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NUCLEOSIDES & NUCLEOTIDES, 5(3 ) ,  265-273 (1986) 

SYNTHESIS OF RADIO-LABELLED AND UNLABELLED 
04-ETHYLTHYMIDINE 5 ' -TRIPHOSPHATE 1 
- 

>k , 2 
A .  Bhat tacharyya  and B . C .  P a l  

U n i v e r s i t y  of Tennessee-Oak Ridge Gradua te  School  of Biomedical  
Sc iences  and t h e  Biology D i v i s i o n ,  Oak Ridge  N a t i o n a l  L a b o r a t o r y ,  
Oak Ridge ,  Tennessee  37831, U.S.A. 

A b s t r a c t .  
un labe  1 l e d  g4e thy  1 thymidine 5 ' -t r i p h o s p h a t e  . This  p a p e r  d e s c r i b e s  t h e  s y n t h e s i s  of [3H]-labelled and 

I n  o u r  p rev ious  communication3 w e  r e p o r t e d  t h e  I n t r o d u c t i o n .  
4 s y n t h e s i s  of  u n l a b e l l e d  0 - e thy l thymid ine  5 ' - t r i p h o s p h a t e  which 

could  be  used f o r  s t u d i e s  on r e p a i r  mechanism and o t h e r  b i o l o g i c a l  

e f f e c t s  4-13 of t h i s  mod i f i ed  b a s e  i n  a s y n t h e t i c  DNA polymer. Now 

we r e p o r t  t h e  s y n t h e s i s  of  r a d i o - l a b e l l e d  0 - e thy l thymid ine  5 ' - t r i -  

phosphate  of  h i g h  s p e c i f i c  a c t i v i t y ,  i n t r o d u c i n g  t h e  r a d i o a c t i v i t y  

by chemica l  r e a c t i o n  i n  t h e  l a s t  s t e p .  The method h a s  s e v e r a l  

advantages  : ( i l  R a d i o - l a b e l l i n g  w i l l  make t h e  d e t e c t i o n  of  s m a l l  

amounts o f  thymine moie ty  f e a s i b l e  f o r  s t u d i e s  on r e p a i r  mechanism. 

( i i)  It  w i l l  b e  p o s s i b l e  t o  s t a r t  t h e  r e a c t i o n  from t h e  f i r s t  s t e p  

on a l a r g e  s c a l e  w i t h o u t  problems of r a d i o a c t i v e  con tamina t ion  

throughout  t h e  r e a c t i o n  sequence .  ( i i i )  A l s o ,  such  an approach  w i l l  

be  more advantageous over  t h e  c o n v e n t i o n a l  method of  u s i n g  DNA t r e a t e d  

w i t h  r a d i o - l a b e l l e d  a l k y l a t i n g  a g e n t s ,  s i n c e  i n  that: c a s e  t h e  DNA 

c o n t a i n s  m u l t i p l e  a l k y l a t e d  p roduc t s  and t h e  y i e l d  of  0 - a lky l thymine  

i s  r a t h e r  s m a l l .  

4 

4 

M a t e r i a l s .  5-Hydroxymethyl-2'-deoxyuridine, s i l i c a  g e l ,  b a c t e r i a l  

a l k a l i n e  phospha ta se ,  3 ' - n u c l e o t i d a s e  were o b t a i n e d  from Sigma Chemi- 

c a l  Company. 

Companv, and were d i s t i l l e d  and d r i e d  b e f o r e  use .  E t h y l u r e a  was 

A l l  o r g a n i c  s o l v e n t s  w e r e  o b t a i n e d  from F i s h e r  S c i e n t i f i c  
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266 BHATTACHARYYA AND PAL 

obta ined  from Aldr ich  Chemical Company f o r  s y n t h e s i s  of e t h y l n i t r o s o u -  

r e a l 4 ,  Diazoethane was prepared  from e t h y l n i t r o s o u r e a  b e f o r e  use  by 

t h e  procedure of Arndt . Triethylammonium b ica rbona te  was prepared  

by t h e  procedure of Smith e t  a l l 6 .  

i s o l a t e d  accord ing  t o  t h e  procedure of S t r i d e r  e t  a l l 7  w i t h  t h e  impro- 

vements sugges ted  by Harvey e t  a l l 8 .  

on a Cary Model 14PM record ing  spec t rophotometer ,  and n u c l e a r  magnetic 

resonance s p e c t r a  were recorded on 60 MHz Var ian  T-60 spec t romete r .  

15 

Car ro t  phosphot ransferase  was 

U l t r a v i o l e t  s p e c t r a  were recorded  

Synthes is  and i s o l a t i o n  of  g4-ethyl-5-hydroxyrnethyl-2'-deoxyuri- 

d ine  ( IV) .  The s o l u t i o n  of 5-hydroxymethyl-2'-deoxyuridine ( I ,  500 mg) 

i n  methanol (75 mL) was s t i r r e d  i n  250 mL round-bottomed f l a s k  a t  

room temperature i n  hood, and an e t h e r e a l  s o l u t i o n  of d iazoe thane  

(0 .07  M ,  37 mL) was added a l l  a t  once. Af t e r  s t i r r i n g  t h e  s o l u t i o n  

overn ight  a t  room tempera ture ,  t h e  r e a c t i o n  mixture  was examined by TLC 

on c e l l u l o s e  p l a t e  u s ing  n-butano1:ethanol:water (16:2 :5  v / v / v ) ,  and 

the  s p o t s  % e r e  observed under u l t r a v i o l e t  l i g h t .  The s t a r t i n g  m a t e r i a l  

(I, R f ,  0 .3 )  was absen t ,  showing t h e  conversion t o  be  q u a n t i t a t i v e ,  and 

t h r e e  new bands appeared i n d i c a t i n g  the  format ion  of products  !-3-(11), 

- 0 - ( I I I )  and 0 -ethyl-5-hydroxymethyl-2'-deoxyuridine ( I V ) ,  

evapora t ing  t h e  o rgan ic  so lven t s  i n  r o t a r y  e v a p o r a t o r  under vacuum, 

the  products were sepa ra t ed  on a s i l i c a  g e l  column (bed v o l .  = 150 mL) 

by s t e p - w i s e  e l u t i o n  w i t h  5%, lo%, 15% and 20% methanol i n  chloroform. 

The appropr i a t e  f r a c t i o n s  were pooled and c h a r a c t e r i z e d ,  a f t e r  evapora- 

t i o n  of s o l v e n t s ,  by IJV s p e c t r a ,  NMR and by s t u d i e s  on t h e  s t a b i l i t y  
19 of e t h e r  l inkage  and g lycosy l  bond . The e t h y l  d e r i v a t i v e s  were 

e l u t e d  from t h e  colunm i n  the  o r d e r  11, 111, I V  and the  y i e l d s  were 

53.2%, 29.8% and 17.0% of theo ry  r e s p e c t i v e l y .  A l l  t he se  compounds, 

11, 111 and I V ,  gave s a t i s f a c t o r y  e l emen ta l  a n a l y s i s  f o r  C ,  H ,  and N.  

2 4 A f t e r  

Syn thes i s ,  i s o l a t i o n  and c h a r a c t e r i s a t i o n  of V and V I  were c a r r i e d  
3,20-24 

out according t o  th; grocedures desc r ibed  p rev ious ly  . Yield  of  

V ,  65% of theo ry ;  = 275.5 nm; Phosphorus : nuc leos ide  r a t i o  = 0 . 9 : l  

Yield of V I ,  20% of theo ry ;  h = 276 nm; Phosphorus : nucleo  - 
s i d e  r a t i o  = 3.08:l). 
t e r ia l  a l k a l i n e  phosphatase produced I V ,  f u r t h e r  confirming i t s  

s t r u c t u r e  . 

H O  

max 
Degradation of V I  w i th  p o t a t o  apyrase  and bac- 

3 
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26 7 4 
0 -ETHYLTHYMIDINE 5'-TRIPHOSPHATE 

Pyrophosphate 

Condensation 

Separation Ip Phosphotransferase 

0 

OH P 

Scheme 1 

4 3 Synthes is  and i s o l a t i o n  of 0 -ethylC&- H]thymidine 5 ' - t r i p h o s -  

pha te  (VIII). 

of w a t e r ,  140 VL of  g l a c i a l  a c e t i c  a c i d  and 2 .25  mg of p la t inum oxide  

c a t a l y s t 2 '  was added t o  t h e  mixture  s t i r r e d  under H 

one atmosphere p r e s s u r e )  f o r  30 min a t  room tempera ture ,  t o  produce 

The compound V I  (3 .8  umole) was d i s so lved  i n  140 pL 

( s l i g h t l y  above 2 
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268 BHATTACHARYYA AND PAL 

4 - 0 -e thy lmid ine  5 ' - t r i p h o s p h a t e ,  V I I ,  a long  w i t h  o t h e r  p r o d u c t s .  Re- 

duc t ion  of V I  w i t h  3H 

produced c4 -e thy l [g -  Hlthymidine 5 ' - t r i p h o s p h a t e ,  VIII. 

VIII was i s o l a t e d  from t h e  r e a c t i o n  mix tu re  a s  fo l lows  : The r e a c t i o n  

mix tu re  was n e u t r a l i z e d  w i t h  c a l c u l a t e d  amount of  NH 0 H : H  0 = 1:l  

( v / v )  t c  pH 7 . 0 ,  and t h e  exchanged t r i t i u m  ( i n  w a t e r  and a c e t i c  a c i d )  

was removed by e x t e n s i v e  washing w i t h  w a t e r  and then  w i t h  0 . 1  M t r i -  

ethylammonium b i c a r b o n a t e ,  pH 7 .5  on a DEAE-Sephadex (HCO, form, bed 

v o l .  = 5 mL) column, and f i n a l l y  e l u t i n g  t h e  p roduc t  V I I I ,  a l ong  w i t h  

o t h e r  t r i p h o s p h a t e s  , w i t h  0 . 4  M t r ie thylammonium b i c a r b o n a t e ,  pH 7 .5 .  

The f r a c t i o n s  c o n t a i n i n g  t h e  t r i p h o s p h a t e s  were pooled  and evapora t ed  

from 50% e t h a n o l  a s  b e f o r e ,  and f i n a l l y  d i s s o l v e d  i n  100 p L  w a t e r ,  

and i n j e c t e d  i n t o  a C-18 VBondapak column (300 x 3 .9  mm d i a . ) ,  and 

e l u t e d  w i t h  0.125 M ammonium phospha te ,  pH 7 . 0  a t  room t empera tu re  a t  

a flow r a t e  of  1 mL/min. The f r a c t i o n s  c o n t a i n i n g  V I I I  were poo led ,  

and t h e  ammonium phosphate  was removed by DEAE-Sephadex column chro-  

matography,  e l u t i n g  w i t h  0 . 1  M t r ie thylammonium b i c a r b o n a t e ,  pH 7 .5 .  

The compound V I I I  was e l u t e d  w i t h  0 . 4  M t r ie thylammonium b i c a r b o n a t e  

which was f i n a l l y  r moved by e v a p o r a t i o n  a s  b e f o r e ,  t o  g i v e  p u r i f i e d  

a t  660 mm Hg p r e s s u r e  under  s i m i l a r  c o n d i t i o n s  

The p roduc t  3 

4 2  

= 278 nm, y i e l d  = 2 2 . 3 %  o f  t h e o r y ,  s p e c i f i c  compound VIII. 1 H2g 
max 

a c t i v i t y  = 1 . 5  Ci/mmole. 

R e s u l t s  and Di scuss ion .  The u l t r a v i o l e t  s p e c t r a l  c h a r a c t e r i s -  

t i c s  of t h e  a l k y l a t e d  compounds 11, 111, I V  a r e  shown i n  Table  1.  

S t r u c t u r e s  f o r  11, 111, and I V  were a s s i g n e d  from s p e c t r a l  d a t a  

and k i n e t i c  s t u d i e s  a s  fo l lows  ( i )  A l k y l a t i o n  o f  py r imid ine  nuc leo-  

s i d e s  a t  N-3-, 0 - and 0 - p o s i t  ons  a f f e c t s  t h e  a b s o r p t i o n  maximum 

(1 1 of t h e  p a r e n t  n u c l e o s i d e  i n  a d e f i n i t e  p a t t e r n 1 9  : N-3-alkyla- 

t i o n  h a s  v e r y  l i t t l e  e f f e c t  on t h e  p o s i t i o n  of  1 
n u c l e o s i d e ,  0 - a l k y l a t i o n  causes  a b l u e  s h i f t  of  t h e  1 

appearance  of  a new s h o r t  wave l e n g t h  maximum a t  about  225 nm, whereas  

0 - a l k y l a t i o n  causes  a r e d  s h i f t  o f  t h e  1 - max' 
of  t h e  hydroxymethyl group i n  I i s  s e p a r a t e d  from t h e  r i n g  by  a carbon 

atom, w e  assume t h a t  t h e  oxygen atom w i l l  n o t  i n t e r f e r e  t o  any appre-  

c i a b l e  e x t e n t  w i t h  t h e  e l e c t r o n i c  l e v e l  o f  t h e  con juga ted  r i n g ,  and 

hence  UV s h i f t s  due t o  a l k y l a t i o n  shou ld  b e  s i m i l a r  t o  t h o s e  of thymi- 

d i n e .  Comparing t h e  v a l u e s  (Tab le  1) s t r u c t u r e s  11, 111, I V  were 

2 4 

max 
of  t h e  p a r e n t  

and t h e  
max 2 

max 

S ince  t h e  oxygen atom 4 

max 
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TABLE 1. Mel t ing  P o i n t s  and U l t r a v i o l e t  S p e c t r a l  C h a r a c t e r i s t i c s  of 
t h e  Products  Obta ined  by A l k y l a t i o n  of I .  (Within b r a c k e t s  a r e  t h e  
va lues  of e x t i n c t i o n  c o e f f i c i e n t s  i n  moles-' l i t r e  cm-' u n i t s ,  

;k * 
C omp o un d m.p. OC (nm) (nm) Xmax Xmin 

( €max ( 'min ) 
) 

I 264(10187) 232 (232 8) 

I1 8 7- 89 264( 7690 ) 235 ( 2330 

111 130-1 31 254(9280) 239 (7720) 
227(9385) 21 5 (>12682 

I V  138-140 2 75 (6090 1 230 ( 1 2  30) 

;k 
Values a t  pH 7 .0 .  

2 4 ass igned  t o  !-3-, 0 - and 0 - e t h y l  d e r i v a t i v e s  r e s p e c t i v e l y .  ( i i )  Of 

the  a l lcy la ted  py r imid ine  n u c l e o s i d e s ,  N-3-alkyl d e r i v a t i v e  i s  most 
2 s t a b l e  t o  a c i d  h y d r o l y s i s ,  0 - a l k y l  d e r i v a t i v e  i s  e a s i l y  c l eaved  a t  

t he  g l y c o s y l  l i n k a g e  and 0 - a l k y l  d e r i v a t i v e  i s  e a s i l y  c l eaved  a t  

e t h e r  bond. The s t a b i l i t i e s  of  t h e  t h r e e  e t h y l a t e d  d e r i v a t i v e s  a r e  

i n  agreement w i t h  t h e  s t r u c t u r e s  11, 111, I V  ( F i g . 1  and F i g . 2 ) .  

A l l  a l k y l a t e d  d e r i v a t i v e s  e x h i b i t  s i g n a l s  methyl  H ( 6 )  and methy- 

4 

lene  H(a) pro tons  and a l s o  l a c k  t h e  s i g n a l  of  N-H p ro ton  which i s  

p r e s e n t  i n  t h e  n u c l e a r  magnet ic  resonance  spec t rum of  I .  A s  expec ted ,  

t h e  s i g n a l s  of methyl  p ro tons  of Ij-3-ethyl d e r i v a t i v e  ( t r i p l e t ,  %1.16 ) 

a r e  s l i g h t l y  u p f i e l d  a s  compared t o  t h o s e  of methyl p ro tons  of 0 - and 

- 0 - e t h y l  d e r i v a t i v e s  ( t r i p l e t ,  Q ~ l . 3  6 1, and f o r  methylene p ro tons  

the  d i f f e r e n c e  i s  more prominent (Table  2 ) .  

of u r i d i n e s ,  t h e r e  i s  a d e f i n i t e  downf ie ld  s h i f t  of H(6) p ro ton  s i g n a l  
2 a s  compared t o  0 -, Ij-3- o r  u n a l k y l a t e d  compound19; t h i s  i s  a l s o  found 

i n  I V  (Table  2 ) .  The H(a) pro ton  s i g n a l s  a r e  superimposed on t h o s e  of  

5-CH O H  s i g n a l s  i n  0 - and 0 - e t h y l  d e r i v a t i v e s ,  and w i t h  H(3' ,4 '  %!it) 

i n  Ij-3-ethyl d e r i v a t i v e  (Table  2 ) .  

2 

4 

4 For  0 - e t h y l  d e r i v a t i v e  

2 4 
-2 

The e l u t i o n  p r o f i l e  f o r  p u r i f i c a t i o n  of  V I  i s  shown i n  F i g .  3 .  

To conf i rm t h e  i d e n t i t y  of  VII ( o r  V I I I ) ,  0 - e thy l thymid ine  4 

3 5 ' - t r i p h o s p h a t e  w a s  s y n t h e s i z e d  from thymidine by s t a n d a r d  procedures  . 
The compound V I I  ( o r  V I I I )  was found t o  b e  i d e n t i c a l  w i t h  g4-ethyl- 
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270 BHATTACHARYYA AND P A L  

TIME OF HYDROLYSIS (days) 

FIG.  1. ( L e f t ) .  R e l a t i v e  S t a b i l i t y  of G lycosy l  Bond. Compound 11, 
111 o r  IV (0.25 mg) i s  d i s s o l v e d  i n  2.5 mL o f  0.01N H C 1 ,  mixed w e l l  
and a l lowed t o  s t a n d  a t  room t empera tu re .  T h i s  s o l u t i o n  (100 p L )  
i s  i n j e c t e d  i n t o  Aminex A-6 column ( 2 3  x 0.65 cm) a t  d i f f e r e n t  t i m e  
i n t e r v a l s ,  and e l u t e d  w i t h  0 . 1  M ammonium b i c a r b o n a t e ,  pH 7 . 5  a t  a 
flow r a t e  of  0 .31  mL/min a t  room t empera tu re .  5-Hydroxymethyluracy1 
( r e t e n t i o n  t i m e  = 23.75 min) produced by c l eavage  of  g l y c o s y l  bond,  
g i v e s  a measure of  s t a b i l i t y  o f  t h e  bond. 

I 0 0  
0 

Y 
-I a r:: x40 

/ 

1 r 10 1: 
(days) 

0 
0 20 40  60 8@ 1 0 3  

(hr)  TIME OF HYDROLYSIS 

FIG. 2. ( R i g h t ) .  R e l a t i v e  S t a b i l i t y  of  E t h e r  Linkage.  Hydro lys i s  
and a n a l y s i s  by Aminex A-6 column ( a s  b e f o r e )  i s  fo l lowed  by t h e  
format ion  of I by c l eavage  o f  e t h e r  l i n k a g e  o f  I11 o r  I V .  
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04-ETHYLTHYMIDINE 5 ' -TRIPHOSPHATE 

zompound H ( B >  H(3',4',5') H(a) 5-CH2 H(N-3)  H(6) 

I - 3.6-3.9 m - 4.21 11.5 7.98 S 
broad  b r o a d  

11 1.1 t 3.64-4.0 m 4.28-4.32 - 8.01 S 
d 

111 1.31 t 3.58-4.01 4.26-4.67 m - 7.98 S 
m 

IV 1.28 t 3.56-3.92 4.25-4.58 m - 8.29 S 
m 

27 1 

TABLE 2. Chemical  S h i f t s  ( 6  i n  ppm w i t h  r e s p e c t  t o  TMS as  i n t e r n a l  
s t a n d a r d )  f o r  t h e  P r o t o n s  of  I and i t s  E t h y l  D e r i v a t i v e s  ( i n  dG-DMSO 
s o l u t i o n ) .  ( s  = s i n g l e t ,  d = d o u b l e t ,  t = t r i p l e t ,  m = m u l t i p i e t ) .  

FRACTION NO 

FIG. 3. E l u t i o n  P r o f i l e  f o r  P u r i f i c a t i o n  o f  V I  by DEAE-Sephadex 
Column. The t r i p h o s p h a t e  w a s  i d e n t i f i e d  by e s t i m a t i o n  of phos- 
p h o r u s .  Detai ls  i n  t h e  t ex t .  
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thymidine 5 ' - t r i phospha te  obta ined  from thymidine,  w i t h  r e s p e c t  t o  

( i )  u l t r a v i o l e t  s p e c t r a  ( i i )  r e t e n t i o n  times i n  HPLC ( i i i )  R f  va lues  

i n  TLC ( i v )  phosphorus:nucleoside r a t i o  ( v )  degrada t ion  products  

ob ta ined  by t h e  a c t i o n  of p o t a t o  apyrase  and b a c t e r i a l  a l k a l i n e  
J phosphatase . 

The p resen t  s tudy  a f f o r d s  a method f o r  s y n t h e s i s ,  p u r i f i c a t i o n  
4 

and i d e n t i f i c a t i o n  of  r ad io - l abe l l ed  0 -e thyl thymidine  5 ' - t r i p h o s -  

pha te .  Inco rpora t ion  of t h e  t r i phospha te  i n t o  DNA polymer and 

s t u d i e s  on t h e  r e p a i r  mechanism g4-ethylthyrnine i n  s y n t h e t i c  DNA a r e  

underway i n  our l a b o r a t o r y .  
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