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NUCLEOSIDES & NUCLEOTIDES, 5(4), 385-397 (1986) 

STUDIES ON THE CHEMISTRY OF 5-ACETOXY-6-(ACETOXY METHYL)-URIDINES: 
SYNTHESIS OF A NEW TYPE OF SO-CYCLONUCLEOSIDE~ 

* Rama S. Sodum and Brian A. Otter 
Laboratory of Organic Chemistry, Memorial Sloan-Kettering 

Cancer Center, Sloan-Kettering Division of Graduate School 
of Medical Sciences, Cornell University, New York, NY 10021 

Abstract: The 5-ace toxy-i-(ace toxyme thy1 b u r  id ine derivative 18 is con- 
verted in aqueous sodium hydroxide solution into the imidazole cyclo- 
nucleoside 22. Compound 22, in which an oxygen bridge links the sugar 
and base methano groups, represents a new type of 5'-cyclonucleoside. 

In addition to their traditional roles as synthetic intermediates,2 

cyclonucleosides provide useful tools for probing the conformational 

aspects of nucleoside-enzyme interactions.' The range of model conform- 

ations available has been increased in recent years by the introduction 

of several new types of ~ y c l o n u o l e o s i d e s ~ ' ~  including compounds with 

multi-atom bridges. In continuation of this theme, we now report the 

conversion of 5-hydroxyuridine (1) into cyclonucleoside 2, a compound in 

which 05' is linked to the base via a methano group. As far as we know, 
5'-cyclonucleosides featuring tbis particular type of bridge have not 

been reported before. 

HO J NH COOH 

I 2 

We encountered cyclonucleoside 2 while extending some of our earlier 
f indings5 on the properties of 5-acetoxy-6-(acetoxymethyl)-uracil s to the 

nucleoside area. Uracils of type 3 are convenient starting materials for 
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386 SODUM AND OTTER 

3 4 

/ 

CH3 

6 7 

1-OH 

5 
I 

8 

generating 5-0x0-6-me thyl enepyriqidinea, for examp l o ,  the 1-me thyl deriv 
ative 4. This substance is highly reactive and it either dimerizes5' to 

give 6 or undergoes ring-contraotioa Sb to give 5, depending on the reac- 
tion conditions. Imidazole S can t h e n b e  converted into either the 5- 
methylhydantoin 7 or the 2.3-dihydro-5-(hydrotymethy1)-2-oxo-1E-imida- 
zole-4-carboxylic acid 8 simply by altering the pH of the reaction mix- 

t ~ r e . ~ ~  Extension of these findings to the synthesis of the corres- 

ponding nuc 1 eos ides requires the ava i 1 ab i 1 ity of a S-hydrory-6-(hydroxy- 

methyl)-aridine, for example 11, and we assumed initially that it would 
be possible to prepare such a compound by adding an excess of formald- 

ehyde to the monosodium salt of the parent 5-hydroxypyrimidine ( 9 ) .  This 

procedure 5b affords simple 5-hydroxy-6-(hydroxymethyl)- uracils in 
yields of about 70%. but the reaction with 9 proved to be more complex 
than expected. Although 11 is formed, it readily undergoes further 
reactions that lead to the formation of the ring-contracted product 12, 
which was isolated as the methyl ester 13.6 Eowever, a somewhat lonser 

route to the required 6-substituted compounds became available when we 

found that application of the hydroxymethylation reaction to the 5- 

hydroxy-2,S'-anhydro nucleoside 1 5  affords 16 without difficulty. Cyolo- 
nucleoside 1 5  itself is available from 5-hydroxyuridine (1) v 2  isopro- 

pylidenation and acetylation to give 10, mesylation to give 14, and 
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NEW 5'-CYCLONUCLEOSIDE 387 
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0 - 
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Xo 9 R = H  
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C O O R  

C H 2 0 H  

0 0  x 12 R = H  
13 R=Me 

OxO 

16 

0x0 
17 

C O O R  

O x 0  

22 R = H  
23 R = M e  

C O O H  

. .  
H O  OH 
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388 SODUM AND OTTER 

t rea tment  w i th  e t h a n o l i c  sodium hydroxide t o  induce c y c l i z a t i o n .  With 16 

on hand, t he  sequence was completed by a c e t y l a t i o n  t o  g i v e  17 and c l e a v -  

a g e  of  t h e  2.5'-anhydro l i n k a g e  w i t h  s i l v e r  a c e t a t e  i n  p y r i d i n e .  The 

spec t roscop ic  p r o p e r t i e s  of t he  r e s u l t i n g  c r y s t a l l i n e  product  a r e  con- 

s i s t e n t  w i t h  t h o s e  e x p e c t e d  f o r  t h e  t r i a c e t y l  n u c l e o s i d e  18. In p r a c -  

t i c e ,  t he  hydroxymethylation, a c e t y l a t i o n  and ring-opening r e a c t i o n s  can 

be accomplished i n  one p o t  wi thout  p u r i f i c a t i o n  of  i n t e rmed ia t e s ,  t he reby  

a f f o r d i n g  18 from 15 i n  a lmos t  60% y i e l d .  

The s t r u c t u r e  a s s i g n e d  t o  n u c l e o s i d e  18 is a l s o  s u p p o r t e d  by  i t s  

behaviour  i n  base  - t h a t  is, t h e  uv - spec t r a l  changes t h a t  r e s u l t  from t h e  

a d d i t i o n  o f  t h r e e  e q u i v a l e n t s  of sodium hydroxide p a r a l l e l  t hose  seen  

p r e v i o u s l y  wi th  the  s i m p l e r  a l k y l  u r a c i l s  such a s  3. In t h e  case  of 18, 

t h e  u v - a b s o r p t i o n  s h i f t s  r a p i d l y  f rom 268  nm t o  228  nm, r e f l e c t i n g  t h e  

f o r m a t i o n  of  t h e  r i n g - c o n t r a c t e d  p r o d u c t  20. As w i t h  t h e  e a r l i e r  ex-  

amples, t he  in t e rmed ia t e  enone - 19 i n  t h i s  ca se  - does no t  s u r v i v e  long 

enough t o  b e  o b s e r v e d  d i r e c t l y  u n d e r  t h e s e  r e a c t i o n  c o n d i t i o n s .  The 

a d d i t  ion of more sodium hydroxide t o  t h e  s o l u t i o n  con ta in ing  20 promotes 

uv - spec t r a l  changes t h a t  a r e  d i a g n o s t i c  f o r  t h e  format ion  of a 2,3-di- 

hydro-2-oxo-1H-imidazo1e-4-carboxy1 i c  ac id ,  a s  might be expected by a n a l -  

ogy wi th  the  behav iour  of 5. However, t h e  product  is no t  t h e  5-hydroxy- 

m e t h y l  n u c l e o s i d e  12,  b u t  t h e  n o v e l  c y c l o n u c l e o s i d e  22.  which  was 

obta ined  i n  c r y s t a l l i n e  form i n  about 60% y i e l d .  Compound 22 i s  c l e a r l y  

formed from 2 0  via r a p i d  h y d r o l y s i s  o f  t h e  a c e t y l  g r o u p  t o  g i v e  21 

fo l lowed  by a t t a c k  of t h e  r e s u l t i n g  S'-oxy an ion  on t h e  e x o c y c l i c  methyl- 

ene group. Hydroxide ion  i t s e l f  a p p a r e n t l y  does n o t  compete e f f e c t i v e l y  

wi th  t h i s  i n t r a m o l e c u l a r  process .  

5 

The s t r u c t u r e  of 22 i s  c o n v i n c i n g l y  demonstrated by i t s  nmr s p e c t r a l  

p r o p e r t i e s .  In t h e  'E-spectrum, f o r  e x a m p l e ,  t h e  n o n - e q u i v a l e n t  RS' 
p r o t o n s  and t h e  s m a l l  v a l u e s  f o r  t h e  c o u p l i n g  c o n s t a n t s  J (1 ' , 2 ' )  and  

J(3',4') a r e  t y p i c a l  of S'-l inked cyc  l o n u c  1 e o s i d e s .  The 5-methano p r o -  

t ons  a r e  a l s o  non-equiva len t ,  and t h e i r  s u b s t a n t i a l  chemical s h i f t  d i f f -  

e rence  (A6 = 1.25 ppm) sugges t s  t h a t  one of them l i e s  i n  t h e  p l a n e  of t h e  

4,s-double bond. F u r t h e r  ev idence  f o r  t h e  5'-cyclo l i n k a g e  of 22 i s  seen  

i n  t h e  13C-nmr spec t rum.  Thus ,  t h e  C5' and C5-methano c a r b o n s  occupy  fl 

p o s i t i o n s  w i t h  r e s p e c t  t o  one a n o t h e r ,  and t h e y  a r e  c o n s e q u e n t l y  de-  

s h i e l d e d  (by  12.2 and 14.9 ppm. r e s p e c t i v e l y )  when compared w i t h  t h e  

corresponding carbons i n  t h e  noncyc l i c  n u c l e o s i d e  12. Smal l s r  u p f i e l d  
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NEW 5'-CYCLONUCLEOSIDE 389 

s h i f t s  (3.8 and  0.3 ppm) a r e  s e e n  f o r  C5 and  C4', r e s p e c t i v e l y ,  i n  t h e  

c y c l o n u c l e o s i d e  22 when compared wi th  12, as expec ted  f o r  7 s u b s t i t u t i o n  

e f f e c t s .  S i m i l a r  $ and y e f f e c t s  a r e  s e e n  when t h e  c a r b o n  s h i f t s  o f  

e t h e r s  a r e  compared wi th  t h o s e  of t h e  cor responding  a lcohols . '  The e s t e r  

23, ob ta ined  by m e t b y l a t i o n  of t h e  sodium s a l t  o f  22 in methylformamide, 

and t h e  deblocked  a c i d  2, ob ta ined  by  s i m p l e  a c i d  h y d r o l y s i s  of 22, b o t h  

e x h i b i t  nmr s p e c t r a l  p r o p e r t i e s  c o n s i s t e n t  w i t h  t h e i r  c y c l i c  s t r u c t u r e s .  

Examination of a Dre id ing  model of c y c l o n u c l e o s i d e  22 s u g g e s t s  t h a t  

t he  compound l a c k s  t h e  extreme r i g i d i t y  of c o n v e n t i o n a l  5'-cyc1onuc1eo- 

s i d e s  s u c h  a s  1 5 ,  and a number o f  c o n f o r m a t i o n a l  p o s s i b i l i t i e s  e x i s t .  

The 'A-nmr spectrum of 22 i n d i c a t e s  t h a t  o n l y  t h e  u p f i e l d  H5' resonance 

i s  a p p r e c i a b l y  c o u p l e d  t o  H4' (2.4 Hz), a n d  t h i s  c a n  b e  accommodated by  

t h e  model when t b e  t o r s i o n  a n g l e  7 (OS'-CS'-C4'-C3') a p p r o a c h e s  

which a l s o  produces an approximate ly  900 v a l u e  f o r  t h e  a n g l e  between C4' 

and t h e  5'-proton t h a t  p r o j e c t s  towards t h e  C2',C3' s i d e  of t h e  fu ranose  

r ing .  This  arrangement d i f f e r s  from t h a t  of 2 , 5 ' - o y c l o n u ~ l e o s i d e s , ~  and 

i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  ma in  J (4 ' , 5 ' )  c o u p l i n g  i n  t h o s e  com- 

pounds i n v o l v e s  t h e  downf ie ld  €I-5' resonance r a t h e r  t han  t h e  u p f i e l d  one 

a s  s e e n  f o r  22. With  a n  a p p r o x i m a t e l y  900 v a l u e  f o r  a n g l e  y , t h e  05 '  

b r i d g e  o f  22 c a n  a d o p t  c o n f o r m a t i o n s  i n  wh ich  t h e  5-methano g r o u p  i s  

d i r e c t e d  e i t h e r  t o w a r d s  (A )  o r  away f rom (B) t h e  f u r a n o s e  r i n g  oxygen 

(04'). These o r i e n t a t i o n s  p r o d u c e  g l y c o s y l  t o r s i o n  a n g l e s  x ( 0 4 ' , C - l ' -  

Ml-C2), of approx ima te ly  200° and 240°, r e s p e c t i v e l y ,  and t o r s i o n  a n g l e s  

6 (C2-Nl-Cl'-Hl') o f  O o  a n d  -4OO. P r e v i o u s  work b y  t h e  g r o u p s  o f  

Lemieuxloa and Danyluklob have  e s t a b l i s h e d  t h a t  a Karp lus- type  r e l a t i o n -  

C2' C2 '  

A B 
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390 SODUM AND OTTER 

s h i p  e x i s t s  b e t w e e n  t h e  a n g l e  8 a n d  t h e  v a l u e  o f  t h e  v i c i n a l  c o u p l i n g  

c o n s t a n t  J(C2,Hl') i n  v a r i o u s  c y o l o u r i d i n e s .  More r e c e n t l y ,  Davies"' 

and coworkers  have  de te rmined  t h a t  t h e  magnitude o f  t h e  one-bond c o u p l i n g  

c o n s t a n t  J ( C l ' , H l ' )  i n  p y r i m i d i n e  c y c  l o n u c  l e o s i d e s  i s  a f u n c t i o n  o f  t h e  

g l y c o s y l  bond  c o n f o r m a t i o n .  U s i n g  t h e  m o d i f i e d  K a r p l u s  r e l a t i o n s h i p s  

d e v e l o p e d  by t h e s e  a u t h o r s l o b e c  and b e a r i n g  i n  mind t h a t  22 i s  a 2-0x0- 

imidazo le  r a t h e r  t han  a 2-0x0-pyrimidine from which t h e s e  e q u a t i o n s  were 

d e v e l o p e d ,  i t  i s  s e e n  t h a t  J (C2,Hl ' )  v a l u e s  o f  l e s s  t h a n  1 Hz a n d  

J ( C l ' , H l ' )  v a l u e s  o f  1 7 9  Bz a r e  e x p e c t e d  f o r  c o n f o r m a t i o n  A, w h e r e a s  

v a l u e s  of  2.5 and 168 Hz, r e s p e c t i v e l y ,  a r e  expec ted  f o r  conformat ion  B. 
The a c t u a l  v a l u e s  measured f o r  22, namely 1.8 _+ 0.3 Hz and 167.8Bz a g r e e  

r e a s o n a b l y  we1 1 w i t h  c o n f o r m a t i o n  B, a l t h o u g h  t h e  t h r e e  bond  c o u p l  i n g  

s u g g e s t s  a somewhat  l a r g e r  v a l u e  f o r  8 (-25O) t h a n  d o e s  t h e  one-bond 

c o u p l i n g  ( 0 0 ) .  T h e s e  d a t a  i n d i c a t e  t h a t  t h e  5-methano g r o u p  o f  22 pro-  

j e c t s  towards t h e  2',3' edge of t h e  f u r a n o s e  r i n g ,  an o r i e n t a t i o n  s i m i l a r  

t o  t h a t  no ted  p r e v i o u s l y  f o r  t h e  methano group i n  5',6-methanopyrimidine 

n a c l e o ~ i d e s . ~ ~  For  t h e  unblocked  c y c l o n u c l e o s i d e  2, i n f o r m a t i o n  on t h e  

c o n f o r m a t i o n  a b o u t  t h e  C4',C5' b o n d  i s  l a c k i n g  b e c a u s e  o f  o v e r l a p p i n g  

resonances  i n  t h e  lH-nmr spectrum. However, t h e  v i c i n a l  c o u p l i n g  con- 

s t a n t ,  J(C2,Efl'). found f o r  2 i s  s m a l l e r  than  t h a t  o b s e r v e d  f o r  22, 

d e c l i n i n g  t o  a v a l u e  of  o n l y  0.9 0.2 Bz. This v a l u e  i n d i c a t e s  an a n g l e  

o f  a b o u t  +_ 400 f o r  2, w i t h  t h e  -40" v a l u e  ( a s  i n  A) b e i n g  t h e  more  

l i k e l y  b e c a u s e  of t h e  r e s t r i c t e d  g l p c o s y l  r o t a t i o n  imposed  b y  t h e  5 ' -  

b r i d g e .  The  J ( C l ' , H l ' )  v a l u e  o f  170 .0  Hz o b s e r v e d  f o r  2 a g a i n  c o r r e s -  

ponds t o  a s m a l l e r  v a l u e  of 6 (_+lSO)  than  t h a t  sugges t ed  b y  t h e  v i c i n a l  

coupl  ing c o n s t a n t ,  b u t  b o t h  measurements l e a d  t o  t h e  g e n e r a l  c o n c l u s i o n  

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

r e m o v a l  of t h e  i s o p r o p p l i d e n e  g r o u p .  F u r t h e r  s t u d i e s  on t h e  s o l u t i o n  

conformat ions  of  22 and 2 a r e  p lanned .  

General Proosdnrer: M e l t i n g  p o i n t s  were de t e rmined  on a Thomas-Hoover 

a p p a r a t u s  ( c a p i l l a r y  method) and a r e  u n c o r r e c t e d .  U1 t r a v i o l e t  s p e c t r a  

were measured on G i l f o r d  Response and Unicam SP-800 spec t ropho tomete r s .  

P r e p a r a t i v e  t l c  s e p a r a t i o n s  were e f f e c t e d  on 1000 pm (20 x 20 cm, Anal- 

t e c h ,  Inc.) GF254 s i l i c a  g e l  p l a t e s .  Nuc lea r  magnet ic  resonance  s p e c t r a  
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NEW 5'-CYCLONUCLEOSIDE 391 

were  d e t e r m i n e d  w i t h  JEOL FX90Q and  PFT-100 i n s t r u m e n t s .  'H-chemical 

s h i f t s  were measured r e l a t i v e  t o  i n t e r n a l  t e t r a m e t h y l s i l a n e  (TMS) whereas 

13C-chemical s h i f t s  were measured r e l a t i v e  t o  t h e  s o l v e n t  absorbance  and 

then  c o r r e c t e d  t o  t h e  TMS s c a l e .  Un les s  s t a t e d  o the rwise ,  a l l  s p e c t r a  

were determined i n  DMSO-d6 s o l u t i o n .  Assignments o f  r i b o s y l  carbons  were 

c o n f i r m e d  b y  s e l e c t i v e  d e c o u p l i n g  experiments.  Proton-carbon coup l ing  

c o n s t a n t s  were obse rved  under ga t ed  decoupl ing c o n d i t i o n s  us ing  an in- 

c r eased  number o f  d a t a  p o i n t s  and a decreased  s p e c t r a l  wid th  t o  improve 

t h e  d i g i t a l  r e s o l u t i o n :  D 2 0  was a l s o  added t o  remove p o s s i b l e  coup l ing  

between carbon and exchangeable  pro tons .  Mic roana lyses  were performed by 

MBW Labora to r i e s ,  Phoenix, Arizona. A l l  e v a p o r a t i o n s  were c a r r i e d  out in 
vacuo. 

5-Ac e t oxy-2*,3 *-0-iropropy 1 idene-S*-O-re thane su lphony 1 ur i d  ine  (14). 

Methanesulphonyl c h l o r i d e  (4 ml, 52.5 mmol) was added t o  a s o l u t i o n  of 5- 

acetoxy-2',3'-0-isopropyl i d e n e u r i d i n e "  10 (15  g, 44 mmol) i n  p y r i d i n e  

(75  m l )  and t h e  r e a c t i o n  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  2 

hr.  A s m a l l  amount of water  (-3 m l )  was added t o  hydro lyze  t h e  un reac ted  

su lphony l  c h l o r i d e  and the  s o l u t i o n  was concen t r a t ed  a lmos t  t o  dryness.  

A d d i t i o n  of c o l d  w a t e r  (150  m l )  t o  t h e  r e s u l t i n g  t h i n  s y r u p  i n d u c e d  

c r y s t a l l i z a t i o n  o f  14. A f t e r  t h e  mix tu re  was s t o r e d  o v e r n i g h t  i n  the  re- 

f r i g e r a t o r ,  t h e  s o l i d  was c o l l e c t e d .  washed g e n e r o u s l y  w i t h  c o l d  water  

and d r i e d ,  a f f o r d i n g  18.1 g ( 9 8 % )  o f  g r a n u l a r  m a t e r i a l .  R e c r y s t a l l i z -  

a t i o n  o f  t h i s  p r o d u c t  f rom h o t  e t h a n o l  t h e n  a f f o r d e d  14.8 g o f  p u r e  14,  

m p  168-170O; u v  (pH 1-7) lmax 267, l m i n  234  nm; 'A-nmr, 6 11.91 (1, s, 

N H ) ,  7.91 (1, s ,  H6), 5.81 (1, d,  H l ' ) ,  5.10 (1, dd ,  H-2'1, 4.80 (1. dd,  

H-3'1, -4.37 (3 ,  m, B4',HSf.H5''), 3.20 ( 3 ,  s. OMS), 2.24 (3 ,  s ,  OAc), 

1.50 and  3.30 ( t w o  s, 3H e a c h ,  i s o p r o p y l i d e n e  m e t h y l s ) .  J (1 ' , 2 ' )  = 1.8 

Hz, 3(2 ' ,3 ' )  = 6.4 Hz, J (3 ' ,4 ' )  = 3.7 Bz. 

Ana l .  C a l c d .  f o r  C15B20N2010S: C, 42.86; H, 4.80; N, 6.66. Found: 

C,  43.01; H, 4.75; N, 6.57. 

5-Hydroxy-2* 3 *-0- i sop ropy 1 idencr-2.5*-8nbydrouridine (15). Sod ium hyd- 

rox ide  (80 ml of 1N s o l u t i o n ,  2 eq) was added t o  a suspens ion  of 14 (16.8 

g ,  40 mmol) i n  e t h a n o l  ( 7 0 0  ml), and  t h e  m i x t u r e  was s t i r r e d  a t  room 

temperature.  The s o l i d  m a t e r i a l  d i s s o l v e d  w i t h i n  1 5  mia. The r e a c t i o n  

i s  accompanied  b y  a s h i f t  in t h e  uv  a b s o r p t i o n  maximum (pH 10) f rom 266 
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392 SODUM AND OTTER 

nm ( a n i o n  o f  11) t o  295 nm ( i s o s b e s t i c  p o i n t s  a t  219 and  262  nm). and i s  

complete w i t h i n  1.25 hrs .  The r e a c t i o n  mixture  was a c i d i f i e d  w i t h  a c e t i c  

a c i d  t o  pH -5 and most of  t h e  e t h a n o l  was removed by evapora t ion .  B i g h l y  

c r y s t a l  1 i n e  15, which  a p p e a r s  d u r i n g  t h e  e v a p o r a t i o n ,  was o b t a i n e d  in 

s e v e r a l  c r o p s  t o t a l l i n g  8.8 g (78%).  An a d d i t i o n a l  0.5 g o f  1 5  was 

ob ta ined  from t h e  aqueous f i l t r a t e  via e t h y l  a c e t a t e  e x t r a c t i o n ,  b r i n g i n g  

t h e  t o t a l  y i e l d  t o  82%.12 Pure m a t e r i a l  showed t h e  f o l l o w i n g  p r o p e r t i e s :  

mp ) 2 5 0 ° ;  uv (pH 1-4) Xmax 266.5 ,  Xmin 225.5; u v  (pA 1 0 )  Amax 295 nm ( s h  

a t  277 nm), hmin 235 nm; 'n-nmr 6 8.96 (1, s ,  5 - O H ) ,  7 .61  (1, s ,  B6). 

5.75 (1, s ,  H l ' ) ,  4.99 ( 2 ,  s, H2' and  H3'). 4 .68  ( 1 ,  n a r r o w ,  u n r e s o l v e d  

m ,  H4'), 4.53 (1, dd ,  AS'), 4.08  ( 1 .  dd ,  AS") ,  1.43 and  1 .30  ( 6 ,  two s ,  

i s o p r o p y l i d e n e  m e t h y l s ) ,  J(4 ' ,5 ' )  = 1.5 Ez, J(4' ,5 ' ' )  = 0.9 Bz, J(5 ' ,5 ' ' )  

= 12.882. 

A n a l ,  C a l c d .  f o r  C12H14N206: C. 51.06;  H. 5.00; N, 9 .92 .  Found: 

C ,  50.92; E, 4.89; N ,  9 .80 .  

2*,3'~I~opropylidens-5-hydroxg-6-~hydroxylsthyl)-2,5'-anhydroaridine 

(16) Cpc lonnc leos ide  1 5  (1.42 g ,  5 mmol) was suspended i n  about  30 m l  o f  

water  and conve r t ed  i n t o  t h e  s o l u b l e  sodium s a l t  by t h e  a d d i t i o n  of 5 m l  

of 1 N  sodium hydroxide s o l u t i o n .  Aqueous formaldehyde (2  m l  of 37% v / v  

s o l u t i o n )  was added, t h e  volume was a d j u s t e d  t o  50 m l  w i t h  water and t h e  

r e a c t i o n  m i x t u r e  was h e a t e d  i n  a w a t e r  b a t h  a t  500.  The h y d r o x y m e t h y l -  

a t i o n  r e a c t i o n  i s  accompan ied  b y  a s h i f t  i n  t h e  u v  a b s o r p t i o n  maximum 

(0.1 m l  a l i q n o t s  d i l u t e d  t o  50 ml. pH a d j u s t e d  t o  10) from 295 nm (an ion  

o f  15) t o  310 nm ( a n i o n  o f  16). and t h e  p r o c e s s  i s  c o m p l e t e  a f t e r  3 h r .  

A f t e r  c o o l i n g ,  t h e  r e a c t i o n  mixture  was t r e a t e d  w i t h  an excess  of  Dowex 

50 (H') and t h e  f i l t r a t e  and r e s i n  washings were e v a p o r a t e d  t o  dryness .  

The product ,  which was ob ta ined  a s  a whi te  powder a f t e r  s e v e r a l  p o r t i o n s  

of e t h a n o l  were evapora t ed  from t h e  r e s i d u e ,  showed t h e  f o l l o w i n g  prop- 

e r t i e s :  u v  fpH 1-7) kmax 274, hmin 232.5 Qm; u v  (pH 11) kmax 309.5 nm. 

s h  a t  275 nm, Xmin 242 nm; 'H-nmr (DMSO-d6 + D 2 0 )  8 5.98  ( 1 ,  s, HI'), 

1 .44  ( 3 ,  s ,  CH3) ,  1.30  ( 3 .  s ,  CH3).  The r e m a i n i n g  r e s o n a n c e s  ( 7 H )  con- 

s i s t  of a broad  s i n g l e t  a t  4.64 (H4') and t h r e e  o v e r l a p p i n g  AB q u a r t e t s ,  

n a m e l y  H2',B3'. a t  4.97 and 4.87; AS' ,H5"  a t  4.39 and  3.89; -CH20D a t  

4.80  and 4.35; J (5 ' ,5 ' ' )  = 12.6  Hz,  J(CA2) = 13 .1  Hz, J2* ,3 '  = 5.5 Hz. 

Before exchange wi th  deuterium, t h e  5-04 s i g n a l  appea r s  a t  S 8.51 (1,  s) 

and t h e  -CH20H s i g n a l  a t  S 5.40 (1, b t ) .  
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NEW 5'-CYCLONUCLEOSIDE 393 

5 - ~ e t o r y - 6 - ( 8 c e t o x y r e t h y l ~ - 1 - ~ 2 . 3 ~ i t o p r o p y l i d e n e - 5 ~ 8 o e t y l - $ - ~  

r i b o f a r a n o r y 1 ) a r a c  i 1 (18). Cyc lonuc leos ide  15 was s u b j e c t e d  t o  hyd- 

roxymethyla t ion  on f o u r  times t h e  s c a l e  desc r ibed  above  f o r  t h e  prepar -  

a t i o n  o f  16. A f t e r  t h e  3 h r  h e a t i n g  p e r i o d ,  t h e  r e a c t i o n  m i x t u r e  was 

n e u t r a l i z e d  w i t h  a c e t i c  a c i d  and  t h e n  e v a p o r a t e d  t o  d r y n e s s .  Two por -  

t i o n s  o f  e t h a n o l  (100  m l )  we re  added  t o  and  e v a p o r a t e d  f rom t h e  s y r u p y  

r e s i d u e  i n  o r d e r  t o  remove t h e  r e m a i n i n g  w a t e r  a n d  t h i s  p r o c e d u r e  was 

r e p e a t e d  w i t h  two 1 0 0  m l  p o r t i o n s  o f  p y r i d i n e .  The f i n a l  r e s i d u e  was 

d i s s o l v e d  i n  f r e s h  p y r i d i n e  (140 m l )  c o n t a i n i n g  a l a r g e  excess  of a c e t i c  

anhydride (60 m l )  t o  ensure  r a p i d  and comple te  a c e t y l a t i o n  of t h e  hydro- 

x y l  g r 0 ~ p s . l ~  A f t e r  removal of s o l v e n t s  ( o i l  pump), t h e  syrupy r e s i d u e  

con ta in ing  predominant ly  d i a c e t a t e  17 was d i s s o l v e d  i n  p y r i d i n e  (200 ml) 

and s i l v e r  a c e t a t e  (10  g )  was added  t o  t h e  s o l u t i o n .  The m i x t u r e  was 

p r o t e c t e d  from l i g h t  and s t i r r e d  v i g o r o u s l y  f o r  1 8  h r s  a t  room tempera- 

tu re .  Without f i l t r a t i o n ,  t h e  r e a c t i o n  mixture  was c a r e f u l l y  evapora t ed  

t o  dryness ,  u s ing  an o i l  pump f o r  t he  l a t e r  s t ages .  The da rk  r e s i d u e  was 

suspended i n  e t h y l  a c e t a t e  and s i l v e r  i ons  were p r e c i p i t a t e d  by  bubb l ing  

hydrogen s n l p h i d e  i n t o  t h e  s o l u t i o n .  A f t e r  f i l t r a t i o n  through a c e l i t e  

pad ,  t h e  e t h y l  a c e t a t e  s o l u t i o n  was e v a p o r a t e d  t o  a s y r u p  t h a t  c r y s t -  

a l l i z e d  from e t h a n o l  (80 m l )  on s t and ing  a t  room t empera ture .  The y e l l -  

owish c r y s t a l s  of  18 (5.2 g i n  two crops ,  57%) a r e  s u f f i c i e n t l y  pu re  f o r  

t he  n e x t  s t ep .  The a n a l y t i c a l  sample of 18, ob ta ined  a s  f i n e  n e e d l e - l i k e  

c r y s t a l s  a f t e r  an e t h a n o l  s o l u t i o n  of t h e  i n i t i a l  p roduc t  was d e c o l o r i z e d  

wi th  c h a r c o a l ,  showed t h e  f o l l o w i n g  p r o p e r t i e s :  mp 174-1750; uv fpH 1-7) 

lmax 268  nm, hmin 234.5 nm; 'E-nmr 6 12.07 (1 ,  s ,  N H ) .  5 .55  (1 ,  d ,  H l ' ) ,  

5.25 (1, dd. H2'1, 5.12 ( 2 ,  s ,  6-CH2), 4.80 (1 ,  d d ,  H3'). 4.19 (3 ,  m, 

H4',H5',H5"), 2.26 (3.  s ,  5-OAc), 2.01 a n d  2.05 (6 ,  two s ,  5'-OAc and  6- 

CB20Ac), 1.46 a n d  1.30 ( 6 ,  two s ,  i s o p r o p y l i d e n e  m e t h y l s ) ;  J (1 ' ,2 ' )  = 1 

Hz, J (2 ' ,3 ' )  = 6.5 Hz, J (3 ' , 4 ' )  = 2.2 Bz. In C D C 1 3  s o l u t i o n ,  t h e  6-CA2 

r e s o n a n c e s  a p p e a r  a s  an  AB q u a r t e t  a t  6 5.24 and  4.98, w i t h  a g e m i n a l  

c o u p l i n g  c o n s t a n t  of 13.4 Hz; 13C-nmr 6 170.3 and  169.4 (5'-OAc a n d  6- 

CB20Ac CO),  168.2 (5-OAc C O ) ,  157.6 (C4),  149.2 (C2), 140.0 (C6), 126.6 

(C5), 113.1 (MeCMe), 92.4 ( C l ' ) ,  86.1 (C4'). 84.1 (C2'). 81.7 (C3'1, 64.2 

(C5'). 55 .0  (6-CH21, 26.9 a n d  25.2 (YeCYe). 20.6, 20.3 and  20.0 ( a c e t y l  

m e t h y l s ) ;  J (C l ' ,H l ' )  = 165.0 IIz, J(C2,Hl ')  = 6.8 Hz, ( d i g i t a l  r e s o l u t i o n  

0.49 Hz) .  
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394 SODUM AND OTTER 

Anal .  C a l c d .  f o r  C19B24N2011: C, 50.00;  H, 5.30; N,  6.14. Found: 

C, 50.05; B, 5.17; N. 6.09. 

1-~2,3~Isopropylidene-~-lbribofur8noryl~~S'.5~eth8nb2,3-dihydro-2- 

oxo-1H-irid8xole-4-carboxyl ic a c i d  (22). Sodium hydroxide s o l u t i o n  

( l N ,  6.75 m l ,  3 e q u i v a l e n t s )  was added dropwise o v e r  a 15-20 min. p e r i o d  

t o  a s t i r r e d  suspens ion  of t r i a c e t a t s  18 (1.02 g ,  2.25 mmol) i n  540 m l  of 

w a t e r .  S t i r r i n g  was c o n t i n u e d  f o r  2 h r ,  d u r i n g  wh ich  t i m e  t h e  s h i f t  in 

t h e  uv a b s o r p t i o n  maximum from 268 nm t o  228 nrn ( shou lde r )  was complete.  

Addi t ion  of 27 m l  of 10N sodium hydroxide s o l u t i o n  ( the reby  a d j u s t i n g  t b e  

r e a c t i o n  m i x t u r e  t o  a b o u t  0.5 N i n  sodium h y d r o x i d e )  c a u s e s  t h e  r e -  

a p p e a r a n c e  o f  uv  a b s o r p t i o n  a t  272 nm ( d i a n i o n  o f  22) .  A f t e r  4 h r s .  

washed Dower 50(H+)  was added  t o  n e u t r a l i z e  t h e  r e a c t i o n  m i x t u r e .  The 

f i l t r a t e  and r e s i n  washings were then  evapora t ed  t o  dryness .  l e a v i n g  a 

g l a s s y  r e s i d u e  t h a t  c r y s t a l  l i z s d  r e a d i l y  when d i s s o l v e d  i n  t h e  minimum 

amount o f  w a t e r  and a c i d i f i e d  w i t h  a b o u t  1 m l  of g l a c i a l  a c e t i c  a c i d .  

F ine  whi te  n e e d l e - l i k e  c r y s t a l s  of 22 (415 mg, 60%) were ob ta ined  a f t e r  

thorough c h i l l i n g ,  mp 245-2470 (dec, w i t h  darkening  above 230°), PV (pH 

1) Amax 272, hmin 231; u v  (pH 7 )  Amax 259, kmin 228.5 nm; uv (pH 12) kmax 

272, Amin 235.5 nm; 'I?-nmr C% 10.76 (1, s, NH), 5.96 (1, d,  K l ' ) ,  5.63 and  

4.38 ( two AB d o u b l e t s ,  1 H  e a c h ,  5-CH2), 4.79 (1, d,  A3'), 4.59 ( 1 ,  d d ,  

82'1, 4.48 (1, nar row,  u n r e s o l v e d  m ,  H4'), 4.01 (1,  d )  a n d  3.65 (1, dd. 

E5' and  AS"), 1.47 and  1.27 (6, two s, i s o p r o p y l i d e n e  m e t h y l s ) ;  J ( l ' , 2 ' )  

= 1 .4 ,  J ( 2 ' , 3 ' )  = 5.8,  J ( 3 ' , 4 ' )  = J ( 4 ' , 5 ' )  = 0 ,  J ( 4 ' , 5 " )  = 2 .4 ,  

J ( 5 ' , 5 " )  = 12.9, J(CH2 gem) = 15.4 Hz; I3C-nmr 6 160.8 (COOH) ,  151.1 

(C2),  127.8 ( C S ) ,  111.7 (MeCMe), 110.1 (C4). 92.2 ( C l ' ) ,  87.0 and  86.9 

(C4' a n d  C 2 ' 1 ,  82.9 ( C 3 ' ) ,  74.0 (C5') ,  66.2 (5-CH2),  26.6 and 24.7 

( Y s C Y e ) ;  J ( C l ' , H l ' )  = 167.8 Hz, J(C2,Bl ' )  = 1.8 Hz ( d i g i t a l  r e s o l u t i o n  = 

0.37 Hz). 
Prolonged  s t o r a g e  of 22 i n  aqueous s o l u t i o n  l e a d s  t o  h y d r o l y s i s  of 

t he  i sop ropy l idene  group, and 150 mg of n n c l e o s i d e  2 was r ecove red  from 

t h e  mother l i q u o r  i n  t h e  p r e s e n t  case .  

Ana l .  C a l c d .  f o r  c13Hl6N2O7: C, 50.00; H, 5.16; N, 8.97. Found: 

C, 49.66; H, 5.38; N,  8.69. 

1-(2.3~Isoprop~lideno-~-~ribofur~noryl~~5*.5~ethan~2.3-dihydro-2- 

o x b l ~ ~ i d ~ r o l ~ - 4 - ~ 8 r b o r g l  io  acid. methyl ester (23). One equ iva  1 e n t  

of sodium hydroxide (0.5 m l  of N s o l u t i o n )  was added t o  156 mg (0.5 m m o l )  
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NEW 5'-CYCLONUCLEOSIDE 395 

of 2 2  i n  15-20 m l  o f  w a t e r ,  and t h e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s .  

The r e s u l t i n g  powdery sodium s a l t  of 22 was d i s s o l v e d  i n  7 m l  of methyl- 

formamide ( d r i e d  o v e r  4 A m o l e c u l a r  s i e v e s )  and 0.5 m l  o f  m e t h y l  i o d i d e  

was added t o  t h e  so lu t ion .  After  s t i r r i n g  a t  room temperature f o r  4 h r s ,  

the  r e a c t i o n  mixture was evaporated t o  dryness  and an aqueous s o l u t i o n  of 

t h e  r e s i d u e  was p a s s e d  t h r o u g h  an  e x c e s s  o f  Dowex 50 (€I+) in o r d e r  t o  

remove sodium ions.  Af t e r  removal of  water,  a s o l u t i o n  of the r e s idue  i n  

the minimum amount of methanol was a p p l i e d  t o  a p r e p a r a t i v e  t l c  p l a t e ,  

which was then developed w i t h  chloroform-methanol (9:1, v / v ) .  Removal of  
t h e  zone a t  Rf 0.6, e x t r a c t i o n  of  t h e  s i l i c a  w i t h  me thano l  and  e v a p o r -  

a t i o n  t h e n  a f f o r d e d  c r y s t a l l i n e  23 ( 1 5 0  mg ,  9 2 % ) ,  mp 1 0 0 - 1 0 5  0 

( i n d i s t i n c t ) ;  uv (pH 1-71 Amax 273.5, Amin 234.5 nm; u v  (pH 1 2 )  Amax 291, 

Amin 243 nm; 'H-nmr 6 10.95 (1, s, NH), 5.96 (1, d. I l l ' ) ,  5.57 and 4.37 

(two AB d o u b l e t s ,  1 H  e a c h ,  5-CH2), 4.79 (1, d, H3'), 4.59 (1.  dd,  H2'), 

4.49 (1. na r row m, B-4'), 4.02 (1, d,  E5'). -3.67 (€is", u p f i e l d  d 

v i s i b l e ,  downfield limb p a r t i a l l y  ove r l apped  by O l e  s a t  3.72, t o t a l  4H). 

1.46 and 1.27 (6 ,  two s ,  i s o p r o p y l i d e n e  m e t h y l s ) ;  J(1 ' ,2 ' )  = 1.1 Hz, 

J(2' ,3 ')  = 6.1 H z ,  J(5' gem) = 13.2 Hz, J(4'.5") e s t .  2.5 Hz, J(5-CH2 

gem) = 15.5 Hz). 
Anal .  C a l c d .  f o r  Cl4Hl8N2O7: C,  51.53; H, 5.56; N, 8.59. Found: 

C, 51.46; B, 5.60; N, 8.46. 

1-(~-~Pibofar8noryl~-05' .5~ethantr2,3-dihydrcr2-oxo-lEirid8zols-4-~8r-  

b o x y l i c  a c i d  (2). A s o l u t i o n  of 22 (70 mg) i n  4 m l  of 80% a c e t i c  a c i d  

was h e a t e d  a t  r e f l u x  f o r  45 min. A f t e r  c o o l i n g ,  t h e  s o l v e n t s  were r e -  

moved and the r e s idue  was c r y s t a l l i z e d  from e thano l  t o  a f f o r d  c o l o r l e s s  

n e e d l e s  o f  2 (50 mg, 8381, mp - d a r k e n s  a t  195O, f o r m i n g  a b l a c k  mass 

t h a t  r e m a i n s  s o l i d  a t  250O); uv  (pH 1, n e u t r a l  m o l )  Amax 271. Amin 233 

nm; u v  (pH 6.8, monoanion) Amax 258, Amin 231  nm; u v  (pH 1 2 ,  d i a n i o n )  

Amax 270.5, Amin 240 nm; '€I-nmr 6 10.64 (1 ,  s, NH), 5.56 (1, s, El ' ) ,  

5.60 and 4.32 (AB q. CA2,, J (gem) = 14.3 Hz), 4.01 ( 3 ,  b s ,  H2'.H3',H4') 

and 3.75 (2 ,  b s ,  E5',"''). The c a r b o x y l  p r o t o n  r e s o n a n c e  i s  t o o  b r o a d  

t o  b e  o b s e r v e d  b u t  t h e  h y d r o x y l  p r o t o n s  a p p e a r  a s  b r o a d  s i g n a l s  (ex- 

c h a n g e a b l e )  a t  -4.9 and 4.5; 13C-nmr 6 161.0 (COOH),  151.1 (C2),  128.5 

(C5). 111.6 (C4),  90.9 (C l ' ) ,  85.8 fC4'), 76.2 (C2'). 70.6 (C3'), 70.8 

(CS'), 64.4 (5-CH2); J ( C l ' , H l ' )  = 170.0 Bz, J(C2,Hl ' )  = 0.9 Hz, ( d i g i t a l  

r e s o l u t i o n  0.2 Hz). 
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Anal. Calcd. for Cl0El2N2O7.0.5H20: C, 42.71; H, 4.66; N, 9.96. 

Found: C, 42.64; H, 4.87; N. 9.13. 
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- - -  

products .  We cons ide red  i t  p o s s i b l e  t h a t  14, a f t e r  h y d r o l y s i s  of  t h e  

5-0-acetyl group, might be c o n v e r t e d  i n t o  a 5'-deoxy-6,5'-cyclo- 

n u c l e o s i d e  by ana logy  w i t h  t h e  p r e v i o u s l y  s t u d i e d l l  c y c l i z a t i o n  of 

t h e  cor responding  5'-aldehydo n u c l e o s i d e .  However. t h e  p r o t o n  nmr 

s p e c t r a  of  m a t e r i a l  i s o l a t e d  by p r e p - t l c  i n d i c a t e  t h a t  none of  t h e  

minor components i n c o r p o r a t e s  a 6,s'-1 inkage, showing i n  t h i s  c a s e  

t h a t  t h e  C6-carbanion form of t h e  i n t e r m e d i a t e  5-hydroxypyrimidine 

does  n o t  compete s u c c e s s f u l l y  w i t h  02 i n  d i s p l a c i n g  t h e  5'-mesyloxy 

group. These minor p r o d u c t s  have  n o t  been i n v e s t i g a t e d  f u r t h e r .  

13. While the  amount of  a c e t i c  anhydr ide  used might be o v e r l y  generous ,  

it i s  necessa ry  t o  guard a g a i n s t  p a r t i a l  a c e t y l a t i o n ,  which c o u l d  

l ead5  t o  t h e  format ion  of t h e  cor responding  5-0x0-6-methylenepyrimi- 

d i n e  under  c o n d i t i o n s  t h a t  f a v o r  d i m e r i z a t i o n .  
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