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NUCLEOSIDES. 131. THE SYNTHESIS OF 5-(E-CHLORO-E-DEOXY-B-~-ARABINO- 
FURAN0SYL)URACIL. 
ACETOXYISOBUTYRYL CHLORIDE. STUDIES DIRECTED TOWARD THE SYNTHESIS OF 

REINTERPRETATION OF REACTION OF $ - U R I D I N E  WITH a- 

2'-DEOXY-2'-SUBSTITUTEO ARABINO-NUCLEOSIDES. 2. 

K r z y s z t o f  W. Pankiewicz and Kyo ich i  A. Watanabe*' 
Labora tory  o f  Organic Chemistry, S loan-Ket te r ing  I n s t i t u t e  
Memorial S loan-Ket te r ing  Cancer Center, S loan-Ket te r ing  

D i v i s i o n  o f  Graduate School o f  Medical Sciences, 
C o r n e l l  U n i v e r s i t y ,  New York, N.Y.  10021 

Abst rac t :  
i n  a c e t o n i t r i l e  gave, a f t e r  depro tec t ion ,  a m i x t u r e  o f  f o u r  p roduc ts :  
5-(2-chloro-2-deoxy-~-D-arabinofuranosyl ) u r a c i  1 (-1 , i t s  3 I - c h l o r o  xylo 
isomer (GI, 2 I - c h l o r o - 2  I -deoxy-$-ur id ine  (2) and 4,2 I -anhydro-$-ur id ine  
(&I . Compound 2 
was conver ted t o  t h e  known 1,3-dimethyl d e r i v a t i v e  2 by t rea tment  w i t h  
DMF-dimethylacetal.  Treatment o f  and 11 w i t h  NaOMe/MeOH a f f o r d e d  t h e  
same 4,2'-anhydro-C-nucleoside g. The 1,3-dimethyl analogues o f  lo and 
- 11 , however, were conver ted t o  2',3'-anhydro-1,3-dimethyl-$-uridine (13)  
upon base t rea tment .  The epoxide 13 was a l s o  prepared i n  good y i e l d  5 
t rea tment  o f  

Treatment of $ - u r i d i n e  (3) w i t h  a - a c e t o x y i s o b u t y r y l  c h l o r i d e  

Each component was i s o l a t e d  by column chromatography. 

and 11 w i t h  DMF-dimethylacetal . 
I n  t h e  prev ious  paper o f  t h i s  ser ies , *  we r e p o r t e d  t h a t  t r e a t m e n t  o f  

2'-0-mesyl-1,3-dimethyl-q~-uridine (1) (Char t  1 )  w i t h  L i C l  i n  N,N-dimethyl- 

formamide (DMF) a f f o r d e d  2 ' -ch lo ro-2  ' -deoxy- l ,3-d imethy l  - $ - u r i d i n e  (3) 
i n  h i g h  yie1.d. 

4,2'-anhydro l i n k a g e  which was subsequently a t tacked by t h e  c h l o r i n e  
n u c l e o p h i l e  f rom t h e  a-s ide  o f  t h e  nuc leos ide  t o  g i v e  t h e  "down" c h l o r o  
( r i b o )  p roduc t .  
mesy l -$ -ur id ine  (6) by t h e  s i m i l a r  L i C l  t rea tment  which does n o t  a f f o r d  
2'-chloro-2'-deoxy-$-uridine (3) but ,  ins tead,  r e s u l t s  i n  t h e  e x c l u s i v e  
f o r m a t i o n  o f  4,2'-anhydro-5-(~-D-arabinofuranosyl ) - u r a c i l  (&I .  Also  
r e p o r t e d  h e r e i n  i s  t h e  q u i t e  i n t r i g u i n g  outcome o f  our  d e t a i l e d  s tudy  o f  
t h e  r e a c t i o n  o f  $ - u r i d i n e  (3) w i t h  a - a c e t o x y i s o b u t y r y l  c h l o r i d e .  

The s y n t h e s i s  o f  2 ' -O-mesyl -$-ur id ine ($1 was achieved i n  two s teps 
i n  h i g h  o v e r a l l  y i e l d  f r o m  t h e  known3 3',5'-0-(1,1,3,3-tetraisopropyl- 
d is i loxan-1 ,3-d i -y1  ) - + - u r i d i n e  (4) (Char t  1 ) .  Treatment o f  4 w i t h  MsCl i n  

p y r i d i n e  a f f o r d e d  t h e  c r y s t a l l i n e  mesylate 5 which was d e s i l y l a t e d  t o  5 
by Et3N.HF t r e a t ~ n e n t . ~  When 5 was t r e a t e d  w i t h  L i C l  i n  DMF a t  r e f l u x ,  

The r e s u l t s  i n d i c a t e  t h e  t r a n s i t i o n a l  f o r m a t i o n  o f  t h e  

Th is  r e p o r t  descr ibes  t h e  r e s u l t s  o b t a i n e d  f r o m  2'-0- 
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614  PANKIEWICZ AND WATANABE 

M eN - 
HO OMS RO CI 

1 2 

H O  OH 

l 3  
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a Series R = H 

b Series R = Ac 

Chart 1 
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5-(2-CHLORO-2-DEOXY-@-D-ARABINOFURANOSYL)-URACIL 615 

t h e  4,2'-anhydro-C-nucleoside 3 was t h e  s o l e  p roduc t  d e t e c t a b l e  on TLC 

and was ob ta ined i n  71% y i e l d  a f t e r  p u r i f i c a t i o n  by r e c r y s t a l l i z a t i o n .  

Compound g was a l s o  prepared i n  lower y i e l d  by t rea tment  o f  - 5 w i t h  1,8- 
diazabicyclo[5,4,0]undec-7-ene ( D B U )  t o  g i v e  1 (Char t  1) f o l l o w e d  by 

d e s i l y l a t i o n .  The o v e r a l l  y i e l d  o f  8 prepared v i a  7 was o n l y  about 20%. 
The chemical syn thes is  o f  2 ' -deoxy-$-ur id ine  (12) (Char t  2) was 

f i r s t  achieved i n  our l a b o r a t o r y 5  by t rea tment  o f  2 w i t h  a -acetoxy iso-  

b u t y r y l  c h l o r i d e 6  o r  2-acetoxybenzoyl c h l o r i d e  f o l l o w e d  by r e d u c t i v e  

d e c h l o r i n a t i o n  o f  t h e  product  under B a r t o n ' s  c o n d i t i o n s  .8 We assigned 

t h e  2 '-chloro-Z'-deoxy-$-uridine (GI s t r u c t u r e  (9)  t o  t h e  c h l o r o  

i n t e r m e d i a t e  (wh ich  was conver ted t o  12. upon r e d u c t i o n )  on t h e  assumption 

t h a t  i t  was d e r i v e d  f rom t h e  i n i t i a l l y  formed 4,2'-anhydro nuc leos ide  (8) 
by f u r t h e r  n u c l e o p h i l i c  r e a c t i o n  w i t h  c h l o r i d e ,  as i n  t h e  case o f  

u r i d i n e . 6  La ter ,  Robins and Muhs repeated t h e  r e a c t i o n  o f  3 w i t h  a- 

a c e t o x y i s o b u t y r y l  c h l o r i d e  i n  t h e  presence o f  so lvent ,  and ob ta ined 3 ' -  

deoxy-$-ur id ine  (14) as w e l l  as 12 a f t e r  r e d u c t i o n  o f  t h e  c h l o r i n a t e d  

products .  However, they  d i d  n o t  separate o r  i d e n t i f y  t h e  c h l o r i n a t e d  

in te rmed ia tes .  

7 

9 

To our s u r p r i s e ,  t h e  anhydro nuc leos ide  Q was n o t  conver ted i n t o  

Z'-chloro-Z'-deoxy-$-uridine (a) by t rea tment  w i t h  HC1 i n  MeCN under 

t h e  c o n d i t i o n s  employed f o r  convers ion  o f  2 ,2 ' -anhydrour id ine  t o  2'- 
c h l o r o - 2 ' - d e o x y u r i d i n e .  6y10 Consequently, t h e  convers ion  o f  8 i n t o  9 
may n o t  occur  r e a d i l y ,  and our o r i g i n a l  assignment o f  t h e  ribo c o n f i g u r a -  

5 t i o n  9 t o  t h e  2 ' - c h l o r o  i n t e r m e d i a t e  We t h e r e f o r e  s t u d i e d  

t h e  r e a c t i o n  o f  Q - u r i d i n e  (3) w i t h  a - a c e t o x y i s o b u t y r y l  c h l o r i d e  aga in  i n  

o rder  t o  i d e n t i f y  t h e  s t r u c t u r e  o f  t h e  2 ' - c h l o r o  p roduc t .  

i s  unfounded. 

The r e a c t i o n  was c a r r i e d  ou t  i n  d r y  a c e t o n i t r i l e  as r e p o r t e d  

p r e v i o u s l y .  

t i n g  group f rom t h e  5 ' - p o s i t i o n ,  t h e  crude produc ts  were separated on a 

s i l i c a  g e l  column. 

p roduc ts  were i s o l a t e d  f rom t h e  m i x t u r e .  Each produc t  was d e a c e t y l a t e d  

t o  t h e  r e s p e c t i v e  unpro tec ted  C-nucleoside. 

s u b s t i t u e n t  i n  9 - 11 was unambiguously e s t a b l i s h e d  by Bar ton  r e d u c t i o n  

o f  these compounds. 

Z ' -deoxy-$-ur id ine  (121, 5 y 9 y 1 2 y 1 3  whereas 11 a f f o r d e d  t h e  known 3 ' -deoxy 

C-nucleoside (14). 
e s t a b l i s h e d  by H NMR a n a l y s i s  o f  t h e  monoacetate. The small  magnitude 

of J1,,2, and J2,,31 along w i t h  t h e  r e l a t i v e l y  l a r g e  J31,41 v a l u e  (3.0, 

1.5 and 5.4 Hz, r e s p e c t i v e l y )  are c o n s i s t e n t  o n l y  w i t h  t h e  ~-xylo c o n f i g -  
u r a t i o n  m. 14'15 The 

A f t e r  removal o f  t h e  2 , 2,5- t r imethy l  d i o x o l  an-2-yl p r o t e c -  

Two major ( u b  and u b )  and two minor  (8b and z b )  

The p o s i t i o n  o f  t h e  c h l o r i n e  

Nucleos ides ?a and g a  were bo th  conver ted  i n t o  

The xylo s t r u c t u r e  f o r  t h e  3 ' -ch lo ro-C-nuc leos ide  was 
1 

c o n f i g u r a t i o n  2 f o r  t h e  minor  nuc leos ide  was 
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5-(2-CHLQRO-2-DEOXY-~-D-ARABINOFURANOSYL)-URACIL 617 

e s t a b l i s h e d  by convers ion  t o  t h e  known 2'-chloro-2'-deoxy-l,3-dimethyl-$- 
u r i d i n e  by m e t h y l a t i o n  o f  w i t h  dimethoxymethyldimethylamine (DMF- 

d i m e t h y l a c e t a l ) . 1 6  The convers ion o f  2 t o  2 a l s o  e s t a b l i s h e d  t h e  arab ino  

s t r u c t u r e  j J  f o r  t h e  major  2 ' - c h l o r o  p roduc t .  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  r e a c t i o n  of 1 ,3 -d imethy l -q~-ur id ine  w i t h  a - a c e t o x y i s o b u t y r y l  

c h l o r i d e  a f f o r d e d  t h e  2 ' - c h l o r o  ribo nuc leos ide  as t h e  major  p roduc t  and 
2 3 ' - c h l o r o  xylo and t h e  2 I - c h l o r o  arabino nuc leos ides as minor  p roduc ts .  

It should a1 so be noted t h a t  t h e  corresponding N-nucleoside u r i d i n e  

gave e x c l u s i v e l y  2'-chloro-2'-deoxyuridine via t h e  2,2 ' -anhydro inter -  

Thus, our  r e s u l t s  i n d i c a t e  t h a t  under M o f f a t t ' s  r e a c t i o n  

c o n d i t i o n s ,  m a i n l y  t h e  c h l o r i d e  i o n  a t t a c k s  t h e  $-uridine-2',3'-acetoxo- 
nium i o n  a t  t h e  C-2' and C-3' p o s i t i o n s .  On t h e  o t h e r  hand, i n t r a m o l e c u l a r  

p a r t i c i p a t i o n  o f  t h e  C-4 and C-2 carbonyl  groups p r e v a i l  i n  t h e  case of 

l Y 3 - d i m e t h y l - ~ - u r i d i n e  and u r i d i n e ,  r e s p e c t i v e l y ,  and 2 ' - c h l o r o  r i b 0  

d e r i v a t i v e  i s  formed as a major  o r  e x c l u s i v e  ( u r i d i n e )  p roduc t .  

d i m e t h y l - p u r i d i n e  and u r i d i n e  might  be a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  

n u c l e o p h i l i c i t y  o f  t h e  aglycon carbonyl  group, t o  t h e  l e n g t h  o f  t h e  

g l y c o s y l  bond and/or t h e  d i f f e r e n c e s  i n  an energy b a r r i e r  t o  r o t a t i o n  

about t h e  g l y c o s y l  bond. 

c h l o r i n a t e d  produc ts  d e r i v e d  f rom $ - u r i d i n e  i s  made by t h e  f o l l o w i n g  

s t u d i e s .  

responding 1,3-dimethyl d e r i v a t i v e s  b u t  gave t h e  same c r y s t a l l i n e  produc t  

which d i d  n o t  c o n t a i n  c h l o r i n e .  

an anhydride. The H NMR spectrum (DMSO-d6), which i s  v e r y  s i m i l a r  t o  
t h a t  o f  3-methyl-2'  , 3 ' - a n h y d r o ~ r i d i n e , ' ~  showed t h a t  t h e r e  i s  o n l y  one 

d i s s o c i a b l e  p ro ton ,  which appeared as a t r i p l e t  a t  6 4.96 i n d i c a t i n g  t h e  
presence o f  a p r imary  OH group i n  t h e  molecule.  These d a t a  e s t a b l i s h e d  

a 2 ' ,3 ' -anhydro s t r u c t u r e  f o r  t h e  product .  Since t h e  c h l o r i n e  s u b s t i t -  

uent  i n  

be i n  t h e  "down" ribo c o n f i g u r a t i o n .  

was assigned t o  t h e  produc t .  
t r e a t e d  w i t h  KF i n  e t h y l e n e g l y c o l  a t  140OC. 

w i t h  NaOMe/MeDH, they  were conver ted t o  t h e  same 4,2'-anhydro-C-nucl eo- 

s i d e  &. However, 5 was recovered unchanged f rom t h e  r e a c t i o n  m i x t u r e  
2 a f t e r  t h e  same NaOMe t reatment .  React ion o f  t h e  l Y 3 - d i m e t h y l  analogs 

of lo and 11 w i t h  NaOMe, on t h e  o t h e r  hand, a f f o r d e d  13 i n  good y i e l d .  

These r e s u l t s  a re  i n  agreement w i t h  t h e  r e c e n t  reporti7 by Kuszmann e t  a l . ,  

D i f f e r e n c e s  i n  t h e  mode of t h e  M o f f a t t  r e a c t i o n  o f  $ - u r i d i n e ,  1,3- 

Our assignment o f  mo lecu la r  s t r u c t u r e s  o f  t h e  

Treatment o f  and 11 w i t h  DMF-dimethylacetal d i d  n o t  a f f o r d  t h e  c o r -  

Th is  p roduc t  was analyzed c o r r e c t l y  as 
1 

and 11 i s  i n  t h e  "up" c o n f i g u r a t i o n ,  t h e  epoxide formed has t o  

Consequently, t h e  ribo s t r u c t u r e  13 
Compound 13 was a l s o  ob ta ined when 1 was 

When lo and 11_ were t r e a t e d  
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618 PANKIEWICZ AND WATANABE 

who found t h a t  2,Z'-anhydrouridine i s  i n  equilibrtum w i t h  t h e  correspon- 
ding 2 ' ,3 ' -epoxide  i n  base. 
was trapped by N-3 methylation. 

T h u s ,  the reac t ion  of $-uridine (3)  w i t h  a-acetoxyisobutyryl 
chloride gives r i s e  t o  the formation of 2'-chloro-2'-deoxy-~-D-arabino 
(10)  - and 3'-chloro-3'-deoxy-~-D-xylo (11) nucleosides as the major 
products, and 4,2'-anhydro- (8)  and 2'-chloro-2'-deoxy-$-uridine (9)  as 
the minor products. Unambiguous s t ruc tu ra l  assignments f o r  a l l  the 
products _ -  8-11 fo r  t he  f i r s t  time r equ i r e  the  r e in t e rp re t a t ion  of e a r l i e r  
repor t s  . I 8  

Though the  epoxide was never i so l a t ed ,  i t  
17 

EXPERIMENTAL 

__. General Methods: 
capi 11 ary apparatus and a re  uncorrected. 'H N M R  spec t ra  were recorded 
on a JEOL-PFT-100 spectrometer and Me4Si was t h e  in te rna l  standard f o r  
organic solvents and DDS f o r  deuterium oxide; chemical s h i f t s  a r e  repor- 
ted in  pa r t s  per mi l l ion  ( 6 ) .  

as s ( s i n g l e t ) ,  d (doub le t ) ,  t ( t r i p l e t ) ,  q (qua r t ed ) ,  dd (double double t ) ,  
m ( m u l t i p l e t ) ,  brs (broad s i n g l e t ) .  Values given f o r  coupling cons tan ts  
a r e  f i r s t  order.  TLC was performed on Uniplates (Analtech Lo., Newark, 
D E )  and column chromatography on Woelm s i l i c a  gel (70-230 mesh). Micro- 
analyses were performed by Galbraith Laboratories,  Inc. ,  or by M . H . W .  
Laboratories. 

Melting points were determined on a Thomas-Hoover 

Apparent shapes of s igna ls  a r e  described 

3 '  $5'-0- (1,1,3,3-Tetrai  sopropyldi s i  loxan-l,3-di -y l ) -2 '  ,-O-mesyl-+- 
ur id ine  ( 5 ) .  

was s t i r r e d  overnight a t  room temperature and then concentrated i n  vacuo. 
The residue was dissolved i n  CHC13  (100 mL) ,  washed w i t h  water, d r ied  
(Na2S04), and chromatographed on a s i l i c a  gel column (42 x 3 cm) using 
C H C 1 3 - E t O H  (19 : l  v / v )  as t he  e luent ,  The nucleoside-containing f r a c t i o n s  
were co l l  ected,  evaporated, and the residue was r ec rys t a l  1 ized from MeOH 
t o  give - 5, 960 mg (85%),  mp 178-180°C. 'H NMR (DMSO-d,) 6 1,02 (28H, m, 
- i-Pr),  3.31 (3H, s, Ms), 3.72-5,Ol (3H, m, H-4 ' , 5 ' , 5 " ) ,  4.40 ( l H ,  dd ,  

H-3'3 J* i ,3 i  = 4.7, J 3 t , 4 '  = 9.1 H z ) ,  4,81 ( l H ,  S, H - 1 ' 1 ,  5.00 ( l H ,  d ,  
H - 2 ' s  J* i ,3 i  = 4.7  H z ) ,  7.33 (IH, S, H-6), 11.04 ( l H ,  S ,  N H ) ,  11.30 ( l H ,  

A mixture of - 4 (972 mg, 2 mmol), MsCl (180 uL) i n  pyridine (20  m L )  

s, N H ) .  

Found: C ,  46.61; H, 7.21; N ,  4.52; S, 5.42. 
Anal. Calcd, f o r  C22H40N202SSi2: C ,  46.78; H ,  7.14; N ,  4,96; S ,  5,67. 
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5-(2-CHLORO-2-DEOXY-B-D-ARABINOFURANOSYL)-URACIL 619 

2'-O-Mesyl-+-uridine ( 6 ) .  

Et3NHF/THF (4.4 mL, 2.5 equ iv . )  The m i x t u r e  was l e f t  s tand ing  o v e r n i g h t  
a t  room temperature and t h e  r e s u l t i n g  c r y s t a l s  were c o l l e c t e d  by f i l t r a -  
t i o n  and washed w i t h  Et20 and MeOH t o  g i v e  6 (530 mg, 93%), mp 170°C. 

( lH, dd, H-3'3 JZi ,3 t  = 2.5, J31,4' = 4.9 Hz), 4.79-4.94 (3H, m, H-1',2', 

OH), 5.47 ( lH,  d, OH),  7.67 ( lH ,  s, H-61, 11.19 (2H, b rs ,  2 NH). 

Found: C, 37.09; H, 4.55; N, 8.49; S, 9.75. 

4,2' -Anhydro-5- ( 3  ,5 - 0 - t e t r a i  sopropyl d i s i  loxan- l ,3 -d i  -y l  -B-D-arabino- 
fu ranosy l  ) u r a c i l  ( 7 ) .  

A m i x t u r e  o f  - 5 (2.7 g, 4.8 mmol) and DBU (937 P L )  i n  MeCN (80  mL)  
was heated a t  r e f l u x  f o r  2 h and then concent ra ted  i n  vacuo. The r e s i d u e  
was chromatographed on a s i l i c a  g e l  column u s i n g  CHC13-Me2C0 ( 3 : l  v /v  as 
t h e  e l u e n t  t o  g i v e  c r y s t a l l i n e  l ( 7 0 0  mg, 31%), mp 235-237°C. 'H NMR 

(DMSO-d6), 6 1.02 (28H, m, L - P r ) ,  3.67-3,90 (3H, m, H-4',5' ,5"),  4.28 

( l H ,  dd, H-3', J21,31 = 3.5, J3, ,41 = 8.6 Hz), 5.29 (2H, m, H-1 ' ,2 ' ) ,  

8.04 ( l H ,  s, H-61, 11.48 ( lH,  brs, NH). 

Found: C, 53.54; H, 7.79; N, 6.13. 

4,2 ' -Anhydro-5-( 8-D-arabinofuranosyl I u r a c i  1 (8a, 4,2' -Anhydro-+-ur id ine)  . 
A. From 7 .  

To a s o l u t i o n  o f  5 (1.0 g, 1.77 m o l l  i n  THF (10 mL)  was added 1 M  - 

'H NMR (DMSO-d6) 6 3.28 (3H, s, Ms), 3.52-3.73 (3H, m, H-4',5' ,5"),  4.15 

Anal. Calcd. f o r  C10H14N208S: C, 37.27; H, 4.38; N, 8.69; S, 9.95. 

Anal. Calcd. f o r  C21H36N206Si: C, 53.81; H, 7.74; N, 5.97. 

To a s o l u t i o n  of (234 mg, 0.5 m o l )  i n  THF (5 mL) was added 1 M  - 
Et3NHF/THF (1.5 mL). 
A syrupy produc t  separated and was c r y s t a l l i z e d  f rom MeOH t o  g i v e  & 
(100 mg, 88%), mp 225°C. 

g u i s h a b l e  f rom t h a t  o f  an a u t h e n t i c  sample. 
B. From 6. 

( 2  mL) was heated a t  100°C f o r  6 h and t h e n  concent ra ted  i n  vacuo. The 

r e s i d u e  was c r y s t a l l i z e d  f rom MeOH t o  g i v e  & (100 mg, 71%), mp 225°C. 
The H NMR spectrum was i d e n t i c a l  w i t h  t h a t  o f  an a u t h e n t i c  sample. 

React ion o f  p U r i d i n e  ( _ 3 )  w i t h  a -Acetoxy isobuty ry l  C h l o r i d e .  

(10.0 g, 60.6 mol) i n  d r y  MeCN (300 mL) was heated a t  r e f l u x  u n t i l  a 
c l e a r  s o l u t i o n  was obta ined.  The s o l v e n t  was removed i n  vacuo and t h e  
r e s i d u e  was d i s s o l v e d  i n  CHC13 (500 mL) c o n t a i n i n g  MeOH ( 5  mL, s a t u r a t e d  

The m i x t u r e  was k e p t  a t  room temperature f o r  30 min .  

The H NMR spectrum o f  t h i s  sample was i n d i s t i n -  1 

11 

A m i x t u r e  o f  6 (200 mg, 0.62 mnol) and L i C l  (50 mg, 1 .2 mnol) i n  OMF 

1 11 

A m i x t u r e  o f  3 (6.0 g, 24.6 mnol) and a - a c e t o x y i s o b u t y r y l  c h l o r i d e  
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620 P A N K I E W I C Z  AND WATANABE 

w i t h  HC1 a t  0°C). 

and then  concen t ra ted  i n  vacuo. 

column (42 x 3 cm) which was s u c c e s s i v e l y  e l u t e d  w i t h  2.5% EtOH/CHC13 

(1 L ) ,  5% EtOH/CHC13 (2 L ) ,  10% EtOH/CHC13 (2 L )  and 20% EtOH/CHC13 ( 1  L )  
and t h e  f r a c t i o n s  mon i to red  by TLC (MeOH/CHC13 1 : 9  v / v ) .  was 

e l u t e d  f rom t h e  column f i r s t ,  f o l l o w e d  by m, 
Compound was o b t a i n e d  i n  4% y i e l d  (400 mg) a f t e r  c r y s t a l l i z a t i o n  

f rom MeOH-Et20, mp 225°C. 'H NMR (DMSO-d6), 6 2.11 (3H, s, OAc), 3.56 

(2H, m, H-5 ' ,5" ) ,  3.99 ( l H ,  apparent 1, H-4',  J 3 1 , 4 1  = J41 ,51  = J 4 1 , 5 1  = 

4.3 Hz), 4.71 (2H, m, H - 1 ' , 2 ' ) ,  5.23 ( l H ,  pseudo t, H-3',  J2, ,3 ,= J31,41= 
4.3 Hz), 7.72 ( l H ,  s ,  H-61, 11.16 ( l H ,  s, NH), 11.28 ( l H ,  b rs ,  NH). 

The s o l u t i o n  was k e p t  a t  room tempera tu re  o v e r n i g h t  

The r e s i d u e  was p l a c e d  on a s i l i c a  g e l  

Compound 

and &. 

Anal. Calcd. f o r  C11H13C1N206: C, 43.36; H, 4.30; C1, 11.63; N ,  

9.19.  Found: C, 43.53; H, 4.52; C1, 11.54; N, 8.96. 

Compound __ 10b was o b t a i n e d  as c o l o r l e s s  m i c r o - f l a k e s  
a f t e r  c r y s t a l l i z a t i o n  f r o m  MeOH-Et20, mp 263°C. 

(3H, s, OAc), 3.61 (2H, m y  H-5',5"),  3,,90 ( lH ,  s i x  peaks 

'H NMR 

( l H ,  d, H-2', J11,21 = 3,,4; J2 ' ,3 '  = 0 HZ), 4.92 ( l H ,  dd 

3.4, J1i ,61 = 0.2 Hz) ,  5.03 ( l H ,  t, 5'-OH), 5.11 ( l H ,  d, 

0, J 3 1 , 4 1  = 3 - 0  Hz), 7.30 ( l H ,  d, H-6, JlIy6' = 0.2 Hz ) ,  

NH), 11.27 ( lH ,  s, NH). 

(1.05 g, 10.5%) 

DMSO-d6) 6 2.10 

H-4'1, 4.57 

H - 1 ' 3  J 1 i Y 2 i  = 

H-3'3 J21,31 = 

11.03 ( l H ,  b r s ,  

Anal. Calcd. f o r  C11H13C1N204: 

Compound 

C, 43.36; H, 4.30; C1, 11.63; N, 

9.19. Found: C, 43.34; H, 4.33; C1, 11.47; N, 9.18. 

was c r y s t a l l i z e d  f r o m  MeOH-Et20, (1 .5 g, 15%),  mp 239°C. 

'H NMR (DMSO-db) 6 2-08 (3H, S ,  OAC), 3.67 (ZH, t, H-5',5", J41,5i = 

J 4 i Y 5 i i  = 5.4 Hz), 4.17 (1Hy 9, H-4'9 J31,4i = J 4 i , 5 i  = J4 

4.54 ( l H ,  dd, H-3',  J21 ,31  = 1,5, J3,,41 = 5.4 Hz) ,  4.67 

3.0,  J1lY6t  = 0.2 Hz), 4.99 ( l H ,  t, 5'-OH), 5.15 

J11,2t = 3.0, J21 ,31  1 - 5  Hz), 7.31 ( lH ,  d, H-6, JlIy6 = 
J1 ' ,2 '  

( lH ,  s, NH) ,  11.24 ( l H ,  s ,  NH).  

Found: C, 43.27; H, 4.42; C1, 11.78; N, 9.06. 

Anal. Calcd. f o r  C11H13C1N206: C, 44.36; H, 4.30; C 

,511 = 5.4 Hz), 
l H ,  dd, H - l ' ,  
( lH ,  dd, H-2',  

0.2 Hz) ,  10.92 

, 11.63; N, 9.1 

The 4,2'-anydro-C-nucleoside & was e l u t e d  l a s t  f r o m  t h e  column, 

660 rng (6,6%)) ,  mp 220-225°C. 'H NMR (DMSO-d6) 6 2.10 (3H, s, OAc), 3,34 

(ZH, d. H-5 ' ,5" ) ,  4 - 0 1  ( l H ,  q, H-4', J31,4, 

5.20 ( l H ,  dd, H-3', J21 ,31  = 0.2, J3,,41 = 5.1 Hz) ,  5.32 ( lH ,  dd, H-2',  

J1t,21 = 6.1, J21,31 = 0.2 H z ) ,  5.48 ( lH ,  d, H - l ' ,  J11,21 = 6.1 Hz) ,  8.02 

J q I y 5 '  J 4 I y 5 '  = 5.1 Hz) ,  

( l H ,  s, H-61, 11-32 ( l H ,  brs ,  NH). 

anhydro-$-ur id ine (€&I upon deace ty l  a t i o n .  

l osses  exper ienced due t o  t h e  d i f f i c u l t y  o f  chromatographic  s e p a r a t i o n  

T h i s  p roduc t  gave t h e  known" 4,2- 

The l o w  y i e l d s  o f  pu re  isomers 9-11 were t h e  r e s u l t  o f  c o n s i d e r a b l e  
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5-(2-CHLORO-2-DEOXY-B-D-ARABINOFURANOSYL)-URACIL 6 2 1  

of these  compounds. Semi-quant i ta t ive  TLC ana lyses  of the r eac t ion  mix- 
t u r e  showed t h a t  and 11. were the major and 8 and 2 the  minor products .  

5-(2 -Chloro-2 -deoxy-a-D-ri bofuranosyl ) u r a c i l .  ( g a y  2'-Chloro-2'-deoxy- 
$ -u r id ine ) .  Compound (200 mg, 0.66 mmol) was d isso lved  i n  NH3/MeOH 
(10 m L ,  s a tu ra t ed  a t  O O C ) .  

t i on  was concentrated in  vacuo. The residue was t r i t u r a t e d  well with 
CHCL3 and the p r e c i p i t a t e s  were d r i ed  i n  vacuo. 

a s  a foam, 171 mg ( 9 0 % ) .  
m, H-4'1, 4 .13 ( l H ,  t ,  H-3', J 2 1 , 3 1  = J 2 , , 3 1  = J 3 1 , 4 1  = 5.3 Hz) ,  4.44 
( l H ,  t ,  H - 2 ' ,  J l I y 2 ,  = J 2 1 , 3 1  = 5.3 H Z ) ,  4.75 ( l H ,  d ,  H - l ' ,  J 1 1 , 2 1  = 

5.3 Hz), 7.67 ( l H ,  S ,  H-6). 

After 30 m i n  a t  room temperature ,  the so lu-  

Compound was obta ined  

'H NMR (D20) 6 3.57 ( Z H ,  m y  H-5 ' ,5") ,  3 .78  ( l H ,  

Anal. Calcd. for CgHl1C1N2O5:  

I n  a s i m i l a r  manner, UIJ, 

C ,  41.15; H ,  4.22; C1, 13.50; N ,  10.66. 
Found: C ,  41.35; H ,  4.49; C1, 13.26; N, 10.85. 

ponding deace ty la ted  products .  Compound - 10a; mp 248"C, 'H NMR (DMSO-d6) 
6 3.48-3.70 (3H, m y  H - 4 ' , 5 ' , 5 " ) ,  4.16 ( l H ,  m ,  H-3',  co l lapsed  t o  a double t  

and @were converted t o  the c o r r e s -  

upon addi t ion  of D20. J 2 1 , 3 1  = 0,  J31 ,4 ,  = 2 . 1  H z ) ,  4.40 ( l H ,  d ,  H - 2 ' ,  
= 3.6,  J 2 1 , 3 1  = 0 H z ) ,  4.91 ( l H ,  t ,  5'-OH, 4.96 ( l H ,  d ,  H - l ' ,  J 1 ' , 2 '  

J 1 , , 2 1  = 3.6 H z ) ,  5.87 ( l H ,  d ,  3'-OH), 7.30 ( l H ,  d ,  H-6, J 6 , N H  - 5.6 H z ,  
became a s i n g l e t  upon exchange) ,  10.49 ( l H ,  d ,  N H ) ,  11.22 ( l H ,  s, N H ) .  

Found: C ,  41.01; H ,  4.45; C1, 13.70; N ,  10.51. 

4.19-4.24 (3H, m, H - 2 ' , 3 ' , 4 ' ) ;  4.50 (1H, dd,  H - l ' ,  J 1 1 , 2 ,  = 2.7,  J 1 , , 6 1  = 

= 0.2 Hz), 11.06 (ZH, b r s ,  2 N H ) .  ' 1 ' , 6 '  

Found: C ,  40.92; H ,  4.29; C 1 ,  13.18; N, 10.36.  

N M R  spectrum of  t h i s  sample was iden t i ca l  w i t h  t h a t  of 4,2'-anhydro-$- 
uridi  ne. 

Anal. Calcd. f o r  C91i11C1N205: 

Compound G; mp 195-197"C, 'H N M R  (DMSO-d6) 6 3.65 ( Z H ,  m ,  H-5 ' , 5 " ) ,  

C ,  41.15; H ,  4.22; C 1 ,  13.50; N, 10.66. 

0.2 H z ) ,  4.92 ( l H ,  t ,  5'-OH), 5.91 ( l H ,  d ,  2'-OH), 7.26 ( l H ,  d ,  H-6, 

Anal. Calcd. f o r  C9H11C1N205: 

Compound @; mp 225"C, was obtained a s  c o l o r l e s s  c r y s t a l s .  

C ,  41.15; H ,  4.22; C1, 13.50; N, 10.66. 

The 'H 

11 

4,2'-Anhydro-+-uridine (8a )  from l o b .  
(100 mg, 0.35 moll was d isso lved  i n  I! NaOMe ( 5  mL 

and the  so lu t ion  was heated a t  r e f l u x  f o r  1 h. After cool ing  t o  room 
temperature ,  the  mixture  was neu t r a l i zed  w i t h  Dowex 50 ( H + ) .  The r e s  

Compound Y 

n 
was f i l t e r e d ,  the f i l t r a t e  concent ra ted ,  and the r e s idue  t r i t u r a t e d  with 
E t O H  t o  g ive  & (63  mg, 80%) .  

Compound & was a l s o  obtained i n  a s i m i l a r  manner from u. However, 

s imi l a r  t rea tment  of La d id  not a f ford  & b u t ,  i n s t ead ,  g was recovered 
unchanged. 
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622 PANKIEWICZ AND WATANABE 

lY3-Dimethyl -5-(3 -0-acetyl-2 -chloro-2 -deoxy-B-D-ri bofuranosyl Iuraci 1 
- (2b). 

3.3 mmol) in DMF (4 mL) was heated at 100°C for 1 h, and then concentrated 
in vacuo. 
CLC13-EtOH (19:l v/v) as the eluent. 
(185 mg). 'H NMR (DMSO-d6) 6 2.11 (3H, s, OAc), 3.18 (3H, s ,  NMe), 3.33 
(3H, s, NMe), 3.62 (ZH, m y  H-5',5''), 4.03 (lH, m, H-b'), 4.63-4.85 (2H, 
m y  H-l',Z'), 5.03 (lH, t, 5'-OH), 5.23 (lH, t, H-3', J21,31 = J31,41 = 

A mixture of 3 (200 mg, 0.69 mol) and DMF-dimethylacetal (400 mg, 

The residue was chromatographed on a silica gel column using 
Pure a was obtained as a foam 

4.6 Hz), 7.96 (lH, S, H-6). 
Anal. Calcd. for C13H17C1N206: 

Upon brief treatment of & with NH3/MeOH, the known' crystalline 1,3- 

C, 46.92; H, 5.15; C1, 10.65; N, 8.42. 
Found: C, 47.05; H, 5.20; C1, 10.55; N,  8.50. 

dimethyl -2'-chloro-2 ' -deoxy-$-uridi ne (GI was obtained. 
1,3-Dimethyl -5-(2 ,3 -anhydro-B-D-ri bofuranosyl Iuraci 1 (13). 

Similar treatment of and with OMF-dimethylacetal resulted in 
the formation of 13 (150 mg, 85%), 210OC; 'H NMR (DMSO-d6) 6 3.18 (3H, s, 
NMe), 3.32 (3H, s, NMe), 3.52 (ZH, t, H-5',5''), 3.87 (lH, d, H-3', J21,3, 
= 3.0, J31,41 = 0 Hz), 3.91 (lH, d, H-2', J11,21 = 0, J2,,31 = 3.0 Hz), 
4.03 (1H, t, H-4'3 J41,5i = J41,5ii = 5.5 Hz), 4.78 (lH, S ,  H-1'1, 4.96 
(lH, t, 5'-OH), 7.66 (lH, S, H-6). 

Anal. Calcd. for C11H14N205: 
C, 51.61; H, 5.64; N, 10.99. 

This epoxide 13 was also obtained (80 mg) from L2 (200 mg) by treat- 
ment with KF (500 mg) in dry (CH20H)2 (5 mL) at 140°C for 15 min followed 
by evaporation of the solvent in vacuo, and chromatographic purification 
of the residue. 

C, 51.96; H, 5-55; N, 11.02. Found: 

Reduction of 9a with "-Bu3SnH. 
A suspension of a (200 mg, 0.76 mnol) and amonium sulfate (20 mg) 

in hexamethyldisilazane (10 mL) was heated under reflux for 1 h and then 
concentrated in vacuo. The residue was dissolved in toluene (10 mL) and 
treated with a mixture of fi-Bu3SnH (200 mg, 0.7 mol) and 2,2'-azobis(2- 
methylpropionitrile) (50 mg) for 2 h at reflux. 
concentrated in vacuo and the residue chromatographed on a silica gel 
column using CCL4-EtOAc (5:3 v/v) as the eluent. 
the nucleoside product were collected, concentrated and the residue 
treated with 11 Et3 NHF/THF (3 mL) .  The precipitates were collected by 
filtration and crystallized from MeOH to give 113 mg (65%) of 2'-deoxy- 
Q-uridine (121, mp 220-221°C. 

The mixture was 

The fractions containing 

1 The H NMR spectrum of this sample was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



5-(2-CHLORO-2-DEOXY-8-D-ARABINOFURANOSYL)-URACIL 6 2 3  

superimposable w i t h  t h a t  o f  2 ' - d e o ~ y - $ - u r i d i n e . ~  
1 i t  . l4 mp 216-217°C). 

i n t o  3 ' -deoxy-$-ur id ine  (14) , 10y14 mp 216-217°C ( l d 3  mp 216-217°C) 

upon r e d u c t i o n  w i t h  ;-Bu3SnH. 

( L i t . 1 2  mp 221-223"CY 

S i m i l a r  t rea tment  o f  & a l s o  a f f o r d e d  12, whereas 2 was conver ted  
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