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REACTIONS OF CYCLIC DERIVATIVES OF URACIL AND T H Y M I N E  

Yoshiaki  I n a k i * ,  Hidekazu Futagawa and K i i c h i  Takemoto 

Department of Pe t rochemis t ry ,  F a c u l t y  of Eng inee r ing  
Osaka U n i v e r s i t y ,  S u i t a ,  Osaka, JAPAN 

Dedicated to Professor C.G. Ouerberger on the Occasion of his 60th Birthday 

Recen t ly ,  c y c l i c  d e r i v a t i v e s  of u r a c i l  and thymine,  

1 ,2-O-e thanourac i l  ( V I u )  and 1,2-0-ethanothymine ( V I b )  w e r e  

found t o  undergo po lymer i za t ion  w i t h  a c a t i o n i c  i n i t i a t o r  by 

I r ing-opening  p rocess .  With number o f  r e a g e n t s ,  t h e s e  cy- 

c l i c  d e r i v a t i v e s  of t h e  py r imid ine  b a s e s  had r e a c t i v i t i e s  

s i m i l a r  t o  t h a t  c y c l o n u c l e o t i d e s 2  and w e r e  u s e f u l  as in te rme-  

diates f o r  t h e  s y n t h e s i s  of py r imid ine  d e r i v a t i v e s .  Th i s  

pape r  p r e s e n t s  t h e  r e a c t i o n s  o f  compound V I  w i t h  v a r i o u s  rea- 

g e n t s .  

Compounds V I a  and V I b  w e r e  p repa red  from u r a c i l  o r  thy-  

mine as shown on t h e  n e x t  page. Compounds 1 1 - V  were known, 

b u t  t h e  p rocedure  f o r  p r e p a r a t i o n  of I V  from u r a c i l  or thymine 

w a s  improved o v e r  t h a t  p r e v i o u s l y  r e p o r t e d .  3 

Compound V I  w i t h  v a r i o u s  a c i d s  gave t h e  2 ' - s u b s t i t u t e d  

1 - e t h y l u r a c i l  o r  -thymine d e r i v a t i v e s  ( V I I ) .  By r e a c t i o n  

w i t h  h y d r o c h l o r i c  a c i d  i n  aqueous s o l u t i o n  o r  i n  methanol  

s o l u t i o n ,  compound V I  gave t h e  hydroxyethyl  d e r i v a t i v e  (2-b') 
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INAKI, FUTAGAWA AND TAKEMOTCI 

S i  (CH3)  

~ '9 b ,  C 

O N  A. a 

(CH313Si0 N 
H C H ~ O C O C H  

I I r  I I I  

a 1  R = H 
b )  R = CH3 

"."p-" d, H+R e ,  

I 
A 0 A 

C H ~  C H ~  c i  O Y  
CH2CH20H 

I V  V v1 

a$ Hexamethyld is i lazane  b )  2-Bromoethyl acetate c )  Methanol ,  
H d )  Thionyl  c h l o r i d e ,  Dioxane e )  DBU, DMF 

o r  t h e  c h l o r o e t h y l  d e r i v a t i v e  ( V ) .  When hydrobromic a c i d  w a s  

used i n s t e a d  of h y d r o c h l o r i c  a c i d  i n  methanol ,  t h e  bromoethyl  

d e r i v a t i v e  ( V I I I )  w a s  o b t a i n e d .  

Acetate (111) w a s  o b t a i n e d  from V I  by r e a c t i o n  w i t h  acet- 

i c  a c i d .  S i m i l a r l y  p o l y a c r y l a t e  (IX) and po lymethac ry la t e  

( X )  c o n t a i n i n g  u r a c i l  o r  thymine were o b t a i n e d  by r e a c t i o n  

w i t h  p o l y a c r y l i c  a c i d  o r  po lymethac ry l i c  a c i d .  T h i o l a c e t i c  

a c i d  and V I  gave t h i o a c e t a t e  ( X I )  which w a s  l e a d  t o  a t h i o l  

compound by h y d r o l y s i s .  5 

0 0 

a )  R = H  
b )  R = CH3 

A3 R ' X  ~ 

0 
O W "  & H ~ C H ~ - X  
2' 1' 

1' / v 11 
4- 

I ) R '  = H , X  = B r  ! U )  R '  = H , X  = -OCOCHCH2j  X )  R '  = H ,  + 
3' X -OCOC(CH3)CH2)  X i )  R '  = H , X  = -SCOCH3 X T Z )  R '  = -CH 

X - I  I )  R '  = - C H j ,  X = -S03PhCH3 
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REACTTONS OF CYCLIC DERIVATIVES OF t m c n  AND THYMINE 

The ring-opening polymerizat ion of  monomer V I  i n i t i a t e d  
1 by methyl i o d i d e  o r  methyl p- toluenesulfonate  w a s  r epor t ed .  

When excess  amounts o f  t h e s e  i n i t i a t o r s  were r e a c t e d  wi th  

monomer V 1 8  t h e  iod ide  ( X I I )  or t h e  t o s y l a t e  ( X I I I )  w e r e  ob- 

t a ined .  The t o s y l a t e  ( X I I I )  w a s  i d e n t i f i e d  by I R  and NblR 

s p e c t r a ,  bu t  a pure compound could n o t  be i s o l a t e d  because of 

low c r y s t a l l i n i t y  of  X I I I .  

In c o n t r a s t  t o  t h e  r e a c t i o n  with a c i d s 8  t r ea tmen t  of 

compound V I  with ammonia i n  a l c o h o l  gave C-2 s u b s t i t u t e d  

pyrimidine d e r i v a t i v e s  X I V  - X V I .  In  t h i s  r e a c t i o n ,  1 ,2-0-  

e t h a n o u r a c i l  ( V I a )  and l12-O-ethanothymine ( V I b )  gave d i f f e r -  

e n t  products .  The u r a c i l  d e r i v a t i v e  ( V I a )  gave t h e  isocyto-  

s i n e  d e r i v a t i v e  ( X I V a )  i n  high y i e l d  a t  room temperature.  

Small amounts of  t h e  2-methoxypyrimidine d e r i v a t i v e  ( X V a )  and 

a polymer were ob ta ined  as by-products. On t h e  o t h e r  hand, 

t h e  thymine d e r i v a t i v e  V I b  gave t h e  2-methoxypyrimidine de r iv -  

a t i v e  ( X V b )  o r  2-ethoxy d e r i v a t i v e  ( X V I b )  along with s t a r t i n g  

material V I b .  A t  h ighe r  temperature  (50-70') t h e  s a m e  sys- 

t e m s  formed polymers. This type of polymer w a s  a l s o  obtained 

from t h e  polymerizat ion i n i t i a t e d  by sodium methoxide. 6 

X V )  R' = CHJ 
xvr) R '  = CH 2 3  CH 
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INAKI, FUTAGAWA AND TAKEMOTO 

EXPERIMENTAL 

1 , 2 ' - C h l o r o e t h y l u r a c i l  ( V a )  .- To a s o l u t i o n  of V I a  ( 1 . 4 9 ,  

lommol) i n  50mL of m e t h a n o l ,  w a s  added 5.0mL o f  conc .  hydro-  

c h l o r i c  acid a t  25O, and  t h e  s o l u t i o n  w a s  s t i r r e d  f o r  2 h r .  

A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  w a s  washed w i t h  

a small amount o f  c o l d  water. R e c r y s t a l l i z a t i o n  from e t h a n o l  

gave  1 . 4 9  ( 8 2 % )  of V a  as colorless n e e d l e s ,  mp. 162-163",  

lit. 163-164'. 

1 ,2 ' -Bromoethyl thymine  ( V I I I b )  .- To a s o l u t i o n  o f  VIb ( 0 . 5 0 g ,  

3.3mmol) i n  30mL o f  m e t h a n o l ,  w a s  added 4.5mL o f  hydrobromic  

acid (48% aqueous  s o l u t i o n )  a t  25O, and t h e  m i x t u r e  w a s  s t ir-  

red for  2 h r  a t  25'. The p r e c i p i t a t e d  p r o d u c t  w a s  f i l t e r e d  

and  w a s  r e c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  0.5Og o f  V I I I b  as  
f color less  n e e d l e s  ( 6 5 % ) ,  mp. 209-210', lit. 197-198".  

1,2'-Acetylthioethyluracil (XIa).- Compound V/ra( l .Og,  7 . 3  

mmol) w a s  added  t o  l o g  of t h i o l a c e t i c  a c i d  a t  room t e m p e r a t u r e  

and  w a s  s t i r r e d  for  0 .5  h r .  Then t h e  m i x t u r e  w a s  h e a t e d  a t  

40" f o r  1 h r .  A f t e r  e x c e s s  t h i o l a c e t i c  ac id  w a s  d i s t i l l e d  

u n d e r  r e d u c e d  p r e s s u r e  , t h e  r e s i d u e  w a s  r e c r y s t a l l i z e d  f rom 

e t h a n o l  t o  g i v e  1 .269  ( 8 1 % )  o f  n e e d l e s ,  mp. 168-170'. 

- I R ( K B r )  : 1690,  1 4 6 0 ,  1360,  1240,  1140 c m - l .  U V ( H 2 0 )  : hmax - 

267.5nm ( E  = 9 , 8 0 0 ) .  

3 .13 ( t ,  2 H ) ,  3.80 ( t ,  2 H ) ,  5 .50  ( d ,  l H ) ,  7 .58 ( d ,  l H ) ,  11 .3  

( s ,  1 H )  6 ppm. MS(m/e): 2 1 4 .  

Anal .  _- Calcd .  f o r  C8H1103N2S: C ,  44.84;  H ,  4 . 7 1 ;  N ,  1 3 . 0 8 ;  S ,  

1 4 . 9 6 .  Found: C ,  44 .67;  H ,  4 .57 ;  N ,  13 .28;  S ,  1 5 . 1 5 .  

'H-NMR (lOOMHz, DMSO-d6): 2 .32 ( s ,  3 H ) ,  

- - A c t t y l t h i o c t h y l t h y m i n e  (XI/)).- Compound VTh (l.Og, 6 . 6  

) was adtli:d to l o g  of t h i o l a c e t i c  a c i d ,  and t h e  m i x t u r e  

1,2 
rnmo 
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REACTIONS OF CYCLIC DERIVATIVES OF URACIL AND THYMlNE 

w a s  s t i r red fo r  1 h r  a t  25'. A f t e r  excess t h i o l a c e t i c  acid 

w a s  d i s t i l l e d  u n d e r  vacuum, t h e  res idue  w a s  washed w i t h  e t h y l  

e t h e r .  The o b t a i n e d  s o l i d  w a s  r e c r y s t a l l i z e d  from e t h a n o l  t o  

give l . l g  ( 7 0 % )  of p l a t e s ,  mp. 169-170'. I R ( K B r ) :  1690,1480,  

1370,  1230,  1150 c m - l .  W ( H 2 0 ) :  Xmax = 274.0nm ( E  = 9 , 4 0 0 ) .  

'H-NMR (~OOMHZ, DMSO-d6): 1 . 7 5  ( s ,  3H),  2.32 ( S ,  3H),  3.12 ( t ,  

2 H ) ,  3.80 (t ,  2 H ) ,  7 .48 ( S ,  l H ) ,  1 1 . 1 3  ( 9 ,  1 H )  6 ppm. 

Anal .  - Calcd. f o r  CgH1203N2S: C ,  47.36; H ,  5.30; N ,  12 .27;  S, 

14.07.  Found: C ,  47.17; H ,  5 .24;  N ,  12 .17;  S ,  14.12.  

1,2~-Iodoethyl-3-methyluracil ( X I I a ) . -  To a s o l u t i o n  of V I a  

(0 .50g ,  3.6mmol) i n  lOmL of DMF, w a s  added 7mL (112mol) of 

m e t h y l  iodide,  a n d  t h e  m i x t u r e  w a s  s t i r red for  1 0  d a y s  a t  25". 

E x c e s s  m e t h y l  iodide and t h e  s o l v e n t  w e r e  d i s t i l l e d  u n d e r  

vacuum, and e t h y l  e t h e r  w a s  added t o  t h e  o i l y  r e s i d u e  a n d  t h e  

m i x t u r e  w a s  s t irred f o r  1 h r .  A f t e r  f i l t r a t i o n ,  t h e  f i l t r a t e  

w a s  c o n c e n t r a t e d  t o  give 0.75g ( 7 4 % )  of n e e d l e s ,  mp. 94-96'. 

I R ( K E 3 r ) :  1700,  1650,  1460,  1410,  1 3 6 0 ,  1240,  1150,  8 1 0 ,  760 

= 266.0nm ( E  = 1 0 , 0 0 0 ) .  c m  -1 . U V ( H 2 0 )  : hmax 

- Anal. Calcd. for  C 7 H g 0 2 N 2 1 :  C ,  30.02;  H ,  3 .24;  N ,  10.00: I ,  

45.31. Found: C ,  29.75;  H ,  3.04; N ,  10 .01;  I ,  45.36. 

1,2'-Iodoethyl-3-methylthymine ( X I I b )  .- To a s o l u t i o n  of V I b  

( 0 . 4 g ,  2.6mmol) i n  lOmL of DMF, w a s  added 4mL (64mmol) of 

m e t h y l  iod ide ,  and  t h e  s o l u t i o n  w a s  s t irred €or 1 0  d a y s  a t  25'. 

E x c e s s  m e t h y l  iodide a n d  DMF w e r e  d i s t i l l e d  u n d e r  vacuum, and  

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

f i l t r a t e  w a s  c o n c e n t r a t e d  to  g i v e  0.31g ( 4 0 % )  o f  p l a t e s ,  mp. 

114-115". I R ( K B r ) :  1700,  1660,  1 6 4 0 ,  1480,  1360,  1 1 9 0 ,  770 

c m  . U V ( H 2 0 ) :  hmax = 271.5nm ( E  = 1 0 , 3 0 0 ) .  'H-NMR ( l O O M H z ,  -1 
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I N A K I ,  FUTAGAWA AND TAKEMOTO 

CDC13) :  1 . 9 5  ( S ,  3H) ,  3.34 ( S ,  3 H )  , 3.40 ( t ,  2H) ,  4 .08 ( t ,  

2H) , 7.04 ( s ,  1 H )  6 ppm. 

- Anal. Calcd. fo r  C8H1102N21: C, 32.67; H r  3 .77;  N ,  9 . 5 3 ;  I ,  

43.15. Found: C ,  32.50; H ,  3 .68;  N ,  9.49; I ,  43.22. 

1,2'-Hydroxyethyl-isocytosine (XIVu).- A s o l u t i o n  o f  V I a  

(l.Og, 7.3mmol) i n  200mL o f  m e t h a n o l  s a t u r a t e d  w i t h  ammonia 

w a s  s t i r r e d  f o r  1 0  d a y s  a t  room t e m p e r a t u r e .  A f t e r  e v a p o r a -  

t i o n  of m e t h a n o l ,  t h e  r e s i d u e  w a s  washed w i t h  e t h y l  a ce t a t e ,  

and t h e  o b t a i n e d  so l id  w a s  r e c r y s t a l l i z e d  f rom e t h a n o l  t o  g i v e  

0.9Og ( 8 0 % )  o f  n e e d l e s ,  mp. 211-212". I R ( K B r ) :  3320, 3160,  

1 6 4 0 ,  1 5 7 0 ,  1510 ,  1 4 4 0 ,  1130 ,  1 1 1 0 ,  1050,  820 c m - l .  

A max 
( t ,  2H) ,  3 .80 ( t ,  2 H ) ,  5 .13  ( s ,  l H ) ,  5 .50  ( d ,  l H ) ,  6 .95 ( s ,  

2H) , 7 .24  ( d ,  1 H )  6 ppm. MS ( m / e ) :  155.  

- Anal. C a l c d .  f o r  C 6 H g 0 2 N 3 :  C ,  46.44;  H ,  5 .85 ;  N ,  27.08. 

Found: C ,  46 .32 ;  H ,  5 . 7 4 ;  N ,  26.92. 

1,2'-Hydroxyethyl-2-methoxy-5-methylpyrimidine-4-one ( X V b ) . -  

A s o l u t i o n  o f  V I b  ( l . O g ,  6.6mmol) i n  150mL o f  m e t h a n o l  s a t u -  

ra ted  w i t h  ammonia w a s  s t i r r e d  f o r  1 0  d a y s  a t  room t e m p e r a t u r e  

A f t e r  e v a p o r a t i o n  of m e t h a n o l ,  200mL o f  e t h y l  acetate  w a s  add- 

ed t o  t h e  r e s i d u e  and  w a s  s t irred f o r  0 . 5  h r  a t  60'. A f t e r  

f i l t r a t i o n ,  t h e  f i l t r a t e  w a s  c o n c e n t r a t e d  t o  d r y n e s s .  R e -  

c r y s t a l l i z a t i o n  from b e n z e n e  g a v e  0.38g ( 3 1 % )  o f  g r a n u l e s ,  mp. 

128-130°.  I R ( K B r ) :  3300,  1 6 5 0 ,  1 6 0 0 ,  1 5 3 0 ,  1500 ,  1 3 0 0 ,  1 2 2 0 ,  

1080,  1 0 1 0 ,  790 ,  750 c m - l .  

9 , 2 0 0 ) .  'H-NMR (100MHz, DMSO-d6) :  1 . 7 8  ( s ,  3H),  3.60 s , 3 H ) ,  

3.85 ( s ,  4H), 5 .00  ( s ,  lH), 7.46 ( s ,  1 H )  ih ppm. 

A n a l .  C a l c d .  for C 8 H 1 2 0 3 N 2 :  C ,  52 .16 ;  H ,  6 .57 ;  N ,  1 5 . 2 1  

U V ( H 2 0 )  : 

= 261.5nm ( E  = 5 , 5 0 0 ) .  'H-NMR (100MHz , DMSO-d6) : 3.60 

W ( H 2 0 ) :  Xmax = 262.0nm ( E  = 
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REACTIONS OF CYCLIC DERIVATIVES OF URACIL AND THYMINE 

Found: C, 52.00; HI 6.49; N, 15.34. 

1,2'-Hydroxyethyl-2-ethoxy-5-methylpyrim~d~ne-4-one ( x V I b ) . -  

A solution of VIb (0.6Ogl 4.0mmol) in lOOmL of ethanol satu- 

rated with ammonia was stirred for 10 days at 30°. After 

evaporation of ethanol, the residue was recrystallized from 

ethyl acetate to give 0.25g (34%) of needles, mp. 133-135O. 

IR(KBr): 3310, 1660, 1610, 1520, 1480, 1400, 1320, 1300, 1220, 

1150, 1080, 1040, 800 an-'. 

7,900). 

3.88 (s, 4H), 4.18 (q, 2H), 5.16 (s, lH), 7.15 (s ,  3H). 

- Anal. Calcd. for CgH1403N2: C, 54.53; HI 7.12; N, 14.13. 

Found: C, 54.48; H I  6.93; N, 14.20. 

j 
UV(H20) : Amax = 261.0nm (E: = 

'H-NMR (lOOMHz, DMSO-d6): 1.38 (t, 3H) , 1.84 (s,3H) I 
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