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NUCLEOSIDES & NUCLEOTIDES, 3(4), 353-361 (1984) 

SYNTHESIS OF 02- AND 04-ETHYLTHYMIDINE 5'-TRIPHOSPH4TES1 

* 
A. Bhattacharyya', S. Mitra and B. C. Pal 

University of Tennessee-Oak Ridge Graduate School of Biomedical Sciences 
and the Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN 
37831 

2 4 Abstract. 
e t hy 1 t hymid ine 5 ' -trip hosp hat es . This paper describes the microscale synthesis of 0 - and 0 - 

Introduction. Simple alkylating mutagens and carcinogens can alky- 

late DNA at various nucleophilic sites, and any structural modifications 
of the genetic material may affect its replication as well as trans- 

~cription~'~. 
alkylthymine, should directly affect the base-pairing behavior of these 
bases5, and have been speculated as potentially mutagenic6". 

present study we describe the synthesis of 2 - and - 0 -ethylthymidine 5'- 
triphosphates which may be used for studies on repair mechanisms and 
other biological effects of these alkylated bases in a synthetic DNA 
polymer. The choice of ethyl derivatives, in contrast to methyl deriv- 
atives, is based on the finding that 0 - and 0 -ethylation is more pre- 
dominant compared with 0 - and 0 -methylation when poly[dA-dT] is 
treated with ethylnitrosourea and methylnitrosourea respectively8' '. 

2 4 Some of the alkylated pyrimidines, e.g., 0 - and 0 - 

In the 
2 4 

4 2 

4 2 

The choice of enzymatic method, rather than chemical method for the 
synthesis of 5'-monophosphate, was based on the following considera- 
tions: 
as well as 5'-monophosphate 'OS1'. 
phate was increased by using deoxynucleosides with protected 3'-OH 

group, or by using trialkyl phosphate as solvent, or both 12'13, this 
procedure was not adopted by us for phosphorylation of 2-alkyl deriv- 

Use of phosphoryl chloride with 2'-deoxynucleosides gives 3 ' - ,  

Although the yield of 5'-monophos- 
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354 BHATTACHARYYA, M I T R A ,  AND PAL 

a t i v e s  of nuc leos ides  because of t h e  r epor t ed  i n s t a b i l i t y  of t h e s e  

d e r i v a t i v e s  towards acids14.  

n e u t r a l i z e  t h e  l i b e r a t e d  H C 1  l e a d s  t o  phosphorylat ion of b o t h  3'- and 

5 ' -pos i t i ons  as observed i n  case of d e o x y g u a n o ~ i n e l ~ .  

Saf f h i l l 1 6  were a b l e  t o  prepare t h e  5'-monophosphate by t r e a t i n g  

- 0 -methyldeoxyguanosine and 0 -methylthymidine w i t h  phosphoryl c h l o r i d e  

i n  t r i a l k y l  phosphate s o l v e n t  by c o n t r o l l i n g  experimental  cond i t ions .  

Enzymatic phosphorylat ion,  on t h e  o t h e r  hand, is selective t o  5 ' -pos i t i on  

and hence does no t  r e q u i r e  p r o t e c t i o n  of 3'-OH group, o p e r a t e s  under con- 

d i t i o n s  a t  which 2 -a lky l  nuc leos ides  are s t a b l e ,  and g ives  h igh  y i e l d s  

of  5 ' -nucleot ides  . 

Hoard and O t t 1 8  w i th  t h e  mod i f i ca t ion  t h a t  t h e  monophosphate used w a s  

i n  t h e  triethylammonium form, which w a s  d i r e c t l y  obtained from t h e  

DEAE-Sephadex column. It  was n o t  necessary t o  conve r t  t h e  t r i e t h y l -  

ammonium form i n t o  tri-n-butylammonium form of t h e  monophosphate used 

i n  t h e  o r i g i n a l  procedure of Hoard and O t t 1 8  (Scheme I ) .  

Use of  py r id ine  i n  t h e s e  r e a c t i o n s  t o  

However, Hal l  and 

6 4 

17 

Syn thes i s  of t r i phospha te s  w a s  c a r r i e d  ou t  by t h e  procedure of 

Materials. Thymidine, s i l i ca  g e l ,  b a c t e r i a l  a l k a l i n e  phosphatase,  

3 ' -nucleot idase and 5 ' -nucleot idase were obtained from Sigma Chemical 

Company. A l l  organic  s o l v e n t s  were obtained from F i s h e r  S c i e n t i f i c  

Company. 

Dimethylformamide was d r i e d  over phosphorus pentoxide and d i s t i l l e d .  

Ethylurea w a s  obtained from Aldrich Chemical Company. 

b i ca rbona te  w a s  prepared by t h e  procedure of Smith e t  a l l9 .  

phosphotransferase w a s  i s o l a t e d  according t o  t h e  procedure of S t r i d e r  

et  a120 with t h e  improvements suggested by Harvey e t  a12'. U l t r a v i o l e t  

s p e c t r a  were recorded on a Cary Model 14PM reco rd ing  spectrophotometer.  

generated22 from e t h y l n i t r o s o u r e a  prepared by t h e  method of Amstutz and 

Myers23. 

0.08 M) wi th  e t h e r e a l  s o l u t i o n  of diazoethane was c a r r i e d  o u t  essen- 

t i a l l y  by t h e  procedure of Kusmierek and Singer14. 

n i g h t  a t  room temperature,  t h e  o rgan ic  s o l v e n t s  were evaporated i n  a 

r o t a r y  evaporator  under vacuum, and loaded on a s i l i c a  g e l  column (bed 
4 2 v o l .  , 50 a), and t h e  products  N-3-(11) , 0 -(III) and 0 -ethylthymidine 

(IV) were c o l l e c t e d  by s tepwise e l u t i o n  w i t h  5%, 10% and 20% acetone i n  

benzene r e s p e c t i v e l y .  Appropriate  f r a c t i o n s  were pooled and evaporated 

Pyr id ine  w a s  d r i e d  over  calcium hydr ide  and d i s t i l l e d .  

Triethylamonium 

Carrot  -- 

-- -- 

Alkylat ion of thymidine. E t h e r e a l  s o l u t i o n  of diazoethane w a s  

Alkylat ion of t h e  methanolic suspension of thymidine (12 mL, 

Af t e r  s t i r r i n g  over- 

- - 

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



355 4 02- AND 0 -ETHYLTHYMIDINE 5'-TRIPHOSPHATES 

Phosphotransferasa ' III (ILL) Sepo ro tion 

0 
I1 

I 
-0. P .  

Q 

1 , f ' -  Corbonyldiimidazole 

tri - (n-8utyl)ommonium 
pyrophospha te 

' 

P PI 

SCHEME I 

to dryness. The yields of 11, I11 and IV were 90, 35, and 41 mg 
respectively. 

water with the literature values (N -meth~lthymidine~~ 267 nm, 0 - 
The compounds were identified by comparing their A,, in 

3 4 
eth~lthymidinel~, 278 nm, and 0 2 -ethyIthymidinel4 226, 255 nm). 

Synthesis of 5'-monophosphates. The 5'-monophosphate V (or VI) was 
4 prepared as follows: 0 -ethylthymidine 111 (or - O'-ethylthymidine IV) 
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356 BHATTACHARYYA, MITRA, AND PAL 

(0.1 mmole) and 4-nitrophenyl phosphate (1 mmole) were d i s so lved  i n  10 

mL of 0.2 M sodium a c e t a t e ,  pH 5.0, 0.1 mL of c a r r o t  phosphotransfer- 

ase2' s o l u t i o n  (1 mg p r o t e i n  per  mL) w a s  added, and t h e  mixture w a s  

incubated a t  37°C f o r  24 h r s .  The progress  of r e a c t i o n  was followed by 

TLC and Aminex A-6 column chromatography as fol lows:  

r e a c t i o n  mixture (10-20 pL) a t  d i f f e r e n t  time i n t e r v a l s  were spo t t ed  on 

c e l l u l o s e  p l a t e  and developed by ethano1:l.O M sodium a c e t a t e ,  pH 7.5 

(7:3 v /v ) .  

4-nitrophenyl phosphate (Rf = 0.35),  t h e  r e a c t i o n  mixture showed a band 

a t  4-nitrophenol p o s i t i o n  (Rf = 0.98) and another  new band (Rf = 0.43) 

presumably due t o  t h e  formation of 5'-monophosphate. (2) A blank con- 

t a i n i n g  - 04-ethylthymidine, 4-nitrophenyl phosphate, and sodium a c e t a t e  

b u f f e r  with t h e  same concen t r a t ions  of t h e  compounds as i n  t h e  r e a c t i o n  

mixture ,  bu t  containing no phosphotransferase,  was i n j e c t e d  i n t o  Aminex 

A-6 column (24 X 0.63 cm d i a . )  and e l u t e d  wi th  0.1 M ammonium b o r a t e ,  

pH 7.526, a t  a flow rate of 0.31 mL/min. An equa l  volume of r e a c t i o n  

mixture was a l s o  i n j e c t e d .  The r e a c t i o n  mixture showed a smaller peak 

f o r  g4-ethylthymidine ( r e t e n t i o n  t i m e ,  52 min), and a new peak a t  mono- 

phosphate p o s i t i o n ,  due t o  formation of V (Fig. 1). Detect ion of V I  i n  

t h e  r eac t ion  mixture w a s  done by t h e  same procedures.  

(1) Al iquo t s  of 

In  add i t ion  t o  bands f o r  g4-ethylthyrnidine (Rf = 0.94) and 

The product V (or  VI) was i s o l a t e d  as fol lows:  The r e a c t i o n  mixture  

was cooled i n  ice and r epea ted ly  ex t r ac t ed  wi th  equal  volumes of e t h e r  

u n t i l  t h e  e t h e r  l aye r  on treatment w i t h  sodium hydroxide s o l u t i o n  d i d  n o t  

impart a yellow c o l o r  t o  t h e  l a t t e r ,  i n d i c a t i n g  removal of 4-nitrophenol.  

The aqueous l a y e r  was d i l u t e d  wi th  water  t o  10 mL and loaded on an AG1-X8 

(anion-exchanger) column (HCO- form, 11 X 1.5 c m  d i a . )  maintained a t  4°C. 

After  e l u t i n g  t h e  unreacted compound 111 (o r  I V )  w i th  water, t h e  productV 

(or VI) was e l u t e d  wi th  a g rad ien t  of 0.0-1.0 M triethylammonium bicarbo- 

n a t e ,  pH 7.5 (500 mL). The unreacted 4-nitrophenyl phosphate w a s  r e t a ined  

i n  the  column and w a s  e l u t e d  only wi th  high s a l t  concen t r a t ion .  

f r a c t i o n s  con ta in ing  04-ethylthymidine 5'-monophosphate, V (o r  

02-ethylthymidine 5 '-monophosphate, VI) were pooled, and r epea ted ly  

evaporated from 50% e thano l  t o  remove triethylammonium bicarbonate .  

Yield of V w a s  54% of theory ( V I ,  y i e l d ,  60%) as c a l c u l a t e d  from t h e  

following molar e x t i n c t i o n  c o e f f i c i e n t s ;  XHZ0 = 280 nm ( E ~ ~ ~ ,  6100) f o r  

V ,  XH2' = 257 ( E ~ ~ ~ ,  9200), 227 nm f o r  VI);  phosphorus:nucleoside r a t i o ,  

3 

The 

max 

max 
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357 
2 4 0 - AND 0 -ETHYLTHYMIDINE 5'-TRIPHOSPHATES 

0.5 

RETENTION TIME (rnin) 

FIG. 1. Cleavage of Phosphate Group i n  V. Solut ion of V (70 uL) (3 .7  
'i78 u n i t s )  was t r e a t e d  wi th  10 mg/mL s o l u t i o n  of b a c t e r i a l  a l k a l i n e  
p osphatase (5 pL) and 1 M tris, pH 8.0 (5 uL), and t h e  mixture  w a s  in- 
cubated a t  37°C f o r  1 h r .  
Aminex A-6 column (24 X 0.63 cm), and e l u t e d  wi th  0.1  M ammonium bora t e ,  
pH 7.5, a t  room temperature a t  a flow r a t e  of 0.31 mL min. 
of V by phosphatase produced I11 (50-55 min peak) ( s o l i d  l i n e ) .  Blank 
w a s  prepared without  add i t ion  of phosphatase (dot ted l i n e ) .  

The whole mixture  was passed through an 

Degradation 

as determined by t h e  method of Hurst and Becking2', was found t o  be  

1.05:l  f o r  V (1.l:l f o r  VI). 
4 Syn thes i s  of 5 ' - t r iphosphates .  P u r i f i e d  - 0 -ethylthymidine 5'-mOnO- 

phosphate V (or  - 02-ethylthymidine 5'-monophosphate V I )  ( 2 . 7  urnole), as 

triethylammonium sa l t  ( a s  obtained from t h e  Dowex 1-X8 column), w a s  made 

anhydrous by repeated evaporat ion from 1 mL por t ions  of anhydrous 

py r id ine  and then from 1 mL p o r t i o n s  of anhydrous dimethylformamide 

(DMF), and f i n a l l y  suspended i n  0.25 mL of anhydrous DMF, and then 

t r e a t e d  w i t h  0.125 m o l e  of 1,l'-carbonyldiimidazole i n  0.25 mL of 

anhydrous DMF, and s t i r r e d  f o r  4 h r s  a t  room temperature i n  a 5 mL 

round-bottomed f l a s k  f i t t e d  w i t h  calcium c h l o r i d e  d ry ing  tube.  Excess 

of 1,l'-carbonyldiimidazole was destroyed with 8.3 pL of anhydrous meth- 

anol  and s t i r r e d  f o r  another  30 min. The mixture w a s  then t r e a t e d  w i t h  
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358 BHATTACHARYYA, MITRA, AND PAL 

anhydrous tri-n-butylammonium pyrophosphate (0.125 m o l e  i n  125 mL of 

anhydrous DMF), and t h e  r e a c t i o n  was allowed t o  proceed f o r  24 h r s I 8  a t  

room temperature. Af t e r  removal of t h e  p r e c i p i t a t e  by c e n t r i f u g a t i o n ,  

t h e  supernatant  w a s  evaporated t o  dryness  under vacuum, and p u r i f i e d  by 

DEAE-Sephadex A-25 column (26 X 1 cm d i a . ,  HCO- form) by e l u t i n g  wi th  a 

gradient  of 0-0.5 M triethylammonium b ica rbona te ,  pH 7.5 (400 mL). The 

appropr i a t e  f r a c t i o n s  c o n t a h i n g  c4-ethylthymidine 5 ' - t r i phospha te  V I I  

3 

n 

(o r  2'-ethylthymidine 5 ' - t r iphosphate  VI I I )  were pooled, and r epea ted ly  

evaporated under vacuum from 50% e thano l  t o  remove triethylammonium 

bicarbonate .  Yield of V I I ,  22% of theory (y i e ld  of V I I I  40% of theory) 

as ca l cu la t ed  from t h e  fol lowing molar e x t i n c t i o n  c o e f f i c i e n t s ;  XHz0 = 

278 nm ( E ~ ~ ~ ,  6100) f o r  V I I  (1:;: = 255 ( E ~ ~ ~ ,  9200) ,  226 nm f o r  V I I I ) ;  

phosphorus:nucleoside r a t i o  = 3.1 f o r  V I I  (3.1 f o r  V I I I ) .  

max 

Monitoring of t h e  progress  of t h e  r e a c t i o n  and d e t e c t i o n  of t h e  

product (VII) i n  t h e  r e a c t i o n  mixture  were c a r r i e d  ou t  as fol lows:  (1) 

The r eac t ion  mixture (5 pL) was spo t t ed  on polyethyleneimine impregnated 

c e l l u l o s e  p l a t e  and developed w i t h  1.0 M L i C l  . In  a d d i t i o n  t o  t h e  

band f o r  t he  unreacted compound I V  (Rf = 0.8), another  band (Rf = 0.1) 

was seen i n  t h e  t r i phospha te  region,  p r imar i ly  due t o  t h e  formation of 

V I I .  (2) The r e a c t i o n  mixture ,  12 uL ,  was i n j e c t e d  i n t o  an Aminex A-28 

column (2.0 X 0.65 cm d i a . ) ,  and e l u t e d  w i t h  a l i n e a r  g rad ien t  (0.025- 

0.5 M) of c i t r a t e  b u f f e r ,  pH 8.4, a t  a flow r a t e  of 0.1 mL/rnin. Addi- 

t i o n a l  peak w a s  found i n  t h e  t r i phospha te  region ( r e t e n t i o n  time, 

52 min), due t o  formation of V I I .  

28 

Enzymatic hydro lys i s  of t r iphosphates .  A s o l u t i o n  of V I I  (70 pL, 

3.7 A278 u n i t s )  was t r e a t e d  wi th  10 rng/mL s o l u t i o n  of p o t a t o  apyrase 

(5 VL), 1 mM MgC12 (5 pL) and 1 M T r i s ,  pH 8.0 (5 pL), and t h e  mixture 

was incubated a t  37OC f o r  1 h r .  

a l k a l i n e  phosphatase (5 uL) was then added and incubated again a t  37°C 

f o r  1 hr .  

A-6 column as descr ibed i n  t h e  legend t o  Fig.  1. A blank sample was 

run without add i t ion  of enzymes. The chromatogram c l e a r l y  ind ica t ed  

t h e  formation of 111 by hydro lys i s  of V I I .  The product V I I  was a l s o  

cha rac t e r i zed  i n  a s i m i l a r  fashion by hydro lys i s  t o  I V  w i t h  po ta to  

apyrase and b a c t e r i a l  a l k a l i n e  phosphatase. 

A 10 mg/mL s o l u t i o n  of b a c t e r i a l  

The whole mixture  w a s  analyzed by chromatography on Aminex 

Resu l t s  and Discussion. The e thy la t ed  products  of thymidine were 

g-3-ethylthymi- e l u t e d  from s i l ica  g e l  column i n  t h e  following order :  
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02- AND 04-ETHYLTHYMIDINE 5 ‘-TRIPHOSPHATES 359 

4 d ine  (11, Xz:, 267 nm), - 0 -ethylthymidine (111, A:::, 278 nm) and 

- 0’-ethylthymidine (IV, Xz:, 255,266 nm) and were i d e n t i f i e d  by t h i n  

l a y e r  chromatography and s p e c t r a l  d a t a  

The presence of phosphate group i n  t h e  5’-monophosphate, V, was 

14 . 

shown by t h e  degradat ion of V t o  t h e  nucleoside 111 by b a c t e r i a l  alka- 

l i n e  phosphatase (Fig. 1). It i s  important t o  n o t e  that t h e  compound V 

w a s  degraded t o  I11 by t reatment  w i th  5’-nucleotidase,  bu t  no t  by 3’- 

nuc leo t idase ,  showing t h e  p o s i t i o n  of phosphate group i n  V. Phosphorus: 

nucleoside r a t i o  was found t o  agree wi th  t h e  t h e o r e t i c a l l y  expected 

va lue  of 1:1, showing V t o  be  a monophosphate. 

Experiments w i th  V I  produced similar r e s u l t s .  

Chromatography of t h e  r e a c t i o n  mixture  con ta in ing  t r iphospha te  on 

t h e  DEE-Sephadex column showed t h r e e  W-absorbing peaks. The t h i r d  

peak was found t o  be t h e  t r i phospha te  w i t h  phosphorus:nucleoside r a t i o  

of 3.1:1, t h e  f i r s t  peak w a s  i d e n t i f i e d  as t h e  monophosphate, and the 

second peak w a s  found t o  have phosphorus:nucleoside r a t i o  of 2 .1: l  which 

was n o t  f u r t h e r  cha rac t e r i zed .  

The presence of t h e  t r i phospha te  group i n  V I I  w a s  i n d i c a t e d  by re- 

t e n t i o n  t i m e  i n  HPLC (Aminex A-28, C-18 VBondapak), TLC (polyethylene- 

imine impregnated c e l l u l o s e ,  1 0 M LiCl) ,  sa l t  concen t r a t ion  r equ i r ed  

f o r  e l u t i o n  from DEAE-Sephadex column. Phosphorus:nucleoside r a t i o  w a s  

found t o  be i n  agreement w i t h  t h e  t h e o r e t i c a l l y  expected va lue  of 3.0 

f o r  V I I .  

- 0 -ethylthymidine.  The compound V I I  was a l s o  degraded w i t h  p o t a t o  

apyrase and b a c t e r i a l  alkaline phosphatase t o  produce 111, f u r t h e r  

confirming t h e  s t r u c t u r e  of V I I .  Analysis  of V I  by HPLC showed t h e  

compound t o  be 97% pure. 

similar r e s u l t s .  

The u l t r a v i o l e t  spectrum of V I I  w a s  i n  agreement w i t h  t h a t  of 
4 

Analysis  of V I I  i n  t h e  same way produced 

The present  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  and 

i d e n t i f i c a t i o n  of 2-ethylated pyrimidine nucleoside t r i phospha te s  on 

microscale;  and by us ing  radio-labeled thymidine as t h e  s t a r t i n g  mate- 

r i a l ,  i t  should be  p o s s i b l e  t o  syn thes i ze  t h e  l abe led  e t h y l a t e d  

t r iphosphate .  
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