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Tumbering of the Fteridine Ring.

The numbering of the nteridine ring in this thesis

A

ol thwe international rules of nomenclature,
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Recent studies, using physical methods, indicate that
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? hydroxypteridines exist (in the cases studied) in the lactam

T

~ou

=
==
O

(11) (I11)

! However, for ease in refereunce, in this thesis
| hydroxyvteridines are named, in accordance with tradition,
i i.e. as if they hove the lactim fora (ITII). Thus (IIT) is

naned 2,4,7-trihydroxypteridine, and not 1,2,3,4,7,8-

1 hexahydro=-2,4,7-trioxopteridine.
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Summar

Aeduction: Ths fifteen pocszole hydroxy— and polyhydroxy-

pteridines were reduced, cheuically and catalytically.
rotassium borohydride, sodium dithionite, and potassium (or
sodium) amalgam were used 28 the chemical reducing agents.

Hydrogenation over palladiug pletinum, and Raney-nickel were

used for catalytic wreductions, Except 2,4,7-trihydroxy-
pteridine all these were successfully reduced by ot least one
the above methods. IHydroxypteridines locking a hydroxy
group in the pyrazinerrlté gave tetrahydropteridines and, in
some casesg, a dihydro-compound as well, Thus 2-hydroxy-—

pteridine gave 5,0,7,0-tetrahydro-2-hydroxypteridine and 2lso
3, 4=Adihydro=-2-hydroxypteridine. The latter is the first
exanple of the reduction of 2 nteridine in the pyrimidine
ring.

On the other hend, hydroxypberidines having a hydroxy
group in the pyrazine ring gave only dihydro-compounds on
reduction. Thus 6-hydroxypteridines gave 7,8~-dihydro-6-
hydroxypteridines, and T-hydroxypteridines gave their 5,06-
dihydro=derivatives.

Synthesis: The structures of the products, often indicated
by lonization constants and ultraviolet spectra, were
contirmed by synthesis in most cases.

A synthetic route to the hitherto inaccessible 5,6-

-

dihydropteridines wes discovered. This involved reduction




of the Schiff's base of a 4,5-diaminopyrimidine. In

addition a mefhod wags devised for preparing 5,6,7,8—tetrahydro—
—4-hydroxyplteridine which could not be synthesized by Lister
and Ramage's method (cyclization of a S5-amino-4-(benzyl-f-
hydroxyethylamino)-pyrimidine). It is a well-known defect

of this method that it cannot ve used to make tetrahydro-

-

hydroxypteridines., Tor, if & hydroxy-group is present in the
pyrimidine ring before the cyclization, an alternative
reaction occurs and gives a glyoxalinopyrimidine in place of
the desired tetrahy ﬂroote:ldlnc. The alternative reaction
succeeds because of the tautomeric possibilities of the
hydroxy—group. Ience the problem was solved by

introducing an ethoxy group at the pyrimidine stage. The
ethoiy—group, under the conditions of cyclization, was
hydrolysed to a hydroxy—-group and gave the desired tetrahydro-
hydroxypteridine.

Some 7,8-dihydropteridines were required lacking a
substituent in the 6-position. But no method for producing
such substances has been recorded., However it seemed that
7,8—dihydr0§teridines, lacking a substituent in the 6-
position, could be prepared by condensing aminoacetal and a
4=chloro-5-nitropyrimidine. In practice, a difficulty arose
in the last step (cyclization), but this was solved by

hydrolysis of the acetal group before the reduction of the
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nitro-groun. 7,S-Dihydro~2—hydroxyptéridine was prepared in
this way.

In 211 thirty six new compounds were prepared end are
listed at the end of this summery,

Tonization constents: Tonization constants were measured in

order to record precise spectra of single lonic species.

&
sometimes these constants gave useful clues to structure, e.g.
tlie significent rise of basic strength in 7,8-dihydro-
pteridines compared to the parent pteridines, This rise is
undoubtedly cauged by exbtra resonance in the cation exactly
as in siuple nitrogen heterocyclic coﬁpounds heving an amino-
sroup in the Y-position (e.g. 4—aminopyridine).

Spectras Close similarity of the ultraviolet spectra of
5,6,7,0-tetrahydropteridines and of the corresponding
4,5=disgninopyrimidines furnished a convenient confirmation of
the structure of tetrahydro-2-hydroxypteridine. A similar
relationship oonfirmed the structure of the alkaline
hydrolysis product of dihydro-T-hydroxypteridine, as 4?
amino-5S-carboxymethylaninopyrinidine. The similarity in
ultraviolet spectra of x,y-dihydro-2-hydroxypteridine and

of 2-hydroxypteridine (known to be covalently hydrated

scrogss the 3,4—bond) confirmed the structure of the former

as 3,4-dihydro-2-hydroxypteridine.




ew Substances (All analysed)

Fteridine

of.

2-Hydroxy=b-nethylpteridine

03]

Dihydropteridines

7,8=Dihydro-4,6-dimethylpteridine
3,4-Dihydro=-2~hydroxypteridine
7,8~Dihydro-2-hydroxypteridine _

3, 4=Dihydro-2-hydroxy-6-methylpteridine
7,8-Dihydro-2-hydroxy—-6-nethylpteridine
X,y=Dihydro-4-hydroxypteridine

5, 6=-Dihydro=-4-hydroxzypteridine
X,y=-Dihydro-2,7-dihydroxypteridine
5,6=Dihydro-4,7-dihydroxypberidine

Tetrahydropteridines

8-Benzyl-4~chloro-5,6,7,8-tetrahydropteridine
8-Benzyl-5,6,7,0-tetrahydro-4-hydroxypteridine
5,6,7,8-Tetrahydro-2-hydroxypteridine
5,6,7,8-Tetrahydro-4-hydroxypteridine
5,6,7,0=Tetrahydro-2,4-dihydroxypteridine

Pormyltetrahydro-2,4-dihydroxypteridine

Sulphur Containing Froducts

Sodium tetrahydro-2,4-dihydroxypteridine sulphonate
Sodium tetrahydro-2,7-dihydropteridine sulphonate
sodium dihydro-2,7-dihydroxypteridine sulphonate
sodium dihydro-2-hydroxypteridine sulphonate




Zyrimidines

d-Acetonylamino—-2~-hydroxy-S-nitropyrinidine
4-Acetonylamino-6-hydroxy-5-nitropyrimidine
5—-Amino—4-(benzyl-g~hydroxyethylamino )~-6-benzyloxypyrimidine
hydrochloride
—-Amino-4-{benzyl-p-hydroxyethylamino )-6-chloropyrimidine
hydrochloride
5-Anino-4-(benzyl-p-hydroxyethylamino )-6-hydroxypyrimidine
d-Anino=-5-cyanomethylaninopyrimidine
4=~Amino-5-ethoxycarbonylmethylanino~6-hydroxypyrimidine
d—-imino=5=p-diethoxyethylanino—-2-hydroxypyrimidine
f=Amino=-5-f-diethoxyethylanino-6-hydroxypyrinidine
S-Anino—4~g-~diethoxyethylamino—-2-hydroxypyrimidine
>~Bromo-4-phthaloylglycy rlaninopyrimidine
4—p=Diethoxyethylamino-2-hydroxy=5-nitropyrimidine
4=-B-Diethoxyethylanino-6-hydroxy-5-nitropyrimidine
2,4=Bis-p=diethoxyethylanino=5-nitropyrimidine
4-Fornylaethylanino-2-hydroxy-b-nitropyrimidine

Pyrazine

2-Anino-3-hydroxymethylpyrazine.
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SECTION 1,

INTRODUCTION,

a. Opening Remarks.,

Many pteridine derivatives such as xanthopterin,
leucopterin, isoxanthopterin, erythropterin, chrysopterin,
ichthyopterin, biopterin, drosopterin and the folic acid
group have been found in nature and their structures have
been investigated. In the course of those studies it
was found that some of these derivatives have relatively
low oxidation reduction potentials and a number of
reversible reductions were demonstrated. Some of the
reductions afe now known to be of great importancé for the
reproduction of living cells.

The biologically active substance "folic acid" was
isolated from liver and yeast (Pfiffner et al., 1943, 1947;
Stokstad 1943; Stokstad, Hutchings and Subba Row, 1948) and
its structure was shown to ﬁgrg %teridine derivative (la-I)

(Angier et al., 1945, 1946).

’__,,’-' - .-
e ALIAY p

,/;%"‘ 4’7@@

k Lisnary 2,

N\ 4,
vy /
gxsiyry
~ \.,_/



?OOH OH
N
CH-NH-CO NH-CH
I 2 \N
2
CH
| 2 N N NH,
Ccoon (1e-I)

The biological function of folic acid was then investigated,
and it was eventually found that it acted as a coenzyme after
reduction to 5,6,7,8-tetrahydrofolic acid. In some enzyme
systems this functioned in loose combination with formaldehyde
giving the so-called "active formaldehyde"., In other
enzymes it is combined with formic acid ("active formate").
These pteridine coenzymes bring about the traensfer of single
carbon atom fragments in the biosynthesis of purines,
pyrimidines and sowme amino acids, Careful work has
established the metabolic route from folic acid to the
5,6,7,8-tetrahydrofolic acid via a dihydro derivative.

The same dihydrofolic acid was also prepared by chemical
reduction (0'Dell, Vandenbelt, Bloom and Pfiffner, 1947;
Futtermann, 1957) and it is now considered to be the
7,8-dihydro derivative from somewhat indirect chemical

analogies (0'Dell et al., 1947) and by enzymic evidence



based on lack of a new centre of asymmetry (Osborn and
Huennekens, 1958),

Simpler pteridines have been little invesitgated
from the viewpoint of reduction. By studying the reduction
of hydroxypteridines, the present work seeks partly to remedy
this state of affairs.

b. Historical Outline.

| The earliest work on the reduction of the pteridine
ring arose during structural investigations of the natural
pigments; xanthopterin (1b-I), isoxanthopterin (1b-II), and
leucopterin (1b-III), folic acid (la-I), and other naturally

occuring pteridines.

' OH OH
10 N N
N /Iiii N
N N5¢¢1\NH2 HO N N%¢41\NH2
(1b-I) | (1b-II)
OH
HO N
N
HO X N/¢41\NH2

(1b-I1I1)



4

Although the structure of xanthopterin was not known until
1940, it was found to be reduced with zinc dust in acidic

or in alksline solution in 1927 (Wieland and Sch8pf, 1925).
Puming hydriodic acid (Wieland, Tartter and Purrmann, 1940),
hydrogen sulphide, sodium dithionite and sodium sulphite
(Koschara, 1936, 1937) were all found to reduce xanthopterin
to a leuco-compound, wihich was reoxidized to the start&ng
material by shaking in the ailr., Xanthopterin was also reduced
cabtalytically, and it was reported that three moles of
hydrogen were taken up if the formula was C10H18N16O6 and
two moleg 1if the formula was Cl3HllNllO4 (Koschara, 1937).
(The uncertainty arose from difficulties in micro-combustion,
énd the formuls was proved later to be C6H5N502).
Isoxanthopterin (1b-II) was reduced with hydriodic acid
(Wieland, Tartter and Purrmann, 1940), but reduction was
assumed only on the evidence of liberated iodine and no
reduced product was isolated. Leucopterin could not be
reduced by these reagents. During 1940-1, the structures

of xanthopterin (Purrmann, 1940a), isoxanthopterin (Turrmann,
1941), and leucopterin (Purrmann, 1940b) were finally
established. In 1944, leucopterin was reduced with sodium

amalgam to a dihydroxaanthopterin which was identical with the




Ui

product obtained by the reduction of xanthopterin with zinc,
fuming hydrsiodic acid etc., (Totter, 1944).

About 1943, a bilologically active babstance
"folic acid", was isolated, and research was concentrated on
tre determination of its structure. In 1947, O0'Dell gt al.,
hydrogensted folic acid in acidic and in alkaline solution
over palladiuwm or Adans' catalyst. They Tound that folic

aeild absorbed two atoms of hydrogen in alksline solution

using a palladiuva catalyst, but four atouws of hydrogen in
acidic solution over aAdams' catalyst. e reduction of

folic acid has since been carried out with sodium dithionite,
and dihydrofolic acid was obtailned (Futtermann, 1957;
Blzlkley, 1960).

Some other hydrogenated pteridines were mude by
reduction, and some synthetic work was attempted (as in
Fesson's synthesis, described below). However, it wés
not until 1950 that any wmethod was discovered which gave
hydropteridines in which the positions of the hydrogen atoms

5

were knovmn beyond doutt. Peason (19402) condensed
3

ct

thio=-6-hydroxypyrinidine (1b=-IV) with
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benzoin and obtained two isomeric dihydro coampounds (X and Y),

which were oxidized to the same pteridine (1b-V).




OH OH
H.N Ph N
2 N\F N
Benzoin X};FeCl
h K 3\
BN Ny SEt Y) P N\, Ny SEt
(1b-IV) (1p-V)

A general synthetic route from chloropyrimidines to
7,8-dihydropteridines was developed by Boon, Ramage and their
collaborators and independently by Polonovski and his
collaborators. This was a notable advance because it
gave rise to dihydropteridines which were indubitably
7,8-dihydro-derivatives. Up to the inception of the work
described in the present thesis, no similar method for
producing dihydropteridines with the hydrogen atoms in other
positionshad been found.

Thus T,8-dihydro-6-hydroxypteridines (1b-VIIIa)
(Boon, Jones and Ramage, 1951:.; Polonovski and Jerome, 1950)
and 7,8-dihydro-6-alkylpteridines (1b-VIIIb) (Boon and
Jones, 1951 :; Polonovski, Pesson and Puister, 1950) were

unambiguously synthesized by the route (1b-VI — 1b-VIII).




R, | Ry . 2
0N 0N R
2 tl[::l§§>n 2 N 3 ‘ N
4¢¢J\ L ///L;———§
H
S ! HT v R B N\g v’ B
H -
CH,00R,
(1b-VI) (1b-VII) (1p-VIII)
a, R3 = OH a, R3 = OH
b, Ry = alkyl b, 33 = alkyl
or aryl or aryl

A number of 7,8-dihydro-hydroxypteridines were
synthesized by this method. For exauple, 7,8-dihydro-6-
hydroxypteridine (1b-XIb) was synthesized from 2,4-dichloro-
5-nitropyrimidine (1lb-IXa) (Boon, Jones and Ramage, 1951).
Condensation of glycine ethyl ester with 2,4-dichloro-5-
‘nitropyrimidine (1lb-IXa) gave 2-chloro-4-
ethoxycarbonylmethylamino-5-nitropyrimidine (1b-Xa) which,
on hydrogenation over Raney nickel, gave 2-chloro-7,8-
dihydro-6-hydroxypteridine (1lb-XIa). 7,8-Dihydro-6-
hydroxypteridine (1b-XIb) was obtained by reductive removal

of the 2-chloro-group of (1b-XIa) with hydriodic acid.




$2 R, R,
T
o, 0.1 HO L\\\
CANGP N 2 N Xy
4¢J\ l 4¢J\ . 44J\
C1 N R, HN N Ry H N " B
l H
CH,CO0Et
(10-IX) (1b-X) (1b-XT)
R, R, R, R, Ry R,
a, 01 H a, Cl H a, Ol ©
p, H C1 b, OH H b, o i
' ¢, H OH ¢, OH H
a, H o

7,8-Dihydro-2, 6-dihydroxypteridine (1b-XIc) was synthesized
from the same pyrimidine (1lb-IXa) via (1b-Xa) and (1b-Xb)
(Boon, Jones and Ramage, 1951). 7,8-Dihydro-4,6-
dihydrokypteridine (1b-XId) was synthesized from 4,6-dichloro-
S5-nitropyrimidine (1b-IXb) (Boon, Jones and Ramage, 1951) by
a similar synthesis to that used for 7,8-dihydro-2,6-

dihydroxypteridine,



7,8-Dihydro-2,4,6-trihydroxypteridine (1b-XV)
was synthesized as shown (Boon and Leigh, 1952):

ol OH OH
. CH,C ¢, N=N . OH,C g, =N N
—_— _ ;/%j\
W oH 01 Ny “OH HT P
' CHZCOéMe
(1b-XIT) (1b-XIII) (1b-XIV)
, OH
o N
/// N
H
| (10-XV)

4-Chloro-2,6-dihydroxypyrimidine (1b-XII) was condensed with
p-toluenediazonium salt to givé (1b-XIII), and this was then
condensed with glycine methyl ester to give (1b-XIV) which,
on reduction, gave 7,8-dihydro-2,4,6-trihydroxypteridine
(10-XV).

The structure of dihydroxanthopterin was finally
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established as 2-amino-7,8-dihydro-4,6-dihydroxypteridine
(1b-XVI) by a slight and obvious modification of this
synthesis (Boon and Leigh, 1951, 1952).

oH
HO N
N
i I\%
H

(1b-XVI)

7,8-Dihydro-2-hydroxy-4,6-dimethylpteridine (1b-XX ') was
synthesized from 2,4-dichloro-6-methyl-5-nitropyrimidine
(1b-XVII) by the following route (Lister and Ramage, 1953)i

oH, cH, CH,
0N o.N 0N
2 N 2 N\ 2 N
NH,.CH..COCH
27100t s
c1 c1 HIY A o1 HT ar:
H,COCH, CH,COCH,
(1b-XVII) (1b=-XVIII) (1b-XIX)
H.C
H
H N N
H
(1b-XX) (1b-XXI) /0 Fi,
(¥ uomay L

N
e VEasM
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However, before the present work Was undertaken, no
method existed for preparing 7,8-dihydropteridines lacking
a hydroxy- or alkyl-group in the 6-position.

7,8—Dihydropteridines, which have no hydroxy group in
the 6-position, were found to be readily hydrogenated to the
corresponding tetrahydropteridines (Polonovski, Pesson and
Puister, 1950; Lister and Ramage, 1953; Lister, Ramage and
Coates, 1954). (All of these had an alkyl-group in the
6-position). Because these tetrahydropteridines had
uitraviolet absorption spectra similar to the corresponding
4,5-dieminopyrimidines, the 5,6,7,8-tetrahydro structure was
assigned to them. For example the 7,8-dihydro-2-hydroxy-4,6-
dinethylpteridine (lb—XX).was reduced to a tetrahydro compound

which had(similar)ultraviolet absorption spectra’ to those of
4,5-dismino=-2-hydroxy~-6-methylpyrimidine and it was therefore
assigned the structure 5,6,7,8-tetrahydro-2-hydroxy-4,6-
dimethylpteridine (1b-XXI) (Lister and Ramage, 1953).

Another unambiguous synthetic route to 5,6,7,8-
tetrahydropteridines had been worked out (Brook and‘Ramage,
1955, 1957), and 5,6,7,8-tetrahydropteridines with no other
substituent in the 6-positions are also available by this
method. However the synthesis of 5,6,7,8-tetrahydro-

hydroxypteridines with no substituent in the 8-position could
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not be accomplished. 8-Benzyl—5,6,7,8-tetrahydro—2—
hydroxy-4-methylpteridine (1b-XXVI) was prepared
unambiguously as follows, but unfortunately it resisted

debenzylation (Brook and Ramage, 1955).

R R
O.N C,H_CH, 0 '
2 N 675 2> wH 2 NN
%//l\c HOCH,CH,,
-
o1 - 1 HOCH20H2? . ¢1
CH,Ph
(1o-XXII) (1b-XXIII)
a,, R = CH3 ’ 8., R = CH3
v, R = B H R b, R = H
- N
H X
H, Ai PC1
2/%% 3 H
| N |
H r c1
) CH,Ph
/ (Lb-XXIV) \
/ a, R = CH,
. -b,R:H
- H - R
H N H N
H N 0 N
H H
H - . H H x . OH
H CH,Fh
(1b-XXV) (1b=XXVI)
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Condensation of 2,4-dichloro-d-nethyl-5-nitropyrimidine
(1u-XXII) with benzyl-B-hydroxyethylamine gave (1b-X(III).
8-Benzyl-2-chloro-5,6,7,8-tetrahydro-4-nethylpteridine
(1b=-XXIV) was obbained from (1b-XXIII) by reduction and then
by treatment with phosphorus trichloride. Hydrolysis of
(10-X{IV) with 5N-hydrochloric acid géve.B—benzyl—5,6,7,8—
tetrahydro-2-hydroxy—4-nethylpteridine (10-X00VI) but attempt
at replacement of the 8-benzyl-group with hydrogen by
treatuent with sodium in liquid emmonia gave an unstable
product. 5,6,7,8-Tetrahydropteridine (1b-TIV) was
synthesized from (1b-XIV) by reduction with sodium in liguid
cummonia, @ process which achieved toth debenzylation and
dechlorination simultancously (DBrook and Ramage, 1957). The
disadvantage of this method for preparing tetralydro-
voteridines is thet an s2lternative cyclization to glyoxalino-
pyrimidines occurs if a bautomerizable group (e.gz. —OH or

is present at stage (1L-XXIIT) (Remage and Trappe,

little work has been done on the reduction of amino-
and ethoxy-pteridines. IHowever, as the fresent research
worlk is concerned with hydroxypteridines, the rest of this
historical outline will be confimed to an account of work on
the reduction{of pberidine and hydroxypteridines, and will
include proofs of structures.
teridine was Tfirst prevared by the condensation of

4,5-diaminopyrimidine with glyoxal (Jones, 1943) and was
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-4

ater reduced to the tetrahydro derivative with lithium
aluminium hydride (Taylor and Sherman, 1959). The same

wla . 2

tetrahydropteridine was slso prepared by catalytic hydrogenation
of 2,4-dichloro-5,6,7,8-tetrahydropteridine (Taylor and Shernmen,
1959) and was identified as 5,6,7,8-tetrahydropteridine by
comparison with a sample which was unaabiguously prepared by

Srook and Remege (1957), as described above.

All the possible mono—~ and poly- hydroxypteridines are

ot

cmovn (Table 1, see p. 17) bub, prior to the present work

few had been reduced. Reduction of 6-hydroxy-, and 6,7-
dihydroxy—, vpteridines with sodium amalgam always gave the
corresponding 7,8-dihydro-6-hydroxy derivatives. Thus fdr
example, both 6-hydroxy=-, and 6,7-dihydroxy-, pteridine gave
7,8=dihydro-6-hydroxypteridine (1b-XIb) identical with that
obtained by Boon's synthesis (Albert, Brown aznd Cheeseman,
1952)., Similarly, 4,6,7-trihydroxypteridine gave the known
7,8—dihydro—4,6—dihydroxypteridine (1b-XId) (Albert and Drown,
1953). 2,4,6,T-Tetrahydroxypteridine was reduced with sodium
amalgan to what was apparently 7,5-dihydro-2,4,6-trihydroxy-
pteridine (Albert, Lister and Pedersen, 1956) because it was
oxidized to 2,4,6-trihydroxypteridine. The same dihydro-
compound was obtained by the reduction of 2,4—dichlofo—6,7—
dihydroxypteridine with sodium smalgam (Taylor and Sherman,
1959)., Similarly sodium smalgam reduction of 4,6,7-
trihydroxy-N(l)—methyl—Z—oxopteridine produced 7,8—dihydro—

4,6—dihydroxy-N(l)-methyl—z—oxopteridine (Pfleiderer, 1957).
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The use of twb other reducing agents is exémplified in the
reduction of 4-hydroxy-6-methylpteridine by sodium
borohydride to a tetrahydro-4-hydroxy—-6-methylpteridine
(Blakley, 1959), and in the reductive cleavage of T-hydroxy-
pteridine (1b-XXVII) by sodium dithionite to give A-zmino—5-
carboxymethylaminopyrinidine (1b-XAVIII) (Albert, Brown and
Cheesemsn, 1952). The same compound (1b-XXVIII) was also
obteined by a catalytic hydrogenation over Adams' catalyst
in 0.1 N-sodiwn hydroxide solution (Albert, Lrown and

Cheeseman, 1952).

v H

2 N, 0,001 g A |
N N N |

H+ H |

—_— _
/ - v(;H—. . /\
1 T I12J EO N N :
(1u~XXVIT) (1b-XXVIII) (Lo-X{IX)

Evidence for the ring opening structure (lb—XXVIII) was
obtained from analytical figures and from the presence of a
carboxyl group. This compound gave an ester hydrochloride,
as do amino acids, by treatment with hydrogen chloride in
methanol, but conclusive evidence for the position of the

introduced hydrogen was not presented. The compound
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(1b-XXVIII) easily cyclized to a dihydro-T-
hydroxypteridine, believed to be (1b-XXIX), by refluxing

in N-hydrochloric acid and it was regenerated by boiling

in N-godium hydroxide (Albert, Brown and Cheeseman, 1952,..).

A1l hydroxypteridines which had been reduced to
products of confirmed orientation, prior to the present work

are shown in Table 2 (see p. 18 ).
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Table 1

List of known hydroxypteridines

Reference
 (Pteridine Jones 1948)
2-Hydroxypteridine Albert, Brown and Cheeseman 1951
4d-Hydroxyonteridine Albert, Brown and Cheeseman 1951
6-Ilydroxypteridine Albert, Brown and Cheeseman 1952
T-lydroxypteridine Albert, Brown and Cheeseman 1952
2,4=Dihydroxypleridine Kuhn and Cook 1937
2,6-Dihydr02ypteridine Albert, Lister and Pedersen 1956
2, 7-Dihydroxypteridine Albert, Lister and Federsen 1956
4,6-Dihydroxypteridine Albert and Brown 1953
4,7-Dihydroxypteridine Albert and Brown 1953
6,7-Dihydroxypteridine Albert, Drown and Cheeseman 1952
2,4,6-Trihydroxynteridine Yiieland and Liebig 1944
2,4, 7-Trihydroxypteridine Tschesche and Korte 1951
2,6,7-Trihydroxypteridine Albert, Lister and Pedersen 1956
4,6,7-Trihydroxypteridine Albert and Brown 1953
2,4,56,7-Tetrahydroxynteridine Schbpf, Reichert and Riefstahl 1941
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The wbructure‘ of the reduction products

i

O

were mainly

samples prepared unamnbiguously.

Dhe firet synthetic roules to 7,0~dihydro-, 5,06-dihydro-, and
5,6,7,0=tetrahydro—, hydroxypteridines having no substituent

and T-positions, were worked outb.

Ionization constants of the hydrogenate

-

were deteriined by potentiometric titration or

spectroscopic uethods,

The ultraviolet gbsorption spectra, and the infrare

absorntion spectra of the reduced pteridines we

o<

or comparison of structure.

pberidines

re also

a
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SECTION 2.

LETHODS,

a. liethods Available foi Reduction.

As indicated in the historioai outline, many methods
have been used for the reduction of pteridine derivatives.
They include physical, chemical and biochemical procedures,
For systewatic investigation of the reduction of the
wteridine ring, it is imvortant to select a proper
combination of reducing agent and the substance to be reduced,
Ilany suclhi combinations are possible, but for simplicity and in
order to achieve practical result, attention has been confined
to selected varintions in (a) the reducing agent and (b) the
ionic species of the substance to be reduced,

As all hydroxypteridines have acidic andlbasic
functions, the pil of the solution determines the ionic
species of the hydroxypteridine in the reaction mixture.

It is clearly desirable, therefore to restrict each reduction

&

of o hydroxyvbteridine to one ionic species 1in any one
experiment. Tor example, 7~hydroxypte?idine has three pKa
values of 6,41 (acidic), 1.2 (basic) and -2.0 (basic).
Hence, if the 7-hydroxypteridine is reduced in a solution of

Pl 9, the reaction occurs almost entirely between the 77—

the reaction occurs almost entirely between the neutral
molecule and the reducing agent. The pfe values of

hydroxypteridines are shown in Table 3, ». 25. In some
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cases the number of ionic species available for the
reduction was limited on account of insolubility of one or
other of the species.

The most important variable in the reduction of
pteridines is the choice of a reducing agent. Classical
theory suggests that reduction using chemical reagents is
initiated by the attack of a prbton to give an intermediate
cation. The cation then takes up two electrons from the
reducing agent which converts it into an anion, and the
reduction is then completed by abstraction of a second
proton from the surroﬁnding medium, Howeﬁer, it is now
conmnonly accepted that other mechanisms of reduction are
evoked by particular classes of reagents. TFor example,
diséolving netals reduce the substance by a hydrogen anion
(2 e + HY) mechanism. (Baker, 1952; Ingold, 1953). Complex
metal hydrides also reduce a substance by a hydrogen anion
mechanisn, in some cases with the formation of a transient
addition complex. The reduction of pyridinenucleotides by
sodium dithionite, also proceeds through an addition complex,
but it is of another type (Yarmolinsky and Colowick, 1956).
I'inally hydrogenations using metal catalysts are considered
to be reductions by free hydrogen atoms (Conant and Cutter,
1922; Iaidler, 1951).

The following reagents were selected for the present

work: potassium borohydride (hydrogen anion type), sodium
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amalgam (dissolving metal type), sodium dithionite
(reduction through an addition compound), hydrogenation over
platinum, palladium and Raney nickel (free hydrogen atoms).

Potassium borohydride is one of the best of the
complex hydridéabecausé it can be used in aqueous solution.
This is &a great advantage for the reduction of hydroxy-
pteridines because most hydroxypteridines are quite
insoluble in organic solvents. For this reason lithium
aluminium hydride (a more active complex metal hydride than
potassium borohydride) has been used only for the reduction
of lipo-soluble pteridines, e.g. pteridine, a chloropteridine
(Taylor and Sherman, 1959) and an alkylpteridine (Brook and
Ramage, 1957). All hydroxypteridines in the present work,
were treated with potassium borohydride.

Because potassium (or sodium) amalgam is used in
alkaline conditions, all hydroxypteridines can be treated
with this reagent. (Some hydroxypteridines, for example T-
hydroxypteridine, give an insoluble sodium salt and in such
cases potassium amalgam is superior to sodium amalgam).
Reduction of some 6,7-dihydroxypteridines by this reagent is
unusual in that elimination of the T7-hydroxy group occurs,
giving the corresponding 7,8-dihydro-6-hydroxypteridines.
Some reductions of hydroxypteridines by this reagent have
been described in the historical outline (p#l& ).

Sodium dithionite was chosen as an example of the type

apliAf gan
‘:;5\ ;Qa.

'™ LIBRARY %

\‘\ ‘?ﬁlvmsﬂ‘ﬁ 4
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of reducing agent which makes an addition compound with the
substance to be reduced. This compound is usually
hydrolysed below pH 8. This reagent is used in an alkaline
solution and when this is made less alkaline to decompose
the addition complex, sulphur dioxide is produced. In
practice, this restricts the application of the method,
because sulphite ion combines with some reduced hydroxy-
pteridines to give sulphur-containing products (as will be
described later).

All catalytic hydrogenations in the present work
were carried out at room temperature and atmospheric
pressure. Because of the poor solubility of polyhydroxy-
pteridines in alcohol only the monohydroxypteridines were
available for the reduction over Raney-nickel which is
deactivated if used in alcohol more dilute then 85%. The
reduction over palladium catalyst in 0.1lN-sodium (or
potassium) hydroxide solution was employed for all hydroxy?
pteridines, and in a number of cases platinum catalyst was
also used. Because catalytic hydrogenation may be
followed quantitatively, it can give information on the
facility and the extent to which a substance is being
reduced.

Biochemical and electrolytic reductions were not

investigated in the present work,
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Table 3.

pKa values of hydroxypteridines.

Tydroxypteridines : ng ‘Reference
basic - - acidiq
2-Hydroxypteridine 2 11,13 1
4-Tlydroxypteridine ~-0,17 7.89 bl, 2
6-lydroxypteridine 3.67 6.7 3
T-Hydroxypteridine -2.0, 1,2 6.41 3 i
2,4=Dihydroxypteridine 1.0 7.91 1 |
2,6-Dihydroxypteridine 2.7 6.7% 4
2,7-Dihydroxypteridine 5.83, 10.07 4
4,6~Dihydroxypteridine 6,08, 9.73 5
4,7-Dihydroxypteridine 6.08, 9.62 5
6,7-Dihydroxypteridine 6.9, 10 3
2,4,6-Trihydroxypteridine 5.73, 9.41 4
2,4, 7-Trihydroxypteridine 3.61 4

*
for anhydrous species.

1

1) Albert, Brown and Cheeseman, 1951
2) Brown and Ilason , 1956
3) Albert, Brown and Cheeseman, 1952
4) Alvert, Lister and Pedersen, 1956

5) Alvert and Brown

, 1953
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b. Methods Available for Diagnosing the Positions where

Hydrogen Atoms have Entered the lolecule.

Chemical, physical, biochemical methods as well as
combinations of these methods have been used for determining
the positions at which external hydrogens are introduced
during reduction of heterocaromatic substances.

The two chemical methods for determining molecular
structures consist of fhe synthetic and the degradative
approaches. The synthetic method gives conclusive evidence
as long as any shift of a double bond is avoided during the
synthesis. Iuch use has been made, in this thesis, of the
synthetic method, and this will be discussed in 3 b (p.67 ).

In the degradative method it is likewise important
that neither the original molecule nor the resulting smaller
molecules are altered by the process. An example of this
method is seen in the fission of double bonds by ozonolysis.
Thus, the decomposition of 3,5-diethoxycarbonyl-2,6-
dimethyl=-4-phenyldihydropyridine by'ozonolysis yielded
phenylacetic acid (2b-II). Since bond rearrangements were
unlikely, this suggested the 1,4-dihydro structure (2b-I)
for this pyridine (Kuss and Karrer, 1957).
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5 C6H5
Lt0,G COZEt |
HyC N CH, CO,H
H
(2b-I) : (2b-I1)

This method however can not be used to determine the
structure of reduced hydrpxypteridines, because the type of
}reduced hydroxypteridines with which this thesis is concerned
have two hydrogen atoms on the relevant carbon atom, Such
reduced pteridines are too readily oxidized to the original
pteridines for the ozonolysis technique to be practicable.
Providing the introduced hydrogen atoums do not
migrate from the original positions, and providing that a
sultable reaction for removing hydrogen atoms from definite
positions in the reduced molecule 1s available, a tracer
method may be used for the determining where the hydrogen
atoms were originally introduced. For example, the
structure of reduced diphosphopyridine nucleotide was
established as a 1,4-dihydro configuration by using
deuterium as a tracer (Pullman, San Pietro and Colowick, 1954).

The principle of the method is shown below,




B D ¥, (D+H)
CONH2 CONH2 ' CONH2
Reduction N
in D20
+ . ) +
\\I\lI with Na28204 ? N
R R R
(2b-I1I1) (2b-1V) (2b=V)
Yo D+ H) Y, (D+H)
(ﬁCONH2 %jCONH2
~
- +
& v
Me Me
(2b-VI) a, b.

The details are as follows: .

Diphosphopyridine nucleotide (DPN) (2b-III), when reduced in
heavy water with sodium dithionite, took up one atom of
deuterium to form a "dihydro"-compound (2b-IV?). This was
reoxidized to DPN (2b-V) which retained half an atom of
deuterium per mole of DPN, The deuterated DEN (2b-V) was
hydrolysed to a nicotinamide and then methylated to
N(l)~methylnicotinamide (2b-V, R = CH3). The nicotamide was
then oxidized with alkaline ferricyanide to a mixture of the
corresponding 2-, and 6-, pyridones (2b-VIa and 2b-VIb).

By examining the deuterium content of (2b-V, R = CH3),
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(2b-VIa) and (2b-VIb), the position of the introduced
deuterium could be established as follows., If one of the
final products (2b-VIa) contained (the equivalent of) half
an atom of deuterium and the other contained none, the
first dihydro compound would have to be the 1,6-dihydro
derivative of DPN. Conversely, if (2b-VIb) contained half
an atom of deuterium and (2b-VIa) contained none, the first
reduction product would have to be a 1,2-dihydro structure.
If (2b-VIa) and (2b-VIb) both contained half an atom of
deuterium, the first dihydro compound would have to be a
1l,4-dihydro derivative of DPN. Iinally if DPN was reduced
to a 1,2- and a 1,6-dihydro compound in equal amount, then
both (2b-VIa) and (2b-VIb) would have the same deuterium
content. However, in this case the deuterium content of
each compound would be reduced to half of that of (2b-V)

at the stage of ferricyanide oxidation. The structure of
the reduced diphosphopyridine nucleotide was in fact
confirmed as the 1,4-dihydro derivative, from the deuterium
contents of (2b-V), (2b-VIa) and (2b-VIb). This method can
theoretically be used to distinguish the 3,4-dihydro-2-
hydroxypteridine from other possible dihydro-2-
hydroxypteridines if the following reactions‘could be done

in practice.
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\\\\N

D H
D
d N/
\\\V IV N%%%i\OH

(2b-VII) (2b=VIII)
2_( D+H)
| — l
OH
(2b-IX) (2b-X)

The reduction of (2b-VII) to a dihydro derivative (as 2b-VIII)
is described in the present work, and the oxidation of
(2b-IX)—> (2b-X) (non-deuterated) was described by Brown
and Mason (1956). Unfortunately, a trial experiment showed
thet oxidation of the dihydro-2-hydroxypteridine (2b-VIII) to
2=hydroxypteridine could not be done satisfactorily, even
with cold dilute potassium permanganate. Therefore, this
method could not be used for determining the structure of
X,y-dihydro-2-hydroxypteridine,

If a new asymnmetric centre is introduced by the
reduction of a molecule at a certain position, it is possible
to limit the possible structures of the product. For example,

dihydrofolic acid had three possible structures, (2b-XI),
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(2b-XII) and (2b-XIII). Structure (2b-XIII) has an
asymetric centre. The two dihydrofolic acids which were
prepared respectively by biological and chemical methods,
showed no difference in biological activity. This means
that the dihydrofolic acid prepared by the chemical method
had no asymmetric centre in the molecule, and the
posgsibility of the structure (2b-XIII) was therefore

eliminated (Osborn and Huennekens, 1958).

OH . OH . OH
u v I
R ‘ R «x
7 N - N\ N
¢ n” HHy BNy n”” Wy BNy N
H H

(2p-%I) - (2b=-XII) - (2b=-XIII)

However, since no asymmetric centre is introduced by
reduction of simple hydroxypteridines, the method is
inapplicable to such cases.

Physical methods are also important tools for the
structural investigation of reduced pteridines. The
identity of two specimens (of a éingle substance) which
have been.prepared by different method can readily be
established by comparison of their physical constants.

Also, very important fundamental information about the
structure of the molecule can be obtained from such physical

constants as the pKa values, ultraviolet absorption spectra,
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infrared absorption spectra_and nuclear magnetic resonance
spectra. In some cases the infofmation obtained yields
its meaning only after comparison with results from
substances of known constitution. In the present work

such standards were often lacking and had to be prepared.
Electronic absorption is caused by a transition of electrons
from one electronic energy level to another, The main
factors that determine the electronic absorption are the
electronic structure and polarizability of the molecule.
Compounds which have a similar electronic structure have

similar ultraviolet spectra.

HoN ' - HN + - +

2 N  0.CCH.NH N 2 \NH CO.CH.NH NH
///J 2 2 I ///J ;¢¢J B /¢/J

RN AN " B \w |

(2b—XIv) (2b-XV) (2b-XVI) (2b-XVII)

Thus, there is a close similarity between the ultraviolet
absorption spectra of the neutral molecule of 4,5-
diaminopyrimidine (2b-XIV) and of the anion ofv4—amino-5—
carboxymethylaminopyrimidine (2b-XV), and also between the
spectra of 4,5-diaminopyrimidine as cation (2b-XVI) and
the neutral molecule of 4-amino-5-carboxymethylamino- -
pyrimidine (2b-XVII). These facts follow from the

principle that the main factor which contributes to the
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ultraviolet absorption is the nature of the conjugated system.
In the above examples, the carbonyl groups in (2b-XV) and
(2b=XVII) are seperated from the conjugated system of the
pyrimidine ring by a -CHZ- group and do not contribute to

the ultraviolet absorption. So, (2b—XV) has the same
conjugated systemn as (2b-IV), and (2b-XVII) the same
conjugated system as (2b-XVI). DNo conclusive evidence on
the orientation of hydrogen atoms in reduced hydroxy-
pteridines could be obtained from infrared spectra, because
the spectra of these compounds can only be measured in the
solid state, where there is intense intra-molecular hydrogen-—
bonding. Infrared spectra are, however, of immense value

in ascertaining the identity of two specimens.

Nuclear magnetic resonance (NIMR) spectra give direct
information on the orienvation of hydrogen atoms in a molecule.
Conclugive evidence for the location of hydrogen atoms can often
be obtained by this method because the structure of the
molecule is entirely unaltered during measurement., Thus
any possibility of misunderstanding caused by an unusual
reaction or by the shift of a proton is excluded., The
structures of dihydro—N(l)—methylnicotinamide (Hutton and
Westheimer, 1958; Dubb, Sanders and Wang, 1958) and dihydro—
3,5-diethoxycarbonyl-1,2,6=trimethylpyridine (Smith, 1958)
were confirmed respectively as 1,4-dihydro-structures,

(2b=-XVIII) and (2b-XIX)., (These results are in agreement
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with the results obtained by the isotope tracer nethod).

H H H H
CONH,, Et0,C CO Lt
? CH3 Y H3
H3 | CH3
(2p-%ZVIII) (2p-XIX)

It first seemed that the IR method could be used for the
deternination of the structures of xy-dihydro-2-hydroxy-
pteridine and xy-dihydro-4-hydroxypteridine. It soon
appeared, however, that difficulty in the application of
the method to these dihydropteridines might be encountered
through the insolubility of these hydroxypteridine compounds,
and in fact the nuclear magnetic resonance measurements, when
mabe, did not give sufficiently intense spectra for this
very reason (These measurements were kindly carried out at
the Institute of the Atomic Power Centre of Japan by Ulr.
H. Hayakawa).

Biochemical methods were not used during the present

work because no suitable enzymes are known.
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c. likely Positions of Hydrogen Atoms in Reduced

Hydroxypteridines.

There are many possible reduced forms of the
pteridine ring, but the reduction of pteridines should yield
the more stable isomers, that is to say the final products
will retain as much conjugation as possible. Therefore, it
is unlikely to find o reduction product with such a structure
2s (2c~I), because of the greatly reduced conjugation (it
should be noted that (2¢-I) does not contain even one fully-
conjugated ring).

N.

NP
N

H

(2¢-I)

On these grounds it seems reasonable that the di- and tetra-
hydropteridines likely to be obtained by reduction will
be represented by the following formulae only (or a

selection of these):
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the case of x,y-dihydro—4-hydroxypteridine, seec p. 48).
This contention is suprorted by the fact that all attenpts

Lo synthesise 2 related sulstance, 1,4-dihycdroquinazoline (2¢-II),

hy) T

save 3,4-dihydrogquinazoline )2¢-ITI) (Dr, W.L.F. Armarego,

personzl communication).
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A Turther exclusion ol goume of the remaining eight reduced

structures (A,C,D,3,7,G,7 and I) can be uzde on the

following grounds

Frevious work had indicated that hyvdroxyoberidines
(% (¥

having a hydroxy groun in the 66— and T7-pogition were always
educed in the pyrazine ring (no exceptions were found to
this rule in the present work). llence, 2-hydroxy-, and

d=hydroxy-pteridine are the only hydroxypberidines likely to

v

(

give respectively a 3,4-dihydro-, and 1,2-dihydro-structure

on reduction, It has also bveen indicated thet the only

of the elimination of o h

-
X Le

‘_r‘

ydroxy group from the
oyrasine ring during reduction uwre logsses of a T-hydroxy-

grouy from o,T7-dihydroxypteridines when sodium amalgan is

uged, In such casges, 7,0-dihydro-6-hydroxyprteridines were

-
!

ot

ovtained (see p. 14). o eliwination of g hydroxy-—

b ",
L

group from the pyrimidine ring has been recorded, and no
1,2,3,4-tetrahydropteridines have ever been obtained by
reduction.

A,C,D,E, 1,6 and I are therefore the structures

moet likely to be obtained by reduction of sinple hydroxy-
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d. Method Available for Syntheses of Hydrogenated

Hydroxypteridines.

Before the present work only 7,8-dihydro-. and
5,6,7,8-tetrahydro-pteridines have been made by synthesis.

Thersynthetic route from chlorohitropyrimidines to
7,8-dihydropteridines has been well developed by Boon,
Ramage and their collaborators and by Polonovski and
collaborators (see p.6 ). Unfortunately, this method is
suitable only for preparing those T7,8-dihydropteridines
which have an alkyl-, or hydroxy-group in the 6-position.
In the present work, the syntheses of 7,8-dihydropteridines
having no substituent in tﬁé 6-position was desired, and
for this purpose considerable modification of the above
mnethod was necessary. The other synthetic method for
7,8—dihydropferidines consists of a condensation of
4-glkylamino-5-aminopyrimidines (2d-I) with benzoin
(Forrest, Hull, Rodda and Todd, 1951; Fidler and Wood,
1957). But all hydropteridines (2d-II) which were
prepared by this method had alkyl (or aryl) groups in 6-,

7-, and 8-positions.,




R,
X
N
zlw N Ry
By
(23-IT)

43 Rg = allyl (or aryl) group

The essential process of this method consists of an

orientation of the incoming double bond to the 5,6-

k3

osition by an alkyl group atbttached to the 4-amino group

bt

QY

Jod

of the pyrimidine (2d-I) ring. Therefore, no modificat
0f this method to prepare unsubstituted dihydropteridines
is possible.

5,6,7,8-Tetrahydropteridines have been prepared hy
two waye. The first method is a reduction of 7,8-
Ginydropteridines (see p.ll) and the second one is an
unambiguous synthesis (see p,11). These are general
methods and are applicable for the present purpose after
gsome modificatiocn.

No general method has been developed for the
syntheses of 1,2-, 3,4-, 5,6-, and 5,8-dihydropteridines.
However, for the present work, some syntheses of these ring

systems were desired, and new methods had to be thought out.



40

A.method for the prepsration of T-amino=-5,6-
dihydro~1,3-dimethyl-2,4-dioxopteridine (2d-V) by
cyanomethylation of the corresponding 4,5-diaminopyrimidine
(24-IV) (Blicke and Godt, 1954), is an isolated instance

of a method which is not general.

I . I
H M CH,  CNCH,NH H, CH
N N/ : H , ‘ N
N ///J§
H,N § 0 H,N ///J H N N g_ 0
’ H
CH3 | 3

(2a-I11) : (24-IV) (2a-V)
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SECTION 3

RESULTS AND DISCUSSIONS

a. Reduction

In the present study of reduction of hydroxy-
pteridines, there are four variables:
(i) the positions of the hydroxy groups attached to the
pteridine ring, (ii) the presence of groups other than
hydroxy, (iii) the ionic species of the pteridine, and (iv)
the reducing agent.

In practice it was found that the position of the
hydroxy group was the chief controlling influence on the
position of the entering hydrogen atoms.

i) Position of the hydroxy group.

2-Hydroxypteridine was reduced in alkaline solution

with potassium borohydride to a small amount of a tetrahydro-
2-hydroxypteridine and a fairly good yield of a dihydro-2-
hydroxypteridine. Hydrqgenation in alkaline solution over
Adems' platinum oxide, palladium on carbon, or Raney-nickel
catalyst, gave the same two products as above. On the other
hand, hydrogenation over Adams' catalyst in neutral solution
led to the absorption of four moles of hydrogen, indicating
that a complete hydrogenafion (or hydrogenolysis) of the

pteridine ring had occurred.
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Sodium dithionite reduced 2-hydroxypteridine to the
same X,y-dihydro-2-hydroxypteridine and a highly insoluble
product, presumably a polymerized compound. Sodium amalgam
reduced 2-hydroxypteridine to an unstable coupound which
rapidly changed to a resin in air.

The tetrahydro-2-hydroxypteridine was shown to be
5,6,7,8-tetrahydro-2-hydroxypteridine by comparison of its
ultraviolet absorption and Rf values with an authentic sample

prepared by synthesis (see p. 71)

The reduction product | 5,6,7,8-tetrahydro-2-
of 2-hydroxypteridine hydroxypteridine
obtained by synthesis

Rf.NH4Cl 0.74 2B/3G 0.74 2B/3G

Bu/Ac 0.22 2/3 GB 0.22 2/3 GB

UV-absorption

Aumax (mp)
pH 7 230, 305 232, 306
1.0 327 327

Although the structure of the x,y-dihydro-2-hydroxy-
pteridine is still not beyond doubt, it seems likely from the
- following evidence to be 3,4-dihydro-2-hydroxypteridine.

X,y-Dihydro-2-hydroxypteridine is not identical with
7,8-dihydro-2-hydroxypteridine which was obtained by
synthesis (see p. T70). Also, it is spectroscopically and

chromatographically different from synthetic "5,6=-dihydro-2-
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hydroxypteridine", (although an analytically pure sample of
this substance was not obtained) (see 3b and 3d). The
remaining probable structures for this compound are 3,4-
dihydro-2-hydroxypteridine (3a-I) and 5,8-dihydro-2-
hydroxypteridine (3a-II).

Dihydro-2-hydroxypteridines

x,y-dihydro- 7,8-dihydro- "5, 6~-dihydro-"
Rf.(NH4G1) 0.69 2B/3V 0.61 2/3B 0.76 2B/3SB
(Bu/Ac) 0.50 2B/3V 0.32 2/3Y
pKa basic 0 3.50 + 0,02 0.4
acidic 13
UV-spectra
(lmax mp)
*
0 248, 317 223, 298 296 (pH 7)
+ 254, 337 229, 312 282 (pH 0)
- 281, 343 224, 308 (pH12) 298 (pH 12)
 H H H
N I N
N N
Ny N///’ H N N OH
H .
(3a-I) (3a-II)

Attempts to synthesize (3a-I) were unsuccessful

(see p. 75), and no synthetic route to (3a-II) could be

* 0: neutral molecule, + ¢ cation, =~ : anion.
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found.

Infrared spectra, and tracer methodscould not be
used for reasons described earlier (see 2b ). Nuclear
magnetic resonance spectra were looked for (by kindness of
Mr. N, Hayakawa), but the insolubility of the substance
prevented strong enough signals being obtained,

The first evidence in favour of the 3,4-dihydro-
structure was obtained, however, from studying the reduction
of the x,y-dihydro-2-hydroxypteridine and 2-hydroxypteridine.

x,y-Dihydro-2-hydroxypteridine could not be further reduced
in alkaline solution; but in neutral solution it absorbed
hydrogen (eventually three moles) over Adams' catalyst, yet
no 5,6,7,8-tetrahydro-2-hydroxypteridine was detected during
any stage of the hydrogenation. This suggests that the

3,4~ is more likely than the 5,8- orientation for the
original hydrogenation.

The second piece of evidence was obtained from the
reduction of 2-hydroxypteridine. It has been established
(Brown and Mason, 1956) that 2-hydroxypteridine exists as
an anhydrous anion (3a-III), but in neutral solution it
forms a more stable hydrated neutral molecule. These authors
assigned the structure (3a-IV) to this hydrated molecule from
comparison of its ultraviolet spectrum with that of its 1-

methyl-, and 3-methyl-derivatives.
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ne recalled thet the x,y-dihycro-2-hydroxypleridine was
the main product of the reduction of 2-hydroxyuteridine

cnion (32~I7TT) in alizeline solution with potassium

ium but no such

borohyirice

C
s
-
jan
o
1
o~
)
C
3
)
N
vl
o
s
O
[
o]
<
D
B
l_'z
(]
1=
[
(J
1_:

dihycro ctructure wag obtalned fron hydrogenztion of

(35-IV) in neutwral solution.
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A Tew 5,0=dinydropberidine e known, the best
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established being E-ethyl-2-cthylamino-5,3-dihydro~T7-

ridine~6-carboxylic scid (3a-V) (YTfleiderer and

Y

gec alsc Jorrest, DBaalen, Viscontinl and

& 5,6-dihydropteridine (3a-VI). Thus the 5,
ure, which has diminicghed conjugation, is

iderer and Taylor) only to be stabilized by

e.g. the hydrozen bond ring of (3a-V).

The acid {(3a-V) shows = sbrong bathochromic

comnared to its decarboxyletion product, whicl
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MNHC H 0%

0 N N 25 HHE M

?' N 275
Colls Cotls
(3a-7) (3a-VI)
y~Dihydro-2~-hydroxypteridine neutral molecule showed
only a small bathochromic shift (10 mp) when compared to
the hydrated 2-hydroxypteridine neutrol molecule (rig. 1,
».186 Y. A similor small bathochromic shift (Albert Brown

I 1

and Cheeseman, 1952) also exi wlhdmmen %,J -dihydro-56-
the®

hydroxypiteridine neutral molecule andAhydrated neutral
molecule of 6~hydroxypteridiné (Mg, 2, 0.186 ). This
gvidence strongly sunvorts the 3,4-dihydro-structure
(3a-1) for x,y-dihydro-2~hydroxypteridine (see also p. 112),

The faet that pyrimidines are more dirficult to
reduce than vyrazines sugzested that pteridines should be
veduced nreferentially in the pyrazine ring (Albert, 19523

e

Taylor and Shermsn, 1959), and no examples Lo the contrary
had been found prior to the pnresent work. IHowever 1t is

relevant that in the quinazoline series the pyrimidine

ring can be ecaslly re uHCGO Dor example .. cuinazoline was
reduced easily to 3,4-dihydroquinazoline by hydrozenation over
Dams' catalyst (larr and Bogert, 1935), and 4-

-

chloroguinazoline gave the same 3,4-dihydroguinzzoline by

[SShgd
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catalytic hydrogenation over palladium on CaGO3; (Elderfield,
W¥illismson, Gensler and Kremer, 1947).

All the above considerations point to 3,4-dihydro-2-
hydroxypteridine (3a-I) as the most likely structure for
X,y—dihydro—2-hydroxypteridine. |

A-Hydroxypteridine was reduced with potassium borohydride to

give a tetrahydro-4-hydroxypteridine and a dihydro-4-
hydroxypteridine (roughly in a 1:1 ratio). Sodium amalgam
reduction gave a product unstable to aerial oxidation and
a small amount of the same tetrahydro-4-hydroxypteridine.
Catalytic hydrogenation over Raney-nickel in neutral
conditions gave only this tetrahydro-4-hydroxypteridine., On
the other hand, hydrogenation over palladium catalyst in
0.1ll-sodium hydroxide solution absorbed 60% of the célculated
hydrogen for 4H, and gave the same tetrahydro-4-hydroxy-
pteridine along with a product unstable to aerial oxidation.
The structure of the tetrahydro—4—hydroxypteridine
was established as 5,6,7,8-tetrahydro-4-hydroxypteridine by

unambiguous synthesis (see p. 84).
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Tetrahydro-4-hydroxy-
pteridine obtained by
reduction

5,6,7,8-Tetrahydro-4-
hydroxypteridine
obtained by synthesis

bagic

acidic

UV-spectra

0

230° (decomp.)

3.66 +
10.13 + 0,03

230-238° (decomp. )

0.02

3.87 +
0 + 0.03

10.1

Amex. (mu) log € Awmax., (my) iOS &
289 4,01 289 4,00
259 4,06 259 4,04
284 4,11 284 4,09

The structure of the x,y-dihydro-4-hydroxypteridine is
gtill uncertain because it could not be synthesised (see, 3b).

However, it was not identical with 5,6=dihydro-4~hydroxy-

pteridine which was prepared synthetically (see, p.84), and the

1,2-dihydro structure was excluded because it was reduced

further to 5,6,7,8—tetrahydro—4—hydroxypteridine both by sodium

borohydride, and by hydrogenation over Raney-nickel catalyst.

Three possible structures, 5,8-dihydro-, 7,8-dihydro-, and the

1}

e Miinhivee

remain,

unfortunately no svectrun Was‘obtained bécause it was not
sufficiently soluble. The ultraviolet spectrum did not give
conclusive informetion but was quite unlike that of any other
7,8—dihydroptéridine of which many are known (Table 15, ».120),
HoweVer, the IR-spectra of this compound has a strong C

s . ] L f s
stretching absorption at 1675cm “which precludes the possibility

of a 3,7-dihydro-structure in the solid state.(Fig.38 , p.206 ).

The IR method was attempted on this compound,

4

ou

=0

transprotonated 3,7-dihydro-, structures (see p. 36 (&) therefore
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6-Hydroxypteridine was reduced with potassium
borohydride, or with sodium dithionite to a dihydro
compound. This was identical with the product obtained by
the reduction of 6-hydroxypteridine with sodium amalgam
(Albert, Brown and Cheeseman, 1952 ). Hydrogenation of
6-hydroxypteridine in O.1N-sodium hydroxide over palladium
catalyst gave the same dihydro—G—hydroxypteridine as above.
The structure of this cowmpound follows from its identity
with the 7,8-dihydro-6-hydroxypteridine (3a-VII)
unembiguously synthesized by Boon, Jones and Ramage (1951 )
(see p. 7 ). |

N

HO
N
H
i N N
H
(3a-VII)
. Amex.(mp) log €
7,8=-Dihydro-6-hydroxypteridine  0,1N=-HC1 293 4,02
» 0.1N-NaOH 307 4,05
Dihydro~6-hydroxypteridine 0.01N-HC1 292 3.97
0.1N-KOH 308 4.05

#
Boon, Jones and Ramage, 1951 ..
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T-Hydroxypteridine was reduced with potassium borohydride

to a dihydro-T-hydroxypteridine. The same coumpound was
obtained by the reduction of 7—hydroxyptéridine with cold
potassiun amalganm,.

On the other hand, catalytic hydrogenation over
palladium cagtalyst in O.lW-potassium hydroxide solution gave
the same ring-opened product as that obtained by the
reduction of this pteridine with sodium dithionite or by the
hydrogenation over Adams' catalyst in O.1N-sodium hydroxide
solution (Albert, Brown and Cheeseman,»l952n). The
structure 4—amino—5—carboxymethylaminopyrimidine was
assigned to this product on its analytical figures and the

formation of the methyl ester with methanolic hydrogen

chloride (Albert, Brown and Cheeseman, 1952 ).

HO,C=CH, NH HO,,C=CH=l
YT - A§§§N 27 N
. HNN . HN .

(3a-VIII) (3a~XIX)

However, this evidence did not completely exclude the
posesibility of the reduced ring structure (3a-XIX) for the
ring opened product. The spectroscopic data of the present
work do however exclude any possibility of the structure

(32-XIX) (see p.111), and hence the structure of the product
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ig confirmed as 4-amino-5-carboxymethylaminopyrimidine
(3a-VIII). Since the reversible conversion between
x,y-dihydro-7—hydroxypteridine and 4-amino-5-carboxymethyl-
aminopyrimidine (3a-VIII) by heating with alkali or with
acid has been established (Albert, Brown and Cheeseman,
1952), the structure of the x,y-dihydro-T7-hydroxypteridine
is confirmed as 5,6-dihydro-T7-hydroxypteridine (3a-XX).

H
H N |
L
H \N N)

(3a-XX)

2,4-Dihydroxypteridine absorbed two moles of hydrogen over

Adams' catalyst in acidic solution and gave a product very
unstable to oxidation. The same product was also obtained
by hydrogenation over palladium or Raney-nickel in acidic
or in alkaline solution, and by reduction with sodium
amalgam under nitrogen. The product gave one spot on
paper chromatography (developed and dried in a nitrogen
atmosphere) and was reoxidizéd fo 2,4~-dihydroxypteridine

*
by absorbing one mole of oxygen in alkaline solution (see

" ,
In the reoxidation mixture a small amount of 2,4,6-

trihydroxypteridine was detected by paper chromatography.
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Tig. 3). Thus this compound is a tetrahydro-2,4-

dihydroxypteridine.

pH13

1.0

o
3]

pH12.5 ]

c

°

23

g2 pH6.0
£ ~—

o

~ pHS5.5

© pH4.0

100 150

. .50
time (min.)

Fig.3.

absorption of oxygen by tetrahydro-2,4-dihydroxypteridine

Because of its instability, the correct analysis of
this compound was obtained only after using a little 2,3-
dimercaptopropanol as an antioxidant in the water used for
its purification. Acetic formic anhydride gave the more
stable fornyl tetrahydro derivative. The only possible
tetrahydro structure for this compound is 5,6,7,8-tetrahydro-
2,4-dihydroxypteridine, and its ultraviolet spectra and

ionization constant also support this structure. - - .

(FALIAR pod

"
LIBRARY &f';
'*Hftnsm

Q"’q‘
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4 ,5=-Digmino=-2,6-
dihydrozypyrimidine

Tetrahydro-2,4-
dihydroxypteridine

i (approximate)

[

(e}

V-spectra,cation Amax.

5
263 mu (at pi3)

Lecause both substances are gquite unstable t

correct log & and pK_ values were not

o oxidation,

obtained.

Although all other known hydroxypteridines are reduced

LV

sinilerly by either notassium borohydride or catalytic

xypberidine was

hydrogenation, 2,4-dihydro

potassium borohydride reduction.

2

=2

Uz

<
i

odium dithionite reduced

unaffected

N

QY

4-dihydroxypteridine to the

samne tetrahydro compound as was obbtained by catalytic

hydrogenation, but also nroduced a sulphur containing product,

The structure of the latter has not finslly been established,

9N 4N

uctures (or their

but the analytical fisures, C6H aO6S, suzzest the

following possible isomers).

SRS
. o OH
RETON: X H oW
3 N Ny i
i | . H,0
3 . . OH H? . il
- CH2CH(§§3ma

(32~XXT) (36-XXII)



The following analogy suggests that formula (3a-XXI) is
correct, i.e. that a sulphonic group is introduced into the
6-position of a pteridine nucleus. 2-Amino-4-hydroxypteridine
(Viscontini and Weilenman, 1959; Baalen and Forrest, 1959)

has been reduced to an unstable tetréhydro derivative which
was easily oxidized. The reoxidation of the tetrahydro-2-
anino-4-hydroxypteridine in the presence of suéh anions as,

OH ™, SO3H_, or CN™, or in ammonis leads to an introduction of
various groups into the 6-position of the ring (Baalen and
Torrest, 1959; Viscontini and Weilenman, 1959; Forrest,

Baalen, Viscontini and Piraux, 1960).

I OH | 1 OH
1 N N
" N
i
H N v NH, X 3 NH,
H H
(3a-XXIII) (3a-XIV)

- oH
n N
R~ i i oz/rto \Ii:: :::H:::ij::l\
H \\\\E 4441\1H

(32~XXV) , (3a~XXVI)
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Thus they obtained 2-amino=-4,6-dihydroxypteridine

(xenthopterin) (3a~XZVI, R =

vberidine (3a-XKVI, R = Ni,

hyaroxypteridine~6-carboxylic acid

0H), 2,6-dizmino-4-hydroxy-

) and the well Xnown 2-amino-4-

(32-XXVI, R = CO H). The

same sort of reaction can be expeclted with the sulphite 10ﬂ,

and they

X =230 H).

also isoluted what they believed to be (3a-XKVI,

But they seem to be nistaken as to the level of

oxidation because their analytical figures suggest the

oda

tetrahydro-analogue (3a—-XIV

0, R =

SO3H)'

2—-Amino—4-hviroxzynteridine-6-carboxamide

Porrest, LZaalen,

Viscontini and Firaux.

Helv. Chim. Acta, 1960, 43, 1005,

OH

H,11G0 N

2 Xy
\\\N zfﬁﬂi\nﬁz

Ay CoHAN,O

472
¢, 40,02
¢, 40.8

7

TFound:

for C7ﬂfd4 o :

7H1084 05"

Calc.

Calc, for C C, 40.0

. OH
H,NCO N\\\ L\\rq
; Pt
2 i N L,
H
By C7H10 492
H, 4.69 1, 40.22
H, 2.9 N, 40.8
H, 4.8 N, 40.0
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P=Anino—4-hydroxypteridine-6-sulrhonic acid

OH _ of
3 |
it N :
H0.S HO. S
3 i 37> 17
1
i I« HH, i N 3 i,
H
, 1. 3 D.
G, CHN:0,S , CgHglls0,8
Tound : ¢, 27.15 H, 4.54 N, 25.8 S, 11.4
Colo. for GHNG0,8.H0 : €, 27.6 H, 2.7 W, 26.8 S, 12.3
Sale. for CgHgll0,8.H,0 : C, 27.05 ‘H, 4.0 N, 25.5 8§, 11.65

Regarding the mechanism of the reduction, the same
authors suggest that addition of the anion occurs through
a 5,8-dihydro-internediate (3a-XXIV), but they offer no
evidence for this hypothesis, It seems more likely that
such an addition would take place through a 7,3-dihydro
structure, because the C,N-double bond is more easily
polarized than is the C,C-double bond, and would lead an
attack of the anion to the positive carbon atom. Such
additions of anions to carbon atoms of heterocyclic compounds
are well known. Tor example, CN , SO3H , OH or Nol
groups easily abtack the 4-position oI quinazoline‘(ga-XKVII)
with the formation of addition compounds (3a~-XXVIII)
R = CN, SO3H, OH, or N2H3) (.. Higashino, 1960).
H R
H
N l i
N"’l N"’J

(3a~1TXVIT) (3a-XXVIII)
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2,6=Dihvdroxypteridine and 4,6-Dihydropteridine were both

reduced with potassium borohydride to a respective 2- and
4-hydroxy-T,8-dihydro-6-hydroxypteridines. These
structures were confirmed by comparing with the

corresponding authentic samples unambiguously synthesized

by the mathod of Boon and Ramage (see p. 8; 94 ).
Dihydro-2,6-dihydroxy- 7,8-Dihydro-2, 6~
pteridine obtained by dihydropteridine
reduction obtained by synthesis
R, (NH4Cl) 0.52 2B/3V 0.52 2B/3V
(Bu/Ac)| 0.08 23/3X 0.08 2B/3X
i (basic)| 2.80 + 0.02 2.82 + 0,02
(acidic)| 10,23 + 0.02 10,26 + 0.03
UV-spectra | Xmex. (mp) log § Anex.(mu) log €
0 237, 265" 3.95, 3.46 237, 265  3.95, 3.46
+ 257, 317  3.94, 3.85 257, 318 3.94, 3.85
- 279 4,01 279 4,01
IR spectra | see Pig.40, 5.207 see I'lg.39, »,207

*, .
shoulder
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Dihydro-4,6-dihydroxy- |7,8-Dihydro-4,6-
pteridine obtained by dihydroxypteridine
reduction obtained by synthesis
RE(1M,C1) 0.47 2/3B » 0.47 2/3B
(Bu/Ac) 0.15 2X/3B 0.15 2%/3B
Pk (basic) | 9.07 + 0.02 9.07 + 0.05
UV-spectra Amax.(nu) log & | A nax., (mp) log €
o) 275, 318 -3.89, 3.69 274, 318  3.90, 3.69
- 275 3.80 273 3.83
IR-snectra Tig. 42, ».,208 ' Tig.41, p.208

Catalytic hydrogenation over ozlladium catalyst in O,1N-
potassium hydroxide solution gave the same results as
above. Althoush potassium amalganm reduction of 4,06-
dihydroxypteridine gave T,8-dihydro-4,6-dihydroxypteridine,
2,6—dihydroxypteridine was not reduoéd successfuly with
potassium amalgam and 7,8-dihydro-2,6-dihydroxypteridine
could not be detected in the reaction mixture; This is

due to the instability of the product underiﬂmsecondifions.
7,8-Dihydro-2,6-dihydroxypteridine also decomposéd'with
potassiun amalgam treatment and the product could not

be detected by paper chromatography.
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2, 7T=-Dihydroxypteridine and 4,7-dihydroxypteridine were

reduced with potassium borohydride, or with potassium
amalganm, to the correspondimg dihydro-compounds. Catalytic
hydrogenation over palladium catalyst in 6.1N-potassium
hydroxide solution gave the same results.

The structure of the dihydro—4;7—dihydroxypteridine
was shown fo be 5,6—dihydro-4,7—dihydroxypteridine by
synthesis (see .95 ). 5,6-Dihydro-2,7-dihydroxypteridine
was not obtained by synthesis because of technical
difficulties (see p.94 ),Aand two possible structures, 5,6-
dihydro—- and 3,4~dihydro-2,7-dihydroxypteridine, remain for

this compound.

Dihydro-4,7-dihydroxy- | 5,6-Dihydro-4,%-
pteridine obtained by dihydroxypteridine
reduction obtained by synthesis
Rf. (NH,C1) 0.54 2D/3V" | 0.54 2D/3¥
(Bu/Ac) 0.08 2D/3V | 0.08 2D/3V
pKa (acidic 8.45 + 0.02 8.48 + 0.05
UV-spectra | Amax.(mp) log€ Amax.(mp) log €
o) 276, 328 3.78, 3.70 | 276, 328 3.78, 3.71
IR-spectra See Fig.44, p.209 See Fig.43, p.209

*
Violet fluorescence appeared after exposure 10 245 mp lamp.
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Sodium dithionite reduction of 2,7-dihydroxypteridine
gave a sulphur containing pnroduct, C6H7 4Na 58, whose
gtructure was not investigated further. 2,7—Dihydroxypteridine
also gave aen addition compound, 06*4“4h32 BQ.A 0, with sodium
nydrogen sulphite.

6, 7T-Dihydroxypteridine was not reduced with potassium

borohydride, godium dithionite, or by hydrogenation over
slatinum or palladiun catalyst. The reduction of this
pheridine with sodium amalgam leads to elimination of the
T-hydroxy=-group, giving 7T,0-dihydro-6-hydroxypteridine
<

(£lbert, Lrown and Cheeseman, 1952),

2,4,6-Trihyvdroxypteridine was reduced with potassium

borohycdride to a dihydro-compound. The only possible

“

dihydro=-2,4,6-trihydroxypteridine is known to be 7,0-dihydro-

~
2

2,4,0=trihyiroxypteridine Catalytic hydrogzenation of 2,4,6-

trihydroxypteridine over palladium on carbon gave the same

,
188

dihydro-compound. 7,8-Dihydro-2,4,6-trihydroxypteridine
been synthesized before (Boon and Leigh, 1952).

2,4, 7T-Trihvdroxypteridine was not affected by reducing

agents such as potassium borohydride, potassium emalgam, or
by hydrogenation over palladium catalyst in 0,1l —-potassiunm
hydroxide solution.

2,6, 7-Trihyvdroxypteridine was not affected by potassiunm

borohydride or by hydrogenation over palladium catalyst.

This compound behaved unusually towards potassium amalgan
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reduction, and 7,8-dihydro-2,6-dihydroxypteridine was not
detected in the reduction mixture, presumably because
7,8-dihydro-2,6-dihydroxypteridine is unstable to potassiﬁm
amalgam (for the same reason as in the case of 2,6-
dihydroxypteridine, see above).

4,6,7-Trihydroxypteridine was not affected by

potassium borohydride or by hydrogenation over palladium
catalyst. However, this compound has been reduced by

sodium amalgan with elimination of the T-hydroxy-group, giving
7,8-dihydro-4,6-dihydroxypteridine (Albert and Brown, 1953).

2,4,6,7-Tetrahydroxypteridine was not affected by

potassium borohydride or by hydrogenation over palladium
catalyst. This compound has been reduced by sodium amalgam
with elimination of the T-hydroxy group to T7,8-dihydro-
2,4,6=trihydroxypteridine (Albert, Lister and Pedersen,
1956).

ii) The presence of groups other than hydroxy group.

Some hydroxypteridines having other substituents were
also reduced in order to examine briefly the effect of such
substituents on the reduction.

2-Amino-4,6-dihydroxypteridine (xanthopterin) was

reduced to the known 2-amino-7,8-dihydro-4,6-dihydroxy-
pteridine with potassium borohydride or sodium amalgam. This
indicates a parallel between the effects of a 2-hydroxy- and

a 2-amino-group on the course of reduction. This is of




interest in connection with naturally-occurring pteridines,

alimost all of which have an zwino-group in the 2-position.

.

2-lviroxy=6-nethylnteridine (like 2-hydroxyuteridine)

vias reduced with potassium borohydride to two coumpounds, one

-

wag an x,y—-dihydro-2-hydroxy-6-nethylpteridine ond had

quite similur properties (ultraviolet spectra and pKa) to

3, 4-dihydro-2-hydroxypteridine., This suggests the 3,4-
dihydro-structure for this compound. [The other nroduct also
ned guite sinilsr R values and fluorescence to 5,6,7,8-
tetrahydro-2-hydroxypteridine J. The methyl group in the
S5-nozition has therefore no anponreciable elflect on the '
veduction. This inforumation is relevant to the folic acid
gseries which always has a substituted methyl group in the

c-position,

3,4=Dihydro-2-hydroxy— 3,4=Dihydro-2-hydroxy-
pteridine 6-methylpteridine
L (IMH,01) | 0.60 2B/3V 0.58 2B/3V
(ﬁu/Ac) 0.50 2B/3V 0.50 2B/3V
pla (basic) 0 0.20 + 0,06
(acidic)|l2.5 13.05 + 0.02
UV-gpectra |Amax.{mu) log & Amax.(mp) 1oz €
o 248, 317 3.96, 3.88 248, 321  3.83, 3.92
- 281, 343 3.94, 3.82 2862, 350 4.01, 3.84
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iii) Ionic species.

A clear case of ionic species affecting reduction is
that of the hydrogenation of 2—h§droxypteridine (see p.44 ).
This effect arises from the fact that the neutral molecule
(unlike the anion) is hydrated across the 3,4-double bond
(Brown and Mason, 1956), and is therefore already a
dihydropteridine.

iv) Reducing agent.

Close similarity was shown by the two reducing
agents, potassium borohydride and hydrogenation over
pallediun catalyst in alkaline solution. There was
however one exception. 2,4-Dihydroxypteridine, was
successfully reduced over palladium batalyst but was not
affected by potassium borohydride.

Palladium on carbon catalyst was more powerful than
Adams' platinum oxide catalyst in alkaline solution, and
this is seen in the rate of reduction by these two

catalysts (see Table 4).



b)
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Table 4.

Reduction period of hydroxypteridines in O.lN-potassium

hydroxide solution.

Catalyst
Pteridines 10%-palladium on carbon|Adams' platinum oxide
o-Hydroxy- =) 20 min.
4-Hydroxy- 30 min.,
6~Hydroxy- 20 min.
T-Hydroxy- o) 40 min,
2,4-Dihydroxy- 40 min,
2, 6-Dihydroxy~ 10 min. 7 hr:%*
2, 7-Dihydroxy- 70 min., 40 hr.
4, 6-Dihydroxy- 70 min.,
4 ,7-Dihydroxy- c) 17 hrﬁ;.
2,4,6-Trihydroxy- | 10 min.

mono-hydroxypteridine (1 m mole) in 1.5 eq. 0.l1N-KOH

di-hydroxypteridine

tri~hydroxypteridine

(1 m mole) in 2 x 1.

(1 m mole) in 3 x 1.

5 eq.
5 eq.

were reduced over 50 mg. 10%-palladium on carbon catalyst.: -

* 5 mg. Adams' catalyst.
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Sodium amalgam reduced all 6—hydr§xypteridines to the
corresponding 7,8-dihydro-6-hydroxypteridines, even when it
required the elimination of a T-hydroxy-group as in the case
of 6,7—-dihydroxypteridines, Two apparent exceptions were
noted (the reductions of 2,6-dihydroxy- and 2,6,7-trihydroxy-
pteridines) due to the instability of the product to this
reagent.

Sodium dithionite produced a sulphur containing
product (see e.g. 2,4-dihydroxypteridine, p.53 ) in the
reduction of seversl polyhydroxypteridines.

v) Positions and numbers of hydroxy groups.

A systematic correlation between the facility of
rydrogenation and the number and positions of hydroxy groups
can be seen in Table 4, p. 64. It can be said generally
that 6-hydroxypteridines are more easily reduced than %he
T-isomers, and 2-hydroxypteridines are more easily reduced
than the 4-isomers. The results which were obtained by
reduction of hydroxypteridines are summarized in Table 5,

p. 66,

o




Reduction products of steridines by v
Totassium Zotassium
voronvaride o loan Githionite
. . » . T - y
2-liydroxypteridine 3,n—ﬁd~2 UT 3,4
, 0 7,u-T-‘~2 Ul
T T o 5 6 7 Dl
4=lydroxypteridine X, y=Dil=-4 Ul Ext . 5,5,7,0=0H~4
- = ComTT o O _MTT - o~ mIT.
5,0,7,0-1l-4 5,0,7,0=TII-4 5,6,7, h-4
T 3 1 8 i Py [ o~ O ~ 1A SIS
S-Hydroxypieridine T, 0=DH=5 T,C=UH=~0 (1) 7,8~Zi-6 {yo=DE=0
- s ;TS en - e T b V! 5 N
7-‘11:;&1‘0 be(::.l."l(llfl &) Dy O=liii=~ L ( .4.) A
.3 LR BN o TT ~ M ] fond . . -y, ot f‘ Lard f‘ MmIT A
2,4=Dihydroxypteridine o 5,6,7,8=11-4 5,6,7,0~0H=-4 5,0, 7,014 5,0,7,0=01=4
S
- - « o o - ~ A ._“"T‘...’; -~
2,6=-Dihydroxypieridine 7,0-DH-2,0 D 7, =D=-2,0
N . el . > N - ~r - ¥ 7 Cj
2, T=Dihydroxypieridine L,y=un=2,7 Wy y=H=2, S
i 3 S ekl Q T I o R o) & Y I S S R
4,6~=Dinydroxypteridine 7,8-DI-4,6 7,8~DH=-4,6 (2) 5, =Dl=4,6
4,7-Dih“ roxyrteridine 5,06=DH=4,7 Dy 0=DH=-4,7 5,0=ull=4,"T
« e - o™ ANTT : v - T
7-Dihydroxypteridine o 7,0-DE=-6 (1) To 0 o
2 - [ N I e T AL S DT ~
2,4,6—Tr1hvcro;ygbp_1llh, 7,0=-DH=2,4,6  7,0=DH~2,4,0
° > . - T ’,T ‘:'\
2,4, T=rihydroxywteridine | Ho o o o)
- . = s e - T
2,0,7-Crihydroxzypberidine | o ) o
MpihyCroxypheridine [T 7.0-DH-4,6 (2) To
6 , T=Crihycroxypberidine | Ho , O=DH-4., 2 i
. .‘ A - (o) "DT'T ‘ﬁ /'_(3)
SR - " 4 0L ERY ¢
2,4,0,T-rihydroxypteridine |0 s=Dii 1y O
(1) Albert, Drown end Cheesenan, 1952 ey to Symbols
(2) Albert =nd Srown , 1853 7, y=DH-4 = x,y-Dihydro-4-hydroxyulieridine
" - S T TA L Y ! 7~ O mrT O je N . . s G
(3) ilbert, Idster ond Federsen, 1956 5,6,7,0~01-2 = 5,0,7,0-etralydro-2-hyéroxyrteridine
UI  Unidentificzdé unstzble nroduc

™

RO Ring opened product
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"

b, Syntheses.

Svntheses Directed Towards Hydrosenated 2-Hydroxyvteridines.

7,8=Dihydro-2-hydiroxynteridine (and its G-methyl-derivative).

The syntheses of 7,0-dihydropteridines have been well developed,

and 7,8-dihydro~-2-hydroxy-4,6-dimethylpteridine has been
prepared (Lister and Ramage, 1953) (see p.10).  In the
present work, 7,8-dihydro-2-hydroxy-6-methyloteridine was
synthesized by a similsr method, in order to compare the
reduction behaviour of 2-hydroxypteridine and its 6-methyl
derivative., 2-Hydroxy—-6-methylonteridine was prepared fron
the T7,0-dihydro-derivative by oxidation with potassium
vermanganate, and reduced with potassium borohydride (see
0,62). The G-methyl-isomers, 2-hydroxy—-6-ucthylonteridine,
7,8=-dihydro-2-hydroxy-6-methylpteridine and x,y-dihydro-2-
hydroxy—-6-nethylpteridine, had guite similar properties,

»ila values, ultraviolet epectra and RE., values to the
corresponding 2-hydroxypteridincs (

see Table 6, p. 104 and
Table 15, p. 120). Although no 7,8-dihydropteridines
unsubstituted in the 6-position hnve been prepared, it was
hoped that 7,8-dihydroxy-2-hydroxypteridine could be
synthesized by using amino acetal in place of =amino acetone
in the Lister-Ramage synthesis (see p. 6, 10). Although some
difficulties were encountered (e.g. the tendency of
aminoacetaldehydes to dimerize to pyrazines), this new

synthetic method was successful,
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O.N 0N
2 N 2 N
E0_
o1 ra CHCH,.NH c1
(3b-I) (3b-II)
OH™
H.N 0N
2" AN 2
Et0
A Pal: CHCH..NH
sro” N: Et0-“HCH,
(3b-1IV) (3b-III)
H+
N |
' N
. ¢/%l\ Hy/Ni
H
(3b-VI) (3b-V)

Condensation of 2,4-dichloro-5-nitropyrimidine (3b-I) with
amino acetal has been attempted before (Boon and Jones, 1950),
but no product was isolated. In the present work, all

attempts to isolate (3b-II) from its mixture with the 2,4-
disubstituted analogues were unsuccessful., Accordingly,

the crude condensation product was hydrolyzed directly with



sodium hydroxide to give 4-B-diethoxyethylamino-2-hydroxy-
S-nitropyrimidine (3b-III). At this stage the disubstituted
derivative, 2,4—biS—B-diethoxyethylamino—S-nitropyrimidine,
wa,s easily removed because of its insolubilityrin N-sodium -
hydroxide solution. Hydrogenation of (3b-III) gave the
5-amino derivative (3b-IV). Attempted brief hydrdlysis of
the acetal group of (3b-IV) with 0.1N-hydrochloric acid gave
a product showing three spots on paper chromatography.
Various conditions of pHiand reaction time were examined

to separate three products., The first substance corresponded
to (3b-VII), and the second substance was later confirmed

as 7,8-dihydro-2-hydroxypteridine (3b-VI) by the synthesis
described below, but an analytically pure sample could not
be isolated from this reaction. The third substanée was
vthe acid decomposition product of 7,8-dihydro-2-hydroxy-

nteridine.

H.N
2 Y

HO__
EtO/CHCHZNH N
(3p-VII)

A successful route was found in which (3b-III) was
hydrolysed by acid before the hydrogenation. Thus, 2-
hydroxy-4-formylmethylanino-5-nitropyrimidine (3b-V) was

obtained from (3b-III) by refluxing with N-hydrochloric acid,
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The aldehyde was quite unstable in alkali, and it was

found necessary to stop the neutralization of the above‘
reaction mixture at pH 4; néutralization even to pH 7

caused partial decomposition of the product. The aldehyde
(3b-V) was successfully hydrogenated over Raney-nickel in
methanol (but not in ethanol) to give 7,8-dihydro-2-
hydroxypteridine (3b-VI). This 7,8—dihydro—2—hydroxy-
pberidine (see p. 43) haqfhigh basic pKa (see Table 9, p.l107)

compared to 2-hydroxypteridine.

5,6,7,8=-Tetrahydro-2-hydroxypteridine.. One

attempt to synthesize 5,6,7,8-teﬁrahydro—2-hydroxypteridine
through 8-benzyl-5,6,7,8-tetrahydro-2-hydroxypteridine has
been reported, but it was unsuccessful because of difficulty
in the debenzylation (Brook and Ramage, 1955) (see, p. 12).

On the other hand it hes been known that 7,8-dihydro-
pteridines can be hydrogenated to 5,6,7,8-tetrahydro-
phteridines (Lister and Ramage, 1953). (This method is a little
ambiguous because of the possible hydrogen migration by the
netal catalyst). 5,6,7;8-Tetrahydro—2—hydroxypteridine wés
synthesized from the above 7,8-dihydro-2-hydroxypteridine by
hydrogenatibn over Adaums' catalyst in neutral aqueous solution
(hydrogenation in water gave better results than in acidic
conditions). The structure was confirmed as 5,6,7,8-
tetrahydro-2-hydroxypteridine by comparison of its pKa values,

and ultraviolet spectra with those of 4,5-diamino-2-
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hydroxypyrimidine (see Table 8 , p.10%,and Tablel3, pll8 ).
The structure of the minor product obtained by
reduction of 2-hydroxypteridine with potassium borohydride,
and by hydrogenation over palladium, Raney-nickel, or Adams'
catalyst in alkaline solution, was shdwn to be 5,6,7,8-
tetrahydro-2-hydroxypteridine by comparison of its ultra-
violet spectra and Rf values with the above (see p, 42).

5,6~-Dihydro—-2-hydroxypteridine. No attempts to prepare 5,6-

dihydropteridines had previously been made. The two

following routes are possibilities for the preparation

of 5,6—dihydropteridines (3p-X):

a) by cyclization of 4,5-diaminopyrimidines substituted on
the 4-amino group (e.g. 3b-VIII)

b) by cyclization of 4,5-diaminopyrimidines substituted on

the 5-amino group (e.g. 3b-IX)
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H.N

™. R
XCH,C=N R Tl g °
2‘— 1 h '

N
Y S X

(3b-VIII)
¥ N N Ry
(él//77
7~ CH,NH
N /////
HoN N Ry
(3b-IX)

(Where Ry, R, and Y = OH or H;
X = halogen;
Z = -CHO, -COOH or any groups which can be
changed to these groups)

ethod (a) could not be used for the synthesis of 5,6-
dihydro-2-hydroxypteridine because of difficulties in the
preparation of intermediates of the type (3b-VIII). The
only difficulty in method (b) is the preparation of 5-
alkyleminopyrimidines. Direct alkylation leads to
quaternization. Howevér, two methods for indirect
alkylations are possible. One is reduction of 5-
formylaminopyrimidines with lithium aluminium hydride

(Baker, Schaub and Joseph, 1954), and the other is
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reductive alkylation (or reduction of the Schiff's base)
of 5—-aminopyrimidines. It is known that 5—-amino-
pyrimidines condense with benzaldehyde to give Schiff's
bases (Traube and Nithak, 1906; Shirakawa, 1953), but
with aliphatic aldehydes only resinous products are
produced (Shirakawa, 1953). The sole example of
reductive alkylation of aminopyrimidine is the conversion
of 5-amino-4-methylpyrimidine (3b-XI) to 5-ethylamino-4-
methylpyrimidine (3b-XII) using a palladium catalyst and
an excess of acetaldehyde (Overberger, Kogon and Einstman,

1954).

H.N CH.CH.~IH
2 . 3CH,
N OH.CHO N\
3 -
;%¢J H,/Pd |
oH N CH, N
3 )
(3p-X1) (3p-XI1)

In the present work the following roubte was used to prepare

5, 6—dihydro-2-hydroxypteridine (3b-XVI)
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Et0_
H, I CHCH=N
N Et0_ Et | N
_CHCHO |
EtO =
HN N OH (glyoxal monoacetal) H N N OH
(3b-XIII) | ‘ (30-XIV)
E0_ :
CHCH, NH H
Et0”  ° N o N\
H, /Ni . S %/%l\
7 7.
H,N X OH Q*§§N - OH
(3b-XV) (3b-XVI)

4,5-Diamino-2-hydroxypteridine (3b-XIII) was condensed with
glyoxal monodiethyl acetal (this was prepared from acrolein,
Witzemann, Evans, Hass and Schroeder, 1943 b,a,c; Fischer
and Baer, 1935), and although no product could be isolated
paper chromatograms showed that the reaction had taken place.
The reaction mixture was then hydrogenated over Raney-nickel
catalyst, and 4-amino-5-f-diethoxyethylamino-2-hydroxy-
pyrimidine (3b-XV) was isolated. The structure of (3b-XV)
was confirmed by its non-identity with 5-amino-4-g-
diethoxyethylamino-2-hydroxypyrimidine (3b-IV), prepared

by an unambiguous synthesis (see, p.58 ). The pyrimidine
gave a yellow amorphous product on treatment with
N-hydrochloric acid. This substance is believed to be
5,6=dihydro-2-hydroxypteridine because pure 5,6-dihydro-

4=hydroxypteridine was made from 4,5-diamino-6-hydroxy-




steridine in the same way (see below). Although =

P 3
Zooa

analysis could not be obtained Lor this compound because

of pertiszl decomposition during purification, naper

chromntogsranny indGicated 1ts evsential .omo~baeity
tihalt 1t was not x,y—-dihydro-2-hydroxypteridine.

3, 4=Dihydro-2-hviroxyuvteridine., Wo atteuwpts

3,4=dihydropteridines h:ave been nreviously wmade.
an exemple of the gynthesis of a fused 3,4-dihydro

b

and

to vrepare

However,

vyrinidine

sparation of 3,4-dihydroquinazoline

(3b=XVIII)frow the o-aminobenszylauine derivative (3b-IVII)

r N e e et [e}
Gabricl and Jensen, 1890).

T ITHEOOH
C;;gl IICI\J\J 3 \&N’U

——

o
s i
(3h=XVIT) (3b=-¥VIII)
The following routes were considered for the synth

4~dinydro-2-hyirouwypteridine (3b-XXI):

esis of
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N CH=NOH | N CH,NH,,
H2/Pt> <jf
. NH, . NH,
(3b-XIX) (3b-XX)
|
| c100,E%,
: Urea 2\,
| or NH,CO,Et

: v
, H ©
///N ' o
[;;;N | N///I\OH
(3b-XXI) '

2-Amino-3-formylpyrazine oxime (3b-XIX) was synthesized by
a known method (Albert, Brown and Wood, 1956). Reduction
of the oxime (3b-XIX) to 2-amino-3-aminomethylpyrazine
(3b=XX) under several sets of conditions was examined
(hydrogenation over Adams', palladium, or Raney-nickel
catalysts, and reduction with lithium aluminium hydride,
sodium amalgam (under neutral conditions) and sodium
hydrosulphite). The catalytic hydrogenation of the

corresponding nitrile was also unsuccessful,
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The most promising result was the hydrogenation over Adams'
catalyst where the oxime absorbed 2.5 moles of hydrogen
{theoretical amount is 2 moles) and gave a green oil,
Chromatography showed that the product had one main spot,
but no solid material could be isolated from the reaction
nixture, and treatment of the crude product with urea, cyanic
acid, ethyl chloroformate, or with urethane gave a complex
mixture in which no product identical with the x,y-dihydro-
2-nydroxypteridine could be seen when compared on a paper
chromatogram.

Another synthetic route through 2-amino-3-carboxy-

pyrazine (3b-XX{II) was examined:

COOH C0,CH, /N CH,,0H
j::}[i"*““”59 [:::‘::Jlj LlAlH4
Ny N NH

2
(30-XX1I1) ( jb-—XXIII ) (30~XXIV)
/ |
| i CONH, | 2T

4 /// |urea,
-2 ‘ | or KCWO
N NH, \i ’

(3b-XXV)

m«]ﬂ.‘. K] '“{4,7»
C
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lloviever, the atitenpted replacement of the hydroxy
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Another approach to 3,4i-dlihydro-2-hydroxypteridine was
slaaned, storting frow the hydlrogenated pyrinidine,

1
(30-XVI) —= (3b-X¥%I). 1In hydrochloric acid 4,5-diznino-

N A

C-hylrouypyrinaidine (3b-IXVI) absorbed one wmole of hydrogen

over palladiun cetal , however, did not

correspont 1o G4HQJ 0.IICL, 4,5-diemino=-dihydro—-2-

4

O.

,-
(==

hydreoxypteridine (Sb-XKVEI), tut analysed as C[I7I302¢AC
i

h) =

0=z

g

These Tizures show thot one amino group of (3 TII) was
repleced by o hydroxyl zroup and thie coupound could therefore

not be used o8 an intermedicte for dihydro-2-hydroxypteridine
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HN H,N
H2N N OH : H2N' N OH

(30-XXVI) (3b=XXVII)
H H
N q
/// N
CHO
CHO . . oOH
- (3p=XXT)

Synthesgses Directed Towards Hydrogenated 4-Hydroxypteridines

5,6,7,8-Tetrahydro—4-hydroxypteridine. An unambiguous route

to 5,6,7,8=tetrahydropteridines has been described by Brook
and Ramage (1955, 1957) (see p. 11). In using this method
it is essential to protect all groups (such as NH, or OH)
which have hydrogen atoms tautomerizable with the ring
nitrogen atoms. This protection, which could be afforded
by O-alkylation (-Olie) or N-benzylation (—NHCHZPh), is
required to prevent alternative ring closure to pyrimidino—
imidazoles (Ramage and Trappe, 1952; Brook and Ramage, 1955,
1957).

Failure to afford such protection to groups other

than those forming the pyrazine ring has, in practice, limited
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the number of known 5,6,7,8-tetrahydropteridines to those
having a hydrogen-, methyl-, or chloro-group in the 2-, or
the 4-position. The solitary exception is 5,6,7,8~
tetrahydro-2-hydroxy-4-methyl-8-benzylpteridine (1b-XXVI)
which was prepared by hydrolysis of the corresponding 2-
chloro derivative (see p. 12).

In the present work, this method was attempted for the
d-hydroxy-isomer but found unsuccessful, although, as will
be shown later, the desired substance was eventually

obtained by modification of the routes

: c1 c1
0. H. N .
) .-...__.__A.
cl N HOCH,CH N HOCH,CH N N
CHQPh CHZPh
(3b-TXVIII) (3b-XXIX) - (3b-XXX)
H 1 H
o N i
AN \\\\N
PC1, H Na/ﬁH3 1
2 H H
;N H N
| H
CH,Fh

(3p-XIT) ( 3b~-XXKIT)
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4,6-Dichloro-5-nitropyrimidine (3b-XXVIII) was condensed with
g-benzylaminoethanol in chloroform to give (3b-XXIX) but

the product could not be isolated. The product was
hydrogenated over Raney-nickel ahd 5-amino—4-(benzyl—-p-
hydroxyethylamino )-6-chloropyrimidine hydrochloride (3b-XXX)
was isolated. (This hydrochloride, €y 3H; g0L,N,0, was
isomerized when boiled in ethanol to an unidentified compound,
Cl3H16012N40’ which did not cyclize on treatment with
phosphorus trichloride). The S5=-zminopyrimidine hydrochloride
(3p-XXX) was cyclised directly with phosphorus trichloride to
8-benzyl-4-chloro-5,6,7,8-tetrahydropteridine (3b-XXXI) the
structure of which was confirmed by reduction with sodium in
liguid ammonia to the known 5,6,7,8-tetrahydropteridine
(3b-XXXII). However, the 4-chloro group could not be replaced
with a hydroxyl group by such treatment as. refluxing for three
hours with (a) pH 5 buffer, (b) glacial acetic acid plus sodium
acetate, (c¢) 6N-hydrochloric acid, (d) l2N-hydrochloric acid,
(e) N-sodium hydroxide, or (f) methanolic sodium methoxide.
Heating in triethylene glycol at 120° with sodium hydroxide
decomposed the material.

Because of the difficulty of replacement of the
4-chloro group in the above tetrahydropteridine, it seenms
reasonable to introduce other types of group into the 4-
position. It is well known; that the behzyloxy group can be

reduced to a hydroxy group by catalytic hydrogenolysi%ysing

ralladium on carbon. The following route was therefore
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attempted.
Cl OCH, Fh
O.N CH,CH,.OH , H.N
2" N HN( 2772 2 N
) LHQPh PhCHQONa Hz/Ni -
(1) (2) (3) .~ ,
c1 N HOCHZCHzl\IT ‘ N/
CH,Ph »
(3p-XXVIII) OH (3b-XXXIII)

2

H, .
PC1, )
H00H20H21|¢ . /

CH,Ph
(3b-XXXIV)

Attempts to isolate the product from each of the steps

(1 ., and 2) were unsuccessful, but (3b-XX£III) was finally

- isolated as the hydrochloride in low yield.

Treatment of

(3b=XXXIII) with phosphorus trichloride gave the pyrimidine

(3b-XXXIV) instead of the desired tetrahydropteridine, and

the method was therefore abandoned,

However, the facile hydrolysis of the 4-benzyloxy

| group suggested a new synthetic route in which ethyl feplaced

benzyl.
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accomplished with sodium in liquid ammdnia, and 5,6,7,8-
tetrahydro-4-hydroxypteridine (3b-XXXIX) was obtained. By
comparison of their pKa values, ultraviolet and infrared
spectra, the 5,6,7,8-tetrahydro—4-hydroxypteridine‘was

shown to be identical with the product obtained by reduction

of 4-hydroxypteridine (see p.48 ).
5,6-Dihydro-4-hydroxypteridine (3b-XLII) was
synthesized by essentially the same method as was used in

the preparstion of the 2-hydroxy-isomer (see p.74 ).

OH OH

E$0_
H N _GHCH,NH
N HZ/Ni EtO N
EtO:CHCHO !
Et0
HN . H, IV X
(30b-XL) (3b-XLI)

OH

(3b-XLII)

4,5-Diamino-6-hydroxypyrimidine (3b-XL), hydrogenated over
Raney-nickel in ethanol conteining glyoxal monoacetal, = .-
gave 4-amino-5-f-diethoxyethylamino-6-hydroxypyrimidine
(3b-XLI). This pyrimidine, when boiled with N-hydrochloric

acid for one minute, gave 5,6-dihydro-4-hydroxypteridine
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(30-XLII). The compound was not identical with fhe X, y=
dihydro-4-hydroxypteridine, formed by reduction, which must

therefore be an isoner.

X,y-Dihydro-4-hydroxy- |5,6-Dihydro-4-hydroxy-
pteridine obtained by pteridine obtained by
reduction ‘ synthesis
colour ‘yellow colourless
m.Pe ' 263-265 (decomp.) | 230 (decomp.)
pKa basic 0.32 + 0.05 2.94 + 0,04
acidic 12.13 + 0.03 10.24 £ 0.1

7,8-Dihydro-4-hydroxypteridine (and 7,8-dihydro-4-

hydroxy-6-methylpteridine). A method similar to the one
used for the synthesis of 7,8-dihydro-2-hydroxypteridine
(3b-VI) (see p.68 ) was attempted for the preparation of
7,8-dihydro-4-hydroxypteridine, but it failed to yield a
7,8-dihydro compound.

3,7—Dihydfo—4-hydroxypteridine. No suitable method

could be found to prepare 3,7-dihydro-4-hydroxypteridine.
However, . 3,7-dihydro-4-hydroxypteridine and its T7,8-
dihydro-isomer have a common cation. If the 3, T=isonzr
is more stable than the 7,8-dihydro-isomer, this compound
would be obtainecd by any syntheses suitable for the 7,8-
dihydro*isomer. Unfortunately, the synthesis of 7,8-

dihydro-4-hydroxypteridine was also unsuccessful,
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o1 1 OH
0N L\\\ 0N 0.N
2 X\ 2 N 2 N
;%%J — ;%/J — |
C1" N\ H N\ HT N |

cn.cy Yt o, cg OBt

AN y 27 \OEt
(3p=-XXVIII) (3b-XLIIT) /,/ | (3p=xmIV)
H,/Ni
// 2/ ‘H+
or Zn-AcOH
YA %
OH
H.N 0N
2 \N
HN N///
CHZCH’OEt CH,CHO
~NOES
(3b=-XLV) (3b=-XLVI)

4,6-Dichloro-5-nitropyrimidine (3b-XXVIII) was condensed with
aminoacetal and although the intermediate (3b-XLIII) could

not be isolated,the condensed product was hydrolysed by
heating with N-sodium hydroxide to give 4-B-diethoxyethylamino-
6-hydroxy-5-nitropyrimidine (3b-XLIV). This absorbed five
moles of hydrogen (cf. three moles for a nitro group) over
Reney-nickel and none of the desired aminopyrimidine (3b;XLV)
could be isolated. Reduction of (3b=-XLIV) with zinc dust in

acetic acid also gave a mixture from which (3b-XLV) could not
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be isolated. Hydrolysis of (3b-XLIV) with N-hydrochloric
acid gave a product analysing for 012H8N806.%H20, and this
compound absorbed ten moles of hydrogen over Raney-nickel
(calculated on the above formula) and gave a dark resinous
product. Wo 7,8~dihydro-4-hydroxypteridine was obtained by
this method.
Because of the difficulty of synthesizing the 6~

unsubstituted derivative, the synthesis of 7,8-dihydro-4-
hydroxy-6-methylpteridine was attempted because it should

have similar pKa values and spectra. The following route

was used:
j][::l NH,CH COCH
;//J )3 ¢¢4J HN ;¢¢J
. CH, COCH CH2000H3
(3b-XXVIII) (3b—XLVII) (3b-XLVIII)

4,6-Dichloro~-5-nitropyrimidine was condensed with aminoacetone
by Boon's method (Boon and Jones, 1951), and the product
(presumably 3b-XLVII) was hydrolyzed with aqueous ethanol to
4-acetonylamino-6-hydroxy-5-nitropyrimidine (3b-XLVIII).
However, in the hydrogenation of the pyrimidine (3p-XLVIII)

over Raneyénickel, a side-reaction took place similar to that




Cco
co

3

which happensd in the reduction of the 4-P-diethoxyethylamino-

tsomer (3b-XLIV) (see p. 86). Wo 7,%-dihydro-d- ~hydroxy=—6-

nethyly

1,2-Dihydro-4-hydroxypteridine. The 1,2-dihydro-

-

structure is ilmprovable for the reduction product of 4-hydroxy-

<+

steridine, because it was found possible to reduce the Ky y—

-

aihydro=-4~-nydroxyrteridine 1 potassium borohydride ox

Ao 3 | e

T-, Ty me S mym o m 4 S e
Yy hycrogenation over

1%

wro-d=hydroxyoteridine.,

y
550

y1-1,2-dihydro-4~quinazoline (3b-I) from

o
@
e
Fof
(]
}.J
=
W
o]
o

o-sminobenzanilide (3b-YIIY) and Formaldehyde

COIMIFh
HCHO

NE

2

( JL.LJIT). )
secause this reaction seened to offer an eacy onrorsunity Lo
o £ ‘_
n oa 1,2-dihydropteridine, 2-amino-3-carbamoylpyraezine

no reaction occurred
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N I

1 CONH, H
N/
N
N NH, N N H
H
(3p-LI) (3b~-LII)

Synthesis Directed Towards Hydrogenated T7-Hydroxypberidine

5,06=-Dihydro-T-hydroxypteridine. As it seemed likely that

the reduction product of T-hydroxypteridine had this
constitution, its synthesis was attempted by the following
three routes:

a) The reduction of a Schiff's base (3b-LXVI) of ethyl
glyoxylate hemiacetal and 4,5-diamino-6-hydroxypyrimidine gave
the corresponding 5-alkylaminopyrimidine (3b~LXVII) which
cyclized to 5,6-dihydro-4,7-dihydroxypteridine (see, p.95).
Unfortunately this promising method was not successful with
4,5=-diaminopyrimidine (3b-LIII). Thus 4,5-diaminopyrimidine
(3b=-LIII) showed no tendency to condense with ethyl glyoxylate
hemiacetal (3b-LIV) in ethanol, and although it did so in
aqueous ethanol, there followed spontaneous cyélization to
T-hydroxypteridine (3b-LVI) and no Schiff's base (3b-LV)

could be isolated.
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H,N Et0,CCH=
) T )
HW N///’ HN N

(3b-LIII) \\\\ (3b-LV)
EtOx |
CHCO,. Bt
no’ 2

\\Sij—LIv)

N

y N
HO N N///

(3b-LVI)

b) By analogy with a derivative of 5,6-dihydro-7-amino-
pteridine (2d-V) which has been prepared through the 5-
cyenomethylaminopyrimidine (2d-IV) (Blicke and Godt, 1954)
(see p.40 ), 4,5-diaminopyrimidine (3b~LIII) was condensed
with formeldehyde and hydrogen cyanide to 4-amino-5-
cyanomethylaminopyrimidine (3b-LVII). However, this compound
(3b-LVII) was quite unstable to acid and alkali (hydrolysis)
and it decomposed to 4,5-diaminopyrimidine (3b-LVI) and

hydrogen cyanide on attempted cyclization.




:ﬂgﬂ . mC.CH2hh .

v

AONE ) T 7
2 1 )

)

(3b-LVI) | (3b-LVII)
¢) An attempted preparation of 5,6=dihydro=7-hydroxypteridine
through a 4-substituted eminopyrimidine (see p«T72) is shown

below, but it waes unsuccessful:

Br
T T4 Y 5y 7 =y
hthaloylglycyl
chloride
N
7
TT T
i.‘.gl‘v II
(3b-LVIII)
Lr
T
14

phthaloylelyeyl chloride gave S-=-bromo-4~phthaloylglycylamino-

o

pyrimidine (3b~LIX). However, the aowide linkage between
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the phthaloylglycyl group and the 4—aminopyrimidine was so
labile that 2~amino-5-bromopyrimidine (3b-LVIII) was formed
by hydrolysis of (3b-LIX) With hydrazine hydrate or with acid,
and none of the desired (3b-LX) was obtained. ‘These-three

- routes are therefore abandoned.

As synthetic methods were unsuccessful, conversion of
the ring opened product obtained by reduction of T-hydroxy-
pteridine (believed to be* 4=gmino-5-carboxymethylemino~-
pyrimidine; 3b-ILXI) to 4—amino—5-cyanomethylaminopyrimidine_
(3b-LVII) was attempted. The methyl ester (3b-LXII) gave
X,y=dihydro-T-hydroxypteridine on treatment with agueous or
methanolic ammonia. Heating the ammonium salt of the acid
(30-LXI) gave the same x,y-dihydro-T-hydroxypteridine, but

amnonolysis of this (3b-LXIII) was unsuccessful,

*This constitution was later established, see p.111 .
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HO,,CCH ,VH . CH 50,C~CH Vi .
) —
H.N
N H.N .
2 -/ 2 ¥
-
(30-1XI) \>\\\}§ (3b-LXII)
! 7/
| Y l
H.IN.COCH.N v o H %
N. H
2 e X\ . N
0
H,N . HO N///'
(3b-ILXIV) | (3b-IXIII)
|
|
v

NG, CH, NH |
2 \\\\N

(3b-LVII)

Later, confirmation of the constitution of (3b-IXI) established
that of x,y~-dihydro-T-hydroxypteridine as 5,6-dihydro-T-
hydroxypteridine. Hence other attempts to synthesize
(3b-LXIII) were dropped.

Syntheses Directed Towards Hydrogenated 2,4-Dihydroxypteridine.,

Because of the instability of tetrahydro-2,4-dihydroxy-
pteridine to oxidation (see p.51.), a route through 7,8-
dihydro-2,4-dihydroxypteridine was sought. This involved

condensation of 2,4,6-trichloro-5-nitropyrimidine with




swinoacetbal, A couplex alxlure of producets resulited,

2 = hi ol
A0
R . AT 1 L 2 o oy o P R I 2 M. 2 - et - PP 2
none of the desired substance vng lsoluted, Thig synthesis

vag not further pursued ag the constitution of the tetrabydro-

Lynbhegsed Directed Towards Hyvdrosensted 2,6-Dihvdroxyuoteridine.
7,8~Dihydroe-2,6-dihvdroxynteridine was synbthesized

according to the method of Poon, Jones and Ramage (1951) (see

\ . ) ) B R, K S - 3 s

2. 8). The 7,8-dihydro-2,6-dihydroxyysteridine was identical

with the sole product obtained by reduction of 2,6-dihydroxy-

ine (see ». 57).

T

syntheses Directed Tovards Hydrooensted 4,6-Dihviroxyoteridine.

7,8-Dihydro-4,5=dihydroxyuteridine was synthesized

v

cccordin to Lthe method of Doon, Jones =nd Ramsge (1951) (sce

[

.8). Q} 7,8-aihydro—~4,6-dihydroxyster

tlie nole wroduct obitained by reduction of 4,6~dihydroxypteridine

cawme method used for the rrepsration of

roxypteridine (see p.95), wroved

Y

-

unsuccessful, Decause coundenssation of 4,5-diamino-2 —n*drohr_

,,_

iyl=~derivative s did 4,5-disminopyrimidine.
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Synthesis Directed Towards Hydrogenated 4,7-Dihydroxypteridine,

5, 6=Dihydro—-4,7-dihydroxypteridine (3b—LXVIII) was synthesized

by the following route (see also p.71 ), which is an entirely

new method:

OH OH
H. N : £40,.CCH=N
Bt0<
-HO/CHCOZEt
H I N H2N N
(3b-LXV) (3b-LXVI)
. OH
E£0,C . CHNH N
. N
% ) _HCL H )
N N
(3p-IXVII) (3p-IXVIII)

The reduction of a Schiff's base is a well known
method of preparing a secondary amine (Emerson, 1948).
4-Amino-5-ethoxycarbonylmethylenamino-6-hydroxypyrimidine
(3b-ILXVI) (Pfleiderer, 1959) absorbed one mole of hydrogen
over Raney-nickel and gave 4-amino-5-ethoxycarbonylamino-6-
hydroxypyrimidine (3b-LXVII). On treatment with hydrochloric
acid, this pyrimidine gave 5,6=dihydro-4,7-dihydroxypteridine
(3b-LXVIII). This substance was shown to be identical with
the dihydro-4,7-dihydroxypteridine obtained as sole product
by reduction of 4,7-dihydroxypbteridine (see p 59 )}gﬁﬁ%ﬁﬁﬁ\

- e}
< LIBRARY ‘,’.\f

\ U”’VERS\‘(‘( /
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Synthesis of 7,8-Dihydro-4,6-dimethylpteridine. The synthesis

of unsubstituted 7,8=dihydropteridine was desired in order to
lay a foundation for correlating the basic pKa values of 7,8-
dihydropteridines and of the corresponding pteridines. However,

no suitable method was found to prepare 7,8-dihydropteridine.

Fortunately, however, it was found possible to prepare a simple
methyl derivative, 7,8-dihydro-4,6-dimethylpteridine, by the

following route:

CHy o,
oW 0N
2 I : 2 N
— 4441\
o1 . c1 HT . C1
CH,COCH,
(30-LXIX) ( 3b~LXX)
CH, CH,
CH N CH N
H,/li 3 N 1,/Pa 3 N
—> 0 e H
H N N//// - H N N
H H
( 3b-LXXT) ( 3b-LXXII)

2-Chloro-7,8-dihydro-4,6-dimethylpteridine (3b-LXXI) has been
prepared by Lister and Ramage (1953) from 2,4-dichloro-6-

methyl-5-nitropyrimidine (3b-IXIX) via 4-acetonylemino-2-chloro-




97

6-methyl-5-nitropyrimidine (3b-LXX). Replacement of a
2=-chloro-group by hydrogen had not been attempted before.
Réduction with hydriodic acid was unsuccessful in this case,
as the dihydropteridine was unstable to such conditions.
However, 7,8-dihydro-4,6-dimethylpteridine was obtained by
catalytic hydrogenation of 2-chloro-7,8-dihydro-4,6-

dimethylpteridine over palladium on carbon catalyst.
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. . *
c. Ionization Constants .

Tonization constants are very useful to help in
identification of substances which have nb melfing points
and have been used several times for this purpose in the
preceding pages (results summarized in Table 7). But
apart from this, ionization constants yield two further
types of information, both of them important. ‘

First, an ionization constant can indicate which of

the ionic species of the molecule is present in the solution

at a particular pH., This information is essential when

correlation of ultraviolet spectra and structure is attenpted.
Second, information can be obtained from

ionization constants which concerns directly the molecular

structure. Although it is difficult to discuss the molecular

structure of an isolsted compound with only the information

suppiied by its ionization constants, one can do so when

such information is available about a series of related

compounds. In such g case, a good deal of important

information on the structure of a new compound in a sefies

can be obtained from a study of the ionization constants of

*The ionization constants of several hydrogenated hydroxy-
pteridines, obtained by synthesis and by reduction, are
shown in Table 6 ( p.104 ) and 7 . They are expressed
as pKa values; which are negative logarithms of the

constants. The higher the pKa value the stronger the base,
and the weaker the acid,




In the present work, lonization constants ol a

nuiaber of (wainly hydrogenated) pteridines were determincd

Lor the above reasgons, and the values are summsrized in

aragravhs exemplify how knowledge of
ionization constants was used in the present work to throw
lignt on structures.

(=) VWhen one looks 2t the structure of 5,6,7,8-tetrahydro-

pheridine (3¢-1T), it is evident thot this substance may

be thougnt of as 4,5-dicminopyrimidine (3¢~I), in which

the two primncry swino groups zre alltylated by ethylene.
Hence the two suugtances should hove siumilar ionization

nis turns out to be the case, foxr 4,H-

H3

constaente,.

@

digminopyrimidine haos pda 6,03 and 5,6,7,8-tetralydro-

vhberidine hazs pXa 6.63 (gee Table 8).

H

£

(@)}
=

H N ;

(3c-1) | (3¢-I1)

basic propexrties

The churge of the cation is It is known that acylation of
Tevrad - TTOET w - S B ol RV it -
ghared between Hegy L( ) N(B) strikingly reduces the
and the 4-awino group. The basic strensth of this
S—zmino group hus almost no molecule,
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In the present work, it was seen that 5,6,7,8-
tetrahydro-4-hydroxypteridine (PKa’ 3.86, 10.,13) is related
in this way to 4,5-diamino-6-hydroxypyrimidine (pKa 3.57,
9.86). Hence the pKa of the tetrahydro-Q—hydroxypteridine
(obtained by reducing 7,8-dihydro-2-hydroxypteridine, and
suspected to be the 5,6,7,8-tetrahydro derivative) was
examined to see if it had a pKa similar to that of 4,5-
digmino-2-hydroxypteridine. The tetrahydro-2-hydroxypbteridine
had pKa values (4.35 and 12.5) similar to those of 4,5-
diamino-2-hydroxypyrimidine (4.37 and 11.45) and the
structure was suggested to be 5,6,7,8-tetrahydro-2-
hydroxypteridine.

(b) Usually, 7,8-dihydropteridine have much higher pKa

values (both acidic and basic) than have the corresponding
pteridines (Table 9, p. 107). This difference does not exist
if hydrated forms of the non-hydrogenated pteridines are

used for comparison (only 2-, and 6-, hydroxypteridines have
stable hydrated forms)., The hydrated form of 6-hydroxy-
pteridine, which is actually 7,8-dihydro-6,7-dihydroxypteridine
(3¢-IV) (Brown and Mason, 1956) has a molecular structure
similar to 7,8-dihydro-6-hydroxypteridine, and shows the same
base-strengthening and acid-weakening effect (Table 9, ». 107),
when compared with the anhydrous form of 6-hydroxypteridine.
This base strengthening affect is considered to be due to
resonance stabilization of the cations of the 7,8-dihydro

structure, (3¢-V) «— (3c¢-VI), (R = H, or OH).
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N

HO ~HO
S N

H 1 //J

i e’ Ho' N\ w” H

N
H H
(3¢-III) (3¢-IV)
H H
R N + 1 R N H
N ) il
-
1 //J\ H
N e NG N//J\H
H H
(3c-V) (3c-VI)

This kind of base strengthening effect has been shown
(Albert, Goldacre and Fhillips, 1948) to be general in those
nitrogen heterocyclic compounds having a p-amino structure
which permits a resonance stabilization of the cation as
above (Table 10, p.108). The base strengthening effect due
to the o—amino structure is much less marked than that due to
the p-amino structure (Table 10; p.108), and m-amino groups
show only the expected small inductive effect.

The constitution of x,y-dihydro-2-hydroxypteridine is
also illuminated by comparison with the hydrated form of 2-
hydroxypteridine, neither of which has any basic pKa value
higher than 2, and both of which have very high acidic pK's
(12.6 and 11.1 respectively). It has been known thét P

hydroxypteridine is hydrated at the 3,4-position (Brown and
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llason, 1956; see p. 44). Again, x,y-dihydro-2-hydroxy—6-
nethylpteridine has pKa values (both basic and acidic)

somewhat similar to those of the hydrated 2-hydroxy-6-methyl-
pheridine (Table 9, p. 107). Tor this reason, and because the
ultraviolet spectra of the neutral molecules'of hydrated 2-
hydroxyptsridineé and their x,y-dihydro compounds agre similar
(see ».113), it is suggested that x,y-dihydro-2-hydroxy-
pteridine has the 3,4-dihydro structure. (The close similarity
of 2-hyiroxypteridine and its 6-methyl derivative suggest that
these two compounds are hydrated at the sane

positions). It is

iy

LI5S

unfortunate that it proved impossible to synthesize 3,4-

dihydro-2-hydroxypberidine (see p. 75, for attempts).

¢) x,y-Dihydro-4-hydroxypteridine is not an adpreciably
stronger base than 4~-hydroxypteridine (see Table 9, ».107),

This may seem to supnort the 3,7-dihydro-structure (3c-V)
for this compound, hecause it was found that 7,8-dihydro-

vberidines are wuch stronger bases than the corresponding

pteridines,

-
pe=d

N

(3c-V)

However, the other two posgsible dihydro-4-hydroxypteridines

would exist mainly in the lactam forms (3¢-VI) and (3¢-VII),
and such structures can not talke part in the above bhase

gtrengbthening resonance,

s
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Tonization constants of wteridines and hydrogenabted pteridines
(obtained in the nresent work excent where indicated) (20°)
Steridines basic geidic
2-hiydroxy-6-nethyloberidine 8.0 *(anhydrous)
0.2 11.0 *(hydrated)
Dihvidronteridines
7,C=-Dihyiro~4, 6~dinethyloteridine 00 + 0.03
7,8=Dihydro-2-hydroxypteridine 3,50 + 0,02 %%
3,4-Dihydro~2-hydroxyoteridine 0 12.6
7,8~Dihyliro-2-hydroxy—6-nethyl=-
wieridine 3.42 + 0,06 11,85 + 0.02
3,4-Dihydro=-2-hydrox -o-nethyl-
oteriding 0,20 + 0.06 13.05 + 0.02
7,8——?')1;1'7'(110 —-2-hydroxy—4, 6~dinethyl~
guxllolan 3.99 + 0.02 12,50 + 0.04
2,94 + 0,04 10,24 + 0.1
0.32 + 0.05 12.13 + 0.03
4,53 £ 0,037 10.54 + 0,02
3.36 4 0.0 9.94 + 0.05
2,50 + 0,02 10.22 + 0.01
5.84 C.02
7,0-Dihydro~4, 6-dinirox 9.14 + 0,02
5,6-Dihyiro~4, T-dihydrox 2.55 + 0,02
7,3-Dihydro=-2,4,6-tri] 7.07 + 0.03
Tetrahydropteridines
5,6,7,8=Tetrahydro-2-hydroxypteridinel4.35 + 0,05 12.5
5,6,7,8-Tetrahydro-4-hydroxypteriding3.86 + 0,02 10.13 + 0.03

rmined by Dr. D.D, Perrin using rapid titr

z1lall,

2tion method,

no exzct pX_ value
(8
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Table 7

by reduction.

Use of ionization constants to establish identity.

pKa values of hydrogenated pteridines prepared by syntheéis and

(by reduction)

Pk, (20°)
(basic) (acidic)
7,8-Dihydro-2,6~dihydroxypteridine
Dihydro-2,6~dihydroxypteridine 2,80 + 0.02 10,23 + 0.02
(by reduction)
7,8-Dihydro-4,6-dihydroxypteridine
9.07 0.05
(authentic)
Dihydro—4,6-dihydroxypteridine
| 9.07 + 0.02
(by reduction)
' 5,6-Dihydro-4,7-dihydroxypteridine 8
| 45 + 0,02
(authentic)
fDihydro—4,7—dihydroxypteridine 8 48
i 04 - 0005
(by reduction)
:5,6,7,8—Tetrahydro~4—hydroxypteridine
’ ‘ 3.87 + 0,02 10,10 + 0,03
(authentic)
Tetrahydro-4-hydroxypteridine
: ’ 3.06 + 0,02 10.13 + 0.03
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Table 8.

pK_ values of tetrahydropteridines and
<y

4,5=-diaminopyrimidines.

the corresponding

R O
PK_ (20%)

basgic geidic
¥*
5,6,7,8=Tetrahydropteridine 6.63
. . %
4,5=~Dieminopnyrimidine 6,03
5,6,7,8-Tetrahydro-4-hydroxypteridine | 3.86 10.13
4,5-Diamino-6-hydroxypyrinidine 3.57 9.86
5,6,7,8-Tetrahydro-2-hydroxypteridine | 4.35 12.5
*% *%
4,5-Diamino~2-hydroxypyrimidine 4,37 11.45

*
Brook and Ramage, 1957.

¥
llason

b} 1954’;

[ NN

1
L N A WY Y T
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Table O

phq values of hydroxypteridines and their dihydro derivatives.

<

Fteridines
Anhydrous ~ Hydrated 7,3=Dihydropteridines ne
(basic) (acidic) (bvasic) (acidic) (basic) (acidic)
4,6=-Dinethylpberidine Y ‘ 6.00
2-Tydvoxypberidine 7.72) %) 11,052) | 3.50 17) > 12,6
- 2=Hydroxy-6-msthylpteridine 8.03) 0.4 - 11.0 3 3,42 11,85 0.2 13.05
2-liydroxy=4,6=~dinethylyteridine Qubutwnce unknovwn 3.99 12.50
4-Hydfoxypteridine : -0, 17 7.89° 6) Dozs not hydrate C.32 12.12
6-Hydroxypteridine - 6. 4)2) 3.674) 90902> 4,78 10.5¢4
2,6=Dihydroxypteridine 5.99,9.66“) ' 8.84,10. 202) 2.50 10,22
4,6-Dihydroxzyyberidine 6105,9.512) 8.34,10.082) 9.14
1) This coupound is not known, but the pI values of similaxr wmethyl derivatives (resnpactively 2.94 =nd 2.03
for 4-nethyl- and 6 7—&11ﬂtajl-73;r1d1nu 1) suggest thet the pia value of ©vihls comwpound 1z about 3.
2) Perrin and Inoue, 19G0. , ‘
'3) Kindly measured by Dr. D.D. Perrin by o special rapid technigue.
4) Albert, Brown and Cheeseman, 1951. .
5) This coupound has an ccidic pKa near 12, but beceuse of its inetability in sztrons allnli - zood valus wec not

obtained.,
6) ZErown and llason, 1956.



109 )

d. Speclra
i) Ultraviolet Absorption Spectra

Ultraviolet spectra are important in molecular
structure determination, not only in identification of
specimens prepared by different routes, but also for the
fundemental information that they can contribute (see p. 31).

In the present work, ultraviolet spectra of

hydrogenated ptericines were used for both reasons. The

.

spectra were determined on each ionic syecies of the

*-')

substances, carefully isolsoted from other species by using

buffers whose pil values were indicated by knowledge of the
appropriate pla values. These spechra are summarized in

Table 11, p. 116,

The following cases exemnplify the use of ulitraviolet

a) It has been reported tiat 5,06,7,3-tetrahydropteridines
h=ve ultraviolet absorpbions similer to those of the

corresponding 4,5-diaminopyrimidines, snd that a 15-18 mp

I 14

)

bethochromic shift is observed in the spectra of tetrahydro-
vbteridincs when compared to the corresponding 4,5-dizmino-

™

syrimidines (Lister and Ramage, 19533 Taylor and Shermen,

8¢}

1959) (Tuble 12, p. 117).

o

In the present work the synthesis of 5,6,7,8
tetrahydro-2-hydroxy teridine involved the catalytic
hycrogenztion of 7,8-dihydro-2-hydroxypteridine (see p. 70).

The result of this rezction is rather ambiguous due to the

hivenst

sectra in deteraining the structure of hydrogenated pteridines.

S

R
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possibility of migsration of hydrogen atoms in the presence
of a metal catalyst. Ividence for the 5,6,7,8~tetrahydro
structure, however, was obtained by couparing the ultra—
violet spectra of the substance (neutral molecule, cation
and anion) with those of 4, 5=diamino=-2-hydroxypyrinidine
(Table 13, p. 118, =nd Tig. 4,5 and 6), It will be

1 donic specles of tetrahydro-2-hydroxy-—
steridine hes =n ebsorption curve closely similar to that
of the corresponding specics of 4,5-dliamino-2-hydroxy-
pyrimidine, but shifted to longer wavelengths by
enproximetely 12-22 np. These facts are in accord with
the resullbs obteined by iLister and Ransge (1953), and by
Paylor and Sherinan (1959), and it way therefore be

reasonsbly concluded thet the hydrozen atoms in tetrahydro-

2-hydroxypteridine occupy the 5-, 6-, T-, and 8-, positions.

Turther, 5,6,7,8-tetrahyiro-4-hydroxynteridine, prevared

} b b ’ ’
unambiguously, also has ultraviolet spectra (of neutral
molecule, cation and anion) closely similer to those of the

corresponding ilonic species of 4,5-dismino-6-hydrozypyrimidine

cduct obtained by alkal"ne
beridine seemed to be 4-
znino-5-carboxymethylaminopyrimidine (3d~I) on reasonable
cheuwicel evidence (ulbzrﬁ Brown and Cheeseman, 1952 ).

However, the possibilily of ivs being 4-amino-5-

La. oo
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carboxymethyleé%minédihydropyrimidine (3d-II) was not
completely excluded. The structure (3d-I) has a

conjugated system similar to 4,5-diaminopyrimidine (34-III),
and therefore the ultraviolet spectra of (3d-I) should be
similar to those of 4,5-diaminopyrimidine (3d-III). On

the other hand, the conjugated system of the dihydro-
pyrimidine (3d-II) is dissimilar to that of (34-IIT). It
would be possible to distinguish these two structures,

3d=-I and 3d-II, by comparing their ultraviolet spectra

with those of 4,5-=diaminopyrimidine (3d4-III).

v

T

[

HO .CCH . H " HO,C=0=N
e e | 2 N
oH
H ¥ 5 H,N q
(34-I) (33-II)

H.N 0..GOH,.NH + O

2 Nx eTe N/
HAI '

2 N H N X

(3a-II1)

(3a-IV)
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Howevér, 4-pmino-5-carboxymnethylaminopyrimidine exists
mainly as a zwitterion (34-IV), as described before (p.32 ),
and therefore care was taken to compare the ultraviolet
spectrum of the acid's neutral molecule with the spectrum
of the 4,5-dieminopyrimidine cation, and similarly the
spectrum of the acid's anion with that of the neutral
molecule of 4,5—-diaminopyrimidine. The ultraviolet spectra
of these two pairs have indeed a close similarity (Table 14,
and Fig. 10, 11), and this eliminates the possibility of the
dihydropyrimidine structure (3d-II), thus the product
obtained by alkaline hydrolysis of dihydro-T7-hydroxypteridine
is 4-amino-5-carboxymethylaminopyrimidine (3d-I). Accordingly,
the parent x,y-dihydro~7-hydroxypteridine is 5,6-dihydro-T-
hydroxypteridine.
¢) The structure of x,y-dihydro-2-hydroxypteridine could
not be confirmed by synthesis, but it had pKa values
somewhat similar to those of hydrated 2-hydroxypteridine
(3d-V) (see p. 101)., This hydrated 2-hydroxypteridine
(3a-V) has the same conjugated system as had 3,4-dihydro-
2-hydroxypteridine (3a-VI), thus the pair of the
compounds would be expected to have similar ultraviolet

* .
spectra . larked similarity of ultraviolet

"As o basis for this expectation, correlations between the
spectra of hydrated pteridines and hydrogenated pteridines
which have the saue conjugated systems have been observed in
some T7,8-hydrated 6-hydroxypteridines (3d-VII) and the
corresponding 7,8-dihydro derivatives (34-VIII) (Fig.2,12,13).
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spectra ie seen between the x,y-dihydro-2-hydroxypteridine
and hydrated 2-hydvoxypteridine (Fig. 1).  Since the

structure of hydrated 2-hydroxypbteridine has been

J

established as 3,4-dihydro-2,4~dihydroxypteridine (3d4-V)

supports the 3,4-dihydro structure for x,y-dihydro-2-

hydroxypteridine.
H OB
iy -
,1‘1
i
7 o QI
(3a-v)
T
HO "
™~ I
IO
I i i
3
(3a-v1I) (3a-VIII)

d) As described before (p. 48, 85 and 102) the x,y-dihydro-
L-hydroxypteridine obtained by reduction of 4-hydroxypteridine
with potassium borohydride could reasbnably be 5,8-, 3,7~ or
7,0-, dihydro-d-hydroxypteridine. The x,y-dihydro-4-

hydroxypteridine shows a strong bathochromic shift (57 mp) in
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its ultraviolet absorption when coupared with 4-hydroxy-
pteridine (see Table 15, p. 120). Such a strong
bathochronic shift has never been observed between
pteridines and their 7,8-dihydro derivatives (Table 15,

p. 120). However, an unusuzlly strong bathochromic shift
(54 mu) was recently found between a pteridine and its 5,8-

dihydro derivative (Ffleiderer and Teylor, 1960, see D. 45)

.

wiio explained this siift by the stabilization, by the
external ring foruation, of a 5,3-dihydro structure. In

ne present case, two possible structures, 5,8-dihydro-, and

o

, (—dihydro-, 4-hydroxypteridine remain. But no decision can
be reached on the constitution of this minor = = product of
the reduction of 4-hydroxypteridine.

ii) Infrared Absorption Snectra.

Zecause of the insolubility of hydrogenated
phteridines in organic solvents, all infrared absorption spectra
were deterunined in the solid state (potassium bromide disk
nethod), This prevented an intensive discussion about the
structure of the compounds as revealed by the infrared spectra,

because ‘s01lid state measurements vresent o bewildering variety
s o0 ]

v

of peaks arising from interactions between the molecules. TFor
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this reason infrared spectra were used in the present work,
mainly for testing identity.

iii) Huclear llagnetic Resonance Spectra.

The nuclear magnetic resonance spectra of solids can
only be determined in solution. For this reason, in
spite of its great value in the determination of the position
of hydrogen atoms in a molecule, this method could not be
used in the present work. Several attempts to use the
method are described (see p. 33), but in no case could a
sufficiently concentrated solution be obtained to give clear

gignals,
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Table 12

Ultraviolet spectra of 5,6,7,8-tetrahydropteridines and the

&
-~

corresponding 4,5-diaminopyrimidines (from literature).
("neutral wolecule" for those done in alcohol, and "cation" for - i
. . . * . i
those done in acid .)

(I1.B, The 4- and 6-positions in pyrimidine are equivalent).

5,6,7,8-Tetrahydropteridine 4,5=Diaminopyrimidine i
X max, (myu) A max. (mp) |

Unsubstituted 2083 304%)| Unsubstituted 284 2)

2, 4-~Dichloro- 318 3)) 2, 6-Dichloro- 303 3)

4, 6-Dimethyl- 213; 306%)| 6-itetnyl- 288 4)

2-Chloro=-4,6-dimethyl- | 221; 3104) 2-Chloro-6-methyl- 214 2924)

2-Hydroxy-4,6-dimethyl—| 230; 3254) 2-llydroxy-6-methyl—-| 214; 2934)

1) cation ; Brook and Ramage, 1957.
2) cation ; IlMason , 1954,

3) neutral molecule (in ethanol); Taylor and Sherman, 1959. |
4) cation ; Lister and Ramage, 1953. ﬁ
|
|

=

*Many of the above measurements were not made on isolated ionic
species of the substance . However, the spectra which were
determined in O.lN-liydrochloric acid are considered to be largely
those of cations and those determined in ethanol are considered to

be largely those of neutral molecules.
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Table 13.

Comparison of ultraviolet spectra of isolated species of
tetrahydropteridines and the corresponding 4,5-diaminopyrimidines.

(I.B. The 4~ and 6-positions are equivalent in pyrimidine).

ionic
specie s % X max. (mp) log &
5,6,7,8—Tetrahydro—2—hydroxypteridine* 0 306 3.70
+ 327 - 3.69
- 315 . 3.79
4,S-Diamino—2—hydroxypyrimidine** 0 292 3.58
+ 305 3.70
_ - 303 3.67
5,6,7,8-Tetrahydro-4-hydroxypteridine | O 289 4.10
+ 259 4,06
- 284 4,11
4,5—Dianino-6—hydroxypyrimidine** 0 278 3.55
+ - 258 3.74
- 272 3.87
Present work,
* Mason , 1954,
E 0 neutral molecule, + :‘cation, - : anion.
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Table 14

Ultraviolet spectra of 4,5-diaminopyrimidine and of the

rroduct obtained by alkaline hydrolysis of dihydro-T7-

hydroxypteridine,

ionic species pH |Amax(mp) log ¢
T TVS e . s oA 0 o) ‘r\,«-l)
4,5=-Digninopyrimidine neutral molecule 8.05 289 3.606
- 1
cation 3.25 284 3.94 )
\ . . . _ 2
Alkaline hydrolysis product |cation 3.0 288 3.94 )
n nan : C . . 2
of dihydro-T-hydroxypteridine| zwitterion 6.67 282 3.93 )
1) llason y 1954,
2) Albert, trown and Cheeseman, 1952,
"ém‘%?
% LIBRARY -

. Uy e mett
~riverslt
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Table 15

Ultraviolet spectra of pteridines and their 7,0-dihydro-derivatives.

(Values underlined refer to shoulders or inflexions).

Aminopteridine 1)

Pteridine

7,8~Dihydro~

(toth in 0.1N-HC1) X max. (mp) Anax, (np)
2=-Anino-6-methylpteridine 235; 305 290
2-imino-56, 7-diphenylpteridine 2755 335 2325 335
2-Diethylanino-6,7-diphenyloteridine | 2303 273; 335| 232; 280; 337
4-Anino-6,7-diphenylpteridine 27835 375 2575 370
4-Dimethylamino-6,7-divhenylpteridine] 395 230; 265; 310; 385
ionic

Hydroxypteridine specles
2-llydroxypteridine 0 2303 307 2233 290

+ | 2333 308 2903 310

*

- | 260; 375 308

o-Hydroxy-6-nethyloteridine o |235; 315  *|220; 287
¥*

+ | 2405 3105 335 |279; 310

- 261; 377 308.5
2-Hydroxy-~4,6-dimethyloteridine O 2223 289 *

+ 28342883 312

- 222; 304 ¥

X,y-Dihydro-

4-Hydroxypteridine 0 230; 310 2) 2484 367

+ 2575 303 B|es7; 3w

o125 333 2

1) Boon znd Jones

-3
D
N

-

[
‘O

\A
AN

' 2) Brown and lMason
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SECTION 4.

EXPERIMENTAL

lMicroanalyses were kindly carried out by Dr. J.BE,

‘Tildes and her staff in the Department of Medical Cheumistry

in this university. Samples submitted for analyses were
dried at 106°/0.1 mm., unless otherwise indicated. In the
experimental part, the analytical values between 0.07 and
0.13% are recorded as 0.1 and those between 0.14 and 0,16%
as 0,159,

All melting points recorded below were taken in soda
glass capillaries and are uncorrected,

All paper chromatographic runs mentioned in this
thesis were carried out by the "ascending front" method
using Whatman No 1 or No 4 paper. Both (a) 3j% aqueous
ammonium chloride (NH401) and (b) n~-butanol (7 volumes) +
5 ll-acetic acid (3 volumes) (Bu/Ac) were used as solvents.
Thie paper chrowatograms were examined under ultraviolet
lizht at two wavelengths, (a) principally 365 mp, with a
mercury vaper lamp and a Wood's glass filter, and (D)
principally 254 mp, with e mercury resonance lamp and a
Chance Brother's 0X7/19874 filter. The colours of

observed fluorescences are recorded in the experimental part

of this thesis as follows: Y = yellow, G = green, W = white,

SB = sky blue, B = blue, V = violet. Two further symbols

mean: D = dark (i.e. absorption occurs), X = neither absorption
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nor fluorescence occurs, Thus 0,75 2D/3B indicated a dark
spot visible in the light of the 254 mp lamp, and blue

Tluorescence in the light of the 365 mp lamp, and 0.75 is

“the Rf value. Similarly 2/3B indicates a blue fluorescence

under woth the 254 my and the 265 wup lamps.

When two substances had to be compared for identity,
they were always run simultaneously,

All new compounds can be distinguished from previously
reporte@ compounds by the convention of The Chemical Society,
nemely that the ideal analytical figures for a new compound
are cited as ".......requires,......", and for a previously
known compound as "iese.eeCalCe FOTlvevssess The naunes of
new compounds are underlined at their first mention in the

experinental pert. (As in the Journal of the Chemical Society,

names which are paragraph headings are also underlined but this

does not indicate that the compound is new).
a. neduction,

Reduction of 2-hydroxywnteridine.

i) with potassium borohydride. Potassium
-y t.y

borohyiride (330 mg.) was added to a solution of 2-hydroxy-
pteridine monohydrate (1.0 g.) in O.l-sodium hydroxide
(100 ml.), and the mixture was kept under nitrogen overnisht
at room tempersture, Weutralization with phosphoric acid
gave a precipitate which on recrystallization from water

gave 3,4-dihydro—2-hydroxypberidine (610 mg., 55%), it
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darkens at 250° (Founa: ¢, 48.1; H, 4.1; N, 36.9.
Cglglly0 requires C, 43,03 H, 4.0; W, 37.0%). Trom the
filtrate of the reaction mixture, 5,6,7,i-tetrahydro-2-

hydroxypteridine was detected by paper chromatography.

ﬁH401 Bu/Ac.
3, 4-dihydro-2-hydroxypteridine 0.69 2B/3V 0.502B/3V
the filtrate 0.74 28B/3G 0.22 2/3G
5,6,7,8-betrahydro-2-hydroxypseridine’ |0.74 2SB/3¢ 0.22 2/3¢

ii) with sodium dithionite. Sodium dithionite (4.8 g.)
was added to a boiling solution of 2-hydroxypteridine |
monohydrate (1.0 g.) in N-sodium carbonate (30 ml.). After
chilling overnight under carbon dioxide,‘the precipitate
was extracted with hot water (20 + 20 ml.), the second
extract was concentrated to 5 ml. and added to the first.
Chilling gave 3,4-dihydro-2-hydroxypteridine (230 mg., 25/i),
deconposing at 250°C vithout nelting (Found for material
dried at 20°: C, 47.9; H, 4.05; N, 37.1. Cale. for Cglglt, 0
C, 48.0; H, 4,03 I, 37.3%). A product (65 ug.) insoluble
in boiling water, remained on recrystallization.

General procedure for catalytic hydrogenation.

The hydrogenation of hydroxypteridines was carried
out using a semimicro hydrogenation apparatus at room
tenperature (20-22°C) and atmospheric pressure (about 710-

720 mn. ). After absorption of hydrogen by the catalyst had

¥ e . . . R . .
Obtained by synthesis, see p. 152,
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ceased, the sanple was introduced and further absorption

of hydrogen was recorded. .The following is a typical
example of the hydrogenation over palladium on carbon
catalyst, and the results of all such hydrogenations are
sumnarized in Table 11l. Only exceptional oaseé are detailed

nart.

Y

in the experimental

Hydrogenation of 2-hydroxypteridine.

Vi

i) over nalladivm catalyst in 0.1N-sodium hydroxide

-~

solution. 2-llydroxyvteridine monohydrate (1.0 g., 0.6 m mole)-
in 0,1M-sodium hydroxide (100 nl, ) was hydrogenated over
palladium on carbon (109 Pd; 500 mg.), and 120 ml. of

hydrozen (807 of theoretical for 2H) was sbsorbed in 20 nin.,
when the rate of absorption fell sharply. After filtering off
the catalyst, the filtrate was adjusted to pH 6, giving 3,4-
dihydro-2-hydroxypteridine (600 mg., 675), which was

crystallized from water and identified by vaper chromatography.

RE, 0.69 2B/3V (NH,CL), 0.50 2B/3V (Bu/Ac).

ii) over Raney-nickel. (a) 2-Hydroxypteridine (1.0 g.,

6 m mole) in methanol (500 ml.) was hydrogenated over Raney-

nickel, and the absorption of hydrogen stopped after 20 ul,
was absorbed (13 of theoretical for 2H).

(b) 2-Hydroxypteridine (1.0 g., 6 m mole) in methanol
(500 ml,) containing H-sodium hydroxide (6 ml.) was
hydrogenated over Raney-nickel, and 170 nl. of hydrogen
{1205 of theoreticai for 2I1) was absorbed in 4 hr. After

removal of the catalyst, the filtrate was evaporated to
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dryness (in Vaouo), and recrystallization of the residue
from water gave 3,4-dihydro-2-hydroxypteridine (311 mg. 427},

b s P n O g . , _
it darkens at 2507 (Pound: C, 47.9; H, 4,1; ¥, 37.2.

Cale. for CgllW,0 @ C, 48,03 H, 4.0; W, 37.3%).

The Tiltrate frou the recrystallization was taken to )
dryness and extracted with water (1.5 ml.) The extract
vas evaporated to dryness iniﬁesio ator, and reextracted

with methanol. The methonol solution was examined by
cography and by ultraviclet svectra. It ‘
28B/34G NH4Cl), 0.22 2/3G. (Luthentic ;
5,6,7,0-tetrahydro-2-hydroxypteridine gave 0.74 230/3G

(1m,C1), O.22 2/3G), and ANmax. 325 mp at pid 1, and 304 mp
at pll 7% (suthentic semple gives Amax. 327 my ot pl 1.0, and
306 mp et pll 7.16).

iii) over Adams' olatinum oxide catalyst. (a) 2-

)
1

Uydroxypteridine in formic zcid or in diuethylformamide

did not absorb hydrozen over adans' cabtalyot.

(b) o-lydr ””'Lc ~idine (166 wg., 1 m mole) in waber
(300 ml.) over Adams' catalyst absorbed 100 ml. of hydrogen
this corresponded to 81). The solution was concentrated

.

but neither absornbtion nor fluorescence was detected on

peper chrounabtogranhy. The product is very soluble in water

)

and further investizetion was abandoned because 1t was cither

1

o, fully hydrogenated product or its decomposition fragments.

A8 there was not enough moterial to purify, the correct

-

extinction could not be determined.

LIAK &
S “Tieg
< LBRery RV

\U‘"’VSf.S“ﬁ
~

L Y Y
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Zeduction of 3,4-dihyvdre-2-hydroxyonbteridine over

adems! catelyst. ‘hen 3,4-dihydro-2-hydroxypteridine (150 ng.,

0.3 m mole) wos hydrogennbted in water (150 ml.), 2bsorbed
20 ml. of hydrogen (& H) in 40 hr. 4s in the above case,
neither absorpbion nor fluorescence was detected in the
reduction mixture and no‘furthcr investigation of the
sroduct was underbaken. |
RQeduction of 4-hydroxvoteridine.

i) with potassium borohydride. Fotassiuw borohydride
(500 mg., 8 ) wae ~dded to a solution of 4-hydroxypteridine

(740 nz. 5 m wole) in N-potassium carbonste (10 ml.), and

-

I

kept overnizght at room temperature. The nizxture was

adjusted to pil 5 with hydrochloric acid to decompoge the

- - o - [ SR e}
2xcess of borohydrid

@

and then adjusted to pi 10 with

potaseiun hydroxide., The solution was evaporated to dryness
in vacuo with "lfyflo-supercel” (2 g.) and extracted with
e¢thyl acebote using a Soxhlet extractor (Ffor 40 hr.).

The extroet gove o mixture of di- and tetra— hydro—4-

hydroxypteridine (224 wgz.) whereas the unchanged 4-

P

hydroxypteridine remained in the thinmble. The mixture of
hydro-derivatives was extracted with wara ethanol (20 ml.),

and the resiaue, crystallised from water (2.5 nl. ) gave

x,y=dihydro=4-hyd fO{JQtOrldlnC as yellow needles (56 ug.,

To5i0), m.p. 263-265° (decomp.) (Found: C, 48.2; H, 4.05;
N, 36.95. 6HfNArO requires C, 48.0; I, 4.0; W, 37.3%).
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The ethanol extract, on concentration and recrystallization

from ethanol (2 ml.), gave 5,6,7,8-tetrahyvdro—4-hydroxy—

pteridine as buff prisms (66 ng., 8.8%), m.p. 230° (decomp.)
Found: C, 47.35; H, 5.5, C6H8N4O requires C, 47.35;

H, 5.3%). (See p. 40 for establishment of its identity

with synthetic material; see below for material obtained

by hydrogenation).

ii) with sodium smalgem, Sodium amalgan (4%, 4 g.)

was added with stirring to a suspension of 4=-hydroxy-
pteridine (148 mz., 1 m mole). The mixture changed first
to yellow, then brown and finally it became colourless.
After removal of the mercury, the solution (on adjustment to
pH 7) gave a white precipitate, which in air changed to a
brown substance, Rf, 0,41 2/37 (NH401)1 0.05 2i/3Y. Poper
chromatography of the filtrate detected 5,6,7,8-tetrahydro-
4-hydroxypteridine, Rff 0.68 2B/3V (NH401), 0.26 2B/3V
(Ba/Ac).

Hydrogenation of 4-livdroxypteridine.

i) over Raney-nickel. 4-Hydroxypteridine (2.25 g.,

15 m mole) in ethanol (300 ml.) was hydrogenated over Raney-
nickel (20 z.) and 470 ml. of hydrogen wés absorbed in 40
min. The filtrate from the catalyst was concentrated to
dryness and the residue crystallized from ethanol, giving

5,6,7,8-tetrahydro-4-hydroxypteridine as pale buff prisus
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(1.38 g., 60%), m.p., 228-230° (Found C, 47.5; H, 5.45;
1, 36.95. Calc. for CgHgl,0: C, 47.35; H, 5.3; W, 36.8%).

ii) over palladium on carbon. 4-Hydroxypteridine

(148 ng., 1 m mole) in O.lN-potassium hydroxide (10 ml.)
was hydrogenated over’palladium on carbon. Absorption of
hydrogen ceased after 40 min. and 32,2 ml, (60% for 4H)

of hydrogen was absorbed. No crystallizable substance was
isolated from the reaction mixture but an unstable product
(20 ng.) Was obtained, ﬁhich oxidized to a brown substance
in air, In the filtrate 5,6,7,8-tetrahydro—4;hydroxy—
pteridine was detected by paper chromatography, Rf. 0.68
2B/3V (NH,C1), 0.26 2B/3V (Bu/Ac), (5,6,7,8-tetrahydro-
4=hydroxypteridine gave Rf. 0.68 2B/3V (NH401), 0.26 2B/3V
(Bu/Ac)).

Reduction of 6-hydroxynteridine.

i) with potassium borohydride. Reduction of 6-hydroxy-

pteridine is one of the most typical examples of the
reduction of hydroxypteridines with‘potassium borohydride.
The results of gll such reactions are summarized in Table
17, p.140 , and only exceptional cases are detailed in the
experimental part.

Potassium borohydride (55 mg.) was added to 6-hydroxy-

pteridine monohydrate (166 mg., 1 m mole) in O,1N-potassium
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hydroxide (10 ml.), and kept overnight at room temperature.
The mixture wes adjusted to pH 6 with phosphoric acid.

The precipitate of 7,8-dihydro-6-hydroxypteridine (143 mg.,
86%), crystallized from water, decomposed at 310°

without meltinzg (Found: C, 47.6; H, 4.0; N,436.55. Calc.,
for CHN,0: G, 48.0; H, 4.0; T, 37.37%).

ii) with sodium dithionite. Sodium dithionite

(300 mg.) was added to a hobt solution of 6—hydroxypteridine
monohydrate (200 mg., 1.2 m mole) in N-sodium carbonate

(6 ml.), boiled for one min., and cooled to room temperature.
Heutralization of the mixture with phosphoric acid gave g |
crude product, which was boiled with N-hydrochloric acid
and then adjusted to pH 7 with sodium hydroxide.
Recrystallization of the precipitate from weter gave 7,0-
dihydro-6-hydroxypteridine as colourless micro needles

(132 mg., 65.75%), decomposing at 310° without melting
(Found: C, 48.25; 1, 4.2; I, 36.6. Calc. for Cglight, 0

G, 48,0; H, 4.0; N, 37.3/4).

Hydrosenation of 6-hydroxypteridine over palladiunm

on carbon. This gave 7,8-dihydro-o6-hydroxypteridine in
635 yield (see Table 16, p.139 ).

Reduction of T7-hydroxypteridine.

i) with potassium borohydride. This gave 5,6-

dihydro-7-hydroxypteridine in 80% yield (see Table 17).
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ii) with potassium amalgam. 4%-Potassium amalgan

(5 g., a 150% excess for 2 H) was added with stirring to
anlioe cooled suspension of 7—hydr6xypteridine (148 nmg.,

1 m mole) in water (10 ml.). After 10 min. the supernatént
solution was adjusted to pH 7 with hydrochloric acid,
recrystallization of the precipitate gave 5,6-dihydro-T7-
hydroxypteridine as colourless needles (63 mg., 43%),
decouposing at 2350 without melting (TFound: C, 48.25;

H, 3,9; W, 36.86., Calc. for CgHglN,0: C, 48,003 H, 4.0;
W, 37.3%).

Hydrogenation of T-hydroxyoteridine over palladium

catalyst, This gave 4-amino-5-carboxymethylaminopyrimidine
in 63% yield (see Table 16).

Hydrozenation of 2,4~dihydroxypteridine.

i) over Adams' catalyst. When 2,4-dihydroxypteridine

(164 mg., 1 m mole) in formic acid (12 ml.) was hydrogenated
over Adams' cabalyst, it absorbed 48 ml. (4 H) of hydrogen
and gave the same spot on paper chromatbtography as that
obtained by the reduction of 2,4-dihydroxypteridine with
godiun amalganm.

ii) over valladium on carbon. When 2,4=dihydroxy-

pteridine (164 mg. 0.1 mole) in O.1N-godium hydroxide was
hydrogenated over palladium on carbon, it absorbed 50 ml,

of hydrogen (4 H). Paper chromatography indicated that the
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product is the same 5,6,7,8=-tetrahydro-2,4-dihydroxy-
pteridine obtained by reduction of the pteridine with
sodium awmalgen.

Reduction of 2,4-dihydroxypteridine.

i) with sodium amalgam. (a) 2,4-Dihydroxypteridine

(500 mg., 3 m mole) was reduced with 4%-sodium amalgam (9 g.)
under a nitrogen atmosphere. 2,3—Dimercaptopropahol
(1 x 1073 u solution, 3 ml.) was added to the mixture as an
antioxidant and then the mercury was separated by decantation.
The solution was quickly adjusted to pH 5 with acetic acid
and the precipitate centrifuged, washed with 1 x 1()_'4 Jiii
dimercaptopropanol solution (3 x 50 ml.), and dried et room

1

temperature under nitrogen at 10 mm, This gave

5,6,7,0-tetrahydro-2,4-dihydroxypteridine as a pale buff

powder (317 mg., 63%). This sample quickly changed to a
brovn substance in air and no accurate decomposition point
was determined. (Found for substance dried at 200,

1071 mm: G, 42,2; H, 4.1; N, 32.2, adjusted for presence of

P *
5% sodium acetate to C, 42.95; H, 4.2; W, 33.3 .

*As the substance precipitated as a slime, and had to be
centrifuged, some sodium acetate remained irspite of
repeated washing. This explains the trace of ash in the
combusted sample, Further washing caused decomposition
of the substance due to oxidation.
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CgllgO T, requires C, 42.85; H, 4.8; N, 33.3%). It gave Rf,
0.69 20/3B (1H,01)"",

(v) 2,4-Dihydroxypteridine (500 mg.) was reduced with
sodium amalgam as above, and the solutbtion was added to 10%
acetic acid containing 1 x lO-3 mole dimercaptopropanol
(20 ml.). The precipitate was centrifuged and dried under
nitrogen at 1071 mm. over P205. Formic acid (50 ml.) and
acetic formic anhydride (5 ml.) were added to the product
and kept at room temperature overnight. The small amount
of precipitate was discarded and the filtrate was evaporated

to dryness under reduced pressure. Crystallization of the

residue from water gave N-formyl-5,6,7,8-tetrahydro-2,4-

dihydroxypteridine (140 mg., 28%), m.p. ca 300° (decomp.)

(Found: C, 40.55; H, 4.1; W, 27.2. CoHgl, 05, JH,0 requires
C, 4‘1.0; I'I, 4‘04‘; N', 27.05‘/:)0

(¢) reoxidation. 2,4-Dihydroxypteridine (164 mg.,

1 m mole) was reduced with sodium amalgam exactly as above,
and the solution was reoxidized with air using a semimicro-
hydrogenation apparatus, and 20 ml, of oxygen was absorbed

(80% cale, for 02).

ii) with sodium dithionite. Sodium dithionite (4.8 g.)
was added to a hot solutioan of 2,4-dihydroxypteridine (1.64 g.,

0.01 mole) in 0,1N-sodiun hydroxide (100 ml.) and boiled

- _
All processes of paper chromatography for tetrahydro-2,4-
dihydroxypteridine, i.e. spotting, development and drying
were undertaken under nitrogen.



for two min. The nmixbure was refrigerated overnisht under

g nitrogen atmosphere and the white precipitate centrifuged.
The srecipitate was washed with 3050, 45% and 60% ethanol and
wien dried under nitrogen at 107t mn, gave a pale buff

'3

al1r

3

powder (900 mg., 5450). nis product changed to brown in :

@]

as tetrahydro-2,4-dihydroxypteridine did, and gave the sanme

. *c*

RE. 0.69 2D/3DB (VH,CLl under nitrogen).
The supernabtant solution from the centrifuge was
0 ml, under reduced pressure ot room
(50 ml.) was added., After removal of
e precipitate, the filtrate vwas concentreted to 30 ml. and
60 ul., ethanol was added, and the precipitate was

recryetallized from 305 ethanol, giving godium tetrahydro-

2,4—dihyd:oxywceridine sulvhonate as o white powder, slowly

decomposing 2t 80 ( ‘ound for substznce dried at room
f - 1 p oY ~ - — o -
tenperature 10 & mm. C, 24.75; H, 3.1; 1, 19.15; 5, 10.65.

C gl OBS.H 0 requires C, 25.0; H, 3.15; U, 19.4; S, 11.1%).

-0, Na
] 4 AR 2
Reduction of 2,6-dihvdroxyoteridine,

i) with potassium borohydride. This gave 7,8-dihydro-

2, 6~dihydroxypteridine in 507 yield (see Table 17) (Found:

C, 43.3; H, 3.75; W, 33.7 Calc. for Cgt C, 43.35;

6402 ¢
T, 3.65; I, 33.7:).

e

i) with potassium amalganm. 2,6-Dihydroxypteridine

monohydrate (182 mg., 1 m mole) was reduced with 35—

votassium smalgan (5 g., 100% excess for 2 H). This method

£ Oy
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gave no insoluble product and it was abandoned when it was
found that potassium smalgam decomposed T,8-dihydro-2,6-
dihydropteridine to a similar compound.

Hydrogzenation of 2,6-dihvdroxyrpteridine,

i) over palladium on carbon. This gave 7,8-dihydro-

2,6-dihydroxypteridine in T73% yield (see Table 16).
?

ii) over Adams' catalyst. When 2,6-dihydroxypteridine

wonohydrate (91 mg., 0.5 m mole) in 0.lN-potassium hydroxide
(10 ml.) was hydrogenated over Adams' catalyst (10 mg.),

13 ml. of hydrogen (=2 H) was abosrbed in 7 hr. After removal
of the catalyst the filtrate was dropped into boilihg N-sodium
acetate (50 ml.), giving 7,8-dihydro-2,6-dihydroxypteridine
(71 mg., 85%).

Reduction of 4,6-dihvdroxypteridine.

i) with potassium borohydride. This gave 7,8-

dihydro-4,6-dihydroxypteridine in 96% yield (see Table 17)
(Found: C, 43,15; H, 3.6; N, 33.5. Calc, for CelglN,0,
C, 43.4; H, 3.65; N, 33.7%).

ii) with potagsium amalgam. 4,6-Dihydroxypteridine

(182 mg., 1 m mole) was reduced with 3% potassium amalgam
(5 g. 4 H)., The solution, on adjustment to pH 6 with
hydrochloric acid, gave 7,8-dihydro-4,6-dihydroxypteridine,
which was recrystallized from water (120 mg., T72%).

Hydrogenation of 4,6-dihydroxypteridine over palladium on

carbon. This gave 7,8-dihydro-4,6-dihydroxypteridine in
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79% yield (see Table 16).
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Sodium dihydro-2,7-dihydroxyvteridine sulphonate.

Sodium metabisulvhite (600 mg. in 0.5 ml. water) was added %o a

o

olution of 2,7-dihydroxypteridine (323 mg.) in N-s odium

(4]

hydroxide (1.5 ml.) =nd kept at room temperature for 5 hr,,
and refrigerated overnight. The product, recrystallized

from wabter, gave godiun dihydro-2,7-dihydroxypteridine

L ) 0
sulphonete as colourless ncedles (147 mg.), m.p. 310° (Found

efter drying at 60°/107+ mm.: C, 23.3; H, 2.4; N, 18.3; S, 10.9.
0-5.H,0 requires C, 23.4; H, 2.0; T, 18.1; 5, 10.4).

odiuvm dihydro=2-hydroxynteridine sulphonate., Sodiun

aetebisulphite (500 ng.) was added to o solution of 2-hydroxy-
pheridine wonohydrate (164 mg.) in N-sodiun hydroxide ( 1 ml.).

After relriseration overnisht the percipitate on

Iy
&

crystallization from water gave sodium dihydro-2-

hydroxyvteridine sulphonsite as colourless needles (90 mg.),

. (@] 1 M
B, 310 deconv. ) (Toundi: &, 27.8
i - b
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borohydride. This gave 5,6-dihyvdro-4,7-dihvdroxyonteridine

in 85% yield, m.p.  300° (decoup.) (Tound: O, 43.5;
o, 3.9; W, 33.4. CL6W4O requires C, 43.4; H, 3.65;
W, 33.75%) (see table 17).
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on carbon. This
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in 675% yield (see Table 16).

Reduction of 2,4.6-trihydroxypteridine.

i) with potassium borohydride. This gave 7,8-dihydro-

2,4,6-trihydroxypteridine in 77% yield (see Table 17).

ii) with potassium amalgam,., 2,4,6-Trihydroxypteridine
(198 mg., 1 m mole) was reduced with 3%-potassium amalgam
(5 g, 4 H). The solution, on adjustment to pHvG with
hydrochloric acid, gave 7,8-dihydro-2,4,6-trihydroxypteridine,
which was crystallized from water (1 1.) (120 mg., 65%).

Hydrogenation of 2,4,6,-trihydroxypteridine over

palladium on carbon. This gave 7,8-dihydro~-2,4,6-

trihydroxypteridine in 75% yield (see Table 16).

Reduction of 2-smino-4,6~-dihydroxypberidine (xanthoptering

i) with potassium borohydride. This gave 2-amino-7,8-

dihydro—-4,6-dihydroxypteridine in 90y yield (see Table 17).

ii) with sodium amalgam. 2-Amino-4,6-dihydroxy-

vteridine (1 g.) was reduced with 4%-sodium amalgam (10 g.,
3.4 ) to 2-amino-7,8-dihydro~4,6-dihydroxypteridine (752 mg.,
75%) .

Reduction of 2-hydroxy-6-methyloteridine with potassium

borohydride. 2-Hydroxy-6-methylpteridine (360 mg.)

(see p.148 ) was reduced by the method used for 2-hydroxy-

pteridine and gave 3,4-dihydro-2-hydroxy-6-methylpteridine

(96 mg., 30%), darkening above 265° but unmelted even at

300° (Pound: C, 51.3; H, 4.95; N, 34.0. CqHgN,0 requires
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C, 51.2; 4, 4.9; U, 34.1%). Chromatography indicated
‘hat this product was not identical with 7,8-dihydro-2-
hydroxy—6—methylpteridine prepared unambilguously. In
the reduction mixture a trace of a product, possibly
5,6,7,8-tetrahydro-2-hydroxy-6-methylpteridine was
detected by paper chromatogranhy, Rf: 0.75 23B/3G (NH401),
0.23 2/3 GB (Bu/Ac).
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b. Syntheses of Starting Maberials

1) Chloronitropyrimidines.

2,4-Dichloro-S-nitropyrimidine

2,4=-Dihydroxypyrimidine (uracil) was prepared (89%

yield) from 4-hydroxy-2-mercaptopyrimidine (thiouracil)
according to Brown (1952). 2,4-Dihydroxy-5-nitropyrimidine
was prepared (85% yield) from 2,4-dihydroxypyrimidine by
nitration according to Brown (1952). 2,4-Dichloro-5-
nitropyrimidine was prepared (77% yield) from 2,4-
dihydroxy-5-nitropyrimidine according to Whittaker (1951).
It distilled at 130°/10 mm.(lit. 138-139°/14 mm, ),

4,6-Dichloro=-5-nitrovyrimidine,

4,6-Dihydroxypyrimidine was prepared (61% yield)

from malondismide and ethyl formate according to Hull
(1951). The product was identified by paper chromatography
with en authentic sample and it had m.p. > 300° (Hull gives
56% yield, m.p. >-3OOO). 4, 6-Dihydroxy-5-nitropyrimnidine
was prepared (93% yield) by nitration of 4,6-dihydroxy-
pyrimidine according to Boon, Jones and Ramage (1951). The
product was:identified by paper chromatography with an
authentic sample. 4,6=Dichloro-5-nitropyrimidine was
prepared (77% yield) from 4,6-dihydroxy-5-nitropyrimidine
by the action of phosphorus oxychloride aﬁd diethylaniline
according to Boon, Jones and Ramage. It hod m.p. 103° (no

m.p. in 1it. ).

i
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2,4-Dichloro-6-methyl-5-nitropyrimidine was prepared (69%

yield) by chlorination of 2,4-dihydroxy-5-methyl-5-
nitropyrimidine according to Albert, Brown and Wood (1954),
It had m.p. 53° (1it. 53-54°),

2,4,6-Trichloro-5-nitropyrimidine.

2,4,6-Trihydroxypyrimidine (barbituric acid) was

prepared (66% yield) by condensation of urea and diethyl
malonate according to Dickey and Gray (1943). 5-Nitro-
2,4,6=trihydroxypyrinidine was prepared (85% yield) by
nitration of 2,4,6-trihydroxypyrimidine according to
Hartmen and Sheppard (1943). It had m.p. 187° (decomp.)
(1it. 181-183° (decomp.)). 2,4,6-Trichloro=5-
nitropyrimidine was preparéd (235 yield) by chlorination of
2,4,6=trihydroxy~-5-nitropyrinidine according to Robins,
Dille and Christensen (1954). It had m.p. 57° (lit. m.p.
57-58°).

2) 4,5=-Disminopyrimidines

4,5=Disaminopyrimidine

4~-Amino—2-chloro-5-nitronyrimidine was prepared
A

(795 yield) from 2,4-dihydroxy-5-nitropyrimidine by the
action of phosphorus oxychloride and then ammoniag according
to Brown (1952). The product after two recrystallization
from ethanol had m.p. 216°. (1it. 215-217°). 4,5-Diamino-

2-mercaptopyrimidine was prepared (54% yield, 1it. 42%)




143

from 4-amnino=-2-chloro=5S-nitropyrimidine by the action of
sodiunm hydrogen sulphide éocording to Brown (1952), The
product gave the some Rf. values as the authentic sample.,
4,5-Diaminopyrimidine was prepared (705 yield) from 4,5-
diamino=2-mercaptopyrimidine by the action of Raney-nickel
according to Drown (1952). The product had m.p. 203-204,5°
(1it. 65% yield and m.p. 201°).

4 ,5-Diamino-2-hydroxypyrimidine.

2,4-Dimercaptopyrimidine was prepared (65% yield) from

A-hydroxy-2-mercaptopyrinidine by the action of phosphorus
pentasulphide according to Brown (1950): - The product
darikened at 240° and decomposed at 255°, and was used for
the next reaction without further purification as it gave
only one spot on paper chrometography (Rf: 0.50 2D/3Y
(11H,C1), 0.74 2D/3Y (Bu/ic) (1lit. m.p. 265-270° (decomp.)).
4-Amino-2-mercaptopyrimidine (thiocytosine) was prepared
(75% yield) from 2,4-dimercaptopyrimidine by the action of
amnonia, according to Brown (1950), it had m.p. 266°
(decomp.) (lit. 85% yield, m.p. 265°%or crude and 273° for
pure naterial). The crude material was used for the next
synthesis without further purification. 4=Amino-2-
hydroxypyrinidine (cytosine) was vprepared (95% yield) by
hydrolysis of 4-amino-2-mercaptopyrimidine according td

Brown (1950). It had m.p. 306° (decomp.) (Lit. 75%
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yield and m.p. 305-308° (decomp,)). 4=Amino=2-hydroxy-—
S-nitropyrimidine was prepared (89% yield) by nitration
of 4-agmino-2-hydroxypyrimidine accérding to Johns (1911).
The producf was identified by paper chromatography with an
authentic sample. 4,5-Diamino-2-hydroxypyrimidine was
prepared (76% yield) by reduction of 4-amino-2-hydroxy-5-
nitropyrimidine according to Brown (1957), m.p. 270-275°
(decomp.) (Found: C, 38.3; H, 4.85; N, 44.35. Calc. for
CeHglly0 + €, 38.1; H, 4.83; N, 44.45%).

4 ,5=-Diamino=-6-hvdroxynvrimidine

4=Anino=-6-hydroxy-2-mercaptopyrimidine was prepared

(795 yield) from urea and ethyl cyanoacetate according to
Traube (1904). 4,5-Diemino-6-hydroxy-2-mercaptopyrimidine
was prepared (89j% yield) from 4-amino-6-hydroxy-2-mercapto-
pyrimidine by nitroéation and then reduction according to
Albert, Brown and Cheeseman (1951). The product was
identified with an authentic sample by paper chromatography.
4,5=Dismino-6-hydroxypyrimidine was prepared (46% yield) from
4,5—diamino—G-hydroxy~2~mercaptopyrimidine by the action of
Raney-nickel according to Albert, Brown and Cheeseman (1951).
Tt had m.p. 238° (decomp.) (1it. 239°).

4,5-Dianino-2,6-dihydroxypyrimidine.,

A-Amino-2, 6—dihydroxypyrinidine was prepared from urea

‘and ethyl cyanoacetate according to Cain, llallette and Taylor
(1946). 4,5-Diamino-2,6-dihydroxypyrimidine was prepared

from 4-amino-2,6-dihydroxypyrimidine by nitrosation and
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subsequent reduction with sodium dithionite according

to Cain et gl.'(1946). The overall yield from ethyl
cyanoacetate was 27%. The product was identified with an
suthentic sample by paper chromatography.

2,4,5=Triamino~6-hydroxypyrinidine bisulphite, was

vrepared (70% yield) from guanidine hydrochloride and ethyl
cyanoacetate according to Cain, liallette and Taylor (1946).
The product was identified with an authentic sample by
paper chromatography.

3) Pteridines.

All pteridines in Table. 18 were prepared in one step
by known methods from the 4,5-diaminopyrimidines described
above. lost pteridines have no melting points and usually
have no sharp decomposition points., Hence all such
phberidines described in this experimental part were
examined for their identity and purity by paper

chromatography . These results are summarized in Table 18,
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Table 18

Synthesis of hydrozypbteridines

_ Yield Rf,
Pteridine | Ref. () m.p. - TL,CT bu/hc
Unsubstituted ‘1 70 138-139 |0.78 2D3/3D 0.71 2X/3B
2-Hydroxy— 187  240(a)"|0.74 27B/3X 0.80 24/3B
4=-Hydrory— 2 60 >300(a) [0.68 2D/3X 0,26 2D/3%
6-Hydroxy- 3 85 240(4a) |0.66 2D/3X ,
7-Hydroxy- 4 70 >300(a) |0.64 2B/3V  0.54 2X/3D
2,4=-Dihyaroxy— 1 51 250(da) [0.65 2D/3B 0,23 2W/3B
2,6=-Dihydroxy- 4 61 >280(a) [0.67 2/3B 0.13 2/3B
2, 7T-Dihydroxy— 4 35 >320(d) |0.50 2DB/3V  0.16 2D/3V
4,6-Dihydroxy- 5 50 >300(d) |0.63 2/3B 0.32 2/33
4, 7-Dihydroxy— 6 20 = 300(4) |0.61 2DB/3BV 0.14 2%/3B
6, 7-Dihydiroxy— 7 88 = 300(a) [0.60 2B/3VB 0.25 2B/3V
2,4,6-"rihydroxy- 4 50 = 300(d) [0.50 2/3SB  0.25 2/35B
2,4,7-Trihydroxy—- 8 > 300(a) [0.43 2/3B 0.05 2B/3VD
2,8, 7~Trihydroxy— 4 95 =>300(a) [0,63 o/3B " 0.06 2B/ 3B

10.55 2/3B

4,6,7-Trihydroxy- 5 90  >300(4d) [0.37 2WB/3B 0.04 27/3X
2y4,0,7-Tetrahydroxy- |4 45 =>300(d) |0.30 2WB/3B 0,02 2D/3X
e-huino=4,0-dihydroxy~ | 9 45 >300(d) [0.36 2/37  0.15 2/3Y

1 Albert, Brown end Checseman, 1951
2 Alvert, Trowm and Tood, 1956
3 Alvert, | 1955
4 Albert, DLister end Pedersen, 1956
5 "Albert and Brown, 1953
6 Pfleiderer, 1959
7 Alvert, Drown and Cheeseman, 1952
8 FPfleiderer, | 1957
9 Ilorte, 1954

* » .

Decomposed without melting.

* 3%

In aqueous solution, this compound present as an equilibriunm
mixture of two species, Albert, Tister and Pedersen (1954),
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c. Syntheses of Hydrocenated Pteridines.

7,8-Dihydro—2-hyéroxy-6—nethylnyteridine.

fhthalimidoacetone was prepared as follows according to

Dr. . Reich (personsl communication): Bromoacetone (60 g.
0.48 mole) was added %o potassium phthalimide (92 g. 0.5 mole)
in dimethylformamide at 60-70° and kept at this temperature
for 1 hr., Water (450 ml.) was added to the reaction mixture
and then extracted with chioroform (3 x 150 ml.). The

chloroforn layer was washed with 0.5 I - sodium hydroxide and

with water. Reuwoval of the chloroform gaVe a solid which
melted at 122° (Ellinger and Goldberg, 1949 give m.p. 111-120°).
Aminoacetone hydrochloride was prepared (74% yield) by
hydrolysis of phthalimidoacetone according to Ellinger and

Goldberg (1949). It had m.p. 81°. 4-Acetonylamino~2-chloro-

S-nitropyrimidine was prepared (62% yield) from 2,4-~dichloro-
S5-nitropyrimidine (see p.141) and aminoacetone hydrochloride
sccording to Boon and Jones (1951). It had m.p. 129-130°
(1it. 131°).  The chloro-substituent was changed into a
hydroxy group as follows: 2-chloro-4-acetonylamino-5-

nitropyrimidine (6.9 g. 0.03 mole) and godium acetate trihydrate

(6 g., 0.054 wole) in glacial acetic acid (100 ml.) were
refluxed for 80 min. Recrystallization of the product from

water gave 4-acetonylamino—2-hydroxy-5-nitropyrimidine as

colourless prisms (2.3 g., 36%), m.p. 186° (decomp.) (TFound:
C, 39.55; H, 3.9. O7H8N4O4 requires C, 39.6; H, 3.8%).

This product was reduced and cyclized simultaneously as follows:
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4-acetonyl-2-hydroxy-5-nitropyrimidine (2,12 g., 10 m mole)

in 905 ethanol (500 ml.) was hydrogenated at 50°C over Raney-—
nickel (5 g+). 'Men absorvtion of hydrogen ceased the mixture
was refrigerated overnight, and the catalyst ﬁ;s filtered off,
Extraction of the catalyst with boiling water (250 nl.) gave a

product, which was recrystallized from water, The 7,8-dihydro-

2-hydroxy-6-methylpteridine, micro prisus (0.866 g., 53%),

decomposed at 280° but did not melt below 320° (Found, after
drying at 135°/107% mm.: C, 50.95; H, 4.8; 1, 34.0.
C.HgN,0 requires C, 51.2; H, 4.9; N, 34.13%).

2—Hydroxy—6fmethylpteridine. 0.1 il = Potassium

permangsnate (20 ml.) was added dropwise with stirring to
7,8-dihydro-2-hydroxy-6-methylpberidine (520 mg.) in 0.1 N -
potassium hydroxide at 0°. The manganese dioxide was filtered
off end washed with hot water (10 ml,). The cowbined filtrate
and washings were adjusted to pH 6 with acetic acid and
refrigerated overnight. Cry§tallization of the product from

water gave 2-hydroxy-6—-methylpteridine as colourless needles

(380 mg., 674#). It decomposed at 2450 but did not melt below
3007 (Pound: C, 46.95; H, 4.55; N, 31.3. C,HgN,0.H,0 requires
C, 46.65; H, 4.5; W, 31.15%).

7,8=Dihydro—-2-hydroxypteridine

Aminoacetal was prepared by a modificeation of the method

of Allen and Clark (1944). Bromoscetal (110 g.) was heated in

an autoclave with liquid ammonisa (450 g.) at 110° for 4 hr.
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After removal of the amuonia, 6 I - sodium hydroxide was
added to the residué and the solution was continuously
extracted with benzene. The extract, after drying over
godium sulphate, was fractionated, and the product distilled
et 65°/17 ma (55.2 g., 75%). (Allen et al. give 32-39%
yield). Woodward and Doering (1945) record 72.5% and

b.p. 99-103°/100 mu., but such a high yield has not been
obtained here by following their directioﬁswhioh evidently
lack some essential detail.

A-B-Diethoxyethylamino-2-hydroxy-5-nitropyrimidine.

Aminoacetal (135 g., 0.1 mole) in water (100 ml.) was
adjusted to pH 7.5 with acebic acid and sodium bicarbonste
(12 g.) was added, The solution was added dropwise, with
shaking, to 2,4-dichloro~5-nitropyrimidine (20 g., 0.101
mole) in chloroform (100 ml.). Shaking was continued for

a further 3 hr. until evolution of carbon dioxide had
ceased., The chloroform layer was distilled with N - sodium
hydrozide (500 ml,) on = steam bath while bubbling nitrogen
through the solution for about 20 win. (During this time the
2-chloro-substituent was replaced by g hydroxy group).

The mixture was extracted with benzene (3 x 30 ml.) and the
aqueous solution, after adjustment to pH 6, was refrigerated

overnight. The product crystallized from ethanol giving

4—-B-diethoxyvethylamino-2-hydroxy—-5-nitropyrinidine as

colourless leaflets (14.4 g., 53%), m.p. 157° (Found:
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C, 44.15; H, 5.9. Gyl I, 05 requires C, 44,1; H, 5.95%).
The benzene extract was eVaporéted to dryness, and the
residue recrystallized from aqueous ethanol giving

2,4=big=p~diethoxyethyvlamino—~5S5-nitropyrimidine as colourless

needles, W.p. 99-100° (Found: C, 49.8; H, T.3.
016H29N506 requires C, 49.6; H, 7.55%).

S5=Amino—-4—-B~diethoxyethylamino-2-hydroxypyrimidine.

4—p-Diethoxyethylamino-2-hydroxy-5-nitropyrinidine (2.53 g.)
in ethanol (300 ml.) was hydrozenated over Raney-nickel.
After the absorption had ceased (640 ml., of hydrogen, 897
for 6 H) the catalyst was filtered off and the filtfate was
evaporated to dryness at room temperature in a nitrogen

atmosphere, The residue crystallized from ethanol-ethyl

acetate (1:9) to give 5-anino-4-f-diethoxyethylamino=2-

hydroxypyrimidine as a pale green powder (1,2 g 53/4), m.p.

S0y

174-175° (Found Tor substance dried ab 200/10"l m,
¢, 47.0; H, 7.9; I, 22,1. 010H18N403,3/4 0 requires
¢, 46.95; H, T.7; I, 21.95%).

Attemnted cyclization of 5-amino—4-~B-diethoxyvethylamino-

2-hydroxynyrimidine (a) The 5-sminopyrimidine (154 mg.) in

0.1 II = hydrochloric acid was refluxed under nitrogen for
15 min., and adjusted to pH 6 with sodium hydroxide, The
precipitate was filtéred off and reprecipitated frou 0.1 I -
hydrochloric acid solution with N- sodium hydroxide giving a

pale buff powder (22 mg.) which decomposed at 220—230O
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without melting (Tound: C, 42.7; H, 4.65; H, 32.95.
Galc, for C6H6N4O.H20 : C, 42.85; H, 4.8; I, 33.3:%).
Rf. 0.61 2/3L (Im,01), 0.07 (Bu/Ac). (7,8-Dihydro-2-
hydroxyvberidine prepared by a different method (see, p.152)
had Rf. 0.61 2/3 B (1m,C1)).

The filtrate was evaporated to dryness under nitrogen
and the residue was extracted with hof éthanpl (6 ml.) and
evaporated to dryness. The residue was crystallized Tfrom

ethanol-ethyl acebtate (1:1) giving a vale buff powder , (It

behaved lilke (3b—VII) see D. 69), mW.De. l7O—i750 (decomp. )
(Pound: C, 41.1; H, 5.65; ¥, 23.1. 08H14N403.H20 requires
C, 41.4; H, 6.9; 1, 24.1%). Rf. 0.83 2/3 B (HH4Cl), 0.35
2/3 B (Bu/Ac). Although paper chromatography showed that

it contained a suall amount of the former compound (Rf.

0.61 2/3 B), further purification of this compound was
abandoned becsuse during the purification it changed to

the Former compound.

(b) The 5-amino-4-p-diethoxyethyleminopyrimidine, when
refluxed with II-hydrochloric acid for 45 min. under nitrogen,
gave a buff powder, REf. 0.29 2D/3E (NH401), 0.08' 2/3B
(Bu/Ac). The same coupound was also obtained frowm the above
two compounds by heating with N- hydrochloric acid.

4-Tormnylmethylanino-2-hydroxy—-5-nitropyrimidine., 4-p-

Diethoxyethylamino-2-hydroxy-5-nitropyrimidine (14 g.) was

refluxed with - hydrochloric acid (100 ml.) for 20 min.,




-
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Adjustment of the mixture to pH 4 with sodium bicarbonste

save 4-formvlmet *"lﬁ1¢no~2~h]dro* -S5-nitropyrimidine as

colourless needles (8.4 g., 82%) which were recrystallized

from water., It darkened at 220—2250 without melting

(Found: C, 36.5; H, 3.15. Cgliglly0, requires C, 36.4;

H, 3.057%).

7,8—Dihydro~2—hydroxzpteridine.,A4—Formylmethy1amino—

2~hydroxy-5-nitropyrimidine (1.98 g.) was hydrogenated
over Roney-nickel. The catalyst was collected and

extracted with bhoiling weter (80 ml,) giving 7,8-dihydro—2-

1

i
hydroxyvoteridine (3

2 mg., 235) which recrystallized from
. o . .
walber ag micro-prisms, decomposing at 1907 without melting
i : P B SR -1 . N o« T .
(Tound, after drying abt 135°/10 ~ ma.: C, 47.0; H, 4.1;
M, 36.6. CgHN,0.1/4 H,0 requires C, 46.6; I, 4.25; T,
36.27). Rf. 0.61 2/3 © (UH,C1l): in Du/Ac it decouposed.,
The methanolic filtrate on concentration, gave more of the
crude dihydro-compound which had the same Rf. values as

above, but this did not satisfactorily recrystallize from

water, probably due to iupurity.

5,6,7,8=Tetrahydro-2-hvdroxyniteridine
7,0-Dihydro-2-hydroxyuteridine in wabter (100 ml.) was
hydrogenated over Adams' catalyst. Afterremoval of

catalyst the filtrate was evaporated Lo dryness. The
residue, on crystallization from water (5 nl. ) gave

5,6,7,0=tetrahvdro-2-hydrozypteridine as pale buff needles,




=
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decomposing at 220° without melting (Found, after drying
ot 105°/1071 mu.: ¢, 47.5; H, 5.9; U, 36.4. CHg 0N,y
requires G, 47.35; 1, 5.3; M, 36.8%). The anhydrous
material was unusually hygroscopic and absorbed oﬁe mole
of water from air in 20 win.

5,5=-Dihydro=-2-hyvdroxypteridine

B=Chloronrouvionsldehyde acetal was prepared (197

L

yvield) from acrolein by the action of ethanolic hydrogen

chloride according to Witzemann, Evens, lass and Schroeder
(1943). It had b.p. 65-70°/15 mai. (1it. 58-62°/8 wm.).

Tt was converted to acrolein scetal (in 78% yield) by. the
action of potassiun hydroxide (sane reférence). It boiled
at 120-121°/720 u, (1i%. 120-126°), Glyceraldehyde acetal
was prevared (509 vield) from acrolein acetal by oxidation

with potassiun wnermanzanate (sane “eierenoe) It boiled

790/1 ma. (1it. 120-121 /u~ma.). Glyoxal monozcetal was

{

orepared (465 yield) from glyceraldehyde acetal according to
wa s a o .
Tischer and DTacr (1935). It boiled at 50-607/18 mm. (1lit,
0
42-437/12-13 mad ).

4—nﬂ1ﬂ0—)—‘—d]$uﬂﬁ vethvlamnino—-2-hydroxypyrimidine.,

4 ,5-Diamino~2~-hydrozypyrimidine (630 ng., 5 m mole) and

-

zlyoxal monoacetal (850 MG, De2 il mole) in water (25 ml,)

1,

heated

Kl
3
oe

were or 10 min. on o steam bath. The mixture was
evaporated to dryness under reduced pressure and the residue

wse triturated with ascetone. The solid, in 975 ethanol (50 ml, )
] ?
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was hydrogenated over Haney-nickel. Removal of the catalyst,
and conbentration of the filtrate gave 4-amino~-5-0-
diethoxyethylamino—2-hydroxypyrimidine (117 mg., 10%) as
needles which crystallized frowm ethanol, m.p. 198—2000
(Pound: C, 49.15; I, T.4; T, 22.7.  Cyqfl gl,05 requires
C, 49.6; H, 7.5; i, 23.1%).

Abtennt to nrenare 3,4-dihyvdro-2-hvdroxypteridine.

2-Auinopyrazine-3-aldehyde oxime was prepared (544

vield) from pberidine by the action of hydroxylanine
hydrochloride in 20-sodium carbonate followed by heating with
H-gcetic acid according to Albert, Drown and Vood (1956), It
. 0 . 0

hod m.p. 2000 (1it. 199-2007).

Reduction of 2-auninopyrazine-3-aldehyde oxime. Various

conditions (sze Table 19) were used for the reduction of the
oxime, and hydrogenation over Adauns' catalyst in N-acetic
acid gave the best resull. Although the reduction mizture
exnibited one main spot on paver chrom:tography, 0.70 2/3 V
(NH4Cl) and 0,20 2/3 V (Bu/Ac), no pure compound could be
isolzted and it slowly changed in a2ir to a dark resin.
Treatment of The crude product with urea (1900, 45 uin, ),
urethane (1800, 1 hr.) or ethyl chloroformate (reflux for

3 hr.) gave no product corresponding to 3,4-dihydro-2-

hydroxypteridine,

‘“AUAN ”4”
o 0‘9,
< LIBRARY =

Uh'l Y
~HveRsiw
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Table 19

Reduction of 2-aminopyrazine-3-aldehyde oxime

Reductant Result
Ng28204 ileny spots on paper chromatography.
Ta—ig Aumonis evolved.
LiAlH4 Ilany spots on paper chrom=tography.
Hg/'PtO2 in HC1 Went brown, helf of theoretical H, abosrbed.
H /*tO in aqueous
NH40H Ho reduction,
H,/Pt0, in 0.1N-
acetic acid 5 H were absorbed (4 H for theoretical) and

one main spot on »naper chrometogranhy.

Reduction of 2-omino- 3-cyanopyrazine over Adams' catalyst

gave results similar to the reduction of the oxime described above,

2-Amino-3-carboxypyrazine was prepared (79% yield) by

hea

d-

11; the zmmonium salt of 2,4-dihydroxypteridine with 2,5H-
sodium hydroxide according bto Weijlard, Tishler and Lrickson
(1945). It decomposed at 203° (1it. 201 ).

o-Amino-3-nethoxycarbonylpyrazine was prepared (705 yleld)

from 2-amino-3-carboxypyrazine by the actlon of methanolic
sulphuric acid according to Zllingson, Henry and licDonald (1945).

It had m.p. 172-173° (1it. 1729).
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2-Anino-3-hydroxymethyloyrazine., Lithium aluminium hydride

(80 mg.) was added to o solution of 2-amino-3—carboxymethyl—
pyrazine (1.53 g.) in tetrahydrofuran (200 ml.) and kept at room
temperature for 2 hr. The complex was deooﬁposed with water .

(3 ml.,) and the inorganic salt was filtered off., The filtrate
wes evaporated to dryness and extracited with ether. After removal
of the ether, crystallization of the residue from amyl acetate

gave 2—omino-3-hvdroxymethvlpyrazine as colourless needles

(574 ng., 46%), m.p. 118-119.5° (Found, after drying at 650/10_1mm.:
C, 47.65; H, 5.7; N, 33.1. CgHo N30 requires C, 48,03 H, 5.65;
N, 33.65%).

Attenpts at the synthesis of 3,4-dihydro-2-hydroxypteridine

from 2-amino=3-hydroxymethylnyrazine (a) The pyrazine (100 mg.)

in hydrobromic acid (sp. gr. 1.48, 1 ml.) was kept overnight at
room temperature., Only the starting material was detected by
paper chrouatography.

(b) The pyrazine (100 mg.) was refluxed with hydrobromic acid
(sp. gr. 1.48, 2.5 ml.). Soon after boiling the mixture became
a brown resin and no product was obtained from it.

(¢) The pyrazine (100 mg.) was mixed with urea and heated at
170°C fox 45 min.‘ Paper chromztography of the product
indicated that no reaction had occurred.

(d) The pyrazine (100 mg.) and urethane (0.5 g.) was heated at

190° for 1 hr. Paper chromstography of the product indicated
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that no reaction had occurred.

(e) The pyrazine (63 mg.) and potassium cyenate (31 mg.)

in N-hydrochloric acid (6.5 ml.) were refluxed for 45 min.
Paper chromatography of the reaction mixture indicated théf
no reaction had occurred.

Hyvdrogenation of 4,5-diamino-2-hydroxypyrimidine. Vhen

4,5=-diamino-2-hydroxypyrimidine (1;26 g., 10 m mole) in O.QN—
hydrochloric acid (40 ml., 2 eq.) was hydrogenated over 105
palladium on carbon, 250 ml, of hydrogen (2 H) was absorbed.
After removal of the catalyst, the filtrate was concentrated
to 3 ul, and the product was precipitated with methanol

(3 ml,)., Recrystallization from 90 methanol (50 ml.)

gave the oroduct as colourless needles, m,Dp. 242-2480
(decomp.) (Pound, after drying at 620/10-l um,: C, 27.7;

o, 5.2; N, 23.85. C,H N OQ‘HCl.%HéO requires C, 27.5;

47773
H, 5.15; N, 24.1%). The analysis and properties indicate

?

the product is an amino-dihydro-dihydroxy-pyrimidine
hydrochloride hemihydrate.

5,6,7,8=Tetrahyiro-4-hydroxypteridine.

Benzylaninoethanol was prepared from benzylchloride

and ethanolamine according to Dr., D.J. Lrown (personal
communiecation) with slight modification. Bengylchloride
(250 g., 2 mole) and ethonolaumine (500 g., 8 mole) was

heated on a stean bath for 2 hr. with gentle stirring.
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After cooling, 2U-sodium hydroxide (1 1.) was added to the
aixture snd extracted with ether. The extract was washe

with water and dried over potassium carbonate. After removal
of the ether, the residue was fractionated under vacuum,
benzylaminoethanol distilled at Q4~96o/0 02 mm, (121 Ly

ALY (1it. 148-149/13 wm, ).

5-Amino—4—(benzyl-6-hydroxyethylsamino )=6-chloro DJTIHl@lﬂP

hydrochloride. A solution of benzylaminoethanol (15 ., 0.1

G

mole) in chloroform (40 ml.) was added dropwise wit

o5

shaking
to @ mixture of 4,6-dichloro-5-nitropyrimidine (19 | Z., 0.1
mole) in chlorofora (150 ml.) and sodium bicarbonate (8.4 g.,
0.1 mole) in water (30 ml,). Shaking was continued until the
evolution of carbon dioxide ceased. The chloroform layer was
ashed with waber (50 ml.) dried over sodium sulphate, and
evaporated under reduced pressure to give an oil (37 g.).
The o0il, on hylrozenation over Raney-nickel, absorbed 6.6 1.
hydrogen (6 1). After removal of the catalyst the filtrate
was concentrated to 100 ul., adjusted to about »I 1 with

egthanolic hjaro~ n chloride. Refrigeration of the solution

save H- am1no~»~(benzyl—~-hydfoxyethvl mino )=6-chloropyrimidine

hviarochloride =8 colourless oprisms (9.3 g., 34%). Tor

. . . - o)
enalysis it was rapidly recrystallized from ethanol below 70

. . 0 - N N
ziving colourless prisus, m.p. 130 (Found, after drying at
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52°/ 107  an, G, 4
c

(%o
(XY

s H, 5.2; 01, 22.5; I, 17.8.

<.

*

hic]

1301g01,N,0 requires C, 49.5; H, 5.1; C1, 22.5; N, 17.83%).
Rf.: 0.62 2D/3% *"40 1), 0.94 2D/3X (Bu/ic). 'hen boiled in

Ca

ethanol for % wnin. the above pyrimidine rearranged to an

T A - ) A2 0 - ST s A ~0 -1 -
isomer, m.n., 202-203 (Pound, after drying at 62 /10 .,
¢, 49.65; H, 5.2; Cl, 22.6; M, 18.0. 013H16Cl L4O requires
C, 49.5; H, 5.1; €1, 22.5; N, 17.8%), DRf.: 0.77 2D/3X
(1TH Gl), 0.66 ?H/iv (Bu/Ac)., This compound on treatment with
phospinorus trichloride did not give a tetrahydropteridine.

8=-Bengvl-4-chloro-5,5,7,8-bctrahydrovteridine + 5-

~

Anino=-4 (benvyl—u—hydroxyethylamlno)—o~ohlor0“vrimidine
(1.5 g.) was added at 10° C.to vhosvhorus trichloride and kept
at room temperature overnight. The excess of phosphorus

-

trichloride was oig

‘-.J.

J1led off at room temperature and the
residue was dissolvéd in water (30 ml.). The aqueous
solution was extracted with chloroform and then adjusted to
PH T with sodium bicarbonate. The solution was extracted
with chloroform. Removal of the chloroforn gave S-benzyl—

4b-chloro=5,6,7,3=tetrahydropteridine (975 mg., 795%) which was

(=

recrystallized from ethanol (4.5 ml.) as colourless needles,

. 0 -1
Ma]e 127-128° (Tound, after drying at 74 /107~ mm,: C, 59.9;

’

bt
[
-
U
.
-
-

01, 13.95; M, 21.3. Cp,H, 01N, requires C, 59.9;

-t
—i

~-
N
.

~e
e

l, 1306; :-.r, 21‘/1‘5;_).
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5,0,7,0=-Tetrahivironteridine. Netallic sodiun was added

in small portions to a solution of 8-benzyl-4-chloro-
5,6,7,8=tetraliydropteridine in liquid ammonia (130 ml.)
until a permanent blue colour remained, and the colour was

retained for 50 min, by oddltion of sodium., Ammonium chloride

was added until the blue colour disaynpeared and the ammonia

5

vas eveporated, Vater (3 ml.) wes added to the residue which

was then extracted with chloroforu (5 x 10 ml.). The
chloroforinn extract was evaporsted to dryness and the residue
was purified by Sublim&tion. 5,6,7,9=Tetrahydropteridine

s Q T ] -~ .
(66 mg., 145) had m.p. 1477 (Brook and Ramage (1957) give

Attenpted hyvdrolysis of 8-benzvl-4-chloro-5,6,7,0-

tetrahyvdrovteridine. A typical method is shown below:

S—ﬁenzyl—4—chloro-5,6,7,8~tetra’”uro)u sridine (120 wg.) vies
reflurzed with M-godiwm hydroxide (50 ml.) and ethanol (10 ml,)
under nitrogen for 3 hr. The mixture was adjusted to pIl 7 and
eveporated to dryness, The residue was dissolved in ethanol

4

(50 ml.), and water (50 ml.) was added dropwise Lo the

tﬁ

boiling ethanol solution, This gave colourless needles

100 ng., m.n. 126,5-1279 which hed the sawme Rf. values as the
starting material and showed no melting point depression
with it. The results of the reactions under various

conditions are summarized below,



Reaction conditions Starting Recovery of the ,
(refluxed for 3 hr.) naterial (mg.) starting material (mg.)
Acetate buffer (pH 5) 95 86
glacial acetic acid

+ sodium acetate 120 100

SI-HC1 120 95

121-HC1 120 ' 95

T-alH 120 100

2¢i sodium methoxide 120 96

4% sodium hydroxide

in tri—(ethyleé%lycol) 120 *

* - -
No product was isolated. o spot corresponding to the
4-hydroxy derivative was detected.

5-Amino=-4-(benzyl-B-hydroxyethylamino )=6-benzyloxy—
pyrimidine .  4,6-=Dichloro-5-nitropyrimidine (10 g.) and

benzylaminoethanol (7.8 g.) was condensed by the method
described before, and the chloroform layer was washed wit
water, dried over sodium sulphate, and the chloroform femoved.*
Benzene (15 ml.) was added to the residual oil and then
distilled off under vacuum at 3000, this treatment was repeated
to remove the water and chloroform completely. Sodium
benzyloxide (sodium, 2.5 g. in benzylalcohol, 70 ml,) wes added
t0 the residue and heated on a steam bath for 10 min. Dry-ice

was added to the cooled mixture to decompose the alcoholate and




then water (50 ml.) was added. The mixture was adjusted to
Pl 6 with sacetic acid and then the benzyl alcohol was removed
by steam distillstion (4 hr.). The residual solution was
extracted with benzene, and the benzene layer was dried over
sodium sulphate. ATter removal of the benzene a light brown
0il (21 g.) remained. The oil (21 g.) in ethanol over Raney-
nickel absorbed 2.6 1. of hydrogen (this corresponds to 13.3 g.
of the product). After removal of the catalyst, the filtrate
was concentrated to about 40 ml., 10%-Lthanolic hydrogen
chloride (10 ml,) was added to the concentrate and refrigerated
for two days, giving needles (604 mg., 3). The product after

crystallization froum ethanol gave 5—amino-4-(benzyl-f-

hydroxyethylamino )-6-benzyloxypyrimidine as colourless needles,

m.p. 203° (Found: C, 62.5; H, 6.0; N, 14.35. C HC1

. .
2022140
requires C, 62.1; 1, 6.0; W, 14.5%).

Attenpted eyclization of S5—amino—4-(benzyl—f-

hydroxyethylamino )=6-benzyloxypyrimidine. 5-Amino-6-

benzyloxy—4—-(benzyl-f-hydroxyethylanino )-pyrimidine (600 mg. )
was added to phosphorus trichloride (10 ml.) and kept at room
femperature.overnight. Zxcess phosphorus trichloride was
distilled off under reduced pressure at room temperature and
crushed ice (5 g.) was added to the residue. The solution was

extracted with benzene and adjustment of the agueous solution
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to pll 6 gave 5—amino-4-(venzyl-f-hydroxyethylamino )—6-

hydrokypyrimidine hydrochloride (218 wg., 48%) which was
ecrystallized from water, w.D. 246-247° (decomp.). The

free base was ovtained by recrystallizarion of the hydrochloride

et Dl 9.7, m.p. 140-142° (Found: G, 59.7; H, 6.3; W, 21.0.

Cy3H 6,0, requires G, 60.0; H, 6.2; N, 21;5%).

4=Chloro=6-ethoxy-5-nitropyrimidine was prepared (88%)

froa 4,6-dichloro=H-nitropyrimidine and sodium ethoxide according
to Boon and Jones (1951). he prouuot had b.p. 74°/1 mn. and
map. 45.5-46.5° (1it. m.p. 42° ).

8-Benzyl=5,6,7,8=tetrahydro=4-hydroxypteridine.

-

)

Benzylaminoethanol (3.8 2. in 10 ml, methanol, 26 u, mole) was
added to 4-chloro-6-ethoxy-5-nitropyrimidine (2.47 g. in l5lml.
methanol, 12 m mole) at OO, and kept at room temperature over-
night., Sxcess methsnol was removed and water (50 ml.) was
added to the residual oil., The mixture was extracted with

benzene (2 x 25 ml.) and tihe benzene layer was wasihed with

water (5 x 50 ml.) to remove benzylaminoethanol,

:;>

fter removal of the benzene under reduced pressure
the residual oil was hydrogenated in ethanol over Raney-nickel,
and 390 ml., of hylrogen was absorbed. After removal of the

S

catalyst, the filtrate was concentrated and the excess ethanol

was completely removed by distillation with benzene.
Thosphorus trichloride (15 g. in 30 ml. benzene) was

added to the residual oil (in 30 ml. benzene) at 0%, and the
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mixtare kept at room temperature for 2.5 days. Taper

-~

chronztography indicsted that cyclization and simultaneous
hydrolysis occurred during this period. The benzene layer was
disczrded, end crushed ice (50 g.) was added to the residue.
The aizxture was extracted with benzene, and the aqueous
éolution vas adjusted to pH 7 with sodium bicarbonate.

Crystallization of the product from ethanol gave 8-benzyl-

5,6,7,8-tetrahydro—-4-hydroxypteridine as colourless needles

(747 mg., 26%), m.p. 170-171° (Found: C, 64.15; H, 5.75;

W, 23.1. Cq,H,,N,0 requires C, 64.45; H, 5.8; I, 23.1;).

5,6,7,8-Tetrahydro-4-hydroxypteridine, Iinely grounded N

8-benzyl~5,6,7,8-tetrahydro-4-hydroxypteridine (1.0 g.) was
added to liquid ammonia (130 ml.) followed by sodium until the
solution vecame deep blue, and this blue colour was retained
for 30 win. by the addition of sodium (about 350 mg. was
necessary). Ammonium chloride was added until the blue colour
disappeared, and the excess of ammonia was evaporated under
nitrogen. ‘Water was added to the residue and the solution was
adjusted to pH 6 with I"~hydrochloric acid., The solution was
extracted with chloroform and the agueous layer was evaporated
to dryness under reduced pressure, The residue was extracted
with hot ethanol and the extract was evaporated to dryness.
Crystallization of the residue from water gave 5,6,7,8-
tetrahydro—4—hydfoyvyter1alne as pale buff needles (348 msz.,

545%), m.p. 234-238° (decomp.) (Tound, after drying at l35%ﬁ0:5mL



G, 47.25; H, 5.6; I, 36.35 Calc. for Clgh,0 : G, 47.35;
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5,6=-Dihydro-4-hydroxynteridine

4—Am1no—5~b—d1etnoxvethylamino~6—hydrogypyrimidine.

4,5-Dismino-6-hydroxypyrimidine (1. 26 g+, 10 m mole) and
zlyoxal monoacetal (1.7 g., 13 m mole) in 905 ethanol

(200 ml.) were hydrogenated over Raney-nickel. After removal
of the catalyst, the filtrate was eVaporateéEo dryness.

Crystallization of the residue from acetone gave 4-—amino—-5-f-

diethoxyethylamino=6-hydroxypyrimidine (837 mg., 35%) as

colourless needles. It decomposed at 1420_(Found, after
dryine at 65°/107% mu.: ©, 49.1; H, 7.6; H, 23.15.

10“4 3 requires C, 49.55; H, 7.5; N, 23.15%).

5,6=Dihvdro-d-hyiroxynteridine., 4-imino=-5-3-

diethoxyethylemino-6-hydroxypyrinidine (839 mg.) was boiled

with 0.5 -hydrochloric acid (10 ml,) for 1 min. and cooled
imuediztely. The solution was adjusted to pH 5 with sodiun

bicarbonste and refrigerated overnight. The precipitate on

crystallization from water gave 5,6-dihydro-4-hydroxypteridine

as colourless needles 456 ug., 88%., It decomposed at 230°
(Found, after drying at 20°/107% mm.: G, 46.4; H, 4.35; H, 36.5.
C6H6ON4.L/4 H,0 requires C, 46.6; I, 4.25; W, 36.25%). Although
the product retained 1/4 molecule of water when dried at
200/10—1 m,, no isolated carbonyl group could be detected by
an infrared spectrunm, This indicates that the product has

entirely the ring-closed structure.
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Attenpted syvintheses for 7,8-dihvdro-4-hydroxypteridine,

4=B=Diethoxyethylanino-6-hyvdroxy-5-nitropyrinidine.,

Amino wzcetal (5.4 g.) in water (50 ml.) was adjusted to pil 8

with acetic acid a then sodium bicarbonate (6,0 g.) was

®

dded to the solution. The solution was added dropwise with
shaking to a cold solution of 4,6~dichloro-5-nitropyrimidine
(7.9 g.) in chloroform (50 ml.). Shaking was continued for &
further 2 hr. at room tewperature. The chloroform layer was
distilled with N-sodiun hydroxide (200 ml.) on a steam bath
winile bubLling nitrogen through the solution forlabout 20 win.
(During this time the 4—Chloro—substituent was replaced by a
hydroxy group). The residual solution was extracted with
benzene and the agqueous solution was adjusted to pil 6 with

o
[

acetic acid, The precipitate on crystallization from

ethanol gave 4-B-diethoxvethylamino—6-hydroxy-5-nitronyrinidine

(2.99 g., 27#), m.p. 118-120°. (Found: G, 42.35; H, 6.1
d fN405.%H2O requires C, 42.75; H, 6.1%).

- Reduction of 4-p-diethoxyethylamnino- 6—hydro -5

nitropyrimidine (a) VWhen 4—B—diethoxyethylam1no~6—hydroxy—

S5-nitropyrimidine (140 mg., 0.5 m mole) was hydrogenated over
Raney-nickel, 120 ul. of hydrogen (=10 H, 6 H for N0, group)
wag absorbed, and the reducticn mixture turned brown.
Concentration of the filtrate gave a brown oil which on
heating with 0.1 H-hydrochloric acid for 15 min. gave a dark
resin, and no product could be isolated. (b) The

nitropyrinidine (700 mg.) in acetic acid was reduced with zinc




167

dust (2.1 g.). After removal of the excess zinc the filtrate
was concentrated to dryness, and the residue extracted with
methanol., Tle extract gave a spot similar to the above
reduction product (a) on paper caromatography, but no product
could be isolated.

Hydrolysis of 4-p-diethoxyethylanino-6-hydroxy-5-

nitropyrimidine. 4-pg-Diethoxyethylanino-6-hydroxy-5-

nitropyrimidine (1.5 g., 5 m mole) in N-hydrochloric acid
(25 ml,) was refluxed for 10 uin. The crystals were

filtered off and recrystallized frowm water giving colourless

needles (967 mg., 89%). The substance decouposed slowly at
230° without melting (Found: C, 39.25; I, 2.6,
CqoHaNgOp GH,0 requires C, 39.05; H, 2.455%). The product

absorbed 5 molecules of hydrogen over Raney-nickel and gave

a dark resinous product.

Attenpbed syntheses for 7,8-dihydro—-4-hydroxy—6-methyloteridine.

4-Acetonylamino—-6-chloro—5-nitropyrimidine was prepared

(475% yield) from 4,6-dichloro-5-nitropyrimidine and aminoacetone
hydrochloride according to Boon and Jones (1951). It had
m.p. 84° (1it. 86°).

4-Acetonylamino-6-hydroxy-S-nitropyrimidine. 4-

Acetonylamino-6-chloro-5-nitropyrimidine (3.6 g.) was dissolved
in 50% aqueous ethanol and kept at room temperature overnight,
The precipitate, crystallized from ethanol, gave 4-—

acetonylanino-6-hydroxy-5S5-nitropyrimidine as needles, m.p.




168

207° (decomp.) (Found: C, 39.1; H, 4.3. CoHgl,0, requires
c, 39.6, H, 3.8%). Repeated crystallization of the product
caused loss of one molecuie of water from the molecule and
gave a_product which decomposed at 230° without melting
(Found: C, 43,23 H, 3.5. C7H6N4O3 requires C, 43.4;

H, 3.1%).

Hydrogenation of 4-acetonylamino—-6-hydroxy—-5-

nitropyrimidine. The nitropyrimidine absorbed 3 mole of

hydrogen over Raney-nickel, but the reduction mixture turned
brown. HNo pure product could be isoclated from the mixture, and
no spot similar to that of x,y-dihydro-4-hydroxypteridine was
detected on paper chromatography.

Attennted synthesis for 1,2-dihydro-4-hydroxynteridine

(a) 2-Amino-3-carbamoylpyrazine (30 mg.) in (5 ul.) water was
heated with 305 formaldehyde (0.2 ml.) on a steam bath for 20

min., No product other than the starting material was detected

in the reaction mixture. (b) The pyrazine (50 mg.) in ethanol

(10 ml.) was refluxed for 45 min. with 303 formaldehyde (0.1 ml.).
No product other than the starting material was detected by ;

paper chromatography.

Atteunted syntheses of 5,6=dihydro-T-~hydroxypteridine.

Attemonted preparation of the Schiff's base of 4,5-

diaminopyrimidine and cthyl glvoxylate. (a) Bthyl glyoxylate

hemiscetal (Rigby, 1950) (145 mg., 1 m mole) was added to a

solution of 4,5-diaminopyrimidine (110 mg., 1 m mole) and




kept at room temperature for 10 nmin, Only T-hydroxypteridine

was deteeted in the reaction mixture, and no spot corresponding

J

ol 1

t0 the Schiff's base was detected. (b) Bthyl glyoxylate
hemiacetal (15 mg., 0.1 m mole) was added to 4,5-diamino-
oyrimidine (10 mg., 0.1 m mole) in methanol (10 ml.). The
solution had the same ultraviolet spectrum as 4,5-diamino-—
oyrimidine., “hen the solution was diluted with water, it gave

s

the same ultraviolet spectrum as T-hydroxypteridine, and no

chiff's basge formstion was detected.

4=pmino=5S5-cyanomethylaminopyrimidine., TFotassium cyanide

(70 mg., in 2 nl, water) was added to 4,5-diaminopyrimidine

(1.1 g.) in methsnol (10 ml.) and the wixture was adjusted to
il 7.5 with hydrochloric acid. 30%~Torualdehyde solution

(0.9 ml.,) wes added to the colution and the mixture was keit

at 40—450 Tor 45 wmin. 'he crystals were filtered off and
washed with cold wabter. The 4—amino—5—cyanomethylamiho~
yrimidine decomposed at 223° (Found*, after drying atb 200/10_'l
mu. s C, 47.053 H, 5.4; N, 46.35. C5H7H5 requires C 48.3; H, 4.7;
I, 46,95%). Thig compound gave 4,5-Giaminopyrimidine on

hydrolysis in acidic or alkaline condition.

Fhthaloylelveine was vreparved (87¢ yield) by heating a

A

. o . . . e o . .
mixture of glycine and phthalic anhydride at 2007 for 20 min,

* . L . . i
This compound was unstable to hydrolysis and partially
decomposed on recrystallization from water; hence the poor

analytical Lfigures,
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It had m.p. 189-193° (Reese (1887) gives m.p. 192°).

Fathaloylelyeyl chloride was prepared (80% yield) from

phthaloyl glycine by the

{D

zction of thionyl chloride, It

e s e 4=n0 - .
boiled et 145-150"/2 = 3 mm. and had m,D. 85-86° (Gabriel
(1907) gives m.p. 84-85°).

5-Bromo—4-hydroxyoyrimidine was prepared (80 yield) by

bromination 0f>4—hydroxyptur1dine according to Chesterfield,
leOmie and Sayer (1955). It hed m.p. 198-200° (1it. 199-
200°). 4-imino-5~bromopyrinidine was prepered (57% yield)
from 5=-bromo-4-hydroxypyrimidine by the action of phosphorus
oxychloride and then ammonia according to Chesterfield, icOmie

Sayer (1955), It had m.p. 209-211° (1it, 208-210°),

5=Brome=4-vhthalovlelyveylaminopyrimidine, 4-Anino-5-

browopyrinidine (1.0 g.) and phthaloylglycyl chlorideb(l.B g
in pyridine > (5 ) vas rofluxed for 1 hr, After weouoval of the
vyridine, water (90 ml,) was sdded to the vesidue. The
precipitate was triturated with sodium bicarbonate solution

(1 g. HaliC 3 in 10 ml. water) and then crystallized from

ethenol giving 5S-bromc~4-phthaloylelycylamninopyrimidine as

0 ¢-
colourless needles, w.u. 223-225" (Tound: C, 46.2; I, 2.6;

CD
«

M, 15.3. CquHobrll,04 requires C, 46.55; H, 2.5; N, 15.5%).

4
Hydrazinolysis of 5-bromo-4-phthaloylelycylaminopyrimidine,

Hydrazine hydrats (0.12 ml,) wae added to 5-bromo—4-
phthaloylglyeylaminopyrinidine (723 mg.) in wmethanol (30 ml.),

and the solution wazs kept at room temperature overnight, After.




resoval of the crystals (224 mg.), the filtrate was

evaporated bto dryness and the residue recrystallized froa

505 ethanol, The colourlcss necdles (252 mu.; 7355), WeDe
O, wers identified as 4-amino-5-bromopyrimidine frou
the RL. value (0,56 2D/3X), and mixed melting point with an
authentic samplé.

4=Amino-5-methoxycarbonylmet h“lam1nooy imidine was

prepared frou 4-amino-5-carboxymethylaninopyrimidine (see p.130)
Dy the action of methmnolic hydrogen chloride according o
Albert, Drown and Lbbmﬁem&ﬂ (1952). It decomposed at 186-189°
(I'ound: 1M, 21.8; €1, 27.5. Cale. for C7H 402.2H01 :

i, 21.95; €1, 27.90).

Attempts at syntheses for 4-amino-S5-carbamoylmethylamino-

nyrimidine (a) 4-imino-5-uethoxycarbonylmethylaminopyrimidins

dihiydrochloride (100 wz.) was sdded to msthanolic ammonis

(555, 2 ml.) and xept of room temperature overnight.  Only
5,6=dihydro=T-hydroxypteridine was detected in the reaction
nixture by puper chromatocrsnhy. (b) 4-Amino-5-carboxymethyl—

auminopyrinidine (168 mg.) was dissolved in aqueous amwonis and
eveporated to dryness, The residual amnonium salt was heated

¢ . : . c s = .
at 1707 for 10 wmin. The product was identified as 5,6-dihydro-

T-hydroxypteridine and none of the desired amide was produced.

”hls compound had a low nitrosen content (6.9%) and corresponds

T

(
to o-carboxybenzoylglycine (u10h005J H, 6.35).
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Abtenpted synthesis of 7,8-dihvdro=-2,4-dihydroxy—

1 /‘

pteridine. 2,4,0-"richloro-5-nitropyrimidine was condensed with
cninoacetal bty the sane method as described before (see 1.149).

Paper chromatograshy of the react
£ (&) a ()

e

on mixture sho med many spots,
cnd 1no product was isolated Trom the reaction mixture after
hydrolysis with H-sodiun hydroxide.

7,8=-Dihyiro-2,6-dihvdroxynteridine.,

RN

2-Cnhloro—-4-ethoxyvecarbonylmethylanino-5-nitrooyrinidine

2

was prepared (799 yield) from 2,4-dichloro-5-nitropyrimidine

and ethyl aminoacetate hydrochloride according to Doon, Jones
and Rumege (1951). It had m.p. 101-103° (1it. 101-:102°).
d-zthoxycarbonyluethylaunino-2-hydroxy=S-nitropyrinidine was
prepared (67 yield) by hydrolysis of 2-chloro-4-ethoxy—
carbonyluethylanino~S5-nitropyrinidine éccording to Boon, Jones
end Roazge (1951). It decompozed at 232° (1it. 230-232°).
7,8-Dihydro-2,6-dihydroxypteridine was prepared (61 yield) frou
d—ethoxycarbonylanino-2-hydroxy~S5-nitropyrinidine by reduction
followed by hydrolysis according to Zoon, Jones and Hamage,
(1951). Tt had m.p, >300° (Found: ¢, 43.0; H, 3.85; N, 33.55.
Calc. for G/ M,0,: C, 43.35; H, 3.65; N, 33.7k).

7,5=-Dihydro-4,6-dinydroxypberidine.

47

6-Chloro=-4-ethoxvearbonylmethylanino-5-nitropyrinidine

—dichloro-5-nitropyrimnidine

Y

was orepared (625 yield) fron 4,
and ethyl aminoacetate hydrochloride according to Boon, Jones

and Remage (1951). It had m.p. 90-92° (1it. 93-94°).
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4-mhhnoxycar Lonj7ﬂﬂﬁﬂJ¢&m1ﬂO 6-hydroxy-5-nitropyrimidine was
nrepared (4155 yield) by hydrolysis of 6-chloro-4~ethoxy-
carvonyloethylonino-S5-nitropyrimidine according to Boon,
Jones and Remege (1951). It had m.p. 213-214° (1it. 214°),
7,6-Dihydro-4,6~dihydroxypteridine was prepared from 4-
ethoxycarbonyl-6-hydroxy-5-nitropyrimidine by reduction
Tollowed by hydrolysis according to Doon, Jones and Ramage

(1951). It decomposed > 300° without melting (Found: C, 43.3;

I, 3.8; W, 33.6. Calc. for C HfN C

T, 33.7%).

4 : C, 43,435 H, 3.65;

Attempted syntheses for 5,6-dihydro-2,7-dihydroxypteridine.

(a) Sthyl glyoxylate hemiacetal (2.2 g.) was added to 4,5-
diamino-2-hydroxypteridine in water (20 ml.) and the solution
wag kept at room temperature for 1 hr. and then refrigerated.

The precipitate crystallized froa ethanol as leaflets (2.2 g.,

905.) which gave the same Rf. values as 2,T-dihydroxypteridine

on paper chroumztography. (b) Bthyl glyoxylabe hemiacetal

(140 mg.) wes added to 4,5-diamino—2-hydroxypteridine in

ethanol (10 ml.) and the nixture was examined spectroscopically.
Ho reaction took place under anhydrous condition. When water
(10 wl.) was added to the mixture, 2,7-dihydroxypteridine was
produced, but no evidence of Bchiff's base formation was
obtained. (c) 4,5-Dianino-2-hydroxypteridine (631 ug.) was
dissolved in I=hydrochloric acid (10 wl.) and then adjusted to

ol 7.5 with H-godium hydroxide (5 ml.). Potassium cyanide



(350 mz.) 20d 377 formeldehyde solutbion (0.45 ml.) was added

e T K . e s T S ) e N

o the solublon 2nd the solutbtion was kent at ro temperature
N Tn A Pt e et m I Sy 1
Tor 2 hr, and refrizerated. The crystals (252 mg.) had the

. values as 4,5-diamino-2-hydroxypyrinidine, Only

4,5=dicmino-2-hydrozypyrinidine was detected by paper

o
A

chrounctosranhy in the filtrate.

5,5~Dihvdro~4,7~dihydroxynteridine.,

&)

4-Anino-S-ethoxvcarbonylmethyleneamino~6-hydroxy—

del'?}

4,5-disuino=-06-

'l 2 IS SO PRS- B S
hermlocaetal according

.u.’llo O‘“‘Ll.f T‘O:‘*

i Y A P
ml, ) was hydrogenzbted over

. / oy U, R, T7 e
Raney-nickel, =and 130 ml. of hydrogen ( 2II) was absorbed

the £iltrate was

o

during 70 win. ATter reaovel of the catalyst

concentrated to & . The resgidue, crystallized Lrom
ethanol and gave amaﬂino—B—othoxyoar%odilmethﬂ laaino=56—
hyiroxypyrimidine as colourless needles (555 ng. 52,0). It
decomposed ot 130-1 390 (Fvund, after drying at 650/10_'l L s
C, 45.25 H, 5.8 1, 26.35. 08H12N4O3 reguires C, 45.3; I, 5.7
T, 26.45).

- s

5, 0=Dihydro=4,7-dihyvdroxypteridine., d-Anino=5H-

]

yavorypyrimidine (307 mg.) it
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H-hydrochloric acid (4 ml.) was heated on o steam bath for
1 hr. uncder nitrogen. The starting material dissolved,
and then colourless neecdles separated., he product on
reorystallizaﬁion from water gave 5,6-dihydro-4,7-
dihydroxypteridine as pale yellow needles (192 ug., 80%),
m.p.f)»}OOo (Found: C, 43.2; H, 3.7; NI, 33.7. Calc. for

CeHgll 0,5 ¢ Cy 43045 H, 3.65; N, 33.75).

-3
oJ

-Dihvdro—-4,6~dinethyloteridine.

d-=Acetonylamnino-2-chloro-6-methyl-5-nitropyrimidine

was prepared (437 yield) from 2,4-dichloro-6-methyl-5-
nitropyrimidine and sminoacetone hydrochloride according to
. - . ~0 . o}
Boon and Jones (1951). It had m.p. 106-108° (1it. 1087).
2-CHloro-7,8-dihydro-4,6-dimethylpteridine was prepared (59%)
by reduction of 4-zcetonylamino-2-chloro-6-methyl-5-nitro-
pyrimidine according to Lister and Ranage (1953). It

17 0 s e =0 ™ 2 ~ Q -
decommosed at 195° (1it. 215°) (Found: , 48,45 H, 4.75;
T -
i

i

, 28.05 cale. for CgligCLN, : C, 48.85; U, 4.5; I, 28.5%).

7,8-Dihvdro—-4, 6-dinethylpteridine . (a) 2-Chloro-T7,8-

dihydro-4,6~dinethylpteridine and red phosphorus (100 mg.)
was refluxed with hydriodic acid (g 1.7, 2 ml.) for 1 hr.
After removal of the red phosphorus, the filtrate was
eveporated to dryness in a vacuum desiccator over potassium
hydroxide., The residual oil was dissolved in water, adjusted
to pl 10 with N-potassium hydroxide and extracted with

chloroform, 1o product was obbtained from the chloroform extract.
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(v) 2-Chloro-7,8-dihydro-4,6-dimethylpteridine (920 mg.)
was hydrogenated in 505 ethanol over palladium on carbon
catalyst, in +the presence of magnesium oxide (800 mg.);
and 125 ml., of hydrogen (122 wml., 2 H) was absorbed. After
removal of the catalyst the filtrate was evaporated to
dryness. The residue was dissolved in water (15 nl.) and
extracted with chloroforn (15 x 8 ml.). The chloroform
over calcium chloride, was evaporated
to dryness. The crystalline residue (631 mg., 90,%) was
recrystallized twice from benzene and then sublimed at

90-100°/10"% wn. The 7,8-dihydro-4,6-dimethylpteridine

ad

had m.p. 135-1400 (Found, for substance purifiied by
sublimation: C, 59.2; H, 6.15; W, 34,0, C8HlON4 requires

C, 59.25; H, G6.2; N, 34.55;i).
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¢, Ionization Constants,

Two good general methods are ovallable for the
deteruinetion of ionization constants, one is by potentiometric
tit atlon and the obther is by the spectroscopic method (Albert
and Phillips, 1956). DPotentiometric titration is far less
labbrious than the letter, but has two limitations: (a) the

solubility of the substance snould be higher than 10"3H,

because 1 x 10

L.

II is usually the lower limit of accuracy.

(b) The pX_ values of the substance should lie between 2.7

jay]

and 11 (at least in the oresent work where a 0,005 I solution

hed mostly to be used because of poor solubility) because
potentiometry is inaccurate when the pKa is lese than the
lozaritha of the dilution; alsc it is nolt very accurate in
the hizh alkaline rezion). The spectroscopic method can
be used when the solubility of the substance is less than
10_3 I, or the pi_ values were lower than 2.7 or higher tha
11. THoweverin this mstiod any small errors, in determining
the ét"inction values of each pure specles, can cause a large
effect on the pK_ values. This method can only be used for a
a

substance whose two snecies have different ultraviolet

absorvtion suvectra. Both methods need special apparatus and

FRgH

techniaques 1if they have to be used for a substance which has
an unstable sonecies,

i)} Potentiometric Titration.

The dried specimen (0.00005 mole) was dissolved in G@é—

-2
o

free water (10 ml., the concentration of thie solution was M/200)
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and titrated under nitrogen. A Cambridge Bench pH leter was
used with gless and calomel electrodes (standerdized to PH 4.00
with 0,05 li~votassiun hydrogen phthalate and 9,23 with 0,05 -
borax at 200). Only when agreement on restandardization was
within + 0,02 I unit, without further adjustment, this
instrument was considered ready for titration. After the
golution was titrated, the meter was checked against that one
of the two buifers whose pil was nearer to the i, Failure to
agree within + 0,02 pi unit, made 1t necessary to reject the
titration. 0.9 Iquivalent of 0.1 i-hydrochloric acid (or

-

carbon dioxid

'3

-free 0,1 U-potassium hydroxide) was added in

(D

portions and the pl was recorded after each

)
oA

nine equal

addition. The nine pK% values, one for each pi reading, were

[
calculated froa the formuls (1) when s base was titrated.
pKa = pl - log ([B] + [r*" / [zut] - m*)) (1)
where [RIT] end [B] are the stoicheiometric concentrations

of the cation and neutral molecule resipectively. ‘hen an

acid was titrated, formuls (2) was used for the calculation

P = pH + log ([AH] + [ow ]/ [A™] - [0H D) ’ (2)
where [AY] ond [A ] zre the stoicheiometric concentrations of
Tthe neutral molecule and anion resvectively. The results are

negative lozarthos of concenbtration 1oa14at10a conastants

(pKP (conc.)) and are valid for the concentration and

tennerature given. 4t the concentration used, they would
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differ little from tiie thermodynemic ionization constants
il (therm.)).  The two constants are related, approximstely

by eccuations (3) =nd (4):

Il

K (therm, ) 2 (conc.) + 0.5 I (for acids), (3)

i, (therm.) = vk, (conc.) = 0.5 I (for bases), (4)
where I is the ionic strength at holf-neutralization. For

exarple at 0.005 1I, the values of pi (conc ) would be only

0,02 too hioh for bases and 0.02 too low for acids compared to

P, (therm. ). In the present Thesis all lonization constants
wvere recorded as qu (conc. ). Tor a few substances having
<o

unstable species, the ni values were determined by a rapid
1 b oy a, :y o
titration method using a self-recorder in which the whole

titration was carried oul within 3 min.

ii) Soectroscovic Leterninntilons of pKa.
Solutions were mrde in a series of bulfer standardized

with a gloss electrode. This series was decressed in pi down

0

to values where the change in spectrum, corresponding to the
sten of ionization under study, cessed; and conversely 1t was
increased towards the alkaline direction, until the change in

e r

suectrun ceased., The bullers (0,01 1) used were of low ultra-

violet absorption: glycine (»H 2.1 - 2.7), formate ( pH 3 - 4.2),

J

acetate (ui 4.2 - 5.7), phosvhate (pH 6.0 - 7.9), borate

(o 8.3 - 10.2), and ethylamine (pil 10.2 - 11.0). Tor the low



1dity function solutions (sulphuric acid of
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various strensths) of lgauett (1940) and Tascombe and Dell

(1959) were used. dor thie high pI region, »notassiun

Q:

hydroxide solutions of known concentration were us
lieasurenents were nade in the Hilzer "Uvispece" Quarts

Spectronhotouster using 1 or 4 ca. cells. Duffer solutions

.»‘-..:

R e Yoy et e e b Ty oy~ . e
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The wavelength was chosen where 2 narked difference in spectra

e

viere observed beltween wiinction coefficients
2% the selected wavelenyth were then deternined for differen

e fron 15 to 85 nrotonztion

in

8 equal sbers. The pK_ values were debermined froam formula
G

—~
N
~

[N R e PO,
fTicilente of the nure

o

. - o T 0 deTy v et
neutzal nolecule and of the murs ca

3
O
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3
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0
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e
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e
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K S e EAT e § N LT - s
icicent of the sun of the two snecies at

BNITIE B! P T - oy R S-SR IS A gr 2 T2 e -

1ethod and formula (6) was used for the eguilibrium involving
n vm 71t ae T mrr Y e m e

he neubral wmoleculsz and snion:

Pl

s, = o - 1o (€, - €) / (E-€,)] (6)
whﬁx%zgm , €

nolecule, *©

ond € ore exbtincetion coefficients of the neutral

o

2¢ cndon ond of the equilibrium mixture of the two

e . . - +
ITo hydrolysis correction for [I" ] or
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[CE" ] is. requlred in this method. . The pKa values obtained

from the above foruulae, (5) and (6), are 208 (conec.,) values,
because, clthouzlr no corvrections for ionic strength of the

B L 1 T T Ity SE e
subgtance 1o necessary ab
o

correction

gy~ 2 - PR LI i Y« SO R K AT
would be reguired for the if »X

(therm.) were reguired. The nature of tvhesge coxrections would

be to acid and Ttages about 0.03 1Kq unit wesker,
Cu
te values of supstances very unstable to air

wole) wes hydrosenoted in 0.1 H-sgodiua hydroxide (10 wl, ) over

wdjusted to pin 4 ond ailuted To 100 al. in e measuring flosk
witl 00CO -~ 2,3-dimercapbopropanol. The absorpticn
coefficients of the golutions, bulfered foxr 3.0, 4.2, 5.0 und
7.0, vere detormined ot waveleng
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used for the deteruinction of these spectra., OF the dried

il browmide

}_1.

. - Hred cith motns
sancle, 1 ug. wos ground well, mixed with potass
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APPENDIX

=
[SR

Ultraviolet absorption spectras used for structure

g pege
deteranination.
1 %, y-Dihydro-2-hydroxypteridine (neutral molecule)
and 2-hydroxypteridine (hydrated neutral molecule) | 186
2 7,3=Dihydro-6-hydroxypteridine (neut'al molecule)
and G-hydroxypteridine (hydrated neutral molecule) | 186
4 Heutral molecule of tetrahydro-2-hydroxypberidine
and 4,5-diamino-2-hydroxypyrimidine 188
5 Cation of tetrahydro-2-hydroxypteridine and
4 5-diamino-2-hydroxypyrimidine 188
6 Anion of tebtrahydro-2-hydroxypteridine and 4,5-
diamnino-2-hydroxypyrimidine 189
7 Neutral molecule of 5,6,7,8-tetrahydro-4-
hydroxypteridine and 4,5-diamino-6-hydroxy-
pyrimidine 189
8 Cation of 5,6,7,8-tetrahydro~4-hydroxypteridine
and 4,5-diamnino-6-hydroxypyrinidine 190
9 Anion of 5,6,7,8-tetrahydro~-4-hydroxypteridine
and 4,9%-diamino-6-hydroxypyrinidine 190
10 Hydrolysis=product of dihydro-T-hydroxypteridine
with alkali (neutral wmolecule) and 4,5-diamino-
pyrimidine (cation) 191
11 Hydrolysis=product of dihydro-T-hydroxypteridine
with alkali (anion) and 4,5-diaminopyrimidine
(neutral wolscule) 191
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12 7,0=Dihydro-2,56~-dihydroxypteridine (neutral
molecule) and 2,6-dihydroxypteridine (hydrated
neutral molecule) 192
13 7, u—Dlhvoro -4, 6~-dihydroxypberidine (neutral
molecule) and 4,6~dihydroxypteridine (hydrated
neutral molecule) 192
Mgl Ultraviolet absorpbion spectra of pbteridines and rage
pyrimidines.
14 | 2-Hydroxy-6-methylpteridine 193
15 | 7,8-Dihydiro-4, 6~-dincthylpteridine 194
16 | 3,4-Dihydro=-2-hydroxypteridine 194
17 |1 7,8-Dihydro~-2-hyiroxypteridine 185
18 | 3, 4-Dihydro-2-hyiroxy—-s-uzthylpteridine 195
19 | 7,0-Dihydro~2-hydroxy—-6~uethyloteridine 196
20 | 5,56-Dihydro=4-hydroxyrteridine 186
21 | x,y=Pihydro-4-hydroxypteridine 197
22 | 7,8-Dihyiro-6-hydroxypberidine 198
23| 5,56-Dihydro-7T-hydrozywteridine 198
24 | 7,8-Dihydro-2,6-dihydroxypteridine 199
25 | x,y=Dihydiro=-2, 7—d1nyuroxvnteridine 199
26 | 7,8-Dihydro-4,56-dihydroxypteridine 200
27 | 5,6=Dihydro-4,7-dinydr qutﬁfldTﬁe‘ 200
28 | 7,9-Dihydro-2,4,6~-trihydroxypteridine 201
29 15,6,7,8-Tetrahydro-2-hydrozypteridine 201
30 15,6,7,8=Tetrahyiro=4-~hydroxypteridine 202
31 , Oo=Dianinopyrimidine 302
32 | 4=-Anino=5-carbvoxymethylaninopyrimidine 203
33 | 4,5=-Dianmino-2-hydroxypyrinidine 203
34 1 4,5=Diemino-5-hydroxypyrinidine 204
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Pig. Infrared absorption spectra of pteridines page -
3515,6,7,8-Tetrahydro-4-hydroxypteridine obtained
b i

(98
-3

()
(@»]

o
\O

Tetrahydro-4-hydroxypteridine obteined by
reduction

5, 5=Dihydro~4-hydroxynteridine
x,y=-Dihydro-4-hydroxynteridine

7,8-Dihydro-2,6-dihydroxyute ine obtained

7,8-Dihydro-4,6-dihydroxypteridine obtained

Dihydro-4,6~dihydroxy

reduction

5,06 Dledvo—W,7 dihydrozyuteridine obtalned

a by

feX's

205

205
206

2006

207

207

208

208

N
O
w0

L4 | Dihydro-4,7~dihydroxypteridine obtained by
reduction 209
Mg, page
3 | Absorption of oxyzen by tetrahydro-2,4-




186

v L] 1 Al
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Flg‘l’ ————— x.y-Dihydro-2-hydroxypteridine (neutral molecule)
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2.0 . L 1 1
200 240 280 320 360
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Fig.3.

150

" absorption of oxygen by tetrahydro-2,4-dihydroxypteridine
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Fig.9. anion

5,6,7,8-Tetrahydro-4-hydroxypteridine
------- 4,5-Diamino-6-hydroxypyrimidine




L) 1 1 k)
4.0 F
5.
i 3.0
| w
| D
o
2 0 i L 1 L
200 . 240 © 280 ' 320 360
Wavelength (mp)
Fig.10.

with alkali { neutral molecule)
4,5-Diaminopyrimidine (cation)

Hydrolysis-product of dihydro-7-hydroxyptridine

Hydrolysis-product of dihydro-7-hydroxypteridine
with alkali (anion)
4.5-Diaminopyrimidine ( neutral molecule)

L] 1] ) L §
4.0 -
3.0 1 b
W
o
S
2.0 1 1 1 1
200 240 280 320 360
Wavelength(my)
Fig.11, ——




T ] ] 1
4.0
i
|
3.0 F
w
! g
2. 0 [ 1 L L
200 240 280 320 360
Wavelength (mp)
Fi g1 2, 7.8-Dihydro-2,6-dihydroxypteridine (neutral molecule)

2 6-Dihydroxypteridine ( hydrated neutral molecule)

4.0

3.0

w '
o

S
2 0 L L I I

200 240 280 320 360
Wavelength (mp)
Fi g. 1 3 7,8-Dihydro-4,ﬁ-dihydro xypteridine ( neutral molecule) A
—————— 4,6-Dihydroxypteridine ( hydrated neutral molecute)

AN K
. e . KON

LIBRARY

-~

\

. UV T X




193

UOUD +=======

UDIFDD  reeenessmneees

31N2310W 1Du}n3u
aulp14a3diAy3aw-g-AxolpAH-z y1 614

(dw) yybusiarom
oov 09¢ 0z¢e 08Z ove 00

T T T

T

mN o _

360

0'e




4.0

log €

2.0 L L !

200 240 280 320 3!150
Wavelength (mp)
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Fig.19. 7.8-Dihydro-2-hydroxy-6-methylpteridine

neutral molecule
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5,6-Dinydro-7-hydroxypteridine

neutral molecule

cation

anion
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Fig.22. 7.8 -Dihydro-6-hydroxypteridine
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Fig. 23.




40} -
3.0 -
w
[=)
S
2.0 Il L 1 1
200 240 280 320 360
Wavelength (mp)
Fig.24. 7,8-Dihydro-2,6-dihydroxypteridine
i neutral molecule
... cation
——————— anion
T T L] L]
4.0}

3.0 -
w
o
(=]
2.0 L L L A
200 240 280 320 360
Wavelength (my)
Fig.25.

x,y-Dihydro-2,7-dihydroxypteridine
neutral molecule

-------- anion




40F -
30f |
w
o
S
2.0 L Il 1 1

200 240 280 320 360

T T 1 |
4.0} J
4.0} -
w
o
s
2.0 . L + .
200 240 280 320 360

200

Fig.26.  7.8-

Wavelength ( mp )
Dihydro-4,6 -dihydroxypteridine

neutral molecule

-=-=-- anion

Wavelength (mp)

Fig.27. 5.6-Dihydro-4,7-dihydroxypteridine

neutral molecule

~== anion




4

log €

2.

0

‘ L] L) v L
|
ol .
|
|
3.0 i
w
o
[=]
2.0 A 1 1 2
200 240 280 320 360

Wavelength (myp)
Fig.28. 7.8-Dihydro-2,4,6-trihydroxypteridine

neutral molecule

L A 1 1
gOO 240 280 320 360 400

Wavelength (mp)
Fig.29. 5.6,7.8-Tetrahydro-2-hydroxypteridine

neutrat molecule

cation

cmmme==- @NiON




202

L] L] L) L]
40} -
3.0} -
W
(o2
S
20 1 '} L 'l
200 240 280 320 360
Wavelength (my)
Fig.30. 5,6,7 8-Tetrahydro-4-hydroxypteridine
neutral molecule
cation
w======= gnion
4.0}

3.0}
w
(=]
[«]
2.0 1 L i 1
200 240 280 320 360
Wavelength (my )
Fig.31. 4,5-Diaminopyrimidine

neutral molecule

seesrenienneene  cation




203

4.0

3.0}
w
(=]
A
2_0 1 i L 1
200 240 280 320 360
Wavetength (my)
Fig.32. 4-Amino-5-carboxymethylaminopyrimidine
neutral molecule
------ -- anion
L] 4 ] L]
4.0} .
30} .
w 2
o ,
S
2.0 - . . .
200 240 280 320 360
Wavelength (mp )
Fig.33. 4,

5-Diamino-2-hydroxypyrimidine

neutral molecule
cation

.......... -




log €

204

L I
‘200 240 280 320 360

Wavelength (mp )
Fig.34. 4,5-Diamino-6-hydroxypyrimidine

neutral molecule

cation



voronpas Aq paupigo  auipii2)dAxoipAy-p-ospAynniay §Je Y 4

(WD)  AIN3ND3YA
006 0001 0oLk oozl 00gL 00%L 00SL 003t 00LL 0061 0002 00s2 000€ * 00S€E 0007

0081

] e g1 "
ol ! |
: 80 . m
: 90 -
> : m
! w = m
| 2 m
i @
i > .
...... 20 3
m
- - t 00
U A § 3 AR { sz

(SNOYJIW ) HLONIIIAVM

Mw n s1sayiuAhs Aq pauigo 2uipr121dAx01p Ay -p-04pAyn12ay- 8°4°9'S ¢ %\h\
o (WD) AON3IND3Y4
oo. 008 006 000 00K  00ZL  OOEL  00vL  QOSL Q09 00  00BL 006 000 0052 000¢ 005¢ 0007
_ T == " -oo—

i s A

3INVEA0S8Y

FdWYS

B A R oL 6 L

(SNO¥JIW ) HIONIIIAYM




206

004 008 006 000l 00LL

oozl

00€lL

0041

ue.\b.\.\w&\kog.o\c.v.o.\b\c\Q.\.k QM; %\l.\

(W) AONIND3IYH
00st 009L 004t 0081

0061 000z 0052 000€ 00S€ 000%

[oNT{338h H:$1a:9000 §. FaNTH | NINB3e: | XE3MapN3408,

| . Bl L

I

Fe g

ol
80
90
%0
20
i o
T T T 52
(SNOYJIW )  HLIONITIAYM
2uIp113}dAX0IpAY-p-0ipAyIq-9'S / Mib. 14
’ (:-W3) AININDIYY

004 000L 0oLl 00zL ooglL 004l 00§t 009t 0041 008L 0061 000Z 00s2 000€ 00s¢ 000%
zw@en .f o ol - 1 3 T % 1 T T 7 T - T .. .
) _ ] } TAT 7 B H ES H T N ,, mw
| i ,.\:x.,__ Bl T o
1] : i .
_ | IANEE ]

1 1
_ﬁ N %0

E = m Y

<

Bl

(SNOYOIW )  HIONITIAYM

JONVEI0SaY

s

30NV8I0S8Y

31dWVS

Gz

U-sot ws




I " N : T Ty e N

207

vononpas Aq pauipiqo  2uip 11230 Ax04pAyip- 9°'2-04pAyIQ 0 V % /<

(:-W3J) AONINDIAA

006 0001 00LL 00ZL 00EL 0071 00SL 009L 00LL OosL 0061 000Z 00S2Z 000€ 00S€E 000%
TEL] T 3 T T T O I B T TEEERE 0
: 1, N P = | il
17 [
iV erseveen)
| ™ -
02
LN R £
CRd A a2
i ! i Ed
__ s " 2
_ o : i
T —
| - .. ] |
| m w
03 3 X
H . et - — m o
: ,W AN ERL
R ,\ \.//\\ S I , I , ™~ S : :
., : : : ~ 08 | |
i . 1 1 , ;
: R — | s L | v oo
B S S O G R B B R ; S S S 0 B 2 L B R . |
i oL 6 L 9 S y 5z |
|

(SNO¥OIW )  HIONITIAYM

sisayudhs Aq pauipigo  aupri33dAxospAyip-9'2-04pAyIa -8 'L 65 b1 o

(-ND) AON3ND3AA

004 008 006 coot 0oLy 0oz 00€L 00¥L 00StL 0091 0oLl 008L 006L 0002 00SZ 000e 00s€ 000% i _

[ S T o W I W = o— | |
- BT } W A [ i |
“ / | W
‘. in 02 = W
J_iY z !
T z
/ MR 5
1] | v o =
; \ | = |
o |
e w3z £
1/ e
8 #
g s - s 00
1 9 5 Y ¥4

(SNO¥JIW ) HIINITIAYM

e e e R




I 0 ™ ) U
i
\ »
: vorgonpas Aq paupiqo  auipri33dAxoipAyip-9°p-oipAyig - -4 4 % /4
: (+-W2)  AININD3Y4 |
i 004 008 006 00o0L 00LL 00zL oon_, 00%L 00SL 009t 0041 008L 006L 0002 0052 000€ 00se 000¥
| N ~TF P T T
T 1 | T T 1
: ! H 1 1
N A | N
_, / \
i ﬂ ! , |
m B 7 |
Il 1 z W
' f N % !
b (NN w ) 2
H R B I >
T R T :,
B ! H ! i ! i . ! m
, , 3 W / ; : Bt / : 3
” | , BEE N S B \\ : i |
_ L | L NN |
i ! RS S IS N R o I A i :
B El ] ] , :
- ,, NI s - N H:h:o_,___,__‘,: B O S _ 00
M 4 L _ & _ " A ¢ 52
i (SNO¥OIW ) HLONTIIAVM —
w SIsayuhs Aq pauiqo  auipria3dAxoipAyip-9't-0ipAyiq-8 L Va4 % /o
. © : (+-WD)  AON3NO3IH :
nﬁ/u_ 004 006 000 0oLt 00zZL oogl 00vL 00st 009t 004 008L 0061 000z 00SsZ 000¢ 00S€ :
: B T BN o8 O PO Y g .m H,,mv,w;‘ : va | . ”
| :
m - : ot
» |
Ve m.
w
2 |
2
z
q R |

HE
E=Sss 7
H
EEEE
SESES
8
O J1dWVS

ol S?

(SNO¥IIW ) HIONTTIAYM




209

vosronpas Aq pauipiqo

(-W2) AIN3NDIAL

aUIp1423dAx0IpAyIp £ t-0dpAyIq

(SNOYIIW )  HIONIIFAYM

si1s2juhs Aq pauwigo

(=WD) AONINOIYS
00zl 00€L 0071 00SL 009L 0o0LL

L
38

numgg

(SNOYDIW ) HIONITIAYM

008t

006L

000z

00sz

2uIp1123dAx0IpAYIp £ ‘-0 IpAYIG-9'S

000€

000 00 00zL  OOEL 004  00SL  009L  QOLL  008L  O06L  000Z 005z 000€ oose
: e : -
e WERAY)
AW A i\ :
[ [ | / ;
[ N\ R i
S SRR :
I . < \ i ,
N ANy \
) 1/ v, 1
LYAEA , X
Uy A\
.
r//
ol 5 _ L , 3 k § !

00S€E

‘trbid

000%
T

4

09

(IN3D¥3d ) JONVLLIWSNYL

8
T T 31dWYS

0oL

e 614

ooo¢

(1N3033d ) JONVLIIWSNYAL

TIE Py 1dWYS




210

BIBLIOGRATHY.

Albert, Goldacre and TFhillips (1948), J. Ghem, Soc$l4p.T224QgR, 

Albert, Brown and Cheeseman (1951), J. Chem. Soc., »n. 474.

Albert (1952), Quart. Rev., 6, 197.

Albert, Drown and Cheeseman (1952), J. Chem, Soc., p. 1620,

Albert and Brown (1953), J. Chen. Soc., ». T4,

y &

Albert, Brown and Wood (1954),J. Chem. Soc., p. 3832.

Alvert (1955), J. Chem. Soc., p. 2690.

Albert, Erown and Vood (1956), J. Chem. Soc., p. 2066,

&

Albert, Iister and Pedersen (1956), J. Chem. Soc., p. 4621.

Alvert and Phillips (1956), J. Chem. Soc., p. 1294,

Allen and Clark (1944), Org. Synth., 24, 3.

Angier, Boothe, Hutchings, llowat, Semb, Stokstad, SubbaRow,
Waller, Cosulich, Fahrenbach, Hultquist, Euh, Northey,

Secger, Sickels and Smith (1945), Science, 102, 227.

5 .
AT
S ﬂ\y

[k
we)
O
O
ot
=
(1)

Il
Y

Mutchings, liowat, Seub, Stokstad, SubbaRow,

»

W#aller, Cosulich, Tahrenbach, Hultquist, Xuh, Northey,

Seeger, Sickels snd Smith (1946), Science, 103, 667,

T T

Daker (1952), "Hyperconjugation" Oxford, p. 90.

Laker, Schaub and Joseph (1954), J. Org. Chem., 19, 638,

Paalen and Torrest (1959), J. Amer. Chem. Soc., 81, 1770,

Eascombe and Zell (1959), J. Chem. Soc., p. 1096,

Dlekley (1959), Biochem. J.,

12
Plakley (1960), Nature, 188, 231.

Tu
Llicke and Godt (1954), J. Amer. Chem., Soc., 76, 2798,




Boon,
soon,
Doon o

Hoon a

Brook
Brook
Erown

LTown

211

Jones (1950), Brit. Pat., 635,582.

Jones and Ramage (1951), J. Chem. Soc., p. 96.

'nd Jones (1951), J. Chem. Soc., p. 591.

nd Leigh (1951), J. Chem. Soc., p. 1497.

nd Leigh (1952), Drit. Tat., 677,342.
and Ramage (1955), J. Chem. Soc., »p. 896.

and Ramage (1957), J. Chem. Soc., p. 1.

(1950), J. Soc. Chem. Ind., 69, 353.

(1952), J. Apvl. Chem., 2, 239.

i

and ason (1956), J. Chem. Soc., p. 3443.

(1957), J. Appl. Chem., 7, 109,

IIallette and Taylor (1946), J. Amer, Chem. Soc., 63, 1996,

erfield, llcOmie and Sayer (1955), J. Chem. Soc., ». 3478.

a2nd Cutter (1922), J. Amer. Chem. Soo., 44, 2651,

Dickey and Gray (1943), Org. Synth., Coll. Vol. II, "Hley,

v
=
ot

oy
-—d

S |

TV anef
o e

J. Amer. Chem. Soc., 80, 1767,

H

Seunders and Vang (1958)

field, Williamson, Gensler and Xremer (1947), J. Orz. Chen.,

12, 405.

Tllinger and Goldbers (1949), J. Chem. Soc., p. 263.

Zllingson, Henry snd MoDonalc (194 ), J. Amcr, Chem, Soc,,

Tucrson (1948), "Orgenic Reactions™ vol 4, Wiley, Ve

rh

1711,

AT mnoy X7 -

Yori,

o
i
pe]

pe 174,




212

Jeldman aud Yagner (1942), J. Org. Chem., 7, 31.

Didler and Wood (1957}, J. Chem. Joc., n. 4157,

ier onG Lzer (1935), lelv. Chim, Acta, 18, 514,

1957), J. Biol, Chem., 228, 1031,

Torrest, Hull, Rodds and Todd (1951), J. Cheu. Soc., . 3.

, Laalen, Viscontini and fl“&uX (1960), Helv. Chinm. Ac

er., 23, 2807.

]

Fabriel and Stelzner (1895), Ber., 29, 1300.

Shepard (1943), Org., Synth., Coll, Vol, II, Viley,

Tew York, p. 440,

TN

Tlonmett 1940), "Thysical Organic Cheuistry" LCGT&W—IllL,
Hew Yoxrk, p. 263,

Twull (1951), J. Chen, Soc., p. 2214,

Tutton and Vestheimer (]9'8), Tetrahedron, 3, T3.

1,

Ingold (1953), "Structure and llechanism in Organic Chemistry"

Cornell, New York, p. 700,

Jonne (1911), Amer., Chem., J., 45, T9.

Jones (1948), Huture, 162, 524,

Yorte (1954), Der., 87, 1062,

Yoshara (1936), Z. physiol. Chem., 24

(&)
}—J
[Ae)
3
L ]

Xoghara (1937), 4. physiol. Chem., 250, 161.

Tuhn and Cook (1937), Ber., 70, 761.




213

Tuss and Karrer (1957), Helv. Chim. Acta, 40, 740.

Teidler (1951), J. Fhys. Colloid., 55, 1067.

-

Lister and Ramage (1953), J. Chem. Soc., p. 2234,

-

ister, Ramege and Coutes (1954), J. Chem, Soc., p. 4109.

Zierr and Dogert. (1935), J. Amer. Chem. Soc., 27, 729.

Llason (1954), J. Chem. Soc., p. 2071,

2'Dell, Vendenbelt, Dloom and Ffiffner (1947), J. Amer, Chem. Scc,

69, 250.

=

Osborn and IHuennekens (1956), J. Biol. Chem., 233, 969.

Overberger, Kogon and Linstmen (1954), J. Awmer, Chem, Soc.,
76, 1953.

Perrin and Inoug (1960), Proc. Chem. Soc., p. 342.

Pesson (1948), Bull., Soc. chim. France, 15, 963.

Ffiffner, DBloom, LLOWH, ul+ﬂ, Ermett, Hogan and 0'Dell (1943),

Science, 97, 404,

¥fiffner, Binkley, Bloom and 0'Dell (1947), J. Amer, Chem. Soc.,

Ifleiderer (1957), Ber., 90
ifleiderer (1959), Ber., 92, 3190-
f'
O

Pfleiderer and Taylor 0), J. Amer. Chem. Soc., 82, 3765,

PR .
Polonoveky and Jéroue (1950), Compt. rend., 230, 392.

Polonovsky, Pesson and Fuister (1950), Compt. rend., 230, 2205,

Pullmen, San Fietro and Colowick (1954), J. Biol, Chen., 206, 129,



214

Turrnann (1940a), Annalen, 546, 98.

Purrmenn (1940Db), Annalen, 544, 182,

Purrmann (1941), Annalen, 548, 284,

Ramage and Trappe (1952), J. Chem. Soc,, p. 4410.

Reese (1887), Annalen, 242, 1,

Rigby (1950), J. Chem., Soc., p. 1907.

o]

Tobing, Dille and Christensen (1954), J. Ore. Chem., 19, 930.

Behdpf, Relchert and Riefstahl (1941), Annalen, 540, 82,

s

nirakawe (1953), J. Thorm, Soc. Japan, 73, G43.

Ul
@
of

Sims (1958), Eroc. Chem. Soc., p. 282,
lerbaum and Widman (1889), Ber., 22

Stokstad (1943), J. Biol. Chem., 149, 573.

Stokstad, Hutchings and SablbaRow (1948), J. Amer. Chem, Soc.,

Taylor, Carbon and Hoff (1953), J. Amer. Chem, Soc., 75, 1904.

, J. Amer. Chem. Soc., 81, 2464,

y d. Biol, Chem., 154, 105,

)
1904), Annalen, 331, 64.

Traube and Nithak (1906), Ber., 39, 227.
Tschesche and Korte (1951), Ber., 84, 801.

Viscontini and Veilenmann (1959), Helv. Chim. Acta, 42, 1854,

Weijlard, Tishler and Irickson (1945), J. imer. Chem. Soc.,

, 802.

I




215

“Whitteker (1951), J. Chem. Soc., p. 1565.

=

ieland and Schbpf (1925), Ber., 58, 2178.

Wieland, Tartter and Purrmann (1940), Annalen, 545, 209.
) ,

g0

litzemann, Lvans, Hass and Schroeder (1943), Org. Synth.,

Coll. Vol, II p. 17, 137 & 307.

“loodward and Doering (1945), J. Amer., Chem. Soc., 67, 860.

Termolinsky and Colowick (1956), Biochim. Biophys. Acta,

20, 177.



