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NUCLEOSIDES & NUCLEOTIDES, 7 ( 3 ) ,  2 7 1 - 2 9 4  ( 1 9 8 8 )  

%-LABELED ADENOSINE AND ~-(B-IJ-ARABINOFURANOSYL)ADENINE - (ARA-A): 

SYNTHESIS, MASS SPECTROMETRY, AND STUDIES OF 180-INDUCED 

13C NMR CHEMICAL SHIFTS 

Cong Jiang,t Robert J .  Suhadolnik,? and Dav id  C .  Bakert* 

'Department o f  Chemis t ry  
The U n i v e r s i t y  o f  Alabama 
Tuscaloosa, AL 35487-9671 

and 

$Department o f  B iochemis t r y  

P h i l a d e l p h i a ,  P A  19140 
Temp1 e U n i v e r s i t y  School o f  Medicine 

ABSTRACT.  [2'-180]- and [3'-180]-Adenosi ne and [2'-180]- and [3 ' -  
180]-9-(f3-D.-arabi n o f u r x n o s y l  )aden inF  e r e  syn thes i zed  f r o m a p p r o p r i a t e  
n u 3  eosi  de-precursors. lghe s i t e s  of31N0-i n c o r p o r a t i o n  were d e t e r n i  ned 
by mass spectrometry.  0-Induced C NMR s h i f t s  were measured f o r  2'- 
and 3 ' - l a b e l e d  adenosines as 1.2 and 1.6 Hz, r e s p e c t i v e l y .  

INTRODUCTION 

The u s e  o f  i s o t o p i c a l  l y  1 a b e l  e d  n u c l  e o s i  des, p a r t i c u l a r l y  t h o s e  

l a b e l e d  w i t h  r a d i o a c t i v e  n u c l i d e s ,  h a s  been  w e l l  e s t a b l i s h e d  i n  a l l  

f a c e t s  o f  nuc l  e i c  

d e o x y c o f o r m y c i  n 

(a ra-A) ,3 ,4  b o t h  

a n t i b i o t i c u s ,  u t i l  

marke rs .  13c -1  a 

a c i d  chemis t ry .  Research on t h e  b i o s y n t h e s i s  o f  2'- 

2'-dCF)1,2 a n d  9-  ( B - D - - a r a b i  n o f u r a n o s y l  I a d e n i  ne  

p r o d u c t s  f r o m  t h e  f e r m e n t a t i o n  o f  S t r e p t o m y c e s  

zed b o t h  1 4 C -  - and  I 3 C - l a b e l s 2  as  b i o c h e m i c a l  

e l e d  p r e c u r s o r s  w e r e  f o u n d  e s p e c i a l l y  u s e f u l  i n  

e s t a b l i s h i n g  t h e  f a c t  t h a t  2'-dCF i s  d e r i v e d  f r o m  adenosine v i a  a un ique 

r i n g  expansion, w i t h  D - r i b o s e  s e r v i n g  as C-donor.2 I n  t h e  case o f  t h e  

b i o s y n t h e s i s  o f  a r a - A ,  a n  " a d e n o s i n e  2 ' - e p i m e r a s e N  h a s  b e e n  

i d e n t i  f i e d 3 s 4  w h i c h  c o n v e r t s  a d e n o s i n e  t o  ara-A. However, d e t a i l s  o f  
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272 JIANG, SUHADOLNIK, AND BAKER 

t h e  mechanism of t h e  e p i m e r i z a t i o n  remain obscure ,  and 180-label  ed  

precursors were deemed necessary t o  e s t ab l i sh  t h e  f a t e  of the  2'-OH and 

3'-OH i n  adenos ine  a s  wel l  a s  t h e  o r i g i n  of t h e  2'-OH i n  t h e  p roduc t ,  

ara-A. I t  was a n t i c i p a t e d  t h a t  such I80 - l abe led  p roduc t s  would be 

eas i ly  s tudied by mass spectrometry a n d  possibly by observation of l80- 

induced 1 3 C  NMR chemical s h i f t s ,  a procedure5 which has recent ly  gained 

wide acceptance  i n  t h e  b i o s y n t h e t i c  f i e l d .  To t h i s  end, a workable  

synthesis  of [2'-1801- - (4 )  and [3'-1801-adenosine - (161, a s  well as [2'- 

l8Ol- - (20) a n d  3'-1801-9-([j - -D:ara bi nofuranosyl )a  deni ne (12 1, preferably 

one which proceeded from i n t a c t  nucl eoside precursors,  was required.6 

DISCUSSION AND RESULTS 

Syntiiesi  s. [2'-1801-Adenosi - ne (4). The shor t e s t  and most d i r e c t  

approach t o  [2 '-180]-adenosine - ( 4 )  should b e  v i a  2 ' - i n v e r s i o n  of a 

3 ' , 5 ' -0 -p ro tec t ed  - 9-F-D-arabi nofuranosyl  adeni ne d e r i v a t i v e  wi th  a 

su i  tab1 e 1 eaving  group a t  C-2'. Such a p rocess  i s  shown i n Scheme 1. 

SCHEME 1 

Ada Ada 

Ada 

I 2 3 

HO 'OH 

4 

5 6 7 

I) 

a .  NaH/THF: CFaS&Cl b .  CH>CH$O &S/OHF C .  NaOH - O l n x a n e  
d .  (CFJSOzJIO - OMAP - Pyrldlne e .  CHICH&O*R Cs/OMF 

t . TFIA'F-ITHF: NH,OH/YO ow - 0" 
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1 8 ~ - ~ ~ ~ ~ ~ ~ ~  ADENOSINE AND ARA-A 273 

Thus 9-  3 ' ,  5 '  - d i  -0-  ( t e r  t- bu  t y  1 d i  me t h y  1 s i 1 y l  - 0-D- - a r a  b i  n o f  u r a  nosy  1 3 - 
a d e n i n e  ( 1 l 7 s 8  was c o n v e r t e d  t o  i t s  2'-0-(trifluoromethanesul - f o n y l  I 
d e r i v a t i v e  (tri f l  a te )  2 u s i  ng sodium h y d r i d e  - tr i f l  uoromethanesul f o n y l  

c h l o r i d e  i n  a y i e l d  o f  43%. The 'H NMR s p e c t r u m  o f  2 showed a 

p r o n o u n c e d  d o w n f i e l d  s h i f t  a t  55 .21  f o r  H-2' ( a  pseudo  t r i p l e t ,  w i t h  

J1' ,2 '  = 2 Hz a n d  J21,31 = 3.5 Hz)  w h i c h  s e r v e d  t o  p i n p o i n t  t h e  

s i t e  o f  t r i f l a t i o n .  D i s p l a c e m e n t  o f  t h e  t r i f l y l  g r o u p  u s i n g  c e s i u m  

[ 1 8 0 ] - p r o p i o n a t e  - i n  d r y  - -  N,N-d imethy l  f o r m a m i d e  (DMF) a f f o r d e d ,  i n  85% 

y i e l d ,  [2'-1801-3',5'-di-0-(tert-butyl - - -  dimethy l  silyl-2'-0-(1-propionyl)- - 
adenosine (3) .  spec t rum o f  3 r e f l e c t e d  a c y l a t i o n  

o f  t h e  2 ' -0,  w i t h  H-2 '  r e s o n a t i n g  a t  6 5.40 (pseudo  t r i p l e t ,  J 1 '  2 '  = 

5.3 Hz and J ~ I  31 = 5.0 Hz). I n  each  compound, H - 1 '  a p p e a r e d  as  a 

d o u b l e t ,  w i t h  J1t 2 '  = 2.1 Hz f o r  2 a n d  J1 ' ,2 '  = 5.3 Hz f o r  3. Compound 

3 was then  d e s i l y l a t e d  w i t h  f l u o r i d e ,  and t h e  Z l -es te r  was h y d r o l y z e d  i n  

base (aqueous dioxane) t o  g i v e  [2'-18g]-adenosine (4 )  i n  39% y i e l d .  The 

p r o d u c t  was i d e n t i c a l  b y  mp and 'H N M R  s p e c t r o s c o p y  w i t h  a u t h e n t i c  

adenosine. 

- -  

A s  f o r  2, t h e  'H NMR 

9 

Y 

A1 t h o u g h  t h e  above s y n t h e t i c  r o u t e  f u r n i s h e d  4 i n  q u a n t i  t i e s  

s u f f i c i e n t  f o r  m i l l i g r a m - s c a l  e r e q u i r e m e n t s ,  i t  became n e c e s s a r y ,  on 

account  o f  demand f o r  t h i s  compound f o r  b i o s y n t h e t i c  s tud ies ,  t o  deve lop  

a h i g h e r  y i e l d i n g  p rocess .  D r a w i n g  u p o n  t h e  w o r k  o f  M a r k i e w i c z  and 

c o w o r k e r s  t h a t  u t i l  i z e s  t h e  r e a g e n t ,  1,3-dichloro-1,1,3,3-tetraisopro- 

p y l  d i s i l o x a n e ,  t o  s i m u l t a n e o u s l y  b l o c k  t h e  3 ' -  and 5 ' - p o s i t i o n s  o f  

r i b o f u r a n o s y l  n u c l e o s i d e s , 9  - a r a - A  was r e a c t e d  w i t h  t h e  r e a g e n t  

( u s i n g  m o d i f i e d  c o n d i t i o n s  s p e c i f i e d  b y  R o b i n s  and  c o w o r k e r s 1 2 )  i n  

p y r i d i n e  t o  g i v e  5 i n  a r e s p e c t a b l e  y i e l d  (Scheme 1). T h e r e  was no 

e v i d e n c e  o f  a p o s s i b l e  2 ' , 5 ' - i s o m e r  a s  d e t e r m i n e d  b y  TLC a n d  'H NMR 

spectroscopy. T r i  f l  a t i  on t h e n  proceeded u s i  ng t r i  f l  uoromethanesul f o n i  c 

anhydr ide  - 4-(N,N-dimethyl -- ami n o ) p y r i  d i n e  i n  d i c h l  o r o m e t h a n e  t o  g i  ve 

g l a s s y  6 i n  7 5 %  y i e l d  a f t e r  c o l  umn c h r o m a t o g r a p h y .  D i s p l a c e m e n t  o f  

t r i f l a t e  6 w i t h  c e s i u m  [ 1 8 0 ] - p r o p i o n a t e  - t h e n  gave 7 i n  39% y i e l d .  A s  
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2 74 JIANG, SUHADOLNIK, AND BAKER 

f o r  2 and 3, t h e  l H  NMR spectrum o f  6 and 7 revea led  t h e  presence o f  2'- 

- 0 - t r i f l y l  and E'-O-( l -propionyl)  - groups, as H-2' resonated  a t  6 5.48 and 

65.79, r e s p e c t i v e l y ,  i n  6 and 7. A d i s t i n g u i s h i n g  f e a t u r e  o f  t h e s e  

s p e c t r a  was t h e  f a c t  t h a t  i n v e r s i o n  o f  6 t o  7 r e s u l t e d  i n  a d r a m a t i c  

a l t e r a t i o n  o f  J11 21 = 5.8 Hz ( f o r  6 )  t o  0 Hz ( f o r  7 ) .  ( S e e  

E x p e r i m e n t a l  Sec t i on . )  The s m a l l  c o u p l i n g  b e t w e e n  H - 1 '  and  H-2' f o r  

r i bonuc leos ides  d e r i v a t i z e d  w i t h  Mark iew icz ' s  p r o t e c t i n g  group has been 

n o t e d  b y  R o b i n s  and  c o w o r k e r s  and  h a s  been a d v o c a t e d  as  a means o f  

a s s i g n i n g  anomeric c o n f i g u r a t i o n  among such compounds.12 These workers  

a t t r i b u t e  t h e  observed c o u p l i n g  t o  t h e  g r e a t e r  p o p u l a t i o n  o f  t h e  3E - ( C -  

3' endo) c o n f o r m a t i o n  f o r  such r i g i d ,  f u s e d - r i n g  compounds. The 

i n v e r t e d  p r o d u c t  7 was t h e n  c o n v e r t e d  t o  [2 -180 ] -adenos ine  - ( 4 )  i n  89% 

y i e l d  by a combina t ion  o f  (a )  f l u o r i d e  i o n  d e s i l y l a t i o n ,  f o l l o w e d  by (b) 

b a s e  h y d r o l y s i s  o f  t h e  2 ' - e s t e r .  The s i t e  o f  a t t a c h m e n t  f o r  t h e  l 8 0  - 
l a b e l  was f i rm ly  e s t a b l i s h e d  by mass spec t romet ry  and by o b s e r v a t i o n  o f  

a n  a p p r o p r i a t e  1 8 0 - i n d u c e d  - 1 3 C  NMR s h i f t  f o r  t h e  C - 2 '  r e s o n a n c e  ( v i d e  

i n f r a ) .  

The advan tages  o f f e r e d  b y  t h e  sequence o f  5 t o  4 o v e r  t h a t  o f  1 t o  

4 a r e  a h i g h e r  y i e l d ,  g r e a t e r  r e p r o d u c i b i l i t y ,  and e a s i e r  access t o  t h e  

3',5'-protected d e r i v a t i v e  5, wh ich  r e q u i r e s  no s e p a r a t i o n  f r o m  i s o m e r i c  

b i s - p r o t e c t e d  compounds as  i n  t h e  case o f  1. The s y n t h e t i c  advantages 

a r e  somewhat o f f s e t ,  however ,  b y  t h e  h i g h e r  c o s t  o f  M a r k i e w i c z ' s  

reagent. Nonetheless, t h e  l a t t e r  p rocess  i s  advocated as t h e  r o u t e  o f  

cho ice  f o r  syn thes i s  o f  4. 

At tempted Synthes is  of [3'-18gl-Adenosine (16). Encouraged by t h e  

success o f  t h e  syn thes i  s o f  [2'-1801-adenosi - ne (41, an analogous process 

was d e s i g n e d  whereby  t h e  c o r r e s p o n d i  ng 9 - [2 ' , 5 ' -d i  - 0 - ( t e r t - b u t y l  - -  d i  - 
methylsily1)-3-D-xylofuranosyl l a d e n i  ne  (9,7 Scheme 2)  was t o  b e  ( a )  

t r i f l a t e d  and (b )  d i s p l a c e d  w i t h  cesium [1801-propionate - t o  a f f o r d  t h e  

3 ' -1  a b e l  ed  a d e n o s i n e  d e r i v a t i v e .  However,  no more  t h a n  a m i  n i  s c u l  e 

amount  ( i .e.,  an  NMR samp le )  o f  t h e  d e s i r e d  3 ' - O - t r i f l y l  - d e r i v a t i v e  i n  
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1 8 ~ - ~ ~ ~ ~ ~ ~ ~  ADENOSINE AND ARA-A 

SCHEME 2 
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I OTBOMS U I  
0 OTBOMS OTBOYS 

8 9 

t h e  x y l o  s e r i e s  c o u l d  be  obtained, and s t a r t i n g  m a t e r i a l  was r o u t i n e l y  

recovered i n  h i g h  y i e l d  f r o m  a t tempted  t r i f l a t i o n  r e a c t i o n s  u s i n g  e i t h e r  

t r i f l y l  c h l o r i d e  or t r i f l i c  a n h y d r i d e  - DMAP. The r e a s o n  f o r  t h i s  

d i f f i c u l t y  i s  n o t  a p p a r e n t ;  however ,  a s u r v e y  o f  t h e  l i t e r a t u r e  on 

c a r b o h y d r a t e  t r i f l a t e s 1 3  shows no examp les  o f  any 3 ' - 0 - t r i f l y l -  - 

d e r i v a t i z e d  nuc l  eos i  des. 

Upon r e t h i n k i n g  t h e  s t r a t e g y  t o  [3'-1801-adenosine - (161, i t  became 

apparent  t h a t ,  i f  one had access t o  [3 ' -180]-9-(  - 8 - D - a r a b i n o f u r a n o s y 1 ) -  - 

a d e n i n e  (121 ,  t h e  p r o c e s s  o f  5 t o  4 d e p i c t e d  i n  Scheme 1 w o u l d  work  

b e a u t i f u l l y  t o  syn thes i ze  t h e  d e s i r e d  3 ' - l a b e l  e d  a d e n o s i n e  ( 1 6 ) .  Thus 

[3'-1801-ara-A - (12 )  became t h e  i rnmedi a t e  t a r g e t  compound. 

C3'-180]-9-(B-D-Arabi - - n o f u r a n o s y l  I a d e n i  n e  (12). D r a w i  ng  upon t h e  

p r o c e s s  u s e d  b y  Lee  e t  a l .  f o r  t h e  o r i g i n a l  s y n t h e s i s  o f  a r a - A , 1 4  

whereby 9- (2',3'-anhydro-@-D-l y x o f u  ranosy l  Iaden i  n e  ( 1  0 1 was r i  n g- op ened 

w i t h  s o d i  um b e n z o a t e  t o  g i v e  t h e  a r a b i  nonuc l  e o s i  de, a s y n t h e s i s  o f  12 

was designed as dep ic ted  i n  Scheme 3. Compound 10 i s  r e a d i l y  a v a i l a b l e  

SCHEME 3 

Ade Ade 

10 1 1  12 

a .  A c g  - Pyridine b .  CH$H2COYrCs/OHF: NHdJH - HeOH O* - d' 
f r o m  a ra -A  v i a  a one -s tep ,  h i g h - y i e l d i n g  p r o c e s s  t h a t  uses  t h e  

i 4 i  tsunobu reagent15 t o  e f f e c t  c l o s u r e  t o  t h e  epoxide.16 Acety l  a t i o n  o f  
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216 JIANG, SUHADOLNIK, AND BAKER 

1 0  f u r n i s h e d  11, a compound o f  enhanced s o l u b i l i t y ,  i n  95% y i e l d .  R ing  

o p e n i n g  o f  e p o x i d e  11 p r o c e e d e d  w i t h  c e s i u m  [ 1 8 0 1 - p r o p i o n a t e  - t o  g i v e  

upon  workup  and  h y d r o l y s i s  i n  ammoni um h y d r o x i d e  a 54% y i e l d  o f  C 3 ' -  

180]-ara-A - (12)  t h a t  was p u r i f i e d  by  a d s o r p t i o n - d e s o r p t i o n  on D i a i o n  HP- 

20 r e s i n .  The p r o d u c t  was o f  h i g h  p u r i t y  and was i d e n t i c a l  w i t h  

a u t h e n t i c  Ara-A by  mp and and by I H  NMR spectroscopy. The l80 l a b e l  was 

f i rm ly  e s t a b l i s h e d  t o  b e  a t  t h e  3 ' - p o s i t i o n  by mass spec t romet ry  ( v i d e  

i n f r a ) .  

[3 ' -1 *~ ] -Adenos ine  (16).  W i t h  s u f f i c i e n t  q u a n t i t i e s  o f  [3'-1801- - 
ara-A ( 1 2 )  i n  hand, a sequence p a t t e r n e d  a f t e r  t h e  s y n t h e s i s  o f  4 (i.e., 

c o n v e r s i o n  o f  5 t o  4 )  was d e v i s e d  a s  shown i n  Scheme 4. Thus  b y  

SCHEME 4 

1100 Ad. 

Ade Adc 

15 16 

a TPOS-C11 - P y r i d i n e  b ( C F g q 1 , O  - OHAP - P y r i d l n e  

c CHJCHZCO$Z~/DHF d ,  T8AtF-/THF: NH,OH/H*O 0' 0" 

s u b s t i t u t i n g  [3'-180]-ara-A - (12)  f o r  ara-A, t h e  r e a c t i o n  was c a r r i e d  o u t  

as f o r  t h e  s y n t h e s i s  o f  4 t o  a f f o r d  16 i n  an  o v e r a l l  y i e l d  o f  40% f r o m  

1 2  ( 3 2 %  f r o m  ara-A) .  Compounds 1 4  a n d  1 5  gave 'H NMR s p e c t r a  w h i c h  

matched e x a c t l y  those reco rded  f o r  6 and 7. The p r o d u c t  16 had a inp and 

'H NMR spectrum i d e n t i c a l  w i t h  those  f o r  a u t h e n t i c  adenosine. The s i t e  

o f  t h e  1 8 0 - l a b e l i n g  was e s t a b l i s h e d  by mass s p e c t r o m e t r y  a n d  b y  t h e  
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180-LABELED ADENOSINE AND A R A - A  277 

observed I80- induced I3C NMR s h i f t  f o r  t h e  C-3' carbon resonance ( v i d e  

i n f r a ) .  

[2'-1801-9-(~-D-Arabinofuranosyl - - l a d e n i n e  (20). The s y n t h e s i  s o f  

t h e  r e m a i n i n g  analogue, [2 ' -180]-9-(8-D-arabi  - n o f u r a n o s y l  l a d e n i  ne  (ZO), 
was p a t t e r n e d  a f t e r  t h e  s y n t h e s i s  o f  ara-A desc r ibed  by Ranganathan and 

Larwood17 who used 3',5'-di-O-(tetrahydropyranyl - ladenos ine  p repared  by  a 

r a t h e r  1 e n g t h y  p r o c e s s  t o  o b t a i n  a 2 ' - O - ( t r i f l y l )  - d e r i v a t i v e  t h a t  was 

i n v e r t e d  a t  t h e  2'-carbon by  AcO- i n  HMPA t o  g i v e  ara-A i n  a 40% o v e r a l l  

y i e l d .  By t h e  cons ide rab ly  shor tened process  shown i n  Scheme 5, 3',5'- 

di-0-(tert-butyldimethylsilylladenosine - -  ( 1 7 )  i s  t r i f l a t e d  w i t h  s o d i u m  

SCHEME 5 

Ade Ade 

, ,  
T 8 0 Y S O  OH 18OH50 011 no 

17 18 19 20 

t 
a .  NaH/THF: CF,S02C1 b .  CH3CH2C0 2Cs/0HF c NaOH - O i o x a n e  0" - g'n 

h y d r i d e  - tr if luoromethanesulfonyl c h l o r i d e  t o  g i v e  18 i n  30% y i e l d .  The 

'H NClR s p e c t r u m  f o r  18 gave  a pseudo  t r i p l e t  f o r  H-2 '  a t  65.84, 

c o n f i r m i n g  t r i f l a t i o n  a t  0-2 ' .  The o b s e r v e d  J1',2' = 4.3 Hz ( c o m p a r e  

w i t h  5 1 1 ~ 2 '  = 2.1 Hz f o r  t h e  - Q - a r a b i n o  a n a l o g u e  2). I n v e r s i o n  u s i n g  

c e s i u m  [ 1 8 0 1 - p r o p i o n a t e  - t h e n  gave t h e  0 - a r a b i  no n u c l  e o s i  de 1 9  i n  89% 

y i e l d .  The 'H NMR spectrum shows t h e  H-2' a t  '5.40, c o n f i r m i n g  a c y l a t i o n  

a t  0-2 ' .  The o b s e r v e d  5 1 1 ~ 2 '  = 5.4 Hz. D e p r o t e c t i o n  o f  19 was e f f e c t e d  

w i t h  f l u o r i d e  and base as  f o r  3 t o  g i v e  t h e  [2'-'*0]-ara-A i n  79% y i e l d .  

The p r o d u c t  was i d e n t i c a l  w i t h  a u t h e n t i c  a ra -A  b y  mp and  b y  'H N M R  

spectroscopy. The p o s i t i o n  o f  t h e  l80 l a b e l  was f i r m l y  e s t a b l i s h e d  by 

mass spec t romet ry  ( v i d e  i nf ra ) .  

The above sequence f r o m  17 t o  20 i s  l i m i t e d  by t h e  l o w  y i e l d  o f  t h e  

t r i f l a t i o n  s t e p  t o  g i v e  18. It i s  a n t i c i p a t e d  t h a t  t h i s  s i t u a t i o n  can 

- 
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2 78 JIANG, SUHADOLNIK, AND BAKER 

b e  i m p r o v e d  t h r o u g h  p r o c e s s  d e v e l  opment.18 P o s s i b l y  a sequence t h a t  

u t i l i z e s  3 ' ,5 ' -0 - (1 ,1 ,3 ,3 - te t ra i  - s o p r o p y l  d i  s i l  o x - 1 , 3 - d i y l  I a d e n o s i  ne , I2  

analogous t o  t h a t  employed f o r  t h e  s y n t h e s i s  o f  4 (Scheme 1) wh ich  made 

p o s s i b l e  a h i g h - y i e l d  s y n t h e s i s  o f  t r i f l a t e  6 u s i n g  t r i f l u o r o m e t h a n e s u l -  

f o n i c  anhydr ide,  wou ld  be  advantageous. 

Evidence o f  180 - Incorpora t ion  by Mass Spect rometry  and by Gas 

Chromatography - Mass Spectrometry. Each o f  t h e  l8O-1 abel  ed  nuc l  eos i  des 

4,  1 2 ,  16,  and 20 w e r e  e x a m i n e d  b y  mass s p e c t r o m e t r y  ( M S )  and  b y  gas 

chromatography - mass spec t romet ry  o f  t h e i  r p e r - 0 - t r i  - methyl  s i l y l  (TMS) 

d e r i v a t i v e s .  As t h e  f ragmen ta t i on  pathways f o r  b o t h  f r e e  nuc l  eos ides l '  

and  t h e i r  TMS d e r i v a t i v e s 2 0  a r e  w e l l  known, such  c a n  b e  u s e d  t o  

e s t a b l i s h  t h e  s i t e  o f  1 8 0 - l a b e l i n g ,  a s  w e l l  a s  t h e  l e v e l  (i.e., p e r  

c e n t )  o f  i n c o r p o r a t i o n  o f  t h e  l a b e l  i n t o  t h e  molecule.  

E x a m i n a t i o n  o f  t h e  MS o f  [ 2 ' - 1 8 ~ l - a d e n o s i n e  ( 4 ,  T a b l e  1) shorrs a 

m o l e c u l a r  i o n  a t  - -  m/z 267 (0.7%, r e l a t i v e  i n t e n s i t y ) ,  w i t h  an l80- 

i s o t o p i c  peak a t  - -  m/z 269 o f  e q u a l  i n t e n s i t y ,  i n d i c a t i n g  ca. 50% l8O- 

i n c o r p o r a t i o n .  O t h e r  f e a t u r e s  o f  t h e  s p e c t r u m  w e r e  c o n s o n a n t  w i t h  a 

[2 ' -1801-adenos ine  - s t r u c t u r e :  a n  M - 30 peak a t  - -  m/z  237 (4.1) a n d  239 

(3.6) ( l o s s  o f  t h e  5'-CH20H g r o u p  a s  H2C'0),21 and  a s t r o n g  M - 89 peak 

a t  - -  m/z 178 ( 1 3 )  and 180 (14) ( c o r r e s p o n d s  t o  AdeH-CHz-CH=O and  c l e a r l y  

s h o w s  1 8 0 - i n c o r p o r a t i o n  a t  C-2'1,  a s  w e l l  a s  t h e  u s u a l  p e a k s  

c h a r a c t e r i s t i c  o f  a d e n i n e  n u c l e o s i d e s :  B + 30 a t  m/z 164 ( 7 8 )  (Ade- 

C H ~ O H ,  w h e r e  t h e  oxygen  i s  f r o m  t h e  p e n t o s e  e t h e r 1 9 )  and  t h e  B + 1, B + 

2 c l u s t e r  a t  m/z 135 (100, base peak) and 136. 

- -  

- -  
S i m i l a r  r e s u l t s  t o  those  w i t h  t h e  f r e e  nuc leos ide  4 were  o b t a i n e d  

when t h e  compound was ( t r i m e t h y l  s i l y l  I a t e d  and t h e  p r o d u c t  was examined 

by GC/MS (Table 2). The f ragmen ts  common f o r  s i l y l a t e d  nucleosides,20 

a l l  s h o w i n g  ca. 50% 1 8 0 - e n r i c h m e n t  w i t h  P + 2 peaks ,  w e r e  o b s e r v e d  as  

f o l l o w s :  a s m a l l  m o l e c u l a r  i o n  a t  - -  m/z 5 5 5  (0.6) and 557 (0.51, 3 

somewhat  s t r o n g e r  M - 1 5  i o n  a t  540 (3.3) and 542 (3.2) due t o  l o s s  o f  

Me f r o m  a T M S  group,  t h e  w h o l e  g l y c o s y l  f r a g m e n t  (M - 221)  a t  - -  m/z 334 
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( 3 )  a n d  336 (1.21,  a n d ,  most  i m p o r t a n t l y ,  a f ragment  a t  m / z  322 (5.2)  

a n d  324 (3.7) which showed the 180-incorporation a t  C-2' (i.e., fragment 

TMS-Ade-CH2-CH-OTMS). Other  f r a g m e n t s ,  which a r e  common f o r  TMS 

nucleosides,  a r e  l i s t e d  i n  Table 2. 

- -  

The mass s p e c t r a  f o r  [3'-1801-ara-A - ( 1 6 )  a n d  i t s  per-0-TMS - 

d e r i v a t i v e  were very s i m i l a r  ( T a b l e s  1 a n d  2 )  t o  t h o s e  f o r  4 ,  w i t h  one 

n o t a b l e  excep t ion :  Whereas f o r  4 a s t r o n g  peak a t  - -  m / z  178 (13.3) a n d  

180 (14.5)  conf i rmed the  i n c o r p o r a t i o n  o f  l 8 O  a t  C - 2 ' ,  m / z  178 f o r  1 6  

was s t r o n g  (19.2%) a n d  - -  m/z 180 w a s  v i r t u a l l y  n o n e x i s t e n t  (0.6%). T h a t  

t h e  l a b e l  i n  1 6  was a t  C-3', n o t  a t  C - 2 ' ,  was f u r t h e r  s u b s t a n t i a t e d  by 

the  MS of  i t s  TMS der iva t ive  (Table 2). Whereas t h e  M - 233 fragment a t  

_ _  m / z  322 ( i . e . ,  TMS-Ade-CH2-CH-OTMS) was  modera te ly  s t r o n g  (5.5%),  - -  m/z 

324 was g r e a t l y  d imin i shed  (0.8%).  (These were of v i r t u a l l y  equal 

i n t ens i ty  i n  4.) All o ther  fragments (Table 21 where C-3' was believed 

t o  be included showed subs tan t ia l  t o  near-equivalent enrichment f o r  t h e  

respect ive P + 2 peak. Deviations such a s  t h a t  observed f o r  - -  m/z 230 and 

232 can  possibly be a t t r i b u t e d  t o  competing MS fragmentation pathways2' 

t h a t  g ive r i s e  t o  ions of equivalent  - -  m/z t h a t  d o  n o t  contain C-3'. 

- -  

Mass spectra of the  D-arabino nucleosides 12 and 20 (Table 1 and 2 )  

c lose ly  resembled those of t h e i r  adenosine counterpar ts  4 and 16. T h u s  

[2'-1801-ara-A - (201 showed a p a i r  of  peaks a s  - -  m/z 178 a n d  180 of nea r -  

equal i n t ens i ty  (Table 11, whereas [3'-180]-ara-A - (121 gave r i s e  t o  - -  m/z 

178 (16 .9)  and 180 (0.6).  The mass s p e c t r a  o f  t h e  TMS-der iva t ives  

showed c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e i r  adenosine counterpar ts  i n  t h a t  

t h e  C - 2 '  l80 l a b e l  was e a s i l y  recognized  i n  20 [ m / z  _ _  322 ( 2 . 2 )  a n d  324 

(2.011, w h i l e  t h e  C-3' l 8 O  l a b e l  was shown  t o  b e  p r e s e n t  i n  a l l  major  

ions except m / z  324. - -  
As TMS-ara-A a n d  TMS-adenosine a r e  conveniently separated by G C  ( T R  

= 10.4 a n d  11.3 mi n, r e s p e c t i  vel y ) ,  t h e  l8O-1 abel  e d  compounds shoul d 

prove invaluable  a s  biochemical markers. I t  i s  an t ic ipa ted  t h a t  these 

[2'-180]-label - ed compounds, i n  pa r t i cu la r ,  with t h e i r  peak pai r a t  - -  m/z 
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282 JIANG, SUHADOLNIK, AND BAKER 

178 and 180 ( o r  m/z 322 and 324 f o r  t h e i r  TMS d e r i v a t i v e s )  shou ld  serve  

f o r  i d e n t i f i c a t i o n  o f  p r o d u c t s  v i a  M S  o r  mass f r a g m e n t o g r a p h y  i n  t h e  

b i o s y n t h e s i  s o f  ara-A. 

The 180-Isotope E f f e c t  i n  t h e  13C NMR Spectroscopy o f  [2'-1801- (4) 

and [3'-1801-adenosi - ne (16). S i n c e  t h e  f i  r s t  o b s e r v e d  l 8 O - i  - s o t o p e  

e f f e c t  on 13C NMR chemical  s h i f t s  was documented,22 a f l u r r y  o f  a c t i v i t y  

i n  t h e  area has r e s u l t e d  i n  s t r u c t u r a l  and stereochemical  studies,23 - 
25 i n  m e c h a n i s t i c  s t u d i e s , 2 6  as w e l l  as  i n  t h e  u s e  o f  t h e  e f f e c t  t o  

de termine t h e  b iochemica l  o r i g i n  o f  c e r t a i n  carbon and oxygen atoms i n  

n a t u r a l  p r o d u c t s .  2 7  - 29 The u s e  o f  t h i s  t e c h n i q u e  has  n o t  been 

extended t o  nucleosides, t h e  s o l e  paper  i n t h e  carbohydra te  f i  e l  d b e i n g  

a mechan is t i c  study o f  a monosaccharide rearrangement.26 The f i e 1  d has 

a1 so been r e c e n t l y  r e v i  e ~ e d . ~  

- -  

Our i n t e r e s t  i n  t h i s  N M R  phenomenon r e l a t e s  t o  e l u c i d a t i n g  t h e  

mechanism f o r  t h e  b i o s y n t h e t i c  conve rs ion  o f  adenosine t o  ara-A. Our 

a im was t o  develop a techn ique as an a d j u n c t  t o  M S  wh ich  c o u l d  i d e n t i f y  

t h e  p o s i t i o n  a n d  s t e r e o c h e m i  s t r y  o f  l 8 0 - i  n c o r p o r a t i o n  i n t h e  

b i o s y n t h e s i s  o f  ara-A3s4 f r o m  adenos ine .  I t  was e n v i s i o n e d  t h a t  

e x p e r i m e n t s  u s i n g  e i  t h e r  l 8 0 - 1  - a b e l  e d  adenos i  ne, o r  1 8 0 - w a t e r  - and 

u n l a b e l e d  adenos ine ,  w i t h  S t r e p t o m y c e s  a n t i b i o t i c u s  o r  t h e  p u r i f i e d  

"adenosine ep i  meraseI4 cou l  d p r o v i d e  an l80-1 abel ed  ara-A wh ich  woul d be 

u s e f u l  t o  e l u c i d a t e  t h e  mode o f  ep imer i za t i on .  

To t h i s  end, b o t h  c2'- '801- - ( 4 )  a n d  [3 ' -180 ] -adenos ine  - ( 1 6 )  w e r e  

examined  f o r  1 8 0 - i n d u c e d  I 3 C  NMR s h i f t s .  The r e s u l t s  a r e  shown i n  

F i g u r e  1. The o b s e r v e d  s h i f t  f o r  C-2' o f  4 was 1.19 H z  u p f i e l d ,  w h i l e  

t h a t  f o r  t h e  C-3' o f  ( 1 6 )  was 1.60 Hz u p f i e l d .  To d a t e  t h e  same 

e x p e r i m e n t s  o n  t h e  1 a b e l  e d  a ra -A ' s  12  a n d  20 have  n o t  been c a r r i e d  o u t  

due t o  d i f f i c u l t i e s  e n c o u n t e r e d  i n  s o l u b i l i z i n g  t h e  p r o d u c t s  i n  

d e u t e r i  um oxide. 
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a .  h. 

7 5 . 5  7 5 . 0  

F i g .  1. 180- Induced  1 3 C  NMR C h e m i c a l  S h i f t s  f o r  [2 ' -1801- 
Adenos ine  ( 4 )  and [3 ' -180] -Adenos i  ne  (16). a. 27-C 
f o r  4 and b. 3'-C f o r  lc 

EXPERIMENTAL 
General Methods. Sol vents were  evaporated, except  where o t h e r w i s e  

no ted ,  a t  a s p i  r a t o r  vacuum a t  -40  OC. Me1 t i  n g  p o i n t s  w e r e  d e t e r m i  ned 

u s i n g  a Thomas-Hoover "Un imel  t" c a p i l l a r y  me1 t i n g  p o i n t  a p p a r a t u s  

e q u i p p e d  w i t h  a C o l  e - P a r m e r  m o d e l  8 5 2 0 - 5 0  D i g i - s e n s e  d i g i t a l  

thermometer/8520-55 thermocouple comb ina t ion  t h a t  was c a l i b r a t e d  w i t h  

known standards. U1 t r a v i o l e t  (UV) s p e c t r a  were recorded i n  l - c m  c e l l s  

on a V a r i a n  DMS-100 U V / V I S  s p e c t r o p h o t o m e t e r .  I n f r a r e d  ( I R )  s p e c t r a  

w e r e  r e c o r d e d  on  a P e r k i  n - E l  m e r  7108 s p e c t r o p h o t o m e t e r .  M a s s  

s p e c t r o m e t r y  ( M S )  and  gas c h r o m a t o g r a p h y  - mass spec t romet ry  (GC/MS) 

were c a r r i e d  o u t  on a Hewle t t -Packard  5840A GC u n i t  equipped w i t h  a DB-5 

(Durabond) fused  s i l i c a  c a p i l l a r y  column ( f i l m  t h i c k n e s s  0.25 pm, 30 

m x 0.32 mm). Unless o t h e r w i s e  s ta ted ,  tempera ture  was i s o t h e r m a l  a t  

225 OC w i t h  a h e l i u m  c a r r i e r  gas f l o w r a t e  o f  2 mL min- l .  

I H  NMR s p e c t r a  w e r e  d e t e r m i n e d  a t  200 M H z  u s i n g  a N i c o l e t  N T - 2 0 0  

ins t rument .  Chemical s h i f t s  a r e  r e p o r t e d  i n  8-uni t s  d o w n f i e l  d f rom an 

i n t e r n a l  s tandard  o f  t e t r a m e t h y l s i l a n e ;  mu1 t i p l i c i t i e s  a r e  f i r s t - o r d e r  

va lues  ( i n  Hz) and a r e  i n d i c a t e d :  d, doub le t ;  s, s i n g l e t ;  t, t r i p l e t ;  m, 
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284 J L A N G ,  S U H A D O L N I K ,  A N D  B A K E R  

mult iplet ;  ,!'t = a "pseudo" t r i p l e t ,  i.e., a dd with nearly equivalent  J -  

values. 

I3C E J M R  s p e c t r a  were d e t e r m i n e d  o n  a N i c o l e t  NT-300 N M R  

spectrometer,  operating i n  the  Fourier transform mode, a t  75.5 MHz. I n  

a t y p i c a l  experiment  f o r  [2 '-1801-adenosi - ne (41, the  proton-decoupl ed 

spectrum of a 20-mg sample,  con ta ined  i n  3 m L  of deuterium ox ide  i n  a 

10-mm t u b e ,  was measured with t h e  fol lowing parameters: 2420 scans, 5 

kHz  sweep width, 4.0-sec post-acqui s i  t i  on delay ti me, 90° pul s e  angl e, 

with a t o t a l  of 32,768 k d a t a  p o i n t s .  T h e  same procedure  was used f o r  

[3'-1801-adenosine - (161, except t ha t  2816 to ta l  scans were used, with a 

post-acquisit ion delay t ime of 2.7 sec a n d  131,072 k d a t a  points. 

Solutions were typ ica l ly  -0.1% f o r  1~ N M R .  

Adsorpt ion chromatography was c a r r i e d  o u t  us ing E. Merck S i l i c a  

Gel-60 products: ( a )  TLC on 0.2 mm aluminum-backed p l a t e s  (catalog no. 

5760);  ( b )  open-column chromatography us ing  230 - 400 v m  s i l i c a  gel 

(catalog no. 7734): A ,  80:20 ethyl ace t a t e  - petroleum ether  ( b p  30 - 
60 O C ) ;  B, 9O:lO chloroform - methanol; C ,  95:5 chloroform - methanol; 

and D ,  97:3 chloroform - methanol.  Adsorpt ion chromatography and 

d e s a l t i n g  o f  f r e e  nuc leos ides  was  c a r r i e d  o u t  o n  Diaion HP-20 r e s i n  

(Mi t s u b i s h i  Chemical Co., L t d . ) ,  a porous po lys ty rene  r e s i n  devoid of 

functional g roups .  

P r e p a r a t i o n  o f  C1801-propionic ac id .  T h e  s y n t h e s i s  o f  Ll801- 

propionic acid followed the  procedure given by Gatenbeck e t  al.30 To 

1.85 g (1.74 m L ,  20 mmol 1 of d i s t i l  1 ed propionyl  c h l o r i d e  main ta ined  

under n i t rogen  wi th  i c e - b a t h  c o o l i n g ,  360 mg (0.36 mL, 20 m m o l )  o f  

[180]-water was s lowly  a d d e d .  The mix tu re  was s t i r r e d  a t  0 O C  f o r  30 

min a n d  a t  room t empera tu re  f o r  1 h .  T h e  l i g h t - y e l l o w  l i q u i d  which 

resu l  t e d  was d i s t i l  1 e d  t o  g i v e  1.2 g (81.5%) o f  a col  or1 ess  product :  b p  

67 O C  (18 t o r r ) .  

P r e p a r a t i o n  o f  cesium [1801-propionate. Using t h e  p u b 1  i s h e d  

procedure f o r  the  preparation o f  cesium p r o p i ~ n a t e , ~ '  1.1 g (15 mmol) of 
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1 8 ~ - ~ ~ ~ ~ ~ ~ ~  ADENOSINE AND ARA-A 

[180 ] -p rop ion ic  a c i d  

mp 158 - 160 OC. 

was conver ted  t o  1.5 g o f  ces onate, 

9-13' ,5'-Di-0-( - -  t e r t - b u t y l  d ime thy l  s i l y l  ) -2 ' -O-(  - tri f luoromethanesu l -  

f o n y l  ) - f 3 - 0 - a r a b i n o f u r a n o s y l  - l a d e n i  ne (2). To a s t i r r e d  s o l u t i o n  o f  1.1 g 

(2.2 mmol o f  9-[3',5'-di-O-(tert-butyl - -  dimethy l  sily1)-B-D-arabinofurano- - 

s y l l a d e n i n e  ( l I 7 s 8  i n  25 mL o f  d r y  THF a t  0 O C  was added  106 mg (4.4 

mmol) o f  sodium hydr ide.  The m i x t u r e  was s t i r r e d  a t  0 OC f o r  10 m in  and 

was warmed t o  room t e m p e r a t u r e  t o  s t i r  f o r  0.5 h u n t i l  t h e  s o l u t i o n  

became c l e a r .  The s o l u t i o n  was t h e n  c o o l e d  t o  -70 OC, and 0.47 mL (4.22 

mmol) o f  t r i f l  uoromethanesul  f o n y l  c h l o r i d e  was added u n d e r  n i t r o g e n .  

The m i x t u r e  was s t i r r e d  a t  -70 OC under  n i t r o g e n  f o r  1 h, a t  t h e  end o f  

wh ich  t i m e  an  a d d i t i o n a l  0.2 mL o f  t r i f l u o r o m e t h a n e s u l  f o n y l  c h l o r i d e  was 

added, and  t h e  r e a c t i o n  was a l l o w e d  t o  p r o c e e d  f o r  an  a d d i t i o n a l  1 h. 

A t  t h e  end  o f  t h i s  t i m e ,  t h e  m i x t u r e  was p o u r e d  i n t o  20  mL o f  c o l d  

sodium b i c a r b o n a t e  s o l u t i o n ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  2 x 50 

mL o f  d i c h l  oromethane. The combi ned e x t r a c t s  were  d r i e d  o v e r  magnesi um 

s u l f a t e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  gave a w h i t e  g l a s s  w h i c h  was 

p u r i f i e d  by  column chromatography (75 g o f  s i l i c a  ge l  and s o l v e n t  E )  t o  

g i v e  600 mg (43.4%) o f  p u r e  p r o d u c t  2 a s  a g l a s s :  R f  = 0.42 ( A ) ;  U V  

(CH2C12) 255 nm; 'H NMR (CDC13) 60.11, 0.18 (12H, s ,  s ,  MezS i ) ,  0.93, 

0.94 (18H: s ,  s ;  Me$), 3.89 [2H, m ( w i d t h  = 35 Hz),  H-5',  5$1, 4.05 

[ l H ,  m ( w i d t h  = 17 Hz),  H-4'1, 4.79 ( l H ,  @t, J31 41 = 2 Hz, H-3'1, 5.21 

( l H ,  $t, J21,3' = 3.5 Hz, H-2'1, 5.76 [ZH, bs, NH2 ( e x c h a n g e a b l e  w i t h  

s ,  s ;  l H ,  D20)] ,  6.60 ( l H ,  d, J11 21 = 2.1 Hz, H - 1 ' 1 ,  8.02, and  8.38 

1H;  H-2, H-8). 

- Anal .  Ca lcd .  f o r  C23H40F3N506SSi2: C ,  44.00; H, 6.37 

S, 5.19. Found: C, 43.98; H, 6.42; N, 11.10; S, 5.05. 

N, 11.16; 

[2  ' -1801-3 - ,5 ' 4-0- - -  ( t e r t - b u  ty l  d ime thy l  s i  1 y1)-2 ' -0- - ( I - p r o p i o n y l  1 - 
a d e n o s i n e  (3) .  To a s t i r r e d  s o l u t i o n  o f  400 mg (0.64 mmol o f  2 i n  5 mL 

o f  d r y  DMF a t  room t e m p e r a t u r e  was added 197 mg (0.96 mmol )  o f  c e s i u m  

[ - Ol-prop ionate .  The m i x t u r e  was s t i r r e d  a t  room tempera tu re  f o r  2 h, 18 
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2 86 JIANG, SUHADOLNIK, AND BAKER 

a t  t h e  end o f  w h i c h  t i m e  t h e  DMF was e v a p o r a t e d  a t  ca. 45 O C  (ca. 1 

torr) ,  and t h e  r e s i d u e  was chromatographed ove r  s i l i c a  gel  w i t h  sol vent  

A t o  g i v e  300 mg (85.3%) o f  p u r e  3 a s  a w h i t e  g l a s s :  R f  = 0.28 ( A ) ;  U V  

(CH2C12) 256 nm; I R  ( K B r )  1600 ( C = N )  and  1700 C m - '  ( C = O ) ;  1 H  N M R  (CDC13 

- D20) 6 0.08, 0.09, 0.11 (12H, 3 s l s ,  M e z S i ) ,  0.91, 0.92 (18H, 2 s ' s ,  

Me3C), 1.73 (3H, t, CH$H2C=O), - 2.42 (2H, q, CH3CbC=O), 3.87 (2H, ddd, 

J51,56 = 11.5 H z ,  H-5', H-5;), 4.12 ( l H ,  dd, J41,5d = 2.7 Hz, J41,51 = 

6.2 Hz, H-4'1, 4.71 ( l H ,  $t, J31 41 = 4.2 H z ,  H-3'), 5.62 ( l H ,  Qt, 

J21,31 = 5.0 Hz, H-2'1, 6.24 ( l H ,  d, J11 ,2 '  = 5.3 Hz, H-1'1, 8.14, and  

8.35 ( l H ,  l H ,  S ,  S ,  H-2,  ti-8). 

- Anal.  C a l c d  f o r  C25H45N505Si2: C ,  54.26; H ,  8.20; N ,  12.67. 

[2'-1801-Adenosine - (41. To a s o l u t i o n  o f  200 mg (0.36 mmol )  o f  3 

i n  4 mL o f  d ioxane was added 4 mL o f  1 M aqueous sodium hydroxide. The 

m i x t u r e  was s t i r r e d  a t  room t empera tu re  ove rn igh t ,  a t  t h e  end o f  wh ich  

t i m e  2 mL o f  5% ( v / v )  aqueous h y d r o c h l o r i c  a c i d  was added t o  render  t h e  

s o l  u t i  o n  pH 8-9.  The s o l  v e n t  was e v a p o r a t e d  u n d e r  vacuum t o  g i v e  a 

w h i t e  s o l i d  t h a t  was d i s s o l v e d  i n  3 mL o f  d i s t i l l e d  w a t e r  a n d  l o a d e d  

on to  a column o f  D i a i o n  HP-20 res in .  The column was e l u t e d  w i t h  100 mL 

o f  w a t e r ,  f o l l o w e d  by 200 mL o f  9O:lO w a t e r  - methano l  t o  g i v e  8 6  mg 

( 8 9 % )  o f  p u r e  4 a s  a w h i t e  s o l  i d :  mp = 234 - 236 O C  (1  i t.32 234 - 235 

'C); 'H N M R  (D20) was i d e n t i c a l  w i t h  t h a t  o f  a u t h e n t i c  adenosine; f o r  MS 

data, see Tab le  1; f o r  GC/MS data  o f  TMS d e r i v a t i v e  see Tab le  2. 

Found: C ,  54.26; H ,  8.20; N ,  12.62. 

9-13' ,5 '  -0- - ( 1 , 1 ,3,3-Tetrai sop ropy1 d i  s i  1 y1)-2 ' -0- - ( tri fl uoromethane- 

su l  f o n y l  )-B-D-arabi n o f u r a n o s y l  I a d e n i  n e  (6). By t h e  same procedure  used 

f o r  t h e  s y n t h e s i s  o f  14 ( v i d e  i n f r a ) ,  800 mg (1.57 mmol )  o f  512 was 

c o n v e r t e d  t o  755 mg ( 7 5 % )  o f  6, i s o l a t e d  as  a w h i t e  g l a s s :  ' H  N M R  o f  6 

was i d e n t i c a l  w i t h  t ha t  o f  14. 

[ Z '  -1801-3' - , 5 '  -0-(1,1,3,3-Tetrai - sopropy l  d i  s i l y 1 ) - 2  ' -0-(1-propi  - on- 

y l  I a d e n o s i  ne (7). By t h e  same procedure  used f o r  15, 600 mg (0.94 mmol) 

o f  6 was converted, u s i n g  230 mg (1.13 mmol) o f  cesium [18g1-propionate, 
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1 8 ~ - ~ ~ ~ ~ ~ ~ ~  ADENOSINE AND ARA-A 287 

t o  480 mg (89%) o f  7,  i s o l a t e d  as a w h i t e  s o l i d :  inp and I H  NMR spectrum 

were  i d e n t i c a l  w i t h  those o f  15. 

[2 ' -1801-adenosine - (4 )  from 7. By t h e  same p r o d e c u r e  u s e d  f o r  

p r e p a r a t i o n  of 16, 400 mg (0.7 mmol I o f  7 was depro tec ted  t o  g i v e  120 mg 

(64%) o f  4. 

9-[Z' ,5 ' -D i -O- ( te r t -bu ty l  - -  dimethy l  s i l y l  I-&D-xylofuranosylladeni ne 

(9).  U s i n g  t h e  p r o c e d u r e  r e p o r t e d  b y  R o b i n s  e t  al. ,  1.0 g (2.0 mmol )  o f  

9- [2 '  , 5 ' -d i -0 - (  - -  t e r t - b u t y l  d imethyl  s i l y l  )-B-D-erythro-pentofuran-3-ulos- 

y l l a d e n i n e  (8)33 was conver ted  t o  0.1 g (70%) o f  9 as w h i t e  g lass :  R f  = 

0.23 (A); U V  (MeOH)  258 nm; l H  NMR (DMSO-d6) - 6 -0.07, -0.05, -0.03 (12H, 

s, s, s, MezS i ) ,  0.77, 0.82, 0.85 (18H, s, s, s, Me3C), 3.88 [ 2 H ,  m 

( w i d t h  = 24 Hz), H-5',5a'], 4.00 [ l H ,  m ( w i d t h  = 13  Hz), H-4'1, 4.11 

( l H ,  :$t, J3,4 = 4.5 H t ) ,  4.39 ( l H ,  S ,  H-2'1, 5.82 ( lH ,  S ,  H - 1 ' 1 ,  8.11, 

and  8.21 ( l H ,  l H ,  s, s, H-2, H-8). 

- Anal .  Ca lcd .  f o r  C22H29N504Si2 0.3 H20: C, 52.72; H, 8.37; N, 

13.98. Found: C, 52.65; H, 8.38; N, 13.92. 

9-(5-0-Acetyl-~,3-anhydro-&D-lyxofuranosyl - I a d e n i  n e  (11). To 2.8 g 

(1.12 mmol o f  9-(2,3-anhydro-B-D-lyxofuranosyl l aden ine  i n  40 mL 

o f  p y r i d i n e  was added 1.0 mL o f  a c e t i c  a n h y d r i d e  a t  0 OC. The m i x t u r e  

was s t i r r e d  a t  0 OC f o r  1 h, t h e n  a t  room tempera tu re  f o r  an a d d i t i o n a l  

5 h, a t  t h e  end o f  wh ich  t i m e  a l l  t h e  s o l i d  m a t e r i a l  had d isso lved.  The 

s o l v e n t  was e v a p o r a t e d ,  a n d  two,  100-mL p o r t i o n s  o f  t o l u e n e  w e r e  

s e q u e n t i a l l y  added t o  t h e  r e s i d u e  and evaporated t o  g i v e  a l i g h t  y e l l o w  

syrup. The syrup  was s t i r r e d  w i t h  100 mL o f  e t h e r  f o r  30 min, r e s u l t i n g  

i n  t h e  f o r m a t i o n  o f  3.1 g (95%)  o f  a w h i t e  p r e c i p i t a t e  t h a t  was 

s u f f i c i e n t l y  p u r e  f o r  t h e  n e x t  r e a c t i o n :  R f  = 0.32 (B); mp 187 - 189 

OC; U V  (CH30H) = 258 nm; l H  NMR ( D M S O - d 6 )  - 6 2.05 (3H, s, Ac), 4.18 - 
4.39 (5H, m y  H - Z ' ,  H-3', H-4', H - 5 ' ,  H-541, 6.30 ( lH,  s, 5 1 1 ~ 2 '  = 0, H-  

1'1, 7.39 (2H, s, N H z ) ,  8.17 and  8.18 ( l H ,  l H ,  s ,  s, H-2, H-8). 

- Anal .  Ca lcd .  f o r  C12H13N504: C ,  49.49; H, 4.50, N,  24.04. Found: 

C, 49.41; H, 4.52; N, 24.01. 
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2 86 JIANG, SUHADOLNIK, AND BAKER 

[3'-1801-9-(&D-Arabi - - n o f u r a n o s y l  ) a d e n i n e  (12). To 2.0 g (6.87 

mmol )  o f  11 i n  50 mL o f  d r y  DMF was added  1.84 g (8.81 mmol o f  c e s i u m  

[180]-propionate. The m i x t u r e  was s t i r r e d  a t  100 OC under n i t r o g e n  f o r  

4 h ,  a t  t h e  end o f  w h i c h  t i m e  t h e  D M F  was e v a p o r a t e d  t o  g i v e  a y e l l o w  

s y r u p  t o  w h i c h  was added 40 mL o f  m e t h a n o l  and  4 mL o f  c o n c e n t r a t e d  

ammonium hydroxide. The m i x t u r e  was s t i r r e d  a t  room tempera tu re  f o r  0.5 

h, a t  t h e  end o f  wh ich  t i m e  TLC showed t h e  absence o f  s t a r t i n g  m a t e r i a l ,  

w i t h  t h e  ma jo r  component h a v i n g  t h e  same R f  as ara-A. The reagents  were 

e v a p o r a t e d  t o  g i v e  a y e l l o w  s y r u p  t o  w h i c h  w e r e  added 40 mL o f  e t h y l  

a c e t a t e  and 50 mL o f  water.  The l a y e r s  were  separated, and t h e  o rgan ic  

l a y e r  was washed w i t h  40 mL o f  water .  The combined aqueous l a y e r s  were  

l y o p h i l i z e d  t o  reduce t h e  volume t o  ca. 30 rnL, and a y e l l o w  p r e c i p i t a t e  

was c o l l e c t e d  by  f i l t r a t i o n .  The y e l l o w  s o l i d  was r e c r y s t a l l i z e d  f rom 

w a t e r  t o  g i v e  600 mg o f  p u r e  12 as  a w h i t e  s o l i d .  The c o m b i n e d  m o t h e r  

l i q u o r s  were  concen t ra ted  t o  3 mL and passed th rough  a column o f  HP-20 

r e s i n  (40  mL o f  HP-20 r e s i n ,  100 mL o f  w a t e r ,  f o l l o w e d  by  200 mL o f  

9O:lO w a t e r  - methano l  t o  g i v e  an  a d d i t i o n a l  380 mg o f  12 (54%, t o t a l  

y i e l d ) :  mp = 2 5 5  - 257 OC ( d e c )  ( l i t . 3 4  257 - 257.5 O C ) ;  f o r  MS d a t a  and 

G C / M S  d a t a  on  t h e  p e r - 0 - t r i m e t h y l s i l y l  - e t h e r ,  see  T a b l e s  1 and 2, 

r e s p e c t i v e l y ;  'H N M R  d a t a  (DMSO-d6) - w e r e  i d e n t i c a l  w i t h  t h o s e  f o r  

a u t h e n t i c  ara-A. 

[3'-%1-9-[3' - ,5'-0-(1,1,3,3-Tetraisopropyldisylyl)-B-D-arabino- - 

f u r a n o s y l l a d e n i n e  (13). To 900 mg (3.37 mmol )  o f  12 i n  30 mL o f  d r y  

p y r i d i n e  was added 1.1 mL (1.1 g, 3.50 mmol)  o f  1 ,3 -d i ch lo ro -1 ,1 ,3 ,3 -  

t e t r a i s o p r o p y l  d i  s i l o x a n e  (A1 d r i c h )  under n i t r o g e n  a t  room t e m p e r a t u r e .  

The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  12 h,  a t  t h e  end o f  

wh ich  t i m e  a l l  s o l i d  m a t e r i a l  had d i sso l ved .  The s o l v e n t  was removed, 

and t w o ,  150-mL p o r t i o n s  o f  t o l u e n e  w e r e  s e q u e n t i a l l y  added t o  t h e  

r e s i d u e  and e v a p o r a t e d  t o  g i v e  a y e l l o w  s y r u p  w h i c h  was p u r i f i e d  by  

c o l u m n  c h r o m a t o g r a p h y  ( 8 0  g o f  s i l i c a  g e l ,  s o l v e n t  D) t o  g i v e  1.5 g 

( 8 7 % )  o f  p u r e  13  w h i c h  f o r m e d  a w h i t e  g l a s s  u n d e r  h i g h  vacuum: R f  = 
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1 8 ~ - ~ ~ ~ ~ ~ ~ ~  ADENOSINE AND ARA-A 289 

0.20 ( C ) ;  mp = 115  - 117 O C ;  ' H  N M R  s p e c t r u m  (DMSO-d6) - was i d e n t i c a l  

w i t h  t h a t  r epor t ed  f o r  the [1601-analogue - of 13.12 

[3 I -1801-9-C3 - ,5 -0- - (1,1,3,3-Tet r a i  sop ropyl d i  si 1 y1)-2 -0- - ( t r i  f l  u- 

oromethanesul fonyl)-B-D-arabi n o f u r a n o s y l  l a d e n i  ne (14). To 1.2 g (2.35 

mmol) of  13 and 934 mg (8.32 mmol) of  4-(N,N-dimethylamino)pyridine -- i n  

60 m L  o f  d r y  d i c h l o r o m e t h a n e  was added  1.6 mL (1.56 g ,  19.8 mmol I o f  

p y r i d i n e .  T h e  m i x t u r e  was  c o o l e d  t o  0 O C ,  and 0.65 mL (1.09 g ,  3.86 

mmol of t r i  f l  uoromethanesul foni  c anhydri de was added ove r  a pe r iod  of 

1 0  m i n .  A f t e r  s t i r r i n g  a t  0 O C  f o r  2 h ,  t h e  m i x t u r e  was poured  i n t o  50 

mL of  cold,  s a t u r a t e d  aqueous sodium bicarbonate ,  the two l a y e r s  were 

s e p a r a t e d ,  and t h e  aqueous  l a y e r  was e x t r a c t e d  w i t h  2 x 50-mL o f  

d i  chl oromethane. The combined o rgan ic  1 a y e r s  were d r i e d  over magnesi um 

s u l f a t e  and e v a p o r a t e d  t o  g ive  a s y r u p  which was p u r i f i e d  by column 

c h r o m a t o g r a p h y  (70 g o f  s i l i c a  g e l ,  w i t h  c h l o r o f o r m  a s  t h e  e l u a n t )  t o  

p r o v i d e  1.08 g ( 7 1 % )  o f  1 4  a s  a w h i t e  g l a s s :  R f  = 0.39 ( C ) ;  mp = 8 6  - 
88 O C ;  IH N M R  (CDC13) 6 0.99 - 1.19 (24H, m, % C H I ,  3.96 (lH, m, H-4'1, 

4.15 (2H, m, J41,51 = 6.4 Hz, J51,5d = 12.3 Hz ,  H-5', H-5;), 5.40 ( l H ,  

# ! I t ,  J 3 1 , 4 '  = 6.9 Hz, H-3'1, 5.48 ( l H ,  5.62 

[2H, s ,  NH2 ( e x c h a n g e a b l e  w i t h  D20)1, 6.39 ( l H ,  d,  J11 ,2 '  = 5.8 Hz, H -  

1'1, 7.93, and  8.33 ( l H ,  l H ,  s ,  s ,  H - 2 ,  H-8). 

t ,  5 2 ' , 3 1  = 6.5 Hz, H-2'1, 

- Anal. Ca lcd .  f o r  C23H38F3N507SSi2: C ,  43.05; H ,  5.97; N ,  10.91; 

S ,  5.00. Found: C ,  43.00; H ,  6.02; N, 10.86; S ,  5.02. 

[ 3 - l80 3 -3 I ,5 I -0- ( 1 , 1 ,3,3-Tetra i sop ropyl di  sl yl l-2 I -0- - ( 1- p ropi on- - - 
y l l a d e n o s i n e  (15). To a s i r r e d  s o l u t i o n  o f  800 mg (1.24 mmol 1 of 14 i n  

2.5 mL of  d r y  DMF a t  rooin t e m p e r a t u r e  was added 338 mg (1.64 mmol) o f  

cesium p r ~ p i o n a t e . ~ ~  The mix tu re  was s t i r red  a t  room t empera tu re  f o r  4 

h ,  a t  t h e  e n d  o f  which t i m e  t h e  DMF was e v a p o r a t e d  ( c a .  45 O C  and 1 

t o r r )  t o  g i v e  a w h i t e  s o l i d  t h a t  w a s  d i s s o l v e d  i n  50 m L  of  

dichloromethane, w i t h  c l a r i f i c a t i o n  of  t he  s o l u t i o n  by f i l t r a t i o n .  The 

s o l v e n t  was e v a p o r a t e d ,  and t h e  r e s i d u e  was p u r i f i e d  by column 

c h r o m a t o g r a p h y  (50  g s i l i c a  g e l ,  s o l v e n t  D )  t o  p r o v i d e  640 mg ( 9 1 % )  of  
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1 5  as a w h i t e  s o l i d :  R f  = 0.34 (C); mp = 166 - 168 OC; U V  (CH2C12) 256 

nm; I R  ( K a r l  1600 (C=N), 1720 c m - l  (C=Ol; l H  NMR (CDC13) 6 0.90 - 1.15 

(2SH, m, 9 C H ) ,  1.19 (3H, t, CH3CH2C021, - 2.46 (2H, q, CH3C3C02),  3.98 

- 4.21 (3H, m, H-4', H-5',  H-5:), 5.07 ( l H ,  dd, J31,4' = 8.5 H, H-3'1, 

5.51 C2H, s ,  NH2 ( e x c h a n g e a b l e  w i t h  D20)], 5.79 ( l H ,  d, 5 2 1 ~ 3 '  = 5.3 Hz, 

H-2'1, 6.03 ( l H ,  s ,  J1',21 = 0 Hz, H - 1 ' 1 ,  8.02, and 8.31 ( lH ,  l H ,  s ,  s ,  

H-2, H-8). 

- Anal .  Ca lcd .  f o r  C25H43N506Si2: C, 53.06; H, 7.66; N ,  12.38. 

Found: C, 52.96; H, 7.70; N, 12.32. 

[3'-1801-Adenosine - (16). To a s o l u t i o n  o f  550 mg (0.97 rnmol) o f  1 5  

i n  20 mL o f  THF was added 1.94 mL ( 2  e q u i v )  o f  1 M t e t r a b u t y l a m m o n i u m  

f l u o r i d e  i n  THF (A ld r i ch ) .  The m i x t u r e  was heated  under r e f l u x  f o r  2 h 

a t  wh ich  t i m e  TLC showed absence o f  s t a r t i n g  m a t e r i a l .  The m i x t u r e  was 

coo led  t o  room temperature, and 3 mL o f  concent ra ted  ammonium hyd rox ide  

was added. The m i x t u r e  was t h e n  s t i r r e d  a t  room t e m p e r a t u r e  f o r  2h, 

f o l l o w e d  by  h e a t i n g  u n d e r  r e f l u x  f o r  an  a d d i t i o n a l  1 h. A t  t h e  end  o f  

t h i s  t i m e ,  TLC showed o n l y  one p r o d u c t ,  8 f  = 0.16 (D). The s o l  v e n t  was 

evaporated t o  g i v e  a y e l l o w  syrup  t h a t  was d i s s o l v e d  i n  30 mL o f  w a t e r  

a n d  e q u i l i b r a t e d  w i t h  20 mL o f  d i c h l o r o m e t h a n e .  The t w o  l a y e r s  w e r e  

separa ted ,  t h e  o r g a n i c  l a y e r  was washed w i t h  20 mL o f  w a t e r ,  and  t h e  

combined aqueous l a y e r s  were  evapora ted  a t  ca. 1 t o r r  t o  g i v e  a y e l l o w  

s y r u p  w h i c h  was p u r i f i e d  b y  passage o v e r  an  HP-20 c o l u m n  (300  m L  o f  

water,  f o l l o w e d  by 200 mL o f  9O:lO w a t e r  - methanol).  The combined UV- 

a c t i v e  f r a c t i o n s  w e r e  p o o l e d  and  e v a p o r a t e d  a t  ca. 1 t o r r  t o  g i v e  a 

syrup  wh ich  was c r y s t a l l i z e d  f r o m  methanol t o  g i v e  160 mg o f  pu re  16. A 

second c r o p  o f  25 mg was o b t a i n e d  a f t e r  c o n c e n t r a t i o n  o f  t h e  m o t h e r  

l i q u o r s  ( t o t a l  y i e l d  = 71%): mp = 232 - 234 OC ( l i t . 3 2  234 - 235 O C  f o r  

adenos ine ) ;  f o r  MS d a t a ,  see T a b l e  1; f o r  G C I M S  d a t a  o f  t h e  p e r - 0 -  - 
t r i m e t h y l s i l y l  d e r i v a t i v e ,  see Table 2; l H  NMR da ta  (D20) were i d e n t i c a l  

w i t h  those f o r  a u t h e n t i c  adenosine. 

3 '  ,5'-Di-0-( - -  t e r t - b u t y l  d imethy l  s i l y l  ) - Z ' - O - (  - t r i f l u o r o m e t h a n e s u l -  
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f o n y l  l a d e n o s i n e  (18). By t h e  same procedure  used f o r  t h e  p r e p a r a t i o n  o f  

2, 0.92 g (1.86 mmol) o f  3 ' , 5 ' - d i - O - ( t e r t - b u t y l  - -  d i  m e t h y l  s i l y l  l a d e n o s i  ne 

( 1 7 ) ~ ~  was c o n v e r t e d  t o  350 mg (30%)  o f  g l a s s y  18: R f  = 0.44 ( A ) ;  u v  
(CH2C12) 257 nm; 'H NMR (CDC13) 6 0.07, 0.10, 0.17, 0.20 (12H, 4 S ' S ,  

MezS i ) ,  0.86, 0.96 (18H, s ,  s ,  Me$), 3.96 [2H, m (AB o f  ABX), H-5', 

541, 4.16 [ l H ,  m ( w i d t h  = 9.2 Hz), H-4'1, 4.87 ( lH ,  Qt, J3 ' ,41  = 4.7 Hz, 

H-3'1, 5.78 [2H, 5 ,  NH2 (exchangeab l  e w i t h  D20)],  5.84 ( l H ,  W, J21,31 = 

4.5 Hz, H-2 ' ) ,  6.29 ( lH ,  d, J1' ,2 '  = 4.3 Hz, H-1 '1 ,  8.08, a n d  8.34 ( l H ,  

l H ,  2 S ' S ,  H-2, H-8). 

- Anal .  Ca lcd .  f o r  C23H40F306SSi2: 

[2 I -180_1-9-C3' ,5' -Di -0- - -  ( t e r t - b u t y l  d i  methyl  s i l  y1)-2' -0- - (1-prop i  on- 

C, 44.00; H, 6.37; N, 11.16; S, 

5.19. Found: C, 44.10; H, 6.40; N, 11.15; S, 5.11. 

y1) -B-D-arabinofuranosyl ]adenine (19). By t h e  procedure  used f o r  3, 200 

mg (0.32 mmol) o f  18 was c o n v e r t e d  t o  150 mg (88.7%) o f  19, i s o l a t e d  a s  

a w h i t e  s o l i d :  R f  = 0.28 (A);  UV (CH2C12) 256 nm; I R  ( K B r )  1600 (C-N), 

1700 c m - l  (C=O); 'H NMR (CDC13) 6 0.09, 0.12 (12H, s ,  s ,  M e z S i ) ,  0.83 

(3H, t, Cti3CH2C=O), 0.90, 0.95 (18H,  s ,  s ,  Me3C) ,  2 - 0 2  (2H, m ,  

CH3C3C=O), 3.93 [3H, m ( w i d t h  = 19.6 Hz),  H-4',  H-5', H-5;], 4.66 ( l H ,  

lbt, J 3 '  4 '  = 4.6 Hz ,  H-3'1, 5.40 ( l H ,  $t, J21,3'  = 5.6 Hz, H-2'1, 5 -60  

[2H, s ,  NH2 ( e x c h a n g e a b l e  w i t h  D20)1, 6.56 (lH, d, J1',2'  = 5.4 Hz, H -  

l ' ) ,  8.16 and 8.34 ( lH ,  l H ,  s ,  s ,  H-2, H-8). 

- Anal .  Ca lcd .  f o r  C25H45N505Si2: C ,  54.26; H, 8.20; N, 12.67. 

[2'-1801-9-B-D-Arabi - nofuranosy l  adeni  ne  (20). By t h e  procedure  used 

f o r  p r e p a r a t i o n  o f  4, 100 mg (0.18 mmol )  o f  19 was c o n v e r t e d  t o  38  mg 

(78.5%) o f  20,  i s o l a t e d  as  a w h i t e  s o l i d :  mp = 255 - 256 OC ( d e c )  

( l i t .34 257 - 257.5 OC); 'H NMR s p e c t r u m  (OMSO-dg) - was i d e n t i c a l  w i t h  

t h a t  o f  a u t h e n t i c  9 - ( U - D - a r a b i n o f u r a n o s y l  I a d e n i  ne; f o r  MS da ta ,  see  

Table 1; f o r  GC/MS da ta  on t h e  p e r - 0 - t r i m e t h y l s i l y l  - ether ,  see Table 2. 

P r e p a r a t i o n  o f  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  o f  [2'-l80_3- (4) and [3'- 

180]-adenosi  - ne (161, a n d  [2'-1801- - (20)  a n d  [3'-1801-9-[B-D-arabi - no- 

Found: C, 54.17; H, 8.22; N, 12.62. 
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fu ranosy l l aden ine  (12).  T o  2 mg o f  t h e  nuc leos ide  i n  a 0.3-rnL Reac t i -  

VialTM o u t f i t t e d  with a screw cap l i ned  with Tef lonTM was added  0.2 mL 

of dry a c e t o n i t r i l e  a n d  0.1 mL of 1-(trimethyl s i l y l  Iimidazole ( A 1  d r i ch ) .  

T h e  mixture was allowed t o  s t a n d  overnight a t  room temperature,  t hen  i t  

was heated t o  60 OC f o r  1 h p r ior  t o  GC/MS analysis.  

I n  a t y p i c a l  G C  exper iment ,  pe r -0 - t r ime thy l  - s i l y l - a r a - A  showed a 

re tent ion time ( T R )  of 10.4 min, while per-0-trimethyl - s i l y l  adenosine was 

retained 11.3 min. 
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