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SUMMARY 

Thymine-a,a,a-dg ( 4 )  was synthesized from perdeuterated methyl i o d i d e  and 
& 

pyr im id ine - l i t h ium.  

compound 4 w i t h  la-chloro-2-deoxy-3,5-bis(p-toluoyl )-a-D-ri  bofuranosyl c h l o r i d e  

i n  t h e  presence o f  F r ieda l -Cra f t s  c a t a l y s t .  Thymidine-a,a,a-d3 (8) , a metabol ic  

precursor  o f  deoxyr i  bonucleic ac id ,  has p o t e n t i a l  a p p l i c a t i o n  f o r  study o f  

human t i s s u e  growth k i n e t i c s  i n  v i v o  us ing a s e n s i t i v e  deuterium micromapping 

technique. 

Thymidine-a,a,a-d3 (5) was then synthesized by coup l i ng  

m 
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INTRODUCTION 

Thymidine i s  a s p e c i f i c  metabol ic  precursor  o f  deoxyr ibonucle ic  a c i d  (DNA). 

I f  thymidine i s  present i n  the  e x t r a c e l l u l a r  environment o f  d i v i d i n g  c e l l s ,  i t  

i s  incorporated i n t o  DNA through t h e  thymid ine kinase, o r  "salvage", enzyme 

pathway. 

o f  deoxyuridine monophosphate through t h e  thymidy la te  synthetase enzyme pathway. 

The thymine moiety  o f  DNA i s  a l s o  synthesized de novo by me thy la t i on  

Radioact ive thymid ine such as t r i t i a t e d  thymid ine has been used exper imen ta l l y  

i n  an autoradiographic  technique t o  i d e n t i f y  t he  t ype  and number o f  d i v i d i n g  

c e l l s  i n  t i s s u e s  and c e l l  c u l t u r e s  (1). 

i n  t h e  c l i n i c a l  i n v e s t i g a t i o n  o f  t h e  k i n e t i c s  o f  p r o l i f e r a t i o n  o f  human t i s s u e  (2). 

Unfor tunate ly ,  t he re  i s  a p o t e n t i a l  genet ic  hazard associated wi th f r i t i a t e d  

thymidine i n  c h i l d r e n  and young a d u l t s  ( 3 ) .  On t h e  o the r  hand, t h e  e f f e c t i v e  

cross sec t i on  fo r  de tec t i on  o f  deuterium by the  D(T,n) He nuc lear  r e a c t i o n  i s  

r e l a t i v e l y  l a r g e  (about 10-24cm2) (4) .  

o f  c e l l s  du r ing  t r i t o n  bombardment i n d i c a t e s  t h a t  t h e  t r i t o n  f luence cou ld  

a t t a i n  about 4 x 1 0  cmm2 before c e l l  n u c l e i  d i s i n t e g r a t e  (5 ) .  

mo ie t i es  i n  QNA i n  a c e l l  nucleus can be l abe led  w i t h  f u l l y - d e u t e r a t e d  5-methyl 

group, t he  nucleus w i l l  be l abe led  w i t h  about 5 x 10  excess deuterium atoms. 

Fol lowing maximum t r i t o n  bombardment these should y i e l d  ( 5  x 10  ) . (4  x 10 ) *  

= 20 alpha t r a c k s  i n  a t i g h t  r a d i c a l  c l u s t e r  de tec tab le  i n  the  presence 

T r i t i a t e d  thymid ine has a l s o  been used 

4 

Recent work on t h e  s t r u c t u r a l  i n t e g r i t y  

16 I f  10% o f  thymine 

a 
a 16 

o f  randomly-oriented background t r a c k s .  

several hours) intravenous i n f u s i o n  o f  deuterated thymid ine i n t o  a mammal a t  

the r a t e  o f  about 20  ug/kg/min (6 )  would be requ i red  t o  a t t a i n  more than 10% 

l a b e l i n g  o f  DNA by exogenous thymid ine i n  d i v i d i n g  c e l l s  v i a  the  py r im id ine  

deoxyribonucleoside salvage pathway (7).  a c o n d i t i o n  which should be r e a d i l y  

achieved f o r  human c l i n i c a l  s tud ies  o f  c e l l  p r o l i f e r a t i o n .  Therefore, we have 

synthesized thymidine-a,a,a-d3 (8) and explored t h e  possib l i t y  o f  us ing  i t  f o r  

c l i n i c a l  i n v e s t i g a t i o n s  i n  c h i l d r e n  and young adu l t s .  

I t  i s  est imated t h a t  prolonged (% 

a 
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RESULTS AND DISCUSSION 

C-11 labeled thymidine and thymidylate have been synthesized enzymatically 

and used in metabolic studies (8,9). 

pyrimidine lithium salt with 14CH31 (10). However, the purification of 5-methyl- 

14C-2'-deoxyuridine synthesized by this method was tedious and the yield was 

low. In fact, 5-methyl-14C-2'-deoxyuridine synthesized by this method was not 

isolated but only detected and estimated by its UV spectrum. In order to have 

sizable quantities of deuterated thymine and thymidine for biological studies, 

these two compounds were synthesized by the method similar to that of Lawson ( 1 1 )  

for the preparation of thymidine-1 ,3-15N-6-13C-a,a,a-d3 with some modification. 

The C-14 analogs weressynthesized from 

Chlorination of 5-bromouracil (1 ) with POCl gave 2,4-dichloro-5- 

bromopyrimidine (2) (12). Reaction of 2 with sodium methoxide gave 

2,4-dimethoxy-5-bromouracil (3) (12). Treatment of 3 with n-8uti followed by 

CD31 gave, after hydrolysis, a mixture of 5-methyl-d3-uracil (4) and 

5-n-butyl pyrimidine (5). Compound 4 was purified by fractional sub1 imation. 

The formation of compound 5 was apparently due to a coupling reaction. If 

solvent (THF) is not carefully dried, hydrolysis of the pyrimidine-lithium salt 

takes place and uracil becomes a major product. 

N 

b 

P cu 

*v 

4- P 

4- 

Silyation of compound 4 with trimethylchlorosilane in hexamethyl- 

disilazane (HMDS) gave compound 6 as an intermediate. Reaction of compound 

with 1a-chloro-2-deoxy-3,5-bis(p-tol uoyl )-a-D-ri bofuranosyl chloride (1 3) 

#- 

I" 

6 
lu 

in the presence of SnC14 (14) gave 5-methyl-d3-2'-deoxyuridine ditoluoylate 

(7). The yield of compound 7 depends on the purity of compound 6 . The 
yu w N 

presence of HMDS as an impurity retards the Friedel-Crafts reaction and hence 

reduces the yield of compound 7 dramatically. Hydrolysis of compound 7 
N r-4 

with NaOMe-MeOH gave the final product: 

(see Scheme 1). 

5-methyl -d3-2' -deoxyuridine (8) 
6- 

The structures of these compounds were verified by elemental analysis, 

UV, TLC, and NMR data and by comparison with'authentic samples. 
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It is interesting to note that the chemical shifts of C-6 protons of 

compounds 2- 4 change tremendously. 
bromine as compared with methyl-d3. 

shift of C-6 proton is 68.24, while the chemical shift of the corresponding 

proton of 2,4-dimethoxy-5-methyl-d3-pyrimidine is 67.88. 

This i s  due to the inductive effect of 

In the case of compound 3 , the chemical 
(Y 

?% 

1 
.-4 

2 
rJ 

3 
n/ 

4 
d 

5 + 

h/ 4 -D OD3-gD3 OSiMe3 

Me3SiO 

ROHzC 

6 
N 

7 
N 

0 

- 0  ~ c D 3  R= - ! 0 - c H 3  
HOHzC 

Scheme 1 

8 
N 
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In summary, t he  sequence described i n  Scheme 1 prov ides a convenient method 

f o r  t he  synthes is  o f  5-methyl -d3-urac i l  and 5-methyl-d3-2'-deoxyuridine i n  s i z a b l e  

q u a n t i t i e s .  

EXPERIMENTAL 

NMR spectra was measured on a JEOL MH-100 spectrometer and TMS used as an 

i n t e r n a l  standard. Mass spectra were determined on a H i t a c h i  Perkin-Elmer 

RMU-7 mass spectrometer. 

The so lvents  were c a r e f u l l y  p u r i f i e d :  t e t rahyd ro fu ran  was d i s t i l l e d  from 

l i t h i u m  aluminum hydride. 

P205 and d i s t i l l e d .  

Methyl iod ide-d3 was purchased from S toh le r  Isotope Chemicals, Rutherford, NJ. 

2,4-Di c h l  oro-5- bromopyrimidine (2)  (1 2) 

Compound 2 was synthesized by the  method o f  Jansen e t  a l .  from 

1,2-Dichloroethane was r e f l u x e d  f o r  2 hours over 

Stannic c h l o r i d e  was d i s t i l l e d  a t  atmospheric pressure. 

&I 

cu 
5-bromouracil and phosphorus oxychlor ide i n  58.4% y i e l d .  

i n  the  next  s tep w i thou t  f u r t h e r  p u r i f i c a t i o n .  

2,4-Dimethoxy-5-bromopyrimi d i  ne ( 2 0  

The compound was used 

A s o l u t i o n  o f  3.8 g (165.2 mnol) o f  Na i n  60 mL o f  MeOH was added i n t o  a 

s o l u t i o n  o f  10.4 g (45.84 mmol) o f  compound 2 i n  20 mL o f  MeOH. The m ix tu re  
w 

was s t i r r e d  a t  room temperature f o r  30 min, f i l t e r e d ,  and the  f i l t r a t e  was 

evaporated t o  dryness. 

p r e c i p i t a t e s  were f i l t e r e d  by suct ion,  d r i ed ,  and then sublimed a t  lOO0C/3mm 

t o  g i ve  8 g (80%) o f  compound 

NMR (CDC13) 68.24 ( S , l H ) ,  4.02 (S,3H), 3.96 (S,3H). 

5-Methyl -d3-Uraci l  (4) 

The res idue was suspended i n  50 mL o f  H20. The 

3 , m.p. 64-65OC ( l i t. (12) m.p. 63-64OC); 
F- 

6- 

A hexane s o l u t i o n  o f  n - b u t y l l i t h i u m  (2.29 M y  7.5 mL) was added i n t o  a 

s o l u t i o n  o f  2,4-dimethoxy-5-bromopyrimidine (3)  (3.46 g, 15.9 mmol) i n  60 mL 

o f  t e t rahyd ro fu ran  a t  -65OC under an atmosphere o f  n i t rogen .  Methyl iod ide-d3 

(2.2 g, 15.18 mmol) i n  5 mL o f  t e t rahyd ro fu ran  was added t o  the  orange-colored 

so lu t i on .  

N 

The s o l u t i o n  was s t i r r e d  a t  -65OC f o r  1 1/2 h r  and then excess o f  d r y  
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i c e  was added. 

and then poured i n t o  50 mL of  H20. 

aqueous layer  was ex t rac ted  w i t h  e t h e r  ( 3  x 50 mL).  

was dr ied  over anhydrous Na2SOq and evaporated t o  dryness t o  give 2,4-dimethoxy- 

5-methyl-d3-pyrimidine. NMR (CDC13): 67.88 (S, lH),  3.92 (S,3H), 3.88 (S,3H) 

and t r a c e  of  butyl group. 

The mixture was s t i r r e d  a t  room temperature f o r  an addi t iona l  h r  

The organic  l a y e r  was separated and the 

The combined organic  phase 

The res idue  was dissolved i n  50 mL o f  6N HC1 and ref luxed f o r  2 h r .  

The residue was suspended i n  ether, 

The 

so lu t ion  was evaporated t o  dryness. 

f i l t e r e d ,  and then sublimed in vacuo t o  give 50 mg of  5-n-butyluracil (2) a t  

13Oo/3mm and 1.535 g (76.6%) o f  5-methyl-d3-uracil (4)  a t  23Oo/3mm. 

spectrum gave a c o r r e c t  M+ a t  m/e 129 f o r  C5H3D3N202. TLC (chloroform-methanol , 
9:1, s i l i c a  g e l )  showed a s i n g l e  spot  a t  Rf 0.79. 

(br , lH,  exchangeable w i t h  D20), 10.50 (br , lH,  exchangeable w i t h  D20), 7.20 

(d,J=5Hz,lH). 

2,4-Ri s (Trimet hyl si 1 yl oxy)-5-methyl -d3-uraci 1 (6) 

The mass 
/+ 

NMR (DMSO-d6): 610.90 

hr 

The mixture of  367.60 mg (2.92 mmol) o f  compound 4 , 1 0  mL of  
CU 

hexamethyldisilazane (HMDS) and 1 mL of  t r imethylch loros i lane  was ref luxed f o r  

3 hr. Ammonia was vigorously evolved and NH4C1 deposi ted i n  t h e  condenser. 

The solut ion was evaporated and t h e  o i l y  res idue was dr ied  i n  vacuo t o  give 

2 , 4 -  bi s ( t r imet  hyl s i  1 yl oxy)-5-met hyl -d3-uracil (6)  a s  an intermediate  . 
compound was used in t h e  next s t e p  without f u r t h e r  p u r i f i c a t i o n .  

67.84 (S,lH), 0.28 (S,18H). 

5-Met hyl -d3-2 ' -deoxyur i d i  ne Di to1 uoyl a t e  (7 ) 

The 

NMR (CDC13): 
rv 

- 
To t h e  suspension o f  343.98 mg (0.885 mmol) of  la-chloro-2-deoxy-3,5- 

bis(p-toluoy1)-a-0-ribofuranosyl chlor ide  and compound 6 i n  20 mL of  dry  

1,2-dichloroethane cooled i n  an ice-ba th ,  0.2 mL of s tannic  ch lor ide  was added. 

The yellow so lu t ion  was then s t i r r e d  a t  room temperature overnight  and then 

neut ra l ized  with sa tura ted  NaHC03 s o l u t i o n .  

and t h e  aqueous layer  was ex t rac ted  w i t h  methylene ch lor ide .  

cv 

The organic  l a y e r  was separated 

The combined 
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The res idue  was r e c r y s t a l l i z e d  

7 , m,p .  198-200°C 
/c. 

organic  l a y e r  was dr ied  (Na2S04) and concentrated.  

from ethanol t o  give 136.57 mg (9.73%) of  compound 

( l i t .  (11,15) 197'C, and 197-198OC). 

s i l i c a  g e l )  showed a s i n g l e  spot a t  Rf 0.79. 

7.80, 7.12 (A2B2,8H), 6.36 (t,J=6Hz,lH), 5.56 (br , lH) ,  2.40 (S,6H). 

o f  compound 7 was not optimized. 

5-Methyl -d3-2'-deoxyuridine (2 

TLC ( toluene-acet ic  acid-water ,  5:5:1; 

NMR (CDC13): 68.78 (br , lH) ,  

The y i e l d  

/y 

A so lu t ion  of  69.86 mg (3.04 mmol) of  Na i n  1 0  mL of  MeOH was added i n t o  

t h e  suspension o f  321.7 mg (0.668 mmol) of  5-methyl-d3-2'-deoxyuridine 

d i t o l u o y l a t e  (7J i n  20 mL of  MeOH. 

f o r  3 h r  and then evaporated t o  dryness. 

dissolved i n  a small amount o f  MeOH and passed through a Dowex 50-X8 (H') 

column (2.5 x 12 cm). 

solvent  was evaporated t o  dryness. 

times and dr ied  t o  give 125 mg (76%) o f  8 , m.p. 180-182°C ( l i t . ( 1 1 , 1 5 )  187'C, 

and 183-184OC). 

s i n g l e  spot a t  Rf 0.00 and a t  0.81 i n  (methanol-chloroform, 1:4,  s i l i c a  g e l ) .  

The so lu t ion  was stirred a t  room temperature 

The residue was washed w i t h  e t h e r ,  

The compound was e lu ted  w i t h  MeOH:H20 (v/v 2 : l )  and t h e  

The residue was washed w i t h  CHC13 several 

h. 

TLC ( toluene-acet ic  acid-water, 5:5:1, s i l i c a  g e l )  showed a 

NMR (DMSO-d6): 67.66 (S,lH), 6.20 (tYJ=6HZ), 2.12 (t,2H). 
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