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PREPARATION OF DEUTERIUM-LABELED NUCLEOSIDES 

BY PLATINUM-CATALYZED E X C H A N G E  A N D  REDUCTION 

T. K inosh i ta ,  K a r l  H. Schram and James A.  McCloskey 
Departments of Med ic ina l  Chemistry and B iochemis t r y  

U n i v e r s i t y  of Utah, S a l t  Lake City, Utah 84112 

SUMMARY 

S e l e c t i v e  i n c o r p o r a t i o n  o f  deuter ium by p la t i num-ca ta l yzed  
exchange f o r  s i x  r i  bonucleos ides and two 2 ' -deoxy r i  bonucleosides 
has been s t u d i e d  as a f u n c t i o n  o f  c a t a l y s t l s u b s t r a t e  r a t i o ,  tem- 
pe ra tu re ,  t ime  and concen t ra t i on .  
carbon-bound hydrogens i n  pu r ines ,  p y r i m i d i n e s  and pyrro lo [2,3-d] -  
py r im id ines ,  r e a c t i o n s  i n v o l v i n g  D,-saturated D20 as s o l v e n t  were 
used t o  e f f e c t  e x t e n s i v e  exchange o f  r i b o s e  hydrogens, p r i n c i p a l l y  
a t  C-2'. Reduction-exchange o f  u r i d i n e  was used t o  prepare 5,6- 
dihydrouridine-5,5,6,6,-gb, and 4-aniino-5,6-dihydro-7-(f3-D-ribo- 
fu ranosy l  )pyrrolo[2,3-d]pyrimidine-2,5,5,6,6-d5 f rom t u b e r c i d i n .  
S i t e s  and e x t e n t  o f  d e u t e r a t i o n  were determined by mass spectrom- 
e t r y  and p r o t o n  magnet ic resonance. 

Key words: deuter ium, nuc leos ides,  p l a t i n u m  

I n  a d d i t i o n  t o  exchange o f  

INTRODUCTION 

The p r e p a r a t i o n  o f  s e l e c t i v e l y  deu te ra ted  bases and nuc leos ides by a c i d -  

o r  base-cata lyzed exchange a t  C-5,6 i n  p y r i m i d i n e s  and C-8 i n  pu r ines  has been 

w i d e l y  used t o  p r o v i d e  subs t ra tes  f o r  a v a r i e t y  o f  chemical  and b i o l o g i c a l  

exper iments ( 1  ) .  E a r l y  work by E i d i n o f f  and Kno l l  demonstrated t h e  f e a s i  b i  1 i t y  

o f  c a t a l y t i c  exchange o f  H-2 and H-8 i n  adenine, and o f  H-8 i n  guanine (2). 

Maeda and Kawazoe f u r t h e r  exp lo red  t h e  use o f  p la t i num-ca ta l yzed  deuter ium 

exchange i n  t h e  base m o i e t i e s  o f  f i v e  nuc leos ides  and two mononucleot ides under 

a v a r i e t y  o f  c o n d i t i o n s  ( 3 ) .  
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We r e p o r t  here the  r e s u l t s  of experiments w i t h  nucleosides i n  which the 

c a t a l y t i c  exchange technique has been used t o  i n t roduce  deuterium i n t o  s p e c i f i c  

s i t e s  i n  the  sugar ske leton i n  a d d i t i o n  t o  t h e  base, and i n t o  t h e  base by double 

bond reduct ion.  

c a t a l y s t l s u b s t r a t e  r a t i o ,  temperature, t ime  and concentrat ion.  D i s t r i b u t i o n  o f  

the deuterium labe l  was measured by p ro ton  nuc lear  magnetic resonance, and mass 

spectrometry o f  the t r i m e t h y l s i l y l  d e r i v a t i v e s .  

The v a r i a t i o n s  i n  r e a c t i o n  cond i t i ons  which were s tud ied  were 

EXPERIMENTAL 

C a t a l y t i c  exchange and reduc t i on  reac t i ons  

Ac t i va ted  p la t i num was prepared by a d d i t i o n  o f  an approp r ia te  amount o f  

Pt02 (5-100 mg, Kawaken Fine Chemicals, Ltd., Tokyo, Japan) t o  99% D20 (1 m l ,  

A l d r i c h  Chemical Co., Milwaukee, W I )  i n  a 10 m l  two-neck round bottom f l a s k .  

The suspension was magne t i ca l l y  s t i r r e d  d u r i n g  passage o f  deuterium gas 

(Matheson, East, Rutherford, NJ) s low ly  through the  s o l u t i o n  fo r  1-2 h r s  a t  room 

temperature. The so l ven t  was removed by p i p e t t e  and 1 m l  o f  f resh  D20 was added 

p r i o r  t o  t r a n s f e r  o f  t he  res idue  f o r  r e a c t i o n  by methods A or B (below). 

Method A. Platinum b lack  from the above suspension was t r a n s f e r r e d  i n  a 

volume o f  approximately 0.5 m l  t o  a 10 x 100 mn vacuum hyd ro l ys i s  tube 

(No. K-739950, Kontes S c i e n t i f i c  Glassware, Vineland, NJ). 

f rozen i n  a d r y  ice-acetone bath, evacuated, then i s o l a t e d  from the vacuum l i n e  

and al lowed t o  thaw. Without r e i n t r o d u c t i o n  o f  atmosphere t h e  s o l u t i o n  was re -  

frozen, again connected t o  the vacuum l i n e  and the  process continued as above 

f o r  severa l  cyc les i n  order  t o  remove d i sso l ved  oxygen and small  amounts o f  

molecular hydrogen. 

(0 .5  - 1.0 m l )  of nucleoside (Tables 1 and Z ) ,  which had been degassed by a 

s i m i l a r  procedure, was added ( t o t a l  volume 1.0 - 1.5 m l ) .  

The s o l u t i o n  was 

When frozen the  tube was then opened and a D20 s o l u t i o n  

The freeze-thaw c y c l e  
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was again repeated f o r  two cyc les  and the  tube f i l l e d  with a s l i g h t  pos i t ive  

pressure of nitrogen gas ,  then sealed.  

o i l  bath f o r  various times and temperatures a s  indicated i n  Tables 1 and 2 .  

After  cen t r i fuga t ion  t h e  aqueous phase was removed, dr ied  i n  a ro ta ry  evaporator ,  

and redissolved i n  H20 ( 3  ml) t o  reexchange a c t i v e  hydrogen atoms. 

was again dr ied  p r i o r  t o  mass spectrometry o r  nmr. 

The reac t ion  tube was then heated in  an 

The product 

Method B. Freshly prepared platinum black was t ransfer red  i n  a volume of 

approximately 0.5 ml t o  a 10 x 100 mm tube a s  i n  Method A .  Following addi t ion 

of nucleoside (Tables 1 and 2 )  in  D20 (0 .5  - 1.0 ml) ,  the so lu t ion  was purged by 

bubbling of deuterium gas f o r  10 min and t h e  t u b e  sea led .  

sa tura ted  w i t h  deuterium, was then heated and the reac t ion  products processed as  

i n  Method A.  

The resu l t ing  so lu t ion ,  

Recoveries from representa t ive  reac t ion  mixtures were estimated by hplc 

(C18 Microbondapak, 14% methanol, 0.01 M ammonium formate, pH 5.1) and found t o  

l i e  general ly  within t h e  range 70-90%. As an except ion,  a c a t a l y s t / s u b s t r a t e  

r a t i o  of 1O:l i n  the  case of 2'-deoxyadenosine caused s i g n i f i c a n t  decrease in  

the  y i e l d ,  t o  approximately 30%. 

Mass spectrometry 

Aliquots of reac t ion  mixtures (ca .  100 ug) were dr ied  over P205, then heated 

with N,O-bis(trimethylsily1 )acetamide (10 ~ 1 )  and 1 %  t r imethylch loros i lane  

(P ierce  Chemical Co., Rockford, I L )  i n  90 u l  of pyridine a t  100" a t  1 hr. 

resu l t ing  t r i m e t h y l s i l y l  (TMS) d e r i v a t i v e s  were introduced i n t o  an LKB 9000s mass 

spectrometer by gas chromatograph ( 4 )  under the following condi t ions:  ionizing 

energy 70eV, ion source and c a r r i e r  gas separa tor  temperatures 270". Deuterium 

d i s t r i b u t i o n s  a s  shown in Tables 1 and 2 were ca lcu la ted  from M-CH3 peaks; con- 

c lus ions  regarding deuterium d i s t r i b u t i o n s  within the  molecule were made from 

fragment ions from the  base and sugar ion s e r i e s  ( 5 , 6 ) .  

The 
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Proton n u c l e a r  magnet ic resonance 

A p ro ton  nmr spectrum of adenosine which had been exchanged under c o n d i t i o n s  

shown f o r  exper iment 10 i n  Table 2 was determined u s i n g  a Var ian  SC-300 spectrom- 

e t e r  a t  300 MHz. 

DMSO-+. 

0 ppm: 

(d ,  H - 3 ' ) ,  3.98 (m, H - 4 ' ) ,  centered a t  3.62 ( H - 5 ' ) ;  5'-OH obscured by s o l v e n t ;  

s i g n a l s  f o r  H-2, H-8, H-2' n o t  observed. 

which had been exchanged under c o n d i t i o n s  shown f o r  exper iment  16 i n  Table 2 was 

determined us ing  a JEOL FX-270 spect rometer  a t  270 MHz, f o l l o w i n g  l y o p h i l i z a t i o n  

f rom 99.8% D20 and s o l u t i o n  i n  D20. 

t e t r a m e t h y l s i l a n e  ( e x t e r n a l  s tandard)  taken as 0 ppm: 

4.58 (H-3 ' ) ,  4.12 (H-4 ' ) ,  3.76 (H-5 ' ) ,  2.70 (H-Za ' ) ,  and 2.50 (H-2b ' ) .  

A 5 mg sample was l y o p h i l i z e d  f rom H20 and r e d i s s o l v e d  i n  

Chemical s h i f t s  ( 7 )  a r e  r e p o r t e d  r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  taken as 

6 7.38 ( s ,  NE2), 5.88 ( s ,  H - l ' ) ,  5.46 (broad, H-2 '  and 3'-OH), 4.16 

A spectrum o f  2 ' -deoxyadenosine (7 mg), 

Chemical s h i f t s  (8)  a r e  r e p o r t e d  r e l a t i v e  t o  

centered a t  6 6.33 ( H - l ' ) ,  

RESULTS AND D I S C U S S I O N  

The r e s u l t s  o f  p la t i num-ca ta l yzed  r e a c t i o n s  o f  nuc leos ides  i n  D20 a r e  g i v e n  

Method A i s  g e n e r a l l y  s i m i l a r  t o  t h a t  employed by Maeda and Kawazoe i n  Table 1. 

f o r  t h e  nuc leos ides,  u r i d i n e ,  c y t i d i n e ,  t hymid ine  and i n o s i n e  (3) ,  w h i l e  Method B 

d i f f e r s  by a d d i t i o n  o f  deuter ium gas t o  t h e  r e a c t i o n  medium. 

The products  ob ta ined  f rom u r i d i n e  and c y t i d i n e  by Method A a r e  s i m i l a r  t o  

those descr ibed p r e v i o u s l y  ( r e s u l t s  n o t  shown i n  Table 1 )  i n  which H-5 and H-6 

have been exchanged (e.g. ,  1). 
base- labeled d i h y d r o u r i d i n e  (z), i n  analogy t o  t h e  r e d u c t i o n  o f  u r i d i n e  us ing  

rhodium c a t a l y s t  ( 9 ) .  

( 3 )  and 8% o f  d2, which i n d i c a t e s  t h a t  t h e  e x t e n s i v e  l a b e l  i n  2 r e s u l t s  from 

exchange o f  t h e  5,6-double bond i n  u r i d i n e  p r i o r  t o  r e d u c t i o n .  

c y t i d i n e  f a i l e d  t o  undergo r e d u c t i o n ,  y i e l d i n g  o n l y  t h e  d i d e u t e r i o  species 1. 

However, by Method B u r i d i n e  produces e x t e n s i v e l y  

D i h y d r o u r i d i n e  as a s t a r t i n g  m a t e r i a l  produces o n l y  36% ci, 

On t h e  o t h e r  hand 



Preparation of Deuterium-Labeled Nucleosides 529 

HO OH 

I - 

Struc tures  o f  Principal  Products Formed 
by Cata ly t ic  Exchange and Reduction 
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1-6-D-(Ribofuranosyl )thymine (thymine r i b o s i d e )  f a i l e d  t o  undergo reduc t i on  

o f  the 5,6-double bond, r e f l e c t i n g  s t e r i c  hindrance o f fe red  by the  C-5 methyl 

group, although Method A r e s u l t e d  i n  some l a b e l i n g  a t  C-6, con t ra ry  t o  e a r l i e r  

r e s u l t s  w i t h  the deoxynucleoside thymidine (3 ) .  Exchange a t  C-6 appears t o  be 

s e n s i t i v e  t o  the  c a t a l y s t l s u b s t r a t e  r a t i o ;  1 : l  was l e a s t  e f f e c t i v e  w h i l e  r a t i o s  

o f  5 : l  produced extens ive exchange (5) which was n o t  markedly a l t e r e d  by s i g n i f i -  

cant  v a r i a t i o n s  i n  r e a c t i o n  t ime and temperature. However a t  80" and 95" Method 

B produced a small amount o f  l a b e l i n g  i n  the  r i b o s e  moiety  (3% and 576, Table l), 

as establ ished by the mass spectrum o f  t he  TMS d e r i v a t i v e  ( 5 ) .  

The nucleoside a n t i b i o t i c  t u b e r c i d i n  undergoes extens ive exchange i n  the  

py r ro lopy r im id ine  moiety us ing Method A, which becomes near l y  q u a n t i t a t i v e  

(compound 5) a t  the  l onger  r e a c t i o n  t imes s tud ied.  

Flethod B r e s u l t e d  i n  e s s e n t i a l l y  complete reduc t i on  and exchange o f  the 5,6- 

double bond t o  produce the l abe led  form (6) of the  p rev ious l y  unreported compound 

4-amino-5,6-dihydro-7-( 6-D-ri  bofuranosyl)pyrrolo[2,3-g]pyrimidine. 

The reducing cond i t i ons  o f  

Adenosine and 2'-deoxyadenosine were subjected t o  more extens ive study o f  

r e a c t i o n  var iab les,  and se lected products were examined by proton nmr t o  estab- 

l i s h  s i t e s  o f  deu te ra t i on  i n  the  sugar. When adenosine was subjected t o  Method B 

under cond i t i ons  o f  r e a c t i o n  4, Table 2 ,  b u t  us ing N2 i n  p lace o f  D2, e s s e n t i a l l y  

complete exchange o f  H-2 and H-8 was observed (7, data n o t  shown i n  Table l), as 

reasonably a n t i c i p a t e d  from e a r l i e r  work on adenine, guanine (2 )  and inos ine ( 3 ) .  

S i m i l a r  r e s u l t s  were obtained from Method B ( w i t h  !I2) under r e l a t i v e l y  m i l d  con- 

d i t i o n s  as shown i n  Table 2 ( reac t i ons  1-3) .  However a t  h igher  temperatures the 

unexpected i nco rpo ra t i on  o f  subs tan t i a l  amounts o f  deuterium i n t o  the  r i bose  

skeleton was observed. 

ions i n  the mass spectrum o f  the TMS d e r i v a t i v e  (6 )  showed q u a n t i t a t i v e  exchange 

o f  the r i bose  hydrogen a t  C-2', suggesting t h a t  s e l e c t i v e  exchange o f  r i bose  

The l a b e l i n g  pa t te rns  from the  base + 30 and base + 116 
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hydrogens may be poss ib le .  

c o n d i t i o n s  were c a r r i e d  o u t ,  as represented by t h e  d a t a  shown i n  Table 2. 

There fo re  a d d i t i o n a l  r e a c t i o n s  under a v a r i e t y  o f  

The p r o t o n  magnet ic resonance spectrum taken .of t h e  r e a c t i o n  10 p roduc t  

(Table 2 )  showed approx ima te l y  100% exchange of H-2, H-8, and H - Z ' ,  60% o f  H-3' ,  

and 20% of t h e  methylene hydrogens a t  5 ' ,  as represented i n  s t r u c t u r e  g. 
evidence f o r  change i n  anomeric c o n f i g u r a t i o n  o f  t h e  base, o r  i n  s t e r i c  o r i e n -  

t a t i o n s  o f  t h e  hyd roxy l  groups, was found. I n  t h e  case o f  adenosine, increased 

temperature appears t o  be t h e  most impor tan t  parameter i n  terms o f  promot ing 

exchange of  sugar hydrogens, as f o r  example shown by comparison o f  r e s u l t s  f rom 

r e a c t i o n s  2 and 6, Table 2.  Beyond a minimum p o i n t  no s t r o n g  t r e n d  was noted 

f rom changes i n  r e a c t i o n  t ime,  b u t  h i g h e r  r a t i o s  o f  c a t a l y s t  t o  nuc leos ide  

( r e a c t i o n s  7 vs. 8, 7 vs. 11) were observed t o  be e f f e c t i v e .  

r e a c t i o n s  5 vs.  9 and 7 vs.  10 suggest t h a t  i n c r e a s i n g  molar  concen t ra t i ons  o f  

r e a c t a n t s  tend  t o  reduce t h e  e f f e c t i v e n e s s  o f  exchange under t h e  c o n d i t i o n s  

emp 1 oyed . 

No 

The r e s u l t s  o f  

The r e a c t i o n s  o f  2 ' -deoxyadenosine (Tab le  2 )  were found t o  produce more 

ex tens i ve  exchange i n  t h e  sugar m o i e t y  than  adenosine under s i m i l a r  c o n d i t i o n s ,  

as shown by comparison o f  r e a c t i o n s  4 and 13. 

observed f o r  1-8-D-(ribofuranosy1)thymine and thymid ine (Table 1 ) .  I n  p a r a l l e l  

t o  adenosine, i n c r e a s i n g l y  h i g h e r  c a t a l y s t  t o  nuc leos ide  r a t i o s  produced more 

ex tens i ve  exchange i n  t h e  sugar,  as demonstrated by r e a c t i o n s  13, 14 and 1 5 .  

Q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  were 

The p r o t o n  nmr spectrum o f  t h e  r e a c t i o n  16 (Table 2 )  p roduc t  showed complete 

exchange o f  H-2 and H-8 as expected, w i t h  approx imate ly  50% exchange o f  H-2' and 

35% o f  H-3' .  I n t e r -  

e s t i n g l y ,  t h e  e x t e n t  o f  exchange a t  C-2' was n e a r l y  even ly  d i v i d e d  between t h e  

two hydrogens bound t o  t h a t  carbon (H-2a' and H-2b ' )  i n  s p i t e  o f  t h e i r  d i f f e r e n t  

s t e r i c  environments.  

L i t t l e  o r  no exchange was observed a t  H - l ' ,  H-4', o r  H-5' .  



534 T. Kinoshita, K .  H. Schram and J .  A .  McCZoskey 

Attempts t o  i n c o r p o r a t e  s i g n i f i c a n t  l e v e l s  o f  deuter ium u s i n g  Method B i n t o  

t h e  r i b o s y l  mo ie ty  o f  guanosine were n o t  success fu l .  

o f  6 mg P t / l  mg guanosine, loo" ,  72 h rs ,  t h e  i s o t o p i c  d i s t r i b u t i o n  was 6% %, 
88% cll ( a t  C-8), 6% i2. No i n c o r p o r a t i o n  i n t o  methy l  groups was ob ta ined  f o r  

1-methyladenosine, N -methyladenosine, and 7-methylguanosine. However, 7-methyl-  

adenine showed a l a b e l i n g  d i s t r i b u t i o n  o f  app rox ima te l y  3% c12, 6% c3, 30% % and 

61% % (2) under c o n d i t i o n s  o f  50 mg/lO mg, 100" and 65 h rs .  

For  example under c o n d i t i o n s  

6 
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