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NUCLEOSIDES & NUCLEOTIDES, 5 ( 5 ) ,  517-527 (1986) 

NUCLEOSIDES, XLI I I 
SYNTHESIS A N D  PROPERTIES OF 04-ALKYLTHYMIDINES 

L e o n i d a s  K i r i a s i s ,  S i l k e  F a r k a s ,  a n d  W o l f g a n g  P f l e i d e r e r  

F a k u l t a t  f u r  Chemie ,  U n i v e r s i t a t  K o n s t a n z  
P o s t f a c h  5560, D - 7 7 5 0  K o n s t a n z  / W e s t  Germany 

x 4 Abs t rac t .  Var ious  0 - a l k y l t h  mid ines  14-20 have been synthe- 
s i z e d  by two d i f f e r e n t  methods. 0 - A l k y l a t E n T a k e s  p lace  w i t h  
3 '  , 5 ' -d i -O-ace ty l -  ( 2 )  and 3 '  ,5 ' -d i -O-benzoyl thymidine ( 3 )  respec- 
t i v e l y  i n  a s i l v e r  i o n  ca ta l ysed  r e a c t i o n  w i t h  a l k y l  h a l i d e s ,  
whereas t h e  a z o l i d e  approach makes use o f  a n u c l e o p h i l i c  d i s -  
placement o f  t h e  a p p r o p r i a t e  i n te rmed ia te  by a1 kox ides  and sub- 
sequent d e a c y l a t i o n  t o  t h e  f r e e  n u c l e o s i d  s. s t r u c t u r a l  p r o o f s  
a r e  based on elemental  analyses , UV- and H-NMR-spectra. si 

I n t r o d u c t i o n .  - A c t i o n  o f  a l k y l a t i n g  a g e n t s  o n  D N A  c a u -  
s e s  m o d i f i c a t i o n s  a t  v a r i o u s  n u c l e o p h i l i c  s i t e s  w h i c h  may 

a f f e c t  t h e  r e p l i c a t i o n  a s  w e l l  a s  t h e  t r a n s c r i p t i o n  o f  t h e  
g e n e t i c  m a t e r i a l z y 3 .  E s p e c i a l l y  N - a l k y l - N - n i t r o s o u r e a s  a r e  

r e g a r d e d  a s  p o t e n t  c a r c i n o g e n s ,  w h e r e a s  N - a l k y l - N - n i t r o s o g u a  

n i d i n e s  a r e  i n  a d d i t i o n  a l s o  h i g h l y  m u t a g e n i c 4 .  S i n c e  N - n i t -  

r o s o  a l k y l a t i n g  a g e n t s  show a p r o n o u n c e d  a f f i n i t y  f o r  O - a l -  
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518 KIRIASIS, FARKAS, AND PFLEIDERER 

5 k y l a t i o n s  due  t o  t h e  S N l - t y p e  m e c h a n i s m  o f  s u c h  r e a c t i o n s  , 
e l e c t r o p h i l i c  a t t a c k  a t  O 2  a n d  O 4  o f  t h y m i n e ,  0 

a s  w e l l  a s  a t  O 6  o f  g u a n i n e  a r e  s e e n  a s  t h e  m a i n  t a r g e t s  

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

I n  o r d e r  t o  p r o v i d e  a s e r i e s  o f  0 4 - a l k y l - t h y m i d i n e  d e -  

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

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

A c t i o n  o f  d i a z o a l k a n e s  o n  t h y m i d i n e  d a t e s  b a c k  t o  
1934"  b u t  l e a d s  t o  l o w  y i e l d s  a n d  m i x t u r e s  o f  0 -  a n d  N - a l -  
k y l  d e r i v a t i v e s ,  w h i c h  a r e  o f t e n  d i f f i c u l t  t o  s e p a r a t e  
1 2 .  O t h e r  m e t h o d s  i n c l u d e  s i l v e r - c a t a l y z e d  a l k y l a t i o n s  o f  

t h e  a m i d e  f u n c t i o n 1 3  a s  w e l l  a s  i t s  c h e m i c a l  m o d i f i c a t i o n  
t o  i n t e r m e d i a r y  t r i a z o l e s  I4-l9 a n d  i m i d a z o l e s 2 0  f o l l o w e d  b y  

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

a1  k o x i d e s  r e s p e c t i v e l y .  

m i d i n e  ( 1 )  - was a c h i e v e d  b y  r e a c t i o n  o f  3 ' , 5 ' - d i - O - a c e t y l -  

( 2 )  a n d  3 ' , 5 ' - d i - O - b e n z o y l t h y m i d i n e  ( 3 )  - r e s p e c t i v e l y  w i t h  

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

i n g  o f  t h e  s t a r t i n g  m a t e r i a l  w i t h  s i l v e r  c a r b o n a t e  i n  t o l u -  
e n e  u n d e r  r e f l u x  f o r  1 h w i t h  a z e o t r o p i c  r e m o v a l  o f  m o i s t u r e  

p r i o r  t o  t h e  a d d i t i o n  o f  t h e  a l k y l a t i n g  a g e n t  i s  recommended .  

The r e a c t i o n  p r o d u c e s  i n  g e n e r a l  t w o  p r o d u c t s ,  t h e  e x p e c t e d  
0 - a l k y 1 - 3 ' , 5 ' - d i - O - a c y l t h y m i d i n e  ( 5 - 1 3 )  _ -  a n d  a f a s t e r  r u n -  
n i n g  c o m p o n e n t  w h i c h  t u r n e d  o u t  t o  b e  t h e  c o r r e s p o n d i n g  2 , 4 -  
d i - 0 - a l k y l t h y m i n e ,  a s  shown b y  t h e  i s o l a t i o n  a n d  c h a r a c t e r i -  

z a t i o n  o f  2 , 4 - d i - O - e t h y l t h y m i n e .  The f o r m a t i o n  o f  t h e  2 , 4 -  
d i a l k o x y - 5 - m e t h y l p y r i m i d i n e s  c a n  b e  e x p l a i n e d  b y  a d d i t i o n a l  

0 - a l k y l a t i o n  f o l l o w e d  b y  n u c l e o p h i l i c  a t t a c k  o f  t h e  h a l i d e  

i o n  a t  t h e  a n o m e r i c  C - 1 '  a t o m  o f  t h e  s u g a r  m o i e t y  a n d  c l e a -  
v a g e  o f  t h e  g l y c o s i d i c  l i n k a g e .  The m a i n  r e a c t i o n  p r o d u c t s  

a r e  s e p a r a t e d  b y  s i l i c a  g e l  c h r o m a t o g r a p h y  a n d  a r e  s u b s e -  
4 q u e n t l y  d e a c y l a t e d  b y  a l k o x i d e s  o r  ammonia  t o  g i v e  t h e  0 - 

2 o f  c y t o s i n e  

. 6 - 9  

6 9 1 1  3 

4 S y n t h e s e s .  - A f i r s t  a p p r o a c h  t o  0 - a l k y l a t i o n s  o f  t h y -  

4 
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04-ALKYLTHYMIDINES 519 

a l k y l t h y m i d i n e s  -- 14-19 a s  c o l o u r l e s s  c r y s t a l s  i n  y i e l d s  o f  
3 7 - 7 4  % .  
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4 0 - M e t h y l t h y m i d i n e  (14) - h a s  b e e n  s y n t h e s i z e d  b e f o r e  

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

2 - d e o x y r i b o f u r a n o s y l  c h l o r i d e  i n  a H i l b e r t - J o h n s o n  r e a c t i o n  

f o l l o w e d  b y  d e a c y l a t i o n 2 ' .  The  0 - e t h y l t h y m i d i n e  ( 1 5 )  -- h a s  
r e c e n t l y  b e e n  c h a r a c t e r i z e d  b y  X - r a y  a n a l y s i s 2 2  , w h e r e a s  i n  

t h e  e a r l i e r  l i t e r a t u r e  o n l y  i t s  3 ' , 5 ' - d i - O - a c e t y l  d e r i v a t i v e  

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

3 ' , 5 ' - d i - O - a c e t y l t h y m i d i n e  ( 2 )  - w i t h  p h o s p h o r y l  c h l o r i d e  a n d  

I y 2 , 4 - t r i a z o l e  i n t o  1-(3,5-di-0-acetyl-2-deoxyribofuranosyl)- 
5-methyl-4-(1,2,4-triazol-l-yl)-2(1H)pyrimidinone ( 4 )  - a n d  
s u b s e q u e n t  n u c l e o p h i l i c  d i s p l a c e m e n t s  a t  C-4. M e t h a n o l  a n d  

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

a m i n e  on  b o i l i n g  u n d e r  r e f l u x  w h e r e a s  i s o p r o p a n o l  g a v e  a 

l o w  y i e l d  u n d e r  t h e s e  c o n d i t i o n s  e v e n  a f t e r  3 d a y s .  I n t r o -  

4 
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520 KIRIASIS, FARKAS, AND PFLEIDERER 

d u c t i o n  o f  t h e  4 - p - n i t r o p h e n y l e t h o x y  g r o u p  r e q u i r e d  r e f l u x -  
i n g  f o r  2 d a y s  i n  a c e t o n i t r i l e / t r i e t h y l a m i n e  t o  g i v e  a f t e r  
ammonia t r e a t m e n t  o f  t h e  c r u d e  i n t e r m e d i a t e  - 13  a 39 % y i e l d  
o f  - 2 0 2 4 .  The u s e  of  4 - d i m e t h y l a m i n o p y r i d i n e  i n s t e a d  o f  t r i -  
e t h y l a m i n e  c a t a l y z e s  t h e  r e a c t i o n  t o  some e x t e n t ,  b u t  t h e  
y i e l d  c o u l d  n o t  be improved  over  38 % even  on b o i l i n g  f o r  
2 4  h .  A l k o x i d e s  r e a c t  a s  e x p e c t e d  much f a s t e r ,  g i v e  b e t t e r  

4 y i e l d s ,  and  d e a c e t y l a t e  s i m u l t a n e o u s l y  t o  g i v e  t h e  f r e e  0 - 
a l k y l t h y m i d i n e s  - -  1 4 ,  1 5  and  - 1 7 .  

t h y l i m i d a z o l e * '  seems t o  p l a y  even a much s t r o n g e r  r o l e  
s i n c e  d i s p l a c e m e n t  o f  t h e  a z o l i d e  g r o u p  p r o c e e d s  w i t h  me tha -  
n o l / t r i e t h y l a m i n e  even  a t  room temp.  i n  40 % y i e l d  i n  6 h .  
T h i s  r e a c t i o n  h a s  n o t  y e t  been a p p l i e d  t o  o t h e r  t y p e s  o f  

a1 coho1 s .  

A c t i v a t i o n  o f  t h e  amide  f u n c t i o n  i n  - 2 by POC13/N-me- 

4 

-- 14-19  i s  b a s e d  on e l e m e n t a l  a n a l y s e s ,  U V -  and H-NMR-spectra 
( T a b .  I ) .  

C h a r a c t e r i z a t i o n  o f  t h e  0 - a l k y l t h y m i d i n e  d e r i v a t i v e s  
1 

E X P E R I M E N T A L  

U V  S p e c t r a  were  r e c o r d e d  on a Cary  R e c o r d i n g  S p e c t r o -  
m e t e r ,  Model 118 ,  f rom Appl .  P h y s i c s  C o r p .  - N M R  S p e c t r a  
were measu red  w i t h  a B r u k e r  W M  250 h i g h  r e s o l u t i o n  s p e c t r o -  
meter w i t h  t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  s t a n d a r d  and  on 
a 6 - s c a l e  i n  p p m .  - Thin  l a y e r  c h r o m a t o g r a p h y  was  p e r f o r m -  
ed  on s i l i c a  g e l  s h e e t s  F 1550 L S  254 o f  S c h l e i c h e r  & S c h i i l l ,  
p r e p a r a t i v e  t h i c k  l a y e r  c h r o m a t o g r a p h y  on g l a s s  p l a t e s  4 0  x 

2 0  cm c o a t e d  w i t h  a 0 . 2  cm l a y e r  o f  s i l i c a  g e l  P F 2 5 4  o f  
Merck /Darms tad t  and  column c h r o m a t o g r a p h y  on Merck s i l i c a  
g e l  6 0  ( p a r t i c l e  s i z e  0 . 0 6 3 - 0 . 2  m m ) .  - Dry ing  o f  t h e  s u b -  

s t a n c e s  was a c h i e v e d  i n  a vacuum d e s i c c a t o r  o r  i n  a Bi ichi-  
TO 50 d r y i n g  oven u n d e r  vacuum a t  room temp. and  s l i g h t l y  
e l e v a t e d  temp. r e s p e c t i v e l y .  M e l t i n g  p o i n t s  were  d e t e r m i n e d  
i n  a T o t t o l i  a p p a r a t u s  and a r e  u n c o r r e c t e d .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



4 
T

ab
. 

2 
- 

P
h

y
s

ic
a

l 
D

a
ta

 o
f 

0 
-A

lk
y

lt
h

y
rn

id
in

e
s

 

8.
00

s 
6.

11
pt

 
1.

79
s 

8.
17

d 
(o

rt
ho

-H
),

 
7.

57
d 

(m
et

a-
H

) 
, 

3.
16

t 
(Z

H,
 C

H
2)

 

U
V

-S
pe

ct
ra

 i
n

 M
eO

H 

1.
98

rn
 

(2
'-

H
) 

l
m

a
x
 

(n
m

) 

20
5 

28
2 

20
5 

28
2 

20
5 

28
2 

20
5 

28
2 

20
5 

28
3 

20
5 

28
3 

20
5 

27
7 

4.
26

 
3.

79
 

4.
27

 
3.

80
 

4.
26

 
3.

79
 

4.
28

 
3.

80
 

4.
31

 
3.

82
 

4.
45

 
3.

86
 

4.
46

 
4.

20
 

'H
-N

M
R

-S
pe

ct
ra

 
in

 D
6-

DM
SO

 
(&

-v
al

ue
s 

in
 p

pm
) 

4 
6-

H
 

1'
-H

 
5-

C
H

3 
0 

-S
ub

st
it

ue
nt

 

8.
00

s 
6.

13
pt

 
1.

87
s 

3.
83

s 
(3

H
, 

O
CH

3)
 

8.
00

s 
6.

13
pt

 
1.

86
s 

4.
27

q 
(Z

H,
 

O
CH

2)
 ,
 

1.
28

t 
(3

H
, 

CH
3 

) 

-t
hy

m
id

in
e 

4 0 
-M

et
hy

l-
 

(1
4)
 

0 4
 -E

th
yl

- 
(1

5)
 

-
 

4 0 
-n

-P
ro

py
l-

 
(1

6)
 

-
 

4 0 
-i

-P
ro

py
l-

 
(1

7)
 

-
 

4 0 
-A

ll
yl

- 
(1

8)
 
I
 

4 0 
-B

en
zy

l -
 

( -
 

19
) 

0 4
 -p

-N
it

ro
- 

ph
en

yl
et

hy
l-

 (
20

) 
-
 

s 
= 

S
in

gl
et

; 
d 

= 
do

ub
le

t;
 

t 
= 

tr
ip

le
t;

 
p

t 
= 

ps
eu

do
tr

ip
le

t;
 

se
p 

= 
se

pt
et

; 
rn 

= 
m

u
lt

ip
le

t.
 

8.
00

s 
6.

12
pt

 

7.
98

s 
6.

12
pt

 

.8
7s

 
4.

22
t 

(2
H

, 
O

C
H

2)
, 

1.6
91

11
 (

2H
, 

CH
2 

1, 
0.

93
t 

(3
H

, 
CH

3 

.8
4s

 
5.

23
se

p 
(I

H
, 

OC
H 

1.
27

d 
(6

H
, 

CH
3)

 

S
ug

ar
 

P
ro

 to
ns

 

5.
23

d 
(3

'-O
H

) 

5.
05

t 
(5

'-O
H

) 

4.
21

m
 

(3
'-

H
) 

3.
79

rn
 

(4
'-

H
) 

3.
60

rn
 

(5
'-

H
) 

8.
03

s 
6.

12
pt

 
1.

89
s 

6.
00

rn
 

(1
H

,-C
H

=)
, 

5.2
81

11
 (

2H
, 

=C
H

2)
, 

4.
77

d 
(Z

H,
 C

IC
H2

-) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



KIRIASIS, FARKAS, AND PFLEIDERER 5 2 2  

4 A .  G e n e r a l  P r o c e d u r e  f o r  0 - A l k y l a t i o n  o f  Thymid ine  ( 1 ) .  - 

3 ' , 5 ' - D i - O - a c e t y l t h y m i d i n e  ( 2 I z 5  - ( 3 . 2 6  g ,  10 mmol) o f  3 ' , 5 ' -  
d i - 0 - b e n z o y l t h y m i d i n e  ( 3 l z 6  - ( 4 . 5  g ,  10 mmol) i s  r e f l u x e d  
w i t h  s i l v e r  c a r b o n a t e  ( 4 . 1 4  g ,  15 mmol) i n  t o l u e n e  ( 1 2 0  m l )  
f o r  1 h and  t h e n  20 ml o f  t h e  s o l v e n t  d i s t i l l e d  o f f  t o  r e -  
move any m o i s t u r e .  On c o o l i n g  t o  5OoC t h e  a l k y l  h a l i d e  ( 2 0  
mmol) i s  added  and  t h e  r e a c t i o n  m i x t u r e  i s  s t i r r e d  a t  t h i s  
temp.  f o r  1 5  t o  30 h .  The i n s o l u b l e  s i l v e r  s a l t s  a r e  f i l -  
t e r e d  o f f ,  washed w i t h  e t h y l  a c e t a t e  and  t h e n  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  i s  d i s s o l v e d  i n  a s m a l l  
amount  of  e t h y l  a c e t a t e ,  p u t  on a s i l i c a  g e l  column 20x4 cm 
( 1 0 0  g s i l i c a  g e l )  a n d  c h r o m a t o g r a p h e d  u s i n g  t h e  same s o l -  
v e n t .  The main f r a c t i o n  c o n t a i n i n g  t h e  f u l l y  p r o t e c t e d  ma- 
t e r i a l  - _  5-12 i s  e v a p o r a t e d  y i e l d i n g  a c o l o u r l e s s  o i l ,  which  
on t r e a t m e n t  w i t h  e i t h e r  sodium e t h o x i d e  i n  me thano l  ( 0 . 1  N 
s o l u t i o n )  f o r  3 h or w i t h  c o n c .  a q u e o u s  ammonia ( 5 0  m l )  i n  
d i o x a n e  ( 5 0  ml )  a n d  me thano l  ( 5 0  m l )  f o r  12-18 h a t  room 
temp.  c a u s e s  d e a c y l a t i o n .  The r e a c t i o n  s o l u t i o n  i s  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  i s  p u r i f i e d  by column c h r o -  
ma tography  (10x4  cm) w i t h  a m i x t u r e  o f  c h l o r o f o r m / m e t h a n o l  
( 2 0 / 1 ) .  The main f r a c t i o n  i s  e v a p o r a t e d  t o  d r y n e s s  a g a i n  
and  t h e  r e s i d u e  t r i t u r a t e d  w i t h  e t h e r  o r  r e c r y s t a l l i z e d  
f rom e t h a n o l .  

4 B .  G e n e r a l  P r o c e d u r e  f o r  t h e  S y n t h e s i s  o f  0 - A l k y l -  
t h y m i d i n e s  v i a  t h e  T r i a z o l i d e  Method.  To  a s o l u t i o n  o f  
1 , 2 , 4 - t r i a z o l e  ( 6 . 9  g ,  0 . 1  mol )  and  p h o s p h o r y l  c h l o r i d e  
( 3 . 0  g, 20 mmol) i n  a c e t o n i t r i l e  ( 2 0  m l )  a r e  added  a t  O°C 

w i t h  s t i r r i n g  t r i e t h y l a m i n e  ( 1 0  g ,  0 . 1  moll d r o p w i s e  w i t h -  
i n  15 min.  A f t e r  s t i r r i n g  f o r  1 5  min a s o l u t i o n  o f  3',5'- 
d i - 0 - a c e t y l t h y m i d i n e  ( 2 )  - ( 3 . 2 6  g ,  10 mmol) i n  a c e t o n i t r i l e  
(50 ml)  i s  added  s l o w l y  and t h e n  t h e  r e a c t i o n  m i x t u r e  k e p t  
f o r  18 h a t  room temp.  T r i e t h y l a m i n e  ( 1 3  m l )  and  water  ( 3 m l )  
i s  added  and  the  s o l u t i o n  s t i r r e d  f o r  15  min and  f i n a l l y  
c a r e f u l l y  e v a p o r a t e d  i n  vacuum. The r e s i d u e  i s  d i s s o l v e d  i n  
c h l o r o f o r m  ( 1 0 0  ml), washed t w i c e  w i t h  w a t e r  ( 1 0  m l )  a n d  a 
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s a t u r a t e d  s o l u t i o n  o f  s o d i u m  b i c a r b o n a t e  (10 m l ) .  T h e  c h l o -  
r o f o r m  l a y e r  i s  d r i e d  o v e r  MgS04 a n d  t h e n  e v a p o r a t e d  t o  g i v e  

c r u d e  1-(3,5-di-0-acetyl-2-deoxyribofuranosyl)-5-methy1-4- 
(1,2,4-triazol-l-yl)-2(lH)pyrimidinone (4), - w h i c h  i s  p u r e  
e n o u g h  f o r  t h e  d i s p l a c e m e n t  r e a c t i o n s .  

S o d i u m  (0.25 g ,  1 1  m m o l )  i s  d i s s o l v e d  i n  t h e  c o r r e s -  

p o n d i n g  a l c o h o l  (60 m l )  a n d  t h e n  t h e  t r i a z o l e  d e r i v a t i v e  - 4 
i s  a d d e d  a n d  t h e  s o l u t i o n  s t i r r e d  a t  r o o m  t e m p .  f o r  3-18 h 
d e p e n d i n g  on  t h e  a l k o x i d e  r e s i d u e .  The  r e a c t i o n  s o l u t i o n  i s  

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

4 0 - M e t h y l t h y m i d i n e  (14). - A l k y l a t i o n  o f  - 2 a c c o r d i n g  t o  

m e t h o d  A f o r  64 h a t  4OoC, w i t h  a d d i t i o n  o f  e x t r a  m e t h y l  
i o d i d e  (2 m l )  a f t e r  e a c h  24 h ,  a f f o r d e d  c o l o u r l e s s  c r y s t a l s  

f r o m  a c e t o n e  (1.07 g ,  42 % )  o f  m.p.  172-174OC. L i t . "  171.5- 
173.5OC. 

A p p l i c a t i o n  o f  t h e  t r i a z o l i d e  m e t h o d  y i e l d e d  a f t e r  3 h 

- A n a l .  C a l c .  f o r  C11H16N205 
c o l o u r l e s s  c r y s t a l s  (1.61 g ,  63 % )  o f  m.p. 172-174°C. 

H, 6.29; N ,  10.93. F o u n d :  C, 51.57; H ,  6 .22 ;  N, 10.90.  

(256.3): C, 51.57; 

- 
4 0 - E t h y l t h y m i d i n e  ( 1 5 ) .  - The a l k y l a t i o n  o f  2 w i t h  e t h y l  

i o d i d e  was p e r f o r m e d  33 h a t  5OoC f o l l o w e d  b y  15 h s t i r r i n g  
a t  r o o m  t e m p .  D e a c y l a t i o n  a n d  w o r k - u p  l e d  t o  c o l o u r l e s s  

c r y s t a l s  f r o m  a s m a l l  q u a n t i t y  o f  e t h a n o l  (1.21 g ,  45 % )  o f  

m.p. 185OC. 
U n d e r  a n a l o g o u s  c o n d i t i o n s  3',5'-di-O-benzoylthymidine 

(3) __  g a v e  2.0 g (74 % )  - 15 o f  m.p. 186OC. 
The t r i a z o l i d e  m e t h o d  g a v e  a f t e r  3 h t r e a t m e n t  c o l o u r -  

l e s s  n e e d l e s  (1.7 g ,  63 c / o )  o f  m.p. 185OC. 

A n a l .  C a l c .  f o r  Cl2HI8N2O5 (270.3): C, 53.30; H ,  6.70; 
N ,  10.45. F o u n d :  C ,  53.24; H, 6.75; N ,  10.45. 

4 0 - n - P r o p y l t h y m i d i n e  (16). T r e a t m e n t  o f  - 2 w i t h  n - p r o -  
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pyl iodide a t  5OoC over night yielded colourless crystals 
from ether (1.16 g ,  41 % )  of m.p. 105-106°C. 

__ Anal. Calc. f o r  Cl3HZ0N2O5 (284.3): C ,  54.92; H ,  7.09; 
N ,  9.85. Found: C ,  54.98; H ,  7.22; N ,  1 0 . 0 9 .  

4 0 -1sopropylthymidine (17). - Alkylation o f  - 2 was car- 
ried out with isopropyl iodide at 5OoC for 30 h. After de- 
acylation, a colourless powder (1.53 g ,  54 % )  o f  m.p. 16OoC 
was obtained by trituration with diethylether. 

The triazolide method afforded, after displacement with 
isopropoxide for 18 h and treatment with ammonia for removal 
of the acetyl groups, a colourless powder (1.59 g ,  56 % )  o f  

m.p. 16OoC. 

Anal. Calc. f o r  C I 3  H 2o N 0 (284.3): C ,  54.92; H ,  7.09; 
N ,  9.85. Found: C, 54.82; H ,  7 . 0 5 ;  N, 9.69. 

04-Allylthymidine (18). Alkylation o f  - 2 with allyl- 
bromide a t  5OoC for 16 h gave colourless crystals (1.24 g ,  
41 % )  of m.p. 106-107°C. 

Anal. Calc. for CI3Hl8N2O5 (282.3): C ,  55.31; H ,  6.42; 
N, 9.92. Found: C, 55.78; H, 6.48; N, 10.00. 

4 0 -Benzylthymidine (19). - The alkylation o f  - 2 was car- 
ried out with benzylbromide a t  5OoC for 16 h. Deacetylation 
by sodium ethoxide for 1 h a t  room temp. and acidification 
of the concentrated aqueous solution gave colourless crys- 
tals (1.36 g, 41 X )  of m.p. 179-18OoC. 

Anal. Calc. f o r  C17H20N205 (332.4): C ,  61.44; H, 6.06; 
N ,  8.42. Found: C, 61.66; H,  6.17; N ,  8.51. 

04- [2-(4-ni trophenyl )ethyl I -thymidine (20). - The crude 
triazolide - 4 (0.75 g ,  2 mmol) was dissolved in acetonitrile 
( 1 0  m l )  and 2-(4-nitrophenyI)-ethanol (0.86 g ,  5 mmol) and 
N , N - d i i s o p r o p y l e t h y l a m i n e  (0.9 ml, 5 mmol) were added and 
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t h e  m i x t u r e  r e f l u x e d  f o r  6 6  h .  T h e  r e a c t i o n  m i x t u r e  was e v a -  
p o r a t e d  t o  d r y n e s s  a n d  p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  

( 2 0 x 3  cm, 5 0  g s i l i c a  g e l )  i n  e t h y l  a c e t a t e .  The m a i n  f r a c -  

t i o n  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  p r o t e c t e d  i n t e r m e d i -  
a t e  - 13 d e a c y l a t e d  b y  c o n c .  a q u e o u s  ammonia  ( 3  m l )  i n  m e t h a -  
n o 1  ( 1 0  m l )  b y  s t i r r i n g  f o r  18  h a t  r o o m  t e m p .  E v a p o r a t i o n  

a n d  c o e v a p o r a t i o n  w i t h  m e t h a n o l  g a v e  on  r e c r y s t a l l i z a t i o n  

f r o m  e t h y l  a c e t a t e  c o l o u r l e s s  n e e d l e s  ( 0 . 5 2  g ,  6 6  % )  o f  m.p. 

143-146OC.  

A n a l .  C a l c .  f o r  C18H21N307 ( 3 9 1 . 4 ) :  C ,  55 .24 ;  H,  5 .41 ;  

N ,  1 0 . 7 4 .  F o u n d :  C ,  5 5 . 2 6 ;  H ,  5 . 2 1 ;  N ,  1 0 . 7 1 .  

A C K N O W L E D G E M E N T  

We t h a n k  M r s .  M .  B i s c h l e r  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  

U V  s p e c t r a  a n d  t h e  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e  f o r  f i n a n -  

c i a l  s u p p o r t .  

R E F E R E N C E S  

1 .  P a r t  X L I I :  A .  H i j a z i  a n d  W .  P f l e i d e r e r ,  N u c l e o s i d e s  & 

N u c l e o t i d e s ,  - 5 ,  i n  p r e s s  ( 1 9 8 6 ) .  

2 .  B .  S i n g e r  a n d  J . T .  K u m i e r e k ,  Ann. Rev .  B i o c h e m . ,  - 5 2 ,  

6 5 5  ( 1 9 8 2 ) .  

3 .  B .  S i n g e r  i n  " M o l e c u l a r  a n d  C e l l u l a r  M e c h a n i s m s  o f  Mu- 
t a g e n e s i s " ,  J .F .  L e m o n t t  a n d  W.N. G e n e r o s o ,  Eds . ,  P l e -  

num P r e s s ,  New Y o r k  ( 1 9 8 1 ) .  

4 .  B .  S i n g e r ,  N a t u r e ,  264 ,  3 3 3  ( 1 9 7 6 ) .  

5. R .  Gompper i n  " A d v a n c .  H e t e r o c y c l i c  Chem.",  A . R .  K a t -  

r i t z k y ,  Ed . ,  A c a d .  P r e s s ,  New Y o r k ,  V o l .  2 ,  245  ( 1 9 6 3 ) .  

6 .  J.T.  K u s m i e r e k  a n d  B .  S i n g e r ,  N u c l e i c  A c i d s  Res . ,  3 ,  
9 8 9  ( 1 9 7 6 ) .  

7 .  6 .  S i n g e r ,  M.  K r o g e r  a n d  M .  Carmano ,  B i o c h e m i s t r y ,  - 1 7 ,  
1246  ( 1 9 7 8 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



526 

8 .  

9 .  

1 0 .  

1 1 .  

1 2 .  

1 3 .  

14 .  

1 5 .  

16 .  

1 7 .  

18 .  

1 9 .  

20 0 

2 1 .  

2 2 .  

23 .  

2 4 .  

2 5 .  

K I R I A S I S ,  FARKAS,  AND PFLEIDERER 

A .  B h a t t a c h a r y y a ,  S .  M i t r a  a n d  B . C .  P a l ,  N u c l e o s i d e s  
& N u c l e o t i d e s ,  - 3 ,  353  ( 1 9 8 4 ) .  

B .  S i n g e r ,  B i o c h e m i s t r y ,  - 1 1  , 3939  ( 1 9 7 2 ) .  

P . A . S .  L e v e n e  a n d  R . S .  T i p s o n ,  J . B i o l . C h e m . ,  104 ,  385  

( 1 9 3 4 ) .  

J . L .  Wong a n d  D . S .  F u c h s ,  J .Org .Chem. ,  __ 3 5 ,  3786  ( 1 9 7 0 ) .  

P . B .  F a r m e r ,  A . B .  F o s t e r ,  M. J a r m a n  a n d  M.J. T i s d a l e ,  

B i o c h e m . J . ,  135, 203 ( 1 9 7 3 ) .  

N .  K o r n b l u m  a n d  G . P .  C o f f e y ,  J .Org .Chem.  , - 3 1 ,  3 4 4 7 ,  

3449  ( 1 9 6 6 ) .  

C . B .  Reese a n d  A .  Ubasawa,  T e t r a h e d r o n  L e t t . ,  1980,2265. 

S . S .  J o n e s ,  C . B .  Reese ,  S .  S i b a n d a  a n d  A .  Ubasawa,  - T e t -  

r a h e d r o n  L e t t . ,  1 9 8 1 ,  4 7 5 5 .  

K .J .  D i v a k a r  a n d  C . B .  R e e s e ,  J .Chem.Soc. ,  P e r k i n  T r a n s . ,  

- 1 ,  1171  ( 1 9 8 2 ) .  

C . B .  Reese a n d  P . A .  S k o n e ,  J .Chem.Soc. ,  P e r k i n  T r a n s . ,  

- 1 ,  1263  ( 1 9 8 4 ) .  

W.L. Sung ,  J .Chem.Soc. ,  Chem.Commun., 1 9 8 1 ,  1 0 8 9 .  

W.L. Sung, J .Org .Chem. ,  - 4 7 ,  3623  ( 1 9 8 2 ) .  

A .  M a t s u d a ,  K .  O b i  a n d  T. M i y a s a k a ,  C h e m . P h a r m . B u l l . ,  

- 33,  2575  ( 1 9 8 5 ) .  

P .L .  L a w l e y ,  D . J .  Orr, S . A .  Shah ,  P . B .  F a r m e r  a n d  M .  

J a r m a n ,  B i o c h e m . J . ,  135,  193 ( 1 9 7 3 ) .  

G.I. B i r n b a u m ,  K .L .  Sadana ,  W.J.P. B l o n s k i  a n d  F .E.  

H r u s k a ,  J.Am.Chem.Soc.,  108 ,  1671  ( 1 9 8 6 ) .  

L .  M a y o l ,  G .  P i c c i a l l i ,  M.  Rossi a n d  C .  S a n t a c r o c e ,  

__ 1 1 3 ,  8 6 3  ( 1 9 8 3 ) .  Gazz .  Ch im.  I t a l . ,  

B . S .  S c h u l z  a n d  W .  
3 5 8 7 .  

R . E .  B e l t z  a n d  D.W 

P f l e i d e r e r ,  T e t r a h e d r o n  L e t t . ,  1 9 8 3 ,  

n 

V i s s e r ,  J.Am.Chem.Soc., - 7 7 ,  736 

( 1 9 5 5 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



527 4 0 -ALKYLTHYMIDINES 

2 6 .  J . J .  F o x ,  D .  van Draag ,  I .  Wempen, I . L .  D o e r r ,  L .  Cheong,  
J . E .  K n o l l ,  M . L .  E i d i n o f f ,  A .  Bend ica  and  G . B .  Brown, 
J.Am.Chem.Soc.,  81, 278 ( 1 9 5 9 ) .  

Received June 9 ,  1986. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


