case) than does coﬁdenm
gation of glyoxal with a 4:5-diaminopyrimidine to give

a pteridine. This can only be due to greater reactivity
of the 4-methylamino group, since the 5-amino group is
unaffected by a methyl group on the nitrogen atém at
position 4. Thus the ‘methylaminc group must be re-

acting first in a S5-amino-4-nethylaminopyrimidine.
Glyoxal will therefore condenge firsgt with a 4-
-methylamino group,then with a S-amino group followed

by 8 4-amino, 4-benzylanino, 4-anilino group.

H sza N HIY ) |
(Hy
LVI LVII

Case 1. - With pyrimidine type (LVI} one half c¢f the

glyoxal molecule reacts with the 4~methylamino group

E)

Pivat, to give the aldehyde-ammonia (LVIII). No Schifilu

W

~
U
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base formation is possible and subsequent r;ug'clbsura
takes place t' give the 5 membered ring of the dihydro-
purine {LIX). Similar reaction takes place Bet#een
the other half of the glyoxal molecule and another

pyrimidine molecule.

H
: ! , !
i T A N
i = ! . i /
Ose=—LHO I {7 T C&\ < TCH
-
HE;” ~a t ’ ? - \N
CH: Qv J
3 3 CHy
LVIIY LIX
Case 2. - With pyrimidine type (ILVII) initial reaction

Gak

[¢3]

8 place at either amino group, the 5-=amino group
predominating; to give the aldehyde-ammonia éélbeforeg
followed by dehydration across the new bond to give the
Schiff's base (LX) which then uﬁdergoes éyclisation to
give the pteridine (ILXI). Formation of the pteridine
vather than the azomethine“(LXII) is favoured for
statisgtical colligion reasong.

Congideration of the pyrimidine factor, found %o
be the relative nucleophilic resgctivity of the amino
groups, accounts satistactorily for the behaviour of

giyoxal with S-zmino-4-methylaminopyrimidines. This
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theory was tested experimentally by condensing giyoxal
With’5~amino~4—benzylam1nopyrimidinea (IXIII). Benzyl-
emine is approximately of the same basic strength as
ammonia (Table 3) and the relative nucleophilic re-
activity of the 5- and the 4-nitrogen atoms should he
close to that of 4:5-disminopyrimidine (ILVII). Thus
glyoxal should react first with the 5-amino group %o

give the aldehyde-ammonia then the Schiff's base as in
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case 2. Cycligation would then take place to give
the ptveridine gystenm, Azomethine formation ig more
likely here however, due to the’low nucleophiliec re-
activity of *he benzylamino group, makihg competition
by the 5-amino group of another pyrimidine more marked.
Experimentally it was found that condensation of gly-
ozxal with 5wamino—2:4-bisbenzylaminopyrimidine (LXI11;
R = NHCH,Ph) gave the iminopteridine (LXV; R = NCH,Ph)
and a trace of the azomethine (ILXIV; R =.HHGH2Ph)°
Similarly, glyoxal on condensation with 5-=amino-4-
~benzylamino-2-hyéroxypyrimidine (IXIII; R = CH) gave
the pteridone (LXV; R = 0O) and the azomethine (szvg

R = 0OH) (see pageS0 ).

C#M);4N} Nﬁﬁi\\
o FC Hlph | | "

LXIIX
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The theory fails to account for the reactions of
benzil and diacetyl which give pteridines with all the

pyrimidines discussed here.

Congideration of the w-diketone factor.

The three diketones give varying products depending
upon the site of initial attack. Gilyoxal attacks the
methylemino group first in a S-amino=-4-methylamino-
pyrimidine and attacks the S-smino group first in any
other diaminopyrimidine. Diacetyl snd benzil attsck
the 5-amino firgt in every case. Some correlation
must be found which divides the three diketonesg into

two groups, one containing glyoxal, the other containing

benzil and diacetyl.

Elechtronic correlation. = The carbonyl carbomn

atoms in diacetyl receive electron donation from the
methyl groups, rendering them less electrophiiic thau
the carbonyl C atoms of glyoxal which receive electron
donation from only a2 hydrogen atom. Benzil carbonyl

C atoms, on the other hand, suffer electron withdrawal
due to the aromatic ring. Glyoxal is therefore intver-
madiste in the slectronic character of its carbonyl ©
atoms between the other two diketones. Aniother oper-

2

ative Tactor may te a steric one.



pteric correlation:~ The giyoxal molecule is the

smallest of the three diketones and the 4-methylamino
nitrogen atom is sterically hindered. This sf%eric
hindrance is illustrated by the formation of an azo-
methine (that is, initial condensation has taken rlace

on the 5-amino group) of a 5-amino-4-methylaminopyrim-
idine with an aldehyde, p-nitrobenzaldehyde (pagel8 )

in contradisvinction to the action of the dialdehyds.
glyoxal., The 4-methylamino group is more nucleophilic
than the 5-amino and a carbonyl compound would wreact

Tirst with the former were it possible. The glyoxsl
molecule is sufficiently small to do this and consequenitiy
to give a bilsdihydropurinyl. Diacetyl, benzil and D
-nitrobenzaldehyde are not and are constrained t0 react
with the 5S5-amino group first always, with the formation
of a Schiff's base followed by cyclisation %o the

pteridine, where applicable.

4. Synthesis of 8-Substituted Pteridines by Condensation

of Glyoxal with 5-Amino~4_arylaminopvrimidines.

Condensation of glyoxal with S-amino-2s4-dianiling-

pyrimidine (IXVIi; R = NHPh, R* = Ph) gave the azomethins
{IXVII; R = R* = NHPh) in small amount snd an intraciable

-
[}

red gum. The gum was very soluble and the ultra-violes



abgorption spectrum showed that i% wag nov compoged of
a bisdihydropurinyl. With S5-amino-2:4-hishenzyl-
eminopyrimidine (LXVI; R = NHCH,Ph, R* = (GH,Ph) gly-
oxal condensation gave the iminopteridine (LXVIII;

R = NCH,Ph, R* =}, R?® = CH,Ph) identified as such by

elementary analysis and by ultra-violet sbsorption

gpectyum, which, allowing for the bathochromic infiusnca

of the methyl groups, closely resembled that of the
corregponding 6:7-dimethyl-2-iminobenzyl pieridine
(LXVIII; R = NCHyPh, R* = CH;, R® = CH,Ph} (Table 4}.
The azomethines were all identified as such by theix

vready degradation with mineral acid.




Condensation of glyoxal with 5-amino=4-benzyl-
amino-2-hydroxypyrimidine (IXVI; R = OH, R* = CH,Ph)
gave %he azomethine (LXVII; R = OH, R! = NHCH, Ph) and
the pteridone (IXVIII; R = O, R* = H, R® = CH,Fh).
This pteridone was identified as such by elementsry
analyeig, the compound analysed with one mole of water,
and by comparison of the ultra-violet absﬁrptionrspéctrum
with that of the corresponding 6:7-dimethyl-2-pteridone
(IXVIII; R = O, R* = CH;, R® = CH,Ph) in alkali (Tabie 4).
The pteridone (IXVIII; R = 0, B = H, B = CH,Ph) had s
ulira-violet absorption sﬁectrum gimilar toAthat of he
pyrimidine (IXVI; R = OH, R* = CHBPhj5 both in ethanol
(Table 4). This could be explained by the existencs
of this pteridbne with a mole of water constituted in

the molécule as (LXIX).

bhiaph
IX3IX

Oxidation of -the pteridonme (LXVIII; R = O, R* = H,
R2 = CH,Ph or IXIX) was attempted in the hope that if

1% were the hydrated compound (IXIX) it would oxidise



Table 4.

Compound Max . (mu) é

8-Benzyl-6:7-dimethyl- ¢ 220;248;  »9,0003;20,600;
-2-pteridone 328 18,200

{ 22032345 $>18,000318,100;

. 334-344 14,700

8-Benzyl-2-pteridone (22032243 »23,000323,400;
308 13,450

£ 22032305 $16,000323,800;

290 8,050
5-Amino-~4-benzylamino- 220;298 16,3505 6,000
-2-hydroxypyrimidine 2303298 15,2003 5,100

1 = Ethanol. 2 = N/10 NaCH.

N
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vo vhe corresponding 7-pieridone (LXX). The compound

a

however, conguned twice the theoretical requivemsnt o

t""x. 3

potagsivm permacganate for this reaction and no product
coculd be igolated from the reaction mixture.

Attempts to synthegise S-anino-d-bengylamino=-2-
~hydroxzypyecinidine {(LXVI; R = OH, R*= CH,Ph} by ni-

2,

tration.or coupling with p-chiorobenzendiszoniunm

~.

chioride, of 4-benzylamino-2-hydrozypyrimidine, followed

~a

by reduction, failed. The reguired pyrimidine was

prathegised by reaction of benzylamine with 2:d—dichiorg-.

~H-nitropyriridine to give a mixture of 4-bsnzylaming-

.\Z,

<2-.cniorosS-nitropyrinidine and Z2:d-bigbengylamino-

=

=rdtropyrinidine . Treatment of the mixiure with hot
Wadil golution gave a solubtion of 4-benzylanino=2-hydronye-

~5-nitropyrinidine vogether with insolublie Z2:4-bige-

henzylanino-S-nitropyrimidine which was removed by file
tration. Acidification of the filtrate gave 4-benzy.l-
amino-2-hydroxy-s5-nitropyrimidine, catalytic reduction
of whnich gave S~amino-4-benzylemino=2-hydroxypyrimidins

(LXVI; R = QHQ Rl e CHQPh>e
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1. Synthesis of 2:8-pihydro-2-imino-8-substituted

Pteridinea.

It has been suggested that émimino~8»substituted
pteridines containing the transannular double-bond
systen of ilexist naturally®®. Since no 2-imino-8-
~gubstituted pteridines had at that time been syn-
thesisged these suggestions were purely speculative.

(1) An introduction to this series of compounds
was made by the synthesis of 2:8-dihydro=-2-imino-6:7:8-
~trimethylpteridine (ILXXVII). This compound was gyn-
thesised because of structural gimplicity and because
it would furnish a model for the pteridine moiety of
the pigment luciferesceine isolated by Strehlert? from

Photinus pyrslis and postulated by Albert*® to be the

imino ribityl pteridine (IXXII).

R | ' CgHzo(C HO F@g LH.OH
LXXI IXXIT
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The pteridine (IXXVII) was synthesised by conden-
sation of diacetyl with 2:5=diamino-4-methylaminopyr-
imidine (LXXVI). The route to this pyrimidine (IXXVI)
led from the known 2-amino-4-chloro-6-methylaminopyr-
imidine (LXXIII) which was dechlorinated by catalytic
hydrogenation. The resulting 2-amino-4-methylamino-
pyrimidine (ILXXIV) was coupled with g~chlorobenzehea
diazonium chloride to give 2-amino-S5-p-chlorobenzeneazo-
-4-methylaminopyrimidine (LXXV). The azo compound
(LXXV) was hydrogenated over Raney nickel to give the
diaminopyrimidine (LXXVI). The diamino pyrimidine
(ILXXVI), in common with other diaminopyrimidine pre-
cursors of the imino and substituted imino pteridines,
was too unstable to isolate and the solution from the
reduction of the azo compound was used directly.for

condensation with the appropriate diketone.

The ultra-violet absorption spectrum of the neutral
molecule of the 2-iminopteridine (IXXVII) closely re-
sembles those of the 8-alkyl-2-pteridones (see Table 2).
Unlike the 2;pteridones the imino compound (ILXXVII) has
no tendency to hydrate in the solid state. The pKa
value of 5°6 is higher than any previously recorded
for a simple amino pteridine, the corresponding value

for 2-aminopteridine is 4.2. This obsgervation is in
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NN
Dy

H'? NHl Hbc A

CHy  1xxvr CHy  gxxvrT

agreement with the findings of Angyal and Angya135 who
observed that amino groups kept in the imino form by
alkylation of a ring nitrogen atom have a high pKa
value. The compound when heated with KOH solution
liberates ammonia; this test is not, however, specific
for imino groups as some compounds containing amino
groups also liberate ammonia under similar conditions3®,
The iminoapteridine could not be acetylated under
the conditions used by Forrest and Mitchell®® for the

acetylation of the yellow pigment from Drosgophila

melanogaster, that is, by solution of the pigment in

acetic gnhydride in the cold with the addition of a drop
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of perchloric acild. Acetylation was achieved by heating
the iminopteridine (LXXVII) in solution in acetic an-
hydride on the water bath for 1 hour. The incorporation
of the acetyl group increases solubility and decreases
stability. The ultra-violet absorption spectrum of the
acetylimino pteridine (LXXVIII) differs from that of the
parent iminopteridine (ILXXVII); the acetylimino pteridine
absorbs at longer wavelength. This is contrary to
previous observations on the ultra-violet absorption
spectra of acetylated amino pteridines where acetylation
dccreases the wavelength of absorptiont®. The anomaly
is due to increase in conjugation provided by the acetyl
group of the acetylimino pteridine (ILXXVIII). In an
acetylamnino pteridine (LXXIX)} no such increase in con-

jugation is conferred by the acetyl group.

HC S AN
Chi OO
H rg NN =0k N SNH-C —CH;

CHy
LXXVIII LXXIX

(2). A series of 2-alkylimino and 2-arylimino-

pteridinea were synthesised by a common method. The
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general intermediate was 2:4~-dichloro-5-nitropyrimidine
(LXXX). The dichloropyrimidine (ILXXX) was reacted with
methylamine, aniline and benzylamine to give the correg-
ponding 2:4-dialkyl(or diaryl)amino-S-nitropyrimidine
{(IXXXI; R = CHgz, Ph and CH,Ph). Catalytic hydrogenation
of these nitropyrimidinesgave the corresponding 5-
-aminopyrimidines (IYXXII; R = CHz. LXXXII; R = Ph.
LXXXII; R = CHpyPh) none of which could be isolated due
to instability. The solutionsfrom the reductions werTe
used directly for reaction with the dicarbonyl compounds
to give the following five Z:8-dihydro-2-iminopteridines
(LXXXIiI; R = R* = CHy. LXXXIII; R = Ph, R! = CH,.

LXXXIII; R = KR! = Ph. LXXXIJI; R = CHyPh, R = CHj.

]

LXXXIII; R = CH,Ph, R* = H).

BB f P
Cl /&Ci N“J\HHK HH N/LNHR

IXXX LxxX1 LXXXII
N R . T‘N\\\ e Ph ;\{\ NH
- ‘“‘“ﬁ;\sf‘l%r@/ LS ‘\/&Eﬁ%

R P

LEXXIIX IEXXIY
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The iminopteridine (LXXXIII; R = R = Ph). gives
a deep green colour with concentrated sulphuric acid
as does the corresponding quinoxaline (LXXXIV) 898,
This halochromic effect is not given by any other
pteridine of the series. The pKa value of the imino-
pteridine (LXXXIII; R = R = CH;) is 6.1, 0.3 units
greater than that for the iminopteridine (ILXXVII).
This is in agreemen®t with the observation that methy-
lation of an amino group raises the pKa value by about
0.3 unitsb?, The methylimino-pteridine (ILXXXIII;
R = R' = CH;) liberates methylemine when refluzed with

KOH solution.

(3). 2:8-Dihydro-4-hydroxy-2-imino=-6:7:8-tri-
methylpteridine (ILXXXIX) contains the postulated pter-
idine nucleus of a pigment isolated from the fruit fly

Drogophila melanogaster. It was syntkesised in poor

yield by condensation of diacetyl with 2:5-diamino-4-
-hydroxy-6-methylaminopyrimidine (IXXXVIII). This
pyrimidine (LXXXVIII) was prepared by the following

route. 2-pmino-4-chloro-6-hydroxypyrinidine (ILXXXV)

was heated with methylamine in a sealed tube at 120°

to give 2-amino-4-hydroxy-6-methylaminopyrimidine (IXXXVI).

NWitrosation of this compound gave 2-amino=4-hydroxy-6-
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-methylamino-5-nitrosopyrimidine (IXXXVII). Reduction

of the nitroso compound (IXXXVII) with sodium dithionite
gave the diaminopyrimidine (LXXXVIII) which, though

unstable, could be isgolated.

?H OH OH
NN
2, f
Cl ~ N, N
LXXXV Hy
Ot
HIN
| 3=

LXXXVIII LXXXTXa

The hydroxyiminopteridine (ILXXXIX) is unstable,
hygroscopic, bright yellow in colour and'fluoresces with
a brilliant blue colour under ultra-violet light of
254 mu. That it exists largely in the imino form
(IXXXIXa,c) and not in the amino form (XXXIXb) is in-
dicated by the high pKa value of 5.85, this value being
higher than for the iminopteridine (ILXXVII; pKa 5°6)
where no puch tautomerism is possible. The other pKa

value of shout 8°9‘appears to refer %o the hydroxyl
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£Xoup . The hydroxyiminopteridine (IXXXIX) is probably
beat repregsented by structure (LXXXIXG))for hydroxy
groups in pyrimidines®? and the hydroxy groups of some
wonohydroxypteridines are known to exist in the oio

dihydro form, that is in the cyclic amide forui (XG)59,

The corresponding 6:7-diphenyl analcgue (XCI) of
the trimethyliminopteridine (LXXXIX) was synthesised by
condensation of the diaminopyrimidine (ILXXXVIII) with
benzil. The T7:8-dihydro-6:7-diphenylpteridine (XCII)
was synthegisged similarly by condensation of the diaminso-

pyrimidine (L/XXVIIZ) with benzoin.
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Both diphenylpteridines (XCLXCII) were bright
yellow in colour and fluoresced weakly under ultra-
-violet light. The 7:8-dihydropteridine (XCII)
absorbs at longer wavelength in the ultra-violet region
than does the iminopteridine (XCI). This is contrary
to expectation, as the 6:7-dimethyl analogue (LXXXIX)
absorbs at a longer wavelength than any 7:8-dihydro-
pteridine. The anomaly is attributable to the effeet
of the phenyl groups in conjugation with the pteridine
light absorbing system. The diphenyliminopteridine
(XCI) analysed with one mole of water. The mole of
water is again adventitious as in the case of the 8-

-alkyl-2-pteridones (see Part I. 2) and is not inherent

in the molecule as in (XCIII), because the spectrum
of the iminopteridine (XCI) is quite different from
that of the 7:8-dihydropteridine (XCII) (see Table 2.
The same correlation is observed in variation in in-
tensity of absorption of the two diphenylpteridines
(XCI.XCII) a8 in the absorption maxima of the corres-
ponding pair of compounds 8-methyl-6:7-diphenyl-2-
~pteridone (XXIV; R = Ph) and 7:8-dihydro-2=hydroxy~&-
-methyl-6:7~diphenylpteridine (XXX) (see page 26 Table 2).
The iminopteridine (XCI) is identical with the

compound prepared by fusion of a pyrazine esier (XC1IVv)



with guanidine carbonate (XCV). This novel route %o
an iminopteridine was developed by Mr. G.P.G. Dick

of this department.

XCIV XCV | XCI
(4). 4=FEthoxy=2:8-dihydro=2-imino-6:7:8-trimethyl-
pteridine (C) was synthesised by condensation of 2:5-
~diamino-4-ethoxy-6-methylaminopyrimidine (XCIX) with
diacetyl. It was hoped that hydrolysis of the 4-ethoxyl
group might furmnish a better route to the 4-hydroxy-
iminopteridine (LXXXIX). Feither acid nor alkaline

hydrolysis conditions, however, effecied this conversion



Compound.
R R} R2 R3
H H CH, CH,
CHy H CH, CH;
Ph H CHy Ph
Ph H Ph  Ph
CH,Ph H  CH; CH;Ph
CH,Ph H H CH, Ph
H OH CH, CH;
H  OEt CHy CHy

1= N/ﬁo'H01.

2 = water.

)\max.(mu)

£220;235;
328
2383340
<220;248;
352
2453269;
370
{2203 360
<2203251;
350
€220;2323
325
223%;268;
3063365
22032543
28435395
£2203;2553
405
23433015
361

3

27,000;20,400;
9,900
18,9003;12,200
#17,000323,000;
17,350
15,700318,850;
16,150
230,000;23,200
»25,000322,800;
16,800
$25,000;15,100;
11,800
18,5005 8,950;
11,0003 6,800
y12,000312,100
1%,1503512,500
$10,000317,600;
13,000
24,3503;14,100;
10,200

=2

W N

U . RS BN AU R

3 = ethanol. 4 = H/ﬁo NaOH.
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The synthesis oi the diaminopyrimidine (XCIX)
comménced by treatment of 2-amino-4-chloro-6-methyl-
aminopyrimidine (XCVI) with sodium ethoxide in dry
ethanol in a sealed tube %o give 2»3mino=4methoxys6%
-methylaminopyrimidine (XCVII). The ethoxypyrimidine
(XCVII) was coupled with p-chlorobenzenediazonium
chloride to give the 5-p-chlorobenzenezazo compound
(XCVIII). The azo compound (XCVIII) om catalytic
hydrogenation gave the unstable diaminopyrimidine (XCIX)
which could not be isolated. The solution from the re-
duction reaction was used directly for condensation with

diacetyl to give the iminopteridine (C).
¢l . OGHs ChHs
NN

g \'\\f‘\(g
| N%’!\ > | A =7 =
M SHHL RSN, gy NNy

CHy  zovr (Hy xcviz XCVIII
OQHs '
HY S k3 |
-
HY Mﬁi\HHz HC
H
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The ethoxyiminopteridine (C) in acid solution
absorbs at very long wavelength for a pteridine‘(iable 5).
The longer wavelength absorption in acid solution re-
lative to that for the corresponding 4-hydroxyimino-
pteridine (LXXXIX) may be explained by the true p-
-quinonoid structure of the ethoxy compound (C) while
the hydroxyiminopteridine exists in the cyclic amide

form (LXXXIXe).

Comparison of Physical Properties of iminopteridines

with those of gome naturally occurring pieridines.

(a) Luciferesgceine, a cream coloured substance

isolated by Strehler®” from Photinug pyralis has the
empirical formula C,;H;,0,N;, and a pKa of about 8.

At pH2 the absorption spectrum has peaks at 291 and

340 mu., at pH 11 peaks appear at 257, 282, 355 mu.
Treatment with hot potassium hydroxide liberates
emmonia. Albert suggests that luciferesceine may be
an imino-ribityl pteridine (CII} and the analogy with
riboflavine (CI) is made. This postulated formulation
has in essence the light absorbing system of the imino-
pteridine (LXXVII) and so valid spectroscopic comparison
mey be made between the two compounds. There is found

t0 be no points of similarity, spectroscopically, be-
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tween thisiminopteridine (Table 5) and luciferesceine.
The pKa of the iminopteridine (IXXVII), 5.8, is very
much lower than that guoted for luciferesceine. The
liberation of ammonia by.luciferesceine when heated
with KOH does not necessarily indicate the presence

of an imino group®®
’/£R) i\NH

(.':Hg, (CHOHX.(HLOH in..( (H -OH)g.CHz,OH

CX CII

(b). The yellow pigment from the fruit fly

Drosophila melanogaster is discussed in the following

gsection,

2. DPteridines from Drosophila melanogaster.

The study of the fruit fly Drosophilavmélanogaster

has been of great interest to geneticists and muCh
light has been thrown on the probklem of genes by study
of mutations of this fly. The eye pigments of the £y
vary with mutation end the chemical nature of these

pigments has excited great interest. The pigments of
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the wild type Ezggophila are very complex, but a study
of the pigments of the sepia mutant by Forrest and
Mitchell®®’54 785 hag regulted in the identification

and characterisation of five pteridines.

1. Isoxanthopterin, which may have a metabolisz
function in the fly for it has been shown to be im-
plicated in melanogenetic reactions5€.

2. 2-Amino-4-hydroxypteridine, which may bé an
intermediate in the biosynthetic pathways to, or a de-
gradation product of, the eye pigments.

3. 2-Amino-4-hydroxypteridine-6-carboxylic acid (@V),
this compound may again be an intermediate or a degrad-
ation product.

4, Z»Amin064~hydroxy“6“(ls,2bmdihydroxypropyl)
pteridine (CV), which has been shown to have growth

promoting properties for Crithidia fasciculata, re-~

placing pteroylglutamic acid. It has also been isolated

from human urine and named biopterin®7.

The isolation and characterisation of these four

pteridines from Drosophila melanogaster has been sub-

stantiated by the independent work of a Swiss groups®

who worked on wild type Drosophila°

5. A yellow pigment giving the analytical results:
C,41.7; H,4.33 N,24.1%, which permit the empirical

s 48
formuila Gy oHy, 0Ny 5H, 0.  Forrest and Mitchell
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agaign the structure 2-amino=6~carboxy-8-lactyl-4-

~hydroxy-7:8-dihydropteridine (CIII) to the pigment.

OH
HoL _N Xy HOg
: ’N’//LNHQ.
io.CHOH.CHg C1il

cv

Objections were made to formulation (CIII) initially
because of the spectroscopic properties of the pigment
which showed absorption in the ultra-violet region at
longer wavelengths (440 mu., at pd 13) than that shown
by 7:8=dihydropteridines, which normally absorb at
about 360 mud?. The alternative formulation (cvI)
was proposed by WoodeO, when the point was made that
this structure (CVI), which resembles a phenagzgine dye,
could have the spectroscopic properties of the yellow
pigment. The gimilarity between the specirum of the

yellow pigment and of that of riboflavine (CVIIj,
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commented upon by Forrest and Mitchell, finds a

readier explanation in the transannular structure (cvi)

for the pigment.

oH
HO&CTN%(&N N
| T/\N)*NH HL~ :

CO.CHOM.GH, CH{CHOH LCHOH

CVI 0vil

The experimental evidence upon which the formulaiion
(CIII) rests is as follows:

(i), The pigment decomposes in alkaline, neutral or
acid solution; in sunlight, to give 2-amino-4-hydroxy-
pteridine-6-carboxylic acid (CIVQ,-én autoxidation
being involved. | ‘

(ii). It forms an oxime and a 2:4-dinitrophenyli-
hydrazone.

(iii). It gives a monoacetate.

(iv). The pigment is reduced with the uptake of 2
moles of hydrogen by the reduction presumably of the
ketonic group and the 5:6-double bond %o give a tetra-

hydropteridine. No product was isolated from this re-

duction.
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(v). Periodate oxidation of the pigment utilises
2.4 moles to give acetaldehyde and the pteridine (CIV).
(vi). The presence of lactic acid was detected by

paper chromatography.

This evidence is now re-examined.

The carbonyl group which gives rise to the oxime
and the 2:4-dinitrophenylhydrazone is considered by
Forrest and Mitchell to be that attached to Ny as part
of the lactyl group. This carbonyl function is, how-
ever, part of an amide and as such does not form normal car-
bonyl derivatives. It is conceivable that a lactyl
group in this environment might form such deriwvatives
either by (a) oxidation of the YCHOH group as in os-
azone formation or (b) the electron withdrawing prop-
erties of +the pyrimidine ring exerting sufficient in-
fluence to overcome the effect of the amide nitrogen
atom, which normally inhibits the carboayl reactions
of an amide carbonyl group. These unlikely possibilities
were rejected when attempts to form an oxime or 2:4-
~dinitrophenylhydrazone of N:N-dimethylactamide and of
the 2:4:6-trinitroanilide of lactic acid (CIX) failed.

The latter compound approximatés“closely to the dihydro-

pteridine (CIII, CVIII) in its electronic distribubtion.
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N:N-dimethylactamide reacted with hydroxylamine to give

the corresponding hydroxesmic acid.

N NéJ H=ny~"

é‘_
COCHOH.CHy  CH.CHOH .,.L,o

CVIII CIX

Forrest and Mitchell claim that the formation of a
mono-oxime and a mono-2:4-dinitrophenylhydrazone is
evidence that only one carbonyl function éxisté in the
molecule, but since the carbonyl function which they
asgume condenses to give these derivatives ig part of
an amide, then another ketonic group must be‘presento
Alkaline hydrolysis of either derivative gives the 6-
~carboxylic acid (CIV) and they assume that the carboxyl
group exists as such, but 6-aldehydo pteridines are
known to undergo dispréportionation in alkali to give
the corresponding acid,:together with the more soluble
hydroxymethyl conpound®? , Having shown to their
gatigfaction that the intact pigment contains a carboxyl
group at Cg, Forrest and Mitchell next congider the site
of sttachment of the lactyl group. Position 7 was

discarded because no degradation products substituted



- 72 -

on C, were found. Thus only positions 5 and 8 were
possibilities and position 8 was chosen because of the
analogy to riboflavine. It has been shown above that
the 6-carboxyl group need not exist as such in the pig-
rent and this carboxyl group in the hydrolysis product
(CIV) could be generated from either a formyl or a
lactyl group, so that possible structures for the pig-
ment are the following.- A 7:8-dihydropteridine (CX)
and a 2:8-dihydropteridine (CXI) both having a formyl
group on Ng and a lactyl group on Cg; a 7:8-dihydro-
pteridine (CXII) and a 2:8-dihydropteridine (CXIII) both
having a lactyl group on Ng and a formyl group on Cg.
The first two siructures are favoured because of the
analogy to biopterin (CV) which has a 1D,2fmdihydroxyw
propyl group on Cg. Biopterin ¢ould be converted into
either of these two compounds (CX; CXI) by fdimylétion,
oxidation and reduction, all of which are normal bio-
chemical processes.

While the 7:8-dihydropteridines (CIII; CX) would
be relatively unstable, being prone to hydrolysis
followed by oxidation to give a fully aromatic ring
structure, the ease of degradation of %the yellow pig-
ment suggests that a.formulation'involving a 2:8-dihydro-

~2-iminopteridine would be more likely, for only & simple



CHyCHoiC N S H3 CHOH. ' L
> I |
H NH, | \\N/ibmH

|

CHO CHo CXI
OH OH

OHC - ?‘
NS¥ OHC N
H | f

0.CHOH.CH3 !O.CHOH.CHg

CXII . CXIII

bydrolysis mechenism (scheme 4) need be invoked in the

latter case %o give a fully aromatic pteridine. No

such simple mechanism can be advanced fo@ the 7:8~di-

hydro formulae (CIII,CX,CXII) where an oxidation is re-

quired.

The initial attack by hydrogen ion takes place

on the doubly bonded nitrogen atom of the cyclic semidine

(CXIV)38, The cation (CXV) tautomerises to give the

cation (CXVI) of a pseudo-base (CXVII). The substituent
ﬁZ:is considered $o be an acyl group so thait the corres—

ponding acid R.OH mey split out to give the fulily aro-
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matic pteridine (CXVIIT)

Scheme 4.

The yellow pigment resembles the 2:8»dihydro—

iminopteridine (CXIX) in colour, both are bright yellow;
both decompose without melting, are somewhat unstable,
are hygroscopic and fluoresce under ultra-violet ligh%.

Spectroscopic evidence:- The absorption spectrum

of the yellow pigment is so unusual in its long wave-
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length absorption (maxima at 409 mu in acid.and 440 mu
in alkali) that any relevent factor which inereases the
wavelength of absorption of a synthetic pteridine mus%
be counted as being of significance in determining the
structure of the pigment. While the spectrum of the
2:€~dihydroiminopteridine (CXIX) has no formal resem-
blence to that of the pigment it has a similar loﬁg

wavelength absorption (395 mu in acid). Since few

pteridines absorb at such very long wavelengths, the
exceptions being mercapto pteridines, this is an indic-
ation that some 8imilarity in structure may exist bgm
tween the pigment and the 2:8-dihydro iminopteridine
(CXIX) which has the transannular bond system of ribo-

flavine (CVII).

The Drosophila pigment has an ultra-violet ab-

gerption spectrum s0 remarkably akin to that of the 4-

»ehhoxypteridine,(cxx), that a close structural re-
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seablance, in the pteridine light absorbing moiety,

can be inferred. The spectra (Fig. 3) are not Qﬁly
slmilar generally, but both differ from other 2:8-
~dihydro iminopteridines in the very long wavelength
absorption above 400 mu.,; and in the very low intensity

trough between the longest and next longest absorption

bands.

Fi&’. 2.

oD | o 1 g 1
2.3 L 250 %00 350 400 450

VAR
Al

A, 4-Ethoxy-2»imino-2:8-dihydro-6:7:a—ﬁrimethylpteridine

B. Dfoéophila pigment (CXXI).




- FF -

The stability of the Dresophila pigment is such
that verious degradation products may have been in-
volved in the reactions described by Forrest and
HMitchell, for it is difficult to postulate one formula
which would saﬁisfy all the experimental facts. A

pteridine moiety (CXXI) is proposed to accomodate the

inferred struciural pesemblance to the 4-ethoxypteridine
(CXX). Subetituenis R, R*, and R® must account be-

tween them for CaHy0, -

OR
f&-@oT y
5
T < N/gNH

CoR

CXXX
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PART III.

——— > cates e
—_—_—_—sss=ss

The 8-alkyl-7-pteridone (CXXIII) series wag in-
vestigated to determine whether reduction of the cyelic
amide group could be effected to give an 8-substituted
5:6:7:8-tetrahydropteridine (as CXXVI). It is known
that 5:6:7:8-tetrahydr0pteridines are important in
metabolism and it is believed that S8-substituted tetra-
hydropteridines may also fulfill a significanﬁ biclogical
function (see historical section).

Several 8-gubstituted 7-pteridones were known
before this study was commenced. Elion and Hitchingsé2
synthesised 2-amino-4-hydroxy-8-B-hydroxyethyl-7-o0x0~
--7:8-dihydropteridince by decarboxylation of the corres-
ponding 6-carboxylic acid. Another groupés synthesised
8-methyl-7-pteridone (CXXIII; R = CHy, R* = R? = H) by
condensation of ethyl glyoxylate hemiacetal with 5-amino-
-4-methylaminopyrimidine (CXXII; R* = R® = H, R = CHg).

A number of 8-substituted 7-pteridones (CXXIII)
were synthesised by the author using the latter method,
and their properties, both chemical and physical, ex-

In no case was a 6:7-dihydroxy-7:8-dihydro-

amined.

i i s of
pteridine of type (CXXIV) given, although this type oL

compound is a possibility, being given by the conden-

gation of the reactants in the reverse juxtaposition.
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The non-appearance of a, product of this type is probably

due to steric effects, the large ‘hemiacetal group being

constrained to react with the S5-amino group.

The ultra-violet absorption spectra of the 7-
-pteridones showed a general similarity (see Table 0),

' Ss ' 84
both within the group and %o the 2-quinoxalones



Compound

pteridone CXXIII.

R R R®

CHy H c1
CHy NHCH, H

CH, H NHCH,

CH, HH, H
PR NHPh H

CH, WH, OH

quinoxalone CXXV64

R R R?
CHy CHg H
CH, CH; 7-C1

CXXIII
Amrax. (nu) E
2263312 19,600; 9,300
220§sh0236; 23,700;11,100
296;359 5,100;15,680
2263240, 17,850312,000;
25852973 10,7005 4,500;
352 §,500
2163288; 29,5003 4,900;
343 15,700
26835315 18,0003 - 9,800
375 16,000

£2203262; $18,000312,9003
sh.280;378  6,800317,100

229;280; 21,2003 5,6003
336 6,700
2363278; 31,0005 5,200;
342 5,200
232:281; 24,8003 6,200
%85 6,600

1 = Ethanol. 2 = water. gh, = shoulder.

N3

n

fay
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4-Chloro-~-8-methyl-7-pteridone (CXXIII; R = Cﬁsgi
R' = H, R* = ¢1) was chosen és<the model compound for
- reduction so that the effect, upon the chloro group, of
lithium saluminium hydride might also be investigated.
The product was found to be not the expected tetra;
hydropteridine (CXXVI) but a 7-hydroxzy tetrahydropteridine
(CXXVII) was given, the amide group being reduced to the
corresponding carbinol-amine. The chloro group was un-
touched but the yield was indifferent (67%} and ionic
halogen was found in the mother liquors. ﬁonger treat-
ment with fthe reducing agent resulted only in a podrer

yield of the hydroxy compound (CXXVII)ﬂ. The relative

* Other anomalous reductions using lithium aluminium
hydride have been reporteéc Brucine gives a reduction
product dehydrobhrucine in which reduction of the amide
group (a) to the carbinol-amine (b} was followed by de-
hydration to give the umnsaturated compouhd (c)“s;

JN.CO.CH,~ —s,  SN.CH.CHp~ —=3 JN.CH = CH~

(a} OLiAlH, (Db) {e)

‘Phe reaction of 1 mole of lithium aluminium hydride
on the lactam (d) gave the carbinol-amine (e)%7. On the
other hand, reduction of the quinoxaline (CXXV; R = G H,N

(CpHz )y s B = Ph) ga#e the corresponding 1:2:3:4-tetra-
27 2

-p
<

hydquuinozzalinai:%r i p L\
| N0 N ~OH

f?:“@ ‘(@s} ?CH‘; (@
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immunity of the chioro group is in agreemenf with the
findings of an American group®® who found that Iithium.
aluminium hydride reduction of tetrachloropteridine
(CXXVIII) gave 2:4-dichloro-5:6:7:8-tetranydropieridine
(CXXIX). | |

H H
8
e ﬁ
" HO
CHy  CXXVI CHy  oxxvII
H &
"
H N
Sl AL
NN NNy
f
CXXVIII H CXXIX

The 7-hydroxy tetrahydropteridine (CXXVII) is stable,
melts without decomposition and has an ulira-violet ab-
sorption spectrum (M max.; 204; sh.294; 324 mu in N/10
HC1l) closely resembling that of its parent pyrimidine
(CXXII; R = CH,, R* = H, B¢ = C1) ( hmax.; 210; 268;

295 mu in Q/lc HC1),allowing for the bathochromic in-
fiuence due 1o %he greater mSlecular-weight of the pter-

idine. This is ©o0 be expectved since the same abagorbing
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sysiem exists in both compounds and is in agreement
with the findings of Lister and Ramage33 who compared
the spectra of diaminopyrimidines and of the tetrahydro-
pteridines derivable from then.

The 4-chloro pieridone (CXXIII; R = CHy, R* = H,
R* = C1) is readily converted into the corresponding
A-nethylaninopteridine by treatment with metnylamine.
The 4-chloro gr&up is very reactive because of the un-
gatorated system at positicn 5 which is execyclic to,

and in conqu@&ion with, the pyrimidine ring.

e e o et e et S s i e = e e e o oo A i S T T T T T R W ST
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Ppetdrampepes s s ot~

Yields of substances that have no definite m.p.
refer to the stage when they appeared homogeneoug in
paper chromatography in butanol-5N acetic acid (?;3’
on being viewed in ultra-violet light of wave-lengfhsf
365 and 254 mu.

Absorntion Spectrss-— These were measured in the

Unicam SPSOO photoelectric spectrophotometer (with 1 émo
cells and concentrations of from 10 ® 4o 10 ¢ M) a%

5 mu intervales except in the neighbourhood of peaks
where 2 mu intervals werec obsgerved.

Potentiometric Titrationg:- Weighed gquantities of

the pteridines (approx. M/ﬁOOO; 5 mgm.) were dissolved
in 25.0 ml, of distilled water and titrated with 0.1 M
HC1 or 0.1 M NalOH. The reference electrode was &
calomel half-cell immersed in the solution with a glass
electrode; pH was measured with a Cambridge pH meter.
The solution was stirred by a current of nitrogen and
the titrant added from an “Agla® micrometer syringe,
about fifteen additions being made. The pKa values

were calculated according to the equation<pKa-= pH =

g%ié&g [Hzéz]) wﬁere iE], [BH+], and [H¢]'are the

i { j ciad
calculated concentrations of the base, conjugate & 0

log



- 85 -

snd hydrogen ion respeciively, corrected for the dllution
caugad by addition of acid or alkali.

"Hydrogenation in the usual way® means catalytic
hydrogenation in etvhenol for from 2-4 hours.at 4 atmos-
pleres pressure using Raney nickel catalyst. The catalyst

is removed by vacuun filtration.

i > v W n SRS s Sl P b W e e G Tt B S - XD
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Dithiouracil®®. - - Thiouracil (140 g.) and
powdered phosphorous pentasulphide (420 g.) were sus-
pended in xylene (%echnical; 2 1.) contained in a 51,
flask which was fitted with a stirrer and reflux air
condenser. The mixture was heated slowly, with stirring,
until it boiled, refluxed with stirring fOrFB hours
(path temp. 157-162°) and refrigerated overnight. The
xylene was removed by filtration. The filter-cake was
well pressed, washed with benzene (100 ml.)} and sucked
fairly dry. The solid was then sdded %o a hot, stirred
nixture of ammonia (d, 0.88; 300 ml.) and water (1 1l.).
The soiution was brought %to 90° and the solid dissolved
completely by the addition of more aﬁﬁonia, Charcoal
(30 ml.) was added and after stirring had continuéd for
a few minutes longer most of the oily im?urities were
removed by filtration through a 15 cm. Buchner funnel
having a layer of moistened sand on the paper. The
Piitrate was then filtered by gravity through a fluted
paper. To the hot sblution was added acetic acid
(100 ml.} which reduced the pH to about 7 and Pr39191%°
ated the crude dithiol. The su?s.pension wag cooled %o
5o filtered off snd washed by stirring with cold water
(500 ml.). After filtering and drying at 120° The

: - &
yield was 130 g. of a yeliow powder decomposing at 245°-
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2-lercapto-4-me 3 NS
AP thylaminopyrimidine®®, - Dithio-

uracil (125 g.) was heated in sealed glass tubes in g

Carius furnace at 100¢ for'3§'hburs with methylamine

(25-30%; 800 ml.). "he reaction mixture was taken to
dryness on the water-bath %o give a dark brown solid
which was taken up in hot water (1.5 1.) and:éharcoal

(80 ml.} added. The mixture was fillered and the fil-
trate taken down to dryness on the wateraﬁath toigive a
light brown powder (103 g.). A sample recfystallised
twice from water gave the pyrimidine us colourleés prisums
m.p. 23%6-239° (Found: C(,42.6; H,4.6. Calc. fox;
CgH,NyS: C, 42.55; H, 5.0%).

2-Hydroxy-4-methylaminopyrimidine?t . - 2-Mercapto-

—4-methylaminopyrimidine (93 g.) and chloraceiic acid

(100 g.} were suspended in watér (730 ml.) and the mix-
ture refluxed for 40 minutes. Concentrated hycrochloxrie
acid (680 ml.) was added and refluxing continued for a
further 2 hours. The solution was evaporated to Jryness
in a porcelain basin on the water-bétho The solid was
dissolved in warm water (520 ml.), the solution filtered,
and the filtrate adjusted to pH 8-9 with ammonia (&, 0.38;
150 ml.j. The solution was cooled to -20° and the white

precipitate (28 g.) collected. The solution was con-

centrated in vacuo to 450 ml. and ammonia (4, 0.883;150 ml.)



added. Cooling %o -20° gave a second crop of the

pyrimidine (18 g., %otal yield 46 g.), m.p. 263-270°.

2-Hydroxy-4-methylamino-5-nitropyrimidine??. -

2-Hydrozy-4-methylaminopyrimidine (4 g.) was dissolved
in concenirated sulpauric acid (10 ml.) at room temp-
erature. Nitric acid (8, 1.5; 3.4 ml.) was added
dropwise, the temperature of the solution being kept
helow €0°, The mixfure was allowed to stand for 20
minutes at 40°, then poured into ice and water (100 ml.),
and neutralised with ammonia (&, 0.88; 25 ml.). The
mixture was filtered to give a pale yellow solid (2.% g.).
Recrystallisation from water gave the nitropyrimidine

ag almost colourless needles, décompg above 2709,

(Found: €,35.63 Hy3.3. Calc. for CgHgN,Oz: C, 35.3;
H, 3.55%).

5-Amino-2-hydroxy-4-Bethylaninopyrimidine™ . -

2-Hydroxy-4-methylemino=5-nitropyrimidine (5 g.) was
gsuspended in ethanol (50 ml.) and hydrogenated in the
usual way (see page 85) . The cetalyst was filtered off
and washed with hot ethanol (50 ml.). The combined
filtrates were evaporated to dryness to give the emino-
pyrimidine (3 g.) as a buff resgidue m.p. 215° (decomp. ; -

Purther purification was unnecessary.



4:6-Dihydroxy=5-nitropyrinidine. - - 4:6~Dihydroxy-
pyfimidine (22 g.)7? was added slowly %0 nitric secid

s 1353 72 ml.5. The solution wag stirred at 20° for
20 minutes and was then poured into ice and water (100 mi. jc
The neav colourltaﬁvproduc (15 g, ) which pwecipluaﬁﬁd

was collected and dried at 10C?; m.p. »300°,

436=D30h]ovoauuﬂlbwopyrlmwdin@”ﬁ = Dilethylaniiine
(5 g -} wap added %o & suspension of 4:6=Ainydrozy-5-nitro-
py¥imidine (5 g.,) in phosphorous oxychloride (32 go}-
The mixture was refluxed gently Ffor 1 hour (baith temp.
130“1400)9 The excess phozphorous oxychloride waas re-
moved under wveduced pressure at 90° (bathj. The re-
sidue was poured into ice (50 go) aﬁd stirred for 20
minutes. The mixiure was f£iltered and %he filtrate ex-
tracted with ether (3 x 100 mi.j. The combined sxtracts
were washed with water (100 m1,§9'drie& over anhydroue
sodivm suiphate and evaporated to drynsss in vacuoc. The
repidue was recrysiallised from petrdi (b.p. 60=-80°} a8

needles (3 go), m,p,.79~80°°

5-Amino=4 s G- dlchlorOpvrimvdlne?s - - Bydrated.

barium hydroxide (30 g- 3 dissolved in hot water (100 Bl )y

‘was added %o & solution-cfrhydr 4ed ferrous sulphate

(25.5 g.) in water (205 ml.} a® 75°%. ' The mixture was

i iv. iant i3 rround
ptirred vigourously for 20 minuses. Pinely gr
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4:G-dichloro-S-nitroPyrimidiﬁe (2 g.) was added and

the temperature raised tp 95° for 20 minutes., ‘The 4
'suspensioﬁ was filtered and the residue washed with hot
water (100 ml.). The combined filtrates were extracted
with chloroform (4 x 50 ml.). The combined chléroform
extracts were washed with water (2 x 50 ml.), dried
over enhydrous sodium sulphate and evaporated to dryness
in vacuo. The residue was recrystalliged from water
(30 ml.) to give the pyrimidine.as colouriess neeéles'

(1.35 g.), m.p. 142-145°,

5wAm1ng¢4~ch1oro=6umethylaminbpyrimidine7?o - 5-
-Amino~4:6~dichloropyrimidine (5 g.) was heated in a
sealed tube with ethanolic methylamine (10p w./w. ;
36.5 ﬁle) for 6 hours at 125-130°.  The solution was
evaporated to dryﬁese in vacuo &nd the dry residue ex-
tracted Wiﬁﬁ boiling benzene (2 z 200 ml.). The extracis
were cooled and the crysialline solid collected; ev-
aporation of the combined filtrates to 100 ml. gave &
second crop (ovérail yield 3.3 g.), Recryé%allisation
from water gave the pyrimidine as colourless needles,
m.p. 160-~162°,

5mAminoué;Q@thy;aminopyrimidine75. -~  5-Aminc-4-

e

~chloro=-6-methylaninopyrinidine (4.9 g.) was dissolved

in hot water (120 mi.) agd.hydrOgegate& (25;/1 gﬁmoso)
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over freshly hydrogenated palladium catalyst (2.4 Zo3
2.5¢ of Pd., initially as PdCl,, on charcoal) in the
presence of magnesium oxide (3.6 g.). Hydrogen up-
vake of 340 ml. Yook place in 5 hours. The mixture

was Tiltered and godium carbonate zolution (10%; 30 ml. )
wag added to the filtratey which was taken to drynessv

in vacuo. The wesidue was extracted with boiling imo-
-butyl wethyl ketone (3 x 50 ml.}. The combined ex-
tracts were chilled and then concentréted td give a total
of 2.3 g. of the pyrimidine as stout prisms, m.p. 202-

=207°,

Big~(8:9=dihydro-2=-hydroxy-9-methylpurin-8-yl). -
5-Amino-2-hydroxy-4-methylaninopyrimidine (2.67 g.}
was dissolved in water (55 mi.) at 50°, and glvoxal
(505 aqueous solution; 2.567 g.; in water (27 ml.) was
added. A bright yellow precipitate formed almost
immediately; +the colour rapldly changed %q buff.
The mixsure was heated at 50° for 15 minuteé, and the
pfoducﬁ (2.3 g.) was collected, washed with warm water,
and dried. A sample was purified by>dissolution in
dilute hydrochléric acid, filtration of the solution
and addition of dilute sodium hydroxide %0 the filtrate
4o pH 9-10 when bis—(8:9-dihydro~2-hydroxy-9-methyl-

purin-8-yl) was precipitated as paie yellow micro-
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-needles, m.p.»300°. (Found: G,47.9; H,5.0; N,36.8.
C1.Hy 40,y requires: C,47.7; H,4.7; N,37.1%).
The bisdihydropurinyl was soluble in dilute alkali.

Attempted methylation of big-(8:9~dihydro-2-hydroxy-

~9-methylpurin-8-yl). - (a) The bisdihydropurinyl (1 g.)

was suspended in methanol (25 ml.) and water (5 ml.).
Diazomethene (1 g.) in ether (50 ml.), from 8 g. of p-
tolylsulphonylnethylnitrosamnide, was added and the mix-
ture 1e£t overnignt. Starting material was recovered
unchanged.

(b) The bigdihydropurinyl (0.7 g.) was dissolved
in warm potassium hydroxide solution (0.4 g. KOH iﬁ 8 ml.
water). Hydrochloric acid was added to reduce the pH
to 8.5. Dimethyl sulphate (0.6 ml.) was added over
30 minutes with the temperature kept at 35-40° and the
pH kept sbove 8.5 by the addition of potassium hydroxide
solution (35% wv/wa; 5 ml.). Starting material was
recovered unchanged. | ,
| (¢). The bisdihydropurinyl (0.5 g.), methyl
iodide (4.5 ml.), and acetone (15 ml.) were refluxed
with potassium carbonate (5 g.) for 24 hours. The
golid was filtered off, washed with hot water to remove
the potassium carbonate, and dried. Starting material

wag recovered unchanged.
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Bis»(B:9=dihydrou9~methylpurina8~xl). -  5<Amino-

-4~methylaminopyrimidine‘(0969 g.) was disgolved in
boiling water (3 ml.), and a solution of polyglyoxal
(0,161 g.) in boiling water (4 ml.) was added. The
golution wae vcfluxed for 1 hour, and chilled overnight.
The product (0.58 g.} was collected and recrystallised

from agueous ethanol to give big-(8:9-3ihydro-9-methyl-~

purin-8-yli) as colourless needles, m.p. ca. 270° (decomp.)-
(Found: C,53.2; H,5.0; N,41.2. C,;,H,,N; requiress
C,53.33 H, 5.23 N, 41.5%).

Big=~(6-chloro-8:9-dihydro-9-methylpurin-8-yl). -

5=Amino-4-chloro-~b6-methylaminopyrimidine was condensed
with polyglyoxal as above, to give big-(6=chloro=8:9-

~dihydro-9-methylpurin-8-yl) as colourless needles

from agueous ethanol, m.p. ¢a. 270° (decomp.). |
(Found: C,42.5; H,5.85 N, 32.9; C1, 20.8h. M.W., 320,
340.  CypH,,NgCl, requires: C,42.5; H,3.6; §,33.0;
€1,20.9%; M.W. 339).

Determination of molecular weight of bischlorodi-

nydropurinyl. -~ About 10 mgm. of the bischlorodihydro-

purinyl was accurately weighed out into a dry chromic

scid cleaned test-%ube (3°x ¥*). Into the %ube was

accurately weighed about 250 mgm. of campnor (micro-
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-analytical grade). The tube was sealed so0 as to form
a narrow rod of about 4" long on the end. The camphor
was melted by immersion of the tube in an oil-bath
heated at about 10° above the melting point of'camphor.
The compound was dissolved and dispersed homogeneouély
in the ceamphor by rapid rotstion of the rod between
forefinger and thunb. The melt was allowed to solidify,
and about 10 mgn. of the solid was transferred to a
melting-point tube 3 mm. wide using usual molecular
welight determination techniques. The melting-point
tube-was sealed. A sinmilar procedure was_carried out
with camphor alcone and the melting points of both samples
determined concurrently. o

The above practice was carried out on acetanilide
as a control and twice on the chloro compound to give

molecular weipghts for the latter of 320 and 340 (theory
339) . '

4:6-Bismethylamino-5-nitropyrimidine?® . - Ethanolie

methylamine (22%; 16 ml.) was added to a stirred 80l

ution of 4:6-dichloro-5-nitropyrimidine (3.8 g.) in
methanol (40 ml.) over 10 minutes a® 10°. Stirring
was continued for a further 30 minutes. The solid
(2.75 g.) was collected and recrystallised from ethanol

50

to give the pyrimidine as pale yellow plates, m.p.192-
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. 59-Amino-4:6-bismethylaminopyrimidine., ~ 4:6-big-

methylamlno-SanltrOpyrlmldlne (0.45 g. ) in ethanol (50 ml.)
was hydrogenated over Raney nickel catalyst at room
temperature and pressure. The catalyst was filtered off
and washed with hot ethancl. fThe combined filtratesv

were taken to dryness in vacuo, and the residue sublimed

(110}f000005 M.} G0 give S-aming-4:b6-bismethylemino-

pyrimidine, m.p. 1500‘(decompn)° (FPounds C,47.3; H,7.2;
N, 45.5. CgH;; Ny requires: C,47.0;3 H,7.2; N,45.76%).

Big=(8:9-dibydro-9-methyl-6-methylaminopurin-8-yl). =
(a) To the above ethanolic solution of 5-asmino-4:6-
~bismethylaminopyrimidine was added polyglyoxal (0.075 g.)
in water (10 ml.), and the mixture was heated on the
water-bath for 10 minutes. The solution was concentrated
in vacué to0 about 5 ml., and chilled overnighﬁ to give

big~(8:9-dihydro-9-met methyl-6-gethylaninopurin-8~yl) as

colourless needles (from ethanol), m.p. 260° (decomp. ).
(Pound: €,50.95 H,5.5; N, 4302, CyeHolyo requires:

C, 51.2; H, 6.13 W, 42.74).

(b) Bis-(6-chloro-8:9-dihydro-9-methyipurin-8-yl) (0.05 g.J
and éthanolic methylamine (33%; 1 ml.} were heated to-
gether in a sealed tube for 5 hours at 125°, The s80l=
ution was cooled, the solid collected and recrystallised

from ethanol to give the bisdihydromethylaminoPurlnyl,
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‘m.p. 258° (decomp.).

2:4431edimgthylamino-Snnitrbpyrimidine. - ‘2:4-

-Dichloro-5-nitropyrimidine (1 g.)?% was dissolved in
ethanol (20 ml.) and ethanolic dimethylemine (33%; 3 ml.)
was added dropwise %0 the solﬁtiona_ The solution was
gtirred for 30 minutes, filtered, and the filtrate . |
taken {o dryness in vacuo. The residue was sublimed

and recrystallised from light petroleum (b.p. 60-80°)

to give 2:4-biedimethylanino-~5-nitropyrimidine (1 g.)
as yellow needies,gm,p. 88-927, (Found: C,45.7;
H,5.5; N;33.7. GCgHy;0,N; requires: C,45.5; H,6.2;
W,33.2%). | |

5-Amino-2:4-bisdimethylaninopyrimidine. = The

above nitro compound (0.25 g.) was hydrogenated in the

usual way. Removal of the catalyst and evaporation

of the filtrate in vaguo gave 5-gmino=2:4-bisdimethyl-

aminopyrimidine as white needles, m.p. 92-96°, after

gublimation at 90° (bath)/0.01 m.m. (Found: C,53.8;
H,7.9. canlsné requires: 0,53,0; H,8°3%)§
Mixed m.p. with 2:4~bisdimethylamino-5-nitro-

pyrimidine was 66-94°.

Azomethine of glyozal and 5-amino-2:4-bisdimethyl-

aminopyrimiding. - S-Amino-2:4-bisdimethylamincpyr-
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imidine (0.02 g.) was dissolved in a mixture of hot
water (10 ml.) and ethanol (3 ml.), and & solution of
polyglyoxel (0.038 g.) in hot water (5 mlo)‘added;
whereupon an immediate precipitate was formed. The
mixture was heated on thé water-bath for 2 minutes and
cooled. The product was collected and recrystallised

from aqueous ethanol to gilve glyoxylidenebig—(5-amino-

-2:4-bigdimethyleminopyrimidine} as bright red prisms,

m.p. 195-199°. (Pound: €,56.7; H,6.73 N,36.7.
clsﬂzomzo requireEi:C,SGoZ;, H,7033 N'936°7%)e
Treatment of the azomethine with co0ld N=hydrochloriec

acid effected immediate hydrolysis.

Azomethine of glyoxal and 4-aming=2:6-dihydroxy-

pyrimidine. - Polygiyoxal (0.23 g.) in warm water

(20 ml1.) was added t0 a solution of 4»amin052:6=dihydroxym
pyrimidine (1 g.)77 in boiling water (200 ml.), where-
upon a precipitate formed almost immediately. The
mixture was refluxed for 1 hour and the golid (0.35 g.)
was collected while the mixture was still hot. The
product wes purified by dissolution in hot sodium car-
bonate solution (2 N3 20 ml.) from which glyoxylidenebis-
0(4-me2:6~§;§mm)9 m.p. ) 360°, was
precipitated by the addition of dilute hydrochloric acid.
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(Found: C,43.7; H,2.93 N,30.0. Cs oHg O; Ng requires:
C,43.5; H,2.9; N,30.40) . |

Azomethine of glyoxal and 6-amino-1:2:3:4-tetra-

hydro-1:3-dimethyl-2:4-dioxopyrimidine. - Similar

condensation to the above of glyoxal WithAééaminon

=1:2:3:4-tetrahydro-1:3-dinethyl-2:4-dioxopyrimidine?®

gave glyoxylidenebig-—(6-amino-1:2:3:4-tetrahydro-1:3-

-dimethyl-2:4-dioxopyrimidine) as colourless‘needles

(68%5) from water, m.p. »300° (Found: C,50.6; H,4.4;
Ny250.3. Cy4H, 60 Ng requires: C,50.6; H,4.9; N,25.3%).

5-Aminopyrimidine. - Hydrogenation of Swamino-

-4 :6-dichloropyrimidine, in the presence of magnesium
oxide using palladium-charcoal cataslyst gave 5-amino-
pyrimidine, m.p. 169=171°. Whittaker®® obtained this
compound in a similar menner from 5-amino-2:4-=dichloro-
pyrimidine.

Neither 5-aminopjrimidiﬁe noy 5-—-amino-4:6-dichloro-
pyrimidine reacted when refluxed with glyoxal for sev-

eral hours in agueous or ethanolic solutioan.

Oxglglbis»lm(4:6mbismethylamino-S«nitropyrimidinimga

~-dichloride. - To & golution of 4:6-bismethylamino-5-

-nitropyrimidine (0.5 g.) in boiling dry benzene (200 ml.}

was added a solution of re-~distilled oxalyl chloride



(0.11 ml.) in dry benzene (10 ml.). Thue solution was
refluxed for 30 minutes during which a precipitate

gradiually formed. Pale yellow crystals of oxalylbig-
~1-(4:6-bismethylamnino-5-nitropyrimidinium)-dichloride

(0.43 g.) was collected and dried in vacuo, m,p; 2550
(decomp.). (Pound: C,34.5; H,4.5; N,28.5; C1,14.7.
CigHi160gN; oCl, requires:s €,34.1; H,3.7; N,28.4;
Cl, 14.4%).

43:6~bismethylanino=S=nitropyrimidine did not react
when fused with oxalic acid for 30 minutes at 160°.
The dichloride reacted vigourously with sodium hydrogen
carbonate solution in the cold to give 4:6-bismethyl-

anino=5-nitropyrimidine.

Oxalylbig-1(or 3)-(2:4-bisdimethylamino-5-nitro-

pyrimidinium)-dichloride. - 2:4~-Bisdimethylamino-5-

~nitropyrimidine was reacted in ether solution with

oxalyl chloride as ebove to give oxalylbis-i(or 3)-

~(2:4-bisdinethylamino-5-nitropyrimidinium)-dichloride

as yellow crystals, m.p. 154a158°. " (Pound: €,39.2;
H,5.05 N,25.2. C;gHy06H; oCly requires: C;39.3;
H, 4.8; N,25.5%).

The pyrimidinium dichloride reacted vigourously

with sodium hydrogen carbonate solution in the cold %o
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give 2:4-bisdimethylamino=5S-nitropyrimidine.

g;g’-g;y(4:6ndichloro-5»21r§midxl)~oxamide. - 5-
-Amino-4:6adichlor0pyrimidine(Zg.)ﬁashaatédindxw'nﬂluxing
benzene (100 ml.) wntil s solution was given, oxalyl
chloride (1.15 ml.) was added, and the solution refluxed
for 45 minutes. Brown so0lid crystallised out of sol--
ution after 5 minutes refluxingo;A On cooling, light
brown plates were deposited and collected by filtratiom.
The product (2 g.) was insoluble in most organic solvents
and was purified by precipitation from an alkaline sol-
ution (2 N sodium carbonate) by acidification with dilute
~hydrochloric acid to give N:N'ag;¢(4:G—Q;gg;g;gfs;gxg?'
imidyl)-oxemide, decomp. 275-285°. (Found: C,31.96;

Hy1.3; C1,37.18. C;H,0,NgCl; requiress C,}lo43; H,1.06;

C1,37.13%). |
Absorption spectrum in /10 NaOH Amax.; 218;258;

eh.310; sh.330 mu. Emax.; 7,780; 12,7005 3,600; 3,000.

Methylamination of $he sbove dismide. - The di-
amide (2 g.) was suspended in ethanolic methylamine
(33%; 5 ml.). The suspension was mechanically shaken
for 5 hours when the dismide was found to be in solution.
The solution was evaporated to dryness at 20° in vacuo,

and the residue extracted with ethyl acetate. The
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extract was taken down t0 dryness and the residue ex-

tracted with petrol. The petrol extract was taken to
dryness and the residue récrysta;lised from chloroform
Yo give 5-amino-4-chloro-6-methylaminopyrimidine, m.Dp.

and m.p. when mixed with an authentic specimen, 160-162°,

8-Methyl-6:7-diphenyl-2-pteridone. =~ S-Amino-2-
-hydroxy-4omethylaminoPyrimidine (6064 &.) was dissolved
in boiling water (2 ml.). Benzil (1.07 g.) in ethenol
(2 ml.) was added to the hot solution which was then
heated on the water-hath for 15 minutes. The brei was
chilled and the product collected and recrystallised
from ethanol to give 8=methzl=6:7adiphenyle2mpteridone

as palé yellow prisms (1.19 g.) decomp. 180°, (Found:
0968084; H,4034-3 N,17020 C19H140N8°H2ol‘aquims;c,ss066§
H,4.85; N,16.93). |

6:7:8-Trimethyl-2-pieridonet? , = B5-Amino-2-hydroxy-

~4-methylaminopyrimidine (1.4 g.) was dissolved»in |
boiling water (4 ml.) and treated with diacetyl (1.0 ml.).
The resulting brei was warmed on the water-bath for

15 minutes. The'prqduc%.was filtered off and washed
with water (4 ml.) aﬁd ethanol (1 ml.). _Recgya%aliisation
from ethanol (150 ml.) gave the ptgridone (0.5 g.) as
colourless needies, mopo-253-257°o (Foun&s N,29,7&29°0g
Calc. for CgH, oONy: N,29.45%). |
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Sodlum sait of 8-m eth11-6 7-d1£henzla2e»gteridone° -
B-Methyl- :7-diphenyl-2-pteridone (0.1 g.) was finely
ground and added %o hot caustic soda solution (10 N;

10 ml.). The mixture was heated on the water bath for
5 minutes, and warm water (10 ml.) added to effect como

plete solution. The solution was filtered thiough a
fluted filter paper, heated on the water-bath and
strong caustic soda solution (10 N; 10 ml.).added,
whereupon a flogculent white precipitate was given.

The mixture was cooled, the product collected, end

washed with ethanol and acetone. The sodium salt
was stored in a desicecator.

The sodium salt was hygroscopic and could not be

analysed.

Depradation of 8-methyl-6:7-diphenyl-2-pieridone.

(a) Acid degradation. - The pteridone (0.5 g was

treated with refluxing dilute hydrochloric acid_(l N
50 ml.) for 12 hours. The mixture was allowed to cool
and extracted with chloroform (3 x 25 mlo). The con-
bined chloroform extracts were washed with water, dried
o#er anhydrous sodium sulphate and taken to dryness to
give benzil (0.3126 g.3 theory 0.3155 g.), Mm.P. and
mixed m.p. with an authentic sample 93~96°, The

aqueous layer and the washings from the chloroform
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layer were combined and made up to 250 ml. with hydro-
chloric acid (0.1 N) and this solution diluted 1 in
25 with hydrochloric acid (0.1 N). Determination of
thg intensity of absorption af 294 mu in the ui%ra»
~vicled absorption’spectrophotoﬁeter'gave the weight
of 5. mino-2-hydroxy-4-methylaminopyrimidine as 0.227 g
(theory, 0.223 g.). |

(p). Alkaline depradation. - The pteridone (0.2g.)was
treated with refluxing NaOH solution (5 Nj 25 ml.) for 6t

houré, Complete solution after 2 hours was followed

by deposition of feathery needles of the sodium sélt; 
Phe solution wag cooled, pouved into warm water (200 ml.}
and filtered.  The filtrate was acidified with concen-
trated HC1 (12 ml.) and allowed to gtand overnighﬁa

}The precipiﬁate of unchanged phteridone was filtéred off
and the filtrate extracied with ehloroform. The extract
was worked up as before tc give 0.092 g. of benzil
(68.5% of theory). The aqueous phase was treated as
above and calculation from the extinction value showed
that 0.054 g. of 5-amino-2-hydroxy-4-methylaminopyr-

imidine was present (65.8% of theory).

7:Bapihydro@Z»nydroxx;mee%hxléé:?»diphenylp%eridin@a

~2-Hydroxy-4-methylamino-5-nitropyrimidine (0.3 g.) was
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suspended in ethanol (40 ml.) end hydrogenated in the
usual way to give 5=aminoa2=hydrOXys4=methylamihopyr-
imidine. The mixture was boiled and the catalyst
filtered off. To the filtrate was added benzoin

(0.4 g.) in ethanol (5 ml.), acetic acid (2 ml.), and
boiling water (5 ml.). The whole was refluxed for 2
hours and chilled overnigh%. The solid was collected
and boiled with chloroform (50 ml.). The residue on
filtration was leached with hot NaOH (5 N; 10 ml.) and
the solution cooled, neutralised with acetic acid, and

chilled overnight. 7:8=Dihydro-2=hydroxy-8-methyl-6:7-

-diphenylpteridine was collected as a colourless powder,
m.p.).300°, (Found: C,70.0: H,4.6; N,17.7. C;qH,g0Ng.
i#H,0 requires: C,70.0; H,5.2; N,17.25%).

4-Bengylemino-2-mercaptopyrimidine.~ 2:4-Dimercapto-

pyrimidine (10 g.} was heated with benzylamine (50 ml.)
on the water-bath for 72 hours and the white crystalline
product (1305'g.)vcollected. Recrystallisation from
ethanol gave 4-benzylamino-2-mercaptopyrimidine as.
colourless needles, m.p. 249-253° (decomp.). (Found:

€;60.8; H,5.3; N,19.28. Cy,H,;N;S requires: C,60.7535

H,5.08; N,19.35%)-



- 105 -

4-BenzylaminOQZshydroxypyrimidinea = 4-Benzylamino-

-2-mercaptopyrinidine (13 g.) and chlpgacetic acid (10 g.)
were heated. together in refluxing water‘(71°5,m1.) for

40 minutes. Hydrochloric acid (concentrated; 66.5 ml.)
was added to the solution and refluxing continued for a
further 3 hours. Evaporaetion of the solution on the
water-bath in a porcelain basin gave a &ark brown'solia
which was dissolved in water (70 ml.). The solution

was adjusted to pH 8-9 with ammonia and the mixture was
stirred for 30 minutes. The white precipitate was coll-
ected, washed with water and acétone, and recrystallised

from ethanol (400 ml.) to give 4-benzylamino-2-hydroxy-

pyrimidine as colourless needles, m.p. 213-217° (decomp.).
(Found: C,65.92; H,5.39; §,21.1. C,,H,,0N; requires:
C,65.7; Hy5.473 N,20.9%). |

‘ The hydroxypyrimidine could not be coupled with p-
-~chlorobenzenediazonium chloride, nitration gave a mix-

ture of di- and trinitro derivatives.

4-Benleaminoa2ahxdrogyesanitropyrimidine. = 2:4-

—Dichloro-5-nitropyrimidine (2 g.)7° was dissolved in
acetone (10 ml.) and the solution added dropwise to0 a
stirred mixture of ice and water (200 ml.) over 10 min-

utes. To the s%irred-mixture was added a solution of
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benzylamine (3 ml.) in iced water (10 ml.) over.half

an hour. The solid was collected, washed with water
(50 ml.), heated %0 boiling with NaOH solution (2 n;

50 ml.) and the mixture filﬁered, The residue was 2:4-
=bisbenzylamino-5-nitropyrimidine, mop; 178-180°. The
filtrate was cooled ané acidified with acetic acid and

the bright yellow product collected. Reecrystallisation

from ethanol (150 ml.; gave 4-benzylamino=2-hydrozy-5-

-nitropyrimidine (1.3 g.) as pale yellow needles, m.p.

225-228°. (Found: C,54.05; H,3.T; N,23.16. Cy4H, o051,
requires: C,53.7; H;,4.07; N,22.8%).

5-Amino-~4~benzyvlismino=2-hydroxypyvrinidine., -« 4-

-Benzylanino-2=hydroxy-5-nitropyrimidine (1.1l g.) in hot
ethanol (200 ml.) was hydrogenated in the usual way. The
mixture was boiled and the catalyst filtered off. The
filtrate was concentrated to 5 ml, and chilled. The
pale brown so0lid was collected and recrystallised from

aqueous ethanol to give S-amino-4-benzylamino-2-hydroxy-

pyrimidine as golden prisms, m.p. 218-223%° (decomp.).
(Pound: ¢€,60.7; H,4.9; N,26.1. C,,H,,0N, requires:
C,61.1; H,5.55; N,25.9%). .

Absorption spectrum in N/10 NaOH; Amax.; 2203
298 mu, Emax.; 16,400; 6,000,
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8-Benzyl-6:7-dimethyl-2-pteridone. - S-Aminq~4-
-benzylamino-2-hydroxypyrimidine (0.1 g.) was digsolved .

in hot ethanol (10 ml.). To the boiling solution was
added diacetyl (0.1 ml.) and the resulting solution heated
for 20 minutes on the water~bath and cooled. The product
was collected and recrystallised from ethanol (20 ml.)

tb give 8-benzyl-6:7-dimethyl-2-pteridone (0.06 g.) as

golden needles, decomp. above 240°, (Founds € ,68.0;
E,5.0; N,21;3. CypHy 4 ONg Tequires C,67.65; H,5.26; H,21.1%).

The pteridone was soluble in dilute NalH solution.

8m§g2g1;r2-gteridoneo = S-Amino-4-benzylamino-2-
=hydroxypyrimidine (0.2 g.) was dissolved in hot%t ethanol
(50 ml.) and added over ﬁalf an hour to a boiling solution
of polyglyoxal (0.12 g.3 2 x theoretical) in ethanol (20 ml.).
The mixture was heated on the water-bath for a further
half-hour during which a yellow solid separated out. The
precipitate was collectedrand the filtrate evaporated in v
vacuo %o small volume with the additionlof hot water (4 ml.).
The soiution was chilled overnight to give the produect
(0.06 g.). Recrystallisation from ethanol and water gave
B-berile-z-p‘ceridone as pale brown crystals, m.p. 240° @ecqmp;)
(Found: C,60.7; H,4.8; N,21.2. C,gH, oON, .H,0 requires
C,60.9; H,4.65; H,21.9%). |
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The pteridone was soluble in dilute NaOH.
The precipitate (0.027 g.) was glxoleidenebia—(s—
-amino-4-benzylamino-Q-hxdroxxpxrimidiﬁé) and was purified

by solution in hot 2 N-NaOH/éthanol (1:1) and precipitation
by careful neutralisation. (Found: N,25.1., C, H,,0,Ng
requires: N,24.7%). |

Treatment of the azomethine with dilute mineral acid
effected hydrolysis to give-5-&mino~4~benzylamino-2-hydroxy—
pyrimidine°

4~chloro~6amethxlamino=Swp»nitgobenzilidenggpino;
pyrimidine. - SmAmino-4~chloro-6mmethy1amin0pyrimidiﬁe

(0.4 g.) was dissolved in hot ethanol (20 ml.). To the

hot solutlon wag added gsnitrobenzaldehyde (0. 44 g.) in

hot ethanol (10 m1.). The solution was heated on the
water<bath for 30 minutes and chilled. The product (0.6 g.)
wasg collected and the filtrate concentrated to give a

second crop (0.16 g.). Recrystallisation from ethyl
acetate (30 ml.) gave 4-chloro-6-pmethylemino-5-p-nitro-

benzilideneamlnqurlmldlne as red prisms, m.p. 198-200°.
(Found: C549.2; Hy3.05; N,24.3. czzﬁiockngcl require3°
C,49.4; H,3.44; N,24.1%).

Treatment of the azomethine with'mineral acid effected

immediate hydrolysis. Ultra-violet absorption spectrum
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in ethanol: Amex.; 207; 269; 386 mu. Emax.; 23,700;
22,600; 5,100. |

7:8-Dih1dro-?-hxdroxx-Samethzlc6:7?dighenzlgteridine.v
- 5—Amino—4-methylaminbpyrimidiﬁe (0.19 g.) was dis-
golved in boiling water (3'ml°) and benzil (0.24 g.)
in solution in n-propanol (3 ml.) added. Glacial
acetic acid (0.05 ml.) was added to the solution and
the whole refluxed for 2 hours. The produc%.(0524 g.)

separated out on cooling. Recrystallisation from

ethanol/%ater gave T:8-dihydro~T7-hydroxy-8-methyl=6:7-

~diphenylpteridine as colourless blades, m.p. 185-190°
(decomp.). (Found: C,72.323 H,4,52;‘H.18.0.
CyoH, gONy requires: C,72.11; H,5.09; N,17.7%).
The pseudo base is soluble in dilute mineral acid.
Ultra-violet absorption spectrum (a) -ethanol:
Amex.; €220; 348, mu. €max.; »25,000; 10,000.
(b) 4NHC1l: A\max.; €220; 266 mu. gmax¢;>20,000; 22,150,

5-Benzamido~-4-pethylaminopyrimidine. - To a sol-

ution of S-amino-4-methylaminopyrimidine (0.5 g.) in
boiling dry pyriﬂine.(4o7>m1°) was added benzoyl
chloride (0.565 g.; 1 equiv.) dropwise. The solution
wag vefluxed for 5 minutes and cooled. Sodium hydro-

gen carbonate (0.34 g.) and water (2 ml.) were added
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to the solution and the whole taken to drymess ;2.3§§gg
on the water-bath. Exfraction of fhé'residue with
‘boiling water (2 x 50 ml.) and cooling of the extracts
gave the product as colourless needles (0036 £.)s Re-
crystallisation from water (300 parts) gave 5-benzamido-
-4-pethylaminopyrinidine as colourless needles, m.p.
229-233°,  (Pound: C,63.0; H,5.0; N,24.7. C,,H, ,ON,

. requires: C,63.2; H,5.26; N,22.6%).

" 9-Methyl-8~phenylpurine. - 5-Benzamido-d-methyl-

aminopyrimidine (0.13 g.) was heated in a tegt-tube et
240° (bath) for 20 minutes. The melt was cooled, ex-
tracted with ethanol, the extract charcoaled and the
“solution evaporated to dryness. The reSidue-was'éub-
~ 1limed at 140%0.1 m.m. to give colourless crystalline

9-methyl-8-phenylpurine, m.p. 156-160°, (Pound:

C,68.8; Hyd.4; N,27.1. C;,H, N, requires: C,68.5;
Hg4o?6; N925°7%) o
Ultra-violet absorption spectirum in ethanol:

Amax.; 230; 282 mu. ,8max°; 14,2003 19,80_0.;

2:4:6-Trichlor0pyrimidig§_° - The pyrimidine was
‘synthesiged by chlorination of barbituric acid (2:4:6-

-trihydroxypyrimidine) according to the method of
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Baddiley and Topham®¢. The yield was'inéreaséd from
4675 %0 90% by the use of diethylaniline instead of
dimethylaniline.

2-Amino-4:6-dichloropyrimidine. - (a) Treatment
of 2:4:6-trichloropyrimidine with annonia ééeording to
the method of Buitiner®® gave a mixture of Zaamineuﬁzén
=~dichloropyrinidine and 4»amino«2:GndichlgrOPyrimidineo
Separation of the igomers was effected by soxhlet
extraction of the mixture with petrol (b.p. 60«80°)
followed by recrystallisation of the extracted solid
from ethanol to givet2mamino§4:éadiChloropyrimidineo

(v). 2=Amino~4=6=dihjdroxypyrimidine was chlorinated

according to the method of Langerman and Banks®:,

2mAMino=-4-chloro=-6-methylaninopyrinidined? . -

2-Aming=-436-dichloropyrimidine (3% g.) was heated with
alcoholic methylemine (15% w./v.; 12 ml.) in a sealed
tube at 100° for 3 hours. The mixture wasrtakeﬁ to
dryness in vacuo and exfracted with boiling water

- (40 ml,) from which the product (1.8 g.) crystallised
in needles, m.p. 162-164°.

2-Amino-4d-methylaninopyrimidine., = 2-Amino-4-

- =chlovo-6-methylaninopyrimidine (1.24 g.) was.dissleea

in hot water (100 ml.). To the solution was added
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freshly reduced palladium catalyst (0.6 g.; originaily
as 2.5%.PdC12 on charcoal) and magnesium 6xide (0.9.3;)0
The mixture was hydrogenated at room temperature éﬁd

. pressure and the required hydrogen uptaké was absorbed
in 12 hours. The mixture was hested, filtered, and the
regidue washed with acetcene, To the combined filtrates
was added scdium carbonate solution (2 N; 6 ml.) and
the mixture evaporated to dryness in vacuo on the water-
-bath. The regsidue was extracted with methyl isobutyl

ketone (3 x 50 ml.) from which 2-amino-4-methylsmino-

pyrimidine (0.94 g.) crystallised in colourless needles,

m.p. 161-163°, the pyrimidine sublimes at 120°/0,0005 m.m.
(Found: C,48,25; H,6.49; N,45.0. CyzHaN, requires:
C,48.4; H,6.45; N,45.2%) .

Mixed melt with starting material depresses 30°.
Ultra-violet absorption spectrum in'ethanolx }§maxo;

212; 238; 284 mu. £ max.; 21,000; 10,6003 7,000.

2-Amino-5-p-chlorobenzeneazo-4-methylaminopyrimid-

ine. - p-Chloroaniline (1.4 g.) was dissolved in dilute
hydrochloric acid (1 N; 28 ml.) and diezotised at 0° by
the slow addition of sodium nitrite (0.81 go)o The
diazo soiution was added to a suspension of 2-amino-4-

~methylaminopyrimidine (0.94 g.) in water (11 ml.) at 0%
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The mixture was allowed to stand for 5 minutes when
complete solution had taken place. To the solution
was added sodium czrbonate (3.5 g.) whereupén,coupiing
took place. . The mixture was allowed to stand for 2
hours. The product (2.25 g.)'wés filtered off,and_
dried in a vacuum desiccator.. Recrystallisation from

ethanol (30 paris) gave 2-amino-S5-p-chlorobenzeneazo-

~4~methylaminopyrimidine as deep red twisted needles,

m.p. 227-229°. (Founds C€,50.0; H,4.28; N,31.9,

Cy4Hy ;NgC1l requives: €,50.3; H,4.25 N,32.1%).

2:5-Diaminc-4-~-methylaninopyrinidine. - 2-Amino-

~5fE:phlorobenzeneazo-@»methylaminopyrimiding (3 g.) was
dissolved in hot methanol (100 ml.) and hydrogenated in
the usual way. The catalyst was removed and the crude
diamino solution used imméaiately for condensation, be-

coise the diaminopyrimidine was too unstable to isolate.

2:8~Q;gydro~2—lminoa6:T:S-trimeﬁhzlgteridineg -
To the above crude me%hanolic solution of 2:5-diamino-
~4-methylaminopyrimidine was added diacetyl (1.0 ml.).
The solution was refluxed for 30 minuteé and reduced
in vacuo to 5 ml. The solution was chilled and the

produét (0.5 g.) collected. Recrystallisation from

methanol (10 paris) gave 2:8-3ihydro-2-inino-6:7:8-
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(decomp.) pKa 5.6 Z0.1. (Found: C,56.8; H,5.42;

N,37.5. CpH,yN; requires: C,57.15; H,5.8; N,37.1%).
Ammdnia was liberatéd when the iminopteridine was

heated in a strong KOH solution.

2-Acetylanino-4-hydroxy-6:7~diphenylpteridine. -

To a suspension of 2-amino-4-hydroxy-6:7-diphenyl-
pteridine (0.05 g.) in acetic anhydride (2 ml.) was
added concentrated sulphuric acid (3 drops) and the
solution heated on the water-bath for 1 hour. The
solution was poured into water (15 ml.) and allowed
<o sfand for 2 hours when a white precipitéﬁe had
formed. The so0lid (0.037 g.) was collected, waghed
with sodium hydrogen carbonete solution, water, and
acetone, and dried at 80°. Recrystallisation from

aqueous ethahol gave 2-gcetylamino-4-hydroxy-6:7-

-ginhenylp%eridine as pale yellow blades,‘m,p° 235-238°,
(Found: C,67.1; H,4.1; §,19.7. CguoHy50,H; requires:
Cp6703; H’4o2; Nglgo?%)o'

2-Acetylimino-2:8-dinydro-6:7:8-trimethylpteridine.

-  2:8-Dihydro-2-imino-6:7:8-trimethylpteridine (0.10 g.)
was dissol#ed in acetic anhydride (3 ml.) and the sol-

ution heated on fhevwater~bath for 1 hour. The 80l-
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ution was poured inito water, alldwed to stand for-l
hour and ﬁeutralised with‘scdium hydrogen carbonate
golution. The suspension was exfraéted with'chioro-
form (3 x 50 ml.). The combined extracts were washed
with water (3 x 50 ml.), dried over anhydrous écdium

- sulphate and takendown to dryness jin vacuo.. The erye
stalline residue (0.07 g.) was dissolveé in methanol

(20 ml.), charecoaled, and recrystallised from methanoyf

ethyl acetate to give 2—acety1imino~2:8~dihiﬂro»6:?:8n

-trimethylpteridine as colourless needles, m.p. 165-170°.
(Found: §,30.7. GC,,H,sON; requires: N,30.3%).

Ultra-violet absorption gpectrum in ethanol:
Amax.; 2263 sh.250; 318; 364 mu. 8max,;, 25,5005 9,400;
7,150;'6,100°

2:4-Bigmethylamino-5-nitropyrimidine. - This

pyrimidine was synthesised in the same way as for 4:6-

=bigmethylamino-S-nitropyrimidine (see page 94 ).

5-Amino-2:4-bismethylaminopyrimidine. - 2:4-
»Bismethylaminomsanitropyfimidine was hydrogenated in

the usual way. S;Amino-2:4~Eisme%hylaminopyrimidine

was not isolable due %0 its instability and the filtrate

from the reduction was used directly for condensatlon.
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23:8-Dihydro-6:7:8-trimethyl-2-methyliminopter-

idine. - 2:4-Bismethylamino-5-nitropyrimidine (0.6 g.)
was reduced as above to give the S-aminopyrimidine, To
the filtrate was addedvdiadetyl (0.5 ml.). The sol-
ution was refluxed for 10 minutés and concentrated to

2 ml. in vacuo. The solution was chilled and the pro-
duct (0.4 g.) collected and recrystallised from methanol/

water (10:1; 10 parts) to give 2:8-4ihydro-6:7:8-tri-

methyl-2-methyliminopteridine as pale brown needles,

m.p. 197-198° (decomp.), pKa 6.1 iAooé. (Found:
C,58.9; H,6.2; N,34.3. Cy,H,sN; requires: G59,25
H,6.4; N,34.5%).

Methylamine was liberated when the methylimino-

pteridine was heated with strong KOH solution.

2:4-Dianilino~-5-nitropyrimidine. - 2:4-Dichloro-

~5-nitropyrimidine (0.5 g.) was dissolved in dry benzene
(10 ml.) and the solution added dropwise to a vigorously
stirred solution of oniline (4 ml.) in benzene (10 ml.).
The mixture was stirred for 30 minutés, the bright
yellow produet (1.3 g.) collected, ﬁashed with ethanol,
and dried. Recrystallisation from ethanol (200 parts)

gave 2:4vdianilin0»5=nit20pyrimidiﬁe as yellow needles

m.p. 198-202°. {(Found: €,63%.0; H,3,99; N;23.2.
Cy¢H; g0, Ny requiress C,62.6; H,4.25; N,22.8%),
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5=Aming--2:4-dianilinopyrimidine. = 2:4-Dianilino-
~S5-nitropyrimidine (0.3 g.) in ethanol (200 ml.) was

hydrogenated in the usual way. The 5-aminopyrimidine

was too unsgtable to isolate and the filﬁrate from the

reduction was used for condensation immediately.

6:7:8~Triphenyl-2-phenyliminopteridine. - To

the above solution of 5»&mino»2:4»dianilinopyrimidine
was added benzil (0.3 g+), acetic acid (6 dropé))ahd
water.(S mnl.). The solution was heated on the water-
~bath for 20 minutes and concentrated in vacuo to 10 mi.
The solution was chilled ovefnight and the product
(0025 g.)»whidh separated out was collected. Recry-

stallisation from ethanol (100 parts) gave 2:8-dihydro-

~6:7:8-friphenyl-2-phenyliminopteridine as pale green
plates, m.p. 225-227° (decomp.). | (Found: C,78.1;
H,4.9; N,15.3. C,oH, N; requires: C,78.1; H,4.8;
N,14.95%),

The phenyliminopteridiné gave a deep green colour

in concentrated sulphuric acid.

2:8-Dihgdfou6:7wdimeﬁhxl=8~2§enyl«QEEhenylimindw
pteridine. = t2:4mdiani1ino—5aniﬁ20pyrimidine (0.4 g.)
in ethanol (100 ml.) was reduced as above. To the

Piltrate was added acetic acid (3 drops) and diacetyl
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(0.3 ml.) and»the solution refluxed for 20 minutes,
concentrated in vacuo to 30 ml., and chilled. . The
product (0.15 g.) was collected and recrystallised from.

ethanol to give 2:8-dihydro-6:7-dimethyl-8-phenyl-2-

?phenyliminopteridine a8 pale pink needles, Mm.p. 241~
=242° (decomp.}. (Found: C,73.9; H,5.3; N,21.8,
CooH; 9Ny requires: C,73.4; H,5.2; N,21.45%),

The dimethyliminopteridine gave no colour in con-

centrated sulphuric acid.

2:4-Bisbenzylamino=5-nitropyrimidine, « 2:4-

~-Dichloro-5-nitropyrimidine (0.55 g.) was dissolved in
warn benzene (30 ml.). Benzylamine (2 ml.) was run in
slowlylto the stirred solution %o give an immediate
yellow precipitate. The mixture was stirred for a
further 20 minutes and the product (1.55 g.) collected.
Recrystallisation from ethanol (200 parits) gave 2:4-
-bisbenzylaminqms«nitrogxrimidine as pale yelléw plates,
m.p. 179-182°. (Found: C,64.46; H,4,33; N,21.0.

CyeHy 70, ¥; requiress C,64.5; H,5.07; ¥,20.9%).

S5-Amino=-2:4-bigbenzylaninopyrimidine. = 2:4-

«Biebenzylaman«Bwn1tr0pyrlm1d1ne (0. 3 €.) in ethanol
(100 ml.) was hydrogenated in the usual way. The 5-

. -gminopyrimidine could not be isolated due to instability
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and the filtered solution was used for condensation

immediately.

| B-Benle-a—benzzlimino-Q:8—dih1dro~6:7-dimethxl-
pteridine. - To the above solution of 5-amino-2:4-
~bisbenzylaminoPyrimidine,was added diacetyl (0.2 ml.)
and the solution heated for 20 minutes on the water-
-bath.. The volume of the solution was reduced in vacuo
to 5 ml. and the solution chilled., The nroduct (0.2 g.)
separated out and was collected. . Recrystallisation

from ethanol gave 8-benzyl-2-benzylimino-2:8-dihydro-

-6:7-dimethylpteridine as yellow needles, m.p. 181-18509
(decomp.). (Pound: C,74.8; H,5.75; N,19.8. C,.H,, Ny

requires: C,74.4; H,5.95; N919°7%)°

8~Benlea2mbenzylimino-2:SmdihydrOpteridine. -

2:4-Bigbenzylamino-5-nitropyrimidine (0.2 g.) in ethanol
(70 m1.) was reduced in the usual way. To the filtrate

" was added acetic acid (0.2 ml.), and polyglyoxal (0.04 g.:;
| in ethanol (20 ml.). The solution was refluxed for 10
minutes and a saturated solution of potassium hydrogen
carbonate (2 ml.) in water (70 ml.) added. Ethanol

(40 ml.) was distilled in vacuo from the solution, and
the cooled residual solution was extracted with chloro-

form (3 x 50 ml.). The combined chloroform extracts
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were washed with water (3 x 50 ml.), dried over an-
hydrous sodium sulphate and taken %o dryness in vacuo

to give 8~benzyl»2ubenzylimino-2éa-dihxdropteridine

as a non-crystalliseble light-brown solid. (Found:
Cg?loly?lolﬁ H94—079 4065 Ng20¢2o 039H17N5 o%’ﬂzo Yo .
quires: C,71l.4; H,5.36; N,20.85%),

2-Amino~4-cinloro-6-hydroxypyrimidine®s, - 2-

«Amino=4:6-dichloropyrimidine (10 g.) was refluxed for
4 hours with NaOH solution (1 N; 130 ml.). Thé solution
was cooled, acidified with acetic acid and the pre-

cipitated product (8.5 g.) collected, m.p. 260-262°,

2=Aming-4-hydroxy-6-methylaminopyrimidine. - 2-

-Amino-4-chloro-6-hydroxypyrimidine (8.5 g.) was heated
in e sealed %tube with ethanolic methylamine (33% w./W.;
25 ml.) at 120° for 4 hours. The solutiomn was”cooled

and the product collected, dissolved in hot, dilute Hdl
(1 N; 30 ml.), charaoaled, and precipitéted with sodium

hydrogen carbonate. Recrysfallisation from ethanol

(60 paris) gave 2»§Qigg?4ahzdrqu-69meﬁhﬁlaminopyr-
imidine (3.7 £.) as light-brown plates, m.p. 255-257°,
(Foﬁnd: C,43.07; H95°63N,39°6: CzHsON, requires:
C,42.85; H,5.75; N,40,0%).



2-Amino-4ehydroxy~6amethylaminousgnitggggf
pyrimidine. - 2-Aminoe4=hydroxya6=méthylam1n0=
pyrimidine (2.5 g,) was dissolved in;diluferBCl (3 H;
20 m1. + 25 ml. of water) at 0°. Sodiumfnitfite '
(2.0 g.) in water (25 ml.) was added Ho the solution
and.the‘wholg kept overnight at 0°.- The precipitated
product (2.3 &.) was collecied, a second crop was
obtained by neu%ralisation.of the mother liguors with
~8odium hydrogen carbonate and- concentration ijthe
solution. Reérysﬁallisation from wéter (160 parts)

gave 2-amino-=4{-hydroxy-6-methyleminoss-nitrogsopyr-

ggidine as red needles, mgp.}>300°o (Found: C€,;35.58;
H,4.1; H,41.1. CgzH,0,N; requires: C,35.5; F,4.17;
N,41.4%).

2:5=-Dianino=4=hydroxy-6-nethylaminopyrinidine. -

2-Amino-4-hydroxy=-6-methylemino-5-nitrosopyrimidine
(0.5 g.) was dissolved in hot NaOH solution (0.72 g
NaOHin 8 ml. waier). The solution was heated vo0
70~.80° on the water-bath and nitrogen bubbled through
vigorously. Sodium hydrosulphite (2 g.) was added
over 5 minutes whereupon the colour of the solution
changed from deep red to straw yellow. Heating uﬂdef
nitrbgen was continued for a further 20 minutes and

the solution was chilled. The pH was adjusted to
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9.5 with concentrated HC1l and the solution chilled

for 2 hours. The precipitated product (0.35 g.)

was collected. RecrystaliisationJOf 2:5-diamino=4~
~hydroxy-6-methylaminopyrimidine could not be effected
due to the instability of the compound, m.b. 204-210°
(decomp.). (Pound: €,38.03 H,6.09. CzHgaONg requires:
€,38,75; H,5.8%).

2:8-Dihydro-4-hydroxy-2-imino-6:7:8-trimethyl-

pteridine. - 2:5-Diamino-4-hydroxy-b-methylaminopyr-
imidine (0.3l g.))in acetic acid (3 ml.) and watér,
(20 ml.) was warmed under nitrogen to effect solution.
Diacetyl (0.16 g.) was added and the solution heated
at 60-70° for 30 minutes. The solution was chilled
and neutralised with potassium hydrogen carbonate
golution. The mixture was chilled overnight and

the bright yellow product (0.05 g.) collected, and
washed with water. Reerystallisation from ethanol
‘was effected, although the compound was unstable, to

give 2:8-dihydro=-4-hydroxy-2-imino-6:7:8~trimethyl-

pteridine as needles, decomp. above 120°. pKa values
5.85 £ 0.2, 8.9. (Pound: C,53.18; H,5.01; N,34.4.
CoH, , ON; requires: €,52.75; H,5.37; N,34.2%).

The hydroxyiminopteridine was slightly hydro-

gcopic.
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2: 8~D1hydr0=4~hydroxv»2o1m1n058~methvl~6 T~

-diphenylpteridine. - 23 5-D1aminoa4-hydroxy-6-methyl-

.aminOPYrimidine (0.3 g.) was dissolved in water (20 ml.)
and acetic acid (3 ml.). To the warm'solution was

.added benzil (0.42 g.) im ethanol (12 ml.) and the
solution refluxed for 8 hours during which a bright
yellow precipitaée was deposited° The product (0.040 g.)
was collected while the solution was still hot. Re-

crystallisation from N:N-dimethylformamide (7 ml.)

gave 2:8-dihydro-4-hydroxy-2-imino=-8-methyl-6:7-di=
phenylpteridine as yellow prisms, m.p. }300°.- (Pound:

C,66.0, 65.3; H,4.3,4.0: C;oH,50N; .H, O requires:
C,65.735 H,4.9%) - |

2«Amino-7:8«digydro=4=hydroxy=8—methzl—é:7=g;¢

phenylpteridine. - 2:5-Diamino-4-hydroxy=-6-methyl-
aminopyrimidine (0.25 g.) and benzoin (0.4 g.) were
dissolved together in ethanol (3 ml.) and acetic acid

(2 ml.). The solution was refluxed for 2 hours during
which a heavy yellow precipitate settled out. The
product (0 29 g.) was collected after chilling. the
mixture overnlghmo‘ Recrystallisatlon from N: N«dlmethyim

fofmamide_gave Z»ém1n0~7:8-&1hydro~4~hydgoxy=8—meﬁhy1~

-6:7-diphenyloteridine as yellow plates, m,p°;7500°
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(Pound: C,68.2; H,5.2; N,21.15. G, ,H,,0N, requires:
C,68.8; H,5.1; N,21.15%).

2-Amino-4uethoxy—ﬁ;mejgxlaminOpyrimiding. - 2~
»Amino-4=chloro-éwméthylaminopyrimidine (6.7 g.) was
heated with ethanolic sodium ethoxide (1,05 g. sodium
in 60 ml. dry ethanol) in an autoclave at 130° for 3
hours., The solution was evaporated %o dryness in

yacuo and the residue recrystallised from water (60 ml.)

to give 2—aminoa4=ethoky-6-methylaminogyriﬂidine ag
colourless prisms, m.p. 123-126°, eublimés 1409 O;OQOZm,mn
(Found: €,49.9; H,7.16; §,33.76. C,H,,ON, requires:
C,50.0; H,7.19; N,33.3%). |

2-Amino-5-p-chlorobenzeneazo-4-gthoxy-6-methyi-
aminoglrimidine, = 2-Amino-4-ethoxy-6-methylaminopyr-
imidine (0.6 g.) was dissolved in water (8 ml.). To
the solution at 0° was added a solution of diazotised p-
-chloroaniline (1.1 g.) in HC1 (1 §; 20 ml.). The
mixed solutions were kept at 0° for 5 minutes and sodium
‘carbonate (3.5 g.) added slowly. The product separated
oht and was collecied af%er stirring the mixture for 1
hour. Recrystallisation from aqueous acetone gave 2-

-anino~-5-p-chlorobengeneazo~-4~ethoxy-6-methylamino-

pyrimidine (0.8 g.; as orange needies, m.p. 169-172°,

(Pound: ©,50.9; Hy4.5; W,27.4. Cy5H 50NgC1l requires:
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€,50.9; H,4.95 N,27.4%8).

2:5-Diamino~4«ethoxy-6nmethylaminonyrimidine. -

2—Amino-s-gfehlorobenzeneazo-4-eﬁhoxysG-methylamino-
pyrimidine (0.6 g.) was dissolved in ethanol (50 ml.)

and hydrogenated in the usual way. The diaminopyrimidine

waé t00 unsiable to be isolated and the filtered sol-
ution of the dieminopyrimidine was used for condensation

imnediately.

4-Ethoxy~2:8-3ihydro-2-imino-6:7:8-trimethylpteridine.

- To the above filtered sdlution was added acetic acid
(2 drops) and diacetyl (0.3 ml.)° The sgsolution was vre-
fluxed for 20 ﬁinutes, concentrated in vacuo to 5 mi.,
cooled, and neutralised with satufated potassium hydrogen
cérbonate solution. The product was collected and re-
crystallised from aqueous ethanol (charcoal) to give

4-ethoxy-2:8-dihydro~2-ining-6:7:8-trimethylpteridine

as red needles, m.p., 178-180°. (Pound: C,56.7; H,6.28;

N,30.4. Cy1H, 50N, requires: C,56.6; H,6.45; N,30,1%).
The ethoxy pteridine could not be hydrolysed either

with acid or alkali to the corresponding hydroxy pter-

idine.

4~Chloro-8-meithyl=-T-pteridone. - 5-Amino-4-chloro-
~-6-methylaminopyrimidine (003 g.) and ethyl glyoxylase
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hemiacetal (0.4 ml.) were heated‘together in refl&xing
water (4 ml.) for 40 minutes and the solution cﬁilled
overnight. The crystalline product (0.22 g.) was |
collected and recrystallised from petrol to give 4-
-gchloro<-8-methyl-7~-pteridone as colourless needles,
m.p. 173-174°. (Found: C,43.48; H,2.59; N,28.3;
C1,18.04. C,H;ON,C1 requireszr C,42.8; H,2.54; H,28.5;
€1,18.05%).

4-Chloro-5:6:7:8~tetrahydro-7-hydroxy-8-methyl-

pteridine. -~ 4-Chloro-8-methyl-7-pteridone (0.5 g.)

was dissolved in dry ether (70 ml.) and lithium aluminium
hydride (0.25 g.) was added in solution in dry ether

(70 ml.). The mixture,was4ref1uxed with stirriﬁg for

24 hours and cooled. Water (4 ml.) was carefully added,
followed by the addition of dilute sulphuric acid (1 N3
50 ml.). The acid solution was extracted with ether.
This extract was taken to dryness in vacuo to give no
residue. The agueous layer was made alkaline with sod-
ium carbonate solution (2N; 38 ml.) and extracted with
chloroform (3x50ml). The combined chloroform extracts
were washed with water, dried over anhydrous sodium sul-
phate and taken to dryness in vacuo. The residue (0.34g.)

was dissolved in acetone (50 ml.) and filtered through
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a bed of alumina. The solution was concentrated ang

cooled to give 4-3h10ro-5:6£7:8~tetrahydro-7~hydroxy-8-

-methylpteridine as pale yellow blédes, m.p. 148-153°

(decomp.). (Found:‘ C,4lo73; H,4.65; N,27.75; C1,17.65.
C,HyON,C1 requires: €,41.8; H,4.48; NH,27.95; C1,17.73%) -
Ultra-violet absorption spectrum in ethanol: Amax.;

€220; 8h.294; 324 ma. € max.; »12,000; 6,900; 10,000.

8¢Méthyl-d.mmethylaminoa?»g%eridone. - (8) 4:6-
~Bismethy1aminb;5mnitrqpyrimidine (0.8 g.) in ethanol
(100 ml.) was hydrogenated in the usual way. Ethyl
glyoxylate hemiacetal (0.% ml.) was added to the filtrate
and the soluﬁion heéted for 15 minuteé on the waﬁér—
-bath, followed by concentration in vacuo to 5 ml.,

and chilling overnight. The product (0.4 g.) was
collected and recrystallised from ethanol!ﬁengene to

give 8-methyl-4-methylamino-7-pteridone as colourless

needles, m.p. 194-196° (decomp.), sublimes 120?/0001 Mm.M.
(Found: €,50.1; H,4.73; N,36.7. CgHyON; requires:
€,50.25; H,4.7; N,36.3%).

" (b). ~ 4-Chloro-8-nmethyl-7-pteridone (0.2 g.) was
heated in a sealed tube with ethanolic methylemine
(33%% w°/w°; 0.4 ml.) in ethanol (2 ml.) at 100° for &

hours. The mixture was taken to dryness in vacuo and
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the residual solid recrystallised from ethanol (25 ml.)
(Charcoal) %o give the methylamino pteridone (0.15 g.)
as feathery needles, m.p. and mixed m.p. with authentic

specimen, 194-196° (deconp.).

B-Methyl—2~methxlamino~7~p3eridone.2; 2:4-Bis-

methylamino-5-nitropyrimidine (0.5 g.) was reduced in
the usual way and condensed with ethyl giyoxylate
hemiacetal as above to give, on recrystallisation from

ethanol, 8-methyl-2-methylamino-7-pteridone (0.26 g.)

m.p. 196-200° (decomp.). (Found: C,50.9; H,4.9;
N,36.5%). | o

The 2-methylamino pteridone was unstable to lengthy
boiling in ethanol.

2-Amino-8-methyl-7~pteridone. = 2-Amino-5-p-

~chlorobenzeneazo-4-methylaminopyrimidine (1.0 g.) was
reduced in the usual way. To the filirate was.added
ethyl glyoxylate hemiacetal (0.3 ml.) and the solution
refluxed for 20 minutes. The golution was concentrated -
o 15 ml. and chilled. The product (0.3l g.) was de-

positéd and collected. Recerystallisation from ethanol

gave Z—aminoosumethyI»V-pﬁeridone as pale brown crystals,
mapo 2‘9029400 (Fo‘.lnd: 0947o9; H!'3°?3 N,3905° GVHTONSS
requires: C,47.5; H,3.96; ¥,39.6%).
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ZuAnilino—Bmphenylo?mpteridone._» 2:4-Dianilino-

=5-nitropyrimidine (0.3 g.) was reduced in the usual
way and condensed with ethyl glyoxylate hemiacetal as
above. Recrystallisation of the product (0.2 g.) from

ethanol gave 2-gnilino-8-phenyl-7-pteridone as red

prisms, m.p. 197-200°., (Pound: C,69.13; H,4.36;
N,22.74, CygH,;,0N; requires: ,68.9; H,3.8; N,22,3%).

2-Amino~-4-hydroxy-8-methyl-T7-pteridone, = 2-

-Amino—4~hydroxym6=methylamino-5~nitfoSOpyrimidine

(0.4 g.) was suspended in ethanol (70 ml.) aﬁd hydro-
genated in the usual way. The mixture was boiled under
nitrogen and the catalyst filtered off. To thé filtrate
was added ethyl glyoxylate hemiacetal (0.4 ml;) and the
solution heétbd on the water-bath Ffor 10 minuﬁésc Hot®
water (1L ml.) was added/éné the soluéion~heateé for a
further 10 minutes. - The soliubtion was filtered through
keiselguhr, concentrated gg_zgggg t0 10 ml., and chilled
overnignt. VThe product (0.16 g.) was collected end re-
crystalliéed‘from ethanol (60 parts) to give 2-amino-
~4-hydroxy-8-methyl-7-nteridone as lustrous yellow
plates, m.p. 239~240° (decomp.). (Found: C,43.7; H,4.5:
C,H,0,N; requires: C,43.52; H,3.65%).
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