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HISTORICAL



Naturally Occurring Pteridines.

Pteridines were first isolated from natural sources, 
such as the wings of lepidoptera, by Hopkins1 92 93 in the 
1890*s. Synthetic compounds having the pteridine nucleus 
were synthesised first about the same time by Kuhling4 »
The relationship was not recognised until 1940s 96 when 
Wieland and his collaborators7 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 pteridines have 
been isolated from a wide variety of natural sources859* 
Among the most important of these are the pteridines which 
constitute the folic acid series*

The Folic Acid Series *

(a) Chemical Nature; The members of the group of bio
logically active compounds called the Folic acids are 
very similar chemically* All contain the 2-amino and
4-hydroxy groups common to naturally occurring pteridines 
and all contain a p-aminobenzoic acid residue. Each 
compound provides the minimal requirement for growth* 
within the group, for one or another organism which con
verts its particular active member of the group to the co~



the co-enzyme form, co-enzyme F, is unknown. Leu- 
covorin appears to he closest to it chemically, for 
leucovorin is a growth factor for Leuconost 1c citrovorum, 
for which the other folic acids are either not active 
or much less so, while leucovorin is as active as the 
other forms of folic acid for the less exacting organisms.

The first of the group to be characterised chemically
was pteroylglutaaic acid which was shown to have the full 
biological activity of a factor, occurring naturally, 
for the growth of Lactobacillus easel10 0

The relationship between the various members of the 
group is not yet clear. It is established that none 
lie on the normal metabolic pathway to the co-enzyme 
form1-1918. Present evidence shows that all the bio
logical functions of jo-aminobenzoic acid are exerted 
through the ultimate co-enzyme form of the folic- acids, 
each of which contains a jo-aminobenzoic■acid residue. 
Co-enzyme F may have slightly different forms3,s 914 
and conjecture has given rise to a largely hypothetical 
metabolic pathway from j>~aminobenzoic acid to co-enzyme 
F. There are obviously a number of steps between 
pteroylglutamic acid and the co-enzyme (Scheme 1).
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Scheme 1.

X and Y represent pteroylglutamic acid and ieucovorin 
respectively as they exist in the cell. X is formed 
through utilisation of pteroylglutamic acid by some 
organisms and through biosynthesis from j>~aminobenzoie 
acid by others (pathway a). The latter route is blocker 
competitively by sulphonamides. Y is formed by util
isation of leucovorin or metabolically from Xi6e Y may 
be a reduced, and or, formylated derivative of X or j>~ 
-aminobenzoic may combine with a precursor of the pter
idine moiety, perhaps a triaainopyrimidine, before ring 
closure occurs.

Forrest and Walker1 ̂ postulate the condensation of 
reductone (VI) with p^aminobenzoylglutamie acid to give 
(VII) which then condenses with triamino-4-hydroxypyr~ 
imidine, a substance not yet demonstrated in nature.
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Tschesche and hig co-workers1® consider that 2-amino- 
-4:7-dihydroxypteridine-6-aldehyde condenses with j>- 
-aminobenzoylglutamic acid (this compound has no growth 
promoting properties for micro-organisms) and that the 
product is reduced to pteroylglutamic 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.

V/oolley believes that pterithiamine (VIII) is acted 
upon by thiaminase in the presence of j>-amino benzoyl-
glutamic acid to give pteroylglutamic acid e Pterithi-
amine is not known to occur in nature1®*

HOCHi- CHZ

^  JL
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X and Y may contain some other chemical residue., 
possibly a pentose or pentose phosphate on 20 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 $8 , described 
later in this thesis are of some interest„ Greenberg3" 
has shown that yeast extract contains a compound active 
in the ring closure of 5-amino-4~iiaidazolecarboxamide 
ribotide to ino3ine. The active compound, not yet 
isolated, may be made by incubation of leucovorin, or 
formate and tetrahydropterojuLglutamic acid, with aden
osine triphosphate and certain enzymes* Greenbexjg 
suggests that this compound is co-enzyme P» This 
co-enzyme F may contain an adenosine triphosphate residu
or a portion of this molecule, or adenosine triphosphate 
may function merely as a source of phosphate and/or 
energy.
(b) Metabolic Functions? Folic acid is an absolute 
requirement for the growth of micro-organisms» These 
organisms which do not require, an exogenous source 
synthesise folic acid from n-aminobenzoic acid*

The ability of various chemically unrelated compound 
purines, thymine, some amino acids, vitamin Bi2s to 
sustain growth in a medium deficient -in fol.ic acid



suggests that folic acid is concerned at some stage 
in the biosynthesis of these compounds22 » It is now 
established that the function of folic acid is.in the 
transfer of one carbon residues The extent of folic 
acid implication in metabolism is summarised below 
(Scheme 2)«,

co-enzyme Folic acid<^=— =£-aminobenzoic acid.
 ̂ Thymine desoxyriboside
I,  >. Purine (desoxyriboside or ribotide)

methionine 
serine 
lysine 
threonine 
histidine 
leucine

->= vitamin B 12.

Scheme 2 .

v* amino acids

The role of folic acid in purine metabolism was



aeid23 • £his carboxamide requires only one carbon 
atom to complete ring closure to a purine«> Leucovoris 
is active in the ring closure of 5-amino«4*“imidazole- 
carboxamide ribotide 5*~phosphate (IX) to inosinic 
acid (X)25 o

H|1 C O x ^ ^ X  Cw M k FJl > + I
£kjCO ô  O^0H/

C b H bO^IX Cs-HgOfe
HaPfe UiPOi

It is probable that folic acid is concerned in the 
provision of the other ureido carbon in the purine 
skeleton for both have a common origin* in formate, the 
methylene carbon of glycine or the S-earbon of serine25* 
Further, in folic acid deficient rats incorporation of 
qi« formate into liver purines is reduced in both 
positionso Separate enzymes may be responsible for 
ring closure at the two positions with co-enzyme F a 
co-enzyme for bothv

Pyrimidines have a similar ureido carbon atom to 
that of purines, there is, however, no evidence that 
folic acid has a role in ring closure of pyrimidines«
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Studies with folie acid antagonists have shown 
that at the histological level the principal role 
of folic acid is in cell division. Folic acid 
antagonists prevent the cells of a leukaemic hone 
marrow from completing mitosis80 * and produce 
stunting of the chick embryo30.
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lo Bisdihydropurinyls .

The condensation of glyoxal with 5-amino-2-hydroxy~ 
-4~methylaminopyriinidine (XI? R = OH 3 Rs = H) did not
give the expected product 8-methyl-2~pteridone (XII)s
hut gave a pale yellow insoluble compound in good yield 0
The properties of this compound were markedly different
from those of N~alkyl pteridones3V  It was insoluble
in all organic solvents and decomposed without melting
at a high temperature. It was soluble in acid and
alkali and could be precipitated unchanged from either
by neutralisationo Pteridones, on the other hand, are
usually soluble in organic solvents, melt below 200°
and are degraded by alkali30 * Elementary analysis
of the insoluble compound permitted the empirical formula.
C6H70N4 . Insolubility prevented determination of the
molecular weight. Solubility in alkali indicated the
continued existence of the pyrimidine hydroxyl group
as such. Attempts to methylate this group, in order
to increase solubility, were made and the following
reagents were tried without success; diazomethane*5
dimethyl sulphate and alkali? methyl iodide and potassium
carbonate„
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c h5 CH$
XI XII

Analogous compounds were synthesised by the 
condensation of glyoxal with 5~amino-4-methylamino- 
pyrimidine (XI; R = R* = H), 5-amino-4s6-bismethylamino 
pyrimidine (XI; R = H, R* = RHCH3), or 5-amino-4-ehiorQ 
-6-methylaininopyrimidine (XI; R = H, R? =  Cl) • She 
chloro compound was sufficiently soluble in camphor to 
permit of determination of the molecular weight by a 
modified l&st procedure. The molecular weight in
dicated that two pyrimidine nuclei had combined with 
one glyoxal molecule.

Two possible structures (XIII; and XIV; R2 -■ NHCIIS ) 
satisfied these requirements. The known lability of 
azomethines to acid and the stability of the compounds 
under investigation to acid, militated against for
mulation (XIV), but further evidence, upon which to 
base a conclusion? was required. Accordingly, several 
authentic azomethines were synthesised by the conden
sation of glyoxal with 5-amino~2s4~bisdimethylamino-
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pyrimidine to give the bright red azomethine (XIV5 
R ~ R1 = II(GII3 )2 9 R2 = H), with 4-amino-2s6~dihyclroxy-“ 
pyrimidine (XV; R = H) to give the colourless azomethin 
(XVI1 R = H), and with 6-aBiino-l:2s35 4-tetrahydro-ls3“- 
■~dimethyl~2:4-dioxopyriiaidine (XV; R = CHS ) to give 
the colourless azomethine (XVI; R = GH3).

XV
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All three authentic azomethines were acid labile c. 
remersion to the parent pyrimidine taking place on 
treatment with dilute acid. The ultra-violet ab
sorption spectra of the three azomethines bore no 
resemblance to those of their parent pyrimidines (Fig.2 
This is to be expected, since the conjugation between 
the two pyrimidine nuclei provided by the glyoxylidene 
moiety furnishes a new light absorbing system, The 
ultra-violet absorption spectrum of each insoluble 
compound, on the other hand, was very similar to the 
spectrum of its parent pyrimidine (Table I? Fig. I)*
Fig. 1. Absorption spectra Fig.2. Absorption apectx'~i~-111 TTitr m i  # ♦  mmt— csilOmK&ao m ** _ **in ethanol. in ethanol.

250 300 350 250 300 350 400 460
Wave 1 eng th (mu) Wavelength( mu)

A, Bis-(6-Chloro-8’9 - 
-dihydro-9-methyl- purin »8 ~yl).

A ,61yoxylidenebis-(5-amino-2: 
-bisdimethylaminopyrimidine

B, 5-Amino-6 ~chloro-4- 
-me thylaminopyrim - 
idine.

B 95 -Amino-2:4-bisdime thyl- 
aminopyrimidine.



Each insoluble compound showed an increase in the 
'wavelengths of absorption in comparison with those of 
its parent pyrimidine, and also showed an increase in 
the intensities of absorption by a factor of two, both 
effects being attributable to the greater molecular 
weight of the insoluble compounds• ( Lister and Raiaage35 
investigated the synthesis and properties of some 5 ;6 ;7 ’B~ 
-tetrahydropteridineso They observed that the ultra
-violet absorption spectra of these tetrahydropteridines 
closely resembled those of the corresponding 4 :5“di- 
aminopyrimidines« The spectra of the pteridines showed 
a slight bathochromic shift due to increased molecular 
weight oj. There was therefore no conjugation between 
the pyrimidine moieties in the insoluble compounds and 
the azomethine formulation (XIV) was discarded. The 
original insoluble compound is consequently formulated 
as bis-(8:9-dihydro-2-hydroxy~9-mefhylpurin~8-yl) (XIII5 
R = OH, R1 = H) and the analogous compounds are for
mulated similarly (XIII$ R - R1 = H.XIII5 R = H, R1 =
MHCHS.XIII5 R = H, R1 = Cl).

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

Absorption spectra (in water)

Compoundo
5-Amino-2-hydroxy-4 -me t hy1am in o pyr irn i dine
Bis~(8 s9~ciihydr0-2~
-hyd roxy-9-m e t hy 1 pur in- 
-8-yl)
5-Amino-4-me thylamino- 
pyrimidine
Bis-(8 s 9-“dihydro-9- -methylpurin-8-yl)
5-Amino-4 s 6-Memethyl- 
aminopyrimidine
Bis~(8 s9-dihydro~9- -methyl~6-methylazaino- 
purin-8-yl)
Azomethine (XXII)

4-Amino-2s 6-dihydroxy- 
pyrimidine
Glyoxylidenebis-( 4--amino-2 s 6-dihydroxy- 
pyrimidine)
6-Amino-1 s 2:3 % 4-tetra- 
hydro-1 s 3~dimetliyl“*2 s 4 
-di oxopyrimidine
G3.yoxyl id eneb 1 s - (6- 
-amino-1 s 2 r/3 % 4-tetra~ 
hydro-1% 3-dimethyI-2% 4 
-dioxopyrimidine)

rnax(mu)
222j294 8,850? 5*280
2335 330 20,150511,000

205}288 1453005 8,700

2095 305 29 9 500 515-p 300

224 5 286a 25,100 510 ,,250

2275 292 4 6 ,400 •, 21,400

< 2 2 0;2 3 0; >17,300 517,340
258*,410 15,340; 33,340
220;266 1/600 5 3,580

2225245; 15,590512,160;
274 12,800

<2205266 > 2 S890;20,950 J

<22052405 >16,100513,980; J
274 18,980



case of the two tetraoxo azomethines. That this is so 
in the case of the tetrahydroxy azomethine (XVI? R ~ U) 
io illustrated by the close resemblance in-ultra-violet 
absorption spectrum of the tetrahydroxy azomethine 
(XVI; R = Ii) and of its It3?!'•3*-tetramethyl homologue 
(XVI; R = CH5 ) (Table 1).

In attempts to synthesise authentic azomethines it 
was observed that neither 5-aminopyrimidine nor 5~amino~ 
-4:6-dichloropyrimidine react with glyoxal under con
ditions similar to those producing bisdihydropurinyls. 
This is in agreement with the results of Whittaker34 
who condensed j>-nitrobenzaidehyde with ■ 5-aminopyrimidine 
only under drastic conditions. The ready condensation 
of jD-nitrobenzaldehyde with 5“amino-4-ehlorQ~6-ra8thyl~ 
aminopyrimidine to give an azomethine indicates that 
the presence of at least one electron releasing groupg 
in addition to the 5-amino group9 is essential for such 
reactions.

Attempts were made to synthesise a bisdihydropuriny 
by another route. Oxalyl chloride was to be reacted 
with 4s6-bi3methylamino-5~niiropyrimidine to give the 
amide (XVII) which on reduction of the nitro group and 
cyclisation 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 Raney 
nickel or platinum catalyst gave 5~amino~4s 6-bi sine thy 
aminopyrimidine. A compound with similar properties 
and presumably with similar structure was obtained by 
reaction of oxalyl chloride with 2s4-bisdimethylamino~ 
-5-nitropyrimidine. The quaternary salt structures 
(XVIII; R = H, R1 = R2 = NHCH3 . and XVIII; R =■ R1 =
= H(CH3 )g , R2 a H) are accordingly proposed for these 
compounds, although in the case of the 2s4-bisdimethyl- 
amino-5-nitropyriinidine product the possibility of 
quaternisation on in the pyrimidine ring or on an 
exocyelic nitrogen atom cannot be excluded. The case 
for quaternisation on 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 amidines.
As in all amidines cation formation occurs by proton 
addition to the doubly bonded nitrogen atom, that io,
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to the ring nitrogen atom in an aminopyrimidine* for 
2- and 4-aminopyrimidines are known to exist in the 
amino form8 5 6,37 .

rjncH^

XVII

XVIII

A further attempt was made to synthesise a his- 
dihydropurinyl by formation of the diamide (XIX) of 
oxalic acid and 5-amino-4s6-dichloropyrimidine by reaction 
of oxalyl chloride with this pyrimidine« Treatment of 
the diamide (XIX) with methylamine did not give the 
expected bismethylamino diamide (XX)o Substitution of 
one chioro group per pyrimidine nucleus by methylamino 
took place but was followed by ammonolysis of the amide 
to give 5~amino-4~chlorO“-6^methylarainopyrimidine (XXI) „ 
That the reaction to the methylaminopyrimidine (XXI)
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proceeds through the methylamino amide (XX) was shown 
when methylamine did not react with 5-amino-4 s 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 un
saturated group at position 5 in the pyrimidine ring* 
due to the amide existing in the iraidol form38939.

XIX

XXI

Purrmann40 has reported the only previously known 
case of a diketone condensing with two moles of pyr
imidine, He condensed chloral with 2:4s5-triamino-6- 
-hydroxypyrimidine to give a compound CA0H12OsH10, of 
unknown structure. This reaction was further in
vestigated by Wood68 ? who assigned an azomethine structure



(XXII) to the compound on grounds of spectroscopic- 
comparison with the azomethine (XIY5 R ■= R1 = NCCH^g 
R2 = H), and converted the azomethine (XXII) to xan
thopterin (XXIII) by treatment with acido

XXIII



- 21

2, 2-Pteridones„

The condensation of glyoxal with 5-amino-2-hydroxy- 
-4-methylaminopyrimidine (XI; R = 0H? R1 ■ = H) has been 
shown to give rise to bisdihydropurinyls; the reaction 
of c-diketones with this pyrimidine was next investigated., 
Condensation of benzil with 5“amino-2~hydroxy-4~meth3fl- 
aminopyrimidine (XI; R = OH, R1 = H) gave 8-methyl~6;7- 
“•diphenyl-2-pteridone (XXIV; R = Ph) and with diacetyl 
this pyrimidine gave the corresponding trimethyl-2- 
-pteridone (XXIV; R = CH3 ). The last named compound 
has also been prepared by Brown and Mason41 , who in
vestigated the synthesis of all the possible monomethyl 
derivatives of the four monohydroxy pteridines. The 
author of this thesis here wishes to thank Dr* D. J.
Brown for providing a copy of his paper in advance of 
publication. The paper was received subsequent to 
the work hereinunder reported and the conclusions of 
brown and Mason are summarised later in this section.

The 2-pteridones (XXIV; R = Ph. XXIV; R = GH5) are 
soluble in organic solvents9 have melting'points, and 
their absorption spectra are quite distinct from those 
of the biedihydropurinyls. These 2-pteridones, however, 
exhibited peculiar physical and chemical properties
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which placed their formulation as the pteridones 
(XXIV5 K = Ph, XXIV} R = CHS ) in doubt. Both com- 
pounds have a strong affinity for 1 mole of water7 
which* in the case of the trimethyl pteridone (XXIVs 
R = CHg ) can be driven off by heating under vacuum. 
Hydration re-occurs when this compound is exposed to 
the atmosphere* In the case of the diphenyl analogue 
(XXIVs R = Ph) the mole of water cannot be removed,
Both compounds are readily soluble in alkali and not 
at all in water. This property indicates the exist
ence within the molecule of an acidic or phenolic group 
The 8~alkyl~2-pteridones also show remarkable stability 
to alkali| relative to other I?-alkyi pteridones. The 
diphenyl analogue (XX.IV? R = Ph) ? when refluxed with 
5 N-alkali f or 6g- hours degrades to the extent of only 
frds. by weight. Is 3-Bimethyl-2s4-pteridioneson the 
other hand9 hydrolyses to a pyrazine derivative on re- 
fluxing with 1 II-K a OH solution for 1 minute48 . Both 
acid and alkaline degradation of the diphenyl pteridone 
(XXIV5 R ~ Ph) have been investigated and a feasible 
route to the degradation products postulated.
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XXIV XXV

Alkaline solubility of* and retention of 1 mole 
of water by the 8-methyl-2-pteridones (XXIV; R = Ph*
XXIV; R = CH3 ) is most readily explained on the basis 
of the 2s 7-dihydroxy compound (XXV)? which may arise 
by incomplete condensation; this is equivalent to 
hydration of the pteridone. Brown and Mason favour 
this theory. They suggest that in the case of 2- and
6-hydroxypteridine and their N-Me derivatives the strongly 
bound molecule of water is actually constituted in the 
molecule by addition across the 3s4 and double 
bonds a3 in XXVI and XXVIII respectively and in 6s?$8» 
-trimethyl-2-pteridone (XXIV; R = GHS) the water is 
regarded as adding a hydrogen atom at the 2-oxo function 
and a hydroxyl group at C7 as in (XXV; R = CH3 ).

The evidence led for this theory by Brown and 
Mason is that of spectral comparison of the pteridines 
with selected models• In all cases but that of
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OH

OH O H
XXVI XXVII

HO N

XXVIII XXIX

6s758~trim9thyl~2~pteridone (XXIV; R = CH3 ) this 
evidence is consistent and commanding. Further, 2- 
-hydroxypteridine, postulated with one mole of water 
as (XXVI) was oxidised to 2s4~dihydroxypteridine (XXVII). 
Wo such oxidation could be carried out on 6-s7s8-triiaethyl« 
~2-pteridone where the hydroxyl function at C? would be 
tertiary (as in XXV). The spectrum of the 2-pteridone 
(XXIV; R = CHg), however9 more closely resembles that of 
W-methyl-*7-quinolone (XXIX) than that of any other model 
proposed by these authors. Solubility in alkali of the 
2-pteridone (XXIV; R = CHS) is advanced by Brown and 
Mason as indicative of the presence of a 2-hydroxyl



group and consequently of a mole of water constituted 
in the intact molecule, hut this solubility can equally 
well be explained by partial hydrolysis of the 2- 
-pteridone (XXIV; R = CH5) by attack of hydroxyl at 
C7 to give the anion of (XXV) (see page 32 )• . They 
also found that the mole of water in the 2—pteridone 
(XXIV; R = CHS) can be replaced by ethanol on re cry
stallisation from that solvent. While water may 
hydrate across a double bond by ionisation, if is 'un
likely that ethanol will.

Critical consideration of their evidence thus 
favours the transannular structure (XXIV; R = CHg) 
for 6:7:8-trimethyl-2-pteridone and thi3 is supported 
by the following additional information 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 amide region at I639 cm. % .
No absorption band due to hydroxyl was observed, but 
this could be due to strong hydrogen bonding.

(b) Ultra-violet. - (I) Synthesis of the 7
-dihydro analogue (XXX) of the diphenyl pteridone 
(XXIV; R •- Ph) by condensation of benzoin with 5-amino-



™2~hydroxy~4-methylaminopyrimidine permitted a spectra- 
graphic comparison between them to be made* The 7:8- 
-dihydropteridine (XXX) exists in the solid state with 
|r mole of water and no sinister construction can be 
placed upon the presence of water in this case* The 
absorption spectrum of the 2-pteridone (XXIV5 R = Fh) 
i3 similar in wavelength of absorption to that of the 
7s8~dihydropteridine (XXX) but the intensity of absor
ption of the pteridone (XXIV$ R = Ph) is almost double 
that of the dihydropteridine (XXX). A similar cor
relation was observed between 2 ;8-dihydro-=*4-hydroxy~2- 
-imino-8~methyl-6:7~diphenylpteridine (XGIs A trans- 
annular form) and 2-amino-7:8-dihydro-4-hydroxy~8-methy 
-6;7-diphenylpteridine (XCIIs A 1%8-dihydro form) (see 
Table 2).

w  ^0H

XXX XXXI



(2) 8-Benzyl-6:7-dimethyl-2-pteridone (LXVIII5 
R = 0, R1 = CH3 , R2 = CHsPh), investigated in another 
context (page 5 0 ) 9 analyses anhydrous* is not hygro
scopic , and has absorption spectra both in ethanol and 
alkali closely resembling those of the other 2-pteridones
(XXIV; R = CH5 . XXIV; R = Ph) (see Table 2).

(3) 2 s 8-Dihydro-6;7:8-trimethyl-2~methylimino~
pteridine (XXXI; R = CHS ) (page51') is anhydrous in the 
solid state. It has an ultra-violet absorption spectrum 
in ethanol closely resembling those of the 8-alkyl-2«~ 
-pteridones. The spectrum is not changed when the 
compound is examined in solution in dioxan when the 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 = CH3 o XXIV; R = Ph) and of the 2-imino compound
(XXXI5 R = H), may be taken as a function of the trans-
annular bond system (as in XXIV; XXXI) (Table 2).

2_<> Synthetic evidence:- The synthesis of 8- 
-substituted 2-oxo (or imino) pteridines almost certainly 
goes via a pseudo-base intermediate (XXXII)* This route 
is exemplified in the synthesis of the pseudo-base
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Sable 2 .

Compound Xmax,(mu) e

8-Methyl-6: 7-diphenyl- 240;316 23j200}15#600 1-2-pteridone 2345 331 22,400512,400 2
6;7 s8-trimeihyl~2~ 2395 327 21,900517,800 4-pteridone 2405344 17,000-,15,500 2

7:8-dihydro-2~hydroxy- 242 5 315 13,5005 8,500 .f.-8-methyl-6 s 7-diphenyl- 
pteridine 2345327 17,2005 9,500 2

2s8~dihydro-6:7s8-tri~ <22052485 >17,000523,0005 1
me thy l«*2-me thy 1 im ino- 
pteridine

352 17,400
<220?247| 
354

>17,000521,2005
17,300

8-Benzyl-6s7-dimethyl- <2205248; >9,000520,6005 1
~2°>pteridone 328 18,200

<22052345
334-344

>18,000518,1005
14,700

r,d

218-dihydr o-4~hydroxy- 
-2-imino-8~methyl~617- 
-diphenylpteridine

2705382? 22,200513,900 r\rZ

2-Amino-7;8-dihydro-4- -hydroxy-8-methyl-617- 
-diphenylpteridine

2605 398 9,7005 6,700 2

2 % 8-dihydro~2-imino- 
-6 s 7 s 8-trime thyl- 
pteridine

2385 340 18,900512,200 4

1 - Ethanol* 2 = b/ iO UaOH. 3 - dry dioxan* 4 13 water



(XXXII; R =s Ph, R2 =r CH3 , R2 = H) by the condensation 
of benzil with 5-amino-4~methylaminopyrimidine (XI;
R - R1 - H)0 This pseudo-base is only synthesised 
in solutions containing hydrogen ion and then in only 
small yield«, In conditions similar to those giving 
the 2-pteridones in good yield no•pseudo-base (XXXIX;
R = Ph9 R1 = GH3 p R2 = H) is formed*. These observations 
indicate that in the 2-pteridone syntheses the conden
sation is not simply 'one of pseudo-base formation to 
give a 2-hydroxy pteridine (XXXII; R = Ph or CHg5 R2 ^ OH 
R2 = OH) and that further reaction, probably to the 2- 
-pteridone (XXIV; R = Ph or CHS) takes place•

The condensation of 2s4s5-triaminodiphenylamina
(XXXIII) with benzil in acid solution gives almost ex
clusively the quaternary salt (XXXIV) and only a little 
of the fully aromatic quinoxaline (XXXV)» The stability 
of the cation (XXXIV) would thus appear to be greater

R
XXXII



than that of the cation of (XXXV)50^,C The

seat of the positive charge in the quaternary salt
(XXXIV) la almost certainly on an exocyclic nitrogen 
atom (XXXIVb), for amino groups kept in theimino form 
by alkylation of a ring nitrogen atom are stronger 
bases than a heterocyclic N atom35. The stability 
of the transannular bond system in H-alkylated quin- 
oxalines such as (XXXIVb) thus appears to be greater 
than that of the fully aromatic system. By analog:/ 
therefore the stability of Na~alkylated~2“iraino (or 
oxo) pteridines such as (XXIV.XXXI) should compare 
favourably in stability with that of fully aromatic 
pteridines.

PA— CO ytj

Ph CO
HN

Ph a
PhXXXIII XXXIVa

a

XXXV XXXIVb



The pseudo-base (XXXVI) is soluble in dilute acid 
and is regenerated from its cation (XXXVII) by neutral
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 substantiated48 . 
The cation (XXXVII) is formed by hydrogen ion attach
ment on of the pseudo-base (XXXVI) followed by eli
mination of water.

XXXVI XXXVII

2. Alkaline solubility;- The structure of the 
8-substituted 2-pteridones being accepted 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 regenerates the 
pteridone (XXIV5 R = Ph), (b) no definite absorption 
band for a carbonyl group is given in the infra-red ab
sorption spectrum of the sodium salt of the diphenyl



2-pteridone (XXIV; R = Ph), (c) further degradation 
of the anion (XXXVIII) with alkali would be easy, this 
has been shown not to be so (see page 35).

(ii) A structure in which a proton is eliminated, 
only one anion of thi3 type is possible (XXXIX).
Further degradation of this anion (XXXIX) to benzil 
and 5-amino-2~hydroxy~4-methylaininopyrimidine cannot 
be readily explained and this structure is also elim
inated.

(iii) An anion formed by the addition of a hydroxyl 
group to the diphenyl pteridone (XXIV; R = Ph). This 
structure (XL) is the only feasible one and is presum
ably formed by attack of hydroxyl ion at C?{ a centre 
rendered susceptible to nucleophilic attack due to in
duction of electrons by Lb and by the aromatic ring on 
C7 . Tautomerisin then occurs changing the seat of the 
negative charge to the oxo function on C2 to give the 
anion (XL).

Reactions of 8-Methyl-6g7-dii)henyl~2~T)teridone 
with acid and alkali.

The peculiar stability to hydrolysis by alkali of 
the 8~meihyl-2~pteridones9 already referred to, led to 
an investigation of the degradation of the diphenyl



pter-idoiie (XX17 5 R = Ph). Moat H-alkylated pteridones 
so far- degraded*2 have been alkylated on the ring 
nitrogen atom adjacent to the carbon atom carrying the 
oxo functions that ±3* an N-methyi cyclic amide like 
(XU.) and fission of the amide linkage has usually 
occurred44. In the case of the Na-methyl 2~pteridonear 
however, no such amide linkage exists and the products 
of degradation were not predictable with certainty.
Both acid and alkaline hydrolysis were found to degrade 
8-methyl-~6s?-diphenyl-2-pteridone (XXIV$ R ~ Ph) to 
benzil and 5~amino~2-hydroxy-4~methylaminopyrimidine=
The stability of the pteridone (XXIVj R = Ph) to 
alkaline hydrolysis is ascribed to the formation of the



anion (XL), the negative charge of which makes the 
approach of other hydroxyl ions more difficult. Ho 
such stabilised ion occurs in the degradation by acid, 
which went smoothly and to completion. In both de
gradations the weight of the pyrimidine fragment was 
determined by making up the aqueous phase, after chloro
form extraction to remove benzil, to a known volume and 
comparing the absorption intensity of the solution wifh 
that of a standard solution of 5~amino-2~hydroxy-4~ 
-methylaminopyrimidine at 294 mu. The chloroform 
extract on evaporation gave benzil, which was ?/eighed.

c h 3

The anion (XL) was isolable as its sodium salt 
by the addition of strong NaOH solution to a solution 
of the pteridone in alkali. The pteridone (XLV) 
could be regenerated by acidification of a solution
of its sodium salt in water. This takes place by the 
pseudo-base change in an acid solution to a fully



aromatic system (Scheme 3) shown by the ?s8~dihydro~ 
pteridine pseudo—base (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 attacks the basic nitrogen 
atom N8 to give an intermediate (XLIII) from which water 
splits off to give the cation (XLIV)» Extrusion of 
hydrogen ion gives the diphenyl pteridone (XLV P i0e0 
XXIV5 R = Ph) on tautomerisationo

XLIV
Scheme 3

Degradationss The following schemes for the de
gradation of 8-jnethyl-6:7-diphenyl—2-pteridone are 
probable 0



-pteridone (XLV) proceeds through the anion (XL) 
by further attack of hydroxyl ion at 07 • This is a 
slow step due to the repulsion of two similarly charged 
particleso Concurrent with the strengthening of the 
new hydroxyl-carbon atom bond is a weakening of the 
C?-if8 bond resulting in fission of this bond to give 
the intermediate (XLVI). Hydrogen ion quickly attacks 
the double negatively charged ion (XLVI) in a fast 
ionic reaction to give the azomethine anion (XLVII) 
which undergoes hydrolysis of the azomethine double bond 
to give benzil and 5~amino-2—hydroxy«4«=*methylaminO“ 
pyrimidine (XLVJII). Alkaline hydrolysis is slow be
cause each of three steps involving hydroxyl ion par
ticipation is hindered by a negative charge on both 
reacting species- The 2-oxo function is* however* in 
equilibrium between anion and neutral molecule due to 
hydrolysis of the salt of a weak acid and a strong 
basey the hydroxyl ion may then more readily attack the 
small amount of neutral molecule.

(h) Acid. » Electrophilic attack commences at 
by a slow rate determining -reaction- to give the 

intermediate (XLIX) which is attacked by hydroxyl ion 
in a fast ionic reaction to give the intermediate (Lj°
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CM: XLVIII

Inis intermediate isomerises to the Sehiff;s base ( 
which i0 then degraded in the normal manner of'acid 
hydrolysis of an azomethine to give benzil and 
-2-hydrozy-4™niethylaminopyrisiidlne (XLV1IX) * Acid 
degradation proceeds more readily than does alkaline 
degradation hecause in the former there is no 
stabilising intermediate ion to hinder attack by
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hydrogen ion except after the azomethine (II) stage 
when the raethylamino group may accept a proton.

CHj LI XLVIII

2° ’theory of Condensation of Dicar'bon.yl Compounds 
with 5~Amino-~4~aIkyi (or aryljaminQpyriraiflines„
SumTaarys iwo factors are operative in the formation 
of the type of product- obtained from the condensation 
of a carbonyl compound with a 5-amino-4-al]cyX( or aryl)



aminopyrimidine - One factor ia the molecular alse of 
the carbonyl compound. The other is the nucleophilic 
reactivity of the 4~alkyl(or aryl)amino nitrogen atom 
relative to that of the 5-amino nitrogen atom.

The carbonyl function has a tendency to polarise 
thus ^  /\)s , rendering the carbon atom more electro- 
philic. The greater the electrophilic reactivity of 
the carbon atom the greater will be its tendency to 
condense with amines. The nitrogen atom of the amino 
group has a slight negative charge due to electron 
donation from its substituents. The greater the 
nucleophilic reactivity of the nitrogen atom the more 
readily it will condense v/ith a carbonyl group. The 
first intermediate in the condensation is the formation 
of an aldehyde-ammonia which dehydrates to form the 
Schiff’ 3 base.

> 0 = r 0  H 2K- — i>}0— -H- — > > C s N -  / j |
OH H

The theory of condensation must reconcile the 
following experimental observations. G-lyoxal ■con
denses with 5”3mino-4-methylEininopyrimidines to give a 
bisdihydropurinyl structure and with'4s5—cLiaminopyr- 
imidines to give a pteridine structure. Biacetyl and
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benzil react with both types of pyrimidine to gire a 
pteridine structure *

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

Consideration of the pyrimidine factor*
The site of initial attack of the carbonyl compound 

io of paramount importance in determining the nature 
of the producto A controlling factor in this is the 
relative nucleophilic reactivities of the nitrogen atoms 
on the 5 and 4- positions of the pyrimidine ring® A 
measure of the relative nucleophilic reactivities of 
the nitrogen atoms of the 04 substituents used, may be 
gained by comparison of the basic strengths of the free 
bases of some selected substituents (see Table 3)°

This correlation permits the arrangement of the 
4-substituents in order of decreasing nucleophilic 
reactivity as followss— methylamino, amino, benzyl- 
emino, anilinec Synthetic work by Todd and co-workers
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Table 5.

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

methylamine 5.16
ammonia 1.8
benzylamine 1 o 04
aniline 0.1?

on purine synthesis substantiates, in part, this order0 
Those workers found that 4-amino-6-methylamino-2-methyl- 
thio-5-thioformamidopyrimidine (III) underwent ring 
closure to give 9-msthyl-2-methylthioadenine (LIU) 
exclusively, and no 4~methyiamino~2~rnethyIihiopurine 
(LIV) was giveno Todd anticipated that the reaction 
would take this path, but on false theoretical ©ssmmptxoiic» 
He considered that a methylamino group v?ould be less 
likely to tautomerise to the imino form than would an 
amino group. It has since been shown that both amino 
and methylamino groups exist as such57, and do not 
tautomerise in pyrimidines. The choice of product has 
here been determined by the relative nucleophilic 
reactivity of the competing groups.



CH^ LIU

<A»

LIV

Positions 2 and 4 (4 - 6) of the pyrimidine ring 
are deactivated by an electromeric effect (IV). Positi
5 is deactivated merely by the general Inductive electron 
pull of the aromatic ring and of the ring nitrogen atoms55J 
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 
aminopyrimidine and because of this is the most nucleo
philic .

It must now be determined whether the 5 “-amino group 
:Le more reactive than the 4-methylamino group of a 
pyrimidine. The following experimental observations



are the only evidence which can be led to show that 
the 4-meth.ylamino group is the more reactive. Synthesis 
of a bisdihydropurinyl by condensation of glyoxal with 
a 5~amino~4~methylaminopyrimi&ine goes more readily 
(two minutes at 50° in one case) than does conden
sation of glyoxal with a 4;5-diaminopyrimidine to give 
a pteridine. This can only be due to greater reactivit 
of the 4-roethylamino group, since the 5-amino group is 
unaffected by a methyl group on the nitrogen atom at 
position 4* Thus the methylamino group must be re
acting first in a 5“amino-4-methylaminopyrimidine.

Glyoxal will therefore condense first with a 4- 
-methylamino group,then with a 5-amino group followed 
by a 4-amino, 4-benzylaminos 4-anilino group.

LVI LVII

Case h  - With pyrimidine type -(LVI). one half of the 
glyoxaJ- molecule reacts with the 4-methylamino group 
first2 to give the aldehyde—ammonia (iNIII)o Mo Schi
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base formation is possible and subsequent ring closure 
takes place t» give the 5 memberea ring of the dihydro
purine (LiX)o Similar reaction takes place between 
the other half of the glyoxal molecule and another 
pyrimidine molecule.

OHC— C H O
4^ \
Hj CM;

LVI II

Case 2 , - With pyrimidine type (LVII) initial reaction 
takes place at either amino group, the 5-amino group 
predominating, to give the aldehyde-ammonia as before, 
followed by dehydration across the-new bond to give the 
Schiff5s base (IX) which then undergoes cyclisation to 
give the pteridine (1X1). Formation of the pteridine 
rather than the aaomethine (LXII) is favoured for 
statistical collision reasons.

Consideration of the pyrimidine factor, found to 
be the relative nucleophilic reactivity of the amino 
groups, accounts satisfactorily for the behaviour of 
glyoxal with 5~amino~4-methylaminopyrimidines, This
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theory was tested experimentally by condensing glyoxal 
with 5~aEiino«4— benzylaminopyrimidines (LXIII). Benzyl- 
amine is approximately of the same basic strength as 
ammonia (Table 3) and the relative nucleophilie re
activity of the 5“ and the 4-nitrogen atoms should be 
close to that of 4?5-diaminopyrimidine (LYII)o Thus 
glyoxal should react first with the 5™amino group to 
give the aldehyde-ammonia^ then the Schiff'a base as in



case 2« Cyelisation would then take place to give 
the pteridine system* Azomethine formation is more 
likely here however, due to the low nucleophilic re
activity of the henzylamino group9 making competition 
by the 5-amino group of another pyrimidine more marked* 
Experimentally it was found that condensation of gly
oxal with 5-amino-2 : 4-bisbenzylaminopyrimidine (I1XIII5 
R = NHCH2Ph) gave the iminopteridine (LXY5 R =- HGRgPh) 
and a trace of the azomethine (LXIY? R = MHCiI2Ph)o 
Similarly, glyoxal on condensation with 5-amino-4- 
-benzylamino-2-hydroxypyriinidine (LXIIIj R ~ OH) gave 
the pteridone■ (IXV5 R - O') and the azomethine (IXIV1 
R = QH) (see pageSO ).

C M 0

C H o
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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*

Consideration of the a-diketone factor»

The three diketones give varying products depending 
upon the site of initial attack* Glyoxal attacks the 
methylamino group first in a 5-amino-4-methylamind- 
pyrimidine and attacks the 5-amino group first in any 
other diaminopyriraidine. Diacetyl and bens11 attack 
the 5-amino first in every case* Some correlation 
must be found which divides the three diketones into 
two groups? one containing glyoxal? the other containing 
benzil and diacetyl*

Electronic correlation* - The carbonyl carbon 
atoms in diacetyl receive electron donation from the 
methyl groups? rendering them less electrophilic than 
the carbonyl G atoms of glyoxal which receive electron 
donation from only a hydrogen atom, Benzil carbonyl 
C atoms, on the other hand, suffer electron withdrawal 
due to the aromatic ring* Glyoxal is therefore inter
mediate in the electronic character of its carbonyl 0 
atoms between the other two diketones* Another oper
ative factor may bs a steric one.



Stgric, correlations ~ The glyoxal molecule is the 
smallest; of the three dike tones and the 4 ***21 ethyl amino 
nitrogen atom is sterically hindered. This steric 
hindrance is illustrated by the formation of an aso
me thine (that is, initial condensation has taken place 
on the 5-ainino group) of a 5-amino-4^methylaminopyrim- 
idine with an aldehyde, jD-nitrobenzaldehyde (page 16 )« 
in contradistinction to the action of the dialdehyde, 
glyoxal. The 4-methylamino group is more nucleophilie 
than the 5-amino and a carbonyl compound would react 
first with the former were it possible0 The glyoxal 
molecule is sufficiently small to do this and consequently 
to give a bisdihydropurinyl. hiaceiyl, benzil and p- 
-nitrobenzaldehyde are not and are constrained to react 
with the 5-amino group first always, with the formation 
of a Schiff’s base followed by cyclieation to the 
pteridine, where applicable.

• Synthesis of 8-Substituted Pteridines by Condensation 
of Grlyoxal with 5-Amino-4~arylaminopyriiiiidines.

Condensation- of glyoxal with 5“-amino-2%4-dianilino- 
pyrimidine (LXVI$ R = NHPh9 Ra = Ph) gave the azomethine 
(1XVII1 R - R2, - MHPh) in small amount and an intractable 
red gum. ‘The gum was very soluble and the ultra-violet



absorption spectrum showed that it was not composed o 
a bisdihydropurinyl. With 5-amino-2?4-bisbenzyl- 
aminopyrimidine (LXVIj R = MHCH2Ph9 R1 ~ CH2.Ph) gly
oxal condensation gave the iminopteridine (LXVIII5 
R = SCH2Ph, R1 = E, R2 = CH2Ph) identified as such by 
elementary analysis and by ultra-violet absorption 
spectrum9 which, allowing for the bathochromic infius 
of the methyl groups, closely resembled that of the 
corresponding 6s7-dimethyl-2~>iminobenzyX pteridine 
(LXV1115 R = HCH2Ph, R1 - 0H3 , R2 » CH2Ph) (Sable 4). 
Phe azomothines were all identified as such by their 
ready degradation with mineral acid.



Condensation of glyoxal with 5-amino-4-benzyl- 
amino-2~hydroxypyrimidine (1X¥I$ R ~ 0H9 R1 - CHgPh) 
gave the azomethine (LXVIIj R - QE9 R% = NHCHgPh) and 
the pteridone (LXVIII5 R = 0, R1 = H, R2 *= GHgPh) 0 
This pteridone was identified as such by elementary 
analysis9 the compound analysed with one mole of waterP 
and by comparison of the ultra-violet absorption spectr 
with that of the corresponding 6 s 7-dimethyl-2-pteridone 
CLXVIII; R = 0, R1 a CHS , R2 « CH2Ph) in alkali (Table 
The pteridone (LXVIII5 R « 0Q R3 = H 5 R^ = CfI2Ph) had a 
ultra-violet absorption spectrum similar to that of;the 
pyrimidine (LXYI5 R ~ OH, R1 = CH2Ph)9 both in ethanol 
(Table 4)• This could be explained by the existence 
of this pteridone with a mole of water constituted in 
the molecule as (LXIX)• ' .

OH

Oxidation of -the pteridone (LXVIIIi R - 05 R1 ~ H, 
R2 ~ CHgPh or LXIX) was attempted in the hope that if
it were the hydrated compound (LXIX) it would oxidise



ffable 4«

Compound

8-Benzyl-6s7~dimethyl
~2~pteridone

8~Bsnzyl-2-pteridone

5~Amino~4-benzylain:Lno-
«2-hydroxypyrimidine

Asiaxo (mu) q

<220;2485 >9,000$20,600; 1
328 18,200

<220|234s >18,000} 18,1001 2
334-344 14,700

<220}224; >23,000}23,400} 2
308 13,450

<'220;230} >16,000523,800? 1
290 8,050
220j298 16,350$ 6,000 2
2305298 1 5,200$ 5,100 1

1 * Ethanol. 2 = u/lO NaOS.



v;o ohe corresponding ‘/-pteridone (1.XX), The compound, 
however5 consumed twice the theoretical requirement of 
potassium permanganate for this reaction and no prcdue 
could he isolated from the reaction mixture.

Attempts to synthesise 5~83nino-4“’benzylaininO“*2— 
-hydroxypyriraidine (LXVIj R = OH , R1 =s CH2Ph) by ni- 
traiion..or coupling; with c h1orobens endiazoniuia
chloride, of 4~benzyIa3aino-2~hydroxypyrimidineJ> follow© 
by reduction? failed, T'he inquired pyrimidine was 
synthesised by reaction of benzylamine with 2.s4“dichlo. 
-5~nitropyrimidinG to give a mixture of 4~bsnsylamino« 
-?■ -chioro-p-*nifropyrimidine and 2 % 4-bisbenzyXajiiino~£~ 
--nitropyrimidjjie• Treatment of the mixture with hot 
IT a OH solution gave a solution of 4~benzyiamino~2~hydro 
—5-nitropyrimidine together with insoluble 2;4—bis— 
benzylamino~5~nitropyrimidine which was removed by fil 
tration. Acidification of the filtrate gave 4-benzyl 
amino-=>2~hydroxy>-5“nitropyrimidine 9 catalytic reduction 
of which gave 5~amino-4-benzylemino-2-hydroxypyrimid±n 
(LXVI5 R = OH, R1 = CH2Ph) o
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PART II

1 • Synthesis of 2;8-i)ihydro-2~imino-8-3ub8tituted 
Pteridines»

It has been suggested that 2-imin0-8-substituted 
pteridines containing the transannular double-bond 
system ofMexist naturally*6 e Since no 2-imino-8- 
-substituted pteridines had at that time been syn
thesised these suggestions were purely speculative,,

(1) An introduction to this series of compounds 
was made by the synthesis of 2;8-dihydro-2-imino-6s?s8- 
-trimeihylpteridine (IXXYII)o This compound was syn
thesised because of structural simplicity and because 
it would furnish a model for the pteridine moiety of 
the pigment luciferesceine isolated by Strehler4  ̂ from 
Photinue pyrails and postulated by Albert46 to be the 
imino ribityl pteridine (LXXII)o

R
LXXI LXXII
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The pteridine (LXXVII) was synthesised by conden
sation of diacetyl with 2 s 5-*diamino—4'“methylaminopyr— 
imidine (LXXVI). The route to this pyrimidine (LXXVI) 
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 (LXXIV) was coupled with j)~chlorobenzene- 
diazonium chloride to give 2-amino-5-p>-chlorobenzeneazo- 
-4-methylaminopyrimidine (LXXV). The azo compound 
(LXXV) was hydrogenated over Raney nickel to give the 
aiaminopyrimidine (LXXVI). The diamino pyrimidine 
(LXXVI), 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 (LXXVII) closely re
sembles those of the 8-alkyl-2-pteridones (see Table 2), 
Unlike the 2-pteridones the imino compound (LXXVII) has 
no tendency to hydrate in the solid state. The pKa 
value of 5C6 Is higher than any previously recorded 
for a simple amino pteridine9 the corresponding value 
for 2-aminopteridine is 4°2° This observation is in
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agreement with the findings of Angyal and Angyal35 who 
observed that amino groups kept in the imino form by 
alkylation of a ring nitrogen atom have a high p£a 
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 conditions850 

The imino-pteridine could not be acetylated under 
the conditions used by Forrest and Mitchell48 for the 
acetylation of the yellow pigment from Drosophila 
melanogaster, that is, by solution of the pigment in 
acetic anhydride in the cold with the addition of a drop
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of perchloric acid* Acetyiation 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 (LXXVII); the acetylimino pteridine 
absorbs at longer wavelength* This is contrary to 
previous observations on the ultra-violet absorption 
spectra of acetylated amino pteridines where acetyiation 
decreases the wavelength of absorption49 0 The anomaly 
is due to increase in conjugation provided by the acetyl 
group of the acetylimino pteridine (LXXVIII)* In an 
acotylamino pteridine (LXXIX) no such increase in con
jugation is conferred by the acetyl group*

(2)0 A series of 2-alkylimino and 2-arylimino- 
pteridines were synthesised by a common method* The

LXXVIII LXXIX
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general intermediate was 2:4~&ichloro~5-nitropyrimidln@ 
(LXXX). The diehloropyrimidine (LXXX) was reacted with 
methylamine, aniline and benzylamine to give the corres
ponding 2s4-dialXyl(or diaryl)amino~5~nitropyrimidine 
(LXXXI5 R = GHg , Ph and CH2Ph)o Catalytic hydrogenation 
of these nitropyrimidinesgave the corresponding 5- 
-aminopyrimidines (LXXXII5 R = CHg . LXXXII5 R = Ph. 
IXXXIIj R = CH2Ph) none of which could he isolated due 
to instability. The solutionsfrom the reductions w£re 
used directly for reaction with the dicarbonyl compounds 
to give the following five 2:8-dihydro-2-iminopteridines 
(LXXXIII; R = R1 = CHS. LXXXIII? R = R1 = CHa.
LXXX 111; R = R1 = Ph. LXXXIJI; R = CHsPh, R1 = CH3 . 
LXXXIII; R = CH2Ph, R1 = H).

R LXXX I RLXXX LXXXII

Ph
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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) 50^ o 
This halochromic effect is not given by any other 
pteridine of the series. The pKa value of the imino
pteridine (LXXXIII9 R = R1 s CH3) is 6.1, 0.3 units 
greater than that for the iminopteridine (LXXVII).
This is in agreement with the observation that methy- 
lation of an amino group raises the pKa value by about 
0„3 units54 . The methylimino-pteridine (LXXXIIi;
R = R1 - CH3 ) liberates methylamine when refluxed with 
KOH solution.

( 3) • 2 s 8-Dihydro-»4-hydroxy-2-imino~6 s 7 • 8-tri- 
methylpteridine (LXXXIX) contains the postulated pter
idine nucleus of a pigment isolated from the fruit fly 
Drosophila melanogaster. It was synthesised in poor 
yield by condensation of diacetyl with 2s5~diamino-4~ 
-hydroxy-6-methylaminopyrimidine (LXXXVIII). This 
pyrimidine (LXXXVIII) was prepared by the following 
route. 2-Amino-4~Qhloro-6-hydroxypyrimidine (LXXXV) 
was heated with methylamine in a sealed tube at 120° 
to give 2-amino-4-hydroxy-6-methylaminopyrimidine (LXXXVI). 

Ritrosation of this compound gave 2—amino—4—hydroxy—6—
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-methylamino-5-nitrosopyrimidine (LXXXVII) o Reduction 
of the nitroso compound (1XXXVII) with sodium dithionite 
gave the diaminopyriraidine (LXXXVIII) which, though 
unstable, could be isolated.,

OH OH

LXXXVXX

The hydroxyiminopteridine (LXXXIX) is unstable, 
hygroscopic, bright yellow in colour arid fluoresces with 
a brilliant blue colour under ultra-violet light of 
254 mu„ That it exists largely in the imino form 
(LXXXIXa,c) and not in the amino form (tXXXIXb) is in
dicated by the high pKa value of 5°85? this value being 
higher than for the iminopteridine (LXXVII$ pKa 5-°6) 
where no such tautomerism is possible» The other pKa 
value of about 8 o9 appears to refer to the hydroxyl
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group. The hydroxyiminopteridine (LXXXIX) is probably 
best represented by structure (LXXXIXo) for hydroxy 
."roups in pyrimidines52 and the hydroxy groups of some

dihydro form* that is in the cyclic amide fora (XC)5S.

The corresponding 6:7-diphenyl analogue (XCI) of 
the trimethyliminopteridine (LXXXIX) was synthesised by 
condensation of the diaminopyrimidins (LXXXVIII) with 
benzil. The 7:8->dihydro-6rY~diphenylpteridine (XCII) 
was synthesised similarly by condensation of the diamino- 
pyrimidine (11XXVIII) with benzoin.

monohydroxypteridines are known to exist in the oxo

OH OH

XGI XCII
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Both diphenylpteridines (XCJ.XCII) were bright 
yellow in colour and fluoresced weakly under ultra
-violet light. The 7s8-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 7s8~dihydro~ 
pteridine. The anomaly is attributable to the effect 
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 ?:8~dihydropteridine (XCII) (see Table 2).
The same correlation is observed in variation in in
tensity of absorption of the two diphenylpteridines 
(XCI.XCII) as in the absorption maxima of the corres
ponding pair of compounds 8-methyl-6s7”diphenyl-2- 
-pteridone (XXIV; R = Ph) and 7:8-dihydro~2~hydroxy-8- 
-methyl-6s7-diphenylpteridine (XXX) (see page 26 Table 2).

The iminopteridine (XCI) is identical with the 
compound prepared by fusion of a pyrazine ester (XCIV)
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with guanidine carbonate (XCV). This novel route to 
an iminopteridine was developed by Mr, G.P.G. Dick 
of this department.

XCXV XCV XCI
(4). 4“Stho3y-2 s 8-dihydro^2-imino-6; 7; 8-trimethyl- 

pteridine (C) was synthesised by condensation of 2s5- 
-diamino-4~ethoxy-6-methylaminopyrimidine (XGIX) with 
diacetyl. It was hoped that hydrolysis of the 4*~ethoxyI 
group might furnish a better route to the 4-hydroxy- 
iminopteridine (LXXXIX). Neither acid nor alkaline 
hydrolysis conditions, however, effected this conversion



Table 5.

Xmax. (mu)Compound.
R R1 R2 R3
H H ch3 <22052355 >1? # 000; 20,400 5 1328

236}340.
9,900 

18,900512,200 2ch3 H ch3 ch5 <22052485
352

>17,000523,0005
17,350 3

Ph H ch3 Ph 2455269?370
15,700518,850; 
I6 3 I5 O 3

Ph H Ph Ph <220;360 >30,000;23,200 3CH2 Ph H ch3 CH2 Ph <22052515
350

>25,000i22,800; 
16,800 3

CH2Ph H H CH2 Ph <2205232;
325

>25,000515,100;
11,800 3

H OH ch3 223;2685 18,500; 8,950? 4
3O65365

<22052545 
2845 395

11,000? 6,800 >12,000;12,100 
13,150;12,500

1
H OEt ch3 c h 3 <2205255?

4052345301? 
361

>10,000517,600;
13,000
24,350514,1005
10,200

1
3

1 ~ n / lO HOI. 2 ~ water. 3 85 ethanol. 4 = n/ iO NaOH,
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The synthesis oi the diaminopyrimidine (XCIX) 
commenced by treatment of 2-amino-4-chlorO'=>6-methyl- 
aminopyrimidine (XCVI) with sodium ethoxide in dry 
ethanol in a sealed tube to give 2~amino=4~ethoxy-b~ 
-methylarainopyrimidine (XCVII). The ethoxypyrimidine 
(XGVII) was coupled with ja-chlorobenzenediazonium 
chloride to give the 5~p~chlorobenzeneazo compound 
(XCVIII)« The azo compound (XCVllI) on 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)»

*3 XCVI

XCIX C



The ethoxyiminopteridine (C) in acid solution 
absorbs at very long wavelength for a pteridine (Table 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 j>~ 
-quinonoid structure of the ethoxy compound (C) while 
the hydroxyiminopteridine exists in the cyclic amide 
form (IXXXIXc)o

Comparison of Physical Properties of iminopteridines 
with those of some naturally occurring pteridines.

(a) Luciferesceine, a cream coloured substance 
isolated by Strehler47 from Photinus pyrails has the 
empirical formula C11II1504N5 , and a pKa of about 8 .
At pH2 the absorption spectrum has peaks at 291 and 
340 mu., at pH 11 peaks appear at 2579 282, 355 m .  
Treatment with hot potassium hydroxide liberates 
ammonia. Albert suggests that luciferesceine may be 
an imino-ribityl pteridine (CII) and the analogy with 
riboflavin© (Cl) is made. This postulated formulation 
has in essence the light absorbing system of the imino
pteridine (LXXVII) and so valid spectroscopic comparison 
may be made between the two compounds. There is found 
to be no points of similarity, spectroscopically, be
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tween thisiminopteridine (Table 5) and luciferesceine. 
The pKa of the iminopteridine (LXXVII), 5,8, is very 
much lower than that quoted for luc if eresceine. The 
liberation of ammonia by luciferesceine when heated 
with KOH does not necessarily indicate the presence 
of an imino group35 ,

(b). The yellow pigment from the fruit fly 
Drosophila melanogaster is discussed in the following 
section,

2 o Pteridines from Drosophila melanogaster.

The study of the fruit fly Drosophila melanogaster 
has been of great interest to geneticists and much 
light has been thrown on the problem of genes by study 
of mutations of this fly. The eye pigments of the fly 
vary with mutation and the chemical nature of these 
pigments has excited great interest. The pigments of

Cl CII



the wild type jjroBophila are very complex, but a study 
of the pigments of the sepia mutant by Forrest and 
Mitchell40*54,6C has resulted in the identification 
and characterisation of five pteridines,

1. Isoxanthopterin, which may have a metabolic 
function in the fly for it has been shown to be im~ 
plicated in melanogenetic reactions56.

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

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

8 9
4 - 2-Amino-4~bydroxy-6-(I 92 -dihydroxypropyl) 

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 biopterin5 7 ,

The isolation and characterisation of these four 
pteridines from Drosophila melanogaster has been sub
stantiated by the independent work of a Swiss group58
who worked on wild type Drosophila.

5. A yellow pigment giving the analytical results-. 
0,41.7} H,4.3; H,24.1$> which permit the empirical 
formula Ct oH* t08He .SB* 0. Forrest and Mitchell48
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assign the structure 2-amino-6~carboxy-8~iaetyl-4~ 
-hydroxy-7:8-dihydropteridine (CIII) to the pigment,,

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 iu., at pH 13) than that shown 
by 7:8~&ihydropteridines9 which normally absorb at 
about 360 mu59. The alternative formulation (CYI) 
was proposed by Wood60, when the point was made that 
this structure (CVI), which resembles a phena2ine dye9 
could have the spectroscopic properties of the yellow 
pigment„ The similarity between the spectrum of the 
yellow pigment and of that of riboflavine (CYII),

O.CHOH-CHj c m CIV
OH

cv
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commented upon by Forrest and Mitchell, finds a 
readier explanation in the transannular structure (CVI) 
for the pigment-

The experimental evidence upon which the formulation 
(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 (CIV), an autoxidation 
being involved«

(ii). It forms an oxime and a 2s4-dinitrophenyl-
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 
lcetonic group and the 526-double bond to give a tetra
lly dr 0pteridinea Ho product was isolated from this re
duction-

OH OH

Q.CHOH.GUj
CVI o r a
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(v)o Periodate oxidation of the pigment utilises 
2.4 moles to give acet&ldehyde 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 Na 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 derivatives 
either by (a) oxidation of the \CH0H 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 carbonyl reactions 
of an amide carbonyl group. These unlikely possibilities 
were rejected when attempts to form an oxime or 2s4— 
-dinitrophenylhydrazone of RsH-dimethylactamide and of 
the 2s4s6—trinitroanilide of lactic acid (CIX) failed.
The latter compound approximates closely to the dihydro-
pteridine (CIII, CVIII) in its electronic distribution.



N :N-dimethylactamide reacted with hydroxylamine to give 
the corresponding hydroxamic acid.

Forrest and Mitchell claim that the formation of a 
mono-oxime and a mono-2 ;4~dinitrophenylhydrazone is 
evidence that only one carbonyl function exists in the 
molecule, but since the carbonyl function which they 
assume condenses to give these derivatives is part of 
an amide, then another ketonie group must be present. 
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 disproportionation in alkali to give 
the corresponding acid, together with the more soluble 
hydroxymethyl compound61. Having shown to their 
satisfaction that the intact pigment contains a carboxyl 
group at C6? Forrest and Mitchell next consider the site 
of attachment of the lactyl group. Position 7 was 
discarded because no degradation products substituted

CO CHOH.CH

CVIII CIX
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on C7 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
ment 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 Na and a lactyl group on C6; a 7;8-dihydro- 
pteridine (CXII) and a 2:8~dihydropteridine (CXIII) both 
having a lactyl group on W3 and a formyl group on C6 .
The first two structures are favoured because of the

8 #analogy to biopterin (CV) which has a 1 ,2 -dihydroxy- 
propyl group on C3 . Biopterin could be converted into 
either of these two compounds (CX; CXI) by formylation, 
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 a simple



O.CHOH.CHa 
cxil

CXI
OH

O.CHOH.
CXIII

hydrolysis mechanism (scheme^) need be invoked in the 
latter case to give a fully aromatic pteridine. $o 
such simple mechanism can be advanced for the 7s8-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 amidine 
(CXIY)55 o The cation (CXV) tautomerises to give the 
cation (CXVI) of a pseudo-base (CXVII)« The substituen* 
is considered to be an acyl group so *chat the corres=~ 
ponding acid R.OH may split out to give the fully aro—



"* 74 —

matio pteridine (CXVIII)
>a

j

R cxiv

R CXYI

A
CXVIII

Scheme

The yellow pigment resembles the 2s8-dihydro- 
iminopteridine (CXIX) in colour» both are bright yellow; 
both decompose without melting, are somewhat unstable, 
are hygroscopic and fluoresce under ultra-violet light« 

Spectroscopic evidences- The absorption spectrum
» 'ini w  ■! m m i«

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 relevant factor which increases the 
wavelength of absorption of a synthetic pteridine must 
be counted as being of significance in determining the 
structure of the pigment. While the spectrum of the 
2:6-dihydroiminopteridine (CXIX) has no formal resem
blance to that of the pigment if has a similar long
wavelength absorption (395 mu in acid). Since few 
pteridines absorb at such very long wavelengths 9 the
exceptions being mercapto pteridines, this is an indic
ation that some similarity in structure may exist be
tween the pigment and the 2s8-dihydro iminopteridine 
(CXIX) which has the transannular bond system of riba- 
flavine (CVII).

The Drosophila pigment has an ultra-violet ab
sorption spectrum so remarkably akin to that of the 4' 
-ethoxypteridine (CXX)» that a close structural re—

CXIX cxx



semblance, in the pteridine light absorbing moiety, 
can be inferred* The spectra (Pig* 3) are not only 
similar 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 *

0

3.5

0

350 450400250
» / x 
A i m /

A . 4-Ethoxy-2-imino-2:8-diliydro-6:7:8-trimethylpteridine
fcoc)*fl. Drosophila pigment (CXXI).



The stability of the Drosophila pigment is such 
that various degradation products may have been in
volved in the reactions described by Forrest and 
Mitchellj, for it is difficult to postulate one formula 
which would satisfy all the experimental facts« A 
pteridine moiety (CXXI) is proposed to accomodate the 
inferred structural resemblance to the 4~ethoxypteridine 
(CXX). Substituents R, R1 , and R2 must account be
tween them for CaH7 02 <>

CXXI
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PART_III.

The 8-alkyl-7-pteridone (CXXIII) series was in
vestigated to determine whether reduction of the cyclic 
amide group could be effected to give an 8 -substituted 
5:6:?:8 -tetrahydropteridine (as CXXVI). It is known 
that 5*.6 :7:8-tetrahydropteridines are important in 
metabolism and it is believed that 8 -substituted tetra- 
hydropteridines may also fulfill a significant biological 
function (see historical section)»

Several 8-substituted 7-pteridones were known 
before this study was commenced* Elion and Hitchings63 
synthe3ised 2-amino-4-hy dr oxy-8-13~hy dr oxye thy 1-7-ox o~ 
~7:8~dihydropteridinc by decarboxylation of the corres
ponding 6-carboxylic acid* Another group6s synthesised 
8-methyl~7-pteridone (CXXIII 5 R = CII3 , R1 = R2 = E) by 
condensation of ethyl glyoxylate hemiacetal with 5-amino- 
-4-methylaminopyrimidine (CXXII5 R1 = R2 = H? R = CI13 ).

A number of 8-substituted 7-pteridones (CXXIII) 
were synthesised by the author using the latter method$ 
and their properties9 both chemical and pnysical* ex
amined * In no case was a 6;7—dihydroxy~7s8-dihydro— 
pteridine of type (CXXIV) given, although this type of 
compound is a possibility, being given by the conden
sation 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 5,°>amino group*

p H
tt.C~~C£t HN

CXXIII

CXXIV

The ultra-violet absorption spectra of the 7—
—pteridones showed a general similarity (see Table 6)

*

both within the group and to the 2—quinoxalone364 «



Table 6

Compound 
pterldone CXXIII

CXXIII

R R5- Aniax, (mu) £
c h5 H Cl 2265312 19,600; 9,300
c h3 NECHS H 220$ sh »236$ 

296;359
23,700;11,100 
5,100515,680

c h 3 H HHCHg 226524O5
258^2975
352

17,850;12,0005 
10,700; 4,500; 
9,500

CHg NH2 H 2165288s
343

29,500; 4,900; 
15,700

Ph MHPh H 26853155
375

18,000; 9,800 
16,000

CHg NHg OH <220$2625 
sho2805378

f̂ N Y ^ KkY

>18,000;12,900; 
6,800;17,100

quinoxalone CXXVs4 
R Rl R2

J i
O i% r A

1--- 1— ;—  01 A  K cxxv
CH3 CHS H 22952805 

336
21,200; 5,600; 
6,700

CHg CHg 6-C1 236}2?8;
342

31,000; 5,200; 
5,200

CH3 CHg 7-C1 232;28X; 24,800; 6,200
385 6,600

1 = Ethanol. 2 water <> sho — shoulder0



4-Chloro*»8~methyl~Y“Pteridone (CXXIII* R = CHS ,
R1 « H, R* =01) was chosen as the model compound for 
reduction so that the effect, upon the ehloro group, of 
lithium aluminium hydride might also be investigated.
The product was found to be not the expected tetra- 
hydropteridine (CXXYI) but a 7-hydroxy tetrahydropteridine 
(CXXVII) was given, the amide group being reduced to the 
corresponding carbinol-amineo The ehloro group was un
touched but the yield was indifferent (67#) and ionic 
halogen was found in the mother liquors„ Longer treat
ment with the reducing agent resulted only in a poorer 
yield of the hydroxy compound (CXXVII)*. The relative

Other anomalous reductions using lithium aluminium 
hydride have been reported® Brucine gives a reduction 
product dehydrobrucine in which reduction of the amide 
group (a) to the carbinol-amine (b) was followed by de
hydration to give the unsaturated compound (c)ea0

^ N oCHoCH2~ — fcp }HcCH = CH-
(a) 0LiAlHg (b) (c)

The reaction of 1 mole of lithium aluminium hydride 
on the lactam (d) gave the car bind-amine On the
other hands, reduction of the quinoxaline (CXXV; H = C2H4H 
(Cilh . K1 “ Ph) gave the corresponding 1:2:3s4-tetra-

K - H
hydroquinoxaline *
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immunity of the chioro group is in agreement with the 
findings of an American group65 who found that lithium 
aluminium hydride reduction of tetrachloropteridine 
(CXXVIII) gave 2i4—dichloro—5 s 8—tetrahydropieridine 
(CXXIX).

CXXVI CXXVII

CXXVIII CXXIX

The 7-hydroxy tetrahydropteridine (CXXVII) is stable 
melts without decomposition and has an ultra-violet ab
sorption spectrum (X max.? 2045 sho294? 324 mu in N/XO
HC1) closely resembling that of its parent pyrimidine 
(CXXIX; R s= CH3 9 R1 = H, Rz - Cl) ( X^aXo § 210$ 2685 
295 mu in H/*10 HC1), allowing for the bathochromic in
fluence due to the greater molecular weight of the pter
idine • This is to be expected since the same absorbing



system 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- 
pteridinea derivable from them.

The 4-chloro pteridone (CXXIII-, R = CH3 , R* = H,
R2 = Cl) is readily converted into the corresponding
4-:nethylaminopteridine by treatment.with methylamine.
The 4-chloro group is very reactive because of the un
cat urate d system at position 5 which is exocyclic to, 
and in conjugation with, the pyrimidine ring*



EXPERIMENTAL
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Yields of substances that have no definite“mop. 
refer to the stage when they appeared homogeneous in 
paper chromatography in butanol-5N acetic acid (?s3) 
on being viewed in ultra-violet light of wave-lengths 
365 and 254 muo

Absorption Spectra;— These were measured in the 
Unicam SP500 photoelectric spectrophotometer (with 1 cm. 
cells and concentrations of from 10~5 to 10^ M) at 
5 mu intervals except in the neighbourhood of peaks 
where 2 mu intervals v/ere observed.

Potentiometric Titrationss- Weighed quantities of 
the pteridines (approx. u/lOOOi 3  mgrn.) were dissolved 
in 25.0 mlo of distilled water and titrated with Oil M 
HC1 or Ool M NaOH. The reference electrode was a 
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

v where [b ] , [BH+], and [H*] are the 
([BH ] - [H‘]) .

calculated concentrations of the base, conjugate acid,



and hydrogen ion respectively, corrected for the dilution 
caused by addition of acid or alkali.

‘’Hydrogenation in the usual way0 means catalytic 
hydrogenation in ethanol for from 2-4 hours at 4 atmos
pheres pressure using Raney nickel catalyst. The catalys 
ie removed by vacuum filtration.



M-L-hiouraG,iIQ9 . „ Thiouracil (140 go) and 
powdered phosphorous pentasulphide (420 go) were sus
pended in xylene (technical; 2 1.) contained in a 5 1. 
flask which was fitted with a stirrer and reflux air 
condensero The mixture was heated slowly* with stirring* 
until it boiled* refluxed v/ith stirring for 8 hours 
(bath tempo 157-162°) and refrigerated overnight• The 
xylene was removed by filtration. The filter-cake was 
well pressed* washed v/ith benzene (100 ml.) and sucked 
fairly dry. The solid was then added to a hot* stirred 
mixture of ammonia (d, 0 .88; 300 ml.) and water (1 1.).
The solution was brought to 90° and the solid dissolved 
completely by the addition of more ammonia* Charcoal 
(30 ml.) was added and after stirring had continued for 
a few minutes longer most of the oily impurities were 
removed by filtration through a 15 cm. Buchner funnel 
having a layer of moistened sand on the paper. The 
filtrate was then filtered by gravity through a fluted 
paper. To the hot solution was added acetic acid 
(100 ml.) which reduced the pH to about 7 and precipit
ated the crude dithiol. The suspension was cooled to 
5®-, filtered off and washed by stirring with cold water 
(500 ml.). After filtering and drying at 120° the 
yield, was 130 g. of a yellow powder decomposing at 245*.



S-Mer£^^~4-methylaminopyriinidine?0, . hithio- 
uracil (125 g.) was heated in sealed glass tubes in a 
Carius furnace at 100° for 3g-hours with methylamine 
(25-30io% 800 ml.). ffhe reaction mixture was taken to 
dryness on the water—bath to give a dark brown solid 
which was taken up in hot water (1.5 l.) and charcoal 
(80 ml.) added. The mixture was filtered and the fil
trate taken down to dryness on the water—bath to give a 
light brown powder (103 g 0). A sample recrystallised 
twice from water gave the pyrimidine as colourless prisms 
m.p. 236-239° (Founds 0,42.6; H,4o6. Calc, for 
C5H7M3S: C, 42.55$ Ho 5.0g).

2-Hydroxy-4-methylaminop.yrimidine?£ . - 2-Mercapto-
—4-meth.ylaminopyrimidine (93 g°) snd chlorace'uic acid 
(100 go) were suspended in water (730 ml.) and the mix
ture refluxed for 40 minutes. Concentrated hydrochloric 
acid (680 ml.) was added and refluxing continued for a 
further 2 hours. The solution was evaporated to dryness 
in a porcelain basin on the water-bath. The solid was 
dissolved in warm water (520 ml.), the solution filtered, 
and the filtrate adjusted to pH 8-9 with ammonia (d, 0.08; 
150 ml.). The solution was cooled to -20® and the white 
precipitate (28 g.) collected. She solution was con
centrated in vacuo, to 450 ml. and ammonia (d, 0.88,1



added. Cooling to -20° gave a second crop of the 
pyrimidine (18 g., total yield 46 g.)# nup. 263-270°.

2 -Hydroxy- 4—me t h.y 1 am in o- 5 "°nitrop.yrimidine^ 2 . — 
2-Hydroxy«4“3nethylaminopyriiQidine (4 g.) was dissolved 
in concentrated sulphuric acid (10 ml.) at room temp
erature. Nitric acid (d, 1,55 3.4 ml.) was added 
dropwise, the temperature of the solution being kept 
below 60°. The mixture was allowed to stand for 20 
minutes at 40°, then poured into ice and water (100 ml.) 
and neutralised v/ith ammonia (d? 0.88; 25 ml'.). The 
mixture was filtered to give a pale yellow solid (2.3 g. 
Recrystallisation from water gave the nitropyrimidine 
as almost colourless needles, decomp, above 270°.
(Founds 0,35.6; H*3°3o Calc, for C5H6N40S : C 9 35<>3$
H, 3-550).

5-Amino-2-hydroxy-4-methylaminop.yrimidijLQ?t ° -
2-Hydroxy-4-methy!amino«5“nitropyrimidine (5 g.) was 
suspended in ethanol (50 ml.) and hydrogenated in the 
usual way (see page 85)° The catalyst was filtered of- 
and washed with hot ethanol (50 ml.). The combined 
filtrates were evaporated to dryness to give the amino- 
pyrimidine (3 g.) as a buff reaidue m.p. 215° (decamp.). 
Further purification was unnecessary.



4 * 6- j > j dine. 4:6~Bihydroxy-
pyrimidine (22 g «)/3 was added slowly 1:0 nitric acid 
(&9 1 5̂* 72 ml.)- The solution was stirred at 20° for 
20 minutes and was then poured into ice and water (100 ml.) 
The near colourless product (15 g.) which precipitated 
was collected and dried at 100°, m<>p6 ^300°.

4 s 6-Dichloro~5~nitropyrimidine?* . - DiethylaB'iiine 
(.5 g»5 was added to a suspension of 4s6-dihydro3Ey«5-nitro« ■ 
pyrimidine (5 &») in phosphorous oxychloride (32 go).
The mixture was refluxed gently for 1 hour (hath tempo 
130-140°)» The excess phosphorous oxychloride was--re
moved under reduced pressure at 90° (hath). The re
sidue was poured into ice (50 g.) and stirred for 20 
minutes. The mixture was .filtered and the filtrate ex
tracted with ether (3 x 100 ml.). The combined extracts 
were washed with water-. (100 ml0)9- dried over anhydrous 
sodium sulphate and evaporated to dryness in vacuo0 Tiife? 
residue was recrystallised from petrol (b.p. 60-80°). as 
needles (3 6«)f m*p.'.79-80° •

5-Amino-4:6-dlchloropyrliaidine75 . - Hydrated, 
barium hydroxide (30 g.)?aisaolved in hot water (100 snl-.j,
was added to a s o l u t i o n  of hydrated ferrous sulphate
(25.5 g.) in water .(205 ,al.) at 75°. She mixture was 
stirred vigourously for 20 minutes. Finely ground
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4:6-diehloro-5-nitropyrimidine (2 g.) was added and 
the temperature raised to 95° for 20 minutes* The 
suspension was filtered and the residue washed with hot 
water (100 ml«)» The combined filtrates were extracted 
with chloroform (4 x 50 ml*). The combined chloroform 
extracts were 7/ashed with water (2 x 50 mlo)e dried 
over anhydrous sodium sulphate and evaporated to dryness 
in vacuo* The residue was recrystallised from water 
(30 ml.) to give the pyrimidine as colourless needles 
(1 •35 g*)> m.p* 142-145°*

5 -Amino-4 - chi or o°6~me th.ylaminopyr imidine^ 8 0 - 5“
-Amino-4s6-dichloropyrimidine (5 £°) was heated in a 
sealed tube with ethanolic methylamine (10$ w./w. s 
36o5 mi.) for 6 hours at 125-130°. The solution was 
evaporated to dryness in vacuo and the dry residue ex— 
tracted with boiling benzene (2 x 200 ml.). The extracts 
were cooled and the crystalline solid collected5 ev
aporation of the combined filtrates to 100 ml. gave a 
second crop (overall yield 3*3 £•)> Hecrystallisation 
from water gave the pyrimidine as colourless needles9 
m.p* 160-162°*

5-Araino-4-iae'thylami_nogs[rjjnjJine78 . - 5-Amino-4- 
-chloro- 6=»methylaminopyrimidine (4 = 9 S-) was dissolved 
in hot water (120 ml.) and hydrogenated (25/1 atmos.)
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over freshly hydrogenated palladium catalyst (2.4 go 5 
2<>5$ of Pd0 ? initially as P&Clg « 021 charcoal) in the 
presence of magnesium oxide (3«6 g.) o Hydrogen up
take of 340 ml. took place in 5 hours. She mixture 
was filtered and sodium carbonate solution (10&  30 ml.) 
was added to the filtrateP which was taken to dryness 
in vacuo. The residue was extracted with boiling iso- 
-butyl methyl ketone (3 x 50 ml.). The combined ex
tracts were chilled and then concentrated to give a total 
of 2.3 go of the pyrimidine as stout prismsp m 0p« 202- 
-207°.

Bis-( 8 19-dihyflro-2—hy.droxy-9-methy.lT>tirin-8-yl). —
'  irrr-—r~—î— rr* i ■** — ii.fwin.mi i n i irm ^ t rrrr».ir̂ r.i munrmtn i î n»»w m mwi '

5-Amino-2-hydroxy-4--niethylaniinopyrimidine (2.67 go) 
was dissolved in water (55 ml.) at 50°9 and glyoxal 
(5Of* aqueous solution? 2.67 g.) in water (2? ml.) was 
added. A bright yellow precipitate formed almost 
immediately? the colour rapidly changed to buff.
The mixture was heated at 50° for 15 minutes9 and the 
product (2*3 S®) was collected9 washed with warm water9 
and dried. A sample was purified by dissolution in 
dilute hydrochloric acids filtration of she solution 
and addition of dilute sodium hydroxide to the filtrate
to pH 9“-10 when bio-(8 2 9™ ^  
purin-8-Yl) was precipitated as pale yellow micro-
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-needles, m.p.>300°* (Found: G,47.9$ H,5.0* N,36.8.
ci2Hi«°2 NQ requires; C,47.7s H,4o7i H,37.1$).

The bisdihydropurinyl was soluble in dilute alkali.

Attempted methylation of bie-(8:9-aihydro-2-byaroxy- 
-9-methy 1 pur in-8-y 1). - (a) The bisdihydropurinyl (1 go) 
was suspended in methanol (25 ml.) and water (5 il.)0 
Diazomethane (1 g.) in ether (50 ml.), from 8 g. of p- 
tolylsulphonyInethylnitrosamide, was added and the mix
ture left overnighto Starting material was recovered 
unchanged*

(b) The bisdihydropurinyl (0*7 go) was dissolved 
in warm potassium hydroxide solution (0o4 g. KOH in 8 ml. 
water)* Hydrochloric acid was added to reduce the pH
to 8o5. Dimethyl sulphate (0*6 ml.) was added over
30 minutes with the temperature kept at 35-40° and the 
pH kept above 8*5 by the addition of potassium hydroxide 
solution (33$ w./w.; 5 ml.). Starting material was 
recovered unchanged.

(c). The bisdihydropurinyl (0.5 methyl 
iodide (4.5 ml.), and acetone (15 ml.) were refluxed 
with potassium carbonate (5 g») £or 24 hours. The 
solid was filtered off9 washed with, hot water to remove 
the potassium carbonate, and dried. Starting material 
was recovered unchanged.
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Bis-(8 •. 9-mY„4£Or9-methylpurin-8-yl). - 5-Amino- 
-4-methylarainopyrimidine (0.69 g*) was dissolved in 
boiling water (3 ml.), and a solution of polyglyoxal 
(0*161 g.) in boiling water (4 ml.) was added* The 
solution was refluxed for 1 hour, and chilled overnight* 
The product (0*58 g.) was collected and recrystallised 
from aqueous ethanol to give bis-(8s9^dihydrQ~9~methyl"» 
purin~8~yl) as colourless needlesp m 0p* ca* 2?0° (decQm.p*)« 
(Pound: C,53»2| H,5*05 H,41*2* Gi2Hi4Ke requires:
0,53*3$ H, 5o25 H, 41.5J&).

Ms°( 6-chloro-8 % 9 ° d ihy dr o-» 9 -m e t li.v 1 purin-8-y1) * - 
5‘~Amino-4-chloro~6-methyXafninopyrimidine was condensed 
with polyglyoxal as above, to give bis-(6~chloro~8? 
-dihydro—9~methylpurin-8~yX) as colourless needles 
from aqueous ethanol, m«p* ca* 270° (decomp*)*
(Pounds C,42o5? H,3»8s 32*9l Cl9 20*8^* M.W*, 320,
340* 0i2Hi2N8Cl2 requires: C,42*5s H,3<>6$ H,33*0*
Cl,20*9#$ M.W• 339) *

Determination of molecular weight of bisehlorodi— 
hydro purinyl * — About 10 mgm* of the bischlorodihydro— 
purinyl was accurately weighed out into a dry chromic
acid cleaned test-tube (3“x Is* )• the 1111138 was
accurately weighed about 250 mgm* of camphor (micro-
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-analytical grade). The tube was sealed so 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 homogeneously 
in the camphor by rapid rotation of the rod between 
forefinger and thumb. The melt was allowed to solidify* 
and about 10 mgra. of the solid was transferred to a 
melting-point tube 3 mm. wide using usual molecular 
weight determination techniques. The melting-point 
tube was sealed. A similar procedure was carried out 
with camphor alone and the melting points of both samples 
determined concurrently.

The above practice was carried out on acetanilide 
as a control and twice on the chloro compound to give 
molecular weights for the latter of 320 and 340 (theory
339) *

4 s 6-Bismethylamino-5-nitronyrimidine78 . - Ethanolie 
methylamine (22^* 16 ml.) was added to a stirred sol— 
ution of 4 :6-dichloro-5“nitropyrimidine (3*8 £•) I*1 
methanol (40 ml.) over 10 minutes at 10°. Stirring 
was continued for a further 30 minutes. The solid 
(2.73 g.) was collected and recrystallised from ethanol 
to give the pyrimidine as pale yellow plates* sup.192-5 •
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. 5-Amino-4 s 6~bism6thyIainino-pyrimidine. ~ 4s6~bis~ 
methylamino*-5“nitropyrimidine (0*45 go) in ethanol (50 ml,) 
was hydrogenated over Raney nickel catalyst at room 
temperature and pressure• The catalyst was filtered off 
and washed with hot ethanol. The combined filtrates 
were taken to dryness in vacuo, and the residue sublimed 
(llOjjr" O 0OOG5 m.mo ) bG give famine—4s6—bismethylamino** 
pyrimidine, m 0p 0 150° (decompo). (Founds C,4?<>3$ H,7«25 

N P 45»5« CsHiiUg requires; 0 ,47 .05 H,7 o25 N,45.7#0°

M§»( 8:9-“dihydro~9~methyl~6~methylam±nopurin-^--yI) <> -
(a) To the above ethan0lie solution of 5*=amino~4s6- 
-bismethylaminopyrimidine was added polyglyoxal (0*075 g.) 
in water (1 0 ml*), and the mixture was heated on the 
water-bath for 10 minutes» The solution was concentrated 
in vacuo to about 5 ml*, and chilled overnight to give
bie~( 8 :9~dihyaro~9-methyl-6~f^thylaminopurija-8~yl) as
colourless needles (from ethanol), m.p« 260° (decomp.)* 
(Found: C,50*95 H,5°5s 43°2* O14H2 O01O requires:
C> 51.25 H, 60I5 N, 4 2 o?^)o
(b) Bis~(6-chloro-8 s9-dihydro-9~^ethylpurin«8«yl) (0*05 g.) 
and ethanolic methyXaxnine (33^5 1 ml.) were heated to
gether in a sealed tube for 5 hours at 125° • She sol
ution was cooledp the solid collected and recrystallised 
from ethanol to give the bisdihydromethylaminopurinyl,



m.p. 2 5 6° (decompo)o

2 : 4~Bi8dimethylamino-5~nitr opyrimidlne. - 2:4- 
-Dichloro-5-nitropyrimidine (1 g.)?s was dissolved in 
ethanol (2 0 ml*) and ethanolic dime thy laraine (33^! 3 ml.) 
was added dropwise to the solution. The solution was 
stirred for 30 minutes, filtered, and the filtrate 
taken to dryness in vacuo. The residue was sublimed
and recrystallised from light petroleum (bop* 60-80°) 
to give 2 :4-bisdimethylamino^5-nitropyrimidine ( 1  g») 
as yellow needles, m.p« 88-92°. (Found: C,45o?5
H,5«5; H,3 3o?o CqH1 5 02Ns requires: C,45o5$ H ?6 .25

H,33o2f0«>
5"°Amlno-2:4“hi3dimethylaminopyrimidine. - The 

above nitro compound (0 *2 5 g«) was hydrogenated in the 
UBual way. Removal of the catalyst and evaporation 
of the filtrate in vacuo gave 5-amino~2 :4-bisdimethyl- 
aminop.vrimidine as white needles, m.p. 92-9 6°„ after 
sublimation at 90° (bath^/O.OI m.m. (Found: 0 ,53*85

H,7*9* C8H15Ns requires: C 953*05 H,8o3^)*
Mixed m.p. with 2^^bisdimethylaniino-^^nitro- 

pyrimidine was 66-94°.

Azomethine of gl.yoxal and 5“-amino-2:4M>bisdimQthyi- 
aminopyrimidine * - 5“Amino~2:4e“bisdiinethyla5ftinopyr-



imidine (0 .0 2 g.) was dissolved in a mixture of hot 
water (1 0 ml.) and ethanol (3 a 1 0)» and a solution of 
polyglyoxal (0 .0 3 8 g.) in hot water (5 ml.) added, 
whereupon an immediate precipitate was formed. The 
mixture was heated on the water-oath for 2 minutes and 
cooled. The product i?as collected and recrystallised 
from aqueous ethanol to give glyoxylidenebis-(5-amino- 
-2 :4”bisdimethyl8minopyrimidine) as bright red prisms, 
m.p. 195-199°. (Found: 0 *56 .75 H f6.7» H,36«7.
C18H20M10 requiresiC,56.25 H,?o35 H,36<>7$)o

Treatment of the azomethine with cold N-hydrochlori© 
acid effected immediate hydrolysis.

Azome thine of glyqxal and 4-amino~2 % 6-dihydroxy- 
pyrimidine. - Polyglyoxal (0.23 g.) in warm water 
(2 0 ml.) was added to a solution of 4-amino®2 :6-aihydrosy- 
pyrimidine ( 1 go)?? in boiling water (2 0 0 ml.), where
upon a precipitate formed almost immediately. The 
mixture was refluxed for 1 hour and the solid (0o35 g») 
was collected while the mixture was still hot. The 
product was purified by dissolution in hot sodium car
bonate solution (2 Hj 20 ml.) from which gJjmsQj^gnetajr 

A-arfljno-2 26-dihvdroxypyrimidine), m.p. ^ 360%  was 
precipitated by the addition of dilute hydrochloric acid.



(Pounds C,43°7$ H,2 „95 N,30.0. Ci0H804N6 requires*.
0,43*55 H 92 o9s N,30,4f*),

Azome thine of glyoxal and 6-amino~X s 2 s 3 s 4-tetra- 
hydro-1 s 3-dime thy 1 - 2 s 4-dioxonyrimidine, - Similar 
condensation to the above of glyoxal with 6-amino- 
-1:2; 3; 4-tetrahydro-l s 3-dime thyl-2:4-dioxopyr imidine^ 8 

gave gIyoxylidenebis~( 6-amino-l s 2 ; 3 :4-tetrahydro-ls 
-dimethyl-2s 4-dioxopyrimidine) as colourless needles 
(68ji) from water, nup. J>300° (Pounds 0 ,50 ,65 H,4o4| 
N s25o3« C14H1 6 041I6 requires; C ,50065 H,4*95 N,2 5o3$)

5-Aminopyrimidine, - Hydrogenation of 5-amino- 
-4 s6«dichloropyrimidine, in the presence of magnesium 
oxide using palladium-chareoal catalyst gave 5-amino- 
pyrimidine, m.po 169-171°* Whiita&er3  ̂ obtained this 
compound in a similar manner from 5“°aminO“2s4c=’dichloro- 
pyrimidineo

Neither 5-aminopyrimidine nor 5~asdno<=,4 s 6-dichlor© 
pyrimidine reacted when refluxed with glyoxal for sev
eral hours in aqueous or ethanolic solution,

Oxalylbis-l-( 4:6-biBmethylamino-5-nitropyrimidiniu3rij
.dichloride, T o  a solution of 4:6-bismethylamino-5- 
-nitropyritaidine (0 *5 g*) in boiling dry benzene (2 0 0 ml 
was added a solution of re—distilled oxalyl chloride



(0.11 mlo) in dry benzene (10 ml.). The solution was 
refluxed for 30 minutes during which a precipitate 
gradually formed. Pale yellow crystals of oxalylbis- 
-1~( 4 s 6-bismethylamino-5-nitropyrimidiniuift) -dichloride 
(Oo43 g«) wa3 collected and dried in vacuo« m<,pa 2 5 5°
(decomp*)» (Pounds C 934o5$ H,4«5; H s28o55 01,14.7* 

0 ^ 2  requires? 0,34*1? H,3°7? H,2So4$
Cl9 14*4$)o

4 s6-bismethylamino~5-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- 
amino-5~nitropyrimidinec

Oxalylbis- 1 (or 3)-(2 :4“bisdimethylamino-5-nitro~ 
pyrimidinium) -dichloride . - 2?4~Bi8dimethylaminO“5- 
—nitropyrimidine was reacted in ether solution with 
oxalyl chloride as above to give oxalyIbis- 1 (or 3)“*
- (2 s 4-bisdimethylamino-5-nitropyrimidinium) -dichloride 
as yellow crystals, nup. 154~X58°«» (Pounds 0,39*2? 
H f5.0-9 N,25o2o C18H2 606N10C12 requires? C,39o35
H, 4 .8 5 U,25«5^)o

The pyrimidinium dichloride reacted vigourously 
with sodium hydrogen carbonate solution in the cold to
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give 2 % 4-bisdimethylamino-5-nitropyr imidine e

N: N* -di- (4:6”dichloro-5~pyrimidvl) -oxamide. - 5- 
-Amino-4:6-dichloropyrimidine (2g.)«*aa heatedind*y xeCLuxing 
benzene (1 0 0 ml.) until a solution was given* oxalyl 
chloride (1 .1 5 ml.) was added* and the solution refluxed 
for 45 minutes. Brown solid crystallised out of sol
ution after 5 minutes refluxing. On cooling* light 
brown plates were deposited and collected by filtration. 
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 SB* -di-(4 s 6-dichloro-5-pyr- 
imidyl)-oxemide» decomp. 275-285°. (Founds 0,31*965 
H,1 o35 01,37*18. C10H4 02N6C14 requires? C,31*435 H*1.06$
01,37*13$) •

Absorption spectrum in 1^10 HaOH Amax.$ 218*,258$ 
sh.3 1 0$ sh .3 3 0 mu. £max.$ 7 »7 8 0$ 1 2 ,7 0 0$ 3*600$ 3 *0 0 0.

Methylamination of the above diamide. — The di- 
amide (2 go) was suspended in ethanolie meihylamine 
(33^5 5 ml.). The suspension was mechanically shaken 
for 5 hours when the diamide was found to be in solution. 
The solution was evaporated to dryness at 20° injvae]^* 
and the residue extracted with ethyl acetate. The
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extract was taken down to dryness and the residue ex
tracted with petrol. The petrol extract was taken to 
dryness and the residue recrystallised from chloroform 
to give 5“amino-4-chloro-6~methylaminopyriinidine, m.p. 
and m.p0 when mixed with an authentic specimen, 160-162°.

8-Methyl- 6 s ?~diphenyl-2~pteridone 0 - 5~Amino-2- 
-hydroxy-4-methylaminopyr imidine (0.64 g.) was dissolved 
in boiling water (2 ml.). Benzil (1.0? g.) in ethanol 
(2 ml.) was added to the hot solution which was then 
heated on the water-bath for 15 minutes. The brei was 
chilled and the product collected and recrystallised 
from ethanol to give 8~methyl°6 ;7-diphenyl-2-pteridone 
as pale yellow prisms (1 .1 9 g») decomp. 180°. (Founds 
C,6 8 0 8 4$ H ,4*34$ N,X?o2. CigH^4 0N̂ «B2 0}r»l̂q^^ji|Qg;0,68o66$ 
H,4.85$ N,16o^)o

6 ? ?; 8 -Trimethyl-2-pteridone4 a . - 5-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 wanned on the v/ater—bath for 
15 minutes. The product was filtered off and washed 
with water (4 m3..) and ethanol (1 ml.). Re cry at alii sat ion 
from ethanol (1 5 0 ml.) gave the pteridone (0.5 g») as 
colourless needles, m.p. 253-257°* (Founds R,29*7$>29*0s 
Calc, for C9Hi001^ : N,29*45#) .
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Sodium gait, of 8-methyl_6:7-diphenyl-2»pterld0ne. - 
8-Methyl-6s7-diphenyl-2-pteridone (0.1 g.) was finely 
ground and added to hot caustic soda solution (1 0

10 ml e) * The mixture was heated on the water hath for 
5 minutes, and warm water (1 0 ml.) added to effect com
plete solution. The solution was filtered through a 
fluted filter paper, heated on the water-bath and 
strong caustic soda solution (1 0 N; 10 ml.) added, 
whereupon a floicculent white precipitate was given.
The mixture was cooled, the product collected, and 
washed with ethanol and acetone. The sodium salt 
was stored in a desiccator.

The sodium salt was hygroscopic and could not be 
analysed.

Degradation of 8-methyl-6 %7-dir>henyl~2-pteridone. -
(a) Acid degradation. - The pteridone (0.5 g«) was 
treated with refluxing dilute hydrochloric acid (1  

50 ml.) for 12 hours. The mixture was allowed to cool 
and extracted with chloroform (3 x 25 ml.). The com
bined chloroform extracts were washed with water, dried 
over anhydrous sodium sulphate and taken to dryness to 
give benzil (0 .3 1 2 6 g., theory 0.3155 6 °)* m.p. and 
mixed m.p. with an authentic sample 93~96°. The 
aqueous layer and the washings irom the chloroform



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 
the intensity of absorption at 294 mu in the ultra- 
-violet absorption spectrophotometer gave the weight 
of 5^mino-2~hydroxy-4-methylaminopyrimidine as 0 .22? jg„ 
(theory, 0 .2 2 3 g»).

Ck) • Alkaline degradation. - The pteridone (0.2g.) was 
treated with refluxing NaOH solution (5 25 ml.) for 6^
hours. Complete solution after 2 hours was followed 
by. deposition of feathery needles of the sodium salt.
The solution was cooled, poured into warm water (200 ml.) 
and filtered. The filtrate was acidified with concen
trated HC1 (19 ml.) and allowed to stand overnight.
The precipitate of unchanged pteridone was filtered off 
and the filtrate extracted with chloroform. The extract 
was worked up as before to give 0 .0 9 2 g. of benzil 
(68o5J«> 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 (6 5.8J& of theory).

7: 5 7-diphenyipterias§.-
-2-Hydroxy-4-methylamino-5-nitropyrimidine (0.3 g.) was
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suspended in ethanol (40 ml.) and hydrogenated in the 
usual way to give 5~amino-2-hydroxy-4~methylaminopyr- 
imidine. The mixture was boiled and the catalyst 
filtered off. To the filtrate was added benzoin 
(0o4 go) in ethanol ( 5 ml.), acetic acid (2 ml.);and 
boiling water (5 ml.). The whole was refluxed for 2 
hours and chilled overnight. 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.^ 3000. (Founds C,70.0s H,4.6$ N,17*7« C19H160N^.
gH20 requires; 0,70.0$ H,5°2$. N,l?o25fS) ®

pyrimidine ( 1 0 g.) was heated with benzylamine (50 ml.) 
on the water-bath for 12 hours and the white crystalline 
product (13.5 go) collected. Recrystallisation from 
ethanol gave 4— benzvlamino—2—mercaptopyrimidine as
colourless needles, m.p. 249-253° (decomp.). (Found; 
0 *60085 H,5°3» H.1 9 .2 8 . C n H n H g S  requires; 0,60.75* 
H*5»08; N,19.35^)»
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4-Be^£ljmino~2^ a . 4~Benzylamin0~
-2-mereaptopyrimidine (1 3 g.) and chlsr&eetic acid (1 0 g.) 
were heated together in refluxing water (7 1 „5 ml.) for 
40 minutes. Hydrochloric acid (concentrated5 6 6 .5 ml.) 
was added to the solution and refluxing continued for a 
further 3 hours. Evaporation of the solution on the 
water-bath in a porcelain basin gave a dark brown solid 
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 acetone, and reerystall!sed 
from ethanol (4 0 0 ml.) to give 4°benzylamino-2-hydroxy- 
pyrimidine as colourless needles, m.p. 213-217° (decomp.). 
(Pounds 0 ,6 5.9 2 $ H,5o39, 15,21.1. 0 t '̂R1L1OS9 requires?
C,65o? i H,5o4?5 N,20.9jS).

The hydroxypyrimidine could not be coupled with j)- 
-chlorobenzenediazonium chloride, nitration gave a mix
ture of di~ and trinitro derivatives.

4-Benzylamino-2—hydroxy-5-nitropyr imidine. - 2:4-
—Dichloro-5e=nitropyrimidine (2 g . ) ^ 9 was dissolved in 
acetone (1 0 ml.) and the solution added dropwise to a 
stirred mixture of ice and water (2 0 0 ml.) over 10 min
utes. To the stirred mixture was added a solution of
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benzylamine (3 ml*) in iced water (1 0 ml*) over ..half 
an hourc The solid was collected, washed with water 
(50 ml*), heated to boiling with NaOH solution (2 N|
50 ml*) and the mixture filteredo The residue was 2s4- 
-bisbenzylamino~5~nitropyrimidine, i.p. 178-180°. The 
filtrate was cooled and acidified with acetic acid and 
the bright yellow product collected* Recrystallieation 
from ethanol (1 5 0 ml*) gave 4-benzylamino-2-hydroxy-5- 
-nitropyrimidine (Xo3 g») as pale yellow needles, m.p* 
225-228°* (Pounds 0,54-055 H,3»7$ N 523<>16* C11HtoOsN̂  

requiress 0,55-7$ H,4*07$ N,22,8f$).

5-Amino-4-benzyIamino—2-hydroxypyrimidine * - 4-
-Benzylamino-2-hydroxy-5“nitropyrimidine (1*1 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 solid was collected and recrystallised from 
aqueous ethanol to give 5-amino-4-benzylainino-2»»hydroxy~ 
pyrimidine as golden prisms, m*p* 218-223° (decomp*). 
(Pounds 0,60*75 H,4.9* N,26*l* CiaHi20N4 requires*
C,61.15 H,5o55; N,25o9^)o

Absorption spectrum in N/lO NaOH$ Amax*, 220$
298 mu. £rnax*5 16,400$ 6 ,0 0 0*
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8-Benzyl~6 s 7-dimethyl-2~pteridone * - 5-Amino-4- 
-benzylamino-2-hydroxypyrimi dine (0 *1 g.) was dissolved 
in hot ethanol (10 mh), 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 
waa collected and recrystallised from ethanol (2 0 ml*) 
to give 8-benzyl-6 g?-flimethyl-2-pteridone (0*06 g0) as 
golden needles, deeomp* above 240°* (Pounds 0,68*0$
H,5-0$ Np21*3o 0a 0N4 requires 0,67-65$ H,5o26$ H,21.l£).

The pteridone was soluble in dilute NaOH solution*

8-Benz_vl~2-pteridone * - 5~Amino-4-benzylamino~2- 
-hydroxypyrimidine (0 *2 g*) was dissolved in hot ethanol 
(5 0 ml *) and added oyer half an hour to a boiling solution 
of polyglyoxal (0*1 2 g*$ 2 x theoretical) in ethanol (2 0 ml*)* 
The mixture was heated on the water-bath for a further 
half-hour during which a yellow solid separated out* The 
precipitate was collected and the filtrate evaporated in 
vacuo to small volume with the addition of hot water (4 ml*)* 
The solution was chilled overnight to give the product 
(0*06 g*)* Recrystallisation from ethanol and water gave 
8-benzyl-2-pteridone as pale brown crystals, m.p* 2 4 0° ̂ ecomp^ 
(Pound: C,60*?$ H,4-8$ N,21*2* Cx 0ON4 *H20 requires
0,60*9$ H,4*65$ N t21*9/0®
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The pteridone was soluble in dilute NaOH*
The precipitate (0*027 g*) was glyoxylidenebis-(s- 

-aminq-4"benzylairiino-2-h.ydroxypyrimidine) and was purified 
by solution in hot 2 R-NaOH/ethanol (1:1) and precipitation 
by careful neutralisation* (Found: N,25*l* C24H2 2O2H0

requires: N,24*7#) *
Treatment of the azomethine with dilute mineral acid 

effected hydrolysis to give 5-amino-4-benzylamino-2-hydroxy- 
pyrimidine*

4 -Chloro- 6-methyl amino- 5 -p-nitrobenzilideneamino- 
pyrimidine * - 5TOAmino-4-chloro-6-methylaminopyrimidine 
(0*4 g*) was dissolved in hot ethanol (20 ml*)* To the 
hot solution was added ^-nitrobenzaldehyde (0 *4 4 g*) in 
hot ethanol (10 ml*)* The solution was heated on the 
water-bath for 30 minutes and chilled* The product (0*6 g.) 
was collected and the filtrate concentrated to give a 
second crop (0*16 g*)« Re crystallisation from ethyl 
acetate (30 ml*) gave 4-chloro-6-methylamino-»5«-p-nitro- 
benzilideneaminopyrimidine as red prisms, m*p* 198-20 0° * 
(Found: 0,49-2$ H,3*05$ H,24.3. C12HaO02\ 0 1  requires:
0,49.4s H,3.44*'N,24..1#).

Treatment of the azomethine with mineral acid effected 
immediate hydrolysis* Ultra-violet absorption spectrum



in ethanol: Amax.? 207? 269? 386 mu* £max.? 2 3 ,7 0 0 ? 
2 2 ,6 0 0 ? 5 ,1 0 0 .

7:8-DihzfeQ” 7 -hydroxy-8 -me thy1-6 :7-diphenylpteriaine. 
- 5-Amino-4-methylaininopyrimidine (0 ,1 9 g.) was dis
solved in boiling water (3 ml.) and benzil (0 *2 4 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 product (0.24 g.) 
separated out on cooling. Recrystallisation from 
ethanol /water gave 7 s 8-dihydro~7-hydroxy-8-ineth.Yl-6:7- 
-diphenylpteridine as colourless blades, m.p. 185-190° 
(decomp.). (Founds 0,72.32? H,4*52? N,18.0.
C19H1 6 0N4 requires: 0,72.11? H,5-09; R,17o7J$)<»

The pseudo base is soluble in dilute mineral acid.
Ultra-violet absorption spectrum (a) ethanol:

Amax.? ^220? 3 4 8. mu. £max. ? ̂ 2 5 ,000? 10,000.
(b) 1NHC1: AmoXo? ^220? 266 mu. £ max. ? ̂ 20,000? 22,150.

5-Benzamido-4~methylaminopyrimidineo - To a sol
ution of 5-amino-4“methylaminopyrimidine (0.5 ) iu
boiling dry pyridine (4c? ml.) was added benzoyl 
chloride (O.5 6 5 g.? 1 eauiv.) dropwise. The solution 
was refluxed for 5 minutes and cooled. Sodium hydro
gen carbonate (0 .3 4 g«) and water (2 ml.) were added



to the solution and the whole taken to dryness in vacuo 
on the water-bath. Extraction of the residue with 
boiling water (2 x 50 ml.) and cooling of the extracts 
gave the product as colourless needles (G.3 6 g.). Re
crystallisation from water (3 0 0 parts) gave 5-benzamido- 
-4-methylaminopyr imidine as colourless needles, sup* 
229-233°o (Found; 0,63.0? H,5o0? R,24o7. Ci2H1 20H€ 
requires; 0 ,6 3 .2 ? H,5.26? R,2 4 *6^),

9-Methyl~8-phenyIpurine. - 5-Benzamid0~4«methyl- 
aminopyrimidine (0 .1 3  g.) was heated in a test-tube at 
240° (bath) for 20 minutes. The melt was cooled, ex
tracted with ethanol, the extract charcoaled hnd the 
solution evaporated to dryness. The residue was sub
limed at 1 4 0^  0 . 1  m.aio to give colourless crystalline 
9-methy1-8-phenylpurine, m.p. 156-160°. (Founds 
0 ,6 8 .8 ? H,4o4?’N,27ol. requires; 0,68.5?
H,4o?6f N,26.7$)o

Ultra-violet absorption spectrum in ethanol: 
Amax.? 2 3 0? 282 mu, £max.? 14,200? 1 9 ,8 0 0.

2:4:6-Trichl oropyrimidine. - The pyrimidine was
synthesised by chlorination of barbituric acid (2 :4 s6- 
-trihydroxypyrimidine) according to the method of



Baddiley and Tophaa8* . The yield was increased from 
465? to 905? by the use of diethylaniline instead of 
dimethylaniline.

2-Amino-4s6~dichloropyrimidine. - (a) Treatment
of 2 s4 s6-trichloropyrimidine with anunonia according to 
the method of Buttner00 gave a mixture of 2-amino~4s6- 
-dichloropyrimidine and 4“amino-2 s6-dichloropyrimidineo 
Separation of the isomers was effected by soxhlet 
extraction of the mixture with petrol (b.p. 60-80°) 
followed by recrystallisation of the extracted solid 
from ethanol to give 2~amino-4 s6-diehloropyrimidine.

(b) o 2-Amino~4s6-dihydroxypyrimidine was chlorinated 
according to the method of langerman and Banks81 ,

2-Amino-4-chloro-6-methylaniinopyrimidine0 2 0 - 
2-Amino-4 %6-dichloropyrimidine ( 3 g.) was heated with 
alcoholic methylamine (IS^w./v.? 12 ml.) in a sealed 
tube at 100° for 3 hours. The mixture was taken to 
dryness in vacuo and extracted with boiling water 
(40 ml.) from which the product (1 . 8  g.) crystallised 
in needles, m.p. 162-164°.

2-Amino-4-methylaminopyr imidine. => 2-Amino-4-
-chloro-6-methylaminopyrimidine (1.24 g°) was dissolved 
in hot water (100 ml.). To the solution was added



freshly reduced palladium catalyst (0.6 g.$ originally 
as 2.5$ PdCl2 on charcoal) and magnesium oxide (0.9 g.). 
The mixture was hydrogenated at room temperature and 
pressure and the required hydrogen uptake was absorbed 
in 12 hours. The mixture was heated, filtered, and the 
residue washed v/ith acetone. To the combined filtrates 
was added sodium carbonate solution (2 N$ 6 ml.) and 
the mixture evaporated to. dryness in vacuo on the water- 
-bath. The residue was extracted with methyl isobutyl 
ketone (3 x 50 ml.) from which 2-amino-4-methylamino- 
pyrimidine (0.94 g-.) crystallised in colourless needles, 
m.p. 161-163°, the pyrimidine sublimes at 1 2 0°/0 .0 0 0 5 m.m. 
(Founds 0,48.25? H,6o49; N,45°0. C8HsH4 requires:
C »48.4, H,6.455 N,45o2^).

Mixed melt with starting material depresses 30°. 
Ultra-violet absorption spectrum in ethanol:
212; 2385 284 mu. £ max.5 £1 ,000$ 10,600$ 7,000.

2-Amino-5-T3-chlorobenzeneazo-4-methylaminopyr imid
ine. - j)-Chloroaniline (1.4 go) was dissolved in dilute 
hydrochloric acid (1 N$ 28 ml.) and diazotised at 0° by 
the slow addition of sodium nitrite (0.81 g.). The 
diazo solution was added to a suspension of 2-amino«4CT 
-methylaminopyrimidine (0.94 go) in water (11 ml.) at 0°.



The mixture was allowed to stand for 5 minutes when 
complete solution had taken place. To the solution 
was added sodium carbonate (3 .5 g.) whereupon coupling 
took place. . The mixture was allowed to stand for 2 
hours. The product (2.25 g.) was filtered off and 
dried in a vacuum desiccator. Recrystallisation from 
ethanol (30 parts) gave 2-amino-5-P-chlorobGnzeneazo- 
—4-methylaminopyrimidine as deep red twisted needles, 
m.p. 227-229°o (Found; 0,50.0? H,4.28$ K,3l.9« 
O n H i i ^ C l  requires: 0,50.3? H,4®2? N,32.1$)o

2:5-Biam ino-4-me thy lam inopyr imidine. « 2-Amino-
-5-P-chlorobenzeneazo-4~methylaminopyrimidine (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 immediately for condensation, be- 
ceassathe diaminopvr imidine was too unstable to isolate.

2 s8~Dihydro-2-Imino-6:7:8-trimethylpteridine. - 
To the above crude methanolic solution of 2:5-diamino- 
-4-methylaminopyrimidine was added diacetyl (1.0 ml.). 
The solution was refluxed for 30 minutes and reduced 
in vacuo to 5 ml. The solution was chilled and the 
product (0.5 g o )  collected. Recrystallisation from 
methanol (10 parts) gave 2 % S-dihydro-2—imino-6:7• 8-
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- trimethylpteridlne as colourless crystals, m.p. 235-2 4 0° 
(decomp,) pKa 5 o6 - o«L (Pounds 0 ,5 6 .8 5 H,5.42s 
N 937o5- CpH^Ng requiress 0 ,5 7.1 5? H,5 o8 | N,3?,l#).

Ammonia was liberated when the iminopteridine was 
heated in a strong KOH solution,

2-Ac e tylamino-4~hy dr oxy- 8 % T-di-phenvlnteridine. - 
To a suspension of 2-amino-4-hydroxy-6:7-diphenyl- 
pteridine (0 ,0 5 go) 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 (1 5 ml,) and allowed 
to stand for 2 hours when a white precipitate had 
formed. The solid (0,037 go) was collected* washed 
with sodium hydrogen carbonate solution, water, and 
acetone, and dried at 80°, Recrystallisation from 
aqueous ethanol gave 2-acetylamino-4-hydroxy-6 :7- 
-dinhenvlnteridine as pale yellow blades, m.p. 235-233°, 
(Pound: C,6 7 ,15 H,4,l5 R,!9«7, CgoHlg02N6 requires:
0,67,3; H,4o25 N,19o?^)o

2-Acet.vl imino-2:8-dihydro-6:7 s 3-trime thylpt eridine,
228 -Dihydro-2-imino-6 :7 s8-trimethylpteridine (0 ,1 0  g,) 

was dissolved in acetic anhydride ( 3 ml,) and the sol
ution heated on the water-bath for 1 hour. The sol-
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ution was poured into water, allowed to stand for 1 
hour and neutralised with sodium hydrogen carbonate 
solutiono The suspension was extracted with chloro
form (3 x 50 ml o) a The combined extracts were washed 
with water (3 50 ml*), dried over anhydrous sodium
sulphate and taken down to dryness in vacuo*. The cry*? 
stalline residue (0*0? go) was dissolved in methanol 
(20 e!»), charcoaled, and recrystallised from methano!^/ 
ethyl acetate to give 2-acetylimino~2 s8-dihydro-8:7:8~ 
-trimethylpteridine as colourless needles, m,p* 165-170®* 
(Pounds U,30o7» ciiH150Ns requires; N,30o3#)o

TJltra-violet absorption spectrum in ethanols 
Xmax*$ 226; sh<,250*? 318$ 364 mu* £maXo$. 25,500$ 9,400$ 
7,150$ 6,100*

2s4-°»Biamethylamino^5-nitropyrimidine «> - This 
pyrimidine was synthesised in the same way as for 4s6-  
«bismethylam±no~5~nitropyriini&ine (see page 94 )«

5-Amino-234-bismethylaminoo.vrimidine* - 2;4-
-Bisme thy lamino-5-nitropyr imidine was hydrogenated in 
the usual way* 5-Amino-2 14-bismethylaminopyrimidine 
was not isolable due to its instability and the filtrate 
from the reduction was used directly for condensation*
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2 s 8~Dihydro-6 s 7 s 8~t rime thy 1-2-me thy liminoi) ter- 
idine, - 2 i4-Bismethylamino-5“nitropyr imidine (0*6 g.)
was reduced as above to give the 5-aminopyr imidine• To 
the filtrate was added diacetyl (0*5 ml,). The sol
ution was refluxed for 10 minutes and concentrated to 
2 ml * in vacuo * The solution was chilled and the pro
duct (0*4 g®) collected and recrystallised from methano^ 
water (10:1$ 10 parts) to give 2:8-dihydro-6:7:8-tri- 

methy 1-2-methyliminopteridine as pale brown needles, 
m.p* 197-198° (decomp.), pKa 6.1 - 0*2. (Pounds 
0,58.9$ H,6.2$ N,34.3* C10H15N5 requires: C^59,2$
H,6.4$ N,34*5$)»

Methylamine was liberated when the methylimino- 
pteridine was heated with strong KOH solution.

2:4-Dianilino-5-nitrop.vrimidine. - 2:4~Dichloro- 
-5-nitropyrimidine (0.5 go) was dissolved in dry benzene 
(10 ml.) and the solution added dropwise to a vigorously 
stirred solution of aniline (4 ml.) in benzene (10 ml.). 
The mixture was stirred for 30 minutes, the bright 
yellow product (1.3 g®) collected, washed with ethanol, 
and dried. Becrystallisation from ethanol (200 parts) 
gave 2 :4~dianilino~5=nitropyrimidine as yellow needles 
m.p. 198-202°. (Founds 0,63.0$ H,3°99$ N,23®2. 
Ci6Hls02K8 requires? 0,62.6$ H,4<>25$ H,22«8$).
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5-Amino™2 s 4-dianilinop.yrimidine e « 2 % 4-Dianil ino
-5-nitropyrimidine (0<,3 g*) in ethanol (200 mlo) was 
hydrogenated in the usual way0 The 5-amino-pyrimidine
was too unstable to isolate and the filtrate from the 
reduction was used for condensation immediately®

6:7s8-Trinhenyl~2~phenylimino]3teridine ® - To 
the above solution of 5-amino-2:4~dianilinopyriini&ine 
was added benzil (0*3 go)j acetic acid (6 drops)} and 
water (3 xal«)o The solution was heated on the water- 
-bath for 20 minutes and concentrated in vacuo to 10 ml 
The solution was chilled overnight and the product 
(0c25 g«) which separated out was collected® Recry- 
staliisation from ethanol (100 parts) gave 2 s 8-dihydro- 
-6:7 s8-triphen.vl~2-phenyliminopteridine as pale green 
plates, m®p0 225-227° (decomp®)® (Pounds 0,78®!$ 
H,4o9s N,15o3o Cg0H2iNs requires? 0,78*1$ H,4o8$
H.14.9555) •

The phenyliminopteridine gave a deep green colour 
in concentrated sulphuric acid®

2:8-Dihydro-6:7-dimethyl~8-phenyl~2-i)henylimino- 
pteridine« - 2?4-diani lino-5~nitropyrimidine (0c4 g°)
in ethanol (100 mlQ) was reduced as above® To the 
filtrate was added acetic acid (3 drops) and diacetyl



(0®3 alo) and the solution refluxed for 20 minutes, 
concentrated in vacuo to 30 ml®, and chilled® The 
product (0d5 g-) was collected and recrystallised from 
ethanol to give 2 s 8-dihydr 0 - 6 2 7-dimethyl-8-phenyl-2- 
-phenyliminopteriaine as pale pink needles, m 0p« 24J- 
-242° (decomp®)® (Pounds 0,73*9$ H„5o3$ N,21®8®
C20Hn K5 requires: 0,73-4$ H,5»2$ N,21®45/')o

The dimethyliminopteridine gave no colour in con
centrated sulphuric acid®

2:4-BisbenzyXamino-5-nit ropy rim idine ® - 2:4-
-Dichloro-5-nitropyrimidine (0®55 g«) was dissolved in 
warm benzene (30 ml®)® Benzylamine (2 ml®) was run in 
slowly to the stirred solution to 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 parts) gave 2:4- 
-biBbenzylamino~5-nitropyrimidine as pale yellow plates, 
m®p® 179-132°o (Found: C,64®46$ H,4o33$ N,21®0®
C18E1?02Hs requires: C,64®5$ H,5*075 H,20®9|&)°

5~Amino~2:4-bisbenzylaminopyrimidine * - 2:4-
-Bisbenzylamino~5~nitropyrimidine (0®3 go) in ethanol 
(100 mlo) was hydrogenated in the usual way® The 5- 
—aminopyrimidlne could not be isolated due to instabilitj*-



and the filtered solution was used for condensation 
immediatelyo

8-Benzyl-2-benzyIimino-2:8-dihydro--6:7-dime thy 1- 
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 product (Oo2 g® 
separated out and was collected® Recrystallisation 
from ethanol gave 8-benz.yl-2-benzylimino-2 s 8-dihydro- 
-6:7-dimethyIpteridine as yellow needles, m®p® 181-185°» 
(decomp®)® (Found: C,74°8$ H,5*75$ N,X9«8. C22H21HS
requires: 0,74*4$ H,5«95$ N, 19 •?/£)«»

8-Bensyl-2~benzylimino-2 :8-dihydropteridlne ® - 
2:4-Bisbenzylamino-5“*uitropyrimidine (0®2 go) in ethanol 
(70 ml®) 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 to dryness in vacuo 
to give 8-benzyl-2-benzylimino-2s8-dihydropteridine 
as a non-crystallisable light-brown solid. (Founds 
0,71.1,71.15 H j,4o7 p 4 o6j H,20«2o CggH^^Ng ogrHgO re
quires? 0,71.4-5 H,5«365 1,20*85$).

2~Amino-4”Chloro-6~hydroxyi3yrifflidine8 8 . - 2- 
-Amino-4s 6-dichloropyrimidine (10 g*) was refluxed for 
4 hours with NaOH solution (1 B$ 130 ml*)* The solution 
was cooled, acidified with acetic acid and the pre
cipitated product (8.5 g») collected, m*p* 260-262°*

2-Affiino-4~hydroxy-6-methylaminopyrimldine * - 2-
-Amino-4~chldro~S-hydroxypyrimidine (8 *5 g,) was heated 
in a sealed tube with ethanolic methylamine (33$ w./w. 5 
25 ml.) at 120° for 4 hours* The solution was cooled 
and the product collected, dissolved in hot, dilute HOI 
(1 N; 30 ml*), charcoaled, and precipitated with sodium 
hydrogen carbonate* Recrystallisation from ethanol 
(60 parts) gave 2-amino-4°hydroxy-6-methylaiainopyr- 
imidine (3<>7 g«) as light-brown plates, m*p* 255-257°* 
(Founds C,43«>07p H,5 065^,3 9 0 6: CgH8QH4 requires?
C,42*85? H,5.755 1,40*0$)*



2-Amino™4~hydroxy-6-methylamino-5-»nitro80- 
pyrimidine <> - 2-Amino«4~hydroxy—6-methylamino«
pyrimidine (2*5 g.) was dissolved in dilute HOI (3 1? 
20 ml. + 25 ml. of water) at 0°. Sodiuss nitrite 
(2.0 g.) in water (25 ml.) was added to the solution 
and the whole kept overnight at 0° . - The precipitated 
product (2o3 g.) was collected, a second crop was 
obtained by neutralisation of the mother liquors with 
sodium hydrogen carbonate and'concentration of the 
solution* Reorystallisation from water (160 parts) 
gave 2-amino-4~hydroxy-6~methylainino»5-nltrQsopyr~ 
imidine as red needles, sup* ̂ >300°. (Founds 0,35*58 
H,4«i? H,41*lo CgH702N5 requiress 0,35*5? £,4*17? 
H,4Xo4$)o

2 s 5”Diamino-4°hydroxy~6~methylaininopyrimidine * -
— i mji i  -I i l —^ p»i i ■■ i  w  i e M M m t w M i K K J a   — .. a  r *  —

2 -Am ino-4~hydr oxy- 6-me t hy lam ino- 5-nitros opyr imi d ine 
(0*5 g-) was dissolved in hot BaOH solution (0o?2 g* 
NaOHin 8ml* water). The solution was heated to 
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 under 
nitrogen was continued for a further 20 minutes and 
the solution was chilled. The pH was adjusted to
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9o5 with concentrated HC1 and the solution chilled 
for 2 hours* The precipitated product (0*35 g.) 
was collected* Recrystallisation of 2;5-diamino-4- 
-hydroxy-6-methylaminopyrimidine could not be effected 
due to the instability of the compound, m*p* 204-210° 
(decomp.)* (Founds 0,38*0*, H,6*09* 0sH90Ns requires; 
C ,38*75? H,5o8$),

2 s 8-3)ihydro-4-hydroxy-2-imino-6 s ?; 8-trimethyl- 
jqteridine * - 2 s 5-Diamino-4«hydroxy«6~methylaminopyr-
imidine (0*31 g.^in acetic acid (3 ml.) and water,
(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 
solution. The mixture was chilled overnight and 
the bright yellow product (0*05 g«) collected, and 
washed with water* Recrystallisation from ethanol 
was effected, although the compound was unstable, to 
give 2 s 8-dihydro-4-hydroxy-*2-imino-6:7s 8-trimethyl- 
pteridine as needles, decomp* above 120°• pKa values 
5.85 t 0.2, 8.9. (Found: 0,53-185 H,5.01? H,34.4.
Call^ONg requires: C,52.75s H,5-375 N,34.2^).

The hydroxyiminopteridine was slightly hydro
scopic o
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2 * 8~Mhydro~4~hydroxy~2~iiiiino-8-methyl-6; 7- 
-diphenylpteridine. - 2:5-Diamino<=*4-hydroxy-6-methyl- 
aminopyrimidine (0.3 go) was dissolved in water (20 ml.) 
and acetic acid (3 ml*). To the warm solution was 
added benzil (0*42 g.) in ethanol (12 ml.) and the 
solution refluxed for 8 hours during which a bright 
yellow precipitate was deposited. The product (0.040 g.) 
was collected while the solution was still hot. Re- 
crystallisation from N:N-dimethylformai&ide (7 ml.) 
gave 2:8-dihydro~4~hydroxy-2-imino-8-methyl-6:7-dJ>> 
phenylpteridine as yellow prisms, m.p. ^300°. (Founds 
0,66.0, 6 5 .3 5 H,4.3,4.0: Ct9H150NS .H20 requires:
C 165o7 5 H,4*9$)°

2-Amino-7;8-dihydro-4~hydroxy-8-methyl-6s 7-di- 
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 overnight. Recrystallisation from N:N-dimethyl~ 
formamide gave 2-amino~7 s 8-dihydro-4-hyflroxy-8-methyl- 
-6%7-diphenylpteridine as yellow plates, m.p. ^ 3 0 0°
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(Pound; 0,68.2; H,5.2; H,21.15. C19H1,0H8 requires:
0,68.8? H,5ols -H,21.15$).

2-Aiiiino-4-i»ethoxy-6-methylaminopyrimidine. - 2- 
-Amino-4~chloro«-6~methylaminopyrimidine (6*7 g.) was 
heated with ethanolic sodium ethoxide (1 .0 5 g. sodium 
in 60 ml. dry ethanol) in an autoclave at 13 0° for 3 
hours. The solution was evaporated to (dryness in 
vacuo and the residue recrystallised from-water (60 ml.) 
to give 2-amino-4~ethoxy-6-methylaininopyriBidine as 
colourless prisms, m.p. 123-126°, sublimes 140^/0.0002m.m. 
(Found: 0,49*9? H,7ol6? N,33.76. C?H120N4 requires:
0,50.0? H ,?o19? N,33*3$ ) o

2-Amino-5-P-=chlorobenzeneazo-4-ethoxy“6-methyl-u I ji y ■ nr— *" »n iiiui 11 i.m i V  ■ Q s w m m w W M i

aminopyrimidine. -■ 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 j)=~ 
-chloroaniline (1.1 g.) in HOI (1 H? 20 ml.). The 
mixed solutions were kept at 0° for 5 minutes and sodium 
carbonate (3*5 g.) added slowly. The product separated 
out and was collected after stirring the mixture for 1 
hour. Recrystallisation from aqueous acetone gave 2- 
-amino~5-p~chlorobenzeneazo-4-ethoxy-6~methylamino~
pyrimidine (0.8 g.) as orange needles, m.p. 169-172°0 
(Founds 0,50.9? £,4*5? N,27o4. 015H1S0B@01 requires:
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0,50*9? H,4o9; H,2?.4̂ ).

2 ; 3^Ma2nino- 4 - ethoxy- 6 - iiiQ thylaiflinop.vriiaiaine. -  

2-Am ino-5-jq-chloro'benzeneazo-4~Qihoxy-6-:m eihylam ino-

pyrimidine (0.6 g.) was dissolved in ethanol (50 ml.) 
and hydrogenated in *ehe usual way. The diaminopyrimidin© 
was too unstable to be isolated and the filtered sol
ution of the diaminopyrimidine was used for condensation 
immediately.

4-Ethoxy-2:8-dihydro-2-imino-6:7 s 8-trimethylpteridine.
- To the above filtered solution was added acetic acid 
(2 drops) and diacetyl (0.5 ml.). The solution was re- 
fluxed for 20 minutes, concentrated in vacuo to 5 ml., 
cooled, and neutralised with saturated potassium hydrogen 
carbonate solution. The product was collected and re- 
crystallised from aqueous ethanol (charcoal) to give 
4-ethoxy-2 s 8-dihydro-»2«-imino-6:7 s 8-trimethylpteridine 
as red needles, m.p. 178-180°. (Founds 0,56.7? H,6.26$ 
H,30.4* CltH160Ba requires? 0,56.6; H,6<,45$ N,30ol$).

The ethoxy pteridine could not be hydrolysed either 
with acid or alkali to the corresponding hydroxy pter
idine.

4-Chloro-8-methyl~7~pteridone. - 5-Amino-4-chloro- 
-6-methylaminopyrimidine (0.3 g.) and ethyl glyoxylate
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hemiacetal (0.4 ml.) were heated together in refluxing 
water (4 ml.) for 40 minutes and the solution chilled 
overnight. The crystalline product (0.22 g.) was 
collected and recrystallised from petrol to give 4-  

-chloro-8-mcthyl-7”Pteridone as colourless needles, 
m.p. 173-174°. (Found: 0,43-485 H,2.59; N,28.3;
01,18.04. C7H60H4Cl requires: 0,42.8? H,2.54; N,28.5;
01,18.05$).

4-0hloro-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 was refluxed with stirring for 
24 hours and cooled. Water (4 ml.) was carefully added, 
followed by the addition of dilute sulphuric acid (1 N;
50 ml.). The acid solution was extracted with ether.
This extract was taken to dryness in vacuo to give no 
residue. The aqueous 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*34go) 
was dissolved in acetone (50 ml.) and filtered through
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a bed of alumina. The solution was concentrated and 
cooled to give 4-chloro-5:6:7:8-tetrahydro-7-hydroxy-8- 
—methylpteridine as pale yellow blades, m.p. 148-155° 
(decomp.). (Founds 0,41.73; H.4.65; 8,27.75, .01,17.65- 
C7H90H4C1 requires! 0,41.8; H,4.48; H,27-95; 01,17.73^).

Ultra-violet absorption spectrum in ethanol: A max.; 
<220; sh.294; 324 mu. £ max.;^12,000; 6,900; 10,000.

8-Methyl-4~meihyIamino-?-pteridone. - (a) 4:6-
-Bismethylamino-5-nitropyrimidine (0.8 g.) in ethanol 
(100 ml.) was hydrogenated in the usual way. -Ethyl 
glyoxylate hemiacetal (0.3 ml.) was added to the filtrate 
and the solution heated for 15 minutes on the water- 
-bath, followed by concentration in vacuo to 5 ml®, 
and chilling overnight. The product (0.4 g*) was 
collected and recrystallised from ethanol/benzene to 
give 6-methyl-4-methylamino-7~pteridone as colourless 
needles, m.p. 194-196° (decomp.), sublimes 120^/6.01 m.su 
(Found: 0,50.1-, H,4*735 N 936.7o C8H90Ns requires:
0,50.25? H,4o7? B»36o3$)o

(b). - 4-Chloro-8-methyl-7~pieridone (0.2 g*) was 
heated in a sealed tube with ethanolic methylamine 
(33$ w./w.? 0.4 ml.) in ethanol (2 ml.) at 100° for 6 
hours. The mixture was taken to dryness in vacuo and



the residual solid recrystallised from ethanol (25 ml.) 
(Charcoal) to give the methylaxnino pteridone (0.15 go) 
as feathery needles, m.p. and mixed m.p. with authentic 
specimen, 194-196° (decomp.).

8-Methyl-2-methylamino~?--pteridone. - 2 ̂ -Bis- 
methylamino^-nitropyrimidine (0.5 g.) was reduced in 
the usual way and condensed with ethyl glyoxylate 
hemiacetal as above to give, on recrystallisation from 
ethanol, 8-methy1-2-methylamino-7-pteridone (0.26 g.) 
m.p. 196-200° (decomp.). (Found: C,50«9| H,4o9?
11,36.5$) o

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

2-Amino-8-methyl-?-pteridone. - 2-Amino-5-g-
-chlorobenzeneazo-4-methylaminopyrimidine (1.0 g.) was 
reduced in the usual way. To the filtrate was added 
ethyl glyoxylate hemiacetal (0.3 ml.) and the solution 
refluxed for 20 minutes. The solution was concentrated 
to 15 ml. and chilled. The product (0.31 g.) was de
posited and collected. Recrystallisation from ethanol
gave 2-amino-8-xaethyl-7-pteridone as pale brown crystals, 
m.p. 2-90-294°o (Founds 0,47.9? H,3.7? N,39.5. C?Ry0Bg 
requires: 0,47.5? H,3«96? 1,39.6$).
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2-Anilino-8-phenyl-7-pteridone c - 2:4-Dianilino- 
-5-nitropyrimidine (0*3 g.) was reduced in the usual 
way and condensed with ethyl glyoxylate hemiacetal as 
above. Recrystallisaiion of the product (0.2 g.) from 
ethanol gave 2-anilino-8-phenyl-7-pteridone as red 
prisms, m.p. 197-200°. (Found: 0,69.13? H,4*36?
N,22.74. C18H120R6 requires: 0,68.9? H,3„8? 1,22.3$).

2-Amino-4-hydroxy-8-methy1-7-pteridone. - 2-
-Amino-4-hydroxy-6«*methyla3nino-5“nitrosopyrimidine 
(0.4 g.) was suspended in ethanol (70 ml.) and hydro
genated in the usual way. The mixture ?/as boiled under 
nitrogen and the catalyst filtered off. To the filtrate 
was added ethyl glyoxylate hemiacetal (0.4 ml.) and the 
solution heated on the water-bath for 10 minutes. Hot 
water (1 ml.) was added/and the solution heated for a 
further 10 minutes. The solution was filtered through 
keiselguhr, concentrated in vacuo to 10 ml., and chilled 
overnight. The product (0.16 g.) was collected and re- 
crystallised from ethanol (60 parts) to give 2-amino- 
-4-hydroxy-8-meth.yl-7-pteridone as lustrous yellow 
plates, m.p. 239-240° (decomp.). (Found: 0,43*7? H,4o5”
G7H702Bs requires: 0,43*52? H,3.65$).
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