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D e d i c a t e d  t o  P r o f .  D r .  Masamoto Hamana o n  t h e  o c c a s i o n  

o f  h i s  7 5 t h  b i r t h d a y .  

A b s t r a c t  - Pyrido[2,3-dlpyrimidine-2,4-dione - ( 8 )  - and i t s  

N - m e t h y l  d e r i v a t i v e s  ( 9 - 1 1 )  as  w e l l  a s  t h e  c o r r e s p o n d i n g  - - - -  
6 - n i t r o  a n a l o g u e s  ( 1 2 - 1 5 )  h a v e  b e e n  s y n t h e s i z e d  by  c o n -  - -  - -  
d e n s a t i o n  r e a c t i o n s  f r o m  6 - a m i n o u r a c i l s  ( 4 - 2 ) .  R e d u c t i o n  - - 
o f  c o m p o u n d s ( 4 - l )  l e d  t o  t h e  6 - a m i n o p y r i d o [ 2 , 3 - d l p y r i m i -  - 

d i n e - 2 , 4 - d i o n e s  ( 1 8 - 2 1 ) .  D i a z o t i z a t i o n  o f  t h e  am ino  g r o u p  - -  .- 
a f f o r d e d  t w o  c r y s t a l l i n e  d i a z o n i u m  s a l t s  ( 26 .22 ) .  t h e  - -  -. 

Sandmeyer r e a c t i o n  g a v e  6 - h a l o  compounds ( 2 8 - 3 1 )  a n d  c o u p  -- -- 

l i n g  r e a c t i o n s  w i t h  s e c o n d a r y  am ines  l e d  t o  a  s e r i e s  o f  

6 - t r i a z e n o p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 . 4 - d i n  (37-39). -. 

T r e a t m e n t  o f  t h e  6-nitropyrido[2,3-dlpyrimidine-2.4-di- 

ones  ( 1 2 - 1 4 )  w i t h  s o d i u m  b o r o h y d r i d e  r e s u l t e d  i n  a  r e d u c -  - -  - -  
t i o n  o f  t h e  p y r i d o  m o i e t y  t o  f o r m  t h e  5 , 6 , 7 , 8 - t e t r a h y d r o  

d e r i v a t i v e s  ( 4 0 - 4 2 ) .  - -  - -  
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INTRODUCTION 

The p y r i d o [ 2 , 3 - d l p y r i m i d i n e  - h a s  a t t r a c t e d  some a t t e n t i o n  due t o  

i t s  s t r u c t u r a l  r e l a t i o n s h i p  t o  t h e  n a t u r a l l y  o c c u r r i n g  ~ t e r i d i n e s . ~  The 

s y n t h e t i c  a p p r o a c h  t o  t h i s  c l a s s  o f  compounds ( 5 - d e a z a p t e r i d i n e s )  c a n  

e i t h e r  b e  a c h i e v e d  f r o m  a p p r o p r i a t e  p y r i d i n e   precursor^^-^ b y  a n n e l a t i o n  

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

t h e  p y r i d i n e  m o i e t y  t o  a  p r o p e r l y  s u b s t i t u t e d  p y r i m i d i n e  d e r i v a t i ~ e . ~  We 

h a v e  e s p e c i a l l y  b e e n  i n t e r e s t e d  i n  a  s y s t e m a t i c  s t u d y  o f  t h e  p y r i d o [ 2 , 3 - d l -  

p y r i m i d i n e - 2 . 4 - d i o n e s  a s  s t r u c t u r a l  a n a l o g u e s  o f  t h e  l u m a z i n e s ,  w h i c h  h a v e  

been  s u b j e c t  t o  i n t e n s i v e  i n v e s t i g a t i o n s  i n  o u r  l a b o r a t o r y .  9 - 2 2  Condensa-  

t i o n  r e a c t i o n s  o f  5 - a c y l -  a n d  5 - e t h o x y c a r b o n y l - 6 - a m i n o p y r i m i d i n e s ,  r e s p e c -  

t i v e l y ,  h a v e  been  a c h i e v e d  w i t h  a  g r e a t  v a r i e t y  o f  k e t o n e s ,  e s t e r s ,  a n d  

nit rile^,'^ whereas  6 - a m i n o p y r i m i d i n e s  r e a c t e d  o n l y  i n  t h e  e x p e c t e d  man- 

n e r  i f  t h e  5 - p o s i t i o n  i s  a c t i v a t e d  f o r  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  b y  t h e  

p r e s e n c e  o f  a d d i t i o n a l  e l e c t r o n - d o n a t i n g  g r o u p s  l i k e  OH, NHz. SH a t  t h e  

C-2-  a n d  C - 4 - r i n g  a toms .  T h i s  t y p e  o f  p y r i m i d i n e s  c o n d e n s e  e f f e c t i v e l y  

w i t h  1 . 3 - d i c a r b o n y l  compounds a n d  3 - a m i n o a c r o l e i n  d e r i v a t i v e s .  F u r t h e r -  

m o r e  c y c l i z a t i o n  r e a c t i o n s  o f  6 - a m i n o p y r i m i d i n e s  w i t h  e n a m i n e s Z 4  and r i n g -  

 transformation^^^'^^ a r e  a d d i t i o n a l  a p p r o a c h e s  t o  f o r m  p y r i d o [ 2 , 3 - A l p y r i -  

m i d i n e s .  

SYNTHESES 

We b a s e d  o u r  s y n t h e s e s  o f  t h e  v a r i o u s  t y p e s  o f  p y r i d o [ 2 , 3 - d l p y r i m i d i n e  - 

d e r i v a t i v e s  o n  c o n d e n s a t i o n  r e a c t i o n s  o f  6 - a m i n o p y r i m i d i n e s  w i t h  a p p r o -  

p r i a t e l y  f u n c t i o n a l i z e d  C 3  b u i l d i n g  b l o c k s .  The a p p r o a c h  o f  P r i c e  e t  a l .  27 
-- 

c o n d e n s i n g  2 , 6 - d i a m i n o p y t - i m i d i n - 4 - o n e  w i t h  m a l o n a l d e h y d e  e t h y l a c e t a l  l e a d s  

i n  t h e  f i r s t  s t e p  t o  an i n t e r m e d i a t e  w h i c h  owes a  much more  c o m p l e x  s t r u c -  

t u r e  (2) a c c o r d i n g  t o  t h e  nmr s p e c t r u m  t h a n  t h e  f o r m e r l y  p r o p o s e d  S c h i f f  

b a s e  a s ~ i g n m e n t . ~ ~  H e a t i n g  o f  2 i n  conc .  H2S04 t o  160°C o r  p r o l o n g e d  r e f l u x  
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- R 

22 N=CHC6H5 
23 NHCH2C6H5 
24 N=CH-N(CH3)2 
25 NHCHO 
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i n  g l a c i a l  a c e t i c  a c i d  formed i n  h i g h  y i e l d  t h e  2 - a m i n o p y r i d o [ 2 , 3 - d l p y r i -  

mid im4-one ( a ) .  - 6 - A m i n o u r a c i l  ( 4 )  - and  i t s  1 - m e t h y l -  5 ,  - 3 - m e t h y l -  ( 6 ) .  - 

and 1 , 3 - d i m e t h y l  d e r i v a t i v e s  (2) show t h e  same r e a c t i o n  b e h a v i o u r  and 

c o u l d  be c o n v e r t e d  w i t h  1,1,3,3-tetraethoxypropane via t h e  condensed t e t -  

r a c y c l i c  i n t e r m e d i a t e s ,  w h i c h  have however  n o t  been p u r i f i e d  and c h a r a c t e r -  

i z e d ,  i n  a  s i m i l a r  manner i n t o  t h e  c o r r e s p o n d i n g  p y r i d o [ 2 , 3 - < ] p y r i m i d i n e -  

7,28 2 ,4 -d iones  ( 8 - 1 1 ) .  Compound (g), and (11) - -  28 '30have  been s y n t h e s i z e d  

b e f o r e ,  f o l l o w i n g  e n t i r e l y  d i f f e r e n t  approaches .  

The 6 - a m i n o u r a c i l s  ( 4 - 7 )  - - have a l s o  been condensed w i t h  sod ium n i t r o m a l o n o -  

d i a l d e h y d e  a c c o r d i n g  t o  t h e  method  o f  Lee - e t  - t o  g i v e  t h e  c o r r e s p o n -  

d i n g  6 - n i t r o p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 , 4 - d i o n e  - ( 1 2 - 1 4 ) .  - -  - -  T h i s  r e a c t i o n  i s  

base  c a t a l i z e d  and w o r k s  b e s t  i n  1  % NaOH u n d e r  r e f l u x  t e m p e r a t u r e .  1 2  and - - 

14 a r e  formed w i t h o u t  s i d e  p r o d u c t s ,  whereas 1 3  showed some a l k a l i  s e n s i t i -  - -  - -  - - 

v i t y  l e a d i n g  u n d e r  n u c l e o p h i l i c  a t t a c k  o f  O H -  a t  t h e  C-2 p o s i t i o n  t o  p a r -  

t i a l  r i n g  o p e n i n g  and f o r m a t i o n  o f  2 - m e t h y l a m i n o - 5 - n i t r o p y r i d i n e - 3 - c a r b o x -  

amide ( 1 6 ) .  - -  R e a c t i o n  a t  80°C a v o i d e d  r i n g - o p e n i n g  and 13 was o b t a i n e d  i n  - -  
61 % y i e l d .  1 , 3 - D i m e t h y l - 5 - n i t r o p y r i d o [ 2 , 3 - ~ p y r i m i d i n e - 2 , 4 - d i o n e  (15). on 

t h e  o t h e r  hand, was n o t  a v a i l a b l e  f rom 6-amino-1,3-dimethyluracil ( Z )  - i n  

a  s i m i l a r  manner due t o  i t s  even  h i g h e r  a l k a l i  l a b i l i t y  f o r m i n g  a l w a y s  

2 - m e t h y l a m i n o - 5 - n i t r o p y r i d i n - 3 - N - m e t h y l c a r b o x a m i d e  ( 1 Z )  - -  as a  breakdown 

p r o d u c t  of 15 .  - -  M i l d  m e t h y l a t i o n  o f  1 3  - -  w i t h  d i m e t h y l  s u l f a t e / a l k a l i  a t  room 

t e m p e r a t u r e  l e d ,  however,  i n  68 % y i e l d  t o  t h e  d e s i r e d  compound ( 1 5 ) .  - -  

The 6 - n i t r o p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 , 4 - d i o n e  - ( 1 2 - 1 5 )  - -  -- have t h e n  a l s o  been 

r e d u c e d  c a t a l y t i c a l l y  w i t h  Pd/C and  hyd rogen  t o  t h e  c o r r e s p o n d i n g  6-amino 

d e r i v a t i v e s  ( 1 8 - 2 1 )  - -  -- i n  good y i e l d s .  The r e a c t i v i t y  o f  t h e  6-amino g r o u p s  

was s t u d i e d  i n  d i f f e r e n t  ways t o  show i t s  s y n t h e t i c  p o t e n t i a l .  R e a c t i o n  o f  

19 w i t h  benza ldehyde  gave t h e  S c h i f f ' s  base ( 2 2 ) .  w h i c h  c o u l d  be c o n v e r t e d  - -  - -  - - 
i n t o  6 - b e n z y l a m i n o - l - m e t h y l p y r i d o [ 2 , 3 - ~ p y r i m i d i n e - 2 , 4 - d i o n e  ( 2 3 )  - -  b y  so -  

d ium b o r o h y d r i d e  r e d u c t i o n .  I n  a  s i m i l a r  manner 1 9  r e a c t e d  w i t h  d i m e t h y l -  - -  
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formamidedimethylacetal to the corresponding d i m e t h y l a m i n o m e t h y l e n i m i n o  

derivative (24), - -  which hydrolysed in dilute acid to 6-formylamino-1-methyl- 

pyridoL2.3-!]pyrimidine-2,4-dione (25). - -  Diazotization with isoamyl nitrite 

in ethanol/HCl led in the case of 1; and 15, - - respectively, t o  the formation 

and isolation of crystalline diazonium chloride salts ( 2 6 , g L ) .  Analogous 
diazotizations in aqueous medium under Sandmeyer conditions afforded the 

6-chloro- and 6-bromopyrido[2,3-dlpyrimidine-2.4-diones (gg-31) in good 
yields. Finally the solid diazonium salts (26) --  and ( 2 7 ) .  - -  respectively, were 

coupled with a series o f  secondary amines such a s  diethylamine, pyrrolidine, 

morpholine, sarcosine, (-)-ephedrine, - N-methylphenethylamine, and !-ethyl- 

benzylamine to afford the corresponding 6-triazeno derivatives ( 3 2 - 3 9 ) .  - -  - -  

A somewhat unexpected result was observed on reduction o f  the 6-nitropy- 

rido[2,3-dlpyrimidine-2,4-diones - (12-14) - -  - -  with sodium borohydride in aqueous 

ammonia leading to the 5,6,7,8-tetrahydro derivatives (40-4,). - -  - -  The fact 

that the pyridine ring is reduced without altering the substituents is do- 

cumented already in literature. 32-34 5,6,7,8-Tetrahydro-1-methyl-6-nitro- 

pyrido[2,3-dlpyrimidine-2,4-dione ( 4 1 )  - - was furthermore subject to cataly- 

tic hydrogenation with Adams catalyst, which has to be reduced first to P t  

before adding the educt, otherwise only partial conversion to the amino 

derivative (43)takes - -  place. 

PHYSICAL PROPERTIES 

The newly synthesized compounds have been characterized by elemental ana- 

lysis, uv and l ~ - n m r  spectra and the determination o f  their pKa values 

(Tables 1 and 2). Pyrido[2,3-dlpyrimidine-2,4-dione (8) and its methyl de- 

rivatives (9-11) are relatively weak bases with a basic pKa around 0. Ca- 
tion formation should take place a t  the N-8 position and causes a weak 

bathochromic shift o f  the long wavelength absorption band. The first aci- 

dic pKaof 8 - was found a t  9.15, but this value represents an equilibrium 
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p ~ ,  o f  t h e  t w o  p o s s i b l e  a n i o n  s p e c i e s  due  t o  t h e  f a c t  t h a t  t h e  1 -  ( 9 )  - a n d  

3 - m e t h y l  d e r i v a t i v e  (IQ), - - r e s p e c t i v e l y ,  h a v e  a l m o s t  i d e n t i c a l  a c i d i t i e s .  

We e n c o u n t e r  h e r e  t h e  same s i t u a t i o n  l i k e  i n  u r a c i l 3 5  a n d  l u m a z i n e , '  w h e r e  

i o n i z a t i o n  o f  N1-H a n d  N3-H a l s o  t a k e s  p l a c e  s i m u l t a n e o u s l y  a f f o r d i n g  a  

1 : l  m i x t u r e  o f  t h e  m o n o a n i o n s .  T h i s  b e h a v i o u r  i s  a l s o  r e f l e c t e d  i n  t h e  u v  

s p e c t r a  o f  t h e  m o n o a n i o n  s p e c i e s  o f  8 ,  - 9 ,  - a n d  1Q, - -  s i n c e  l - m e t h y l p y r i d o -  

[2,3-dlpyrimidine-2.4-dione - (9) - r e v e a l s  o n l y  a  s m a l l  b a t h o c h r o m i c  s h i f t  o f  

5 nm, w h e r e a s  t h e  3 - m e t h y l  i s o m e r  ( 1 0 )  i s  s h i f t e d  on  a n i o n  f o r m a t i o n  b y  - -  
31 nm a s  e x p e c t e d  f r o m  i t s  much b e t t e r  r e s o n a n c e  s t a b i l i z a t i o n .  

The m o n o a n i o n  s p e c t r u m  o f  pyrido[2,3-dlpyrimidine-2,4-dione - ( 6 )  . i s  a  compo- 

s i t e  o f  t h e  t w o  r e l a t e d  a n i o n  s p e c i e s  e x p r e s s e d  b y  t h e  t w o  l o n g  w a v e l e n g t h  

a b s o r p t i o n  b a n d s  a t  311  a n d  342 nm. S i m i l a r  c o n s i d e r a t i o n s  a r e  v a l i d  f o r  

t h e  6-nitropyrido[2,3-dlpyrimidine-2,4-dione - s e r i e s ,  w h i c h  shows e x p e c t e d -  

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

i o n i z a t i o n  o f  Nl-H m o r e  s t r o n g l y  a n d  f a v o u r i n g  t h e  c o r r e s p o n d i n g  m o n o a n i o n  

t o  a  l a r g e r  e x t e n t  i n  t h e  e q u i l i b r i u m  m i x t u r e .  

The 6 - a m i n o p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 , 4 - d i o n e  - ( 1 8 - 2 1 )  .. -- a b s o r b  a s  n e u t r a l  s p e -  

ties a t  3 5 2 - 3 5 6  nm due  t o  t h e  e l e c t r o n - d o n a t i n g  e f f e c t  o f  t h e  a m i n o  g r o u p .  

C a t i o n  f o r m a t i o n  c a u s e s  a  s t r o n g  h y p s o c h r o m i c  s h i f t  t o  t h e  r e g i o n  o f  3 1 0 -  

315 nm a n d  r e v e a l i n g  s p e c t r a  w h i c h  a r e  a l m o s t  s u p e r i m p o s a b l e  w i t h  t h e  n e u -  

t r a l  f o r m s  o f  8 - 1 1 .  - -- T h i s  s i m i l a r i t y  i n d i c a t e s  t h a t  t h e  p r o t o n a t i o n  s i t e  i s  

l o c a t e d  a t  t h e  e x o c y c l i c  am ino  g r o u p s  and  n o t  a t  t h e  r i n g  n i t r o g e n  a s  com- 

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



Table 1 .  Physical Data of Pyrido[2,3-dlpyrimidine-2,4-diones 

uv - Absorption Spectra 

log E 

4 . 3 3  3 .85  4 .02  
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11 .0  
2N KO 
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3 .0  
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12 .0  

MeOH 

- 1  . o  
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12 .0  
N KOH 
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T a b l e  1. C o n t i n u a t i o n  - 

6 - D i m e t h y l a m i n o -  
m e t h y l e n a m i n o -  
1 - m e t h y l - *  ( 2 i )  

! - M e t h y l -  * - 6 -  
d i a z o n i u m  c h l o -  
r i d e  ( g $ )  
1 , 3 - D i m e t h y l -  * - 
6 - d i a z o n i u m  
c h l o r i d e  ( 2 7 )  

u v  - A b s o r p t i o n  S p e c t r a  

l o g  E 

-1 . o  
7.0 

12.0 

-1  .o 
7.0 

12.0 

- 1  .o 
7.0 

- 1  .o 
7.0 

13.0 

MeOH 

MeOH 

3.0  
9.0 

3.0 

I 
o l e -  

o rm  - 
t 

0 - 

+ 
0 - 
+ 
0 

+ 
0 - 

0  

0 

+ 
t 

+ 

- 
[ I = s h o u l d e r ;  + = c a t i o n ;  o  = n e u t r a l  m o l e c u l e ;  - = m o n o a n i o n ;  - -  = d i a n i o n .  
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a n d  3 - a m i n o p y r i d i n e  a n d  3 - a m i n o q u i n o l i n e ,  i n  s p e c i a l .  T h i s  r a r e  c a s e  of 

am ino  g r o u p  p r o t o n a t i o n  may b e  due t o  t h e  f a c t  t h a t  t h e  p y r i d i n e  r i n g - N -  

a t o m  p o s s e s s e s  i n  t h e  pyrido[2,3-dlpyrimidine-2,4-dione - s y s t e m  a n  u n u s u a l  

l o w  b a s i c i t y .  

The l-methylpyrido[2,3-d]pyrmidine-2,4-dione-6-diazonium - c h l o r i d e  ( 2 6 )  -- 

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

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

d i c  pKa down t o  6.98.  D e p r o t o n a t i o n  l e a d s  i n  t h i s  c a s e  t h e  z w i t t e r i o n  f o r -  

m a t i o n  ( 2 6 3 )  --- a n d  a  b a t h o c h r o m i c i t y  o f  t h e  l o n g  w a v e l e n g t h  band.  

1 
The H-nmr s p e c t r a  a r e  r e l a t i v e l y  s i m p l e  and show no p e c u l i a r i t i e s  ( T a b l e  

2 ) .  The s i g n a l s  o f  t h e  a r o m a t i c  p r o t o n s  i n  compounds ( 8 - 1 1 )  a p p e a r  a s  doub- - - -  

l e t s  o f  d o u b l e t s  i n d i c a t i n g  l o n g r a n g e  c o u p l i n g s  b e t w e e n  H - C ( 5 )  a n d  H-C(7 ) .  

The c o u p l i n g  c o n s t a n t s  a r e  f o u n d  f o r  J g S 6  = 7 - 8  Hz,  J s S 7  = 4.5 H z ,  a n d  

J5,7 = 2 Hz. The a d d i t i o n a l  n i t r o  g r o u p  i n  12-15 c a u s e s  t h e  e x p e c t e d  down- - -  - -  
f i e l d  s h i f t s  o f  t h e  a r o m a t i c  p r o t o n s ,  w h i c h  i s  even  m o r e  p r o n o u n c e d  i n  t h e  

d i a z o n i u m  s a l t s  ( 2 6 )  - -  a n d  ( 2 2 ) ,  - -  r e s p e c t i v e l y .  The e l e c t r o n - d o n a t i n g  amino 

g r o u p  i n  18-21 e f f e c t s  a n  u p - f i e l d  s h i f t  i n  c o m p a r i s o n  t o  t h e  u n s u b s t i t u -  - -  - -  

t e d  a n a l o g u e s  and t h e  p r e s e n c e  o f  a  h a l o - a t o m  i n  6 - p o s i t i o n  does  n o t  a l t e r  

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

w o r t h y  t h a t  t h e  1 - m e t h y l  g r o u p  has  a l w a y s  a  l o w e r  c h e m i c a l  s h i f t  t h a n  t h e  

3 - m e t h y l  g r o u p .  
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T a b l e  2. I H - N ~ ~  D a t a  o f  Pyrido[2,3-dlpyrimidine-2,4-dione - i n  DMSO-d6 

*pyrido[2,3-41 p y r i -  N-H H-C(7) H-C(5) H-C(6) N-CH3 6-Subst 
midine-2,4-dione 

1 -Methyl -6-n i  t r o - *  (23) 

3-Methyl -6 -n i t ro - *  (14) 

1,3-Dimethyl-&nitro-* (15) -- 

6-Amino-* (1g) 

6-Amino-1 -methyl -* (19) 

6-Amino-3-methyl -* (20) 

6-Amino-l,3-dimethyl-* (21) 

! -Me thy l - * -  6-diazo- 
nium ch lo r i de  (26) 

1,3-Dimethyl- * -6-dia-  
zonium c h l o r i d e  (22) 

6-Chloro-1 -methyl-* (28) 
6-Bromo-* (29) 
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EXPERIMENTAL 

T l c :  P r e c o a t e d  c e l l u l o s e  t h i n - l a y e r  s h e e t s  F 1440  a n d  s i l i c a  g e l  t h i n -  

l a y e r  s h e e t s  F 1500  LS 254  f r o m  S c h l e i c h e r  & S c h u l l .  P r e p .  t l c  o n  s i l i c a  

g e l  6 0  PF254 ( M e r c k )  a n d  p r e p a r a t i v e  c o l u m n  c h r o m a t o g r a p h y  on  s i l i c a  g e l  

( M e r c k  60 ,  0 .063-0 .2  mesh ) .  U V I V I S :  U v i k o n  820,  K o n t r o n  a n d  Lambda 5  and 

15,  P e r k i n  E l m e r :  A m a x  nm ( l o g  c ) .  l ~ - ~ m r :  B r u k e r  WM 250;  6 (ppm)  r e l a t i v e  

t o  TMS. pK:  d e t e r m i n a t i o n s  w e r e  p e r f o r m e d  b y  t h e  s p e c t r o p h o t o m e t r i c  m e t -  

h o d . 3 6  Mp: BOch i  a p p a r a t u s ,  mode l  D r .  T o t t o l i ;  no  c o r r e c t i o n s .  

2-Aminopyrido[2,3-dlpyrimidin-4-one - ( z ) . ~ ~  - I n  280  m l  o f  h o t  H20 6.7 g  

( 5 3  mmol )  o f  2 . 4 - d i a m i n o - 4 - p y r i m i d o n e  (1) w e r e  d i s s o l v e d ,  6  m l  o f  AcOH and 

4 . 6  g  ( 2 1  mmol )  o f  1 , 1 , 3 , 3 - t e t r a e t h o x y p r o p a n e  w e r e  a d d e d  and  t h e  m i x t u r e  

r e f l u x e d  f o r  3 .5  h .  A f t e r  c o o l i n g  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  washed 

w i t h  H20 and  EtOH a n d  d r i e d  a t  100°C i n  t h e  o v e n  t o  g i v e  7.4 g ( 9 7  % )  o f  

an  a l m o s t  c o l o r l e s s  c h r o m a t o g r a p h i c a l l y  p u r e  p o w d e r  o f  2, - mp > 300°C. 

l ~ - ~ m r  (DMSO-d6): 9 .72  ( b r  s, 2H, NH); 5.92 ( b r  s ,  4H, NH2) ;  4 .73  ( b r  s ,  

l H ,  CH I ;  4.01 ( b r  s ,  l H ,  C H I ;  1.66 ( b r  s, 2H, CH2) .  

a )  1.8 g  ( 6 . 2 5  mmol )  o f  2 - w e r e  h e a t e d  i n  1 8  ml  o f  c o n c .  H2S04 a t  160°C f o r  

2  h .  A f t e r  c o o l i n g  t h e  s o l u t i o n  was p o u r e d  on  i c e ,  d i l u t e d  w i t h  H20 t o  

250 m l  a n d  t h e n  t r e a t e d  w i t h  s o l i d  NaHC03 t i l l  pH 3 .  The r e s u l t i n g  p r e c i -  

p i t a t e  was f i l t e r e d  a n d  d i s c a r d e d .  The f i l t r a t e  was t h e n  n e u t r a l i z e d  b y  

s o l i d  NaHC03 t o  pH 6-7 ,  t h e  new p r e c i p i t a t e  was c o l l e c t e d ,  washed w i t h  H20 

and  d r i e d  a t  100°C t o  y i e l d  0 .62  g  ( 6 1  % )  o f  3 - a s  a  c o l o r l e s s  powde r ,  mp 

> 300°C. 

b )  3 .0  g ( 1 0 0  mmol )  o f  2 - w e r e  r e f l u x e d  i n  90 ml  o f  AcOH f o r  8  h .  The r e -  

suiting p r e c i p i t a t e  was c o l l e c t e d  a f t e r  c o o l i n g  a n d  s t a n d i n g  o v e r n i g h t .  

Wash ing  w i t h  H20 a n d  EtOH a n d  d r y i n g  a t  100°C g a v e  1 .53  g  ( 9 1  % )  o f  3 - as 

a  c o l o r l e s s  p o w d e r ,  mp > 300°C. B o t h  m a t e r i a l s  a )  a n d  b )  a r e  c h r o m a t o g r a -  

p h i c a l l y  i d e n t i c a l .  Uv (pH 1 3 ) :  217  ( 4 . 2 8 ) ;  239  ( 4 . 2 8 ) ;  265  ( 3 . 8 8 ) ;  330  
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( 3 . 8 1 ) .  I H - N ~ ~  (DMSO-d6):  8 .62  ( d d ,  l H ,  H - C ( 7 ) ) ;  8 .21  ( d d ,  l H ,  H - ~ ( 5 ) ) ;  

7.12 (dd ,  l H ,  H - C ( 6 ) ) ;  6 .75  ( b r  s, 2H, NH2) .  

pyrido[2,3-dlpyrimidine-2,4-dione - (!I. 28 - A  m i x t u r e  o f  2.54 g  ( 2 0  mmol )  

o f  6 - a m i n o u r a c i l  (2) a n d  4 .0  g  ( 1 8  mmol )  o f  1,1,3,3-tetraethoxypropane i n  

350 ml o f  H20 was r e f l u x e d  f o r  4  h. The y e l l o w i s h  p r e c i p i t a t e  was c o l l e c t e d  

a f t e r  c o o l i n g  a n d  g a v e  on d r y i n g  2.02 g  ( 6 6  % )  o f  t h e  i n t e r m e d i a t e .  T h i s  

m a t e r i a l  (1 .09 ,  3.3 mmol )  was h e a t e d  i n  10  ml  o f  c o n c .  H2S04 a t  160°C f o r  

2  h. The m i x t u r e  was p o u r e d  o n  i c e ,  t h e  b r o w n  p r e c i p i t a t e  was f i l t e r e d  o f f  

and t h e  f i l t r a t e  was n e u t r a l i z e d  t o  pH 7  by  s o l i d  NaHC03. The n e w l y  d e v e -  

l o p e d  p r e c i p i t a t e  was c o l l e c t e d ,  washed w i t h  H20 a n d  EtOH a n d  g a v e  0 .5  g  

c r u d e  p r o d u c t .  R e c r y s t a l l i z a t i o n  f r o m  1 8  ml o f  AcOH/H20 4 : l  y i e l d e d  0 .35  g  

( 6 6  % )  o f  a  c o l o r l e s s  powder ,  mp > 320°C. A n a l .  C a l c d  f o r  C7H5N302: 

C ,  51 .55 ;  H, 3 .09 ;  N,  25 .77 .  Found:  C ,  51 .47 ;  H, 3 .12 ;  N,  25 .80 .  

1-Methylpyrido[2,3-dlpyrimidine-2,4-dion - ( 9 ) .  - A  m i x t u r e  o f  2.82 g  ( 2 0  

mmol )  o f  6 - a m i n o - 1 - m e t h y l u r a c i l  and 5  m l  ( 2 2  mmol )  o f  1 , 1 , 3 , 3 - t e t r a e t h o x y -  

p r o p a n e  i n  200 m l  o f  H20 a n d  50 m l  o f  EtOH was r e f l u x e d  f o r  3  h .  I t  was 

t h e n  e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s i d u e  was h e a t e d  w i t h  5  m l  o f  c o n c .  

H2S04 a t  160°C f o r  2  h .  A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  was p o u r e d  o n  

i c e  ( 5 0  g )  a n d  t h e  p r e c i p i t a t e  was c o l l e c t e d  on s t a n d i n g  o v e r n i g h t .  R e c r y s -  

t a l l i z a t i o n  f r o m  H20 y i e l d e d  0 .86  g  ( 4 8  % )  o f  9 - as  y e l l o w i s h  c r y s t a l s ,  mp 

285°C. - A n a l .  C a l c d  f o r  C8H7N302: C ,  54 .24 ;  H, 3 .98 ;  N, 23 .72 .  Found :  

C ,  54 .19 ;  H, 4 .00 ;  N,  23.75.  

3 - M e t h y l p y r i d o [ 2 , 3 - d l  - p y r i m i d i n e - 2 , 4 - d i o n e  ( l p )  - -  ." - A n a l o g o u s  t o  t h e  p r e -  

c e d i n g  p r o c e d u r e  f r o m  2.82 g  ( 2 0  mmol)  o f  6 - a m i n o - 3 - m e t h y l u r a c i l  ( 6 ) .  - The 

s t r o n g l y  a c i d i c  r e a c t i o n  s o l u t i o n  was n e u t r a l i z e d  b y  s o l i d  NaHC03 a f t e r  

t r e a t m e n t  w i t h  i c e .  The p r e c i p i t a t e  was r e c r y s t a l l i z e d  f r o m  H20 w i t h  c h a r -  
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coal to give 0.37 g (10 % )  of i p  as colorless crystals, mp 270°C. Lit., 2 9 

274°C. Anal. Calcd for C8H7N302: C, 54.24; H, 3.98; N, 33.72. Found: 

C, 54.31; H, 4.11; N, 24.01. 

1 , 3 - D i m e t h y l p y r i d o I 2 , 3 - d l p y r i m i d i n e - 2 . 4 - d o  - (11) - - ." - A mixture of 3.1 g 

(20 mmol) of 6 - a m i n o - 1 , 3 - d i m e t h y l u r a c i l  ( Z )  - and 4.4 g (20 mmol) of 1,1,3,3- 

tetraethoxypropane in 50 ml of H20 was refluxed for 4 h. After cooling 

the precipitate was collected, washed with EtOH and dried to yield 2.59 g 

(75 % )  of the tetracyclic intermediate in form of colorless needles, mp 

308°C. Anal. Calcd for C15H18N604: C, 52.02; H, 5.24; N, 24.27. Found: 

C, 51.67; H,  5.39; N ,  24.16. Reaction of 1.41 g (4 mmol) of this compound 

in 5 ml conc. H2S04 at 160°C for 2 h led to the desired cyclization. The 

reaction mixture was poured on ice (80 g), the precipitate was collected 

and then recrystallized from 50 ml of EtOH to yield 0.43 g (56 % )  of color- 

less crystals, mp 160°C. Lit.," 164°C. Anal. Calcd for CgHgN302: 

c, 56.54; H ,  4.47; N, 21.98. Found: C, 56.58; H, 4.87; N, 22.21. 

6-Nitropyridol2.3-dlpyrimidine-2,4-dione - ( i ~ ) . ~ '  - -  - In 250 ml of 1 % NaOH 

are heated 19.5 g (0.15 mol) of 4 and 26.0 g (0.16 mol) of sodium nitro- 
malonaldehyde m ~ n o h y d r a t e ~ ~  for 5 h under reflux. The precipitate was col- 

lected after cooling to give 21.9 g (70 % )  of 12 as its sodium salt. The - -  
product was dissolved in 240 ml of hot 1 N NaOH, treated with charcoal, 

filtered and acidified with AcOH/H20 (!:I) to yield 17.4 g (56 % )  of 12 - -  

in form of a yellowish powder, mp > 320°C. - Anal. Calcd for C7H4N404: 

C, 40.39; H, 1.94; N, 26.92. Found: C, 40.20; H, 1.91 ; N, 26.81. 

l - M e t h y l - 6 - n i t r o p y r i d o l 2 , 3 - ~ p y r i m i d i n e - 2 , 4 - d i o n e  (13). .- - A solution of 

28.2 g (0.2 mol) of 5 in 700 ml of 1% NaOH and 32.0 g (0.2 mol) sodium 

nitromalonaldehyde monohydrate was heated with stirring to 80°C for 2 h. 
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The precipitate was collected after cooling (31.8 g), then again dissolved 

in 250 ml of boiling H20, treated with charcoal, filtered and the filtrate 

was acidified with conc. HC1 to pH 4. The precipitate was filtered off, 

washed with H20 and EtOH and dried at 100°C to give 27.2 g (61 % )  of a 

colorless powder, mp 245-247°C. - Anal. Calcd for C8H6N404: C, 43.25; 

H, 2.72; N, 25.22. Found: C ,  43.40; H ,  2.62; N, 25.07. 

3-Methyl-6-nitropyridol2,3-dlpyrimidine-2,4-dione - ( 1 4 ) .  - - - A solution of 

0.70 g (5 mmol) of 5 and 1.2 g (7.5 mmol) of sodium nitromalonaldehyde 

monohydrate in 20 ml of 1% NaOH was refluxed for 4.5 h .  The precipitate 

was collected after cooling, then dissolved in 20 ml of boiling H20 and 

the solution was acidified by glacial acetic acid to yield 0.54 g (44 % )  

of 14 - -  as a colorless powder, mp 285-287°C. - Anal. Calcd for C8H6N404: 

C ,  43.25; H, 2.72; N ,  25.22. Found: C, 43.70; H, 2.70; N ,  25.37. 

1,3-0imethyl-6-nitropyrido[2,3-d]pyrimidine-2,4-dione - (5). - -  - To a solution 

of 4.44 g (20 mmol) of 13 - -  in 500 ml of 0.05 N NaOH were added dropwise with 

stirring 3 ml (30 mmol) of dimethyl sulfate in 30 ml of MeOH at room tem- 

perature. The pH is kept at the end of the methylation at 7 by adding little 

1 N NaOH. After stirring for another hour it was acidified by 1 N HCl to 

pH 4 ,  the separating precipitate was collected and then recrystallized from 

EtOH to yield 2.8 g (59 % )  colorless crystals, mp 192-194°C. Anal. Calcd 

for CgH8N4O4: C ,  45.77; H, 3.41; N, 23.72. Found: C. 45.62; H, 3.51; 

N ,  23.58. 

2 - M e t h y l a m i n o - 5 - n i t r o p y r i d i n e - 3 - c a r b o x a m i d  (16). - -  - a) 2.2 g (0.01 mol) of 

13 were refluxed in 20 ml (0.1 mol) of 5 N NaOH for 1 h. The precipitate - -  - -  
was collected after cooling and purified by recrystallization from H20 to 

give 1.57 g (80 % )  of yellow crystals, mp 243-245°C. 
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b )  A  m i x t u r e  o f  1 . 4 1  g  ( 1 0  mmol )  o f  5 a n d  1.7 g  ( 1 1  mmol )  o f  s o d i u m  n i t r o -  

m a l o n a l d e h y d e  m o n o h y d r a t e  i n  35 m l  o f  1  % NaOH was r e f l u x e d  f o r  4 .5  h .  On 

c o o l i n g  a  p r e c i p i t a t e  was o b t a i n e d  ( 0 . 2 9  g ) ,  w h i c h  gave  on  r e c r y s t a l l i z a -  

t i o n  f r o m  H20 0 .192  g  ( 1 0  % )  o f  y e l l o w  c r y s t a l s ,  mp 243-246°C.  l ~ - ~ m r  

(DMSO-d6):  9 .49  ( q ,  l H ,  NH);  9 .04  ( d ,  J = 3  Hz ,  l H ,  H - C ( 6 ) ) ;  8 .75  ( d ,  J = 

3  Hz ,  l H ,  H - C ( 4 ) ) ;  8 .42  + 7 . 6 9  ( b r  s, 2H, NH2) ;  3.03 (m, 3H, N-CH3).  - Anal .  

C a l c d  f o r  C7H8N403: C,  4 2 . 8 6 ;  H, 4 .11 ;  N, 28.56.  Found :  C ,  4 3 . 0 9 ;  H, 3.87;  

N. 2 8 . 5 5 .  

2 - M e t h y l a m i n o - 5 - n i t r o p y r i d i n e - 3 - N - m e t h y l c a r b o x a m i d e  ( 1 ) .  - -  - a )  0 .47  g  

( 2  mmol )  o f  15 - -  w e r e  r e f l u x e d  i n  10  ml  ( 1 0  mmol )  o f  1  N  NaOH f o r  1  h. The 

p r e c i p i t a t e  was c o l l e c t e d  a f t e r  c o o l i n g  a n d  gave  on  r e c r y s t a l l i z a t i o n  f r o m  

H20/EtOH 0 .315 g  ( 7 5  % )  o f  y e l l o w  c r y s t a l s ,  mp 240°C. 

b )  A  m i x t u r e  o f  1 .55  g  ( 1 0  mmol )  o f  - a n d  1 . 8 9  g ( 1 2  mmol )  o f  s o d i u m  

n i t r o m a l o n a l d e h y d e  m o n o h y d r a t e  i n  3 0  m l  o f  1  % NaOH was r e f l u x e d  f o r  2.5 h .  

On c o o l i n g  t h e  p r e c i p i t a t e  was c o l l e c t e d  a n d  gave  on  r e c r y s t a l l i z a t i o n  

f r o m  H20/EtOH 1 .25  g ( 5 9  % )  y e l l o w  c r y s t a l s ,  mp 240°C. 

' ~ - ~ m r  (DMSO-d6):  9 .25  ( q ,  l H ,  NH) ;  9.03 ( d ,  J = 2  Hz ,  l H ,  H - C ( 6 ) ) ;  8.86 

( q ,  l H ,  NHCO); 8 .65  ( d ,  J = 2  Hz, I H ,  H - C ( 4 ) ) ;  3.03 (m, 3H, N-CH3) ;  2.77 

(m, 3H, CH3-NHCO). A n a l .  C a l c d  f o r  C8H10N403: C ,  4 5 . 7 1 ;  H, 4 .79 ;  N, 26.75.  

Found :  C ,  45 .76 ;  H, 4.75;  N ,  26.48.  

6-Aminopyrido[2,3-dlpyrimidine-2,4-dione - ( 1 ~ ) . ~ l  - -  - I n  1  1  o f  H20 w e r e  d i s -  

s o l v e d  5.0 g  ( 2 4  mmol )  o f  12 - -  b y  a d d i t i o n  o f  a  min imum amount  o f  ammonia.  

R e d u c t i o n  was a c h i e v e d  b y  0 .8  g  o f  Pd/C ( 5  % )  u n d e r  H2 a t m o s p h e r e  i n  a  

s h a k i n g  a p p a r a t u s .  The  t h e o r e t i c a l  amoun t  o f  Hz was t a k e n  up  a f t e r  5  h. 

The  m i x t u r e  was h e a t e d  t o  b o i l i n g ,  f i l t e r e d  a n d  t h e  f i l t r a t e  was e v a p o r a -  

t e d  t o  d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  100 ml  o f  0.25 N  NaOH a n d  t h e  

h o t e  s o l u t i o n  was a d d e d  d r o p w i s e  t o  75 m l  o f  b o i l i n g  0 .5  N  AcOH. A f t e r  coo-  
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l i n g  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  washed w i t h  H20 a n d  d r i e d  a t  100°C t o  

y i e l d  3 . 8  g  ( 8 9  % )  o f  a  c o l o r l e s s  powder ,  mp > 320°C. A n a l .  C a l c d  f o r  

C7H6N402: C ,  47.19;  H, 3 .39 ;  N,  31 .45 .  Found :  C ,  4 7 . 0 8 ;  H, 3 .33 ;  N, 31 .50 .  

6 - A m i n o - l - m e t h y l p y r i d o [ 2 , 3 - d ] p y r i m i d i n e - 2 , 4 - d i o n e  - ( 2 ) .  - A m i x t u r e  o f  

8.88 g  ( 4 0  mmol )  o f  a 3  and 0 .4  g  o f  Pd/C ( 5  % )  i n  800  m l  o f  EtOH a n d  200 ml 

o f  AcOH was h y d r o g e n a t e d  i n  a  s h a k i n g  a p p a r a t u s .  The r e d u c t i o n  was a c h i e v e d  

a f t e r  3  h .  The c a t a l y s t  was f i l t e r e d  o f f ,  t h e  f i l t r a t e  was e v a p o r a t e d  t o  

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

o f  50 % AcOH. A f t e r  c o o l i n g  t h e  p r e c i p i t a t e  was c o l l e c t e d ,  washed w i t h  H20 

a n d  d r i e d  a t  100°C t o  g i v e  6 . 1 7  g  ( 8 0  % )  o f  a  y e l l o w i s h  p o w d e r ,  mp 3 1 6 -  

319°C. The s u b s t a n c e  c o u l d  a l s o  b e  r e c r y s t a l l i z e d  

H 2 0  A n a l .  C a l c d  f o r  C8H8N402: C ,  50 .00 ;  H, 4 .20 ;  

C ,  49 .88 ;  H, 4.02; N ,  28.91.  

a r g e  amount  o f  

6.  Found :  

To a  s o l u t i o n  o f  

1 . 8  g  ( 8 . 1  mmol )  o f  1Q - -  1  N  ammonia ( 1 5 0  m l )  was added  0 .2  g  o f  Pd/C ( 5  % )  

a n d  t h e n  c a t a l y t i c a l l y  iq r e d u c e d  u n d e r  Hz a t m o s p h e r e  i n  a  s h a k i n g  a p p a r a -  - -  
t u s .  The c a t a l y s t  was f i l t e r e d  o f f  a f t e r  5  h ,  t h e  f i l t r a t e  was e v a p o r a t e d  

a n d  t h e  r e s i d u e  r e c r y s t a l l i z e d  f r o m  600 ml o f  H20 t o  y i e l d  1 . 0 9  g  ( 7 0  % )  

o f  a  y e l l o w i s h  powder ,  mp > 300°C. Anal. C a l c d  f o r  C8H8N402: C .  50 .00 ;  

H, 4 .20 ;  N, 29.16,  Found :  C ,  49 .72 ;  H ,  4 . 0 9 ;  N, 29 .13 .  

6 - A m i n o - 1 , 3 - d i m e t h y l p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 , 4 - d i o n e  - 1 .  - - - A s u s p e n s i o n  

o f  3 . 2  g  ( 1 3 . 6  mmol)  o f  1 5  - -  i n  400 m l  o f  EtOH a n d  100 m l  o f  AcOH was r e -  

d u c e d  c a t a l y t i c a l l y  w i t h  0.4 g  o f  Pd/C ( 5  % )  i n  a  s h a k i n g  a p p a r a t u s .  A f t e r  

u p t a k e  o f  920 m l  o f  Hz t h e  m i x t u r e  was h e a t e d ,  f i l t e r e d  h o t  a n d  t h e  f i l t -  

r a t e  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was r e c r y s t a l l i z e d  f r o m  250 m l  o f  

EtOH t o  y i e l d  2.37 g  ( 8 4  % )  o f  y e l l o w  c r y s t a l s ,  mp 211-212°C.  A n a l .  C a l c d  - 
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for C H N 0 . C, 52.42; H, 4.89; N, 27.17. Found: C, 52.54; H, 4.80; 
9 10 4 2' 

N, 27.12. 

6-Benzylideneimino-l-methylpyrido[2.3-dlpyrimidine-2,4-dione - (22). - -  - A sus- 

pension of 0.576 g (3 mmol) of 21 - -  in 60 ml of AcOH was treated with 1.06 g 

(0.01 moll of freshly destilled benzaldehyde with stirring for 1 h at room 

temperature. The precipitate was filtered off, washed with EtOH and then 

recrystallized from the same solvent to give 0.65 g (77 %) of a yellowish 

powder, mp 273-275°C. Anal. Calcd for C15H12N402: C, 64.27; H, 4.32; 

N, 19.99. Found: C, 64.19; H, 4.25; N, 20.08. 

6-Benzylamino-l-methylpyrido[2,3-dlpyrimidine-2,4-dione (22). - - - In 40 ml 

of AcOH were treated 0.53 g (2.7 mmol) of gl with 1.0 g (9 mmol) of benz- --  
aldehyde with stirring for 1 h. The suspension was cooled with ice and 

then 0.38 g (10 mmol) of NaBH4 were added gradually. The solid material 

was dissolved and soon afterwards a new precipitate separated. It was 

stirred for 45 min, filtered and then recrystallized from 350 ml of EtOH 

and 150 ml of H20 to yield 0.623 g (82 % )  of yellowish needles, mp 265- 

267°C. Anal. Calcd for C15H14N402: C, 63.82; H, 5.00; N, 19.85. Found: 

C, 63.79; H, 5.17; N, 19.73. 

6-(N,N-Dimethylaminomethylenimino)-l-methylpyrido[2,3-~lpyrimidine-2,4- 

dione (24). - -  - A solution of 0.384 g (2 mmol) of 19 - -  in 20 ml of dry DMF 

was treated with 0.66 ml of N,N-dimethylformamide dimethyl acetal for 18 h 

at room temperature. It was then evaporated to dryness in high vacuum, the 

residue was dissolved in CHC13, put onto a silica gel column and eluted 

with CHC13/MeOH (97:3). The main fraction was evaporated and the residue 

was recrystallized from dry EtOH to give 0.453 g (74 % )  of colorless crys- 

tals, mp 185-186°C. Anal. Calcd for C11H13N502: C, 53.43; H, 5.30; 
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N ,  28 .32 .  Found :  C ,  53 .32 ;  H, 535;  N, 2 8 . 0 8 .  

6-Formylamino-l-methylpyrido[2,3-d]pyrimidine-2,4-dione - ( 2 5 ) .  - -  - 0 .494  g 

( 2  mmol)  o f  24 - -  w e r e  r e f l u x e d  i n  150 ml o f  H20 a n d  1  m l  o f  AcOH f o r  45 m i n .  

On c o o l i n g  c o l o r l e s s  c r y s t a l s  we re  s e p a r a t e d  t o  g i v e  0 .376 g  ( 8 5  % )  o f  25 ,  - -  
mp 302°C. - A n a l .  C a l c d  f o r  CgH8N403: C ,  4 9 . 0 9 ;  H, 3 .66 ;  N, 25.45.  Found :  

C ,  48.84;  ti, 3 . 5 8 ;  N ,  25 .26 .  

l-Methylpyrido[2.3-dlpyrimidine-2,4-dione-6-diazonium - c h l o r i d e  ( 2 6 ) .  -. - A  

s u s p e n s i o n  o f  3 .56  g  ( 1 8 . 5  mmol )  o f  - -  13 i n  250 ml o f  EtOH a n d  15 m l  ( 3 7 . 5  

mmol )  o f  2.5 N  m e t h a n o l i c  HC1 was c o o l e d  t o  0°C a n d  t h e n  2 .5  m l  ( 1 8 . 5  

mmol )  o f  i s o a m y l  n i t r i t e  added w i t h  s t i r r i n g  f o r  I h  and w a r m i n g  u p  t o  

room t e m p e r a t u r e .  The p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w i t h  d r y  EtOH 

a n d  d r y  e t h e r .  D r y i n g  i n  a  vacuum d e s i c c a t o r  o v e r  P4010  y i e l d e d  3.8 g  

( 8 6  % )  o f  a  s l i g h t l y  b r o w n i s h  powder ,  mp 175°C.  A n a l .  C a l c d  f o r  C8H6N5- 

02C1:  C ,  40 .10 ;  H, 2 .52 ;  N, 29 .23 .  Found :  C ,  40 .55 ;  H, 2 .56 ;  N ,  2 8 . 9 9 .  

1,3-Dimethylpyrido[2.3-dlpyrimidine-2,4-dione-6-diazonium - c h l o r i d e  ( 2 1 ) .  .- - 

A s o l u t i o n  o f  0 .824 g  ( 4  rnmol) o f  15 - - i n  40 ml  o f  d r y  EtOH a n d  3 .2  ml  

( 8  mmol )  o f  2 .5  N  m e t h a n o l i c  HC1 was c o o l e d  t o  0°C a n d  t h e n  0.54 m l  ( 4  m- 

m o l l  o f  i s o a m y l  n i t r i t e  added w i t h  s t i r r i n g .  A f t e r  45 m i n ,  t h e  s o l u t i o n  

was d r o p p e d  i n t o  400 m l  o f  d r y  e t h e r  u n d e r  s t i r r i n g ,  t h e  p r e c i p i t a t e  was 

c o l l e c t e d ,  washed w i t h  e t h e r  and d r i e d  i n  a  vacuum d e s i c c a t o r  t o  g i v e  

0.973 g  ( 7 8  % )  o f  a  s l i g h t l y  b r o w n i s h  powder ,  mp 116°C.  - A n a l .  C a l c d  f o r  

CgH8N502C1 . H20:  C ,  3 9 . 7 9 ;  H, 3.71;  N ,  25 .78 .  Found :  C ,  39 .81 ;  H, 3 . 7 8 ;  

N, 25 .58 .  
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6 - C h l o r o - l - m e t h y l p y r i d o [ 2 , 3 - ~ l p y r i m i d i n e - 2 , - d i o n e  ( 2 8 ) .  - -  - To a  h o t  s o l u -  

t i o n  o f  0 .65  g  (2 .6  mmol )  o f  CuS04 . 5  H20 i n  3  m l  o f  H20 w e r e  added  0.23 g  

o f  NaCl  a n d  t h e n  a  s o l u t i o n  o f  0.17 g  ( 1 . 3  mmol )  o f  Na2S03 i n  l i t t l e - H 2 0 .  

The r e s u l t i n g  p r e c i p i t a t e  was c o l l e c t e d ,  washed s e v e r a l  t i m e s  w i t h  H20 and 

t h e n  d i s s o l v e d  i n  c o n c .  H C I .  T h i s  s o l u t i o n  o f  t h e  CuCl  c a t a l y s t  was t r e a t e d  

w i t h  a c o o l e d  s o l u t i o n  o f  0 . 4 8  g  ( 2  mmol )  o f  26 - -  i n  8  m l  o f  c o n c .  HCl and  

t h e n  h e a t e d  t o  70°C f o r  45  m i n .  The r e a c t i o n  m i x t u r e  was n e u t r a l i z e d  w i t h  

a  s a t u r a t e d  a q u e o u s  NaHC03 s o l u t i o n  a n d  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  

washed a n d  d r i e d  ( 0 . 3 6  g ) .  The c r u d e  m a t e r i a l  was h e a t e d  w i t h  70 m l  o f  

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

y i e l d  0 .272  g  ( 6 4  % )  o f  c o l o r l e s s  c r y s t a l s ,  mp 258-259°C.  U v  (MeOH): 212 

( 4 . 4 1 ) ;  254  ( 4 . 1 2 ) ;  3 2 4  ( 3 . 7 4 ) ;  1335 ( 3 . 6 4 ) ] .  Anal. C a l c d  f o r  C8H6N302C1: 

C ,  45.41;  H, 2 .86 ;  N ,  19 .86 .  F o u n d :  C ,  4 5 . 7 0 ;  H, 2 .81 ;  N, 19 .45 .  

6-Bromopyrido[2,3-$]pyrimidine-2,4-dione ( 2 9 ) .  - -  - The  CuBr c a t a l y s t  was 

p r e p a r e d  a n a l o g o u s  t o  t h e  p r e c e d i n g  p r o c e d u r e  u s i n g  0 .39  g  o f  NaBr .  T h e  

p r e c i p i t a t e  was d i s s o l v e d  i n  c o n c .  HBr  a n d  t h e n  a d d e d  t o  a  s o l u t i o n  o f  

0 .356  g  ( 2  mmol )  o f  12 i n  5  m l  o f  h a l f  c o n c .  HBr  t r e a t e d  a t  0°C w i t h  - -  
0 . 1 6 6  g  ( 2 . 4  mmol )  o f  NaN02 f o r  d i a z o t i z a t i o n .  T h e  r e a c t i o n  m i x t u r e  was 

h e a t e d  t o  80°C f o r  3 0  m i n .  A f t e r  c o o l i n g  t h e  p r e c i p i t a t e  was c o l l e c t e d  and 

r e c r y s t a l l i z e d  f r o m  3 2 0  m l  o f  H20 t o  g i v e  0 .36  g  ( 7 3  % )  o f  a  c o l o r l e s s  pow- 

d e r ,  mp 346 -348°C .  U v  (MeOH):  210  ( 4 . 4 2 ) ;  251 ( 4 . 1 3 ) ;  321  ( 3 . 7 4 ) ;  [ 3 3 0  

( 3 . 6 9 ) l .  A n a l .  C a l c d  f o r  C7H4N302Be: C ,  34 .74 ;  H, 1 . 6 7 ;  N, 17 .36 .  Found:  

C ,  3 4 . 8 3 ;  H, 1 . 6 6 ;  N, 17 .44 .  

6 - B r o m o - l - m e t h y l p y r i d o [ 2 , 3 - ~ p y r i m i d i n e - 2 4 - d i o n e  (3Q). - -  - A n a l o g o u s  t r e a t -  

m e n t  o f  0 .384  g  o f  13 - - a c c o r d i n g  t o  t h e  p r e c e d i n g  p r o c e d u r e  l e d  t o  0 .48  g  

o f  c r u d e  m a t e r i a l ,  w h i c h  was r e c r y s t a l l i z e d  f r o m  80 m l  o f  EtOH t o  g i v e  

0 . 3 7 8  g  ( 7 4  % )  o f  c o l o r l e s s  c r y s t a l s ,  mp 259-261°C.  Uv (MeOH): 217  ( 4 . 6 0 ) ;  
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245 (4.30); 330 (3.85); I343 (3.74)]. Anal. Calcd for C8H6N3O2Br: 
C, 37.52; H, 2.36; N, 16.41. Found: C, 37.63; H, 2.25; N, 16.33. 

6 - 8 r o m o - 3 - m e t h y l p y r i d o [ 2 , 3 - ~ p y r i m i d i n e - 2 , 4 - d i o n e  ($1). - 0.384 g of 14 --  

were treated analogous to the preceding procedure to give 0.31 g (60 % )  

of colorless crystals, mp 314°C. Uv (MeOH): 214 (4.44); 250 (4.0); 322 

(3.75); 1331 (3.70)l. Anal. Calcd for C8H6N302Br: C, 37.52; H, 2.36; 
N, 16.41. Found: C, 37.93; H, 2.13; N ,  16.24. 

6 - T r i a z e n o p y r i d o [ 2 , 3 - d l p y r i m i d i n e - 2 , 4 - d i n s  - (32-39). General procedure. - 
1 Mmol of the pyrido[2,3-d]pyrimidine-2,4-dione-6-diazonium chloride (26, 

22) - -  was suspended in  10 ml of ice-water, the appropriate amine was added 

and after stirring for 5 min the solution was acidified by conc. HCl to 

pH 4-5. The precipitate was collected and purified by recrystallization. 

6-(N,N-Diethyltriazeno)-l-methylpyrido[2,3-lpyrimidine-2,4-dione - - (32). - 

From 0.239 g (1 mmol) of 26 - -  and 3.6 g (0.05 mol) of diethylamine 0.232 g 

(83 % )  of 32 were obtained as crude material. Recrystallization from 60 ml - - 
of MeOH gave 0.157 g (57 % )  of yellowish crystals, m p  248°C. U v  (MeOH): 

209 (4.36); [234 (3.87)]; 309 (4.39); [358 (3.98)l. Anal. Calcd for C 1 2 H 1 6 -  
N602: C, 52.12; H ,  5.84; N ,  30.42. Found: C, 52.14; H,  5.57; N ,  30.10. 

l-Methyl-6-(N,N-tetramethylenetriazeno)pyrido[2,3-~]pyrimidine-2,4-dione - - 

(33). - From 0.239 g (1 mmol) of 26 - -  and 1.4 g (0.02 moll of pyrrolidine 

0.256 g (93 % )  of 23 . - were obtained in  form of chromatographically pure, 

yellowish crystals, mp 271°C. U v  (MeOH): 209 (4.35); [236 (3.87)l; 311 

(4.39); [360 (3.98)]. Anal. Calcd for C12H14N602: C, 52.55; H, 5.14; 

N ,  30.64. Found: C, 51.98; H, 5.14; N ,  30.35. 
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N-(l-Methyl-2,4-dioxotetrahydropyrido[2,3-~lpyrimidin-6-yl)diazomorpho- - 
line (34). - -  - From 0.239 g (1 mmol) of 25 --  and 3.5 g (0.04 mol) of morpho- 

line 0.263 g (90 % )  of 34 - - were obtained as crude material. Purification 

was ahcieved by careful dissolution in 1 N NaOH and neutralization by HCl 

to pH 6 to give 0.217 g (75 % )  of yellowish crystals, mp 283'C. U v  (MeOH): 

208 (4.37); [234 (3.8411; 308 (4.37); [352 (4.04)]. Anal. Calcd for C12H14- 
N603: C, 49.65; H, 4.86; N ,  28.95. Found: C, 49.45; H, 4.62; N ,  28.68. 

N-(1 , 3 - 0 i m e t h y l - 2 , 4 - d i o x o t e t r a h y d r o p y r i d o [ 2 , 3 - ~ l p y r i m i d i n - 6 - y 1  )diazomor- - 
pholine (35). - From 0.253 g ( 1  mmol) of 22 - -  and 1.74 g (0.02 mol) of mor- 

pholine 0.23 g (75 % )  of 35 .- were obtained as crude material. Recrystalli- 

zation from EtOH gave 0.161 g (53 % )  of yellowish crystals, mp 211°C. 

U v  (MeOH): 211 (4.35); [234 (3.99)l; 306 (4.39); [356 (4.05)l. Anal. Calcd 

for C13H16N603: C, 51.31; H, 5.30; N, 27.62. Found: C, 51.58; H, 5.19; 

N, 27.75. 

dione (35). - From 0.239 g (1 mmol) of 26 and 0.17 g (1.2 mmol) of sar- - -  - -  - 
cosine 0.262 g (89 % )  of 36 .- were obtained as yellowish crystals, mp 275- 

276°C. Uv (MeOH): 208 (4.35); [230 (3.9511; 308 (4.32); [358 (3.96)l. 

Anal. Calcd for C11H12N604: C.45.20; H, 41.14; N, 28.76. Found: C, 44.83; - 
H, 4.58; N, 28.55. 

l - M e t h y l - 6 - ( ~ - m e t h y l - ~ - p h e n y l e t h y l t r i a z e n o ) p y r i d o [ 2 , 3 - ~ l p y r i m i d i n e - 2 , 4 -  

dione (37). - -  - From 0.239 g (1  mmol) of P g  - -  and 0.5 ml of - N-methylphen- 
- 
ethylamine 0.296 g (87 %)  of 37 - -  were obtained as a yellowish powder, mp 

185-186°C. U v  (MeOH): 207 (4.52); [236 (3.94)l; 309 (4.40); [359 (3.98)l. 

Anal. Calcd for C17H18N602: C, 60.34; H, 5.36; N ,  24.84. Found: C, 59.83; - 

H, 5.14; N, 24.68. 
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6-(N-Benzyl-N-ethyltriazeno)-l-methylpyrido[2,3-lpyrimidine-2,4-dione ( 3 8 )  
- From 0.239 g (1 mmol) of 26 - -  and 0.5 ml of - N-ethylbenzylamine 0.278 g 

(82 % )  of 38 -. were obtained as yellowish crystals, mp 198-201°C. Uv (MeOH): 

207 (4.52); [239 (3.91)l; 309 (4.40); D59 (4.0111. Anal. Calcd for C17- 
H N 0 . C, 60.34; H, 5.36; N ,  24.84. Found: C, 60.47; H, 5.38; N ,  24.54. 18 6 2' 

[2,3-dlpyrimidine-2,4-dione - ( 3 9 ) .  - From 0.239 g (1 mmol) of 26 - -  and 

0.38 g (2.3 mrnol) of (-)-ephedrine 0.335 g (91 % )  of 3 9  - - were obtained as 
a yellowish powder, mp 211-213°C. Uv (MeOH): 208 (4.50); 1232 (3.9711; 

309 (4.40); [360 (3.95)l. &aJ. Calcd for Cl8HZ0N6O3: C, 58.69; H ,  5.47; 

N, 22.81. Found: C, 58.60; N, 5.66; N, 22.82. 

Synthesis of 6-nitro-5,6,7,8-tetrahydropyrido[2,3-dlpyrimidine-2,4-diones - 

( 4 0 - 4 2 ) .  General procedure. - 2 Mmol of the 6-nitropyrido[2,3-dl pyrimi- 

dine-2,4-dione were dissolved in 15 ml of H20 and 2 ml of conc. NH40H. The 

Solution was cooled to 5-8°C and then 0.08 g (2 mmol) of sodium borohyd- 

ride were added. It was stirred 10 min at 5°C and then 1 h at room tempe- 

rature till the red color of the solution has disappeared. It was then con- 

centrated to half of the colune and acidified by AcOH to form a precipi- 

tate which was purified by recrystallization. 

6 - N i t r o - 5 , 6 , 7 , 8 - t e t r a h y d r o p y r i d o [ 2 , 3 - ~ p y r i m i d i n e - 2 , 4 - d i o n e  ( 4 Q )  - -  - From 

0.36 g (2 mmol) of 1 2  .- were obtained 0.308 g (72 % )  of 40 as a crude mate- -. 

rial. Recrystallization from 60 ml of H20 gave 0.237 g (56 % )  of colorless 

crystals, mp >32O0C. Uv (MeOH): 202 (4.17); 1228 (3.65)l; 271 (4.23). 

Anal. Calcd for C7H8N404: C, 39.63; H, 3.80; N ,  26.41. Found: C, 39.70; - 

H, 4.02; N, 26.32. 
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l-Methyl-6-nitro-5,6,7,8-tetrahydropyrido[2,3-dlpyrimidine-2,4-dione - ($1). . - 

- From 0.444 g (2 mmol) of 13 - -  were obtained 0.37 g (82 % )  of 41 as a crude - -  

product, which was recrystallized from 50 ml of H20 to give 0.294 g (65 % )  

of colorless crystals, mp 297°C. Uv (MeOH): 203 (4.23); I230 (3.60)l; 

274 (4.22). Anal. Calcd for C8H10N404: C, 42.48; H, 4.46; N, 24.77. 

Found: C, 42.22; H, 4.50; N, 24.70. 

3-Methyl-6-nitro-5,6,7,8-tetrahydropyrido2,3-dlpyrimidine-2,4-dione - (42). . . 

- From 0.444 g (2 mmol) of 14 were obtained 0.333 g (70 % )  of 42 as a - -  - - 
crude product, which gave on recrystallization from 35 ml of H20 0.256 g 

(57 % )  of colorless crystals, mp >280°C (decomp.). Uv (MeOH): 204 (4.19); 

I230 (3.5811; 270 (4.22). Anal. Calcd for C8H10N404: C, 42.48; H, 4.46; 

N ,  24.77. Found: C, 42.50; H,  4.37; N ,  24.72. 

6 - A m i n o - l - m e t h y l - 5 , 6 , 7 , 8 - t e t r a h y d r o p y r i d o [ 2 , 3 - p y r i m i d i n e - 2 , 4 - d i o n e  (43). . . 

- In 100 ml of H20 0.1 g of Pt02 was reduced under Hz atmosphere in a 

shaking apparatus to form the Pt catalyst. The 0.452 g of $1 were added - -  
and the reduction was continued till the theoretical amount of H2 (135 m l )  

was consumed. The catalyst was filtered off, the filtrate was evaporated 

to dryness and the residue was treated with 20 ml of 2.5 N methanolic HCl 

to give 0.324 g crude material. Purification was ach,ieved by dissolving in 

little H20 and addition of saturated methanolic HC1. The resulting preci- 

pitate was filtered off, washed with ether and gave after drying 0.15 g 

(50 % )  of colorless crystals of the dihydrochloride monohydrate salt, mp 

>340°C. Uv (pH 4): [234 (3.50)l; 278 (4.26). Anal. Calcd for C8H12N402 
. 2 HCl . H20: C, 33.46; H, 5.61; N, 19.51. Found: C, 33.94; H, 5.70; 

N ,  19.64. 



928 HETEROCYCLES, Vol. 33. No. 2. 1992 

REFERENCES 

1 .  P a p e r  X X X I :  Z .  5 .  S a l i h ,  P. S t e g m u l l e r ,  a n d  W .  P f l e i d e r e r ,  J .  H e t e r o -  

c y c l .  Chem., 1988 ,  25, 1443.  

2. 11. J .  I r w i n  a n d  0.  G. W i b b e r l e y ,  A d v a n .  H e t e r o c y c l .  Chem., 1969 ,  10 ,  

149 .  

3 .  E .  L u n t  a n d  C .  G .  N e w t o n ,  ' C o m p r e h e n s i v e  H e t e r o c y c l i c  C h e m i s t r y ' ,  e d .  

A. R. K a t r i t z k y  a n d  C .  W .  Rees ,  P e r g a m o n  P r e s s ,  O x f o r d ,  1984,  V o l .  3, 

P a r t  2  B, 1 9 9 .  

4. W .  P f l e i d e r e r ,  ' C o m p r e h e n s i v e  H e t e r o c y c l i c  C h e m i s t r y ' ,  e d .  A. R. 

K a t r i t z k y  a n d  C. W .  R e e s ,  P e r g a m o n  P r e s s ,  O x f o r d ,  1984 ,  V o l .  3 ,  P a r t  

2  B,  263 .  

5. L .  K l i s i e c k i  a n d  E. S u c h a r d a ,  R o c z n i k i  Chem., 1923,  3, 251 .  

6.  V .  O a k e s ,  R. P a s c o e ,  a n d  N. H. R y d o n ,  J .  Chem. Soc. ,  1956 ,  1045 .  

7 .  R. K .  R o b i n s  a n d  G .  H.  H i t c h i n g s ,  J. Am. Chem.Soc.,  1955 ,  77 ,  2256 .  

8 .  R. K. R o b i n s  a n d  G .  H .  H i t c h i n g s ,  J .  Am. Chem. S o c . ,  1958 ,  80 ,  3 4 4 9 .  

9 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  1957 ,  90 ,  2582 .  

10 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  

11 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  

1 2 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  

13 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  

14 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  

1 5 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  1958 ,  91 ,  1 6 7 1 .  

16 .  W .  P f l e i d e r e r  a n d  G .  N u b e l ,  Chem. B e r . ,  1960 ,  93,  1406.  

17 .  W .  P f l e i d e r e r ,  Chem. B e r . ,  1962,  9 5 ,  749 .  

18 .  G .  N u b e l  a n d  W .  P f l e i d e r e r ,  Chem. B e r . ,  1962 ,  95 ,  1605.  

1 9 .  W .  P f l e i d e r e r ,  J. W .  B u n t i n g ,  D .  D .  P e r r i n ,  a n d  G.  N u b e l ,  Chem. B e r . ,  

1966 ,  9 9 ,  3 5 0 3 .  

20.  W .  P f l e i d e r e r  a n d  H. D e i s s ,  Chem. B e r . ,  1971,  104 ,  780 .  

21 .  W .  P f l e i d e r e r  a n d  R .  M e n g e l ,  Chem. B e r . ,  1971 ,  1 0 4 ,  3842 .  



HETEROCYCLES, Vol. 33. No. 2. 1992 929 

W .  P f l e i d e r e r  a n d  W .  H u t z e n l a u b ,  Chem. B e r . ,  1 9 7 3 ,  1 0 6 ,  3 1 4 9 .  

G. E v e n s  a n d  P. C a l u w e ,  J .  O r g .  Chem., 1 9 7 5 ,  4 0 ,  1 4 3 8 .  

E. E. G a r c i a ,  S y n t h .  Commun., 1 9 7 3 ,  3 ,  3 9 7 .  

K. H i r o t a ,  Y .  K i t a d e ,  a n d  S. Senda ,  H e t e r o c y c l e s ,  1 9 8 0 ,  1 4 ,  4 0 7 .  

K. H i r o t a ,  Y .  K i t a d e ,  a n d  S. S e n d a ,  J. O r g .  Chem., 1 9 8 1 ,  46,  8 4 6 .  

R .  B e r n e t t i ,  F .  M a n c i n i ,  a n d  C .  C. P r i c e ,  J .  O r g .  Chem., 1 9 6 2 ,  2 7 ,  

2 8 6 3 .  

A .  C .  M c L e a n  a n d  F .  S. S p r i n g ,  J .  Chem. Soc.,  1 9 4 9 ,  2 5 8 2 .  

L .  C a p u a n o ,  M .  W e l t e r ,  a n d  R .  Z a n d e r ,  Chem. B e r . ,  1 9 6 9 ,  1 0 2 ,  3 6 9 8 .  

T .  I t o h ,  T .  I m i n i ,  H. O g u r a ,  N .  K a w a h a r a ,  T .  N a k a j i m a ,  a n d  K. A .  

W a t a n a b e ,  H e t e r o c y c l e s ,  1 9 8 3 ,  2 0 ,  2 1 7 7 .  

T .  C. L e e  a n d  G. S a l e m n i c k ,  J .  O r g .  Chem., 1 9 7 5 ,  4 0 ,  3 6 0 8 .  

E. F. S c r i v e n ,  ' C o m p r e h e n s i v e  H e t e r o c y c l i c  C h e m i s t r y ' ,  e d .  A .  R .  

K a t r i t z k y  a n d  C .  W .  R e e s ,  P e r g a m o n  P r e s s ,  O x f o r d ,  1 9 8 4 ,  V o l .  2 ,  2 7 9 .  

S.  Yamada a n d  Y .  K i k u g a w a ,  Chem. a n d  I n d . ,  1 9 6 6 ,  2 1 6 9 .  

S.  Yamada a n d  Y .  K i k u g a w a ,  Chem. a n d  I n d . ,  1 9 6 7 ,  1 3 2 5 .  

K. N a k a n i s h i ,  N .  S u z u k i ,  a n d  F .  Y a m a z a k i ,  B u l l .  Chem. S o c .  J a p a n ,  

1 9 6 1 ,  3 4 ,  5 3 .  

A .  A l b e r t  a n d  E.  P. S e r j e a n t ,  ' T h e  D e t e r m i n a t i o n  o f  I o n i z a t i o n  C o n -  

s t a n t s ' ,  Chapman a n d  H a l l  L t d . ,  Lomdon,  1 9 7 1 ,  4 4 ,  

P. E. F a n t a ,  C .  S. H a m i l t o n ,  a n d  P. J .  V a n d e r h o r s t ,  O r g .  S y n t h .  C o l l . ,  

1 9 6 3 ,  V o l .  4 ,  8 4 4 .  

Received, 1 3 t h  December, 1991 


