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PREFACE

This thesis describes the methylation of a number 
of aminopteridines and aminopyrimidines. In actual fact 
however, it consists of much more than an investigation 
of one type of reaction, since emphasis has been placed 
upon the chemistry of the methylation products and the 
manner in which they can be degraded to recognisable 
compounds that show the position at which substitution 
occurred.

Factors which may influence the site of methylation 
in these heterocyclic compounds are also discussed, but 
because of the diversity that exists in the conditions of 
methylation (both in this work and in the literature) this 
cannot be comprehensive.

The main text of the thesis is preceeded by an 
historical account of the earlier methylations which are 
relevant to the work undertaken, and is followed by a 
discussion of the results of the physico-chemical measure­
ments made during the investigations.



COMPOUNDS METHYLATED

Pt eridines 
4-amino-
4-amino-6,7-dimethyl- 
2-amino-4-hydroxy- 
4-amino-2-hydroxy- 
2-amino-4-hydroxy-6,7-dimethyl- 
4-amino-2-hydroxy-6,7-dimethyl-
2.4- diamino-
2.4- diamino-6,7-dimeihyl- 
4-dimethylamino- 
4*-dimethylamino-6,7-dimethyl- 
6,7~dimethyl-4~methylamino- 
4-methylamino-

Pyrimi dines
4-amino-2-methylamino-
2.4- diamino-
4.5- diamino-
4.6- diamino-
2.4- diamino~6-hydroxy-
2.4- diamino-6~methylthio
4.5- diamino-2-methyltiiio
4.6- diamino-5-nitro-
2.4.6- triamino-
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SECTION 1.

HISTORICAL
A. Earlier Methylations of Pteridines

Nuclear N-methylated pteridines have been known 
since Sachs and Meyerheim (1908) first condensed 4,5-diamino- 
3,6( 2,3)-dihydro-2(4)-hydroxy-3-methyl~4( 2)-oxopyrimidine (I ) 
with biacetyl to give 1,6,7-trimethyl-lumazine (II).

0
CH, 1* t ̂

J  ICH3

(II)
The introduction of methyl substituents into the 

pteridine nucleus by direct methylation however, is a 
process of more recent years. The earliest recorded attempt 
was made by Wieland, Metzger, Schopf and Bulow (1933) who 
tried to structuralise leucopterin (2-amino-4,6,7-trihydroxy- 
pteridine) by methylation with diazomethane. This first 
unsuccessful experiment was later partly rectified by 
Wieland and Decker (1941) who did obtain two isomeric 
trimethyl derivatives but were unable to determine their
constitution
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During this interval, Ganapathi (1937) succeeded in 
methylating a mixture of 2,4-dihydroxy-6-phenylpteridine (IV) 
and 2,4-dihydroxy-7-phenylpteridine obtained from the con­
densation of 4,5-diaminouracil (III) and phenylglyoxal. 
Although unstructuralised at the time, the dimethyl deriv­
ative has recently been identified as a complex of 1,2,3,4- 
tetrahydro-1,3-dimethyl-2,4-dioxo-6-phenylpteridine (V) and 
the 7-phenyl isomer (Dick, Wood and Logan, 1956).

OH OH 0

X», OH

(also 7-Phenyl isomer)
After an interval of many years Tschesche and Korte 

(1951) claimed that the action of dimethyl sulphate upon 
2,4,7-trihydroxypteridine furnished 2,7-dihydroxy-3-methyl- 
4-pteridone. Unfortunately no evidence is given in the 
paper to support this structure, which must therefore be 
assumed to be unproven.

7-Hydroxypteridine (VI) was the first mono- 
substituted pteridine to be methylated (Albert, Brown and 
Cheeseman, 1952) but it was not until some years later 
that Albert, Brown and Wood (1956),after repeating the
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m e t h y l a t i o n  w i t h  d i m e t h y l  s u l p h a t e ,  i d e n t i f i e d  t h e  

p r o d u c t  a s  8 - m e t h y l - 7 - p t e r i d o n e  ( V I I ) .  Prom t h e  s e c o n d  

m e t h y l a t i o n ,  t h e y  a l s o  i s o l a t e d  6 , 8 - d i m e t h y l - 7 - p t e r i d o n e  

( V I I I )  an d  t h i s  i s  t h e  f i r s t  r e c o r d e d  i n s t a n c e  o f  a  

d i r e c t  C - m e t h y l a t i o n  i n  t h e  p t e r i d i n e  s e r i e s .

( V I ) CH

I
CH,

( V I I )

( V I I I )

N o t w i t h s t a n d i n g  t h e  e a r l i e r  e x p e r i m e n t s  m e n t i o n e d  

a b o v e ,  P f l e i d e r e r  a n d  G e i s s l e r  ( 1 9 5 4 )  a p p e a r  t h e  f i r s t  

t o  f u l l y  c h a r a c t e r i s e  t h e i r  m e t h y l a t i o n  p r o d u c t ,  2 , 4 , 7 -  

t r i h y d r o x y p t e r i d i n e - 6 - c a r b o x y l i c  a c i d  ( I X )  w a s  m e t h y l a t e d  

w i t h  d i m e t h y l  s u l p h a t e  a n d  t h e  p r o d u c t  i d e n t i f i e d  a s  t h e  

1 , 3 - d i m e t h y l  d e r i v a t i v e  (X)  b y  c o m p a r i s o n  w i t h  t h e  

h y d r o l y s e d  c o n d e n s a t i o n  p r o d u c t  o f  4 , 5 - d i a m i n o - l , 2 , 3 , 6 -  

t e t r a h y d r o - l , 3 - d i m e t h y l - 2 , 6 - d i o x o p y r i m i d i n e  ( X I )  an d  

d i e t h y l  m e s o x a l a t e .



4.

OH

H0N ^ V N > ^  0
d. I

OH.

(XI)
However, almost simultaneously with the publication 

of Pfleiderer and Geissler's results, appeared those of 
Albert, Brown and Wood (1954) recording the methylation 
of 2->4", and 7-mercaptopteridine (XII) with methyl iodide 
in the presence of alkali, to yield respectively 2-,4", and 
7-methylthiopteridine (XIII).

(SH)

(SH)

(XII)

SCH.

These methylations were the first to be recorded 
in which methyl iodide had been used to methylate a 
pteridine and the first in which an extranuclear methyl­
ation had occurred. The position of methylation in these 
mercaptopteridines was established by acid hydrolysis 
leading to the evolution of methanethiol.

In 1956, further work of Albert, Brown and Wood 
(1956) showed that the position of methylation in the



5

p t e r i d i n e  n u c le u s  c o u ld  v a ry  w ith  d i f f e r e n t  m e th y la t in g  

a g e n t s .  Thus m e th y la t io n  o f 4 -h y d ro x y p te r id in e  (XIV) 

w i th  d iazo m eth an e  y i e ld e d  b o th  4 -m e th o x y p te r id in e  (XV) 

and 3 - m e th y l- 4 - p te r id o n e  (X V I), w h ile  w ith  d im e th y l 

s u lp h a te ,  l - m e th y l - 4 - p t e r id o n e  (X V II) a s  w e l l  a s  th e  

3 -m e th y l iso m er w ere o b ta in e d .

(X V II)

An i n t e r e s t i n g  a tte m p t by th e s e  w o rk e rs  to  m e th y la te  

u n s u b s t i t u t e d  p t e r i d i n e  was u n s u c c e s s f u l .

U n t i l  th e  p u b l i c a t i o n  o f  th e  r e s u l t s  t o  be d e s c r ib e d  

i n  t h i s  t h e s i s ,  t h e r e  was b u t one i s o l a t e d  exam ple o f th e  

m e th y la t io n  o f  an a m in o p te r id in e .  Boon and B r a t t  (1957) 

d e s c r ib e d  th e  m e th y la t io n  o f  2 , 4 -d ia m in o -6 , 7 -d ip h e n y l-  

p t e r i d i n e  (X V III) w i th  m e th y l io d id e  a s  g iv in g  2 -am in o - 

1 , 4 - d ih y d r o - 4 - im in o -1 '-m e th y lp te r id in e  (XIX) o r  i t s  

ta u to m e r .  T h is  r e s u l t  i s  s u p p o r te d  i n  p a r t  by th e  w ork
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d e s c r ib e d  i n  t h i s  t h e s i s  on th e  m e th y la t io n  o f  s im p le  

2 , 4 -d ia m in o p te r i d i n e s .

(X V III) (XIX)

A p art from  th e  e a r l y  m e th y la t io n s  o f  l e u c o p t e r i n ,  

a m in o -h y d ro x y -p te r id in e s  have  r e c e iv e d  l i t t l e  a t t e n t i o n  

i n  su ch  i n v e s t i g a t i o n s , T h is  i s  s u r p r i s i n g  i n  v iew  o f
i i i

t h e  f a c t  t h a t  th e  2 -am in o -4 -h y d ro x y  c o n f ig u r a t io n  i s  

p r e s e n t  i n  m ost n a t u r a l l y  o c c u r r in g  p t e r i d i n e s .  However 

o f r e c e n t  y e a r s  two p a p e r s  d e s c r ib in g  su ch  m e th y la t io n s  

have  a p p e a re d  i n  a d d i t i o n  to  th o s e  d e s c r ib in g  th e  work 

c o n ta in e d  in  t h i s  t h e s i s .

W hile i n v e s t i g a t i n g  th e  c h e m is try  o f  compounds 

r e l a t e d  to  r i b o f l a v i n ,  C re s w e ll ,  H i l l  and Wood (1959) 

c a r r i e d  ou t th e  m e th y la t io n  o f  2 -a m in o -4 -h y d ro x y b e n z o [g ]  

p t e r i d i n e  (XX) w i th  m e th y l i o d id e .  The d im e th y l d e r iv ­

a t i v e  o b ta in e d  was h o w ev er, n o t  i n v e s t i g a t e d  f u r t h e r ,  

d e s p i t e  th e  f a c t  t h a t  th e  num ber o f  p o s s ib le  s t r u c t u r e s  

p e rm i t t e d  by v a le n c y  i s  s m a ll :  i f  e x t r a n u c l e a r  m e th y la t io n  

on 0 o r  N i s  e x c lu d e d  a s  im p ro b a b le  w ith  m eth y l io d id e  

( a s  th e  e v id e n c e  to  be p r e s e n te d  i n  t h i s  t h e s i s  w ould
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s u g g e s t ) ,  t h e  d i m e t h y l  d e r i v a t i v e  c o u l d  o n l y  h a v e  o n e  o f  

t h e  s t r u c t u r e s  (X X I)  o r  ( X X I I ) .

OH

(XX)

l l l l L l l l l l L L l L l l l L L

,CH.

I
l l l l l l S T T !  I L l l L L l i l L l lCH.

( X X I I )

P ro m  t h e  w o r k  o f  A n g i e r  a n d  C u r r a n  ( 1 9 6 1 ) ,  who m e t h y l a t e d  

2 - a m i n o - 4 - h y d r o x y - 6 , 7 —d i m e t h y l p t e r i d i n e  ( X X I I I )  w i t h  

d i m e t h y l  s u l p h a t e  a n d  o b t a i n e d  2 - a m i n o - l , 4 - d i h y d r o - l , 6 , 7 -  

t r i m e t h y l - 4 - o x o p t e r i d i n e  (X X IV ) a n d  i t s  3 , 6 , 7 - t r i m e t h y l  

i s o m e r  (X X V ), t h e  f i r s t  s t r u c t u r e  (X X I)  w o u ld  h e  f a v o u r e d .  

On t h e  o t h e r  h a n d ,  e v i d e n c e  t o  h e  p r e s e n t e d  i n  t h i s  

t h e s i s  o n  t h e  a c t i o n  o f  m e t h y l  i o d i d e  o n  s i m p l e  2 - a m i n o -  

4 - h y d r o x y p t e r i d i n e s ,  s u g g e s t s  t h a t  t h e  t r a n s a n n u l a r  

m e t h y l a t i o n  p r o d u c t  ( X X I I )  i s  e q u a l l y  l i k e l y .
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OH

Me2S04
CH, N 11

JL Ji ii
CH,

->  t ^

GH3

(XXIV)

,.ch3

'NH,

(XXV)

B. E a r l i e r  M eth y la tio n s of ifrrim id in es
i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i ( i i i i i i I . i ( i

In  c o n tra s t  to  th e  p te r id in e  s e r i e s ,  th e  l i t e r a t u r e  

co n ta in s  many examples of th e  d i r e c t  m e th y la tio n  o f pyrim­

id in e  d e r iv a t iv e s .  However, as t h i s  s e c tio n  i s  in ten d ed  as 

an in tro d u c t io n  to  th e  in v e s t ig a t io n s  d esc rib ed  l a t e r ,  i t  i s  

confined  to  a b r ie f  rev iew  of r e le v a n t  sim ple m e th y la tio n s .

The hydroxypyrim id ines f e a tu re  p rom inen tly  among 

th e  d e r iv a t iv e s  of th e  s e r ie s  th a t  have been a lk y la te d .

The s im p les t of th e s e ,  2 - and 4-hydroxypyrim idine (XXVI 

and XXVIII) on r e a c t io n  w ith  e th e r e a l  s o lu t io n s  of 

diazom ethane gave 1 ,2 —d ih y d ro -1 -m ethy l-2 -oxopyrim id ine  

(XXVII) and 3 ,4 -d ihyd ro -3 -m eth y l-4 -o x o p y rim id in e  (XXIX).

In  th e se  r e a c t io n s ,  Brown, Hoerger and Mason (1955a) 

a lso  i s o la te d  sm a lle r  amounts of th e  re s p e c tiv e  methoxy
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d e r i v a t i v e s .  They a l s o  showed t h a t  u s in g  m e th y l i o d id e ,  

4 -h y d ro x y p y r im id in e  gave  a  s i n g l e  q u a te r n a r y  p ro d u c t 

1 , 4 ( 3 , 4 ) - d i h y d r o - l , 3 -d im e th y l-4 -o x o p y r im id in iu m  io d id e

(X X X II).

CH2N2 . [
\  N / '" O H \ h/ ^ 0

CH3

(XXVI) (XXVII)

OH
l 1 ^ 4  l l

s '  ^  N

0

1 k
\ n / ^ o

GH3

(XXX) (XXXI)

0

(XXXII)

Among th e  d ih y d ro x y p y r im id in e s  t h a t  have  been  

m e th y la te d ,  i t  i s  i n t e r e s t i n g  to  o b se rv e  t h a t  th e  2 ,4 -  

d ih y d ro x y  d e r i v a t i v e  (XXX) c o u ld  n o t  be m o n o -m e th y la te d . 

Thus th e  a c t i o n  o f  d iaz o m e th an e  (C ase and H i l l ,  1 9 3 0 ) , 

d im e th y l s u lp h a te  (D a v id so n  and B a u d isc h , 1926) and 

m e th y l io d id e  (Jo h n so n  and C la p p , 1908) y ie ld e d  th e  

d im e th y la te d  p ro d u c t  l , 2 , 3 , 4 - t e t r a h y d r o - l , 3 - d i m e t h y l - 2 ,  

4 -d io x o  p y r im id in e  ( XXXI) .

The t r ih y d r o x y p y r im id in e s  a r e  a ls o  p a r t i c u l a r l y  

p ro n e  t o  p o ly - m e th y la t io n .  Thus b a r b i t u r i c  a c id  (XXXIV,
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2,4,6-trihydroxypyrimidine) and diazomethane (Biltz and 
Wittek, 1921) gave the trimethyl derivative 1,2,3,4- 
tetrahydro-6-methoxy-l,3-dfmethyl-2,4-dioxopyrimidine 
(XXXV), while with dimethyl sulphate (Herzig, 1921),
1,2,3,4-tetrahydro-6-hydroxy-1,3-dimethyl-2,4-dioxopyrim- 
idine (XXXVI) was obtained. Barbituric acid was one of 
the first pyrimidines to be methylated, and it is of 
interest to compare the reaction of methyl iodide and 
silver barbiturate to give 5,5-dimethylbarbituric acid 
(XXXIII; Conrad and Guthzeit, 1881) with the

[ i 1 i ( ( i i 1 1 1 ( i 1 i 1 i i i 1 i 1 1 i 1 1 i i 1 1 1 1 1 1 * 1 i 1 * 1 ( ( * 1methylation of 2,4-diamino-6-hydroxypyrimidine to be
described in this thesis.

OHCH
CH Mel

'OH
(XXXIII) (XXXIV)

irGH3
CH,0^\N^ *0

6h3

HO

(XXXV)

,?
N'CH3

N ^ ^ O
&H,

(XXXVI)
Methylations of aminopyrimidines also feature in 

the early chemistry of the series. For example, Jaeger

(1891) allowed 6-methylisocytosine (2-amino-4-hydroxy-6
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-methylpyrimidine, XXXVII) to react with methyl iodide 
and obtained a product which was later synthesized by 
Majima (1908) and shown to be 2-amino-l,6-dihydro-1,4- 
dime thyl-6-oxo pyrimidine (XXXVIII) by its hydrolysis 
to 3,6-dimethyluracil (XXXIX)*

OH

Mel -N'CH3

NH, ch,>\ n ^^-nh2
(XXXVIII)

•N'CH3

ch/ \ n / ^ oh

(XXXIX)
1 1 l l l l l l t l t l l l l l l l l l t t ( 1 l t t l l l l l t l l l [ ( l l l l

Contrasting in age and content with the above 
methylation is the recent announcement by Angier and 
Curran (1961) that dimethyl sulphate and isocytosine 
(XL) yielded both the 1-methyl (XLI) and 3-niethyl (XLII) 
isomers.

(XL) (XLI) (XLII)
The isomeric cytosine (4-amino-2-hydroxypyrim- 

idine) has rather similar history. First methylated 
by Johnson and Clapp (1908), it was claimed to yield 
1-methylcytosine, but the product did not resemble the
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authentic derivative made later by Hilbert (1934).
Recently Brookes and Lawley (1961) have re-investigated 
the methylation and have shown that the products are in 
fact 3-xaethylcytosine and a dimethyl derivative.
1- Methylcytosine (XLIII) is of interest for another 
reason. Its methylation by Hilbert (1934) using methyl 
iodide, yielded 1,2,3,4-tetrahydro-4-imino-l,3-dimethyl-
2- oxopyrimidine (XLIV), which was the first iminopyrim­
idine to be prepared.

I

(XLIII)

(XLV)

NH

(XLIV)

(XLVI)

M /I
m c h ,

(XLVII)
Many iminopyrimidines have been prepared of more 

recent years, and their high basic strengths and their 
susceptibility towards rearrangement, makes them an 
interesting class of compound. Thus 2-aminopyrimidine 
(XLV) on methylation with methyl iodide gave the strong
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b a se  1 , 2 -d ih y d ro -2 - im in o - l -m e th y lp y r im i  d in e  (XLVI, Brown, 

H o e rg e r and M ason, 1955) w h ich  r e a d i l y  r e a r r a n g e d  to  

2 -m e th y la m in o p y rim id in e  (X L V II). U sing  t h i s  t r a n s fo r m ­

a t i o n ,  Brown (1961) h a s  e s t a b l i s h e d  t h a t  th e  m echanism  

o f  re a r ra n g e m e n t in v o lv e s  h y d r o l y t i c  r in g  f i s s i o n ,  

r o t a t i o n  o f th e  t e r m in a l  am id ine  g ro u p , and  r e c y c l i s a t i o n .

n h 9 NH n h 2 NH
! d

M e l 1 II r f ^ l  M e l
HKj  ‘  ~ ~

(1 \\
\ n /|

1 l l l l 1 1 1 1

CH->
t i t  i i i i l l t t t l l l t l t t l t

C H .
i 0  i

( X L V I I I ) ( X L I X ) ( D ( L I )

The m eth y l d e r i v a t i v e  o f  4 -a m in o p y rim id in e  (X LV III) 

was a ls o  made by th e  a c t i o n  o f  m ethy l io d id e  (Brown, 

H o e rg e r and M ason, 1955) b u t o f th e  two p o s s ib le  is o m e rs ,  

o n ly  1 , 4 - d ih y d ro -4 - im in o - l -m e th y lp y r im id in e  (XLIX) was 

o b ta in e d .  P y r im id in e s  w hich  c o n ta in  n o n - ta u to m e r is a b le  

g ro u p s  (su c h  a s  - C l ,  -OCH^, -SCH^) i n  a d d i t i o n  to  an amino 

s u b s t i t u e n t  can a l s o  y i e l d  im in o -  d e r i v a t i v e s  on m e th y l-  

a t i o n .  Thus 4 -a m in o -2 -c h lo ro p y r im id in e  (L) w ith  m ethy l 

io d id e  i n  2 - e th o x y e th a n o l , gave 2 - c h l o r o - l , 4 - d ih y d ro -4 -  

im in o -1 -m e th y lp y r im id in e  (L I ;  Curd and R ic h a rd s o n , 1955)* 

4 -A m in o -2 -m e th o x y p y rim id in e  ( L I I )  l ik e w is e  gave 

th e  b a se  1 , 4 -d ih y d ro -4 - im in o -2 -m e th o x y - l-m e th y lp y r im id in e
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(LIII) when treated with methyl iodide at room temper­
ature (Hilbert, 1934) and 4-anilino-6-methyl-2-methylthio- 
pyrimidine (LIV) yielded 1,4-dihydro-l,6-dimethyl-2- 
methylthio-4-phenyliminopyrimidine (LV; Ainley, Curd, 
Hepworth, Murray and Vasey, 1953)*

NH

, , , I (LIII) 

NPh

ogh3

( ( ( ( ( ( ( (  i ( t ( t ( i

SGH3

There are no examples recorded of the synthesis 
of a di-imine. Thus an attempt to prepare such a deriv­
ative of 2,4-diaminopyrimidine by methylation with methyl 
iodide, gave only a single mono-methyl derivative of 
indeterminate structure (Brown, Hoerger and Mason, 1955).
A further investigation of this reaction is described in 
this thesis and the structure of the product is now known.
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SECTION 2.
DISCUSSION OP THE EXPERIMENTAL RESULTS 

A. The Methylating Reagent
Methyl iodide was the reagent used in all the 

methylations to he described in this thesis* Its exclus­
ive use was not the result of a preconceived plan, but was 
the outcome of its repeatedly successful use and the 
following considerations:

(a) Methylations with methyl iodide enabled the 
unstable imine bases to be isolated and purified as their 
hydriodide salts, which were not susceptible to the 
rearrangements and hydrolyses common to the free imine bases*

(b) In the absence of extraneous inorganic salts, 
the hydriodides were readily isolated and purified*

(c) The hydriodides could be converted almost 
quantitatively into the hydrochlorides under very mild 
conditions*

(d) Methylations could be carried out in the 
anhydrous conditions necessary to avoid hydrolysis*

(e) Reaction temperatures up to 160° could be 
safely employed*

(f) When alkaline conditions were required, the 
reagent was successfully used in methanolic sodium methoxide.

While it is true to say that the use of other 
methylating reagents may have yielded methylation products



16.

differing from those obtained with methyl iodide, such a 
course would have seriously reduced the range of compounds 
investigated and may well have resulted in considerable 
duplication.

B. Methods for Determining the Position of Methylation
Once micro-analysis had established the extent of 

methylation, one or more of the following procedures were 
used to establish the position at which methylation had 
occurred,

i i i t  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

(a) Ionisation Constants. The introduction of a 
methyl group into an aminopteridine or aminopyrimidine 
molecule either by C-methylation, extranuclear N-methyl- 
ation, or by nuclear N-methylation, results in an increase 
in the strength of the base. With G-methylation and 
extranuclear N-methylation however, the increase in the 
basic pK constant is invariably less than 1 unit (often 
less than 0.5 units). Nuclear N-methylation on the other 
hand has been consistently found to increase the basic 
strength by the order of 6 pK units over that of the 
unmethylated base (discussed in detail in Section 3).
Thus the measurement of the basic pK value, while not 
distinguishing between G- and extranuclear N-methylation, 
does give a reliable indication when substitution on a 

ring nitrogen atom has occurred.
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With aminohydroxy-pteridines and pyrimidines the 
situation is somewhat different, since nuclear N-methylation 
of these compounds does not result in a marked increase in 
their basic strength. However in such cases, variations 
in the acidic pK constant are often more revealing. For 
example, the greatest change in the acidic pK is observed 
when all acidic properties are lost due to the oxygen atom 
being substituted to yield a methoxy derivative. Nuclear 
N-methylation also greatly weakens the acidic strength and 
it is not uncommon for the decrease to be 3 or 4 pK units.3
^  , 1 - 1  t L -  l l l - l  l —  1 l l -  l i , 1  ,  I . I #  I t l l l I J. I l l l —  ( l l , I IOn the other hand, substitution on nuclear carbon atoms or
on extranuclear nitrogen atoms only suppresses the pK3»

constant by the order of 0.5 units, as it simultaneously 
increases the basic constant by approximately the same amount.

(b) Degradation. Hydrolytic methods were used 
frequently in the present work for determining the structure 
of methylation products. The pteridines that were sub­
stituted on a nuclear N-atom were found to be particularly 
susceptible to degradation with aqueous acid and alkali, 
and by variations in conditions as many as four different 
breakdown products were obtained. In most cases the 
structure of any one of the breakdown products sufficed 
to establish the site of methylation in the pteridine.
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Hydrolytic methods for determining structure could not he 
used extensively in the more stähle pyrimidine series*

(c) Rearrangements. The recent proof hy Brown 
(1961) that the rearrangement of nuolear N-methylated 
aminopyrimidines proceeds hy way of hydrolytic ring 
fission, followed hy rotation of the terminal amidine 
group, and recyclization, has placed this phenomenon on 
a basis where it can now he used as an aid to structure 
determination* Por example, if methylated 4-amino- 
pyrimidine yielded 4-methylaminopyrimidine (LVTI) on

1  1 1 t 1 .  ( 1 l l *1 l L i l l l l lrearrangement, its structure would thereby he established
as 3,4-dihy dr o-4-imino-3-methyl pyrimidine (LVI).

(LVI) (LVII)
However it should he pointed out that the method cannot he 
used for structuralising the methylation products of 
2-amino-derivatives, since, for example, 4-methyl-2- 
methylaminopyrimidine (LIX) could arise from the rearr­
angement of either l,2-dihydro-2-imino-l,4-dimethylpyrim­
idine (LVIII) or 2,3-dihydro-2-imino-3,4-dimethylpyrimidine 
(LX)
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T 3
CH3 CH-, 

I o
!, f --- - jrCH
II 1

1
CH3

” ^
\  U S '  NHCH3

(IiVIII) (LIX) (LX)

This type of rearrangement is also found in the pteridine 
series (Curran and Angier, 1958; Pfleiderer, Liedek, 
Lohrmann, Rukwied, I960) hut to the present time no studies 
have been made on the meohanism. However since it is not 
unreasonable to assume that the same mechanism pertains, 
the method can be used, with the same limitation, in this 
series.

(d) Primary Synthesis. The complete synthesis 
of a methylation product by way of unambiguously prepared 
intermediates was a most satisfactory method of estab­
lishing its structure, and this method was used wherever 
possible.

(e) Preparation of Derivatives. In some 
instances where a methylation product could not be 
prepared by a primary synthesis, its structure was proven 
by a further transformation into a derivative of known 
structure. However, inherent in this method is the 
danger that an unnoticed rearrangement may occur during 
the synthesis.



2 0 .

( f )  P rocess of E lim in a tio n . This method c o n s is ts  

o f s t r u c t u r a l i s i n g  a m e th y la tio n  product by d i r e c t  compar­

iso n  w ith , and the  e l im in a tio n  of a l l  o th e r , p o ss ib le  

iso m eric  s t r u c tu r e s .  The method was always used in  

co n ju n c tio n  w ith  f u r th e r  evidence from one o r more o f th e  

o th e r  m ethods.

C. M eth y la tio n  of th e  A m inopterid ines

The m e th y la tio n  of th e  sim ple am inopte r id in e s  a re  

th e  f i r s t  to  be d isc u sse d , fo llow ed  by more complex
1 1 1 1 1 1 * * * < < t I i i i i ■ r  t t i t i i i r ( t i ( i i [ i i i t ( i i (

examples in v o lv in g  am in o p te rid in es  w ith  a second fu n c tio n a l 

g roup .

(a )  4 -A m in o p te rid in es. The f i r s t  a ttem p ts  to  

m e th y la te  4 -am in o p te rid in e  under m ild c o n d itio n s  s im ila r  

to  th o se  used by Brown, Hoerger and Mason (1955) in  th e  

am inopyrim idine s e r i e s ,  were u n su c c e s s fu l . Due perhaps 

in  p a r t  to  th e  low er s o lu b i l i t y  of th e  p te r id in e  in  

m ethanol and m ethyl io d id e , i t  was found th a t  more 

v ig o ro u s c o n d itio n s  were n e c e ssa ry .

4-A m inopterid ine (LXI) was found to  r e a c t  slow ly 

w ith  m ethyl io d id e  i f  the  tem p era tu re  was r a is e d  to  140°, 

and under th e se  c o n d itio n s  gave a s in g le  mono-methyl 

d e r iv a t iv e  of h igh  b a s ic  s t r e n g th  (pK 9 .5 )*  The m ethy l- 

a t io n  product was shown to  be 1 , 4 -d ih y d ro -4 - im in o -l-

m e th y lp te r id in e  h y d rio d id e  (LXII) by th e  evidence to  be 
p re se n ted  below.
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NH,

\ N

M el

^ n/ V n/
I
OH

( 1* 1 ) (L X II )

T he  p o s s i b i l i t y  o f  t h e  e x t r a n u c l e a r  N - m e th y la t i o n  

o f  t h e  a m in o  g r o u p  w as f i r s t  p r e c l u d e d  b y  t h e  s y n t h e s i s  o f  

4 - m e t h y l a m i n o p t e r i d i n e  a n d  a  d i r e c t  c o m p a r is o n  o f  i t s  b a s i c  

pK c o n s t a n t  (3 * 7 )  an d  u l t r a v i o l e t  s p e c t r a  w i t h  t h o s e  o f  

t h e  m e t h y l a t i o n  p r o d u c t .  N u c le a r  C - m e t h y l a t i o n  c o u ld  a l s o  

b e  p r e c l u d e d  f o r  t h e  sam e r e a s o n s ,  a s  s u c h  b a s e s  w o u ld  h a v e  

pK v a l u e s  o f  t h e  sam e o r d e r  a s  4 - a m in o - a n d  4 - m e th y la m in o -  

p t e r i d i n e .

M o re o v e r ,  t h e  h i g h  b a s i c  pK o f  t h e  p r o d u c t  a l s o
Si

e n a b l e d  t h e  p o s s i b i l i t y  o f  s u b s t i t u t i o n  o n  N ^g j t o  b e  

d i s c o u n t e d ,  f o r  w h i l e  t h e s e  b a s e s  a r e  s t r o n g e r  t h a n  

4 - a m in o -  an d  4 - m e th y la m in o -  p t e r i d i n e ,  t h e y  f a l l  f a r  s h o r t  

o f  t h e  b a s e  s t r e n g t h  o b s e r v e d  f o r  t h e  m e t h y l a t i o n  p r o d u c t .  

E v id e n c e  i n  s u p p o r t  o f  t h i s  l a s t  c o n c l u s i o n  i s  fo u n d  i n  

t h e  w o rk  o f  F i d l e r  a n d  Wood ( 1 9 5 7 ) ,  who r e c o r d  t h e  b a s i o  

pK v a l u e s  o f  a  n u m b e r o f  8 - m e t h y l a t e d  a m i n o p t e r i d i n e s .  

T h u s ,  2 , 8 - d i h y d r o - 2 - i m i n o - 6 , 7 , 8 - t r i m e t h y l  p t e r i d i n e  ( L X I I I )  

h a s  pK 5 * 6  a n d  2 , 8 - d i h y d r o - 6 , 7 , 8 - t r i m e t h y l ~ 2 - m e t h y l i m i n o -
O r

p t e r i d i n e  (LX IV ) h a s  pK 6 . 1 .a
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CH3 / V ^ H
CH N NH

3 i
CH3

(L X III)

CH

i
CH^ \  N /  NCH-,

3 I 3
GH3

(LXIV)

I n  o r d e r  t o  have a  t r a n s - m e th y la te d  compound t h a t  was

r e p r e s e n t a t i v e  o f  th e  p r e s e n t  4-a m in o -  s e r i e s ,  4 , 8-

d ih y d r o - 6 ,7 ,8 - t r im e th y l - 4 - m e  th y l im in o p te r id in e  (LXVI) was

p re p a re d  by c o n d e n s a t io n  o f  5-a m in o -4 , 6-b is m e th y la m in o -

p y r im id in e  (LXV) w ith  b i a c e t y l .  I t s  b a s i c  pK o f  6.6
81

was i n  k e e p in g  w ith  th e  c o n s t a n t s  o f  th e  o th e r  N( 0 )~ 

m e th y la te d  a m in o p te r id in e s  q u o te d  a b o v e .

NHCH3 NCH-> 
N [l ->

CH3-C 0

1 l -
oh3

—  1 I II
CH -  00 KTf C H ^ \ N / ^ N / '  3 i3

GH3 GH3

(LXV) (LXVI)

B ecause  s u b s t i t u t i o n  o f  4 -a m in o p te r id in e  a t  

p o s i t i o n  5 i s  p re c lu d e d  by v a le n c y ,  t h e r e  rem a in ed  b u t two 

p o s i t i o n s ,  and   ̂ a t  w h ich  m e th y la t io n  c o u ld  have

o c c u r r e d .  A lk a l in e  h y d r o ly s i s  o f  th e  h y d r io d id e  o f  

(LXVII) a t  100° r e a d i l y  gave  a  p ro d u c t i d e n t i f i e d  w i th  

2 -c a rb a m o y l-3 -m e th y la m in o p y ra z in e  (L X V III) d e s c r ib e d  i n  

th e  w ork o f  A lb e r t ,  Brown and Wood (1 9 5 6 ) . By p ro lo n g e d
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h e a t i n g  a t  1 0 0 °  i n  a l k a l i ,  t h i s  a m id e  w a s  f u r t h e r  d e g r a d e d  

i n t o  2 - c a r b o x y - 3 - z & e t h y l a m i n o p y r a z i n e  ( L X I X ) # T he p r e s e n c e  

o f  a  m e t h y l a m i n o  s u b s t i t u e n t  i n  t h e  p y r a z i n e  n u c l e u s ,  

s h o w e d  t o  b e  t h e  s i t e  a t  w h i c h  4 - a m i  no  p t e r i  d i n e  h a d

b e e n  m e t h y l a t e d  a n d  c o n f i r m e d  t h e  s t r u c t u r e  o f  t h e  

r e s u l t i n g  p r o d u c t *
NH

CONH,
OH

N N / S'NHGH

^ \ y C 0 0 H

^ N / ' N H C H .

I l l l \  l l l l l l ( I I
OH

(L X Y IX I)
(L X IX )

i1 "1  i i i i i i i i i i i i i i i i  Q J J t  i i i i

NH

X N / ^ x NHCH,

l
CH.

(L X X II )

I n  t h e  h y d r o l y s i s  o f  t h e  i m i n o p t e r i d i n e  t o  g i v e  

t h e  a m id e  ( L X V T I I ) ,  i t  i s  n o t  u n r e a s o n a b l e  t o  a s s u m e  t h a t  

t h e  r e a c t i o n  p r o c e e d s  v i a  t h e  i n t e r m e d i a t e  l - m e t h y l - 4 -  

p t e r i d o n e  (L X X ).  H o v /e v e r ,  t h a t  t h i s  p t e r i d o n e  w a s  n o t  

i s o l a t e d  i s  n o t  s u r p r i s i n g  s i n c e  i t  i s  k n o w n  f r o m  t h e  w o rk  

o f  A l b e r t ,  B row n  a n d  Wood ( 1 9 5 6 )  t o  b e  e x c e e d i n g l y  a l k a l i -  

l a b i l e *  F o r  t h i s  r e a s o n ,  t h e  h y d r o l y s i s  w a s  r e p e a t e d ,  

t h i s  t i m e  w i t h  a l k a l i  a t  0 ° .  I n s t e a d  o f  t h e  e x p e c t e d  

p t e r i d o n e  (L X X ), a  p r o d u c t  o f  h i g h  b a s i c  s t r e n g t h  (p K  9 . 0 )
c l
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was obtained. From the analytical results and the 
evidence that the new base could be further hydrolysed 
into the amide (LXVIII), it was assigned the structure 
2-amidino-3-methylaminopyrazine (LXXI) . This was 
confirmed by its condensation with aoetylacetone to give 
2-( 4,6-dimethylpyrimid-2-yl)-3-methylaminopyrazine (LXXII).

Ultimately, the intermediate l-methyl-4-pteridone 
(LXX) was obtained from the iminopteridine by acid 
hydrolysis at 100°, and its identity confirmed by compar­
ison with an authentic specimen prepared by Albert, Brown 

i Wood (1956) 1 1 i i 1 i tit i tit i i i i 1 1 i ( ( i i i 1 tit i

The methylation of 4-amino-6,7-dimethylpteridine 
(LXXIII) and the chemistry arising from it, was parallel 
to that of its homologue described above. Vigorous 
conditions were again necessary to achieve methylation 
with methyl iodide, and as before a single mono-methylation 
product was obtained.

*Some idea of the facility with which the iminopteridine 
(LXVII) is decomposed in this way, was seen in the 
attempted measurement of its ultraviolet spectrum. 
Despite rapid working, the trace of the neutral molecule 
at pH 11.5 was consistently identical with that of the 
ami di nopyraz ine (LXXI)
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NH,
CH-3 N

3v A  '

(LXXIII)

NH IICH, N C
\ /  ^NH,

C H , ^ ^ n /  NHCH3

Mel

NH
CH, N U CH, N IL

CH3̂ ^ NA,n /
CH.

OH (LXXIV)
OH'"

OH

c h / ^ n / \  n /  
3 6h3

(LXXV)

CONH,

ch. ^ ^ n x ^ nhch
o h "

3 y ^ V

CH-

COOH

NHCH.

(LXXVI) l L L L L L L L l l L l l L(l x x v i i ) l l l l l l i l l l l - l l (LXXVIII)
The strongly basic pK (10.5) of the derivative once9*

would be close to pK 6.
9 l

more precluded extranuclear N-methylation, since that product, 
4-methylamino-6,7-dimethylpteridine (LXXXIII) is a weak base 
of pK& 4.2. Transannular N^g^-methylation was likewise dis­
counted, since as discussed above, the strength of that base

To distinguish between the remain­
ing possibilities hydrolytic methods were again used.

With hot alkali a facile hydrolysis occurred, and the 
resulting amide was shown to be 2-carbamoyl-5,6-dimet.hy 1-3- 
methyl aminopyrazine (LXXVII) by further degradation to 2- 
carboxy-5,6-dimethyl-3-methylaminopyrazine (LXXVIII). The 
presence of three methyl groups in this pyrazine acid served 
to confirm the structure of the amide and also that of the 
original methylation product (LXXIV).
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By hydrolysing the iminopteridine (LXXIV) under 
much milder conditions, 2-amidino-5,6-dimethyl-3-methyl- 
aminopyrazine (LXXVI) was obtained and its pK of 9.5 and3
ultraviolet spectra agreed well with those of the 
homologous amidine.

To complete the analogy with the previous series, 
the acid hydrolysis of the methylation product was studied. 
The resulting substance was assigned the structure of 
1,6,7-trimethyl-4-pteridone (LXXV) on the basis of its 
further alkaline degradation to the amide (LXXVII).

(b) 4-Methylaminopteridines. This series was 
studied in order to discover if the small variation in the 
substituent group would affect the position of methylation 
or the chemistry of degradation.

4-Methylaminopteridine (LXXIX) was synthesised from 
its 4-methylthio- precursor, and methylated with methyl 
iodide under the same vigorous conditions used in the 
primary- amino series. As before, the single product 
proved to be a mono-methyl derivative having a base strength 
(pK. 10.3) that was significantly comparable with those of 
the previous methylation products. Therefore, for the 
reasons already discussed in detail, methylation could not 
have occurred on the extranuclear nitrogen atom (4-dimethyl- 
amino pt er idine has pK 4.3), on any of the nuclear carbon3
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a to m s, o r  on th e  n i t r o g e n  atom  i n  p o s i t i o n  8* Of th e  

re m a in in g  p o s s i b i l i t i e s ,  was n a t u r a l l y  fa v o u re d  i f

o n ly  by a n a lo g y  w i th  th e  p re v io u s  s e r i e s .

B ecause  th e  a l k a l i n e  d e g ra d a t io n s  had  p ro v en  so 

e f f e c t i v e  i n  s t r u c t u r a l i s i n g  th e  p re v io u s  p r o d u c ts ,  th e  

m ethod Was a g a in  u s e d .  Thus w i th  a l k a l i  a t  1 0 0 ° , th e  

m e th y la te d  p t e r i d i n e  was d e g ra d ed  i n to  th e  now f a m i l i a r  

2 -c a rb a m o y l-3 “ E ie th y la m in o p y raz in e  (LXXXI) th e r e b y  r e v e a l in g  

i t s  s t r u c t u r e  a s  1 ,4 - d ih y d r o - l - m e th y l - 4 - m e th y l im in o p te r id in e  

(LXXX).

(LXXXII)

In  c o n t r a s t  t o  th e  p re v io u s  s e r i e s ,  m ild  a l k a l i n e  

h y d r o ly s i s  d id  n o t y i e l d  an a m id in o p y ra z in e . In  view  o f

th e  f a c t  t h a t  th e  more s e v e re  a l k a l i n e  h y d r o ly s i s  p ro ce ed e d  

w i th  th e  same f a c i l i t y  a s  b e f o r e ,  t h i s  o b s e r v a t io n  s u p p o r ts
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a th e o ry  th a t  two ro u te s  of a lk a l in e  d eg rad a tio n  o p e ra te .

One, in  which th e  im ino-group i3  hydro lysed  b efo re  r in g  

c leav ag e , proceeds on ly  slow ly  a t 0 ° , but i s  so ra p id  a t 

100° th a t  th e  sm all s t a b i l i s i n g  e f f e c t s  in tro d u ced  by each 

a d d i t io n a l  m ethyl s u b s t i tu e n t  a re  no t ap p a re n t. The o th e r , 

in  which r in g  c leavage to  g ive th e  am idine occurs f i r s t ,  but 

which i s  much s lo w e r ,is  n a tu r a l ly  more e a s i ly  suppressed  by 

th e  p resence  of e le c tro n -s u p p ly in g  s t a b i l i s i n g  g roups.

Acid h y d ro ly s is  of th e  im in o p te r id in e  (LXXX) proceeded a t  a 

slow er r a te  th an  in  th e  p rev io u s  s e r ie s  but y ie ld e d  th e  same 

1-m eth y l-4 -p t eridone (LXXXII).

6 ,7-D im ethy1-4-m ethylam inopte r id in e  (LXXXIII) was 

p rep ared  by m ethy lam ination  of th e  4 -m eth y lth io  p re c u rso r  

in  th e  same manner as  i t s  lov/er homologue. I t s  m e th y la tio n  

was c a r r ie d  out under s l i g h t l y  l e s s  v igorous co n d itio n s  th an  

had h i th e r to  been u se d , but in  o th e r  r e s p e c ts  th e  r e a c t io n  

co n d itio n s  were th e  same. Once more th e  product proved to  

be a m ono-m ethylation d e r iv a t iv e  w ith  a base co n s tan t (pK
St

1 1 .4 ) co n s id e rab ly  in  excess of th e  p rev io u s im in o p te r id in e s . 

T his c le a r ly  in d ic a te d  ag a in  th a t  th e  base was s u b s t i tu te d  

on e i th e r  an o r N(})* D egradation  w ith  hot a l k a l i ,

and the  i s o la t io n  o f  2 -carbam oyl-5 , 6-dimeth y l-3 -m e th y l 

am inopyrazine (LXXXV), enab led  th e  s t r u c tu r e  o f th e  im ino- 

base to  be id e n t i f i e d  as 1 ,4 -d ih y d ro -1 ,6 ,7 - tr im e th y l-4 -
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m e th y l im in o p te r id in e  (LXXXIV). F u r th e r  c o n f i rm a t io n  o f  

th e  m e th y la t io n  s i t e  was o b ta in e d  by a c id  h y d r o ly s i s  to  

1 ,6 ,7 - t r i m e t h y l - 4 - p t e r i d o n e  (LXXXVT), However i t  i s  

s i g n i f i c a n t ,  t h a t  i n  o r d e r  to  a c h ie v e  t h i s  d e g ra d a t io n  

w i th  a c i d ,  even  more v ig o ro u s  c o n d i t io n s  th a n  p r e v io u s ly  

u s e d ,  w ere n e c e s s a r y .

1

(LXXXVI)

From th e  a fo re m e n tio n e d  ex am p le s , i t  i s  o f  i n t e r e s t  

to  n o t i c e  th e  s t a b i l i s i n g  e f f e c t  t h a t  th e  e le c t r o n - d o n a t in g  

m e th y l s u b s t i t u e n t s  have  on th e  n  e le c t r o n - d e p l e te d  sy s te m .

In  t h i s  c o n n e c t io n ,  T a b le  1 sum m arises th e  optim um  c o n d i t io n s  

(d e te rm in e d  by p a p e r  ch ro m a to g ra p h y ) f o r  b o th  th e  a c id  and 

a lk a l i n e  h y d r o l y s i s .
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T a b le  1

1 , 4 -D ih y d ro - 1 -  R e a g e n t, t im e  (m in .)  P ro d u c t
m e th y l d e r i v .  and tem p .

4 -Im in o - 2.5N-HC1 30

2.5N-NaOH 20

N-NaOH 10

4 - Im in o -6 ,7 -
d im e th y l

2.5N-HC1 120

2.5N-NaOH 10

N-NaOH 40

4-M et h y lim in o  - 6.3N-HC1 240

N-NaOH 10

6 ,7 -D im e th y l-4 - 6.3N-HC1 60
m eth y lam in o -

N-NaOH 40

100° l - m e th y l - 4 - p te r id o n e

0° 2 -a m id in o -3 -
m e th y la jn in o p y ra z in e

100° 2 - carb am o y l- 3 -  
m e th y la m in o p y ra z in e

100° 1 , 6 ,7 - t r i m e t h y l - 4 -  
p te r id o n e

35° 2 -a m id in o -5 , 6 -d im e th y l 
-3 -m e th y la m in o p y ra z in e

100° 2 -c a rb a m o y l-5 ,6 -
d im e th y l-3 -
m e th y lam in o p y ra z in e

100° l - m e th y l - 4 - p te r id o n e

100° 2 - c a rb a m o y l-3 - 
met hy 1 ami no py r  az i  ne

130° 1 , 6 , 7 - t r i m e t h y l - 4 -  
p te r id o n e

100° 2 -c a rb a m o y l-5 ,6 -  
d im e th y l- 3 -  
m e th y la m in o p y ra z in e
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While conditions for the alkaline degradations 
reveal that the methylimino- are not significantly 
different from the imino-derivatives, it can be seen that 
the corresponding 6,7-dimethyl analogues are considerably 
more stable. Acid hydrolysis however, shows even more 
clearly the steady increase in stability that accompanies 
the introduction of methyl groups into the pteridine 
molecule.

(c) 4-Dimethylaminopteridines. The extension 
of the present series to include the dimethylamino- 
pteridines, involves more than just the additional effect 
of another methyl group on the course of a methylation. 
Clearly, the reactions of these tertiary bases with 
methyl iodide must be true quatemi sat ions, and the 
products true pteridinium iodides. This field of 
pteridine chemistry was completely unexplored, and only 
in the work of Albert, Brown and Woods (1956) is mention 
made of one such compound of undetermined constitution.

The quaternisation of 4-dimethylaminopteridine 
(LXXXYII) with methyl iodide occurred under conditions 
much milder than those used for the primary and secondary 
amines of the series. The mono-methiodide obtained, 
proved to be particularly unstable in alkaline solution 
(preventing the measurement of its pK constant) and was

Of
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r a p i d l y  d e g r a d e d  i n  h o t  w a t e r  a t  pH 1 0 ,  t o  2 - c a r b a m o y l -  

3 - m e t h y l a m i n o p y r a z i n e  (LXXXIX). C o n s e q u e n t l y ,  i t s  

s t r u c t u r e  c a n  be  r e p r e s e n t e d  b y  4 - d i m e t h y l a m i n o - l -  

m e t h y l p t e r i d i n i u m  i o d i d e  o f  w h ic h  (L X XX V III) i s  one  o f  

t h e  u n p e r t u r b e d  r e s o n a n c e  s t a t e s .

n ( c h 3 ) 2

M el c n ( c h 3 ) 2

OH
C0NH2

x - N /^ N H C H .

CH.

(LXXXVII) (L X X X V III) (LXXXIX)

4 - D i m e 1 ; h y l a i n i n o - 6 , 7 - d i m e t h y l p t e r i d i n e  (XC) 

p r o v e d  t o  be  q u a t e r n i s e d  w i t h  m e t h y l  i o d i d e  e v e n  m ore  

r e a d i l y  t h a n  i t s  h o m o lo g u e .  I n  f a c t  t h e  r e a c t i o n  p r o ­

c e e d e d  m o s t  s u c c e s s f u l l y  a t  room  t e m p e r a t u r e .  A g a i n ,  

t h e  p r o d u c t  w as  f o u n d  t o  b e  a  m o n o - m e t h i o d i d e ,  a n d  b y  

a n  a n a l o g o u s  h y d r o l y s i s  i n h a t  w a t e r  i t s  s t r u c t u r e  w as 

shown t o  b e  4 - d i m e t h y l a m i n o - l ,  6 , 7 - t r i m e t h y l  p t e r i d i n i u m  

i o d i d e  ( X C I ) ,  H o w e v e r ,  i t  i s  s i g n i f i c a n t  t o  t h e  t h e o r y  

o f  s t a b i l i s a t i o n  m e n t i o n e d  a b o v e ,  t h a t  t h e  p r o d u c t  

i s o l a t e d  f r o m  t h e  h y d r o l y s i s  w as  t h e  i n t e r m e d i a t e  

1 , 4 - d i h y d r o - l , 6 , 7 - t r i m e t h y l - 4 - p t e r i d o n e  ( X C I I ) .
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OH”

(XO) (XOI) (XCII)

Methylation of 2-Amino-4-hydroxypteri dines
2-Amino-4-hydroxypteridine was included in the 

series of compounds methylated because of its importance 
as the basic nucleus of most naturally occurring pteridines. 
Moreover, since attempts to methylate 2-aminopteridine had 
been unsuccessful, this derivative of it offered the oppor­
tunity to study the effect of a 2-amino substituent on the 
course of methylation.

Initial experiments on the methylation of the 
2-amino-4-hydroxypteridines were unsuccessful, chiefly for 
the reason that the compounds were so insoluble in methyl 
iodide. This difficulty was overcome by incorporating 
methanol with the methylating agent and by rocking the 
sealed tubes containing the reaction mixture during the 
period of heating. For this latter purpose an apparatus 
based on that described by Gabriel (1905) was used. Also, 
the temperature at which the methylations were carried out 
had to be reduced to 100-110° to offset the rapid formation
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of dimethyl ether. Under these modified conditions, 
2-amino-4-hydroxypteridine (CII) gave a single mono-methyl 
derivative which was isolated as the hydriodide and converted 
into the hydrochloride.

In contrast to the previous series, the relatively 
weak basic strength of the methylation product (pK 5*4) 
was of little help in eliminating some of the possible 
structures, as it represented only a small increase (3 pK 
units) over the base strength of 2-amino-4-hydroxypteridine 
(pK 2.3). More revealing was its anionic pK (ca. 11.5). 
This showed a marked weakening from the acidic strength of 
2-amino-4-hydroxypteridine (pK 7.9), caused, no doubt, by 
the hydroxy group being forced into the oxo- form by the 
process of substitution.

Such an interpretation would clearly preclude all 
possible nuclear C-methylation products as well as the 
extranuclear N-methylation product, 4-hydroxy-2-methyl- 
aminopteridine, since these would all retain a similar 
acidic function to that of the original hydroxypteridine.

While this argument proved sound in the light of 
subsequent work, it was decided to proceed with caution, 
especially in view of some striking anomalies that exist 
in the literature. For example, Brown and Mason (1956) 
record that 2-hydroxypteridine (XCIII) and its nuclear
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N -m e th y la te d  p ro d u c ts  1 -m e th y l-  and 3 -m e th y l-2 ~ p te r id o n e  

(XCIY; XCV) a l l  have  s i m i l a r  a c i d i c  c o n s ta n t s  (pK v a lu e s  

o f  1 1 .1 3 ;  1 1 .4 3 ;  1 1 .0  r e s p e c t i v e l y ) .

F o r  t h i s  r e a s o n ,  a l l  th e  p o s s ib l e  m e th y l d e r i v a t i v e s  

(w i th  th e  e x c e p tio n  o f  th e  C -m e th y la te d  iso m e rs )  w ere 

s y n th e s i s e d  by unam biguous m ethods and th e  p r o p e r t i e s  o f  

each  com pared d i r e c t l y  w i th  th o s e  o f th e  a c t u a l  m e th y la t io n  

p r o d u c t .

The f i r s t  o f  t h e s e  p re p a re d  was 2 - a m in o - l ,4 - d ih y d r o -  

l - m e th y l - 4 - o x o p te r id in e * ( X C V I I I ) ,  s i n c e ,  by a n a lg o y  w ith  

th e  f i r s t  s e r i e s ,  s u b s t i t u t i o n  on was a n t i c i p a t e d .

I t  was s y n th e s i s e d  from  2 ,4 - d ia m in o - 3 , 6 -d ih y d ro -3 -m e th y l-  

5 -n i t r o s o - 6 -o x o p y r im id in e  (XGVI) ( R o th , S m ith  and H u l t q u i s t ,  

1951 , w ith  c o r r e c t i o n s  by Boon and B r a t t ,  1957) by re d u c ­

t i o n  to  th e  t r ia m in e  (XCVII) fo llo w e d  by th e  u s u a l  ty p e  

o f c o n d e n s a t io n  w ith  g ly o x a l .

* The p r e p a r a t i o n  o f  t h i s  compound by a  s i m i l a r  m ethod 
was l a t e r  d e s c r ib e d  by  P f l e i d e r e r ,  L ie d e k , Lohrmann and 
R ukw ied, ( i 9 6 0 ) .
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ON
\ Nj/H,

h 2n

H0N^ \ N / ^ N H 0
C .  \ d.

c h3
H„N ̂  \  N2 I NH,

CH- ICH.
NH,

(XCYI) (XCVII) (XCVIII)

However the 1-methylpteridone proved to be a much weaker 
base (pK 2.8) than the methylation product (pK 5.4) and 
to differ markedly from it in chromatography and 
ultraviolet spectra (see figure l).

4-Hydroxy-2-methylaminopteridine (XCIX)* was next 
prepared by nitration of 4-amino-6-hydroxy-2-methylamino- 
pyrimidine, catalytic reduction of the 5-nitropyrimidine 
to give the 4,5-diamino- derivative, and then condensation 
with glyoxal.

The hydroxypteridine however, was markedly different 
from the methylation product in chromatography, ultraviolet 
spectrum (see figure l) and ionisation constants. It was 
also of interest to discover that its pK values (acidic, 
8.16; basic, 1.98) did not vary greatly from those of 
2-amino-4-hydroxypteridine (7.92 and 2.31 respectively). 
However, while the weakening of the acidic function was in

* See foot-note page 35
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F i g .  1
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accord  w ith  e x p e c ta tio n s , th e  s im ila r  d ecrease  in  th e  

base s t r e n g th  was d i f f i c u l t  to  e x p la in . N ev e rth e le ss , 

th e re  can be l i t t l e  doubt of th e  v a l id i t y  of th e  base 

c o n s ta n t,  s in c e  a s im ila r  value i s  a lso  quoted by 

P f le id e r e r ,  L iedek , Lohrmann and Rukwied ( i9 6 0 ) .

An unambiguous s y n th e s is  o f 2-am ino-4-m ethoxy- 

p te r id in e  (C)*, r e s u l te d  from th e  condensation  o f 

2 ,4 ,5-triam ino-6~m ethoxypyrim idine w ith  g ly o x a l. This 

p te r id in e  d id  no t p o sse ss  an a c id ic  fu n c tio n , but i t s  

b a s ic  pK (3*46) and u l t r a v i o l e t  spectrum  (see  f ig u re  l )
ct

d if f e re d  s ig n i f i c a n t ly  from th o se  of th e  m e th y la tio n  

p ro d u c t.

Of th e  rem aining  isom ers, 2 -am in o -3 ,4 -d ih y d ro -3 -

m e th y l-4 -o x o p te rid in e  (C l)*  was ob ta in ed  by th e

condensation  o f 2 ,4 ,5 - tr ia m in o - l ,6 -d ih y d ro - l-m e th y l-6 -

oxopyrim idine and g ly o x a l. Apart from th e  f a c t  th a t  i t s

b a s ic  pK (2 .2 5 ) and spectrum  ( f ig u re  l )  d i f f e re d  from 
£1

th o se  of the  m e th y la tio n  p ro d u c t, i t  r e a d i ly  rea rran g ed  

in  hot a l k a l i  to  4 -hydrox y-2 -m ethy lam inop te rid ine  (XCIX).

* See fo o t-n o te  page 35
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With th e  e l im in a tio n  of th e  above compounds from 

th e  l i s t  of p o s s ib le  m e th y la tio n  p ro d u c ts , th e re  rem ained 

only  2-am ino-4-,8-d ihydro-8-m ethyl-4-oxo p te r id in e  (C III )  to  

be co n s id e red . T his tra n sa n n u la r ly -m e th y la te d  p te r id in e  

was sy n th e s ized  unam biguously from 2-am ino-4-hydroxy-6- 

m eth y lam in o -5 -n itro so p y rim id in e  (F id le r  and Wood, 1957) 

by c a ta ly t i c  re d u c tio n  to  2 ,5-d iam ino-4-hydroxy-6-m ethy l- 

am inopyrim idine (CIV) fo llow ed  by condensation  w ith  g ly o x a l.

(C II)  (C III )  (CIV)

I s o la te d  as th e  h y d ro c h lo r id e , th e  p te r id in e  was 

compared w ith  th e  m e th y la tio n  p roduct o f 2-am ino-4- 

h y d ro x y p te rid in e  and in  r e s p e c t  of m e ltin g  p o in ts ,  io n is  

a t io n  c o n s ta n ts , chrom atography and u l t r a v i o l e t  s p e c tra ,
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the compounds were found to he the same. As further 
proof of their identity, infrared spectral traces of 
each were recorded and these are reproduced in figure 2,

The direct transannular methylation of 2-amino- 
4~hydroxypteridine, thus confirmed, is unique and has no 
parallel in the literature. In all the examples recorded, 
many of which have been reviewed in Section 1, amino- and 
hydroxy-pteridines have invariably methylated in the ring 
bearing the tautomeric substituent. Moreover, this is as 
expected, and can be justified in terms of resonance 
stability, as such orientation permits of at least one 
sextet of delocalised electrons in a Kekule structure. 
However in transmethylated pteridines, no such structure 
is possible and in the derivative (CIII) only an
ortho-ortho arrangement of double bonds can exist.

In an effort to extend this unusual type of 
methylation to other compounds, the reaction was repeated 
under the same conditions on 2-amino-4-hydroxy-6,7- 
dimethylpteridine (GIX), Once again the product obtained 
was shown to be a mono-methyl derivative with ionisation 
constants (acidic pK ca.12.0; basic pK 6.10) and 
ultraviolet spectrum akin to the former transannularly 
methylated pteridine.

Comparison of possible isomeric methylation
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products was rendered much easier in the second case since 
these had already "been described. Thus the properties of 
2-amino-l,4-dihydro-l,6,7-trimethyl-4-oxo- (CV), 4-hydroxy- 
-2-methylamino-6,7-dimethyl- (CVI) and 2-amino-3,4- 
dihydro-4-oxo-3,6,7-trimethyl-pteridine (CVII) prepared 
by Curran and Angier (1958) and 2-amino-4-methoxy-6,7- 
dimethylpteridine (CVIII) characterised by Roth, Smith and 
Hultquist (1951), were similar to those of the lower 
homologues and differed from the methylation £>roduct in 
the same respects as before.

0 OH

CH3
(CV) (CVI)

(CVII) (CVIII)

The transannularly methylated isomer 2-amino~4,8-dihydro- 
6,7,8-trimethyl-4-oxopteridine (CX) had also been described
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as the free base by Fidler and Wood (1957). As the 
hydrochloride, it was compared directly with the methyl- 
ation product and identity established by the same 
physical methods as before.

(CIX)

NH,

(CX)

Of considerable consequence in any theory put 
forward to explain transannular methylation is a recent 
note by Angier and Curran (1961). These workers report 
that methylation of 2-amino-4-hydroxy-6,7-dimethylpteridine 
using dimethyl sulphate in aqueous alkali, gave the 
1-methyl (CV), and 3-niethyl (CVII) derivatives as the only 
products. The significance of this discovery is 
discussed later.
Methylation of 4-Amino-2-hydroxypteridines

To find if the above transannular methylation was 
a characteristic of the 2-amino-4-hydroxy configuration, 
it was natural to investigate the isomeric 4-amino-2- 
hydroxy series. It is disappointing therefore to report 
that the methylation of 4-amino-2-hydroxypteridine (CXI) 
under the same conditions was quite unsuccessful. When



44.

the methylation was carried out under milder conditions 
and in the presence of an equivalent of sodium methoxide, 
however, a mono-methyl derivative was obtained. This 
was shown to be 4-amino-l,2-dihydro-l-methyl-2-oxopteridine 
(CXII) by hydrolysis with alkali to 1-methyl-lumazine 
(CXIII) and thence to 2-carbamoyl-3-Diethylaminopyrazine 
(CXIV).

NH,

OH

(CXI)
OH

(CXIV)
The higher homologue, 4-amino-2-hydroxy-6,7- 

dimethyl pteridine (CXVI), which had not previously been 
described, was prepared from 4,5,6-triamino-2-hydroxy- 
pyrimidine (CXV; Bendich, Tinker and Brown, 1948) and 
glyoxal. Another attempt was made to methylate this 
analogue using the "N^g^-methylating" conditions, but 
once more without success. It is worth recording
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however, that chromatography showed the presence of 4 or 
5 substances in the reaction mixture, none of which could 
be characterised*

Reverting to the use of milder conditions and 
sodium methoxide, a single methylation product was produced* 
Degradation of it with alkali yielded successively, 1,6,7- 
trimethyl-lumazine (CXVIII; first described by Sachs and 
Meyerheim, 1908) and 2-carboxy-5,6-dimethyl-3-niethyl- 
aminopyrazine (CXIX), thus indicating its structure to be 
4-amino-l,2-dihydro-l,6,7-trimethyl-2-oxopteridine (OXVTI).

(CXV)

NH. NH.
CH, N w CH.

CH-j^ A nA, Mel
\

N / ^  OH

(CXVI)

OH
N

CH

3 I
oh3

OH.

OTT

iCH,/ n h / n k / v 0 3 ICH,

(CXVII)

CH. \  COOH

CH,/A NA V NHCHi

(CXVIII) (CXIX)

Methylation of 2,4-Diaminopteridines
In the search for further examples of transannular 

methylation, the series was extended to the diamino-
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p t e r i d i n e s .  2 , 4 - D ia m in o p te r id in e  (CXX) was s u c c e s s f u l l y

m e th y la te d  u n d e r  th e  c o n d i t i o n s  p r e v i o u s ly  u se d  to  g iv e  

N ^ g j-m e th y l  d e r i v a t i v e s ,  b u t  c h ro m a to g rap h y  r e v e a l e d  t h a t  

two p r o d u c t s  were p r e s e n t .  One o f  t h e s e  p ro v ed  to  be 

t h e  f i r s t  example o f  a  d i h y d r io d i d e  to  be i s o l a t e d  i n  t h e  

s e r i e s ,  a l th o u g h  a n a l y s i s  c o n firm ed  t h a t  o n ly  m ono-m ethyl-  

a t i o n  had  o c c u r r e d .  The p re s e n c e  o f  t h e  a d d i t i o n a l  

h y d r io d ic  a c id  how ever, i s  e a s i l y  e x p la in e d ,  s in c e  as  

m e n tio n ed  e a r l i e r ,  t h e s e  r e a c t i o n s  w ere a lw ays accom panied  

by t h e  f o r m a t io n  o f  d im e th y l  e t h e r .  U l t r a v i o l e t  s p e c t r o ­

scopy  shov/ed t h a t  t h e  d i h y d r io d i d e  d e r i v a t i v e  p o s s e s s e d  

t h e  s t r o n g  a b s o r p t i o n  band i n  t h e  v i s i b l e  r e g i o n  ( A = 

412 mji.) t h a t  was su ch  a f e a t u r e  o f  t h e  o t h e r  N^g ^ -m e thy l 

d e r i v a t i v e s  d e s c r i b e d  i n  t h i s  w ork and e ls e w h e re  ( F i d l e r  

and Wood, 1 9 5 7 ) .

Acid h y d r o l y s i s  o f  t h e  d ih y d r io d id e  p ro d u ced  a  

p t e r i d i n e  which was shown by i t s  m e l t in g  p o i n t ,  ch rom ato ­

g rap h y  and u l t r a v i o l e t  and i n f r a r e d  s p e c t r a ,  t o  be th e  

h y d r o c h lo r id e  o f  2—a m in o -4 , 8 - d i h y d r o - 8 - m e th y l - 4 -  

o x o p t e r i d in e  (CXXII) t h u s  e s t a b l i s h i n g  i t s  d iam ino 

p r e c u r s o r  a s  t h e  N ^ g ^ -m e th y la te d  p t e r i d i n e  (GXXI).
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(CXX) (GXXI) (CXXII)

Y/hile there is only incomplete evidence to indic­
ate the preferred tautomeric form of the methylation 
product (GXXI), it has been pictured as the ortho-paraquin- 
onoid form since this is rated to he of lower activation 
energy (and hence more stable) than the ortho-orthoquin- 
onoid structure of the 2-amino*-4-imino configuration 
(Gore and Phillips, 1949). This concept is expanded 
further in Section 3*

Another product formed in the methylation of 
2,4-diaminopteridine could not be separated from a small 
quantity of the N^g^-methyl compound (GXXI). Neverthe­
less, analysis of the mixture showed the two compounds to 
be isomeric. That this second isomer was in fact the 
N^j-methyl derivative, 4-amino-l,2-dihydro-l-methyl-2- 
iminopteridine (CXXIII), was shown by the isolation of 
2-amino-l,4-dihydro-l-methyl-4-oxopteridine (GXXIV) after 
hydrolysis of the mixture.
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(CXXIII) (CXXIV)

I n  t h e  m e t h y l a t i o n  o f  t h e  h i g h e r  hom oiogue,

2 , 4 - d i a m i n o - 6 ,7 - d i m e t h y l p t e r i d i n e  (CXXV), two p r o d u c t s  

w ere a g a in  fo rm ed . T h is  t im e  how ever, t h e  p ro d u c t  

i s o l a t e d  i n  t h e  p u re  s t a t e  was t h e  ^ -m e thy l d e r i v a t i v e  

4 - a m i n o - l , 2 - d i h y d r o - l , 6 , 7 - t r i m e t h y l - 2 - i m i n o p t e r i d i n e  

(CXXVT) w h i le  t h e  o t h e r  iso m e r  was o b ta in e d  o n ly  i n  

a d m ix tu re  w i t h  t h e  f i r s t .  The s t r u c t u r e  o f  t h e  

m e th y l  d e r i v a t i v e  was c o n f i rm e d  by hydro l y s i s  to  1 , 6 , 7 -  

t r i m e t h y l - l u m a z i n e  (CXXVII), w h i le  by a n a lo g y  w i th  t h e  

p r e v i o u s  m e t h y l a t i o n ,  t h e  second  p r o d u c t  i s  assumed t o  be 

t h e  m e th y l  p t e r i d i n e  (CXXVIII).

X
nX "  0

(CXXVII)(CXXVI)

(CXXV)

(CXXVIII)
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SUMMARY

The m e t h y l a t i o n  o f  s i x  d i f f e r e n t  4 -a m in o p te r i d i n e s  

w i t h  m e th y l  i o d i d e  r e s u l t e d  i n  s u b s t i t u t i o n  e x c l u s i v e l y  on 

th e  n u c l e a r  n i t r o g e n  atom  N T h e  two p t e r i d i n i u m  

compounds p r e p a r e d  were t h e  f i r s t  o f  t h e  s e r i e s  t o  be 

d e s c r i b e d ,

2 -A m in o -4 -h y d ro x y p te r id in e s  r e a c t e d  i n  a  u n iq u e  

m anner w i th  m e th y l  io d id e  t o  g iv e  t h e  f i r s t  known exam ples 

o f  p t e r i d i n e s  u n d e rg o in g  t r a n s a n n u l a r  N ^ g ^ -m e th y la t io n ,  

and t h e  f i r s t  r e c o r d e d  i n s t a n c e s  w here m e t h y l a t io n  had 

o c c u r r e d  i n  a  r i n g  o t h e r  t h a n  th e  one c o n ta in i n g  th e  

t a u to m e r i c  g ro u p .  The i s o m e r ic  4 - a m in o - 2 - h y d r o x y p te r id -  

i n e s  c o u ld  n o t  be m e th y la te d  i n  t h e  same m anner, bu t  

u n d e r  d i f f e r e n t  c o n d i t i o n s  y i e l d e d  t h e  N ^ ) - m e t h y l  

d e r i v a t i v e s .

I n  t h e  c a s e  o f  t h e  2 , 4 - d i a m i n o p t e r i d i n e s ,  b o th  

N^g^- and m e th y l  d e r i v a t i v e s  were o b t a i n e d .

F a c t o r s  I n f l u e n c i n g  t h e  P o s i t i o n  o f  M e th y la t io n

The u n iq u e  c h a r a c t e r  o f  t h e  t r a n s a n n u l a r  m e th y l -  

a t i o n s  d e s c r i b e d  ab o v e ,  and th e  c o n t r a s t  t h e y  p r e s e n t  t o  

o t h e r  ex am p les ,  c a l l s  f o r  some a t t e m p t  t o  c o r r e l a t e  t h e  

f a c t o r s  which may i n f l u e n c e  th e  p o s i t i o n  o f  m e t h y l a t i o n .

Even th o u g h  a l k y l a t i o n s  a r e  r e g a r d e d  c l a s s i c a l l y  

a s  n u c l e o p h i l i c  s u b s t i t u t i o n s  ( S ^ ) ,  i t  i s ,  a s  I n g o ld  (1953) 

p o i n t s  ou t " a  p u re  c o n v e n t io n  a s  t o  w hich  o f  two i n t e r -
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a c t i n g  s u b s t a n c e s  i s  r e g a r d e d  a s  t h e  r e a g e n t  and which  

t h e  s u b s t r a t e  o r  s u b s t a n c e  on w hich  t h e  r e a g e n t  a c t s ” .

I n  t h e  m e t h y i a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s  t h e r e f o r e ,  

t h e  a l k y l  h a l i d e ,  w h ich  i s  t h e  s m a l l e r  o f  t h e  two 

r e a c t a n t s  and t h e  one g e n e r a l l y  i n  e x c e s s ,  i s  r e g a r d e d  as  

t h e  a t t a c k i n g  r e a g e n t ,  w h i l e  t h e  h e t e r o c y c l i c  b a s e s  a r e  

c o n s i d e r e d  a s  t h e  s u b s t r a t e s *  K eeping  t h i s  c o n v e n t io n  

i n  mind, t h e  m e t h y i a t i o n s  can t h e n  be c l a s s i f i e d  a s  

e l e c t r o p h i l i c  s u b s t i t u t i o n s *  I t  f o l l o w s  from t h e  g e n e r a l  

t h e o r y  t h e r e f o r e ,  t h a t  s u b s t i t u t i o n  may be e x p e c te d  a t  

t h o s e  s i t e s  i n  t h e  h e t e r o - c y c i i c  n u c l e u s  where  t h e  

e l e c t r o n  d e n s i t y  i s  h i g h e s t .

The i n s e r t i o n  o f  4 n i t r o g e n  atoms i n t o  t h e  s k e l e t a l  

s t r u c t u r e  o f  n a p h t h a l e n e  ( a s  i n  t h e  m o le c u le  of p t e r i d i n e ) ,  

r e s u l t s  i n  a  s t r o n g  p o l a r i s a t i o n  of  t h e  7T e l e c t r o n s  and a  

d e a c t i v a t i o n  t o w a r d s  e l e c t r o p h i l i c  a t t a c k  a t  a l l  c a rb o n  

a to m s .  Thus t h e  n i t r o g e n  a tom s ,  by v i r t u e  o f  t h e i r  

e l e c t r o n e g a t i v i t y ,  become t h e  s i t e s  most  s u s c e p t i b l e  t o  

t h i s  t y p e  of  s u b s t i t u t i o n .  F o r  t h i s  r e a s o n  i t  i s  s u g g e s t e d  

t h a t  t h e  f a c t o r s  i n f l u e n c i n g  t h e  p o s i t i o n  o f  m e t h y l a t i o n  

m o s t ,  w i l l  be t h o s e  w h ich  f u r t h e r  i n f l u e n c e  t h e  d i s t r i b ­

u t i o n  o f  e l e c t r o n s  t h r o u g h o u t  t h e  n u c l e u s .

( a )  S u b s t i t u e n t  G ro u p s . I n  b o t h  e l e c t r o p h i l i c  

and n u c l e o p h i l i c  s u b s t i t u t i o n ,  t h e  o r i e n t a t i o n  e f f e c t s  

f ro m  s u b s t i t u e n t  g ro u p s  i n  t h e  s u b s t r a t e  m o le c u l e ,  a r e
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well established (Ingold, 1953). Thus with electron
repelling groups such as -NH^ and -OH at positions 
2 and 4 in the pteridine nucleus, the concentration of 
rr electrons around each of the hetero-atoms will be 
increased, even though it is not unreasonable to expect 
the effect to be greatest at and

Using a method based on the Linear Combination of 
Atomic Orbitals (L.C.A.O.), Pullman (i960)* has calculated 
the ttelectron distribution in the molecules of 4-amino- 
and 2-amino-4-hydroxy-pteridine and gives the order for 
the hetero-atoms as

4-Aminopt eridine ^(l)= ^(3)^>^(8)> N (5)

2-Amino-4-hydroxypteridine N(]_) > N (3 ) > N(g) > N (5)

While it must be remembered that the distribution 
of electrons in the unperturbed state of the molecule may 
not be the same during the approach of an attacking 
reagent, it is interesting to observe that some correlation 
with experimental fact does exist. Thus from the results 

described in this thesis, 4-aminopteridine has been shown

* Recently Brown, R. D. (1961) has calculated the distrib­
ution of electric charges in the unsubstituted pteridine 
and pyrimidine nuclei by a more precise modification of 
the L.C.A*0. method, and his results differ in some respects 
from those of Pullman.
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to methylate on while Curran and Angier (1961)
report the methylation of 2-amino-4-hydroxypteridine on 

and N^-^. That is also the most basic centre
in 2-amino-4-hydroxypteridine is seen from spectral evid­
ence presented by Pfleiderer, Liedek, Lohrmann and Rukwied 
(i960) who showed that protonation occurs at this site.

The evidence from the calculations of Pullman 
however, does not explain the absence of a Nq  ̂ -methyl - 
ation product in the first example. Again, as far as 
the transannular methylation of 2-amino-4-hydroxypteridine 
is concerned, the order of electron densities gives no 
indication that exclusive substitution on N(g) is at all 
probable.

It i3 possible, though rather improbable, that the 
arrangement of the substituent groups at positions 2 and 4 
may cause substitution to occur on Thus only those
pteridines with 2-amino- groups were methylated on 
whereas those with 4-amino- groups gave ^-methyl deriv­
atives. Moreover, when 2- and 4-amino- groups were 
present in the same nucleus, then both and
methyl derivatives were obtained. Despite these con­
siderations, the differences may be more apparent than 
real, and to result from the relative small number of 
methylations done under varying conditions.
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(U) I o n i c  S p e c i e s , I n  so f a r  a s  th e  i n t r o d u c t i o n  

o f  a  p o s i t i v e  o r  n e g a t i v e  c h a rg e  may a l t e r  t h e  e l e c t r o n  

d i s t r i b u t i o n  i n  t h e  n e u t r a l  m o le c u le ,  so may th e  p r e v a i l i n g  

i o n i c  s p e c i e s  i n f l u e n c e  th e  c o u rs e  o f  m e t h y l a t i o n .  Thus

i t  w i l l  be rem embered t h a t  t h e  and N ^ - m e t h y l a t i o n s

o f  2 - a m in o - 4 - h y d r o x y p te r id in e  by C u rran  and A n g ie r  (1 9 6 1 ) ,  

and th e  N( p )- m e t h y l a t i o n  o f  4 - a m in o - 2 - h y d r o x y p te r id in e  

d e s c r i b e d  i n  t h i s  w ork , were c a r r i e d  ou t u n d e r  a l k a l i n e  

c o n d i t i o n s  t h a t  w ould  e n su re  a  p redom inance  o f  t h e  a n io n ic  

s p e c i e s .  U s in g  t h e  c o n d i t i o n s  t h a t  g iv e  r i s e  t o  N^g^- 

s u b s t i t u t i o n  how ever ,  m e n t io n  h a s  a l r e a d y  been  made o f  t h e  

d im e th y l  e t h e r  fo rm ed by t h e  i n t e r a c t i o n  o f  m e th y l  a l c o h o l  

and m e th y l  io d id e *

CH3OH + CH^I ------CH^0CH3 + HI

S in c e  t h e  e t h e r  h a s  no b a s i c  p r o p e r t i e s ,  t h e  h y d r -  

i o d i c  a c id  p ro d u ce d  r e n d e r s  th e  m e t h y l a t io n  medium s t r o n g l y  

a c i d i c * ,  w i th  t h e  r e s u l t  t h a t  t h e  p t e r i d i n e s  a r e  p a r t l y  

( i f  n o t  c o m p le te ly )  i n  t h e i r  p r o t o n a t e d  form*

I t  f o l l o w s  t h e r e f o r e ,  t h a t  th e  p re s e n c e  o f  a s t r o n g l y  

p o s i t i v e  c e n t r e  a t  would n o t  o n ly  p r e c lu d e  m e t h y l a t io n

a t  t h i s  s i t e  bu t would  re d u c e  t h e  e l e c t r o n  d e n s i t y  a t  t h e  

a d j a c e n t  p o s i t i o n .  W ith  su c h  a  r e d i s t r i b u t i o n  o f

tt e l e c t r o n s  N^gj may w e l l  become th e  p o s i t i o n  most s u s c e p t i b l e  

t o  a t t a c k .

*As e v id e n c e  o f  t h i s  f a c t  i t  w i l l  be remembered t h a t  one 
o f  t h e  N ^ g j-m e th y l  d e r i v a t i v e s  was a c t u a l l y  i s o l a t e d  a s

i t s  d ih y d r io d id e *
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D# Methylation of Aminopyrimidines

The methylations described in this sub-section 
were part of a project to extend this aspect of pyrimidine 
chemistry, but they are in no way intended to be divorced 
from the preceeding similar study of the pteridines.
Thus, in many instances the methylation of a particular 
pyrimidine also represents an attempt to prepare an 
intermediate in the synthesis of a methylated pteridine 
that was unobtainable by direct substitution.
Methylation of 4.6-Diaminopyrimidine

The methylation of 4,6-diaminopyrimidine was 
investigated in an attempt to provide the necessary pyrim­
idine precursors for the synthesis of nuclear N-methylated 
4-aminopt eridine s.

4,6-Diaminopyrimidine (CXXIX) was methylated with 
methyl iodide in methanol under mild conditions similar 
to those employed in the 4-aminopyrimidine series by 
Brown, Hoerger and Mason (1955). The mono-methylated 
product which was isolated both as the hydriodide and 
hydrochloride salts, had a basic pK value (not less than 
12.0) far stronger than either 4,6-diaminopyrimidine 
(pK& 6.0) or 4-amino-6-methylaminopyrimidine (pKg 6.3), 
and comparable to the nuclear N-methylated aminopyrimidines 
described by Brown and his co-workers.
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As 4 - a m i n o - 6 - m e t h y l a m i n o p y r i m i d i n e  w a s  i n  f a c t  o n e  

o f  t h e  tw o  p o s s i b l e  m e t h y l a t i o n  p r o d u c t s ,  t h e r e  s e e m e d  

l i t t l e  d o u b t  t h a t  t h e  s t r o n g  b a s e  w a s  4 - a m in o - 1 , 6 - d i h y d r o -  

6 - i m i n o - l ~ m e t h y l - p y r i m i d i n e  (CXXX). F u r t h e r  c o n f i r m a t i o n  

o f  t h i s  s t r u c t u r e  w a s  o b t a i n e d  f r o m  t h e  r e a r r a n g e m e n t  

r e a c t i o n  w h i c h  o c c u r r e d  w i t h  f a c i l i t y  e v e n  a t  ro o m  t e m p e r ­

a t u r e  t o  y i e l d  4 - a m i n o - 6 - m e t h y l a m i n o p y r i m i d i n e  (C X X X I).

NHGH.

h 2n

(CXXIX)

(C X X X II)

.GH.

(cxxx)

OH'

H2N ^ \ N -

(C X X X II I )

I n  a n  a t t e m p t  t o  c o n v e r t  t h e  m e t h y l a t e d  p y r i m i d i n e  

(CXXX) i n t o  t h e  p r e c u r s o r  o f  a  N - m e t h y l - p t e r i d i n e , t h e  

f o r m e r  w a s  n i t r a t e d  u n d e r  t h e  m i l d e s t  c o n d i t i o n s  p o s s i b l e *  

N o t w i t h s t a n d i n g  t h i s  p r e c a u t i o n ,  r e a r r a n g e m e n t  a c c o m p a n i e d  

t h e  n i t r a t i o n  a n d  t h e  p r o d u c t  i s o l a t e d  w a s  4 - a m i n o - 6 -  

m e t h y l a m i n o - 5 - n i t r o p y r i m i d i n e  ( C X X X I I I )*

I n  a n  a t t e m p t  t o  o b v i a t e  t h i s  r e a r r a n g e m e n t ,  t h e  

n i t r a t i o n  s t a g e  w a s  c a r r i e d  o u t  p r i o r  t o  m e t h y l a t i o n .
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However, t h e  m e th y l a t i o n  o f  4 , 6 - d i a m in o - 5 - n i t r o p y r im i d in e  

(CXXXII) r e q u i r e d  more v ig o r o u s  c o n d i t i o n s  t h a n  d id  th e  

u n - n i t r a t e d  a n a lo g u e  and th e  p r o d u c t  i s o l a t e d  was a g a in  

t h e  unw anted  r e a r r a n g e d  m a t e r i a l  (CXXXIII). A lth o u g h  i n  

t h i s  c a se  t h e r e  i s  no p r o o f  t h a t  m e t h y l a t io n  d id  n o t  o c c u r  

d i r e c t l y  on th e  e x t r a n u c l e a r  n i t r o g e n  a tom , i t  seems more 

l i k e l y  t h a t  n u c l e a r  N - m e th y la t io n  was fo l lo w e d  by r e ­

a r ra n g e m e n t  a s  b e f o r e .

M e th y la t i o n  o f  2 .4 -D ia m in o -  and 2 .4 -D ia m in o -6 -m e rc a p to -  

p y r im i  d in e s

B ecause  o f  t h e  u n u s u a l  r e s u l t s  o b t a in e d  i n  t h e  

m e t h y l a t i o n  o f  th e  2 , 4 - d i a m i n o p t e r i d i n e s ,  i t  was o f  s p e c i a l  

i n t e r e s t  t o  e x te n d  t h e  i n v e s t i g a t i o n s  to  t h e  s i m i l a r l y  

s u b s t i t u t e d  p y r i m i d i n e s .

The m e t h y l a t i o n  o f  2 , 4 - d ia m in o p y r im id in e  (CXXXVII) 

d id  n o t  r e q u i r e  t h e  t e m p e r a tu r e s  above 100° found  n e c e s s a r y  

i n  t h e  p t e r i d i n e  s e r i e s ,  b u t  m e th an o l  had a g a in  to  be u se d  

i n  o r d e r  t o  i n c r e a s e  t h e  s o l u b i l i t y  o f  t h e  s t a r t i n g  m a t e r i a l .  

C hrom atography  r e v e a l e d  t h a t  o n ly  one p ro d u c t  was o b t a i n e d ,  

and t h i s  on i s o l a t i o n ,  p ro v ed  to  be a n o th e r  s t r o n g  b a se  

(pK n o t  l e s s  t h a n  1 2 . 5 ) .  T h is  f a c t  and a n a lo g y  w i th  

p r e v io u s  e x am p le s ,  showed t h a t  t h e  m e t h y l a t i o n  p ro d u c t  was 

one o f  th e  two n u c l e a r  N -m ethyl d e r i v a t i v e s  (CXXXVIII) and 

(CXL). C o n t r a r y  t o  e x p e c t a t i o n s  how ever, t h e  p ro d u c t  

would r e a r r a n g e  n e i t h e r  to  2 -a m in o -4 -m e th y la m in o p y r im id in e  

( CXXXIX) n o r  t o  4 -a m in o -2 -m e th y la m in o p y r im id in e  (CXLI).
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HN^'\N n h 91  ̂
c h 3

(OXL)

- -  - -  -  > >

CJUHN " \ N / '  NH2

(CXXXIX)

\\ I
.N̂  \K-^NHCH.

(CXLI)

- ^ ^ N ' GH3

o oh H N ^ \ N ^ X NH„
---------- >•

N'GH3f .
^ H / V H /  ̂ rh

(CXLII) (CXLIII) (CXLIV)

An attempt to structuralise the methylation product 
by hydrolysis to one of the known N-methyluracils (GXXXIV 
and CXLII, Brown, Hoerger and Mason, 1955)did not succeed. 

Another attempt was made, this time to convert the
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product, via the 4,5-di amino pyrimidine precursor (CXXXV) or 
(CXLIII) into an N-methyl derivative of 2-aminopteridine 
(CXXXVI) or (CXLIV) which could with reasonable certainty be 
degraded into a recognisable amino- or methylamino- pyrazine. 
However the synthesis proved unsuccessful in that the 
methylation product could be neither nitrated nor nitrosated. 
The methylation product was finally shown to be 2(4)-amino- 
1,4(1,2)-dihydro-4(2)-imino-l-methylpyrimidine (CXL), by 
its unambiguous synthesis in the following manner.

SH SGH

Mel
NH2

(CXLV)

HN NH
CH.

(CXIVII)

H2N ^ \ N > ^ ' ' ' N H 2

Mel (CXLVI)
SCH-, / SCH

- N ' C H

I 11 NH„|
)

HN^^N^^  NH
CH, Ni‘ (CXLVIII)

0 Clii Cl
V <An'ch

1!
N / ^ N H 0i c.

H N ^ \  N - ^  NH,
GH3

(CXLIX)

r CH3

KN N^'"' NH,

(CL) (CLI) (CLII)
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2 ,4 -D ia m in o -6 -m e rc a p to p y r im id in e  (CXLV) had p r e v ­

i o u s l y  been  p r e p a r e d  by E l i o n ,  Lange and H i t c h in g s  (1 9 5 6 ) ,  

b u t  t h e  c o n d i t i o n s  u s e d  were to o  s e v e r e  and made t h e  

i s o l a t i o n  o f  t h e  p r o d u c t  u n s a t i s f a c t o r y .  U s ing  optimum 

c o n d i t i o n s  d e te rm in e d  by c h ro m a to g ra p h y , t h e  m e rc a p to -  

p y r im id in e  was o b ta in e d  w i th o u t  d i f f i c u l t y  and c o n v e r te d  

th e n  i n t o  t h e  m e t h y l th i o  d e r i v a t i v e  (CXLVI) by e x t r a n u c l e a r  

S - m e th y la t i o n  w i th  m e th y l  i o d i d e ,

M e th y la t io n  o f  2 , 4 - d ia m in o - 6 - m e th y l th io p y r im id in e  

(CXLVI) was c a r r i e d  ou t u s i n g  t h e  same c o n d i t i o n s  as  f o r  

th e  2 , 4 - d i a m in o - p y r i m id i n e , b u t  i n  t h i s  i n s t a n c e ,  two 

p r o d u c t s  were o b t a i n e d .  A n a ly s i s  r e v e a l e d  t h a t  t h e s e  w ere  

b o th  m ono-m ethyl d e r i v a t i v e s .  Once more th e  b a s i c  s t r e n g t h s  

o f  th e  p r o d u c t s  were d i a g n o s t i c  o f  t h e  s i t e  o f  m e t h y l a t i o n ,  

f o r  w h e reas  2 ,4 - d i a m in o - 6 - m e th y l th io p y r im id in e  had a  b a s i c  

pK v a lu e  5 .6 ,  t h e  c o n s t a n t s  f o r  th e  i s o m e r ic  p r o d u c t s  w ere 

1 2 .0  and 1 1 ,1 6  r e s p e c t i v e l y .  On t h i s  e v id e n c e ,  t h e  l a t t e r  

w ere r e g a r d e d  a s  t h e  1-m e th y l- (C X L V III )  and th e  3 -m e th y l-  

(CXLIX) d e r i v a t i v e s .  To d i s t i n g u i s h  be tw een  t h e s e  i s o m e r s ,  

one o f  them , 2 ( 4 ) - a m i n o - 3 ,4 ( 2 ,3 ) - d i h y d r o - 4 ( 2 ) - i m i n o - 3 -  

m ethy1 - 6 -m ethy1t h i o p y r i m i d i n e  (CXLVIII) was s y n t h e s i s e d  by 

t h e  unam biguous r o u t e  i l l u s t r a t e d .  2 , 4 -B ia m in o -3 ,6 -  

d ih y d ro -3 -E ie th y l -6 -o x o p y r i f f l id in e  (CL; R o th , Sm ith  and 

H u l t q u i s t ,  1951: c o r r e c t i o n s  by Boon and B r a t t , 1957) was 

c h l o r i n a t e d  w i th  p h o s p h o ry l  c h l o r i d e  to  y i e l d  2 (6 ) - a m in o -
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4-chloro-l,6(1,2)-dihydro-6(2)-imino-l-methylpyrimidine 
(CXLVII), Reaction of this compound with sodium methyl 
mercaptide furnished the methylthio- derivative (CXLVIII), 
The remaining isomer (CXLIX) was therefore, 2(4)-amino-i,4 
(1,2)*dihydro-4( 2)-imino-i-methyl-6-methylthiopyrimidine. 
Several attempts were made to confirm the structure of 
this isomer independently by hydrolysis, but without 
success. In one of these, an attempt to prepare the 
methylsulphonyl derivative by chlorine oxidation of the 
methylthio-group (Noell and Robins, 1959; Robins, 1961) 
gave the unstable 2(4)-amino-5,6-dichloro-l,4(l,2)-dihydro- 
4(2)-imino-l-methylpyrimidine (GLI). The possibility that 
the chlorination product was one of the isomeric chloramines 
or dichioramines, was precluded because it did not possess 
the oxidizing properties towards hydriodic acid that are 
so characteristic of such compounds (Taylor and Baker,
1945).

To establish the structure of the methylation 
product of 2,4-diaminopyrimidine, it remained only to 
desulphurise one of the methylated methylthiopyrimidines 
(GXLVIII) or (CXLIX), This was achieved with Raney nickel 
on the second isomer which gave 2(4)-amino-l,4(1,2)- 
dihydro-4(2)-imino-l-methylpyrimidine (CLII). Compared 
as its hydrochloride, the desulphurised product was
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identical with the same salt of the methylation product 
and was thus established as the site of substitution.

Methylation of 4-Amino-2-methylaminopyrimidine
This was an extension of the previous methylation 

study and was designed to discover if the site of methylat­
ion would be influenced by a small variation in the 
adjacent substituent group.

4-Amino-2-methylaminopyrimidine (CLVII) which had 
not been previously described, was prepared by two different 
routes. The first of these started with 4-amino-2- 
mercaptopyrimidine (CLIII) and proceeded via the methylthio 
derivative (CLIV) which on methylamination gave the desired 
material (CLVII).

NTT NTT

(CLV) (CL VI)
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The o t h e r  a p p ro a c h  was made from  4 -a m in o -6 -  

h y d ro x y -2 -m e th y la m in o p y r im id in e  (GLV) by c h l o r i n a t i o n  and 

su b s e q u e n t  c a t a l y t i c  d e h a lo g e n a t io n  o f  t h e  d e r i v a t i v e  (GLVI) 

u s i n g  t h e  method o f  F i d l e r  and Wood (1 9 5 7 ) .

U s in g  m e th y l a t i n g  c o n d i t i o n s  s i m i l a r  to  th o s e  f o r  

p r e v io u s  compounds i n  t h e  s e r i e s ,  4 -a m in o -2 -m e th y la m in o -  

p y r im id in e  (CLVII) a l s o  a f f o r d e d  a s i n g l e  m ono-m ethyl 

d e r i v a t i v e  o f  h ig h  b a s i c  s t r e n g t h  (pK n o t  l e s s  th a n  1 3 ) .  

When a l lo w a n c e  i s  made f o r  t h e  s m a l l  b a th o c h ro m ic  d i s p l a c e ­

m en ts  in d u c e d  by an a d d i t i o n a l  m e th y l  g ro u p ,  i t s  u l t r a ­

v i o l e t  s p e c t r a  a.re v e ry  s i m i l a r  t o  t h o s e  o f  t h e  1 -m e th y l  

d e r i v a t i v e  o f  2 , 4 -d ia m in o p y r im id in e .  I t  t h e r e f o r e  seems

p r o b a b le  t h a t  s u b s t i t u t i o n  on  ̂ had  a g a in  t a k e n  p l a c e ,  

a l th o u g h  t h i s  a s su m p t io n  h as  n o t  y e t  been  in d e p e n d e n t ly  

c o n f i rm e d .

M e th y la t io n  o f  4 . 5 -D iam in o p y r im id in e

The m ono-m ethyl d e r i v a t i v e  i s o l a t e d  from  th e  

m e t h y l a t i o n  o f  4 , 5 -d ia m in o p y r im id in e  (CLXI) a g a in  p o s s e s s e d  

t h e  e x c e p t i o n a l l y  h ig h  b a s i c  s t r e n g t h  (pK 1 2 .5 )  t h a t  had 

become so i n d i c a t i v e  o f  n u c l e a r  N - m e th y la t io n .  By a n a lo g y  

w i th  t h e  m e t h y l a t io n  o f  4 -a m in o p y r im id in e  (Brown, H oerger 

and Mason, 1 9 5 5 ) ,  s u b s t i t u t i o n  was e x p e c te d  on and

t h i s  was n e g a t i v e l y  s u p p o r te d  by u n s u c c e s s f u l  a t t e m p t s  t o  

in d u c e  a  r e a r r a n g e m e n t .  I n  s e e k in g  more p o s i t i v e  e v id e n c e  

o f  s t r u c t u r e ,  d e g r a d a t i v e  m ethods were o f  l i t t l e  u s e ,  s i n c e



6 3 .

n e i t h e r  w ere  th e  p o s s i b l e  breakdown p r o d u c t s  known, n o r  

c o u ld  th e y  be r e a d i l y  s y n t h e s i z e d .  An a t te m p t  to  

con d en se  t h e  m e t h y l a t i o n  p ro d u c t  w i th  g ly o x a l  to  y i e l d  one 

o f  t h e  h i t h e r t o  ( A l b e r t ,  Brown and V/ood, 1956) i n a c c e s s i b l e  

m e t h y l - p t e r i d i n i u m  s a l t s  a l s o  f a i l e d .

An a c c e p t a b l e  s o l u t i o n  t o  t h e  p rob lem  was however 

found  by s y n t h e s i s  o f  t h e  1 -m e th y l  d e r i v a t i v e  s t a r t i n g  

from  4 , 5 - d i a m in o - 2 - m e th y l th io p y r im id in e .  The f o l lo w in g  

r e a c t i o n  scheme was u s e d .

(C L X III)

4 , 5 -D ia m in o - 2 - m e th y l th io p y r im id in e  (C L V III)  was 

m e th y la te d  v / i th o u t  v a r y i n g  th e  c o n d i t i o n s  p r e v i o u s ly  u s e d .  

A n a ly s i s  o f t h e  p ro d u c t  c o n f irm e d  i t  a s  a  m ono-m ethyl 

d e r i v a t i v e ,  w h i le  i t s  h ig h  b a s i c  pK v a lu e  (n o t  l e s s  t h a n  

1 2 .6 )  l e f t  no doubt t h a t  s u b s t i t u t i o n  had o c c u r r e d  on one
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o f th e  n u c le a r  n itro g e n  atom s♦ That t h i s  s i t e  was 

and th e  p roduct 5 -a m in o - l,4 -d ih y d ro -4 - im in o -l-m e th y l-2 -  

m e th y lth io p y rim id in e  (CLIX), was e s ta b lis h e d  hy i t s  

h y d ro ly s is  to  th e  known 4 ,5 -d iam in o -l-m e th y l-2 -p y rim id o n e  

(CLX; Brown, 1955). For co n firm a tio n , th e  pyrim idone was 

co n v erted  in to  3 -m e th y l-2 -p te rid o n e  (CLXIII; A lb e r t, Brown 

and Wood, 1956).

R eductive d e s u lp h u r is a tio n  of th e  m e th y lth io -  

py rim id ine  (CLIX) fu rn is h e d  5 -am in o -l,4 -d ih y d ro -4 -im in o - 

1-m eth y lp y rim id in e  (CLXII) and t h i s  was shown to  be id e n t ic a l  

w ith  th e  m e th y la tio n  product of 4 , 5 -d iam ino -py rim id ine . 

M eth y la tio n  of 2 .4 .6-T riam inopyrim id ine

This m e th y la tio n  re p re se n te d  an a ttem pt to  p rep are  

an in te rm e d ia te  in  th e  sy n th e s is  of th e  and N ^.^-

m ethyl d e r iv a t iv e s  of 2 ,4 -d ia m in o p te r id in e . The product 

o b ta in ed  a f t e r  r e f lu x in g  2 ,4 ,6 - triam in o p y rim id in e  (CLXIV) 

in  m ethyl io d id e  and m ethanol was a mono-methyl d e r iv a t iv e  

w ith  a b a s ic  s t r e n g th  g r e a te r  th an  pK 12. From a 

c o n s id e ra tio n  of t h i s  evidence and th e  symmetry of th e  

m olecu le , th e  m e th y la tio n  p roduct could be none o th e r  th an  

2 ,4 -d iam ino -1 , 6 -d ih y d ro -6 -im in o -l-m e th y lp y rim id in e  (CLXV)

(o r  a ta u to m e r) .
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NH,

( CLXIV) (CLXV)

D e s p i t e  t h e  s u c c e s s  o f  t h i s  m e t h y l a t i o n ,  t h e  p y r i m i d i n e  

(CLXV) c o u ld  n o t  h e  u s e d  a s  a  p t e r i d i n e  i n t e r m e d i a t e  

b e c a u s e  a t t e m p t s  t o  s u b s t i t u t e  i t  (b y  n i t r a t i o n  o r  

n i t r o s a t i o n )  i n  p o s i t i o n  5 d i d  n o t  m e e t w i t h  s u c c e s s .

M e t h y l a t i o n  o f  2 - A m in o - 4 - h y d r o x y p y r im id in e

2 -A m in o -4 ^ -h y d ro x y p te r i d i n e  ( i s o c y t o s i n e ,  C L X X II), 

o n  t r e a t m e n t  w i t h  m e th y l  i o d i d e  i n  a n h y d r o u s  m e th a n o l i c  

s o d iu m  m e th o x id e ,  g a v e  tw o  i s o m e r i c  p r o d u c t s  w h ic h  w e re  

s e p a r a t e d  o n ly  w i t h  c o n s i d e r a b l e  d i f f i c u l t y .

Of t h e  f o u r  p o s s i b l e  m o n o -m e th y l d e r i v a t i v e s ,  o n ly  

2 - a m in o - 4 - m e th o x y p y r im id in e  h a d  b e e n  d e s c r i b e d  p r e v i o u s l y  

( H i l b e r t  a n d  J o h n s o n ,  1 9 3 0 ) ,  a n d  t h i s  d i d  n o t  r e s e m b le  

e i t h e r  o f  t h e  i s o m e r s .  The s y n t h e s i s  o f  t h e  r e m a in in g  

e x t r a n u c l e a r  N - m e t h y l a t i o n  p r o d u c t ,  4 - h y d r o x y - 2 - m e th y la m in o -  

p y r i m i d i n e  (C L X X I), p r o v e d  t o  be m uch m ore  d i f f i c u l t  t h a n  

w as  a n t i c i p a t e d .  R e p e a te d  a t t e m p t s  t o  m e th y la m in a te  

4 - h y d r o x y - 2 - m e t h y l t h i o p y r i m i d i n e  (C L X V III)  f a i l e d  t o  y i e l d  

t h e  r e q u i r e d  p r o d u c t ,  a l t h o u g h  d e s u l p h u r i s a t i o n  d i d  o c c u r .
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L ik e w is e  th e  use o f  2 -c h lo ro -4 -m e th o x y p y r im id in e  (C L X V II) 

i n  th e  same ty p e  o f  r e a c t io n  was u n s u c c e s s fu l.  F in a l l y ,  

4 - c h lo ro -2 -m e th y la m in o p y r im id in e  (G LXIX) was p re p a re d  as th e  

in te r m e d ia te ,  by m o n o -m e th y la m in a tio n  o f  2 , 4 - d ic h lo r o p y r im -  

id in e  (G L X Y I), A f t e r  s e p a ra t io n  fro m  th e  4 -m e th y la m in o  

is o m e r, i t  was c o n v e r te d  in t o  th e  4 -m ethoxy d e r iv a t iv e  

(CLXX) and th e n c e , by  a c id  h y d r o ly s is ,  t o  th e  re q u ire d  

4 -h y d ro x y -2 -m e th y la m in o p y r im id in e  (C LX X I) .

C l OCH. OH

'W n
1 I 1 I

\ N ^  "  C l
/  L

SCH3

1
(C LXVI)

r
: ( c L x v i i )
t

V

; ( c l x v i i i )
1

C l
T

OCH3
V

OH

Oiile-  , H+ .

\ n x " n hch .
1

V\ N / '  NHCH,

(C LX IX ) ( CLXX) (C LXXI)

E x a m in a tio n  o f  t h i s  d e r iv a t iv e  (G LXXI) showed t h a t  i t  d id  

n o t c o rre s p o n d  to  e i t h e r  o f  th e  is o m e r ic  m e th y la t io n  

p ro d u c ts  o f  is o c y to s in e .  I t  was th e r e fo r e  c le a r  th a t  th e s e  

w ere  th e  and N ^ ^ - m e th y l  d e r iv a t iv e s  (G L X X III )  and

( GLXXIV) .
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OH 011 0
Ji XCH

T1 1 Mel { J1 +\ N /  NH0i d
c h3

( i f1
n N / '  NHg NH2

(CLXXII) (CLXXIXI) (CLXXIY)

Before the structure of the products could he 
unequivocally confirmed however, Angier and Curran (1961) 
described the methylation of isocytosine with dimethyl 
sulphate and established the two products as the 1-methyl 
and 3-2iethyl derivatives. Their products were identical 
in melting point, chromatography and ultraviolet spectra 
with the isomers obtained by methylation with methyl 
iodide.
Methylation of 2«4-Diamino-6-hydroxypyrimidine

2,4-Diamino-6-hydroxypyrimidine was methylated in 
an endeavour to provide an intermediate in the synthesis 
of either the or N^^-methyl derivatives of the
2-amino-4-hydroxypteridines. Methyl iodide in methanolic 
sodium methoxide was used and gave a mono-methyl derivative. 
Characterisation of the product was rendered easier in this 
instance because three of the possible products, 2,4-diamino- 
6-methoxy-(CLXXV), 4-amino-6-hydroxy-2-methylamino-(CLXXVI), 
and 2,4-diamino-3,6-dihydro-3-niethyl-6-oxo-pyrimidine
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(CLXXVII) had been  p r e p a r e d  by R o th ,  Sm ith  and H u l t q u i s t  

( 1 9 5 1 ) ,  and none o f  t h e s e  r e s e m b le d  t h e  m e t h y l a t i o n  p r o d u c t .  

The compound was t h e r e f o r e  t e n t a t i v e l y  a s s i g n e d  t h e  

s t r u c t u r e  o f  t h e  r e m a in i n g  N - m e th y la t e d  i s o m e r ,  2 , 4 - d i a m i n o -  

1 , 6 - d i h y d r o ~ l - m e t h y l - 6 - o x o p y r i m i d i n e  (CLXXVIII) .

(CLXXV)

NH2 h2n

(CLXXVI)

(GLXXVII)

h2n

3

2

(CLXXVIII)

However, t h i s  s t r u c t u r e  was no t  c o n s i s t e n t  w i t h  t h e  

s u b s e q u e n t l y  o b s e r v e d  f a i l u r e  o f  t h e  p y r i m i d i n e  t o  n i t r o s a t e  

o r  n i t r a t e , e s p e c i a l l y  a s  i t s  i so m e r  (CLXXVII) was r e a d i l y  

s u b s t i t u t e d  i n  p o s i t i o n  5* M o re o v e r , e x a m in a t io n  o f  t h e

m e t h y l a t i o n  p r o d u c t  showed i t  t o  have i o n i s a t i o n  c o n s t a n t s  

( a c i d i c  pK„ 1 1 . 0 7 ;  b a s i c  pK 3 .6 1 )  d i f f e r i n g  v e r y  l i t t l e  

f rom  t h o s e  o f  2 , 4 - d iam in o - 6 - h y d r o x y p y r im id in e  (CLXXXII;
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acidio pK 10.78; basic pK 3.33). This all suggested the 
possibility that substitution may have occurred on C ^ j  and 
the methylation product was therefore compared with an 
authentic specimen of 2,4-diamino-6-hydroxy-5-methylpyrim- 
idine (CLXXXI) made by condensation of ethyl 2-cyanoprop- 
ionate (CLXXIX; from methylation of ethyl cyano-acetate) 
with guanidine (CLXXX), They were found to be identical 
by the usual criteria, and as C-methylation is so infrequent 
in the pyrimidine series, the identity of the two compounds 
was reconfirmed by comparison of their infrared spectral 
traces (see page 70).

OH. / :022t 
JnCK NHI li

CN h2it ^ nh2
NaOEt

OH

Mel
H2N^ X I T X v NH2 H2N ^ \ N ‘NH,

(CLXXIX) (CLXXX) (CLXXXI) (CLXXXII)

In view of these facts, 2,4-diamino-l,6-dihydro- 
1-methyl-6-oxopyrimidine (CLXXVIII) remains an unknown 
isomer, despite the mention of it twice in the literature 
(Roth, Smith and Hultquist, 1951; Yamada, Chibata and 
Kiguchi, 1958). The compound described in both of these 
references being, in fact, the 3-methyl isomer (CLXXVII). 
It is of considerable interest to note that the 1-methyl 
derivative (CLXXVIII) could theoretically be obtained from
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2(4)-amino-l,4(1,2)-dihydro-4(2)-imino-l-methyl-6-methyl- 
thiopyrimidine (CXLIX) described earlier in this thesis, 
but preliminary attempts at hydrolysis did not meet with 
success.
SUMMARY

2,4-Diamino-, 4,5-diamino-, 4,6-diamino, 4,5-diamino- 
2-methylthio- and 2,4,6-triamino-pyrimidine were all 
methylated by methyl iodide on

2-Amino-4-hydroxypyrimidine (isocytosine) and 
2,4-diamino~6-methylthiopyrimidine gave both j- and 
N^j-methyl derivatives.

The methylation product of 2,4-diamino-6-hydroxy- 
pyrimidine has been confirmed as 2,4-diamino-6-hydroxy-5- 
methylpyrimidine, and is an almost unique example of 
C-methylation in the series.

'factors Influencing the Position of Methylation
In pyrimidine and its symmetrical derivatives, the 

nuclear nitrogen atoms are equivalent to each other, and 
for this reason mono-methylation can only lead to one 
nuclear N-methyl derivative. In the case of unsymmetrical 
pyrimidines, the relative susceptibilities of the nuclear 
nitrogen atoms towards methylation may be influenced by 
the same factors discussed in the pteridine series.
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SECTION 3

ANALYSIS OP PHYSICO-CHEMICAL MEASUREMENTS

A. T a b le  o f  I o n i s a t i o n C o n s t a n t s and S p e c t r a

Compound pK&— and Concn. X max: ( m p . ) - pH l o g  £

P t e r i d i n e  d e r i v a t i v e s

4-Aminoc 335; 244 3 .8 2 ;  4 .20
c a t i o n 3 .56 324; 229 3 .9 9 ;  4 .10

4 - A m in o - 6 ,7 -d im e th y l 330; 245 6.2 3 .8 8 ;  4 .25
c a t i o n 3 .8 0  + 0 .0 2  (M/400) 337; 326; 233 1 .7 3 .9 6 ;  4 .0 5 ;  4 .1 8

1 , 4 - D i h y d r o - 4 - i m i n o - l - m e t h y l e 1 2 . 5h
c a t i o n 9 .5 1  + 0 .0 5  (M/200) 122; 333; 233 7 .4 3 .8 7 ;  4 . CO; 4 .1 4

1 , 4 - D i h y d r o - 4 - i m i n o - l , 6 , 7 - t r i -

m e th y le 1 2 . 5h
c a t i o n 10 .4 7  + 0 .0 6  (M/200) 1Ü; 330; 237 8 .5 3 .08 ;  4 .0 6 ;  4 .1 8

1 , 4 - D i h y d r o - l - m e t h y l - 4 - m e t h y l -

im in o e 1 2 . 5h
c a t i o n 10 .34  + 0 . 0 4  (M/100) 12i; 344; 233 8 .3 4 .0 3 :  4 .0 7 ;  4 .1 6

1 , 4 - D i h y d r o - l , 6 , 7 - t r i m e t h y l -

4-oxo 140; 325; Ml; 234 5 . C 3 .9 2 :  4 .0 0 ;  4 . 0 6 ; 4 .17
c a t i o n 1 .7 3  + 0 .04* J 2 2 ; 308 - 1 . 0 3 .8 7 :  4 .04

1 , 4 - D i h y d r o - l , 6 , 7 - t r i m e t h y l - 4 -

m e th y l im in o e 1 3 . l h

c a t i o n 1 1 .4 3  + 0 . 0 5  (M/100) 354; 341; 222; 237 8 .5 4 .0 6 ;  4 .1 0 ;  3 .8 7 ; 4 .15

4 , 8 - D i h y d r o - 6 , 7 , 8 - t r i m e t h y l - 4 -

m eth y l im in o 383; 284; 241; 215 8 .5 3 .6 8 ;  4 .2 3 ;  4 . 0 6 ; 4 .27

c a t i o n 6 .6 4  + 0 .0 5  (M/600) 410; 222.; 268; 233 4 .0 4 .0 3 ;  4 ,0 0 ;  4 . 0 6 ; 4 .09

4 -D im e th y lam in o “' 362; 241 3 .9 3 ;  4 .15

c a t i o n 4 .3 3 344 ■► 347 + 356; 239 4 .0 9  + 4.1C + 4 . 0 4 ;  4 .19

4 -D im e th y la m in o - 6 ,7 - d im e th y l 355; 244 6.8 3 .9 9 ;  4 .2 0

c a t i o n 4 .8 4  + 0 .0 3  (M/400) 121; 342; 244 2.8 4 .1 2 :  4 .1 6 ;  4 .1 9

4 -D im e th y la m in o - l - m e th y l -

p t e r i d i n i u m  iod ide® 352; 243 4 .1 1 ;  4 .17

4 - D im e th y la m in o - l , 6 , 7 - t r i m e t h y l -

p t e r i d i n i u m  iod ide® 347; 246 4 .1 9 ;  4 .23

6 , 7 -D im e th y l -4 -m e th y la m in o 346; 249 6 .2 3 .9 7 ;  4 .15

c a t i o n 4 .1 7  + 0 .0 3  (M/400) 148; 337; 234 1 .7 4 .1 0 :  4 .1 4 ;  4 .1 9

4-M ethylamino 352; 248; 226 5.7 3 .8 8 ;  4 .0 6 ;  4 .0 5

c a t i o n 3 .7 0  + 0 .0 3  (M/200) 12£; 339; 221; 232 1 .7 3 .9 9 :  4 .0 6 ;  3 .6 8 ; 4 .12

4 - A m in o - 2 ,8 - d i h y d r o - 2 - i m in o -

8 -m e th y l^ 122; 313; 288; 241 1 1 .0 3 .2 3 :  3 .9 2 ;  3 . 9 3 ; 4.11

c a t i o n 8 .8 8  + 0 . 0 4 1 412; 330; 270; 244 6 .0 3 .9 8 ;  3 .5 2 ;  4 .2 4 ; i J i
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Pteriiine derivative--, continued 
4-Amino-l, 2-dihydro-2-imino-

1,6,7-trimethyl 368; 262 14.16 3.97; 4.15
cation 11.90 + 0.051 1£L; 335; 282; 246 7.5 4,01 ; 4.07; 3.64; 4.25

2,4-Diamino 364; 255; 224 8.0 3.86; 4.32; 4.07

cation 5 - 32 J lili 332; 118; 284; 240 3.0 3.90; 3.98; 3.91; 3.73; 4.10

2-Amino-l,4-dihydro-l-methyl-
4-oxon 142; 327; 230; 239 5.0 1*81; 3.93; 1x62; 4.21

cation 2.83 + 0.03 (M/200) 314; HI; 250; 227 0.13 3.90; 3.66; 1*15; 4.12

ani on 11.5d 360; 258 14.0 3.90; 4.13
2-Amino-3,4-dihydro-3-methyl-

4-oxon 355; 274; 240 5.0 3.80; 4.05; 4.18

cation 2.25 + 0.031 118; 230 0.13 3.88; 4.17

2-Araino-4,8-dihydro-8-methyl-
4-oxo 400; 320; 265 8.5 3.98; 3.47; 4.28

cation 5.42 + 0.02 (M/200) 389; 281; 261 3.0 4.01; 3.99; 4.14

anion 11.5d 314; 284; 239 14.0 3.91; 3.89; 4.26

2-Amino-4,8-dihydro-6,7,8-tri-
methyl-4-oxo 407; 315; 267 8.5 4.11; 3.43; 4.35

cation 6.1C + 0.02 (M/200) 397; 285; 254 3.0 4.12; 4.13; 4.09
anion 11.97 + 0.021 370; 308; loi; 228m 14.0 3.88; 4.20; 4.18; 4.33

4-Amino-l,2-dihydro-l-methyl-2-oxo 345; 288; 245 5.0 3.88; 3.56; 4.13
oation 2.96 + 0.02 (M/400) 160; 341; 238 0.13 1*69; 3.87; 4.08
anion l?d 350; 245 14.0 3.79; 4.04

4-Ami no-1,2-dihydro-1,6,7-tri­
methyl -2-0/.0 160; 345; 282; 248; 216 7.1 3.93; 4.04; 3.53; 4.24; 4.18

cation 3.66 + 0.031 360; 34 3; 264; 218 0.3 3.91; 4.02; 1*82; 4.29
2-Amino-4-hyd roxy^ 340; 270; 230 5.25 3.76; 4.05; 4.04
cation 2.31 315; 220 3.88; 4.1
anion 7.92 358; 251 3.83; 4.31

4-Amino-2-hydroxy 350; 337; 286; 240 7.0 1*87; 3.94; 1*61; 4.08
cation 2.99 + 0.021 335; 237 0.83 3.90; 4.08
anion 9.97d 375; 255 12.0 3.85; 4.31

4-Amino-2-hydroxy-6,7-dimethyl 110; 340; 276; 245 6.5 3.96; 4.01; 3.48; 4.07
cation 3.49 + 0.031 150; 338; 256; 215 1.3 3.97; 4.03; 3.85; 4.32
anion 10.69 + 0.04 370; 274; 254 13.8 3.88; 1*73; 4.29

2-Amino-4-methoxyn 274; 239 5.5 3.81; 3.84
cation 3.46 + 0.02 (M/200) 285; 237 1.0 3.99; 3.80
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Pteridlne derivatives continued
4-Hydroxy-2-methylaminon 348; 275 5.5 3.75; 4.16

cation 1.98 + 0.03 (M/200) 317; 236 -0.07 3.87; 4.16

anion 8.16 + 0.02 (M/400) 365; 260 10.5 3.84; 4.32

Lumazine, dianion0 365; 252 13 3.73; 4.23

1-Methyl-lumazine, anion^ 8.57 + 0.02 (M/200) 339; 281; 242 10.5 3.89; 3.54; 4.19

3-Methyl-lumazine, anion^ 8.0 362; 268; 244; 215 10.0 3.81; 3.98; 4.25; 4.02

1 ,6,7-Trimethyl-lumazine 334; 252; 225 7.0 3.98; 3.96; 4.07

anion 9.06 + 0.04 (M/300) 341; 230; 244 11.5 4.03; 3.33; 4.25

6,7,8-Trimethyl-lumazine'1’ 404; 276; 256 7.0 4.08; 4.04; 4.16

anion 9.83 + 0.04 (M/400) 363; 313; 304: 243 12.0 3.78; 4.31; 4.28; 4.19

Pvrazine derivatives

2-Ami dino-3-me thy lamino 361; 256 11 .0 3.76; 4.13

cation 8.9e + 0.06 (M/200) 359; 264 7.0 3.69; 3.93

2-Amidino-5,6-dimethyl-3-

methylamino 370; 261 11.5 3.85; 4.11

cation 9.45 + 0.03 (M/200) 370; 272 7.4 3.77; 3.92

2-(4,6-Diaethylpyrimidin-2-yl)-3-

methylamino 375; 263; 223 5.7 3.85; 4.00; 4.01

cation 7.93 + 0.03 (M/100) 417; 259; 223 0.9 3.85; 4.03; 4.07

2-0 arbamoyl-3-me thy lamino 371; 256 5.0 3.74; 4.15

cation 2.11 ± 0.04 (M/200) 361; 247 C 3.77; 4.15

2-Carbamoyl-5,6-dimethyl-3-

methylamino 377; 263 5.0 3.88; 4.17

cation 2.70 i C.C2 (M/4C0) 380; 255 0 3.96; 4.20

2-Amino-3-carboxy-5,6-dinethyl

proton lost ■■ .46 + 0.C4 (K/2C0) 34 3; 248 7.0 3.87; 4.00

proton gained >  l1 372; 250 -l.C 4.01; 4.08

2-Carboxy-5,6-dimethyl-3-

methylamino

proton lost 4.82 + 0.04 (M/700) 365; 259 7.0 3.83; 4.13

proton gained 386; 257 -1.0 3.0C; 4.13



Pyrimidine derivatives
2-Amino-4-ehloro-l,6-dihydro-6- 

imino-l-methyl 
cation

4-Amino-6-chloro-2-methylamino
cation

2-Ami no-1,4-dihydro-4-iniino-l- 
methyl 

cation
2-Amino-l,4-dihydro-4-imino-l- 

methyl-6-aethylthio 
cation

2-Amino-3,4-dihydro-4-imino-3- 
cethyl-6-cethylthio 

caticn
4- Amino-1,6-dihydro-6-imino-l-

methyl
cation

5- Acino-l,4-dihydro-4-imino-l-
methyl 

cation .
5-Amino-l,4-dihydro-4-imino-l- 

methyl-2-methylthio 
cation

2-Amino-l,4-dihydro-l-metbyl- 
4-oxo0 

cation 
anion

2-Amino-3,4-dihydro-3-nethyl- 
4-oxo0 

cation 
anion

4-Amino-6-hydroxy-2-methy] amino 
cation 
anion

4-Amino-2-methylamino
cation

4-Amino-6-methylaniino
cation

4-Amino-6-methylamino-5-nitro

9.90 + 0.04 (M/100) 

3.81 + 0.01 (M/200)

12.5d (M/20) 270; 2^5 9.0 3.83; 4.02

12.0d (M/lO) 288; 226 9.0 4.18; 4.33

11.16 (M/50) 3C2; 2£4; 242 9.0 4.25; 4.13: 4.19

12.0d (M/100) 265; 221

12.5d (M/20) 292

12.6d (M/20) 300; 246

260; 216 
260

10.0 4.03; 4.52

9.0 3.98

9.0 4.00; 4.39

l.C 3.90; 3.96
13.0 3.73

256 1.0 3.82
284; 225 13.0 3.99; 3.86

3.22 + 0.04 (M/200) 
11.03 + 0.06 (M/100)

7.55 + 0.01 (M/200)
260; 221 8.2 3.72; 4.58

6.32 + 0.02 (M/200) 268; 225 4.2 4.13; 4.38
348; 221 5.0 3.98; 4.17

2.75 + 0.01b 341; 238 -1.0 3.83; 4.36cation
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pyrimidine derivatives continued 
2-Chloro-4-methylamino 

cation
4-Chloro-2-methylamino

cation
2.4- Diamino-6-chloro 

cation
2.4- Diamino-l,6-dihydro-6- 

imino-l-methyl
cation

2.4- 2iamino-6-hydroxy 
cation
anion

2.4- Diamino-S-hydroxy-5-methyl 
cation
anion

4.5- "i3.mino-6-hydroxy-2-methyl- 
amino

cation
anion

4.5- Diamino-6-wethylamino 
cation

2.4- I'iamino-6-methylthio 
cation

4.5- Diamino-2-methylthio 
cation

1,4-Dihydro-4-i!nino-l-methyl-2- 
methylamino 

cation
4-Hydroxy-2-metbylamino
cation

2.83 + 0.03 (M/100)

2.63 + 0.01 (M/50)

3.57 + 0.C1 (M/200)

12.7d (M/40)

3.33 + 0.02 (M/100)
10.78 + 0.06 (M/100)

3.61 + 0.02 (M/100)
11.07 + 0.06 (M/100)

5.44 + 0.02 (M/200)
10.63 + 0.05 (M/100)

279; 216
5.93 + 0.01 (14/100) 286; 222

5.46 + 0.01 (M/200)

5.05 + 0.01 (M/200)

13.0d (M/10) 276; 2££

3.93 + 0.C3 (K/100)
9.82 + 0.02 (M/200)

8.0 4.02; 4.47
4.0 4.04; 4.22

9.0 3.81; 4.18

anion



Notes to Ionisation-Spectra Table

a By potentiometric titration in water at 20° (see Albert 
and Phillips, 1956)

•u. Inflexions are underlined 

c Albert, Brown and Cheeseman (1951)

Value is approximate

e Spectra measured on buffered solutions of hydrochloride
f Spectra measured on buffered solutions of hydriodide

with a balanced I“ concentration in reference cell

s Spectrum in unbuffered water and corrected for I-
y.
x Species too unstable for measurement of spectrum

i Spectrometrically determined at 0.25 x 10“  ̂M 

 ̂ Albert, Brown and Cheeseman (1952) 

k Pfleiderer (1957)

Birch and Moye (1958); values determined on supplied 
specimens

m The peak at 268 mp recorded by Pidler and Wood (1957)
at pH 13 arises from that of the neutral molecule, 
present to the extent of lOfi in their solution

n cf. Physical measurements by Pfleiderer, Liedek, Lohrmann 
and Rukwied (i960)

cf. Physical measurements by Angier and Curran (1961).o
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B. Ionisation Constants
It is no exaggeration to say that the information 

gained from ionisation constants is indispensable to the 
success of investigations such as are described in this 
thesis. While the principal use of the constants was as 
an aid in establishing structure, much other useful 
information is also provided. Thus accurately determined 
pK values are useful criteria of identity, especially for 
those compounds that do not have satisfactory melting 
points. In addition, a small degree of deviation of the 
pK values derived from the various points on the titration 
curve, is good evidence that the compound is pure.
Further, if the constants are redetermined by back-titrat- 
ion, an indication of the stability of a compound in one 
or more species can be obtained. Finally, for the 
correlation of ultraviolet spectra and structure, the 
acidic and basic constants indicate quantitatively the 
ionic species present in solution at a particular pH, 
thereby enabling the spectra of pure species to be measured. 
The Effect of Methylation on Ionisation Constants

Any variation in the ionisation constants, brought 
about by the introduction of a methyl group into a molecule, 
is naturally of particular interest in a study of methyl­
ation. Because methyl groups are electron repelling, the
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general effect to be expected will be that of base­
strengthening and acid-weakening. Reference to the table 
of ionisation constants shows that this is true. Thus 
4-aminopteridine (pK 3*6) is made progressively more basic 
by the introduction of methyl groups either as C- or as 
extranuclear N-substituents. While the effect from each
group is only small (generally less than 0.5 pK units) ita
is accumulative, so that 4-dimethylamino-6,7-dimethyl-
pteridine reaches a basic strength of pK 4.8.a

In contrast, nuclear N-methylation of an amino-
pteridine produces an immense increase in the basic strength
of from 3 to 6 pK units, depending on which of the centres
is substituted. Thus the basic pK of l,4-dihydro-4— imino-a
1-methylpteridine (CLXXVI) is 6 units above that of 
4-aminopteridine (OLXXIII). If C- or extranuclear N-methyl 
groups are added to this iminopteridine, then the usual 
small increments in basic strength are still observed. In 
this way 1,4-dihydro-l,6,7-trimethyl-4-methyliminopteridine 
becomes one of the strongest pteridine bases yet reported 
(pKa 11.4).

The outstanding basic strengths of the imino­
pteridine s formed by nuclear alkylation calls for some 
explanation. It is well established that the strength of 
a base is directly associated with ionic resonance (Albert
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and G-oldacre, 1944; A l b e r t ,  G o ld a c re ,  and P h i l l i p s ,  1948; 

W heland, 1 9 5 5 ) .  F o r  t h i s  r e a s o n ,  i f  a  b a se  a t t a i n s  a  

g r e a t e r  d e g re e  o f  r e s o n a n c e  (and  t h e r e b y  s t a b i l i t y )  by 

a c c e p t in g  a  p r o t o n ,  t h e r e  w i l l  be a  s t r o n g  te n d e n c y  f o r  i t  

t o  do s o ,  and i t  w i l l  be s t r o n g e r  t h a n  a  b ase  w h ich  g a in s  

l i t t l e  a d d i t i o n a l  r e s o n a n c e  a s  a  c a t io n *  I t  a l s o  f o l lo w s  

t h a t  t h e  l a r g e r  t h e  e x t r a  i o n i c  r e s o n a n c e  e n e rg y ,  th e  

g r e a t e r  w i l l  be t h e  b a s i c  s t r e n g t h  o f  t h e  inline*

C o n s id e r  a s  exam ple , 4 - a m in o p te r id in e  and i t s  im in o -  

a n a lo g u e  1 , 4 - d ih y  d r o - 4 - im i  n o -1 -m e t h y lp t  e r  i  d i n e .  The

r e s o n a n c e  e n e rg y  o f  th e  fo rm e r  i s  d o u b t l e s s  h ig h  even  i n  

t h e  n e u t r a l  m o le c u le  (CLXXIII) s in c e  i t  c o n ta in s  two s e x t e t s  

o f  d e l o c a l i s e d  r r  e l e c t r o n s  a s  Kekule s t r u c t u r e s .  B ecause  

o f  t h i s ,  t h e  r e s o n a n c e  s h o u ld  n o t  be g r e a t l y  i n c r e a s e d  i n  

t h e  p r o t o n a t e d  fo rm s (CLXXIV and CLXXV) and a s  a r e s u l t ,  

4 - a m in o p te r id in e  i s  o n ly  a  weak b a se  (pK 3 .5 6 ) .
SL

I
H H

(CLXXV)(CLXXIII) (CLXXIV)

The i m i n o p t e r i d i n e  (CLXXVI) how ever, p r e s e n t s  a

d i f f e r e n t  s e t  o f c i r c u m s ta n c e s B ecause  i t s  1 7  e l e c t r o n s
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have b een  l o c a l i s e d  by n u c le a r  N -m e th y la t io n , th e  n e u t r a l

m o le c u le  can  have  o n ly  th e  s t r u c t u r e  shown, and i t s

re s o n a n c e  i s  t h e r e f o r e  c o n f in e d  to  a  s e p a r a t io n  o f p o s i t i v e

and n e g a t iv e  c h a r g e s .  P r o to n a t io n  how ever, g r e a t l y

i n c r e a s e s  s t a b i l i t y  i n  th e  io n  by e s t a b l i s h i n g  a  re so n a n c e

h y b r id  o f th e  p a ra -q u in o n o id  (CLXXVII) and K eku le  (CLXXVIII)

s t r u c t u r e s .  The r e s u l t i n g  e x a l t a t i o n  i n  re so n a n c e  i s

m a n if e s te d  i n  th e  o b se rv e d  pK o f  9*5 .a

Nv
NH
il

+m
N J1 'd

nh9
N l

i 11 1 II■ II

ch3
CH3 6h3

(CLXXVI) (CLXXVII) (CLXXVIII)

C o n s id e r a t io n  m ust now be g iv e n  to  th e  e f f e c t  t h a t  

m e th y la t io n  h a s  on th e  b a s ic  s t r e n g th  o f  a m in o p te r id in e s .  

Prom t h e  t a b l e  o f  i o n i s a t i o n  c o n s t a n t s ,  i t  can  be se e n  t h a t  

w h ile  4 , 8 - d ih y d r o - 6 , 7 , 8 - t r im e th y l - 4 - m e th y l im in o p te r id in e  

(CLXXXI and CLXXXII) i s  a  s t r o n g e r  b a se  th a n  6 ,7 - d im e th y l -  

4 -m e th y la m in o p te r id in e  (pK 4 .2 ) ,  i t  i s  some 3 pK u n i t s  

w eak e r th a n  i t s  N ^ j - m e th y l  iso m e r (CLXXIX and CLXXX)*.

* E x a c tly  th e  same d i f f e r e n c e  i n  b a s ic  s t r e n g th  i s  a p p a re n t  
i n  th e  2 ,4 - d ia m in o p te r id in e s  s e r i e s ,  w here  th e  1 , 6 ,7 -  
t r i m e t h y l  d e r i v a t i v e  h a s  pK 1 1 .9  and th e  hom ologous 
8 -m e th y l compound h a s  pK 8 .g .
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I n  s e e k in g  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  th e  

s t r e n g t h  o f  t h e  and N ^ g j-m e th y l  b a s e s ,  i t  i s  n e c e s s a r y

t o  exam ine t h e  c a n o n ic a l  fo rm s o f  each  r e s o n a n c e  h y b r id  f o r  

d i f f e r e n c e s  i n  s t r u c t u r e  and s t a b i l i t y .  I n  t h e  c a se  o f  

N ( i ) - m e t h y l  d e r i v a t i v e  o f  6 ,7 - d im e th y l - 4 - m e th y la m in o p te r -  

i d i n e ,  t h e  r e s o n a n c e  o f  t h e  c a t i o n  i s  be tw een  t h e  h i g h ly  

s t a b l e  K ekule  (CLXXX) and p a ra - q u in o n o id  (CLXXIX) s t a t e s .

+N H CH , NHCH
C H , N J i  i

N ll 11

•s 5J  I
C H ,

J  1

CH3

(C L X X IX ) (C L X X X )

F or t h e  N ^g^-m ethy l iso m e r  th e  s i t u a t i o n  i s  r a t h e r  

d i f f e r e n t .  The c a t i o n  may s t i l l  e x i s t  a s  a  s t a b l e  r e s o n a n c e  

h y b r id  o f  (CLXXXI) and (CLXXXII) t h u s  a c c o u n t in g  f o r  i t s  

c o n s i d e r a b le  b a s i c  s t r e n g t h ,  b u t  t h e  o v e r a l l  e x a l t a t i o n  o f  

r e s o n a n c e  r e s u l t i n g  from  p r o t o n a t i o n  w i l l  be l e s s  b e c a u se  

o f  th e  o r t h - o r t h o  c o n f i g u r a t i o n  t h a t  p r e v a i l s  i n  one o f  t h e  

c a n o n i c a l  form s (CLXXXI) (Gore and P h i l l i p s ,  1 9 4 9 ) .  Con­

s e q u e n t l y  th e  b a s i c i t y  o f  t h e  N ^ g j-m e th y l  d e r i v a t i v e  i s  l e s s  

t h a n  t h a t  o f  i t s  N ̂  - m e th y l  i s o m e r .
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(CLXXXI) (CLXXXII)

The basic strengths of the methylated amino-
hydro xypteridines are quite different. Thus 4-amino-l,2-
dihydro -1 -methyl -2-ox opt er i dine has a basic pK that, withina
the limit of experimental error, is identical with that of
4-amino-2-hydroxypteridine (pK 3.0). Similarly in thea
isomeric series, the basic pK (2.3) of 2-amino-4-hydroxy-
pteridine is not very different to the basicity of its
following methylation products: 0-methyl (3.46); NH-methyl
(1.98); N^-jj-methyl (2.83); and N ^ - m e t h y l  (2.25). These
constants indicate that the preferred tautomeric form in
these cases involves an amino- form (as in CLXXXIII) rather
than an imino-form (as in OLXXXIV).

The exception however, comes with the N^g^-methyl
derivative which this time has a much higher basic strength
of 5.42. That this is an authentic constant is shown by
its relationship to the pK value of 5.8 reported by Fidlera
and Wood (1957) for its 6,7-dimethyl homologue (CLXXXIII).
No satisfactory explanation can be offered for this
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anomalous constant. Because the relatively high Basic pKSL
approximates to that of 2,8-dihydro-2-imino~6,7,8-trimethyl- 
pteridine (pK. 5.6; CLXXXV), Fidler and Wood have postulated 
the hydroxy-imino structure (CLXXXIV) for the compound, and 
in support of this they record an acidic pIC of 8.9.cl

CH, N

1 IGH3
NH,

(CLXXXIII)

CH.

OH. N /  " NH
CH.

(CLXXXV) (CLXXXVI)

It is believed however, that their conclusion is 
incorrect because (i) On repetition, no acidic pK could 
be found in the region indicated. The lower limit of the 
anionic constant was found to be 11.5, which is more in 
keeping with the acidic function of the and ^-methyl
derivatives. (i i ) The basic strength of the 6,7,8-
trimethyl compound (CLXXXIII) is in line with that of 4,8- 
dihydro-6,7,8-trimethyl-4-oxopteridine (CLXXXVI; Brown and
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Mason, 1956) which can involve no iraine but yet has a "basic 
strength of pK 4.7*

Reference to the table of ionisation constants also 
reveals the influence that the site of methylation has on 
the acidic strength of the amino-hydroxypteridines. It
will be noticed that the acid-weakening effect of methyl­
ation is smallest when substitution occurs on a nuclear 
carbon atom or extranuclear nitrogen atom* In these cases, 
the increase in the acidic constant (equivalent to a 
decrease in acidity) is less than 0.5 pK units per methyl 
group.

Nuclear N-methylation on the other hand causes a 
marked weakening in acidity since, for the reason discussed 
above, the hydroxy group is thereby forced into the oxo-form 
(as in CLXXXIII). When the oxygen atom itself is substit­
uted, either by direct methylation or by synthesis, then 
the acidic properties are completely destroyed, as exempl­
ified in 2-amino-4~methoxypteridine (CXCVTII).

In the pyrimidine series, methylation was found to 
have the same effect upon the acidic and basic strengths 
as it had in the pteridine series. Extranuclear N- and 
C-methylation again caused small increases in basic 
strength, with the result that 2,4-diamino~6-hydroxy-5- 
methylpyrimidine, pK 3.6 (3.3), 4-amino-2-methylamino-GL
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pyrim id ine  pK 7*55 (7*26, A lb e r t, G oldacre and P h i l l i p s ,
ct

1948) and 4-am ino-6-m ethylam inopyrim idine pK 6*3 (6 .0 1 ,

Brown, 1961) a re  s tro n g e r  bases th an  t h e i r  unm ethylated

c o u n te rp a r ts  (pK v a lu e s  f o r  th e se  compounds a re  shown ina
p a r e n th e s is ) .

N uclear N -m ethy la tion  of amino p y rim id in es had 

a lre a d y  been s tu d ie d  by Brown, Hoerger and Mason (1955) 

and found to  y ie ld  im in o -d e r iv a tiv e s  of h igh  b a s ic  s t r e n g th . 

T h e ir  r e s u l t s  have been confirm ed and extended by th e  

m e th y la tio n  of 2 ,4 -d iam in o - (7 .2 6 , A lb e r t , G oldacre and 

P h i l l i p s ,  1948) 4 ,5 -d iam in o - (6 .0 3 , A lb e r t, Brown and 

Cheeseman, 1952), 4 ,6 -d iam in o - (6 .0 1 , Brown, 1961) and 

2 ,4 ,6 - t r ia m in o -  (6 .8 4 , A lb e r t, G oldacre and P h i l l i p s ,  1948) 

p y rim id in e  to  g iv e  th e  s tro n g  im ine bases (CLXXXVII; pK
a

1 2 .5 ) ,  (CLXXXVIII; pK 1 2 .5 ) ,  (CLXXXIX; pK 1 2 .0 ) ,  and
8 » SL

(CXC; pK 1 2 .7 ) r e s p e c t iv e ly .
ct

(CLXXXVII) (CLXXXVIII) (CLXXXIX) (CXC)

The in tro d u c t io n  of a n u c le a r  N-methyl s u b s t i tu e n t  

in to  an am ino-hydroxypyrim idine does not produce a s tro n g
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base. As in the pteridine series, it is the oxygen sub­
stituent which increases its covalency, and the amino- 
oxopyrimidines so formed differ little in basic properties 
from those of the unmethylated pyrimidine. As illustration, 
2,4-diamino-3,6-dihydro-3-methyl-4-oxopyrimidine (CXCI) with 
a basic pK 4.22 (Brown, 1961) is less than one pK unit 
above that of 2,4-diamino-6-hydroxypyrimidine (pK 3• 33)•
On the other hand, if the second substituent is a group 
such as -SCH^, -Cl, or -OCH^ wkich cannot increase its 
covalency in the same way as -OH, then methylation on a 
ring nitrogen again results in a strong base, As illustr*- 
ation of this fact, 2,4-diamino-6-methylthiopyrimidine

derivatives (CXCII and CXCIII) which were found to have 
basic pK values of 12.0 and 11.16 respectively.3

That the N^j-methyl isomer (CXCII) is a weaker base than 
(CXCIII) is understandable since the resonance of its cation

3
(CXCI)

3
(CXCII) (CXCIII)

depends on a contribution from the less stable ortho- 
quinonoid structures (Albert and Goldacre, 1944).
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C. Ultraviolet Spectra
The utility of ultraviolet spectra as a criteria 

of identity has already been indicated throughout Section 2. 
In this final section, other applications of these physical 
measurements to the present work will be shown.

The methyl group is well known as a bathochromic 
substituent, and when introduced into a molecule it causes 
a small displacement of the principal features of the 
ultraviolet spectrum to longer wavelengths (Jones, 1945). 
This was found to be generally true in the pteridines and 
pyrimidines studied. By considering the spectra of 
4-aminopteridine and its closely similar 6,7-dimethyl deriv­
ative, it can be seen that extranuclear N-mono- and di- 
methylation results in a progressive bathochromic displace­
ment of the long-wavelength band. Spectral features in 
the lower wavelength region were sometimes less affected. 
Thus by appreciating the differences likely to be caused by 
a methyl substituent, it is possible to use the spectrum of 
the G-methyl derivative when the spectrum of the lower 
homologue is for some reason unknown.

Nuclear N-methylation of the 4-amino- and 2,4- 
diamino-pteridines, caused major changes in the ultraviolet 
spectra, because it produced important structural changes 
in the heterocyclic molecule. This fact can be observed,
for example, by comparing the spectra of 2,4-diaminopteridine
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(CXCIV) w i t h  t h e  N ^ j - m e t h y l  (CXCY) an d  N ,g ) - m e th y l  (CXCVI) 

d e r i v a t i v e s .

NH,

L 1 1
x n / X n / ^ N H ,

NH,

i
CH ,/ S ^ N / \ N / ' ' V NH

J  I
CH.

(CXCIV) (CXCV)

(CXCVI)

I n  t h e  c a s e  o f  a m in o - h y d r o x y p te r i d i n e s ,  n u c l e a r  

N - m e t h y l a t i o n  d i d  n o t  c a u s e  s u c h  p ro n o u n c e d  c h a n g e s  i n  

s p e c t r a ,  b e c a u s e  t h e s e  com p o u n d s w e re  a l r e a d y  i n  t h e  a m id e  

fo rm  ( a s  i n  C X C V II). H ow ever O - m e t h y l a t i o n ,  i n  so  f a r  a s  

i t  c h a n g e d  t h i s  c o n f i g u r a t i o n ,  d i d  p r o d u c e  m a jo r  a l t e r a t i o n s  

i n  t h e  s p e c t r u m .  C o m p a r is o n  o f  t h e  s p e c t r a  o f  2 - a m in o - 4 -  

h y d r o x y -  (C X C V II) a n d  2 - a m in o - 4 - m e th o x y -  (C X C V III) 

v a l i d a t e s  t h i s  c l a i m .
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(CXCVII) (CXCVIII)

Because it is not unreasonable to expect proton­
ation to occur at the same site as methylation (provided 
that steric factors do not influence the latter), it is of 
interest to observe the evidence provided by ultraviolet 
spectra. If only the major features of the spectra are 
considered, it can be seen that the cationic spectra of 
4-amino-, 4-methylamino-, and 4-dimethylamino-pteridine 
are similar to those of the corresponding -methyl 
derivatives, suggesting that the former group are indeed 
protonated on Pfleiderer, Liedek, Lohrmann, and
Rukwied (i960) by a similar comparison of cationic spectra, 
have shown that 2-amino-4-hydroxypteridine (CXCVII) also 
protonates at this centre.

In view of the importance of 2-amino-4-hydroxy- 
pteridines in nature, and their unique N^g^-methylation 
with methyl iodide, it is of interest to discover their 
preferred tautomeric form in aqueous solution. Valency 
permits the pteridine to exist in 9 different forms.
Five of these involve an imino configuration and hence can
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be precluded because of the compound*s low basic pK (2.3). 
This has also been confirmed by Pfleiderer, Liedek, Lohrmann 
and Rukwied (i960) who have shown the marked similarity in 
spectra of 2-amino-4-hydroxy- and 2-dimethylamino-4-hydroxy- 
pteridine, the second of which cannot assume an imino-form. 
Reference to the table of spectra, reveals that the one 
amino-hydroxy form can also be eliminated because of the 
dissimilarity in the spectra of 2-amino-4-*hydroxy- and 
2-amino-4-methoxy-pteridine. With these eliminations, 
there remain the three amino-oxo forms (CXCVII, CXCVIII and 
CXCIX).

0 0

H
(CXCIX)

Comparison of the spectrum of 2-amino-4-hydroxy- 
pteridine as neutral molecule with those of its 
N^j-, and N^g^-methyl derivatives (see figure page 37)
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leaves little doubt that the hydrogen atom occupies position
3 and that 2-amino-3,4-dihydro-4-oxopteridine (CXCVIII) is
the predominant tautomer, at least in aqueous solution*.

Similar treatment cannot be accorded to the
isomeric 4-amino-2-hydroxypteridine, because the range of
methylated reference compounds is incomplete. Nevertheless,
all the imino-tautomers can be excluded as before, since the
pteridine is also a weak base (pK 3*0). The spectrum ofa
its neutral molecule however is not unlike that of 4-amino-
1.2- dihydro-l-methyl-2-oxopteridine (CCI) so that 4-amino-
1.2- dihydro-2-oxopteridine (CC) may well be the principal 
tautomer.

When a direct comparison is not possible, the 
preferred tautomeric form of an amine can often be deduced 
by comparing the spectrum of its neutral molecule with the 
anion spectrum of the corresponding hydroxy derivative

* Pfleiderer, Liedek, Lohrmann and Rukwied (i960) also 
reported the same conclusion, but on incomplete evidence.
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(Jones, 1945). That this relationship is valid in this 
series, can be seen from the similarity of the neutral 
molecule spectrum of 2,4-diaminopteridine to the anion 
spectra of 4-amino-2-hydroxy- and 2-amino-4-hydroxy- 
pteridine, and even to the di-anion of 2,4-dihydroxy- 
pteridine (lumazine).

Applying this type of relationship, the preferred 
tautomeric form of the methylated diamino-pteridines can 
be found. Thus if allowance is made for the small 
bathochromic shift resulting from G-methyl groups, the 
neutral molecule spectrum of 4-amino-l,2-dihydro-2-imino- 
1,6,7-trimethylpteridine (CCII) approximates more closely 
to the anion spectrum of 2-amino-l,4-dihydro-1-methyl-4- 
oxopteridine (CCIII) than to that of 4-amino-l,2-dihydro- 
l-methyl-2-oxopteridine (CCIV). For this reason the 
preferred tautomer of the diamine is most likely to be 
that illustrated by (CCII).

(CCII) (CCIII)
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(CCIV)

S i m i l a r l y  i n  t h e  c a s e  o f  t h e  N ^ g ^ -m e th y la te d  

p t e r i d i n e ,  t h e  p re d o m in a n t  t a u to m e r  i s  p r o b a b ly  4 -am in o -  

2 ,8 - d i h y d r o - 2 - i m i n o - 8 - m e t h y l p t e r i d i n e  (GGV), b e c a u se  i t s  

n e u t r a l  m o le cu le  sp e c t ru m  i s  v e ry  s i m i l a r  to  t h e  a n io n  

sp e c t ru m  o f  2 - a m in o - 4 ,8 - d ih y d r o - 8 - m e t h y l - 4 - o x o p te r id i n e  

(COVI).

(GCV) (GCVI)

I n  th e  s e r i e s  o f  p y r im id in e s  i n v e s t i g a t e d ,  i t  was 

n o t  p o s s i b l e  t o  i n t e r p r e t  th e  u l t r a v i o l e t  s p e c t r a  i n  t h e  

m anner d e s c r i b e d  f o r  t h e  p t e r i d i n e s ,  b e c a u se  ( i )  t h e  ra n g e  

o f  h y d ro x y  d e r i v a t i v e s  e n a b l in g  th e  a p p l i c a t i o n  o f  J o n e s 1 

r u l e  was l i m i t e d .  ( i i )  The i n h e r e n t  te n d e n c y  o f  th e  

im in o p y r im id in e s  t o  r e a r r a n g e  i n  a l k a l i n e  s o l u t i o n ,  made 

t h e  m easurem ent o f  t h e i r  n e u t r a l  m o le c u le  s p e c t r a  u n r e l i a b l e .  

I n  g e n e r a l  how ever, m e t h y l a t i o n  a g a in  c au se d  t h e  sm a l l
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bathochromic displacements that were observed in the 
pteridine series, and these are apparent from the spectra 
included in the table.
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SECTION 4.
EXPERIMENT AL

Introduction
Micro-analyses were carried out by Dr. J. E. Fildes, 

and assistant analysts Mrs. I. Komorowsky and Mr. D. A.
Maguire, in the Micro-analytical Section of the Department of 
Medical Chemistry, Australian National University, Canberra*

Melting points were determined in glass capillaries 
inserted in an electrically heated copper block (Townson and 
Mercer Ltd*, Type V Melting Point Apparatus) and are 
uncorrected.

Paper chromatography by the "ascending front" method 
was used extensively to check the purity of compounds 
prepared, and where practical, the course of all new reactions. 
Y/hatman No.l and No.4 papers were used with the following 
solvents: (a) 3$ aqueous ammonium chloride, (b) n-butanol- 
5N-acetic acid (7:3), (c) n-butanol saturated with 24$ 
aqueous ammonia, (d) Bergmann’s solvent: iso-propanol 65$; 
dimethylformamide 22.5$; 90$ formic acid 2.5$; water 10$.
The paper chromatograms were examined under ultraviolet 
light of two principal wavelengths, (a) 365 mp from a 
mercury vapour lamp and a Wood*3 glass filter, (b) 254 mp 
from a mercury resonance lamp and a Chance Brothers*
0X7/19874 filter.
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Following the practice of The Chemical Society, 
the names of new compounds are underlined (in lieu of 
italics) at their first mention in the body of the 
experimental text, Names which are headings, however, 
are also underlined, although this does not indicate 
that the compound is new.

All new compounds are indexed on the following
pages.
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A. Index of New Compounds
Page No,

Pteridine Derivatives

4-Amino-l,2-dihydro-2-imino-l-methyl-a
hydriodidee 124

4-Amino-2,8-dihydr o-2-imino-8-methyl-a
dihydriodide 124

4-Amino-1,2-dihydro-2-imino-l, 6,7-trimethyl-a
hydriodide 127

4-Amino-2,8-dihydro-2-imino-6,7,8-trimethyl-a
hydriodidee 127

2-Amino-l,4-dihydro-I-methyl-4-oxo-d 117
2-Amino-3,4-dihydro-3-iaethyl-4-oxo-^ 118
2-Amino-4,8-dihydro-8-methyl-4-oxo-

hydriodide 116
hydrochloride 116

4-Amino-l,2-dihydro-l-methyl-2-oxo 122
2-Amino-4,8-dihydro-6,7,8-trimethyl-4-oxo-

hydriodide 121
hydrochloride 121

4-Amino-l,2-dihydro-l,6,7-trimethyl-2-oxo- 123
4-Amino-2-hydroxy-6,7-dimethyl- 123
2-Amino-4-methoxy-^ 120
2.4- Diamino-6,7-dimethyl-^ 126
1.4- Dihydro-4-imino-l-methyl-

hydriodide 102
hydrochloride 103
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1.4- Dihydro-4-imino-l, 6,7-trimethyl-
hydriodide 106
hydrochloride 106

1.4- Dihydro~l-methyl-4-methylimino-
hydriodide 109
hydrochloride 109

1.4- Dihydro-l, 6,7-trimethyl-4-methylimino-
hydriodide 111
hydrochloride 111

4,8-Dihydro~6,7,8-trimethyl-4-methylimino- 113
1.4- Dihydro-lf 6,7-trimethyl-4-oxo- 106
6.7- Dimethyl-4-methylamino- 111

hydriodide 111
6.7- Dimethyl-4-methylthio- 110
4-Dimethylamino-

hydriodide 113
4-Dimethy1amino-

methiodide 114
4-Dimethylamino-6,7-dimethyl- 115

hydriodide 115
4-Dimethylamino-1,6,7-trimethy1-

methiodide 115
4-Hydroxy-2-methylamino- 119
4-Methylamino- 108

hydriodide 108
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P yrim id in e  D e r iv a t iv e s

5-Ami n o -4 , 6~b i sm ethylam ino- 113

2 -A m in o -4 -c h lo r o - l , 6 -d ih y d r o -6 - im in o - l-m e th y l-a 133

4 -A m in o -6 -ch lo ro -2 -m eth y la m in o - 136

4 -A m in o -4 ,5 -d ic h lo r o - l , 2 -d ih y d r o -2 - im in o - l-m e th y l-a 136

2-Ami n o -1 , 4 -d i h y d ro -4 -im in o -l-m e  th y  l - a
h y d r io d id e  131
h y d ro c h lo r id e  131

4 -  A m in o -l, 6 -d ih y d r o -6 - im in o - l-m e th y l-a
h y d r io d id e  128
h y d ro c h lo r id e  128

5 -  A m in o -l, 4 -d ih y d r o -4 - im in o - l-m e th y l-
h y d r io d id e  138
h y d ro c h lo r id e  138

2 -A m in o -l, 4 -d ih y d r o -4 - im in o - l-m e th y l-6 -m e th y lth io -a
h y d r io d id e  132
h y d ro c h lo r id e  132

2-A m ino-3, 4 -d ih y d r o -4 -im in o -3 * -a ie th y l-6 -m e th y lth io -a 134
h y d r io d id e  133
h y d ro c h lo r id e  133

5 -A m in o -l, 4 -d ih y d r o -4 - im in o - l-m e th y l-2 -m e th y lth io -
h y d r io d id e  139
h y d ro c h lo r id e  139

4 -A m in o -l, 2 -d ih y d r o -l-m e th y l-2 -m e th y la m in o -a , 0
h y d r io d id e  137
h y d ro c h lo r id e  138

2 -A m in o -l, 4 -d ih y d r o - l-m e th y l-4 -o x o -d 141

2-A m ino-3, 4 -d ih y d r o -3 -m e th y l-4 -o x o -  141

2-A m in o-4-h yd roxy-6-m eth y lam in o- 145
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4-Amino-6-hydroxy-2-methylamino-5-nitro- 147
2-Amino-4-hydroxy-6-methylamino-5-nit roso- 146
4-Amino-2-methylamino- 137
4-Amino-6-raeiJhylami no-

hydro chloride 129
2-0hloro-4-methylamino- 142
4-0hloro-2-methylamino- 142
2.4- Di amino-1,6-dihydro-6-imino-l-methyl-a

hydriodide 141
2.4- Diamino-6-hydroxy-5-niethyl- 145
2.5- Pi amino-4-hydroxy-6-me thy lamino-

hydrochloride 147
4.5- Diamino-6-hydroxy-2-methylamino-

hydrochloride 148
4.5- Diamino-6-met hylamino- 130
2,4-Piamino-6-methylthio- 132
4-Hydroxy-2-methylamino- 143
4-M ethoxy-2-me thy lamino- 143

Pyrazine Derivatives

2-Amidino-5,6-dimethyl-3-methylamino- 107
2-Aoiidino-3-niethylamino- 103

hydrochloride 104



101

2-Carbamoyl-5,6-dimethyl-3-methylamino- 107 
2-Carboxy-5,6-dimethyl-3-methylamino- 107 
2-Carboxy-3-methyl amino- 105 
2—(4,6-Dime thylpyrimidin-2-yl )-3-methylamino- 104

Notes to Index.

a Other tautomeric forms possible.

Previously not characterised fully. 

c Structure not fully confirmed.

Compound recently claimed by other workers. 

e Compound not isolated.
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B. Methylation of Aminopteridines 
Methylation of 4~Aminopteridine:

4-Aminopteridine (0*75 g*; Albert, Brown and 
Cheeseman, 1951) and methyl iodide (7*5 ml*) were heated 
in a sealed tube at 140° for 4 hours* After evaporating 
off the excess of methyl iodide, the solid was extracted 
with boiling ethanol (100 ml*), the extract treated with 
charcoal and evaporated to a small volume (20 ml.)*
Addition of light petroleum (b*p* 60-80°; 20 ml*) and 
recrystallisation from a similar mixture, produced the 
yellow 1 * 4-dihydro-4-imino-l-methylpteridine hydriodide 
( 7 W ,  m.p. 255° (Pounds C, 28.9; H, 3.0; I, 43.8.
C^HglN^ requires C, 29.1; H, 2*8; I, 43.9^)*
Conversion of Hydriodides into Hydrochlorides:

General Method: The hydriodide, dissolved in cold
water (or suspended in sufficient water to ensure that the 
resulting hydrochloride was fully soluble), was shaken with 
washed silver chloride (a 5-fold excess) in the absence of 
light for 1 hour. After filtering off the spent silver 
halide mixture, the filtrate was evaporated to dryness in 
vacuo to yield the hydrochloride. Quantitative yields 
were usually obtained, and in no instance was the product 
contaminated with iodide ion.

The above imine hydriodide in water (30 parts),
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treated in this manner, gave 1.4-di hydro-4-imino-l-methyl- 
pteridine hydrochloride (79$)• Recrystallised from 
ethanol (80 parts), it did not melt below 300° (Pound:
G, 42.5; H, 4.1; N, 35.0. C7H8C1N5 requires C, 42.5; H,
4.1; N, 35.4$).
Degradation of 1.4-Dihydro-4-imino-l-methylpteridine

(a) Hydrolysis with 2*5N-hydrochloric acid. The imine 
hydrochloride (0.2 g.) in 2.5N-hydrochloric acid (20 ml*) 
was heated on a steam bath for 30 minutes. After adjusting 
to pH 5, the solution was evaporated to dryness and the 
residue sublimed (170°/0.01 mm.). The sublimate (30$), 
recrystallised from isobutyl methyl ketone (440 parts), had 
m.p. 222°, and it was identified by mixed m.p., as 1,4— 
dihydro-l-methyl-4-oxopteridine (Albert, Brown and Wood, 
1956). Quantitative paper chromatography indicated a 
much higher yield (85$) of this pteridone than was actually 
isolated.

(b) Hydrolysis with oold 2.5N-sodium hydroxide. The 
imine hydriodide (1 g.) was triturated with ice-cold 2.5N- 
sodium hydroxide (10 ml.) for 5 minutes. The solid (93$) 
was filtered off, washed with ice-water ( 3 X 2  ml.), and 
recrystallised from light petroleum (b.p. 60-80°; 300 
parts) to give 2-amidino-3-methylaminopyrazine. m.p. 108- 
110° (Pound: C, 47.65; H, 5.9; N, 46.1. C g H ^  requires
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C, 47.7? H, 6.0? N, 46.3#). Its hydrochloride. recryst­
allised from 1:3 ethanol-light petroleum (300 parts), had 
m.p. 204° (Pounds C, 38.45; H, 5.4; Cl, 18.8; N, 37;0. 
C6H10C1N5 requires C, 38.4; H, 5.4; Cl, 18.9; N, 37.3#).

The amidine hydrochloride (1.25 g.) acetylacetone 
(2.65 g.), and potassium carbonate (1.8 g.) in water 
(15 ml»), were shaken at 45° for 8 hours* After evapor­
ation in vacuo * the residue was boiled with ethanol ( 2 x 5  

ml.), and the extract taken to dryness. Recrystallisation 
from light petroleum (b.p. 60-80°; 50 parts) gave 2-(4.6- 
dimethylT)yrimidin-2-yl)-3-meth.ylajriinopyrazine (40$), m.p.
89° (Pound: C, 61.2; H, 6.15; N, 32.35. C11H13N5 requires 
C, 61.4; H, 6.1; N, 32.5#).

(c) Hydrolysis with hot N-aodium hydroxide. The 
hydriodide (0.3 g.) was heated in N-sodium hydroxide (3 ml.) 
at 100° for 10 minutes. The product (64#), which cryst­
allised from the hot solution, was purified by sublimation 
(140°/0.01 mm.) and had m.p. 198°, in which form it gave 
no mixed m.p. depression with an authentic specimen of 
2-carbamoyl-3-methylaminopyrazine (Albert, Brown and Wood, 
1956).

2-Carbamoyl-3-methylaminopyrazine (0.3 g.) was 
hydrolysed further by heating, with stirring, on a steam 
bath in N-sodium hydroxide (10 ml.) for 2.5 hours. After
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acidifying to pH 2 and evaporating to dryness, the residue 
was extracted with hot benzene (2 X 20 ml*)* These 
extracts, on evaporation, yielded 2-carboxy-3-nethylamino- 
pyrazine (72$), which, recrystallised from water (50 parts), 
had m.p. 181-182° (Pound: C, 47.0; H, 4.5; N f 27.4.
C g H ^ O g  requires C, 47.05; H, 4.6; N, 27.45?&).
4-Amino-6.7-dime thylpt eridine*

4,5,6-Triaminopyrimidine (7*9 g.; Albert, Brown 
and Cheeseman, 1951) and biacetyl (4*5 ml*) were refluxed 
in methanol (200 ml.) for 2 hours* The solid was 
recrystallised from water (160 parts) to give 90$ of 
4-amino-6,7-dimethylpteridine, m*p* 295° (Daly and 
Christensen, 1956, describe an alternative synthesis)*
The pteridine (0.75 g.), suspended in water (35 ml.) and 
acidified to pH 1 with 6$ hydriodic acid, gave on evapor­
ation 4-amino-6.7-dimethylpt eridine hydriodide (1.3 g.). 
Recrystallised from 1:1 ethanol-ethyl acetate (25 parts), 
it had m.p* 205-208° (decomp.) (Found: C, 32*0; H, 3.5;

I, 41.1; N, 22*9. c8h i oIN5 re!uires °» 31.7; H, 3.35;
I, 41.85; N, 23.1$).
Methylation of 4-Amino-6.7-dimethylpteridine.

4-Amino-6,7-dimethylpteridine (2*6 g.) and methyl 
iodide (20 ml.) were heated in a sealed tube at 140° for 
4 hours. Evaporation of the excess of methyl iodide
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gave a solid which was dissolved in hot ethanol (320 ml.) 
and recrystallised by rapid evaporation to a smaller 
volume (190 ml.), followed by the addition of hot light 
petroleum (b.p. 80-100°; 20 ml.). The yellow 1,4- 
dihydro-4-imino-l.6.7-trimethylpteridine hydriodide (89#) 
was recrystallised from water (15 parts) and from methanol 
(20 parts) when it showed m.p. 264° (decomp.) (Pound:
C, 34.0; H, 3*9; I, 40.0; N, 21.9. °9Hi2IN5 recluires 
C, 34.1; H, 3.8; I, 40.0; N, 22.1*). The hydriodide 
(1.59 g.) in water (30 parts) was shaken with silver 
chloride to yield the imine hydrochloride (80*). It was 
recrystallised from ethanol (70 parts) and had m.p.‘ 290° 
(decomp.) (Pound: C, 48.0; H, 5.4; N, 31.1. C9H12C1N5
requires C, 47.9; H, 5.4; N, 31.0*).
Degradation of 1.4-Dihydro-4-imino-l.6.7-trimethylpt eridine.

(a) Hydrolysis with 2.5N-hydrochloric acid. The imine 
hydrochloride (0.7 g.) in 2.5N-hydrochloric acid (4.25 ml.) 
was heated on a steam bath for 2 hours. On cooling and 
neutralising to pH 7, the product, 1.4-dihydro-l .6.7- 
trimethyl-4^oxopteridine (79*), was obtained. Recryst­
allised from water (20 parts), it had m.p. 217° (Pound:
C, 56.5; H, 5.4; N, 29.0. CgH^N^O requires C, 56.8;
H, 5.3; N, 29.45*).

(b) Hydrolysis with cold 2.5N-sodium hydroxide. The imine
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hydriodide (0*5 g.) was added to 2.5N-sodium hydroxide 
(5 ml.) at 0°, precipitating the free base. The temper­
ature was raised to 35° during 5 minutes of stirring. The 
base dissolved and an oil separated, which, on trituration, 
solidified and was recrystallised from light petroleum 
(b.p. 60-80°; 85 parts) to give 2-amidino-5.6-dimethyl-3- 
methylaminopyrazine (75$), m.p. 131-132° (Found: C, 53.5;
H, 7.2; N, 39.1. CgH-^N^ requires 0, 53.6; H, 7.3;
N, 39.1$).

(c) Hydrolysis with hot N-sodium hydroxide. The imine 
hydriodide (1.4 g.) and N-sodium hydroxide (10 ml.) were 
heated on a steam bath for 40 minutes and gave 2-carbamoyl- 
5.6-dimethyl-3-methylaminopyrazine (70$). It was 
recrystallised from water (300 parts) and had m.p. 164° 
(Found: C, 53.4; H, 6.75; N, 31.1. CgH^N^O requires
C, 53.3; H, 6.7; N, 31.1$). This amide (0.2 g.) was 
stirred for 2 hours at 100° with N-sodium hydroxide (20 ml.) 
The solution was acidified to pH 1 and evaporated to dryness. 
The residue was extracted with, and then recrystallised from, 
light petroleum (b.p. 60-80°; 165 parts) giving 45$ of 
2-carboxy-5.6-dimethyl-3-methylaminopyrazine. m.p. 146°
(Found: G, 52.7; H, 5.9; N, 23.15. <̂8H11N3^2 reQ.uires
G, 53.0; H, 6.1; N, 23.2$).
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2-Amino-3-carboxy-5.6-dimethylpyrazine
4-Hydroxy-6,7-dimethylpteridine (1.5 g.; Albert, 

Brown and Cheeseman, 1951) was refluxed in 10N-sodium 
hydroxide (20 ml.) for 4 hours. The solution, acidified 
to pH 2, was evaporated to dryness, and the residue con­
tinuously extracted with light petroleum (b.p. 80-100°). 
Evaporation of the extract gave the pyrazine acid (21$) 
which, recrystallised from water (110 parts), had m.p. 
210-211° (209-210° was recorded by Vogel and Taylor, 1959) 
(Found: C, 49*95; H, 5.3; N, 24.95. Calc, for C ^ N ^ :
C, 50.3; H, 5.4; N, 25.1$)
4-Methylaminopt eridine

4-Methylthiopteridine (0.7 g.; Albert, Brown and 
Wood, 1954) and 3$ alcoholic methylamine (35 ml.) were 
refluxed for 2 hours. After refrigeration, the solid 
was recrystallised from water (30 parts) to give 4-methyl- 
amino pteridine (95$), m.p. 251-252° (Found: C, 52.2;
H, 4.35; N, 42.9. requires C, 52.2; H, 4.4;
N, 43*45$). The pteridine (0.43 g.), dissolved in water 
(20 ml.) and acidified to pH 1 with 6$ hydriodio acid, 
gave 4-methylaminopt eridine hydriodide (92$) on evaporation. 
Recrystallised from ethanol (40 parts) it had m.p. 234- 
235° (decomp.) (Found: C, 29.25; H, 2.8; I, 43.95; N, 24.2. 
C^HglN^ requires C, 29.1; H, 2.8; I, 43.9; N, 24.2$).
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Methylation of 4-Methylaminopteridine
4-Methylaminopt eridine (0.5 g.) and methyl iodide 

(4.5 ml.) were heated in a sealed tube at 140° for 4 hours. 
After evaporation of the excess of methyl iodide, the 
residue was recrystallised from ethanol (100 parts) to 
give the yellow 1.4-dihydro-l-methyl-4-methyliminopteridine 
hydriodide (75$), m*p. 273-274° (Found: 0, 31.6; H, 3*4$
I, 41.75? N, 22.8. C8hioIN5 requires C, 31.7; H, 3.3?
I, 41.9? N, 23.1$). The methyliminopteridine hydro­
chloride (91$), made from the hydriodide (0.68 g.) by 
dissolving in water (30 ml.) and shaking with silver 
chloride, was recrystallised from 23 parts of a mixture 
of ethyl acetate (70$), ethanol (20$), and water (10$), 
or alternatively from 20 parts of a mixture of ethanol 
(75$) and light petroleum (b*p. 60-80°; 25$). It 
decomposed above 250° without melting (Found: C, 45.4?
H, 4.9? Cl, 16.7. C8H10C1N5 requires C, 45.4; H, 4.8;
01, 16.75$).
Degradation of 1.4-Dihydro-l-methyl-4—methyliminopt eridine 

(a) Hydrolysis with 6.3N-hydrochloric acid« The 
hydrochloride (0.4 g.), in 6.3N-hydrochloric acid (4 ml.) 
was heated on a steam bath for 4 hours, after which the 
solution was evaporated to dryness* The solid extracted 
by boiling isobutyl methyl ketone (5 X 30 ml*) was
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purified by sublimation (l70°/0.01mm.) and by recryst­
allisation from the aforementioned solvent (440 parts)* 
The hydrolysis product (55$), with m.p. 221-222°, was 
identified as l,4-dihydro-l~methyl-4~oxopteridine by 
comparison with an authentic specimen (Albert, Brown 
and Wood, 1956)*

(b) Hydrolysis with hot N-sodium hydroxide* The 
hydriodide (0*45 g.) was added to N-sodium hydroxide 
(4.5 ml.) and the mixture heated on the steam bath for 
10 minutes. The product (60$), recrystallised from 
water (250 parts), had m.p. 196°, and showed no m.p. 
depression when mixed with 2-oarbamoyl-3-methylamino- 
pyrazine (Albert, Brown and Wood, 1956).
6.7-Bimethyl-4-methylthiopteridine

4,5-Biamino-6-methylthiopyrimidine (5 g.; 
Albert, Brown and Wood, 1954) and biacetyl (2.75 g.) in 
methanol (38 ml.) were refluxed for 10 minutes. The 
solid (62$) was recrystallised from water (35 parts) to 
give 6.7-dimethyl-4-methylthiopteridine. m.p. 120-121° 
(Pound: C, 52.2; H, 4.9; N, 27.1: S, 15.75. G9H10N4S 
requires C, 52.4; H, 4.9; N, 27.2; S, 15.55$).
6.7~Dimethyl-4-methylaminopteridine

6,7-2)imethyl-4-methylthiopteridine (2 g.) was 
refluxed in 5$ ethanolic methylamine (60 ml.) for 2
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hours. After refrigeration, the product was collected 
and recrystallised from ethanol (20 parts) to give 
6.7-dimethyl-4-methylaminopteridine (95$), m.p. 222-223° 
(Found: 0, 57.15; H, 5.8; N, 36.6. requires
C, 57.1; H, 5.9; N, 37.0$). The hydriodide. obtained 
by acidifying a solution of the free base to pH 1.5 with 
6$ hydriodic acid and evaporating to dryness, was 
recrystallised from 1:1 ethyl acetate-ethanol (15 parts). 
It had m.p. 218-220° (Found: 0, 33.8; H, 3.7; I, 40.1;
N, 22.0. C9H12IN5 reluires c > 34.1; H, 3.8; I, 40.0;
N, 22.1$).
Methylation of 6.7-Dimethyl-4-methylaminopteridine

The pteridine (1.25 g.) and methyl iodide (10 ml.) 
were heated in a sealed tube at 130° for 4 hours. The 
solid obtained on evaporation was recrystallised from 
methanol (10 parts), or alternatively from 30 parts of 
mixture of ethyl acetate (70$), ethanol (20$), and water 
(10$), to give 1,4-dihydro-l ,6.7-trimethyl-4-methyl imino- 
pteridine hydriodide (86$), m.p. 247° (Found: C, 36.6;
H, 4.2; I, 38.4; N, 20.9. c i o E L4IN5 requires 0, 36.3;
H, 4.3; I, 38.3; N, 21.15$). The methyliminopteridine 
hydrochloride, obtained from the hydriodide by shaking 
with silver chloride, was recrystallised from ethanol 
(12 parts) and from the above three component solvent



112.
(30 parts). It melted ca. 250° (decomp.) (Found:
C, 50.25; H, 5.7; N, 29.1. cioH14ClN5 re<luires c» 50.1; 
H, 5.9; N, 29.&).

Degradation of 1.6.7-Trimethyl-4-methyliminopteridine
(a) Hydrolysis with 6»3N-hydrochloric acid. The 

hydrochloride (0.6 g.) and 6.3N-hydrochloric acid (6.0 
ml.) were heated in a sealed tube at 130° for l£ hours. 
After neutralizing the darkly coloured solution to pH 7, 
it was treated with charcoal and evaporated. The 
residue was dissolved in a minimum of hot water (4 ml.) 
and the solution refrigerated. The product (50$) was 
further reczystallised from water (15 parts) and its 
m.p., 216-217°, was unaltered by admixture with the 
authentic 1,4-dihydro-l,6,7-trimethyl-4-oxopteridine 
described above.

(b) Hydrolysis with hot N-sodium hydroxide. The 
hydriodide (0.45 g.) was heated on a steam bath for 40 
minutes together with N-sodium hydroxide (4.5 ml.). 
2-Carbamoyl-5,6-dimethyl-3-methylaminopyrazine (70$) 
which crystallised from the hot solution, was recryst­
allised from water (300 parts). With m.p. 162-164° 
it was characterised against the authentic compound 
(see above).
5-Amino-4.6-bismethylaminopyrimidine

4,6-Bismethylamino-5-nitropyrimidine (I2g.;
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Brown, 1954) was hydrogenated in methanol (500 ml.) 
over Raney nickel. The filtered solution was evaporated 
in vacuo and the residue reciystallised hy dissolution in 
boiled-out water (30 parts) at 25° and cooling to 0°.
Y/hen the purification process after hydrogenation was 
carried out entirely within a nitrogen box, the otherwise 
deep red 5-amino-4.6-bismethylamino•pyrimidine (60$) was 
obtained as a white solid, m.p. 178-180° (Pound: C, 47.0;
H , 7.25; N, 45.3. C6Hn N 5 requires C, 47.0; H, 7.25;
N, 45.7$).
4 t8-Dihydro-6.7.8-t rime thyl-4-methylimino-pt eri dine

5-Amino-4,6-bismethylaminopyrimidine (1 g.) was 
.refluxed for 15 minutes .with, biacetyl, (l.lg.). in methanol . . 
(5 ml.)* The solid formed on chilling, recrystallised 
from light petroleum (b.p. 60-80°; 20 parts), to give the 
yellow 4.8—dihydro-6.7.8-trimethyl-4-methyliminopteridine. 
m. p. 113-115° (Pound: C, 58.7; H, 6.5; N, 34.3.
G10H13N5 requires 0, 59.1; H, 6.45; N, 34.5$).
4-Dimethy laminopt eridine

4-Methylthiopteridine (8 g.; Albert, Brown and 
Wood, 1954) was refluxed for 2 hours with 6$ ethanolic 
dimethylamine (280 ml.). After evaporation, the 
residue was recrystallised from light petroleum (b.p.
60-80°; 650 parts) and gave, on refrigeration, 4-dimethyl-
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aminopteridine (94$), m.p. 165-166°, identified with an 
authentic specimen prepared by an alternate method 
(Albert, Brown and Cheeseman, 1952). The hydriodide of 
the base recrystallised from 1:3 light-petroleum (b. p. 
60-80°)-ethanol (85 parts), and had m.p. 244-245° (Pound: 
C, 31.8; H, 3.4; I, 41.8; N, 23*0. C8H10IN5 recIuires
C, 31.7; H, 3.3; I, 41.9; N, 23.1$).
Methylation of 4-Dimethylaminopteridine

The base (0.35 g.) and methyl iodide (0.62 ml.) 
in methanol (6.2 ml.) were refluxed for 2 hours. The 
solvent was evaporated, and the residue recrystallised 
from 3s2 light petroleum (b.p. 80-100°)-ethanol (225 
parts). The yellow 4-dimethylamino-l-methylpteridinium 
iodide (52$) had m.p. 227-229° (Found: C, 33.7; H, 3.85; 
I, 40.15; N, 21.8. cgH12IN5 requires 0, 34.1; H, 3.8;
l , 40.0; N, 22.1$).
Hydrolysis of 4-Dimethylamino-l—methylpteridinium iodide 

The quaternary iodide (0.4 g.) was dissolved in 
water (10 ml.), the solution adjusted to pH 10 with 
N-sodium hydroxide, and boiled for 4 minutes. The 
product (31$) that crystallised from the hot solution was 
further purified by sublimation (140°/0.01 mm.) and its
m. p., 197-198°, was undepressed on admixture with 2- 
carbamoyl-3-niethylaminopyrazine (Albert, Brown and Wood, 
1956).
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4-Dimethylamino-6.7-dimethyl pteri dine
6,7-Dimethyl-4-methylthiopteridine (8.3 g.) was 

aminated by refluxing for 2 hours with 6% alcoholic 
dimethylamine (245 ml#)# Evaporation of the solvent and 
recrystallisation of the residue from light petroleum 
(b. p. 60-80°; 125 parts), gave 4-dimethylamino-6.7- 
dimethylpteridine (90%) with m.p. 138-140° (Found:
C, 59.3 ; H, 6.4; N, 34.3# GxoHl3N5 re<luires c > 59.1?
H, 6.45; H, 34.5%). Its hydriodide salt, formed by the 
addition of an equivalent of 6% hydriodic acid and re­
crystallised from ethanol (5 parts), had m.p. 206-207° 
(Found: C, 36.5; H, 4.4; I, 38.8; N, 20.9. ci0Hi4IN5 
requires C, 36.3? H, 4.3? I, 38.3? N, 21.15%).
Methylation of 4-Dimethylamino-ö. 7-dimethyl pteridine

4-Eimethylamino-6,7-dimethylpteridine (0.4 g.), 
ethyl acetate (40 ml.), and methyl iodide (0.62 ml.) were 
kept at 20° for 12 hours in a darkened container. The 
crystals (88%) were collected, washed with ethyl acetate, 
and dried in vacuo. 4-Dimethylamino-1 .6.7-trimethyl-
pteridinium iodide, obtained in this way, had m.p. 153- 
154° (Pound: C, 38.3; H, 4.7; I, 37.2; N, 20.2. Ci ;lHi 6IN5 
requires C, 38.3? H, 4.7? I, 36.8; N, 20.3%).
Hydrolysis of 4-Dimethylamino-1.6.7-trimethylpteridinium 
iodide

The quaternary iodide (0.4 g.) was dissolved in
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water (2.5ml.). The red solution was made alkaline to 
pH 10 and "boiled for 4 minutes* On cooling, a cryst­
alline solid (46$), m.p. 210-211°, was deposited*
Further recrystallisation from water (20 parts) raised 
the m.p* to 216-217°, which was unaltered by admixture 
with authentic l,4-dihydro-l,6,7-trimethyl-4-oxopteridine 
(see above)*
Methylation of 2-Amino~4-hydroxypteridine

2-Amino-4-hydroxypteridine (2 g*; Cain,
Mallette and Taylor, 1946), methyl iodide (15 ml*), and 
methanol (60 ml*) were rocked in a sealed tube at 110° 
for 12 hours* The tube was opened at -40° (a precaution 
against the considerable quantity of dimethyl ether 
formed) and the solution evaporated (to ca* 15 ml.) until 
ruby-red crystals commenced to be deposited. These were 
recrystallised from methanol (140 parts, with concentr­
ation) to yield 2-amino-4.8-dihydro-8-methyl-4-oxopteridine 
hydriodide (35$), decomp. 265° (Found: C, 27*85; H, 2.8;
I, 41.1; N, 22.55. O ^ I ^ O  requires C, 27.55; H, 2.65;
I, 41.6; N, 22.95$).

Treatment with silver chloride furnished the 
hydrochloride which recrystallised from methanol (330 
parts, with concentration to 100 parts) had m*p. ca. 285° 
(decomjk) (Found: C, 39.35; H, 3.9; N, 32.7. C^HgClN^O
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requires C, 39.35; H, 3.8; N, 32.8$). Paper chromato­
graphy revealed the following R^ values:

Butanol - acetic acid 0.02
Butanol - ammonia 0.05
Bergmann*s solvent 0.20
Ammonium chloride 0.65

The structure of this hydrochloride was established by 
its unambiguous synthesis.

2 , 5-Biamino-4--hydroxy-6~methylaminopyrimidine 
hydrochloride (0.45 g.; see pyrimidine section) was 
refluxed for 30 minutes with polyglyoxal (0.14 g.) in 
methanol (30 ml.). Evaporation of the solution to 10 ml. 
gave, the crystalline pteridine hydrochloride .(50$) which,. . . 
recrystallised from methanol, had m.p. 280-285° (decomp.) 
(Pound: C, 39.35; H, 4.0; N, 32.7$). It was identified 
by mixed m.p*, paper chromatography in the solvent 
systems shown, and by infrared spectroscopy (see spectral 
traces in text) with the hydrochloride from the methylation 
product of 2-amino-4-hydroxypteridine described above. 
2-Amino-l«4-dihydro-l-methvl-4-oxopteridine

2,4-Diamino-3,6~dihydro-3-fliethyl-5-nitroso-6- 
oxopyrimidine (4 g.; Roth, Smith and Hultquist, 1951; 
corrections by Boon and Bratt, 1957) in methanol (200 ml.) 
was hydrogenated over Raney nickel. The spent catalyst 
was filtered off, washed with hot water (3 X 50 ml.), and
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the aqueous washings together with glyoxal monohydrate 
(2 g,) added to the metkanolic filtrate. The yellow 
solution was evaporated to 80 ml. on a steam bath over 
a period of 1 hour, then chilled to yield the oxopterid- 
ine (74$)• Purified by triturating with ice-cold 
0.5N-sodium hydroxide (20 ml.) and by recrystallisation 
from water (60 parts), it had m.p. 335-336° (decomp.) 
(Pfleiderer, Liedek, Lohrmann and Rukwied, I960, record 
m.p. 335-337°) (Pound: C, 47.55; H, 4.0; N, 39.45.
Calc, for C^H^NfjO: C, 47.45; H, 4.0; N, 39.55$). In 
chromatography the following values were obtained:

Butanol - acetic acid 0.27
Butanol -, ammonia...........0..12
Bergmann1s solvent 0.48
Ammonium chloride 0.70

2-Amino-3 * 4-dihydro-3-nethyl-4-oxopteridine
2,4,5—Triamino—1,6-dihydro-l-methyl-6-oxo pyrim­

idine hydrochloride (0.5 g.; Curran and Angier, 195Ö), 
polyglyoxal (0.15 g.), and methanol (60 ml.) were 
refluxed for 1 hour. Evaporation to ca. 5 ml. gave 
the oxopteridine (7C$) which, after recrystallisation 
from glacial acetic acid (120 parts), decomposed at 319- 
320°. R^ values from chromatography were as follows:
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Butanol - acetic acid 0.35
Butanol - ammonia 0.20
Bergmann1s solvent 0.55
Ammonium chloride 0.60

(Pfleiderer, Liedek, Lohrmann and Rukwied, I960, record
m. p. 322° with an 18% yield) (Pound: C, 47.65; H, 4.0;
N, 39.35. Calc, for C^EyN-O: C, 47.45; H, 4.0;
H, 39.5%).
4-Hydroxy-« 2-methylaminopt eridine

This pteridine was prepared by two routes:
(a) Primary synthesis: 4,5-Piamino-6-hydroxy- 

2-methylaminopyrimidine hydrochloride (1 g.; see pyrim­
idine .section) .and po.lyglyo.xal (Q.3 g.). were .ref.luxed in . . 
methanol (125 ml.) for 1 hour. Evaporation, and re­
crystallisation of the recovered solid by dissolution in 
hot water (400 parts), addition of ethanol (400 parts)
and slow concentration, yielded the pteridine (8l%) decomp. 
ca.378° (Pfleiderer, Liedek, Lohrmann and Rukwied, I960, 
record m.p. >350°) (Pound: C, 47.3; H, 4.0; N, 39.3.
Calc, for C7H?N50: C, 47.45; H, 4.0; N, 39.5%).

(b ) Rearrangement: 2-Amino-3,4-dihydro-3-methyl-
4-oxopteridine (0.25 g.) was heated in N-sodium hydroxide 
(2.5 ml.) at 100° for 5 minutes. The solution was 
chilled, acidified to pH 5 with 5% acetic acid, and the
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rearranged product (8C)$) filtered off. Recrystallised, 
it decomposed ca.378°, and had chromatographic R^ values:

Butanol - acetic acid 0.40 
Butanol - ammonia 0.08 
Bergmann*s solvent 0.67 
Ammonium chloride 0.60

It was identified with authentic 4-hydroxy-2-methylamino- 
pteridine by chromatography and by ultraviolet spectro­
scopy (see text).
2-Amino-4-methoxyi)t er idine

2,4,5-1 riamino-6-methoxypyrimidine sulphate 
(0.5 g.; Roth, Smith and Hultquist, 1951) and polyglyoxal 
(0.11 g.) were refluxed in methanolic sodium methoxide 
(60 ml.; from sodium, 0.085 g.) for 1 hour. The oily 
residue obtained on evaporation was triturated with water 
(5 ml.), and the resulting solid recrystallised from water 
(25 parts). The methoxypteridine (43$) had m.p-. 204-205° 
(Pfleiderer, Liedek, Lohrmann and Rukwied, I960, record 
m.p. as 207-209°) (Pound: C, 47.4; H, 3.85; N, 39.4. Calc, 
for O ^ ^ O :  C, 47.45; H, 4.0; N, 39.5%).
Methylation of 2-Amino-4-hydroxy-6.7-dimethylpteridine

2-Amino-4-hydroxy-6,7-dimethylpteridine (l g.; 
Cain, Mallette, and Taylor, 1946) was rocked for 5 hours 
at 100° with methyl iodide (7.5 ml.) and methanol (30 ml.).
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Evaporation of the solvents, and recrystallisation of the 
product from a mixture of methyl iodide (35 parts) and 
methano1 (65 part s), gave 2-amino-4,8-dihydro-6,7,8- 
trimethyl-4-oxopteridine hydriodide (60#); m.p. 265-270° 
(decomp.) (Pound: C, 32.45; H, 3.5; I, 37.75; N, 20,85. 
CgH12IN50 requires C, 32.45; H, 3.6; I, 38.1; N, 21.0#).

Silver chloride converted this hydriodide into 
the hydrochloride which, recrystallised from 25# aqueous 
ethanol (26 parts), had m.p. 255-260° (decomp.) (Pound: 
Cl, 14.8; N, 28.75. c q e 1201® 5° requires 01, 14.7;
N, 29.0#). The following R^ values were obtained in
paper chromatography:

Butanol - Ammonia 0.12 
Butanol - acetic acid 0.18 
Bergmann*s solvent 0.35 
Ammonium Chloride 0.75
The hydrochloride was also made unambiguously.

2,5-Biamino-4-hydroxy-6-methylaminopyrimidine hydro chloride 
(0.6 g.) in methanol (35 ml.), was refluxed with biacetyl 
(0.31 ml.) for 30 minutes. Evaporation to 10 ml. and 
addition of ether (10 ml.) gave a solid (93#) which, 
after recrystallisation, was identified with the product 
(hydrochloride) from methylation of 2-amino-4-hydroxy-6, 
7-dimethylpteridine by means of mixed m.p., paper chromr-
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atography, and infrared spectroscopy (see spectral traces 
in text).
Methylation of 4-Amino-2-hydroxypteridine

4-Amino-2-hydroxypteridine (1.35 g.; Taylor 
and Cain, 1949; Albert, Brown and Cheeseman, 1952), 
methyl iodide (5.2 ml.), and methanolic sodium methoxide 
(200 ml.; from sodium, 0.21 g.) were refluxed for 1 hour. 
Recrystallisation of the insoluble product from water 
(160 parts) gave 4-amino-l.2-dihydro-l-methyl-2-oxopter- 
idine (75%). m.p. 324-325° (decomp.) (Pound: C, 47.6;
H, 4.0; N, 33.4. C ^ N ^ O  requires C, 47.45; H, 4.0;
N, 39.5%).
Hydrolysis of 4-Amino-1.2-dihydro-l-methyl-2-oxopteridine 

This pteridone (0.3 g.) was stirred in N—sodium 
hydroxide (15 ml.) for 5 hours at 100°. After the 
solution was acidified to pH 1 and evaporated to dryness, 
the residue was continuously extracted with hot benzene 
for 4 hours. Taken to dryness, the extract was sublimed 
(l20°/0.02 mm.) and the sublimate (39%) recrystallised 
from water (50 parts) to give 2-carboxy-3-methylamino- 
pyrazine (see above), m.p. and mixed m.p. 180°. The 
unsublimed part (30%) recrystallised from ethanol (260 
parts), and when sublimed (220°/0.02 mm.) had m.p. 285°, 
undepressed on admixture with 1-methyl-lumazine (Pfleiderer, 
1957) (Pound: C, 46.95; H, 3.40; N, 31.35. Calc, for
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C?H6N402 : C, 47.2; H, 3.40; N, 31.45*0. 
4-Amino-2-hydroxy~6.7-dimethyl pteridine

4,5,6-Triamino-2-hydroxypyrimidine sulphate 
(4.8 g.; Bendich, Tinker and Brown, 1948) and sodium 
hydrogen carbonate (3.4 g.) in water (350 ml.), were 
stirred on the steam-bath with biacetyl (1*8 g*) for 
15 minutes* The resulting solid (3.4 g.) was dissolved 
in hot water (150 parts) by the addition of hydrochloric 
acid to pH 2*5, and 4-amino-2-hydroxy-6,7-dimethyl- 
pteridine. m*p* ca* 340° (decomp.), crystallised on the 
slow addition of sodium acetate to pH 5* (Found:
C, 50.3; H, 4.75; N, 36.15. C g H ^ O  requires C, 50.25;
H, 4.7; N, 36.6*6).
Methylation of 4- Amino-2-hydroxy-6,7-dimethylpteridine

The pteridine (l g.) and methyl iodide (2.5 ml.) 
were refluxed for 1 hour in methanolic sodium methoxide 
(25 ml.; from sodium, 0.13 g.). After chilling, the 
water-washed solid (84*6) was recrystallised from ethanol 
(350 parts), to give 4-amino-l .2-dihydro-1 .6.7-trimethyl- 
2-oxopteridine. m.p. 314-316° (decomp.) (Found: 0,52.65;
H, 5.4; N, 33.7. C9Hn N5° requires 0, 52.65; H, 5.4;
N, 34.1*6).

Hydrolysis of 4-Amino-1.2-dihydro-1.6.7-trimethyl-2- 
oxopteridine

Hydrolysis of this pteridone (0.93 g.) in
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boiling N-3odium hydroxide (19 ml.) for 15 minutes gave, 
after chilling and adjustment to pH 5, 1,6,7-trimethyl- 
lumazine (83$), m.p. 328-330° (Sachs and Meyerheim, 1908, 
record m.p. 328-330°) (Pound; C, 52.5; H, 4.8; N, 27.15. 
Calc, for CgELON402; C, 52.4; H, 4.9; N, 27.15$). 
1,6,7-Trimethyl-lumazine (0.42 g.) was further hydrolysed 
by heating with 2.5N-sodium hydroxide (16 ml.) in a steel 
bomb at 200° for 4 hours. After being treated with 
charcoal and acidified to pH 2, the solution was evapor­
ated to dryness. The residue was extracted with boiling 
light petroleum (b.p. 60-80°; 25 ml.) to yield 2-carboxy- 
5,6-dimethyl-3-methylaminopyrazine (35$). Recrystallised 
from the above solvent (165 parts), it had m.p. 143-145° 
unaltered by admixture with an authentic specimen of the 
pyrazine acid (see above).
Methylation of 2.4-Diaminopteridine

2,4-Diaminopteridine (4 g.), prepared according 
to Mallette, Taylor and Cain (1947) and purified by the 
method of Albert, Brown and Cheeseman (1952), was rocked 
together with methyl iodide (40 ml.) and methanol (80 ml.) 
at 110° for 1 hour. Evaporation gave a crude solid (8.4 g.) 
which was extracted with boiling methanol (40 ml.). The 
residue, twice recrystallised from methanol (160 parts, with 
concentration), gave 4-amino-2.8-dihydro-2-imino-8-methyl-
pteridine dihydriodide (or tautomer) (0.5 g.) as dark red



125

crystals, m.p. 236-237° (Pound: C, 19.5; H, 2*1; I, 58.75*
C7H10I2N6 re(luires c» 19*45; H, 2.3; I» 58*75$).

Evaporation of the initial methanol extract and 
the mother-liquors from the dihydriodide recrystallis­
ations, left a yellow solid consisting of a mixture of 
the 8-methylpteridine and its 1-methyl isomer. Attempts 
to separate these compounds by chromatography and by 
recrystallisation were unsuccessful.
Degradation of the Methylated 2.4-Diaminopteridines

This was carried out to confirm the structure 
of the 8—methylpteridine dihydriodide and to establish 
the structure of the second product.

(a) Hydrolysis of the dihydriodide. The dihydr­
iodide (0.28 g.) was heated at 100° with N-hydrochloric 
acid (36 ml.) for 30 minutes. To remove iodide ion, 
the solution was shaken with washed silver chloride 
(ca. 2 g.) for 1 hour, then filtered and the filtrate 
evaporated to dryness. The residue was dissolved in water 
(10 ml.) which was then adjusted to pH 3.5 with 5$ ammonia 
solution and chilled. The solid precipitate (80$) recry­
stallised from water, (80 parts), giving 2-amino-4,8-dihydro 
-8-methyl-4-oxopteridine hydrochloride, decomp* 278-283°, 
identified with authentic material (see above) by mixed 
m.p., paper chromatography in 4 solvents, and infrared and 
ultraviolet spectroscopy (see text).
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(b) Hydrolysis of the mixture. The mixture 
(6 go) was dissolved in 0.5N~sodium hydroxide (125 ml«) 
at 0°. After 15 minutes at this temperature, the 
crystalline product (l g.) was collected and recrystall­
ised from water (60 parts) to give 2-amino-l,4-dihydro- 
l-methyl-4-oxopteridine, m.p. 336° (decomp.) undepressed 
by admixture with a specimen of the authentic material 
described above*

This pteridine (0*5 g.) was hydrolysed further by 
being refluxed in N-sodium hydroxide (7 ml.) for 15 
minutes. The solid (88$) obtained on adjustment to pH 5, 
was sublimed (220°/0.02 mm.) and recrystallised (ethanol, 
260 parts) to give 1-methyl-lumazine m.p. 285° (see above). 
2.4-Diamino-6.7-dimethylpt eridine

2,4,5,6-Tetraminopyrimidine sulphate (8.0 g.; 
Cavalieri, Bendich, Tinker and Brown, 1948) and biacetyl 
(3 ml.) were stirred in water (50 ml.) on a steam bath for 
1 hour. The yellow solid (98$) obtained on cooling, was 
triturated with O.lN-sodium hydroxide, washed with hot 
water and ethanol, and recrystallised from dimethylformam- 
ide (145 parts) or glacial acetic acid (20 parts) to give 
the diaminopteridine. It did not melt below 360°, and
was chromatographically pure. Despite failure by older 
methods (Mallette, Cain and Taylor, 1947), it gave a
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satisfactory analysis for carbon and hydrogen by the 
"rapid combustion" method (Belcher and Ingram, 1950) in 
admixture with vanadium pentoxide, and for nitrogen by 
the Kjeldahl method (sealed tube) (Found: C, 50*75;

H, 5.35; N, 43.75. C8H10N6 recluire3 c > 50*5; H, 5.3;
N, 44.2$).
Methylation of 2.4-Diamino-6.7-dime thy lpt er i dine

This pteridine (2 g.), methyl iodide (20 ml*), 
and methanol (40 ml.) were rocked together, in a sealed 
tube, at 110° for 5 hours. After cooling to -40° (to 
liquify dimethyl ether formed), the tube was opened and 
the solid (27$) recrystallised from ethanol (40 parts) 
until it was chromatographic ally homogeneous (R̂ , 0.65 
in butanol-acetic acid). The 4-amino-l.2-dihydro-2- 
imino-1 .6.7-trimethylpteridine hydriodide (or tautomer) 
had m.p. 280-285° (decomp.) (Found: C, 32.5; H, 3.85;
I, 38*15; N, 25.2. CgH-^INg requires C, 32*55; H, 3.95; 
I, 38.2; N, 25.3$).

When the above methylation mixture was heated for 
1 hour, and the product (1.3 g.) precipitated with ether 
(60 ml.), paper chromatography revealed that a second 
substance (R^ 0.55 in butanol-acetic acid) was also 
present. It could not be separated by recrystallisation. 
Analysis, after re crystallisation from a mixture of 65$
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methanol - 35# methyl iodide (40 parts), indicated the 
two products as isomeric (Found for the mixture:
C, 32.4; H, 3.95; I, 37.65; N, 25.1#).
Hydrolysis of 4-Amino-1»2~dihydro-2-imino-l.6.7-trimethyl- 
•pteri dine

The homogeneous hydriodide (0.23 g.) was refluxed 
with N-sodium hydroxide (5 ml*) for 15 minutes. The 
solution was acidified to pH 5, chilled, and the solid 
recrystallised from water (250 parts) to give 1,6,7-tri- 
methyl-lumazine (92#), m.p. 327-329° without depression 
when mixed with authentic material (see above).

C. Methylation of Aminopyrimidines 
Methylation of 4«6-Piaminopyrimidine

4,6-Diaminopyrimidine (5 g.), prepared according to 
the directions of Brown (1950), was refluxed in a mixture 
of methyl iodide (12 ml.) and methanol (25 ml.) for 3 
hours• 4-Amino-l,6-dihydro-6-imino-l-methylpyrimidine
(89#) which was obtained on cooling, crystallised from 
ethanol (90 parts) as needles, m.p. 283-284° (Found:
G, 23.8; H, 3.6; I, 50.5; N, 21.95. C5HgIN4 requires 
C, 23.8; H, 3.6; I, 50.35; N, 22.2#). It was converted 
with silver chloride into the imine hydrochloride which,
after recrystallisation from ethanol (35 parts), had m.p 
268-269° (Pound: C, 37.5; H, 5.65; Cl, 22.15; N, 34.5.
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C5HgClN4 requires G, 37.4; H, 5.65; Cl, 22*1; N, 34.9%).
The Rearrangement of 4-Amino-l,6-dihydro-6-imino-l- 
methylpyrimidine

The imine hydrochloride (l g.) was dissolved in 
N-sodium hydroxide (12.5 ml.). After 6 hours at 20°, 
the crystals (58%) were removed and the filtrate was 
adjusted to pH 8-9 with sulphuric acid. After vacuum- 
evaporation, the residue was boiled with ethyl acetate 
(50 ml.), and the extract on evaporation gave a second 
crop (29%). Recrystallised from water (15 parts), the 
product had m.p. 209-211°, undepressed on admixture with 
4-amino-6-methylaminopyrimidine prepared to the directions 
of Whitehead and Traverso (1958) (Pound: C, 48.3; H, 6.4;
N, 45.2. Calc, for C^ qN̂ : C, 48.4; H, 6.5; N, 45.1%).

The addition of an equivalent of hydrochloric 
acid to this base furnished 4-amino-6-methylaminopyrimidine 
hydrochloride. Recrystallised from ethanol (20 parts) it 
had m.p. 2X3-214° (Pound: C, 37.45; H, 5.6; Cl, 22.2;
N, 34.7. C5HqClN4 requires C, 37.4; H, 5.65; Cl, 22.1;
N, 34.95«).
Methylation of 4,6-Diamino-5-nitropyrimidine

4,6-Diamino-5-nitropyrimidine (4 g.; Brown, 1950) 
and methyl iodide (40 ml.) were heated in a sealed tube 
at 140° for 6 hours. An aqueous solution (50 ml.) of the
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residue from evaporation was adjusted to pH 8-9, and the 
product (48%) recrystallised from water (330 parts). 
4-Amino-6-methylamino-5-nitropyrimidine thus obtained had 
m.p. 248-250°, undepressed by admixture with authentic 
material made according to Daly and Christensen (1956).

The nitropyrimidine was also prepared from 4-amino 
-1,6-dihydro-6-imino-l-methy1pyrimidine hydrochloride (see 
above) by nitration and an accompanying rearrangement.
The imine hydrochloride (2.4 g.) in concentrated sulphuric 
acid (11 ml.) was evacuated at 20° to remove hydrogen 
chloride. Nitric acid (d.1.5; 4.8 ml.) was added with 
stirring at 0°, and the mixture was then heated for 30 
minutes at 40° before being poured onto ice. Addition of 
ammonia gave the nitro-compound (85%), m.p. 248-249° (Found: 
0, 35.2; H, 4.2. Calc, for C ^ N ^ :  C, 35.5; H, 4.2%).
4.5-Diamino-6-methylaminopyrimidine

4-Amino-6-methylamino-5-nitropyrimidine (l g.) was 
hydrogenated in methanol (100 ml.) over Raney nickel.
After filtration, the solvent was evaporated to yield the 
triamine (60%), which was purified by sublimation at 
120°/0,01 mm. to m.p. 187-189° (Found: C, 43*2; H, 6.65;
N, 50.05. C 5H9 N 5 requires C, 43.15; H, 6.5; N, 50.3%). 
Methylation of 2.4-Diaminopyrimidine

2,4-Diaminopyrimidine (1.35 g.; prepared by the
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method of Brown, 1950) dissolved in methanol ( 7 ml.) was 
refluxed with methyl iodide (7 ml.) for 1 hour. Recryst­
allisation of the insoluble product by dissolving in 
boiling ethanol (40 parts) and adding hot ethyl acetate 
(6 parts), gave 76$ of 2(4)-amino-1.4(l.2)-dihydro-4(2)- 
iInino-l-methyl pyrimidine hydriodide. m.p. 273-274° (Pound: 
C, 23.7; H, 3.55; I, 50.4; N, 22.1. C5HgN4I requires 
0, 23.8; H, 3.6; I, 50.35; N, 22.25$). Shaking with an 
aqueous suspension of silver chloride, converted this into 
the hydrochloride which, recrystallised from methanol (15 
parts), had m.p. 275-276° (Found: 0, 37.15; H, 5.65;
Clf 22.35; N, 34.6. C5HgClN4 requires C, 37.4; H, 5.65; 
Cl, 22.1; N, 34.9$).

This hydrochloride was identical with the Raney 
nickel desulphurisation product of 2(4)-amino-l,4(1,2)- 
dihydro-4(2)-imino-l-methyl-6-methylthiopyrimidine hydro­
chloride described below.
2.4-Biamino-6-mercapto-pyrimidine

2,4-Diamino-6-chloropyrimidine (12.0 g.; Pfleiderer 
and Lohrmann, 1961) and N-potassium hydrogen sulphide (240 
ml.) were heated in a sealed tube at 135° for 12 hours 
(optimum conditions determined chromatographically; cf. 
conditions used by Elion, Lange and Hitchings, 1956). On 
cooling, the mereaptopyrimidine (78$) crystallised readily
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(cf.Claim of Elion et. al), Recrystallised from water 
(14 parts) it had m.p. 300-301° (recorded m.p. 309-310°) 
(Found: 0, 33.95; H, 4.4; N, 39.25. Calc, for C ^ H ^ S :
C, 33.8; H, 4.25; N, 39.496).
2.4-Diamino-6-methylthiopyrimidine

2,4-Diamino-6-mercaptopyrimidine (7.5 g.), diss­
olved in 2.5N-sodium hydroxide (21,1 ml.), was shaken with 
methyl iodide (3.6 ml.) until crystallisation was complete 
(10 minutes). The methylthio compound (86$), recrystall­
ised from water (17 parts), had m.p. 200-202° (Found:
C, 38.3; H, 5.1; N, 35.85. C ^ I ^ S  requires 0, 38.45;
H, 5.15; N, 35.9$).
Methylation of 2,4-Diamino-6-methylthiopyrimidine

The pyrimidine (9.5 g.), dissolved in methanol,
(135 ml.) was refluxed with methyl iodide (75 ml.) for 
24 hours. The insoluble 2(4)-amino-1.4(l.2)-dihydro-4(2)- 
imino-l-methyl-6-methylthiopyrimidine hydriodide (39$) was 
filtered from the hot solution and recrystallised from 
water (25 parts). It melted at 281-282° (Found: C, 24.1; 
H, 3.6; I, 42.4; N, 18.8. G6Hn IN4S requires C, 24.15;
H, 3.7; I, 42.55; N, 18.8$). Treatment of this hydriodide 
with silver chloride gave the hydrochloride. Recrystall­
ised from methanol (40 parts) or from water (3 parts), it 
had m.p. 287-288° (Found: C, 34.6; H, 5.4; Cl. 17.15;



133

N, 27*0. C6HllGlN4S requires C, 34.85? H, 5*35;
01, 17.15; N, 27.1*).

Evaporation of the above filtrate, and recrystall­
isation of the residue from water (7 parts), gave the 
isomeric 2(4)-amino-3,4(2,3)-dihydro-4(2)-imino-3~methyl- 
6-methylthio pyrimidine hydriodide (220) with m.p. 248- 
250° (Found: C, 23.9; H, 3.65; I, 42.45; H, 18.55«).
Reaction with silver chloride furnished the hydrochloride 
which, recrystallised from methanol (30 parts) or water 
(2 parts), had m.p. 281-282° and gave a 15° m.p. depression 
when mixed with the isomeric hydrochloride above (Found:
O, 34.9; H, 5.45; 01, 17.3; N , 26.90).
The Structures of the Isomeric 2.4-Diamino-6-methylthio- 
pyrimidine Methylation Products

The structures of the two isomeric products obtained 
in the above methylation were established by (a) the measur­
ement of their high basic pK values (12.0 and 11.15 resp.)a
and (b) the unambiguous synthesis of 2(4)-amino-3,4(2,3)- 
dihydro-4(2)-imino-3-methyl-6-methylthiopyrimidine hydro­
chloride in the following series.
2(6)-Amino-4-chloro-l.6(1.2)-dihydro-6(2)-imino—1-methyl- 
pyrimidine

2,4-Diamino-3,6-dihydro-3-methyl-6-oxopyrimidine 
(5.0 g.; Roth, Smith and Hultquist, 1951; with corrections
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"by Boon and Bratt, 1957) and phosphoryl chloride (60 ml.) 
were refluxed for 3 hours. After removal of excess 
phosphoryl chloride in vacuo, the oily residue was poured 
onto ice, and the solution made alkaline (50$ sodium 
hydroxide) to pH 12. Continuous extraction with ether 
yielded the chloropyrimidine (17$) which, recrystallised 
from water (16 parts), decomposed at 192-193° (no precise 
decomposition is observed if sample is heated slowly to 
this temperature) (Pound: C, 37.9; H, 4.45; Cl, 22.25. 
C5H7C1N4 requires C, 37.85; H, 4.45; Cl, 22.35$).
2(4)-Amino-3«4(2.3)-dihydro-4(2)-imino-3-methyl-6-methyl- 
thiopyrimidine

2(6)-Amino-4-chloro-l,6(1,2)-dihydro-6(2)-imino- 
1-methylpyrimidine (0.5 g.) in 0.5N-ethanolic sodium 
methyl mercaptide (8 ml.), was refluxed for 15 minutes and 
the filtered solution evaporated to dryness in vacuo.
Water (5 ml.) was added to the residue and the methyIthio 
- pyrimidine (83$) collected. Recrystallised from water 
(10 parts), it had m.p. 191-192° (Pound: C, 42.6; H, 5.9;
N, 32.85. C ^ N . S  requires C, 42.35; H, 5.9; N, 32.95$).

This free base was converted into the hydrochloride. 
Recrystallised from methanol (30 parts) it had m.p. 280- 
281° and showed no m.p. depression when mixed with the 
methylation product of 2,4-diamino-6-methylthiopyrimidine 
(as the hydrochloride).
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Desulphur!sation of 2(4)-Amino-l1,4(1,2)-dihydro-4(2)- 
imino-l-methyl-6-methylthiopyrimidine

The process was carried out in two ways.
(a) Deaulphurisation with Raney nickel. The 

methylthio-pyrimidine hydrochloride (0.5 g.) and ammonium 
chloride (0.5 g.) were dissolved in water (15 ml.) at 80°. 
Raney nickel (ca. 5 g.) was added portionwise and the 
mixture refluxed and stirred for 5 hours. Evaporation of 
the filtered solution and extraction of the residue with 
hot methanol (7 ml.), yielded the desulphurised product 
(64$). Recrystallised from methanol (15 parts), it had 
m.p. 274-275°, unchanged on admixture with the methylation 
product of 2,4-diaminopyrimidine (as the hydrochloride).

(b) Desulphurisation with chlorine. The methylthio 
-pyrimidine hydrochloride (0.68 g.) was suspended in 
anhydrous methanol (20 ml.) and dry chlorine gas passed 
into the stirred mixture for -J- hour at such a rate that
the temperature did not rise above 10° with external 
cooling from crushed ice. After stirring at 10° for a 
further •§- hour and concentrating (to 10 ml.) in vacuo. the 
product (66$) was collected and recrystallised from 95$ 
ethanol (60 parts), to give 2(4)-amino-5.6-dichloro-l.4 
(l.2)-dihydro-4(2)-imino-l-methylpyrimidine hydrochloride, 
m.p. 269-270° (Pound: C, 25.7; K, 3.1; Cl (ionic), 15.15.
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C5H6C12N4.HC1 requires G, 26.15; H, 3.05; Cl (ionic), 
15*45%). This compound showed no oxidising properties 
when tested with potassium iodide solution.

This hydrochloride (0.2 g.), dissolved in water 
(4 ml.) and made alkaline to pH 12, yielded the free 
pyrimidine base m.p. 173° (decomp.) (Pound: C, 30.9;
H, 3.2; Cl, 36.8; N, 28.6. C^-HgC^N^ requires C, 31.1;
H, 3.15; Cl, 36.75; N, 29.0%). 
4-Amino-2-methylthiopyrimidine

4-Amino-2-mercaptopyrimidine (30 g.) was dissolved 
in 2.5N-sodium hydroxide (95 ml.) and shaken with methyl 
iodide (18 ml.) for i hour. The methylthio-derivative 
(88%), washed with water and recrystallised from a mixture 
of 13 parts of light petroleum (b.p.60-80°) and 3 parts of 
ethanol, had m.p. 123-125° (m.p. 125-126° recorded by 
Wheeler and Bristol, 1905).
4-Amino-6-chloro-2-methylamino pyrimidine

4-Amino-6-hydroxy-2-methyl amino pyrimidine (5 g.) 
and phosphoryl chloride (30 ml.) were refluxed for 1 hour. 
After concentrating in vacuo, the residue was poured onto 
ice, neutralised to pH 7 and extracted with ether (5 x 100 
ml.). The dried (MgSO^) extracts, on evaporation gave 
the chioropyrimidine (35%). Recrystallised from a mixture
(1:1) of light petroleum (b.p. 80-100°) and ethanol (50 
parts) it had m.p. 198-200° (Found: C, 37.95; H, 4.55;
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Gl, 22.25; N, 35.25. C ^ N ^ C l  requires C, 37.85; H, 4.45; 
Cl, 22.35; N, 35.35$).
4-Amino-2-methylaminopyr imi dine

(a) 4-Amino-6-chloro-2-methylaminopyrimidine (0.4 g.) 
was hydrogenated in water (30 ml.) over 5$ palladium-charcoal 
(0.3 g.) in the presence of magnesium oxide (0.3 g.). The 
mixture was heated to 100°, filtered, and the filter-cake 
extracted with acetone (2 x 10 ml.). 2.5N-Sodium carbonate 
(2 ml.) was added to the filtrate and washings, and these 
then taken to dryness. Extraction with hot isobutyl 
methyl ketone (75 ml.) gave 4— amino-2-methylaminopyrimidine 
(80$) m.p. 123-126°, raised on sublimation (ll0°/0.04 mm.)
to m.p. 131°-133° (Pound: C, 48.55; H, 6.35; N, 44.65.
C^HgN^ requires C, 48.4; H, 6.5; N, 45.1$).

(b) 4-Amino-2-methylthiopyrimidine (14 g.) and 30$ 
aqueous methylamine (50 ml.) were heated in a sealed tube 
for 20 hours at 155°. Evaporation and trituration of the 
residue with isobutyl methyl ketone (4 x 10 ml.) gave a 
solid (53$) m.p. 120-123°, which was recrystallised from 
ethyl acetate (4 parts) and sublimed, as above, to m.p. 
131-133°. It was undepressed on admixture with the 
product from (a).
Methylation of 4-Amino-2-methylaminopyrimidine

Methyl iodide (3.75 ml.) was added to 4-amino-2- 
methylaminopyrimidine (1.5 g.) dissolved in methanol (2 ml.)
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under reflux. After 3 hours, the solution was chilled 
and the product (81$) recrystallised from ethanol (10 
parts) when it showed m.p. 228-231° (Pound: C, 26.8;
H, 3.95; I, 47*5; N, 20.8. GsHn IN4. requires 0, 27.1;
H, 4.15; I, 47.7; N, 21.05$). The methylation product 
was converted into the hydrochloride by shaking with 
silver chloride. Recrystallised from ethanol (18 parts) 
it had m.p. 288-289° (Pound: G, 41.35; H, 6.35; Cl, 20.25; 
N, 32.25. G6H11G1N4 re(luires G f 41.25; H, 6.35;
01, 20.3; N, 32.1$).
Methylation of 4.5-Diaminopyrimidine

4,5-Bi ami no pyrimidine (5 g.; Brown, 1952), methanol 
(80 ml.)and methyl iodide (30 ml.) were refluxed for 3 
hours. Concentration to 15 ml. and chilling gave 5-amino-
I, 4-dih.ydro-4-imino-l-methylpyrimidine hydriodide (77$), 
with m.p. 175-177° after recrystallisation from 90$ ethanol 
(3 parts) or absolute ethanol (20 parts) (Pound: C, 23.85; 
H, 3.55; I, 49.9; N, 22.15. C ^ I l ^  requires C, 23.8;
H, 3*6; I, 50.35; N, 22.25$). Shaking a solution of the 
hydriodide with silver chloride yielded the hydrochloride 
m.p. 213-214°, recrystallised from boiling ethanol (30 
parts) by the addition of ethyl acetate (30 parts) (Pound: 
C, 37.45; H, 5.6; N, 34.85. C ^ C I N ^  requires C, 37.4;
H, 5.65; N, 34.9$). The hydrochloride was also prepared
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by the desulphurisation of 5-amino-l,4-dihydro-4-imino-
1- methyl-*2-methylthiopyrimidine to be described below. 
Methylation of 4.5-Diamino-2-methylthiopyrimidine

4,5-Di amino-2-methylthiopyrimi dine (5 g.), prepared 
by the method of Albert and Brown (1954), methanol (30 ml,), 
and methyl iodide (20 ml.) were refluxed for 1 hour.
5-Amino—1,4-dihydro-4-imino-l-methyl-2-methylthiopyrimidine 
hydriodide (31$) obtained from the chilled solution, was 
recrystallised from ethanol (30 parts), after which it had 
m.p. 234-235° (Found: C, 24.25; H, 3.7; I, 42.7; N, 18.6. 
C6Hi ;iIN4S requires C, 24.15; H, 3.7; I, 42.55; N, 18.8$). 
Silver chloride converted it into the hydrochloride which 
was recrystallised from methanol (23 parts) or water (3 
parts) and had m.p, 276 -277° (Found: C, 34.7; H, 5.45;
N, 26.95. C6HH C1N4S requires C, 34.85; H, 5.35;
N, 27.1$).
Desulphurisation of 5-Amino-l, 4-dihydro-4-imino-l-me thy 1-
2- methyIthiopyrimidine

(a) Hydrolytic: The pyrimidine hydriodide (l g.)
was refluxed in 6N-hydrochloric acid (50 ml.) for 5 hours, 
and the solution then evaporated to dryness. The residue 
was redissolved in water (5 ml.), purified with charcoal, 
and the solution adjusted to pH 9. Becrystallised once 
more from water (20 parts), the pyrimidone (53$) had
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decomp. 250-255° (Brown, 1955, records 4,5-diamino-l~ 
methyl-2-pyrimidone as decomposing above 220°). The 
hydrolysis product yielded a picrate* Recrystallised 
from water (150 parts) it had m.p. 239° (decomp.) unaltered 
by admixture with the picrate from authentic 4,5-diamino- 
l-methyl-2-pyrimidone (Pound: C, 35*45; H, 3*1; N, 25*45*
ClIHiiN7°8 reluires G> 35.75; H, 3*0; N, 25*55$).

This hydrolysis product (0.25 g.) was further
confirmed as the pyrimidone by condensation in water 
(8 ml.) with glyoxal monohydrate (0.15 g.), to give 3~ 
methyl-2-pteridone monohydrate (0.24 g.). Recrystallised 
from water (35 parts) it had decomp, from 212°, and m.p* 
ca. 280° (decomp.) unchanged when mixed with the authentic 
pteridone prepared by Albert, Brown and Wood (1956).
(Found: C, 46.8; H, 4.55; N, 31.0. Calc, for O-Hgl^O.I^O: 
C, 46.65; H, 4.5; N, 31.1$).

(b) Reductive. Raney nickel (ca. 5 g.) was added 
portionwise to a solution of the pyrimidine hydrochloride 
(0.5 g*) and ammonium chloride (0.5 g.) in water (15 ml.) 
at 80°. After a 4 hours refluxing, the mixture was fil­
tered, the filtrate evaporated, and the residue extracted 
with boiling ethanol (15 ml.). Addition of light petroleum 
(b.p. 80-100°; 10 ml.) to the extract, precipitated ammonium 
chloride, while a further addition (8 ml.) furnished the
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desulphurised product 5-affiino-l,4-cLihydro-4-iniino-l- 
methylpyrimidine hydrochloride (28$) in the form of 
glistening plate-like crystals. Recrystallised from 
ethanol (30 parts) hy the addition of ethyl acetate (30 
parts), it had m.p. 213° unchanged on admixture with the 
methylation product of 4,5-diaminopyrimidine (as the 
hydrochloride) described earlier.
Methylation of 2.4.6-Triaminopyrimidine

2,4,6-Triaminopyrimidine (5 g.), synthesised by 
Traube*s method (1904), was refluxed with methanol (60 ml.) 
and methyl iodide (12 ml.) for 6 hours. The solid (47$) 
was recrystallised from water (7 parts) to give 2,4-diamino- 
1.6-dihydro-6-imino-l-nethyl pyrimidine hydricdide (or 
tautomers), m.p. 309-310° (Pound: C, 22.5; H, 3.8; I, 47.45; 
N, 26.05. °5HioN5I re(luires: Gi 22.5; H, 3.75; I, 47.5;
N, 26.2$).
Methylation of 2-Amino-4-hydroxypyrimidine (Isocytosine)

Isocytosine (1.1 g.), prepared according to Caldwell 
and Kime (1940), was heated under reflux with methanolic 
sodium methoxide (12 ml.; from sodium, 0.23 g.) and methyl 
iodide (1.5 ml.) for lj- hours. After evaporation, the 
residue was dissolved in water (25 ml.), shaken with silver 
carbonate (2.7 g.), and filtered. The filtrate was adjus­
ted to pH 7 with hydrochloric acid and again clarified.
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Extraction of the residue from evaporation with hot 
ethanol (2 x 100 ml») and concentration of the extracts to 
20 ml. gave a solid (0.5 g*). Concentration of the mother- 
liquors to 5 ml. gave a further yield (0.2 g.). Paper 
chromatography in butanol-acetic acid revealed that both 
crops contained two substances, R^ 0.60 and 0.35*

Repeated recrystallisation of the larger crop from 
ethanol (30 parts) gave 2-amino-3,4-dihydro-3-methyl-4- 
oxopyrimidine (3-methylisocytosine), m.p. 257-260°, R^ 0.60 
(Angier and Curran, 1961, record a corrected m.p. 262-266° 
and Rf 0.62) (Pound: C, 47.8; H, 5.45; Nf 33.15. Calc, 
for C5H?N30: C, 48.0; H, 5.65; N, 33.6*).

Recrystallisation of the smaller crop from ethanol 
(15 parts) gave 2-amino-l,4-dihydro-l-methyl-4-oxopyrimidine 
(1-methylisocytosine), m.p. 283-285°, R^ 0.35 (Angier and 
Curran, 1961, gave m.p. 275-280°, R^ 0.38) (Pound: C, 48.2; 
H, 5.55; N, 33.25*). Ultraviolet spectroscopy further
established the identity of the above isomers with those 
prepared by Angier and Curran.
2-Chloro-4-methylamino- and 4-chloro-2-methylamino-pyrimid 
-ines

2,4-Pichloropyrimidine (40 g.), prepared by the 
method of Whittaker (1951), was added to a 7.5* solution 
of methylamine in ethanol (300 ml.) cooled in ice to 5°.
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The pressure bottle was stoppered and contents stirred 
during the initial reaction which raised the temperature 
to 35°. After a further 18 hours at room temperature, 
the mixture was evaporated to dryness, suspended in 
water (200 ml.) containing ammonia (S.G, 0.9; 15 ml.), 
and rapidly steam distilled. 4-Chloro-2-methylamino- 
pyrimidine (10$) obtained from the steam distillate, was 
recrystallised from ethanol (4 parts) and had m.p. 123- 
124° (Found: C, 41.9; H, 4.3; Cl, 24.8; N, 28.85.
C5HgClK3 requires C, 41.8; N, 4.2; Cl, 24.7; N, 29.25$).

The aqueous residue, on chilling, gave 2-chloro- 
4-methylaminopyrimidine (30$). Recrystallised from 
water (10 parts) it had m.p. 128-129° which was depressed 
35° on admixture with the 4-chloro isomer (Found:
C, 41.65; H, 4.3; 01, 24.55; N, 29.0$).
4—Met hoxy-2—methylamino pyrimidine

4-Chloro-2-methylaminopyrimidine (l g.) was 
refluxed in methanolic sodium methoxide (15 ml.; from 
sodium, 0.2 g.) for 2 hours. The residue obtained on 
evaporation was sublimed (70°/20 mm.) to give the methoxy 
-pyrimidine (93$), m.p. 55-57° (Found: 0, 51.6; H, 6.4;
N, 30*2. CgH^NjO requires 0, 51.8; H, 6.5; N, 30.2$). 
4-Hydroxy-2-methylaminopyrimidine

4-Methoxy-2-methylaminopyrimidine (0.45 g.) and
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concentrated hydrochloric acid (2.3 ml.) were heated on 
a steam-bath for 1 hour. Adjusted to pH 6 with 10N- 
sodium hydroxide and refrigerated, the solution deposited 
the hydroxypyrimidine (62$). Recrystallised from ethan­
ol (30 parts) it had m.p. 214-215° (the isomeric 2-hydroxy 
-4-methylaminopyrimidine prepared hy Brown, 1955, has 
m.p.275-273°) (Found: C, 48.0; H, 5.7: N, 33.3.
C5H?N,0 requires C, 48.0; H, 5.65; N, 33.6$).
Methylation of 2,4-Diamino-6-hydroxypyrimidine

2,4-Diamino-6-hydroxypyrimidine (5.0 g.; VanAllan, 
1952), methanolic sodium methoxide (30 ml.; from sodium, 
0.92 g.), and methyl iodide (5 ml.) were refluxed for 
1 hour. The residue on evaporation was triturated with 
cold water (20 ml.) to yield 2.4-diamino-6-hydroxy-5- 
methylpyrimidine (22$). Recrystallised from water 
(6 parts) or 50$ ethanol (18 parts) or absolute ethanol 
(120 parts), it had m.p. 308-310° (decomp.), undepressed 
by admixture with authentic material prepared below.
Ethyl 2-Cyanopropionate

Ethyl cyanoacetate (22.6 g.) was dissolved in 
methanolic sodium methoxide (65 ml.; from sodium, 4.6 g.) . 
Methyl iodide (12.5 ml.) was added slowly (10 minutes), 
with cooling and stirring, and the mixture refluxed for 
30 minutes. Water (180 ml.) was then added, and the
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product extracted with ether (3 x 80 ml.). After 
drying (calcium chloride), the ethereal extracts were 
evaporated and the oil fractionated, The ethyl 2- 
cyanopropionate (57$), h.p* 68-74°/l2 mm*, was shown by 
gas chromatography to he uncontaminated with ethyl 
cyanoacetate present to some extent in higher fractions.
A sample redistilled for analysis had h.p. 68°/l2 mm.
(Gagnon and Boivin, 1949, record h.p. 87~88°/l5 mm.)
(Pound: C, 56.3; H, 7.0; N, 11.0. Calc, for C6HgN02:
C, 56.7; H, 7.15; N, 11.0$).
2.4-Diamino-6-h,ydroxy-5-methylpyrimidine

Ethyl 2-cyanopropionate (9.5 g.) was added with 
stirring to a mixture of guanidine hydrochloride (7.2 g.) 
and ethanolic sodium ethoxide (45 ml.; from sodium 3.45 g.). 
After refluxing for 2 hours, the mixture was evaporated to 
dryness. The residue, dissolved in water (30 ml.) and 
neutralised to pH 7 with acetic acid, gave 2.4-diamino- 
6-hydroxy-5-methylpyrimidine (56$). Recrystallised 
from water (6 parts) or from ethanol (120 parts) it had 
m.p. 3C8-310W (decomp.) (Found: C, 42.7; H, 5.6; N, 39.9. 
C^HgN^O requires C, 42.85; H, 5.75; N, 40.0$). 
2-Amino~4-hydroxy-6-methylaminopyrimidine

2-Amino-4~chloro-6-hydroxypyrimidine (8 g.; Boon 
and Leigh, 1951) and 10$ ethanolic methylamine (50 ml.)
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were rocked in a sealed tube at 100° for 6 hours.
After refrigeration, the product (63$) was collected 
and recrystallised from methanol (85 parts) to m.p. 
255-257° (Fidler and Wood, 1957, record m.p. 255-257°) 
(Found: C, 43.0; H, 6.1; N, 39.65. Calc, for C^gN^O:
C, 42.85; H, 5.75; N, 40.0$).
2-Amino- 4-hydroxy-» 6-methyl amino- 5-ni t r o s o pyr imi dine

2-Amino-4-hydroxy-6-methylaminopyrimidine (l.O g.) 
was suspended in hot v/ater (15 ml.) at 70-80°. Acetic 
acid (0.75 ml.) was added, followed by slow addition of 
sodium nitrite (0.5 g.) in v/ater (1.5 ml.). After 
stirring 20 minutes on the steam bath, the nitroso- 
pyrimidine (83$), decomp. 304-308°, (Fidler and Wood,
1957, give m.p. as above 300°) was filtered off from 
the hot mixture, and washed with water and hot methanol 
(Found: C, 35.5; H, 4.02. Calc, for C ^ N ^ :  C, 35.5;
H, 4.15$).
2.5-Diamino— 4-hydroxy-6-methylaminopyrimidine

2-Amino-4-hydroxy-6-methylamino-5-nitrosopyrim- 
idine (1.0 g.) suspended in water (20 ml.) was reduced by 

(a) Hydrogen over Raney Nickel at 45-50° and 
atmospheric pressure. When the hydrogen uptake was 
complete (l hour), the mixture was filtered into dilute 
hydrochloric acid (0.006 moles) and the solution
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evaporated to dryness in vacuo to yield the same 
hydrochloride (68$) as described in part (b),

(b) Dithionite (2.25 g.) added portionwise to 
the suspension at 80°. After chilling, the crystalline 
triamine (0.9 g.) was filtered off and dissolved in 
methanol (10 ml.) containing an equivalent amount of 
hydrochloric acid* Addition of ether (10 ml.) 
precipitated the hydrochloride (85$) which, recrystallised 
from methanol (160 parts by concentration to 20 parts), 
had m.p. 237-238° (decomp.) (Pound: C, 31.4; H, 5.5;
01, 18.25. C5H10C1N50 requires C, 31.35; H, 5.25;
Cl, 18.5$).
4-Amino-6~hydroxy-2-methylamino-5-nitropyrimi dine

4-Amino-6-hydroxy-2-methylaminopyrimidine (5 g.; 
Roth, Smith and Hultquist, 1951) was added during 30 
minutes to stirred nitric acid (d. 1.5; 20 ml.) at 5-10°. 
After stirring for a further 30 minutes at this temper­
ature, the mixture was poured onto ice. Washing the 
solid in boiling water (350 ml.) and recrystallisation 
from water (1500 parts), gave the nitropyrimidine (73$), 
m.p. 348-350° (decomp.) (Pound: C, 32.7; H, 3.8.
Cp-H^N^O^ requires G, 32.45; H, 3.8$).
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4.5-IHamino-6-hydroxy--2-methylaminopyrimidine hydrochloride 
4-Amino-6-hydroxy-2-methylamino-5-nit ro pyrimidine 

(2.5 g.) in methanol (250 ml.) was hydrogenated over Raney 
nickel. After filtration, the catalyst was washed with 
hot water (50 ml.), and the filtrate and washings were 
added to N-hydrochloric acid (18 ml.) and evaporated to 
dryness. Addition of ethanol (15 parts) to the residue 
(1.9 g.) dissolved in hot water (5 parts), gave the diamine 
hydrochloride (74$), m.p. 275-277° (decomp.) (Found:
0, 31.45; H, 5.5; N, 36.3. C ^ ^ l I ^ O  requires, 0, 31.35; 
H, 5.25; N, 36.55$).

D. Physico-chemical Measurements
(a) Ionisation constants. These were determined 

by both the potentiometric and spectrometric methods 
described by Albert and Phillips (1956). The larger 
proportion of constants quoted in the text were determined 
by the potentiometric method. However, for those compounds 
where (a) their solubility in water at 20° was less than 
10"*̂ M, or (b) their constant was an extreme one, such that 
the logarithm of the dilution factor could not be made 
less than the pK, the more laborious spectrometric method
was used
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In a number of instances, pK values determined 
potentiometrically at high pH and high concentration, 
have been calculated as thermodynamic constants by the 
use of activity terms to replace those of concentration 
in equation (l)

pK . pH + log LB.H.L±J.?H3 (1 )
a [B] - [OH]

Where pK is the basic constant, [BH] represents the a
concentration of the protonated base and [B] the 
concentration of the free base* The activity terms 
were calculated from equation (2)

ajjjj = f x [BH] (2) 

and the activity coefficient j from equation (3)

- log f = O.sfc^ jgg. - 0.2 [BH] ] (3)

An important limiting factor in potentiometrically
determined high basic pK or low acidic pK values, is
the accuracy with which pH values above 12 can be
measured using a glass electrode. For this reason, a
pK quoted above 12 may be subject to a correction of a
up to + 0.2 or + 0.3 pK units, and is therefore onlya
significant as a minimum lower limit of the constant.
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(b) Ultraviolet absorption spectra. These 
traces were obtained using either the Perkin-Elmer 
"Speciracord" 4000A, or the Shimadzu Recording Spectro­
photometers* In every instance, the extinction 
coefficients at wavelengths of maximum absorption and 
inflection were rechecked on the manually operated 
Hilger "Uvispek" H700/305 Quartz Spectrophotometer.
Each compound for investigation was dissolved in an 
aqueous solution of buffer of low ultraviolet absorption 
and having a pH at least 2 units away from the compound’s
closest pK value* By this method, the spectral traces a
were of a pure species with never more than 1$ contamin­
ation from another species of the molecule*

(c) Infrared absorption spectra* The spectral 
traces for comparison purposes, were obtained using the 
Perkin-Elmer 21 Spectrophotometer fitted with a sodium 
chloride prism and using potassium bromide discs contain­
ing 0.5$ of the specimen compound.
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402. Pteridine Studies. Part XII .1 The Methylation of
4 - A minopteridine.

By D. J. Brown and N. W. Jacobsen.

M ethylation of 4-aminopteridine is found to  occur on Nqy The x'esulting 
l,4-dihydro-4-im ino-l-m ethylpteridine, a strong base, is hydrolysed by acid 
to  l,4.-dihydro-l-methyl-4-oxopteridine, and quickly degraded by hot alkali 
to  2-carbamoyl-3-methylaminopyrazine, whereby the  structure is confirmed. 
However, w ith cold alkali, it yields 2-amidino-3-methylaminopyrazine which 
gives the  above carbamoyl derivative only slowly in hot alkali. 4-Methyl- 
am inopteridine undergoes similar m ethylation and degradation. 4-Dimethyl- 
am inopteridine yields its 1-methiodide, the first quaternised pteridine to  be 
described. The pK a values and ultraviolet spectra of the imines and their 
degradation products are discussed.

An interm ediate, 4-am ino-l,6-dihydro-C-imino-l-methylpyrimidine, is 
shown to rearrange a t 20° in alkali, and during n itration, to  4-amino-6- 
m ethylam inopyrim idine and its 5-nitro-derivative respectively.

ihTH methyl iodide 4-aminopyrimidine undergoes methylation on Nq) only2 to give 
,4-dihydro-4-imino-l-methylpyrimidine. Similar treatment of 4-hydroxypteridine gives 
mixture of three methyl derivatives.3 However, only a single methylation product was 

mmed from 4-aminopteridine, namely, l,4-dihydro-4-imino-l-methylpteridine (II; 
1 =  H)f as the following evidence shows.

Methylation of the amino-group was first excluded by preparation of 4-methylamino- 
»teridine (I; R =  Me) from 4-methylthiopteridine. The pKa (3-7) and ultraviolet 
bectrum of this base differed markedly from those of the methylation product (p/y* 9-5), 
.nd the hydriodides gave a depression of the melting points on admixture.

When treated at 100° for a few minutes with dilute alkali, the methylation product gave 
he known 3 2-carbamoyl-3-methylaminopyrazine (V; R =  H), thus indicating Nq, as 
he position of methylation in the pteridine. In an attempt to isolate the presumed 
itermediate pteridone (HI), alkali at 0° was used. The resulting compound, which was 
ot the expected pteridone (III), was further degraded to the pyrazine (V; R =  H) only 
n prolonged treatment with boiling alkali. This behaviour, analysis, and a highly basic 
<Ka of 9 suggested that it was 2-amidino-3-methylaminopyrazine (IV; R =  H) and this 
/as confirmed by condensation with acetylacetone to give 2-(4,6-dimethylpyrimidin-2-yl)- 
-methylaminopyrazine. Thus two routes of alkaline degradation operate: one, rapid 
t 100° but negligible at 0°, in which the amino-group is hydrolysed before ring cleavage; 
nd another, which proceeds steadily even at 0° and involves ring cleavage to amidine and



subsequent very slow hydrolysis to amide. That the presumed pteridone intermediate! 
(Ill) of the first (hot) degradation could not be isolated is not surprising as it is known 3 to 
be exceedingly alkali-labile. On the other hand, acid-degradation of the original methyl- 
ation product readily gave this pteridone (III).

When 4-amino-6,7-dimethylpteridine was treated with methyl iodide, again a single ; 
product resulted. Brief alkaline treatment at 0° in this case gave the free unstalle imine, J 
and more prolonged 'treatment gave'the'amidine ( I V R  '=' Me).' Hot alkali gavean amide , 
having structure (V; R =  Me) or (VI; R =  NHMe); the second possibility was excluded 
by further hydrolysis to a pyrazinecarboxylic acid which was not 3-amino-5,t)-dimethyl- 
pyrazine-2-carboxylic acid (VI; R — OH) (prepared unambiguously by alkaline degrad­
ation of 4-hydroxy-6,7-dimethylpteridine). The acid, which still contained three methyl 
groups, was therefore 5,6-dimethyl-3-methylaminopyrazine-2-carboxylic acid, and so the 
original product was l,4-dihydro-4-imino-l,6,7-trimethylpteridine. Acid-hydrolysis gavel
1.4- dihydro-l,6,7-trimethyl-4-oxopteridine, degraded by alkali to the above pyrazine-amide. I

4-Methylaminopteridine (I; R =  Me) and its 6,7-dimethyl derivative (prepared via
the methylthio-analogue) behaved similarly with methyl iodide, giving the 1-methyl-4-1 
methylimino-derivative (II; R =  Me) and its 1,6,7-trimethyl analogue, respectively, and 
these were degraded by acid and alkali to the pyrazines formed from the corresponding! 
imines. Amidines, which would retain the extra methyl group, could not be isclated.

A representative 8-methylated imine was synthesised by reducing 4,6-bismethylamino-l
5- nitropyrimidine 4 to the 5-amino-derivative and condensing this with biacetyl, to give! 
4,8-dihydro-6,7,8-trimethyl-4-methyliminopteridine (VII). Attempts to prepare al 
3-methylated imine were unsuccessful. A possible intermediate, 4,5-diamino-l,(-dihydro-|
6- imino-l-methylpyrimidine, was first approached by methylation of 4,6-diarr.mo-5-nitroH| 
pyrimidine, but this gave 4-amino-6-methylamino-5-nitropyrimidine (IX). Methylationg 
of 4,6-diaminopyrimidine was more promising, giving 4-amino-l,6-dihydro-6-imino-l- 
methylpyrimidine (VIII) (and/or its tautomer) the structure of which was confirmed by a | 
pKa of 12 and by non-identity with 4-amino-6-methylaminopyrimidine prepared byf 
successive animations of 4,6-dichloropyrimidine.5 Nitration of the imine under a varietyl 
of conditions, however, gave only 4-amino-6-methylamino-5-nitropyrimidine (IX), which! 
had undergone the rearrangement familiar under alkaline conditions in the pyrimidinel 
series 6,2 but also known under nitrating conditions in the pyridine series.7 The iminöl 
(VIII) also rearranged rapidly in cold N-alkali to give 4-amino-6-methylaminopyrimidine- 
in good yield.

4-Dimethylaminopteridine and its 6,7-dimethyl derivative, with methyl iodide, gave 
products which can be only quaternary methiodides. Methylation had taken pkee at N ^J 
to give the salt (X) because, when boiled at pH 10, the first product was converted through
1.4- dihydro-l-methyl-4-oxopteridine (III) into 2-carbamoyl-3-methylaminopyiazine (V; 
R =  H), and the second methiodide gave l,4-dihydro-l,6,7-trimethyl-4-oxopterdine.

The stability of l,4-dihydro-4-imino-l-methylpteridine is progressively increase«!; 
towards acid-hydrolysis by the introduction of methyl groups (see Table 1). In alkaline 
degradation, the methylimino- are not significantly different from the imino-derivativea 
but the 6,7-dimethyl grouping increases stability in each case. This is understandable on 
the basis of electron-contribution from methyl groups to a system which is depleted of 
re-electrons.

Concerning the ionisation constants, Table 2 shows that 4-aminopteridine (oKa 3-6) is 
made progressively more basic by C-methylation and by extranuclear V-methylation. 
By these means, 4-dimethylamino-6,7-dimethylpteridine reaches pKa 4-8 Nuclear 
N-methylation, however, produces an effect of another order. The iminopteridines so 
formed are the most strongly basic members of the series yet reported. They are some 
6 p/v(i units stronger than the corresponding amino-derivatives and thus resemble the 
analogous 1,4-dihydro-4-imino-l-methylpyrimidine and (VIII), which bear sin ihr relations



espectively to 4-aminopyrimidine 2 and to 4-amino-6-methylaminopyrimidine (Table 2). 
rhe addition of methyl groups to compound (II; R =  H) increases its basic strength by 
he usual small increments and l,4-dihydro-l,6,7-trimethyl-4-methyliminopteridine

T able 1. Optimum conditions for hydrolysis of iminopieridines.
1.4 -D ih y d ro -1 -m ethy l deriv. R eagent, tim e (min.), tem p. P ro d u c t Yield « (%)

4-Im ino  ................................................... 2-ön-HCI ; 30; 100° h 4-Oxo-analogue 30; 8 5 '
2-öN-NaOH; 20; 0° (IV; R  =  H) 93
N-NaOH; 10; 100° (V; R  =  H) 64

4-Im ino-6 ,7-d im ethy l ....................... 2-5N-HC1; 120; 100° 4-Oxo-analogue 79 b
2-5N-NaOH; 10; 35° (IV; R  =  Me) 75
N-NaOH; 40; 100° (V; R  =  Me) 70

4-M ethylim ino ..................................... 6-3N-HC1; 240; 100° b 4-Oxo-analogue 55; 82 e
N-NaOH; 10; 100° (V; R  =  H) 60

6 ,7-D im ethyl-4-m ethylim ino ......... 6-3N-HC1; 60; 130° d 4-Oxo-analogue 50
N-NaOH; 40; 100° (V; R  =  Me) 70

“ Iso la ted . b O p tim um  conditions determ ined  in itially  by  paper chrom atography. c Yield 
e stim a ted  b y  p a p er ch rom atography , elution, and  spectroscopy. d Sealed tube.

"eaches pKa 11-4. The basic strength of its transannular-methylated isomer (VII) is less, 
Dut still marked. That compounds (II) and (VII) are strong bases, is understandable 
because the cations must be resonance hybrids involving a quaternised amine of the 
V-methylpyridinium type. Resonance in the neutral molecule involves separation of

Table 2.

C om pound

Pteridine derivatives.
1-Amino c 

cation
i-M ethylam ino

cation

1-D im ethylam ino d 
cation

4-A m ino-6,7-dim ethyl 
cation

6.7- D im ethy l-4-m ethy lam ino  
cation

4 D im ethy lam ino-6 ,7-d im ethy l 
cation

1.4- D ihydro -4 -im ino-l-m ethy l e 
cation

1.4- D ih y d ro -l-m ethy l-4 -m ethy l-
im ino e 

cation
1.4- D ihydro-4-im ino-1,6 ,7 -tri­

m ethy l e
i cation
1.4- D ihydro -l,6 ,7 -trim ethy l-4 -

m ethylim ino e 
cation

4-D im ethy lam ino-1 -m ethyl-
j p terid in ium  iodide »
4-D im ethy lam ino-1,6,7-tri-

m ethy lp terid in ium  iodide a
4.8- D ihydro-6 ,7 ,8-trim ethvl-4-

m ethylim ino
cation

1.4- D ihydro -1,6,7 -trim ethy l-4-
oxo i

I cation

p/Cfl “ and
concn. (m) A m ax . (m/x) 6 pH log £

335; 244 3-82; 4-20
3-56 324; 229 3-99; 4-10

352; 248; 226 5-7 3-88; 4-06; 4-05
3-70 ±  0-03 (200) 352 \ 339; 251; 1-7 3-99; 4-06; 3-68;

232 4-12
362; 241 3-93; 4-15

4-33 344 -f 347 +  356; 4-09 +  4-10 +  4-04;
239 4-19

330; 245 6-2 3-88; 4-25
3-80 ±  0-02 (400) 337; 326; 233 1-7 3-96; 4-05; 4-18

346; 249 6-2 3-97; 4-15
4-17 ±  0-03 (400) 348\ 337; 234 1-7 410; 4-14; 4-19

355; 244 6-8 3-99; 4-20
4-84 ±  0-03 (400) 353 \ 342; 244 2-8 412; 4-16; 4-19

12-5 '
9-51 ±  0-05 (200) 350; 333; 233 7-4 3-87; 4-00; 4-14

12-5-''

10-34 ±  0-04 (100) 354; 344; 233 8-3 4 03; 4-07; 4-16
12-5 f

10-47 ±  0-06 (200) 344; 330; 237 8-5 3-98; 4-06; 4-18
13-11

11-43 ±  0-05 (100) 354; 341; 255; 8-5 4-06; 4-10; 3-87;
237 4-15

352; 243 4-11; 4-17

347; 246 4-19; 4-23

383; 284; 241; 8-5 3-68; 4-23; 4-06;
215 4-27

6-64 h ±  0-05 (600) 410; 295; 268; 4-0 4-03; 4 00; 4-06;
233 4-09

340; 325; 243; 5-0 3-92; 4-00; 4-06;
234 4-17

1 73 ±  0-04* 322; 308 - 1 - 0 3-87; 4-04



Com pound

P y r a z in e  d er iva tiv es. 

2-Am idino-3-m ethylam ino 
cation

2-A m idino-5,6-dim ethyl-3-m ethyl- 
a m i n o ..........................................

T a b l e  2 . (Continued.)
p K a “ and
concn. ( m ) Amax. (m^) h

361; 256
8-98 ±  0-06 (200) 359; 264 

370; 261

pH

110 
7-0 

11-5

logs

3-76; 4 13 
3-69; 3-93 
3-85; 411

cation 9-45 ±  0-03 (200) 370; 272 7-4 3-77; 3-92
2-(4,6-D im ethylpyrim idin-2-yl)-3- 375; 263; 223 5-7 3-85; 4-00;

m ethylam m o
cation 2-93 ±  0-03 (100) 417; 259; 223 0-9 3-85; 4 03;

2-C arbam oyl-3-m ethylam ino 371; 256 5 0 3-74; 4-15
cation 2-11 ±  0-04 (200) 361; 247 0 3-77; 4-15

2-Carbam oyl-5,6-dimethyl-3- 377; 263 5-0 3-88; 417
m ethylam ino

cation 2-70 ±  0-02 (400) 380; 255 0 3 96; 4-20
2-Am ino-3-carboxy-5,6-dim ethyl

proton lost 4-46 ±  0-04 (200) 343; 248 7-0 3-87; 4-00
pro ton  gained > 1  * 372; 250 - 1 - 0 4-01; 4-08

2-Carboxy-5,6-dim ethyl-3-m ethyl-
am ino

proton lost 4-82 ±  0-04 (200) 365; 259 7-0 3-83; 4-13
pro ton  gained 386; 257 - 1 - 0 3-90; 4 13

P y r im id in e  d er iva tiv es.

4-Am ino-6-m ethylam ino 260; 221 8-2 3-72; 4-58
cation 6-32 ±  0-02 (200) 268; 225 4-2 4-13; 4-38

4-A m ino-6-m ethylam ino-5-nitro 348; 227 5-0 3-98; 4-17
cation 2-75 ±  0-01 * 341; 238 -1 0 3-83; 4-36

4,5-D iam ino-6-m ethylam ino 279; 216 8-0 4-02; 4-47
cation

4-A m ino-l,6-dihvdro-6-im ino-l-
5-93 ±  0-01 (100) 286; 222 4-0

1 4 0 '
4 0 4 ; 4-22

m e th y le
cation 11-98 ±  0-04 (100) 265; 221 100 40 3 ; 4-52

° P o ten tiom etrie  titra tio n  (see A lbert and Phillips, / . ,  1956, 1294) in w ater a t 20°. b Inflexions 
in italics. c A lbert, Brown, and Cheeseman, / . ,  1951, 474. d Idem, / . ,  1952, 4219. e Spectra 
m easured on buffered solutions of hydrochloride. f  Solution too  unstable for m easurem ent of 
spectrum . ,J Spectrum  in unbuffered w ater and  corrected for iodide ion. h Cf. 5-6 for 2,8-dihydro- 
2-im ino-6,7,8-trim ethylpteridine (Fidler and W ood, / .,  1957, 4157). } Cf. 1,4-dihydro-l-methyl-4- 
oxopteridine (ref. 11). * Spectrom etrically  determ ined a t  0-25 X 10~4m (cf. footnote a).

charges and is therefore small enough to be neglected. Hence, to explain the high pAT 
values, it will suffice to discuss factors which increase resonance in the cations. The 
molecule (II) gives a resonant cation having the extreme forms (XI) and (XII). Both arg

highly stable, (XI) because it contains only Kekule and paraquinonoid structures,8 and 
(XII) because the positive charge is on the most electron-rich nitrogen atom.9 The 
resonance hybrid of the cation of (VII) should be rather less stable because (XIII) has 
only orthoquinonoid forms (which are not as low in energy as are paraquinonoid forms),* 
and (XIV) has the positive charge on a nitrogen atom far less rich in electrons.9 Thus 
although compounds (II) and (VII) are both highly basic, the former is the stronger.

2-Aminopyrazine is weakly basic 10 (pK (, 3-14), and 2-methylaminopyrazine might 
reasonably be expected to be a little more basic. The addition of an amide grouping ir 
2-carbamoyl-3-methylaminopyrazine lowers the pK a to 2T, and the apparent figure falls tc 
T5 when a carboxy-group replaces the amide. However, it is possible that the amino-acic



s zwitterionic, and therefore the figure for proton gain is a measure of the enhanced acidic 
.trength of the carboxy-group, and the figure above 4 (proton loss) is a measure of basic 
itrength. The corresponding amidinopyrazines (IV) are quite strong bases (p/C, 9), but 
m cyclization to a pyrimidinylpyrazine, their pK a falls to 2-9.

In their ultraviolet spectra, 4-aminopteridine and its closely similar 6,7-dimethyl 
lerivative, both as neutral molecule and cation, show the usual progressive bathochromic 
ihift of the long-wavelength band with extranuclear iV-mono- and di-methylation. This 
;hift is also evident in changing from the cations of l,4-dihydro-4-imino-l-methylpteridine 
md its 6,7-dimethyl derivative to the methylimines. It is reasonable to expect protonation 
)f 4-aminopteridine to occur at the same site as methylation does, provided that steric 
actors do not influence the latter. The implication of Nfl) as basic centre is independently 
ipheld by the close similarity of the cationic spectra of the amino-, methylamino-, and 
limethylamino-pteridines to those of the imine cations and the two quaternary iodides in 
vater. Exceptional is the transannular imine (VII) which, with its bathochromic shift 
)f the long-wavelength band, bears much the same relation to the intra-annular imines as 
loes 4,8-dihydro-6,7,8-trimethyl-4-oxopteridine11 to l,4-dihydro-l,6,7-trimethyl-4-oxo- 
fleridine. Unlike the other pyrazines in Table 2, the pyrimidinyl-methylamino-derivative 
shows a strong bathochromic shift of its long-wavelength band on forming the visibly 
yellow monocation.

Experimental

1.4- D ihydro-4-im ino-\-m ethylp terid ine .— 4-A m inopterid ine 12 (0-75 g.) and  m ethy l iodide 
7-5 ml.) w ere h ea ted  a t  140° for 4 hr. T he solid w as ex trac ted  w ith  boiling ethano l (100 ml.), 
m d th e  e x tra c t tre a te d  w ith  charcoal and  evap o ra ted  to  20 ml. A ddition  of h o t ligh t petro leum  
’b. p. 60— 80°; 20 ml.) and  recry sta llisa tio n  from  a sim ilar m ix tu re  produced  th e  yellow im ine  
hydriodide (78% ), m. p. 255° (F ound : C, 28-9; H , 3-0; I, 43-8. C7H 8IN 5 requires C, 29-1; 
d , 2-8; I, 43-9% ). T his sa lt w as shaken  for 3 hr. w ith  silver chloride (1 part) in w ate r (30 parts). 
I'he filtra te  w as ev ap o ra ted  and  th e  residue recrystallised  from  ethano l (80 parts) to  give 79% of 
:he hydrochloride, m. p. > 3 0 0 °  (F ound : C, 42-5; H , 4-1; N, 35-0. C7H 8C1N5 requires C, 42-5; 
H, 4 1 ;  N, 35-4% ).

1 .4 -  D ihydro -4 -im ino -\,C ),l-trim e thy lp terid ine .— 4,5 ,6 -T riam inopyi'im idine 13 (7-9 g.) and
Diacetyl (4-5 ml.) w ere refluxed in m ethano l (200 ml.) for 2 hr. T he solid w as recrystallised  
Erom w ate r (160 p a rts ), to  give 90%  of 4-am ino-6 ,7-d im ethy lp terid ine, m. p. 295° (m ade by 
m o ther ro u te ,14 also m. p. 295°). i t  w as m e th y la ted  as above (89% ). T he im ine hydriodide, 
recrystallised from  m eth an o l (20 parts), had  m. p. 264° (F ound: C, 34-0; H , 3-9; I, 40-0; 
k, 21-9. C9H 12IN 5 requ ires C, 34-1; H , 3-8; I, 40-0; N, 22-1% ). T he hydrochloride had  m. p. 
J90° (decom p.) (F ound : C, 48-0; H , 5-4; N , 31-1. C9H 12C1N5 requires C, 47-9; H , 5-4;
S’, 31-0%).

4 -M ethylam inopterid ine.— 4-M ethy lth iop terid ine  15 (0-7 g.) and  3%  alcoholic m ethylam ine 
[35 ml.) w ere refluxed for 2 hr. A fter refrigeration , th e  solid (95%) w as recrystallised  from  
v a te r (30 p a rts ) to  give 4t-methylaminopteridine , m . p. 251— 252° (F ound: C, 52-2; H , 4-35; 
S, 42-9. C7H 7N 5 requ ires C, 52-2; H , 4-4; N , 43-45% ). I ts  hydriodide (from ethano l, 40 
Darts) had  m. p. 234— 235° (F ound : C, 29-25; H , 2-8; I, 43-95; N , 24-2. C7H 8IN 5 requires 
b, 29-1; H , 2-8; I, 43-9; N , 24-2% ).

\,4 -D ihydro-\-m ethyl-4-m ethylim inopterid ine.— 4-M ethylam inopterid ine w as tre a te d  w ith  
Methyl iodide as above, to  give th e  orange m ethylim inopteridine hydriodide (75% ), m. p. 274° 
jvac.) (F ound : C, 31-6; H , 3-4; 1 ,41-75 ; N, 22-8. C8H 101N5 requ iresC , 31-7; H , 3-3; 1 ,41-9;
>1, 23-1%). T he hydrochloride m ade from it (91%) w as recrystallised  from  23 p a rts  of a  m ix tu re  
)f e thy l a ce ta te  70% , e th an o l 20% , an d  w a te r 10% (F ound: C, 45-4; H , 4-9; Cl, 16-7. 
"8H 10C1N5 requires C, 45-4; H , 4-8; Cl, 16-75%).

1.4- D ihydro-1,6,7-trim ethyl-4-m ethylim inopteridine.— 4,5 - D iam ino-6-m ethylth iopyrim id ine 15 
5 g.) and b iace ty l (2-75 ml.) in m e thano l (38 ml.) w ere refluxed for 10 min. T he solid (62%) 
vas recrystallised  from  w a te r (35 parts), to  give iS,l-dimethyl-4-methylthiopteridine, m. p. 120— 
.21° (F ound: C, 52-2; H , 4-9; S, 15-75; N , 2 7 1 . C9H 10SN 4 requires C, 52-4; H , 4-9; S, 15-55; 
*1, 27-2%). T re a tm e n t w ith  boiling ethano lic  m ethy lam ine  as above, and  recrysta llisa tion  
rom  ethano l (20 p a rts ) , gave §,l-dim ethyl-4-m ethvlam inopteridine  (95% ), m. p. 223° (Found:



C, 57-15; H , 5-8; N , 36-6. C9H n N 5 requires C, 57-1; H , 5-9; N , 37-0% ). I ts  hydriodile (from 
1 : 1 e th y l ace ta te -e th an o l; 15 parts) had  m. p. 218— 220° (Found: C, 33-8; H , 3-7; I, 40-1; 
N , 22-0. C9H 12IN 5 requires C, 34-1; H , 3-8; I, 40-0; N , 22-1% ). M ethy la tion  as for th e !  
analogues above, followed by  recrysta llisa tion  from  m ethano l (10 parts), gave th e  m ethlim ino-1 
pteridine hydriodide (86% ), m. p. 247° (Found: C, 36-6; H , 4-2; I, 38-4; N , 20-9. CBH 14I N |  
requires C, 36-3; H , 4-3; I, 38-3; N , 21-15% ). T he hydrochloride had  m. p. ca. 250° (cecomp.) 
(Found: C, 50-25; H , 5-7; N, 29-1. C10H 14C1N5 requires C, 50-1; H , 5-9; N , 29-2%).

4,8~DihydrO'6-,7;8-'trimethyJ-4:-meJh-yliminopte:ridine*— 4,6.-B ism ethylaxnino-5-nitropyrm idtne 4 
(12 g.) w as hydrogenated  in m ethano l over R aney  nickel. The filtered solution w as eviporated 
in  vacuo and  th e  residue tw ice recrystallised  by  d issolution  in boiled-ou t w ate r (30 parts) a t  25°,I  
filtra tion , and  cooling to  0°. W hen th e  process a fte r  hydrogenation  w as conducted  en tire ly ! 
w ith in  a  n itrogen  box, th e  otherw ise deep red 5-amino-4,6-bismethylaminopyrimidine was a w hite 
solid, m. p. 178— 180° (Found: C, 47-0; H , 7-25; N , 45-3. C6H n N 5 requires C, 47-0; H, 7-25; 
N, 45-7% ). T he triam ine  (1 g.) w as refluxed for 15 min. w ith  b iace ty l (1-1 g.) in n e th an o ll 
(5 ml.). T he solid form ed on chilling recrystallised  from  ligh t pe tro leum  (20 parts), tog ive the! 
yellow pteridine, m. p. 113— 115° (Found: C, 58-7; H , 6-5; N, 34-3. C10H 13N 5 requires
C, 59-1; H , 6-45; N, 34-5%).

\-D im ethylam ino-\-m ethylpteridinium  Iodide.— 4-M ethylth iop terid ine 15 (8 g.) w as refluxed! 
for 2 hr. w ith  5% alcoholic d im ethy lam ine (280 ml.). A fter evaporation , th e  resilue w asl 
ex trac ted  w ith  boiling light petro leum  (b. p. 60— 80°; 3 x 2  1.), and  refrigeration  give 4-di-l 
m ethy lam inop terid ine  (94% ), m . p. 165— 166° (lit.,16 164— 165°, b y  an o th er routi). The! 
hydriodide [from 1 : 3 ligh t pe tro leum  (b. p. 60—80°)-e thano l; 85 parts] had  m. p. 214— 245cl  
(Found: C, 31-8; H , 3-4; I, 41-8; N, 23-0. C8H 10IN 5 requires C, 31-7; H , 3-3; I, 41-9;l 
N , 23-1%). T he base (0-35 g.) and  m ethy l iodide (0-62 ml.) in m ethano l (6-2 ml.) w ererefluxedl 
for 2 h r., th e  solvent w as rem oved, and  th e  residue recrystallised  from  3 : 2 ligh t p 'tro leu m l 
(b. p. 80— 100°)-ethanol (225 parts). T he yellow q u a te rn a ry  iodide (52%) had  m. p. 217— 229cj  
(F ound: C, 33-7; H , 3-85; I, 40-15; N, 21-8. C9H 12IN 5 requires C, 34-1; H , 3-8; I, 40-0;l 
N , 22-1% ).

4 - Dimethylamino -1,6,7- trim ethylpteridinium Iodide.— 6,7- D im ethy l - 4 - m ethylth iooterid ineI 
(8-3 g.) w as am inated  w ith  d im ethy lam ine as above. The crude p ro d u c t was extracted w it!I  
light petro leum  (b. p. 60— 80°; 2 x 1 1 . )  giving A-dimethylamino-tSJ-diniethylpteridim  (90%).I  
m. p. 138— 140° (F ound: C, 59-3; H , 6-4; N , 34-3. C10H 13N 5 requires C, 59-1; H, 6-45 1
N, 34-5% ). I ts  hydriodide had  m. p. 206— 207° (Found: C, 36-5; H , 4-4; I, 38-8; N, 2 0 -9 | 
C10H 14IN 5 requires C, 36-3; H , 4-3; I, 38-3; N , 21-15%). A fter th e  base (0-2 g.) a n l m e th y l 
iodide (0-31 ml.) in e thy l ace ta te  (20 ml.) had  been k ep t a t  20° for 12 hr., th e  crystals (8f%) w era| 
collected, w ashed w ith  e th y l ace ta te , and  dried  in  vacuo. T he q u a te rn a ry  iodide h id  m. p i  
153— 154° (Found: C, 38-3; H , 4-7; I, 37-2; N, 20-2. CUH 16IN 5 requires C, 38-3; H , 4-7; 
I, 36-8; N , 20-3%).

l,4:-Dihydro-l-methyl-4:-oxopteridine.— F orm ed as ind icated  in T able  1, th e  pteridone was 
purified by  ex trac tio n  from  th e  d ry  residue w ith  isobuty l m ethy l ketone and sublim ation afi 
170°/0-01 m m . I t  h ad  m. p. 222°, unaltered  by  adm ix tu re  w ith  au th en tic  m aterial.3 W itM 
alkali i t  gave 2-carbam oyl-3-m ethylam inopyrazine.

\,±-Dihydro-\,<c),l-lrimethyl-\-oxopteridine.— T he acid  solu tions (see T able 1) were tr e a te d  
w ith charcoal, ad ju s ted  to  pH  7, and  evapo ra ted  to  dryness, and  th e  residues recrysta ltsed  from 
w ater (20 parts), to  give th e  oxopteridine, m. p. 216— 217° (Found: C, 56-5; H , 5-4; N, 29-fll 
C9H 10O N 4 requires C, 56-8; H , 5-3; N , 29-45% ). I t  was also ob ta ined  in 46% yield ty  boilin® 
a solu tion  (ad justed  to  pH  10) of 4 -d im ethv lam ino -l,6 ,7 -trim ethy lp te rid in ium  iodide <0-4 g.) in 
w ate r (2-5 ml.) for 4 min.

2 - A m idino  - 3 - methylaminopyrazine.— 1,4 - D ihydro  - 4 - im ino - 1 - m ethy lp terid ine  hydriodide 
(2-54 g.) w as tr itu ra te d  w ith  ice-cold 2-5N-sodium hydroxide (25 ml.) for 5 min. The solid 
(97%) w as filtered off, w ashed w ith  ice-w ater (3 x  5 m l.), and recrystallised  from light petro leu i*  
(b. p. 60— 80°; 300 parts), to  give th e  amidine, m. p. 108— 110° (F ound: C, 47-65 H , 5-9; 
N, 46-1. C6H 9N 5 requires C, 47-7; H , 6-0; N, 46-3% ). I ts  hydrochloride, from 1 : 3 ethanolB  
ligh t petro leum  (300 p a rts ), h ad  m. p. 204° (Found: C, 38-45; H , 5-4; Cl, 18-8; N, 37-M 
C6H 10C1N5 requires C, 38-4; H , 5-4; Cl, 18-9; N , 37-3%).

2 -A m idino  - 5,6 -d im eth yl- 3 -m ethylaminopyrazine.— 1,4 - D ih y d ro -4  - im ino-1,6,7-trim ethy lf 
p terid ine  hydriod ide (0-5 g.) w as added  to  2-5N-sodium hydroxide (5 ml.) a t  0°, precip itating  
th e  free base. T he tem p era tu re  w as raised to  35° during  5 m in., th e  base dissolved, and an oil



p a ra te d . O n tr i tu ra tio n  i t  solidified, an d  recrystallised  from  ligh t pe tro leum  (b. p. 60— 80°;
) parts) to  give th e  am idine  (75% ), m . p. 131— 132° (F ound: C, 53-5; H , 7-2; N, 39-1. 
5H 13N 5 req u ires  C, 53-6; H , 7-3; N, 39-1% ).

2-Carbam oyl-S-methylam inopyrazine.— T his pyrazine  arose from  alkaline hydro lysis of 
4 -d ihyd ro -4 -im in o -l-m eth y lp te rid in e  or its  m ethy lim ino-analogue (see T able 1), or (in 30% 
ield) b y  boiling  a  4%  aqueous so lu tion  of 4 -d im ethy lam ino -l-m ethy lp te rid in ium  iodide a t 
H 10 for 4 m in. In  each case th e  solid had  m. p. 196° undepressed on ad m ix tu re  w ith  au th en tic  
la teria l.3

2-Carbamoyl-b,to-dimethyl-'i-methylaminopyrazine.— F orm ed as in T able  1, from  an  im ine 
L-4 g.) an d  sodium  hyd rox ide  so lu tion  (10 ml.), and  recrystallised  from  w a te r (300 parts), th e  
irbam oylpyrazine h a d  m. p. 164° (F ound : C, 53-4; H , 6-75; N , 31T. C8H 12O N 4 requires 
, 53-3; H , 6-7; N , 31-1% ). T his am ide (0-2 g.) w as s tirred  a t  100° for 2 hr. w ith  N-sodium 
ydrox ide  (20 m l.). T he solu tion  w as acidified to  pH  1 and  evapo ra ted  to  dryness. T he residue 
ras ex tra c te d  w ith , an d  th en  recrystallised  from , ligh t pe tro leum  (b. p. 60— 80°; 165 parts), 
iving 45%  of 5,6-dimethyl-2-mcthylaminopyrazine-3-carboxylic acid, m. p. 146° (F ound: C, 52-7;
1, 5-9; N , 23-15. C8H u 0 2N 3 requires C, 53-0; H, 6-1; N , 23-2%).

4 -H y d ro xy -6 ,7 -d im ethy lp te rid ine  12 (1-5 g.) w as refluxed in 10N-sodium hydroxide (20 ml.) 
j r  4 hr. T re a tm e n t as above an d  rec ry sta llisa tion  from  w ater (110 parts) gave 2-am ino-5,6- 
iim ethy lpyrazine-3-carboxylic  acid (20% ), m. p. 210— 211° (cf. 209— 210°, by  an o th e r rou te  17) 
Found : C, 49-9; FI, 5-3; N , 24-95. Calc, for C7H 90 2N 3: C, 50-3; H , 5-4; N, 25-1%).

2 - (4,6 - D im ethylpyrim idin  - 2 - yl) - 3 - m ethylam inopyrazine.— 2 - Am idino - 3 - m ethy lam ino  - 
»yrazine hy d ro ch lo rid e  (1-25 g.), ace ty lacetone  (2-65 g.), and  po tassium  carbona te  (1-8 g.) in 
vater (15 ml.) w ere shaken  a t  45° fo r 8 h r. A fter evapo ra tion  in  vacuo th e  residue w as boiled 
vith e th an o l (2 x  50 m l.), an d  th e  e x tra c t tak en  to  dryness. R ecrysta llisa tion  from  ligh t 
)etroleum  (b. p. 60— 80°; 50 parts) gave th e  pyrim idinylpyrazine  (40% ), m. p. 89° (Found:
;, 61-2; H , 6-15; N , 32-35. Cn H 13N 5 requires C, 61-4; H , 6-1; N, 32-5% ).

4-A m i n o-\, 6-dihydro-6-im ino-l-m elhylpyrim idine.— 4,6-D iam inopyrim idine 18 (5 g.) and
n e th y l iod ide  (12 ml.) in m eth an o l (25 ml.) w ere refluxed for 3 h r. T he im inopyrim idine  
lydriodide (89% ) crysta llised  from  e th an o l (90 parts) as needles, m. p. 284° (F'ound: C, 23-8; 
4 ,3 -6 ; 1 ,5 0 -5 . C5H 9IN 4 requires C, 23-8; H , 3-6; 1 ,50-35% ). I t  w as converted  w ith  silver 
diloride in to  th e  hydrochloride w hich a f te r  rec ry sta llisa tion  from ethano l (35 parts) h ad  m. p. 
868— 269° (F 'ound: C, 37-5; FI, 5-65; Cl, 22-15; N, 34-5. C5H 9C1N4 requires C, 37-4; H , 5-65; 
Z\, 22-1; N , 34-9% ). T h is differed from  th e  isom eric 4-amino-6-methylaminopyrimidine 
hydrochloride, m. p. 213— 214°, p rep a red  from  th e  base 5 and  recrystallised  from  ethano l (20 
parts) (F o u n d : C, 37-45; FI, 5-6; Cl, 22-2; N , 34-7% ).

T he above  im ine hyd riod ide  (1 g.) w as dissolved in N-sodium hydroxide (12-5 m l.). A fter 
Ei hr. a t 20°, th e  c ry s ta ls  (58% ) w ere rem oved and  th e  filtra te  w as ad ju s ted  to  p H  8— 9 w ith  
sulphuric acid. A fte r v acu u m -ev ap o ra tio n  th e  residue w as boiled w ith  e th y l ace ta te  (50 ml.), 
and th e  e x tra c t  on ev ap o ra tio n  gave a  second crop (29% ). R ecrystallised  from  w ater (15 parts), 
the p ro d u c t h ad  m. p. 209— 211°, undepressed  on ad m ix tu re  w ith  4-am ino-6-m ethylam ino- 
pyrim id ine 5 (F o u n d : C, 48-3; H , 6-4; N, 45-2. C5H 8N 4 requires C, 48-4; H , 6-5; N , 45-1% ). 
The hydroch lo ride  (m. p. 213°) p repared  from  it w as iden tica l w ith  th e  au th en tic  sa lt above.

4-A m ino-6-m ethylam ino-5-nitropyrim idine.— (a) 4 ,6-D iam ino-5-nitropyrim idine 18 (4 g.) and 
m eth y l iodide (40 ml.) w ere h ea ted  a t  140° for 6 hr. An aqueous solu tion  of th e  residue from  
evapora tion  w as ad ju s ted  to  pFI 8— 9 and  a fte r  recrysta llisa tion  from  w ater (330 parts) th e  
n itro -com pound h ad  m. p. 248— 250° undepressed by  ad m ix tu re  w ith  au th en tic  m a te ria l.19 
lib) 4 -A m ino -l,6 -d ihyd ro -6 -im ino -l-m ethy ]py rim id ine  hydroch loride (2-4 g.) in concen tra ted  
sulphuric acid  (11 ml.) w as evacu a ted  a t  20° to  rem ove hydrogen  chloride. N itric  acid (d 1-5; 
4-8 ml.) w-as added  w ith  stirr in g  a t  0°, and  th e  m ix tu re  w as h ea ted  for 30 min. a t  40°, th en  
poured on  ice. A dd ition  of am m onia  gave th e  n itro -com pound (85% ). H ydrogenation  in 
m ethanol over R aney  nickel followed by  sub lim ation  a t 120°/0-01 mm . gave pale yellow 4,5-di- 
aniino-G-methylaminopyrimidine (60% ), m . p. 1 8 7 -1 8 9 °  (F ound: C, 43-2; H , 6-65; N , 50-0. 
C5H 9N 5 req u ires  C, 4 3 T 5; H , 6-5; N , 50-3% ).

W e th a n k  P rofessor A drien A lbert for m ost helpful discussion, and  Dr. J . E . F'ildes and  her 
staff for analyses, an d  acknow ledge th e  su p p o rt of N. W . J. b y  a  U n ivers ity  Scholarship.
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THE UNIQUE TRANSANNULAR METHYLATION OF 
2-AMINO-4--HYDROZYPTERIDIRE
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(Received 24 October I960)

AMINO- and hydroxy-pteridines have invariably methylated on a
nuclear-nitrogen atom of the ring bearing the substituents.

1 1 2  Thus 4-amino- , 4-methylamino- , 2,4-diamino- , 4-amino-2-
0  •j 2hydroxy- , 2-hydroxy- , and 4-hydroxy- , pteridines all

methylate entirely on N^^ with the exception of the last
example which also gives an 0- and N^j-methyl derivative.
Moreover, 6-hydroxy-, 7-hydroxy-, and 6,7-dihydroxy-,
pteridines give respectively 5-, 8-, and 5,8-di-, methylated
derivatives^.

On the other hand, 2-amino-4-hydroxypteridine (I), 
which is the fundamental nucleus of most known natural

^ D.J. Brown and N.W. Jacobsen, J. ohem. Soo. 1978 (i960). 
 ̂D.J. Brown and N.W. Jacobsen, unpublished work.
 ̂A. Albert, D.J. Brown, and H.C.S. Wood, J. chem, Soc, 

2066 (1956).
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18 Transannular methylation of 2-amino-4_hydroxypteridine No. 25

pteridines, ie now shown to undergo transannular methylation 
yielding 2-amino-4,8-dihydro-8-methyl-4-oxopteridine (VI).
This phenomenon may he of particular interest if suggestions
of N/ox-substitution in natural pteridines (as in riboflavine)

4prove well founded .
2-Amino-4-hydroxypteridine (I) and methanolic methyl 

iodide at 100° for 12 hours yield a single ruby-coloured 
hydroiodide, C7HgIN50. Since methylation on is precluded
by valency, the base must have one of the five structures 
(II-VI). These have now all been unambiguously prepared.

4-Hydroxy-2-methylaminopteridine (II), dec. 374-378°, 
resulted from condensing glyoxal with 4,5-diamino-6-hydroxy- 
2—methylaminopyrimidine, made from 4—amino—6—hydroxy—2— 
methylaminopyrimidine^ via its 5-nitro derivative. Compound 
(II) was also made from (V) in alkali by a now familiar type 
of rearrangement6»7. 2-Amino-4-methoxypteridine (III),

4 Inter alia.. H.S. Forrest and H.K. Mitchel, J. Amer.
ohem. Soc. J|, 5658 (1954); T. Masuda, T. Kishi,
M. Asai, and S. Kuwada, Chem. pharm. Bull. 366 
(1959); R. Tschesche, F. Korte, and L. Reichle,
Z. Naturforsch. 10B. 346 (1955); E.C. Taylor and 
H.M. Loux, J. Amer. chem. Soc. 8l, 2474 (1959).

5 B. Roth, J.M. Smith, and M.E. Hultquist, J. Amer. chem.
Soc. Ü ,  2864 and 2869 (1951).

6 D.J. Brown, E. Hoerger, and S.F. Mason, J. chem. Soc.
4035 (1955); D.J. Brown, Nature. in press.

7 W.V. Curran and R.B. Angier, J. Amer. chem. Soc. 80,
6095 (1958).

No. 25 Transannular methylation of 2-amino-4-hydroxypteridine 19

m.p. 204-205° (dec.), 2-amino-l,4-dlhydro-l-methyl-4-oxo-
pteridine (IV), m.p. 336° (dec.), and its 3,4-dihydro-3-
methyl-isomer (V), dec. 319-320°, were made by similar
condensations from respectively 2,4,5-triamino-6-methoxy- 

5pyrimidine , 2,4,5-triamino-3,6-dihydro-3-methyl-6-oxo-
5 7 7pyrimidine » , and its 1,6-dihydro-l-methy1-isomer .

OR

NHR'

(I) R = R ' * H
(II) R=H; R'= Me
(III) RaMe; R'= H

0 0

(V) (VI)

In addition, mild alkaline hydrolysis of 2(4)-amino- 
l,4(l,2)-dihydro-4(2)-imino-l-methylpteridlne2 yielded (IV), 
and the position of methylation was confirmed by further 
degradation to 2-earboxy-3-methylaminopyrazine . The 
remaining isomer (VI) was made from 2,5-diamino-4-hydroxy-

O6-methylaminopyrimidine and glyoxal. The hydrochloride of 
W.E. Fidler and H.C.S. Wood, J. chem. Soc. 4157 (1957).
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(VI) was identified with that of methylated-(I) by its 
decomposition point (280-285°; unchanged by admixture), by 
paper chromatography in six solvent systems, and by infrared 
spectrum.

We acknowledge the support of N.W.J. by a University 
Scholarship.
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1/123. Pteridine Studies. Part X I } . 1 M ethylation of 2-Amin o- 
4-hydroxypteridine and Related Compounds.

By D. J. Brown and N. W. J acobsen.
2-Amino-4-hydroxypteridine is shown to undergo an unprecedented 

transannular methylation on N(8), confirmed by an unambiguous synthesis 
of the product. 4-Amino-2-hydroxypteridine, however, forms a 1-methyl 
derivative, whose structure is proved by alkaline degradation to 3-methyl- 
aminopyrazine-2-carboxylic acid. 2,4-Diaminopteridine gives a mixture 
of 1- and 8-methyl derivatives.

pA'a values and ultraviolet spectra of the products and related compounds 
indicate that the predominant tautomer of “ 2-amino-4-hydroxypteridine ”
(the fundamental unit of naturally occurring pteridines) is 2-amino-3,4-di- 
hydro-4-oxopteridine, and that the isomeric “ 4-amino-2-hydroxypteridine ” 
is probably in the form of 4-amino-l,2-dihvdro-2-oxopteridine. Application 
of Jones's rule suggests that the 1-methyl derivative of 2,4-diamino-6,7-di- 
methylpteridine exists largely as the tautomer, 4-amino-1,2-dihydro-2- 
imino-l,6,7-trimethylpteridine.

4-Aminopteridine is readily converted by methvl iodide into 1,4-dihydro-4-imino-l- 
methvlpteridine 2 but attempts to isolate a product on methylation of 2-aminopteridine 
have so far failed. However, 4-amino-2-hydroxy-, 2-amino-4-hydroxy-, and 2,4-diamino- 
pteridines proved more amenable to such treatment.

4-Amino-2-hydroxypteridine gave a single monomethvl derivative which was shown 
to be 4-amino-l,2-dihydro-l-methyl-2-oxopteridine (I; R — Me) by alkaline degradation 
to 1-methyl-lumazine 3 (II; R =  H) and to 3-methylaminopyrazine-2-carboxylic acid 
(III; R =  OH). The structure of the pyrazine was proved by preparation from its 
known 4 amide (III; R =  NH2). 4-Amino-2-hydroxy-6,7-dimethylpteridinc (prepared 
from 4,5,6-triamino-2-hydroxypyrimidine and biacetyl), when methylated similarly, gave 
the 0,7-dimethyl derivative of (I), the structure of this being confirmed by alkaline 
hydrolysis to 1,6,7-trimethyl-lumazine 5 (II; R =  Me) and then to the known 2 5,6-di- 
methvl-3-methylaminopyrazine-2-carboxylic acid.

As in the above cases, other amino- and hvdroxy-pteridines have always been methylated 
only in the ring bearing the substituents. Thus 4-methylamino-,2 and 2 -4 and 4-hydroxy- 
pteridine give 1-methyl derivatives though the last gives also an 0 -  and a 3-methyl 
derivative; fi- and 7-hydroxy- and 6,7-dihydroxy-pteridine 4 give, respectively, 5- and 8- 
methyl and 5,8-dimethvl derivatives. It was, therefore, unexpected that 2-amino-4- 
hydroxypteridine should undergo transannular methylation, yielding exclusively 2-amino- 
4,8-dihydro-8-methyl-4-oxopteridine (IV; R =  H; R '=  NH2). The 8-alkylated 
pteridines found in Nature 6 may arise in this way. The structure of the product was 
shown as follows.

Because methvlation at position 5 is precluded bv valency, there are five possible 
structures (V; R  =  H, R' =  O), (VI—VIII; R =  H), and (IV; R =  H, R' =  NHa). 
The first of these compounds was synthesised in another connexion (see below); 2-amino- 
4-methoxvpteridine and 2-amino-3,4-dihydro-3-methyl-4-oxopteridine were prepared 
from pyrimidine precursors 7>8 by processes more simple than those recently described;9 and 
4-hvdroxy-2-methylaminopteridine was made by a new route from 4-amino-f>-hydroxy-2- 
methylaminopyrimidine by nitration, reduction to the 4,5-diamino-analogue, and con­
densation with glyoxal. None of these substances resembled the methylation product 
of 2-amino-4-hydroxypteridine, but the remaining isomer, 2-amino-4,8-dihydro-8-methyl- 
4-oxopteridine (made from 2,5-diamino-4-hydroxy-6-methvlaminopyrimidine10 and 
glyoxal) proved identical with it (compared as hydrochlorides).



It seemed wise to confirm this with the 6,7-dimethyl homologues. 2-Amino-4- 
hydroxy-6,7-dimethylpteridine gave a single methyl derivative similar in spectra and 
pAH values to the previous product (IV; R =  H; R' =  NH2). Identity with four of 
the five possible isomers, (V; R =  Me, R' =  O) and (VI—VIII; R =  Me), can be 
eliminated by their published constants.7,8 The fifth isomer 10 (IV; R =  Me, R' =  NH2) 
proved, on comparison of hydrochlorides, to be identical with the methylation product, 
confirming that 8-alkylation had again taken place.

2,4-Diaminopteridine gave two methyl derivatives. As already reported,11 and 
although it has not been obtained pure, one of these has structure (IX) or (V; R =  H, 
R' =  NH), as shown by the following degradation of impure material. With ice-cold 
sodium hydroxide solution it rapidly gave 2-amino-l,4-dihydro-l-methyl-4-oxopteridine 
(V; R =  H, R' — O) which on brief hydrolysis in warm alkali gave 1-methyl-lumazine 
(II; R =  H). This in turn was degraded by prolonged hydrolysis to the acid (III; 
R =  OH), which had been synthesised unambiguously as mentioned above. The 
possibility that the initial hydrolysis product has the 4-amino-structure (I; R =  Me) 
rather than (V; R =  H, R' =  O) is excluded by synthesis and confirmation of the 
structure of the former (see above), as well as by a recent unambiguous synthesis 9 of the 
latter. The formation of the 1-methyl derivative (IX) parallels that of its 6,7-diphenyl 
derivative reported by Boon and Bratt.12

The second methylated product was obtained pure. It was not degraded by alkali 
and its spectrum differed from that of 4-amino-l,2-dihydro-2-imino-l,6,7-trimethyl- 
pteridine and 2,4-diaminopteridine (see Table)-. This precludes its being the 1-methyl 
derivative (IX) or 2-amino-4-rnethylamino- or 4-amino-2-methvlamino-pteridine (the last 
two would resemble 2,4-diaminopteridine spectrographically). Of the remaining possibili­
ties the 8-methylated derivative is strongly suggested by the extraordinarily long-wave­
length absorption, typical of transannularly methylated imino- and oxo-pteridines shown 
in the Table and elsewhere.2,10,13 15 This is confirmed by the similarity of the spectrum of 
its neutral molecule to that of the anion of 2-amino-4,8-dihydro-8-methyl-4-oxopteridine, as 
would be expected of the 8-methyl isomer according to the R.N. Jones rule.16 Moreover, 
its basic strength (pAa 8-9) is intermediate between those of the parent pteridine (pAlt 
5-3) and its 1,6,7-trimethyl derivative (pAa 1T9), in line with analogous cases of trans­
annularly methylated iminopteridines.2,10 Transannular methylation was finally proved 
by acid hydrolysis in good yield to 2-amino-4,8-dihydro-8-methyl-4-oxopteridine (IV; 
R =  H, R' -  NH2).

Like its simpler homologue, 2,4-diamino-6,7-dimethylpteridine gave two products on 
methylation. The major one was degraded by alkali to 1,6,7-trimethyl-lumazine 5 (II; 
R =  Me) and is therefore the 1-methyl derivative. The minor product could not be 
obtained entirely free from the major one but analysis of the mixture indicated that the 
constituents are isomeric, and by analogy it is assumed to be the 8-methyl derivative.
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The Table shows that the amino-hydroxypteridines methylated on O, N(1), N(3), or the 
extranuclear N-atom, are quite weak bases, of pAa <3-5, indistinguisable in this respect 
from their unmethvlated precursors. This indicates that the preferred tautomeric form 
in these cases involves an amino-form (as in VII) rather than an imino-form (as in X), 
which must be more strongly basic.2’17 On the other hand, 2,4-diamino-l,6,7-trimethyl- 
pteridine, which must involve an imine as (IX) or (V; R^=NH,  R =  Me), is an 
exceptionally strong base of pA'a ca. 12.

Me Me Me
(X) (XI) (XII) (XIII)

The basic strengths of 8-methylated 2-amino-4-hydroxypteridines are markedly 
greater than those of the 1- and 3-methyl isomers. Thus the simple derivative (IV; 
R =  H, R' =  NH2) has pAa 5-4, and its 6,7-dimethyl derivative has pAa 6T. That the 
basic strength of the latter approximates to that of 2,8-dihydro-2-imino-6,7,8-trimethyl- 
pteridine (5-6) led Fidler and Wood 10 to postulate the hydroxy-imino-structure (XI) for 
the compound, and a pA’a of 8-9 was assigned to the hydroxy-group. We have been 
unable to confirm the latter constant, but find an anionic pAa 12, which is more in line with 
those of the 1- and 3-methyl analogues that are forced into an hydroxy-imino-form such 
as (XII) onlv at high pH values. The recorded value of 8-9 may have arisen from the 
formation of 6,7,8-trimethyl-lumazine (pA"a 9-8) by partial hydrolysis of the amino-group 
during measurement. Moreover, the enhanced basic strength of compound (IV; R =  Me, 
R ' =  NH2) is in line with that of 4,8-dihydro-6,7,8-trimethyl-4-oxopteridine13 (IV; 
R =  Me, R' — H), which can involve no imine but has a comparably enhanced basic 
strength (pA"a 4-7) when compared with the isomeric 1,4-dihydro-l ,6,7-trimethyl-4-oxo- 
pteridine2 (pAa T7). It is, therefore unwarranted, in the face of accepted general 
principles,17 to assume the hvdroxv-imino-form (XI) at the expense of the usual amino- 
oxo-forms (IV; R =  H or Me, R' =  NH2).

It is of special interest to discover the preferred tautomeric form of 2-amino-4-hvdroxy- 
pteridine in aqueous solution because this structure is common to almost all of the natural 
pteridines. Valency permits this substance to exist in 9 forms. The five imino-forms 
(three hydroxy-imino-tautomers with the mobile hydrogen atom severally at positions 
1,3, and 8, as well as two imino-oxo-tautomers each with two hydrogen atoms at positions 
1,3 and 1,8) are precluded bv the weakly basic nature of 2-amino-4-hydroxypteridine 
(pA’a 2-3) because all known pteridine and related imines are much stronger bases.2,10 
This has been confirmed by the marked similarity in spectra 9 of 2-amino-4-hydroxy- and 
4-hvdroxy-2-dimethylamino-pteridine, the second of which cannot assume an imino-form. 
A similar conclusion can be drawn from a comparison of their 6,7-dimethyl derivatives.7 
The one possible amino-hydroxy-form can also be eliminated by dissimilarity in spectra 9 
between 2-amino-4-hydroxy- and 2-amino-4-methoxy-pteridine. There remain the three 
amino-oxo-forms with hydrogen located severally at positions 1, 3, and 8. Comparison 
of the spectrum of 2-amino-4-hydroxypteridine as neutral molecule with those of its 1-, 
3-, and 8-methyl derivatives (see Figure) leaves little doubt that the hydrogen occupies 
position 3 and that 2-amino-3,4-dihvdro-4-oxopteridine is the predominant tautomer, at 
least in aqueous solution, as believed also by Pfleiderer et al.9 This stands in contrast to its 
methylation at position 8 and its reported protonation 9 at position 1, but is in line with 
the recorded preference 13,18 for an a-cyclic amide at the expense of a y-vinylogous cyclic 
amide where the choice exists in 1,3-diazines.

Similar treatment cannot be accorded to 4-amino-2-hydroxypteridine because the



range of methylated reference compounds is incomplete. However, its weak basic strength 
and the close similarity of its spectrum (neutral molecule) to that of 4-amino-l,2-dihydro-l-

Com pound pK »“ and concn. ™inax. ('m/d * pH
Pteridine derivatives

4-Am ino-1,2-d ihydro-1- 345; 288; 245 5-0
m ethyl-2 -oxo

cation 2-96 ±  0 02 360; 341; 238 0 13
(m /400)

anion ca. 1 2 350; 245 14-0
4-A m ino-1,2-dihydro-1,6,7- 360; 345; 282; 248; 7-1

trim e th y l-2 -oxo 216

cation 3-66 ±  0 03 e 360; 343; 264; 218 0 3
4-Am ino-2-hydroxy 350; 337; 286; 240 7-0

cation 2-99 ±  0 02*• * 335; 237 0-83
anion 9-97 * 375; 255 1 2 - 0

2 -A m ino-1 ,4 -d ihydro -1- See Figure 5-0
m ethyl-4-oxo

cation 2-83 ±  0 03 _ / —
( m / 2 0 0 )

anion ca. 11-5 360; 258 14-0
2-Am ino-3,4-dihydro-3- See F'igure 50

m ethyl-4-oxo
cation 2-25 ±  0 03 ‘ _ / —

2-Amino-4,8 -d ihydro-8 - 400; 320; 265 8-5
m ethyl-4-oxo

cation 5-42 ±  0 02 389; 283; 261 3 0
(m / 2 0 0 )

anion ca. 11-5 314; 284; 239 14-0
2-Amino-4,8 -dihydro-6 ,7,8- 407; 315; 267 8-5

trim ethyl-4-oxo
cation 6 1 0  ±  0  0 2 397; 285; 254 3 0

( m / 2 0 0 )  »
anion 11-97 ±  0 02 f 370; 308; 301; 228* 14-0

2-A m ino-4-hydroxy * See Figure 5-25
cation 2 31 315; < 2 2 0
anion 7-92 358; 251

4-Am ino-2-hydroxy-6,7-di­ 350; 340; 276; 245 6-5
m ethyl

cation 3 . 4 9  _|_ 0-03 c 350; 338; 256; 215 13
anion 10-69 ±  0-04 370; 274; 254 13-8

4-Am ino-2,8-dihydro-2- 365; 313; 288; 241 1 1 - 0
im ino-8 -m ethyl 1

cation 8 - 8 8  ±  0-04 e 412; 330; 270; 244 6  0
4- Amino -1,2 - d ihydro  - 2 - 368; 262 14-16

im ino-l,6 ,7 -trim ethy l
cation 11-90 ±  0 05 * 347; 335; 282; 246 7-5

2,4-D iam ino 364; 255; 224 8 - 0
cation 5-32 • 345; 332; 318; 284; 3 0

240
1 -M ethyl-lum azine, anion* 8-57 ±  0-02 339; 281; 242 10-5

( m / 2 0 0 )
3-M ethyl-lum azine, anion * 8 - 0 362; 268; 244; 215 1 0  0
1,6,7-Trim ethyl-lum azine 334; 252; 225 7-0

anion 9-06 ±  0-04 341; 280; 244 11-5
(m/300)

ö^ .S -T rim ethy l-lum azine ' 404; 276; 256 7-0
anion 9-83 ±  0-04 363; 313; 304; 243 12-0

Lumazine, dianion
(m /400)

365; 252

loge

3-88; 3-56; 4 13

3-68; 3-87; 4-08

3 79; 4 04
3-93; 4-04; 3 53; 4 24-

4 18

3 91; 4 02; 3-82; 4 29
3-87; 3 94; 3-63; 4-08
3 90; 4-08
3 85; 4 31

3-90; 4 13

3-98; 3 47; 4-28

4 01; 3-99; 4-14

3 91; 3-89; 4-26
4 11; 3 43; 4 35

4-12; 4 13; 4-09

3-88; 4-20; 4 18; 4 33

3-88; >4-1
3 83; 4-31
3-.96; 4-01; 3 48; 4-07

3-97; 4 03; 3-85; 4 32
3-88; 3-78; 4 29
3-23; 3 92; 3 93; 4 11

3 98; 3-52; 4 24; 3-73
3 97; 4 15

401; 4-07; 3 64; 4 25
3-86; 4 32; 4-07
3-90; 3-98; 3-91; 3 73;

4 10
3-89; 3-54; 4 19

3 81; 3-98; 4-25; 4-02
3-98; 3-96; 4-07
4-03; 3-38; 4 25

4-08; 4 04; 4-16
3-78; 4 31; 4-28; 4 19

3-78; 4-23

“ By po ten tiom etric  titra tio n  in w ater a t 20° (cf. A lbert and Phillips, J 1956, 1294). For values 
for o ther com pounds see E xperim en tal section. b Inflexions in italics. c Spectrom etrically  d e te r­
mined. A Cf. approx, value of 3-2 by po ten tiom etric  titra tio n , ref. 19. * From  ref. 19. 1 For
spectrum  see ref. 9. 'C f . 5-85 given in ref. 10. * The peak a t 268 m/* recorded by Fidler and Wood
(ref. 10) a t  pH  13 arises from th a t  of th e  neu tra l molecule, present to  th e  ex ten t of 10% in their 
solution. > C onstants m easured on d ihydriodide w ith balanced I “ concentra tion  in reference cell. 
* Spectrum  from ref. 3. 1 P rep .: ref. 14 and Birch and Moye, / . ,  1958, 2622; values determ ined
on supplied specim ens; cf. p K A 9-86 in ref. 15. m Values from Albert, Brown, and Cheeseman, / .,  
1951, 474.
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methyl-2-oxopteiidine (I; R =  Me) suggests that (unlike its isomer) it carries a hydrogen 
atom at position 1, the principal tautomer being 4-amino-1,2-dihvdro-2-oxopteridin6
(I; R =  H).

The spectrum of the neutral molecule of 4-amino-l,2-dihydro-2-imino-l,6,7-trimethyl- 
pteridine reveals the compound’s tautomeric form. If allowance is made for the usual 
small bathochromic shift resulting from the C-methyl groups, the spectrum approximates 
more closely to that of the anion of 2-amino-l,4-dihydro-l-methyl-4-oxopteridine (XII) 
than to that of the anion of 4-amino-l,2-dihydro-l-methyl-2-oxopteridine (XIII). 
Application of Jones’s rule 16 (that the spectrum of an amino-derivative is similar to that 
of the anion of the corresponding hydroxy-derivative) suggests that the methylated diamine

Absorption, as neutral molecules, of : A, 2-amino-4-hvdroxvpteridine; B, 2-amino-lA-dihydro-\-methyl-±- 
oxopteridine\ C, 2-amino-3,i-dihydro-3-methyl-4-oxopteridine; D, 2-amino-4,8-dihydro-H-mcthyl-4- 
oxopteridine.

r * —

Wavelength (nyj)

is probably best represented as 4-amino-l,2-dihvdro-2-imino-l,6,7-trimethylpteridine. 
Simple examples supporting the validity of the rule in this series are the similarity of the 
spectra of 2,4-diaminopteridine (neutral molecule) to those of the anions of 4-amino-2- 
hydroxy- and 2-amino-4-hvdroxy-pteridine and the dianion of lumazine (see Table).

E xperim en ta l

Analyses were done by  P r .  J. E. Fildes and  staff.
3-M ethylaminopyrazine-2-carboxylic Acid. - - 4 ,4 -D ihydro-l-methyl-4-methylim inopterid ine

hydrochloride 2 (0-45 g.) was st irred in N-sodium hydroxide  (10 nil.) a t  100° for 2-5 hr. The 
solution was adjusted to  p H  1 with hydrochloric acid and  evaporated  to  dryness. The powdered 
residue was extracted  w ith  boiling benzene (2 x 20 ml.), and  the solid obta ined  on evaporation  
was recrystallized from w ater  (50 parts) to  give the pyrazine  (72%), m. p. 182° (decomp.) (F o u n d : 
C, 47 0; H, 4-5; N, 27-4. CgH 7N 30 2 requires C, 47 05; H, 4-6; N, 27-4%). The same product 
was obtained similarly from l,4-dihydro-4-im ino-l-m ethylp ter id ine  2 and  from 3-methylamino- 
pyrazine-2-carboxarnide.4

4 -A m ino-\ ,2-dihydro-l-melhyl-2-oxopteridine.— 4-Amino-2-hydroxypteridine 19,20 (1-35 g .),
methy l iodide (5-2 ml.), and  methanolic sodium m ethoxide (200 ml.; from sodium, 0-21 g.) were 
refluxed for 1 hr. Recrystall ization of the  solid from w ater (160 parts) gave the m ethyl-pteridine 
(75%), m. p. 324 325° (decomp.) (Found: C, 47-6; H, 4 0 ;  N, 39-4. C7H 7N 50  requires
C, 47-45; H, 4-0; N, 39-5%).

This pteridine (0-3 g.) was st irred in N-sodium hydroxide (15 ml.) for 5 hr. a t  100°. The 
solution was ad jus ted  to  pH  1 and  evapora ted  to  dryness, and the  residue continuously 
ex trac ted  with benzene. The ex trac t  was taken  to  dryness and sublimed a t  120J/0-02 mm. to 
give 3-methylaminopyrazine-2-carboxylic  acid (39%), m. p. and mixed m. p. 180°. The u n ­
sublimed p a r t  (30%), when recrystallized from ethanol and sublimed (220°/0-02 mm.), had 
m. p. 285°, undepressed on ad m ix tu re  w ith  1-methyl-lumazine.

A-Antiw o-l,2-dihydro-l,6,7-trim ethyl- 2-oxopteridine.— 4,5,6-T r ia m in o -2 -hydroxypyrim id ine  
su lphate  21 (4-8 g.) and  sodium hydrogen carbonate  (3-4 g.) in w ater (350 ml.) were stirred on



th e  s team -b a th  w ith  b iace ty l (1-8 g.) for 15 min. T he resu lting  solid (3-4 g.) dissolved in ho t 
w ate r (150 parts) on ad d itio n  of hydrochloric  acid to  pH  2-5, and  the  4-am ino-2-hydroxy-6,1- 
dim ethylpteridine, m. p. ca, 340° (decom p.), crystallized  on slow add ition  of sodium  ace ta te  to 
pH  5 (F ound : C, 50-3; H , 4-75; N, 3615 . C8H 9N 50  requires C, 50-25; H, 4-7; N, 36-6%).

This p te rid ine  (1 g.) and  m ethyl iodide (2-5 ml.) were refluxed for 1 hr. in m ethanolic S"dium 
m ethoxide (25 m l.; from sodium , 0-13 g.). A fter chilling, th e  w ater-w ashed solid (84%) 
recrystallized  from ethano l (350 parts), to  give th e  trimethyloxnpteridine, m. p. 314— 316° 
(decom p.) (Found : C, 52-65; H , 5-4; N, 33-7. C9H n N 50  requires C, 52-65; H , 5-4; N, 34-1%). 
H ydro lysis in boiling N-sodium hydrox ide  (25 parts) for 15 min. gave, a fte r ad ju s tm en t to  pH  5,
l ,  6 ,7 -trim ethyl-lum azine (83%), m. p. 328— 330° (lit.,5 328—-330°) (F ound: C, 52-5; H , 4-8; 
N, 27-15. Calc, for C9H 10N 4O2: C, 52-4; H , 4-9; N, 27-15% ). This substance (0-42 g.) was 
fu rth e r hea ted  w ith  2-5N-sodium hydroxide (16 ml.) a t  200° for 4 hr. A fter tre a tm e n t w ith 
charcoal and  evapo ra tion , the  residue recrystallized  from  ligh t petro leum  (b. p. 60—80°; 165 
parts) to  give 5 ,6-dim ethyl-3-m ethy lam inopyrazine-2-carboxylic  acid (35% ), m. p. and mixed
m. p. (ref. 2) 143— 145°.

2-A m ino -4 ,S-dihydro-S-methyl-4-oxopteridine.— 2-A m ino-4-hydroxypterid ine (2 g.), m ethyl 
iodide (15 m l.), and  m ethanol (60 ml.) were rocked a t  110° for 12 hr. The tube  was opened 
a t  —40° (d im ethyl e ther!), and th e  solu tion  on ev ap o ra tio n  to  15 ml. deposited  red crystals 
(T3 g.). R ecrysta lliza tion  from m ethano l (140 parts) w ith  concen tra tion  gave th e  oxopteridine 
hydriodide, (decom p.) 265° (Found: C, 27-85; H , 2-8; I, 4T 1 ; N, 22-55. C7H 8IN sO requires 
C, 27-55; H , 2-65; 1, 4T 6 ; N, 22-95% ). T rea tm en t w ith  silver chloride furnished the  hydro­
chloride (from m ethanol, 330 p a rts , w ith  concen tra tion ), m. p. ca. 285° (decomp.) (Found: 
C, 39-35; H , 3 9; N, 32-7. C7H 8C1N50  requires C, 39-35; H , 3-8; N, 32-8%).

T his p terid ine  w as also m ade unam biguously . 2-A m ino-4-hydroxy-6-m ethylam ino-5- 
n itrosopyrim id ine  was reduced w ith  sodium  d ith ion ite  10 or hydrogenated  over R aney nickel. 
An equ iva len t am oun t of aqueous hydrochloric acid was added to  th e  crude base (0-9 g.), 
suspended in m ethanol (10 ml.). A ddition  of e th e r (10 ml.) p rec ip ita ted  2,5-diamino-4-hydroxy- 
6-m ethylam inopyrim idine hydrochloride (85% ), w hich, recrystallized  from m ethanol, had m. p. 
237— 238° (decom p.) (F ound: C, 3T 4; H , 5-5; Cl, 18-25. C5H 10ClN5O requires C, 31--35; 
H , 5-25; Cl, 18-5%). T his hydrochloride (0-45 g.) w as refluxed for 30 min. w ith polyglyoxal 
(0-14 g.) in m ethanol (30 m l.); evapo ra tion  to  10 ml. then  gave a solid (50%) which after 
recrysta lliza tion  was identified w ith  th e  p terid ine  hydroch lo ride  by m ixed m. p., ch rom atography  
in six system s, and infrared  spectroscopy.

2-A m ino  - 4,8 - dihydro-6,1 ,8 - trim ethyl - 4 - oxopteridine.— 2 - Am ino - 4 - hydroxy  - 6,7 - d im e th y l­
p te rid ine  22 (1-0 g.) w as rocked for 5 hr. a t  100° w ith  m ethy l iodide (7-5 ml.) and m ethanol 
(30 m l.). E v apo ra tion  and recrysta lliza tion  from  m ethy l iod ide-m ethano l (35; 65) gave the  
oxopteridine hydriodide (60% ), m. p. 265— 270° (decom p.) (F o u n d : C, 32-45; H , 3-5; 1,37-75; N, 
20-85. C9H 12IN 50  requires C, 32-45; H , 3-6; 1, 38-1; N, 21-0% ). Silver chloride converted
it in to  th e  hydrochloride which, recrystallized  from  25%  aqueous ethano l (26 parts), had m. p. 
255— 260° (decom p.) (F o u n d : Cl, 14-8; N, 28-75. C9H 12C1N50  requires Cl, 14-7% ; N, 29-0%).
I t  w as also prepared  in 93% yield from  2 ,5-d iam ino-4-hydroxy-6-m ethylam inopyrim idine 
hydroch lo ride  and  b iace ty l (see hom ologue above), and  th e  p roducts from bo th  rou tes were 
identified by m ixed m. p., ch rom atography , and spectroscopy.

2-A mino-4-methoxypteridine.— 2,4,5-T riam ino-6-m ethoxypyrim id ine su lphate  7 (0-5 g.) and 
polyglyoxal (0-11 g.) w ere refluxed for 1 hr. in m ethanolic  sodium  m ethoxide (from sodium , 
0-085 g.). T he oily residue ob ta ined  on evaporation  w as tr itu ra te d  w ith  w ate r (5 ml.), and the 
resu lting  solid recrystallized  from w ater (25 parts). T he am inom ethoxyp terid ine  (0-14 g.) had 
m. p. 204— 205° (lit.,9 207— 209°) and pA’a 3-46 ±  0-02 (m/200; 20°) (Found: C, 47-4; H , 3-85; 
N, 39-4. Calc, for C7H 7N 50 :  C, 47-45; H , 4 0; N, 39-5% ).

2-A m ino-3 ,4-dihy dr o-3-methyl-4-oxopleridine.— 2,4,5 -T riam ino-1,6- d ih y d ro -1-m ethyl - 6 - oxo- 
py rim id ine  hydroch loride 9 (0-5 g .), polyglyoxal (0-15 g.), an d  m ethanol (60 ml.) were refluxed 
for 1 hr. E vap o ra tio n  to  ca. 5 ml. gave the  oxop terid ine  (70%) w hich a fte r recrystallization  
from glacial acetic acid decom posed a t  ca. 320° (lit.,9 322°) (18%) (F ound: C, 47-65; H , 4-0; 
N, 39-35. Calc, for C7H 7N 50 :  C, 47-45; H , 4-0; N, 39-5% ).

4-H ydroxy-2-m ethylam inopteridine.— 4-A m ino-6-hydroxy-2-m ethylam inopyrim idine 7 (5 g.) 
w as added  during  30 min. to  s tirred  n itric  acid (d T 5; 20 ml.) a t  5 —10°. A fter a fu rther 30 
m in., th e  m ix tu re  was poured on ice. W ashing the  solid in boiling w-ater (350 ml.) and recry sta l­
liza tion  from  w ater (1500 parts) gave 4-am ino-6-hydroxy-2-m ethylam ino-5-nitropyrim idine
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(73% ), m. p. 348— 350° (decom p.) (F ound: C, 32-7; H , 3-8. C8H 7N 50 3 requires C, 32-45;
H , 3-8% ). T h is n itro -com pound  (2-5 g.) was hydrogenated  over R aney nickel in m ethano l 
(250 m l.), and  th e  c a ta ly s t filtered off and w ashed w ith  h o t w ate r (50 ml.). T he filtra te  and  
w ash ings were added  to  N -hydrochloric acid (18 ml.) and  evap o ra ted  to  dryness. A ddition  
of e th an o l (30 ml.) to  th e  residue (T9 g.) in h o t w ate r (10 ml.) gave 4,5-diamino-$-hydroxv-2- 
methylaminopynmidine hydrochloride, m. p. 275— 277° (decom p.) (Found: C, 3T 45; H , 5-5; 
N , 36-3. CbH 10C1N5O requ ires C, 31-35; H , 5-25; N, 36-55% ).

T he d iam ine  hyd roch lo ride  (1 g.) and  polyglyoxal (0-3 g.) were refluxed in m ethanol (125 ml.) 
for 1 h r. T he solid recovered by evapora tion  was recrysta llized  by d issolution in h o t w ater 
(400 p a rts ), ad d itio n  of h o t alcohol (400 parts), and concen tra tion . 4 -H ydroxy-2-m ethy lam ino- 
p te r id in e  (0-69 g.) decom posed a t  ca. 378° (lit.,9 >350°) and had  p K A T98 ±  0-03 (m/200), and  
8-16 ±  0-02 (m/400) (F ound : C, 47-3; H , 4-0; N, 39-3. Calc, for C7H 7N 50 :  C, 47-45; H , 4-0; 
N , 39-5% ).

A-Amino-2,S-dihydro-2-imino-H-methylpteridine (or Tautomer).— 2,4 -D iam inop terid ine*  (4 g.), 
m e th y l iodide (40 m l.), an d  m ethano l (80 ml.) were rocked to g e th e r a t  110° for 1 hr. E v a p o r­
a tio n  gave a crude  solid (8-4 g.) w hich w as ex trac ted  w ith  boiling m ethanol (40 m l.). T he 
residue, tw ice recrysta llized  from  m ethano l (160 parts) w ith  concen tra tion , gave the  8-methyl- 
pteridine dihydriodide (0-5 g.) as d a rk  red crysta ls , m. p. 236— 237° (F ound: C, 19-5; H , 2-1;
I, 58-75. C7H 10I 2N 6 requ ires C, 19-45; H , 2-3; I, 58-75% ). T he d ihydriod ide (0-28 g.) was
hea ted  a t  100° w ith  N -hydrochloric acid  (36 ml.) for 30 min. T he solution was shaken  w ith  
silver ch loride (ca. 2 g.) for 1 h r., th en  filtered and  the  filtra te  was evapo ra ted  in vacuo to  dryness. 
T he residue w as dissolved in w a te r (10 ml.) w hich was th en  ad ju s ted  to pH  3-5 w ith  5% am m onia  
solu tion  and chilled. T he solid p rec ip ita te  (80%) recrystallised  from  w ater (80 p a rts), g iving 
2-am ino-4 ,8-d ihydro-8-m ethy l-4-oxopterid ine hydrochloride , identified w ith  au th en tic  m ateria l 
by  m ixed m. p ., paper ch ro m ato g rap h y  in 4 solvents, and in frared  and u ltrav io le t spectroscopy.

T he in itia l m ethano l e x tra c t and th e  m other-liquors from  th e  d ihydriod ide recrysta lliza tion  
gave, on evapo ra tion , a  yellow solid consisting of the  8 -m ethy lp te rid ine  and its 1-m ethyl isom er. 
The m ix tu re  (6 g.) w as d issolved in 0-5N-sodium hydrox ide  (125 ml.) and  kep t a t  0° for 15 min. 
R ecrysta lliza tion  of th e  p rec ip ita te  (1 g.) from  w ater gave 2 -am ino -l,4 -d ihyd ro -l-m ethy l-4 - 
oxopterid ine, m . p. 336° (decom p.) (lit.,* 335— 337°) (F ound : C, 47-55; H , 4-0; N, 39-5. Calc, 
for C7H 7N jO : C, 47-45; H , 4-0; N, 39-5% ). T his p te rid in e  (0-5 g.) was refluxed in N-sodium 
hydrox ide  (7 ml.) for 15 m in. A d ju stm en t to  pH  5, followed by  sub lim ation  and  rec ry s ta l­
lization  of th e  solid (0-44 g.) from e thano l (260 parts), gave 1-m ethyl-lum azine, m. p. 285° 
(lit.,3 290— 291°) (F ound : C, 46-95; H , 3 4; N, 31-35. Calc, for C7H ,N 40 2: C, 47-2; H , 3-4; 
N, 31-45% ). T he m ethy l-lum azine  w as refluxed in N-sodium hydrox ide  for 3 hr. and  the 
solution th en  ad ju s ted  to  pH  1—2. T he residue ob ta ined  on evapo ra tion  was ex trac ted  w ith 
boiling benzene to  give 3 -m ethy lam inopyrazine-2-carboxylic  acid iden tical w ith  au th en tic  
m aterial.

\ -A m ino- \  ,2-dihydro-2-imino-\ ,'b,l-trimethylpteridine (or Tautomer).-—2,4:-Diamino-(\,l-di- 
methylptendine was p repared  according to  d irections by M allette  el a l , 23 I t  was tr itu ra te d  w ith  
d ilu te  aqueous sodium  hydrox ide , w ashed w ith  ho t w ater, and recrystallised  from  d im ethy l- 
form am ide (145 parts) or glacial acetic acid (20 parts). I t  w as th en  ch rom atograph ica lly  
hom ogeneous, and desp ite  fa ilu re  by older m ethods 23 it gave a sa tisfac to ry  analysis for carbon  
and hydrogen by th e  “ rap id  com bustion  ” m ethod  in ad m ix tu re  w ith vanad ium  pentoxide, 
and for nitrogen by the  K jeldahl m ethod (sealed tube) (F ound : C, 50-75; H , 5-35; N, 43-75. 
C8H ,0N # requires C, 50-5; H , 5-3; N, 44-2% ).

This p terid ine (2 g.), m ethy l iodide (20 ml.), and m ethanol (40 ml.) were rocked toge ther a t 
110° for 5 hr. The tu b e  was opened a t  —40° (d im ethyl e ther!) and the  solid (27%) rec ry s ta l­
lized from ethanol (40 p a rts ). The iminopteridine hydriodide had  m. p. 280— 285° (decom p.) 
(Found: C, 32-5; H , 3-85; 1 ,38 -15 ; N, 25-2. C ,H 13IN 6 requ ires C, 32-55; H , 3-95; 1 ,38-2 ; 
N, 25-3%).

The hydriodide (0-23 g.) was refluxed w ith  N-sodium hydrox ide  (5 ml.) for 15 min. A d ju s t­
m ent to pH  5 and recry sta lliza tion  from w ater (250 parts) th en  gave 1 ,6 ,7-trim ethyl-lum azine 
(92%), m. p. and m ixed m. p. 327— 329°.

W hen the  m ethy la tion  m ix tu re  was heated  for 1 hr. and th en  trea ted  w ith  e ther (60 ml.), a 
solid (T3 g.) was p rec ip ita ted . P aper ch rom atog raphy  revealed th a t  repeated  recrysta lliza tion  
was ineffective in separa ting  all th e  above im ine from a yellow isom eric hydriod ide (Found, for 
the  m ix tu re : C, 32-4; 11,3-95; 1 ,37 -65 ; N, 25-1% ).
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