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S Y N T H E S I S  A N D  P E H K O W  R E A C T I O N  

OF [ J R I D I N E  D E R I V A T I V E S  

b )  Jottctiirn T h i e m " ) E  a n d  D i e t e r  Rasch 

a 1 O r q a n  1 s c b C h e m  i s ches  1 n s t  i t u t  deK West fh 1 i s c h e n  
W i 1 h e  1 rn s.--  11 r i  i v e 1,s i t &t. M u r  I st e I' , 0 I' 16a Ti s- H i r i ( i  2 3 , 
D---4400 M u l i s t e r ,  F e d e r a l  R e p u b l i c  of Gcrmany  

IJ) I n s ' t i t u t  fLir O r ( j u n i s c h e  Chen i i e  und t l i o c h e r n i e  d e r  
U n I vers 1 tat Ha ni burq  , Mart 1 n -Lu t  h e r - K  i nq .P  1 at. z 6 ,  
U-2000 Hamburg I S ,  F e d e r a l  K e p u b l  i c  of German), 

A b s t r a c t , .  S e v e r a l .  i i r i d i n e  d e r i . v a t i v e s  w i t h  O . - .p - t , o luene  
s u l f o n v l  q r o u y s  i n  2 ' . -  o r  3 ' - p o s i t i o n  were prepared a n d  
t h e i r  oxidation t o  t h e  c o r r e s p o n d i n y  u l o s e s  s t u d i e d .  By 
P e r k o w  r e a c t i o r i  t h e s e  a - t o s y l  k e t o n e s  l e d  t o  enc)1.- 
p h o s p h a t e s  w h i c h  were s u b j e c t e d  t o  h y d r o q e n a t  i o n  a n d  
h y d r o l y s i s .  T h i s  p r o c e d u r e  r e p r . e s e n t . s  a f a c i l e  a c c e s s  t o  
u r i d i n c  d e r i v e d  deoxy uloses. 

INTRODUCTION 

Tho prepfirat  i o n  of n u c l e o n i  de  a n a l o y u e o  1'emain:3 an 

a rea  o f  a c t i v e  r e s e a r c h  w i t h  r e s p e c t  t o  t h e i r  

a p p l i c a t i o n  for .  s t u d i e s  o f  ~ i i c t a h o l i c  p r o c e s s e s  as well  

u s  p o t e n t i a l  c h e m o t h e r a p e u t i c  : i c ~ e n t s . ' - ~  l ' h r r e f  o r e  new 

m i \ d  and e a s y  accesses  t o  2 '  or 3 ' - d e o x y  n u c l e o s i d e s  

f rom s i m p l e  D r e c u r s o r s  w o u l d  be a p p r e c i a t e d .  P r e v i o u s l y  

we c o u l d  d e m o n s t r a t e  t h e  a d v a n t a g e  of t h e  t 'erkow 

r e a c t i o n s f 6  f o r  t h e  s y n t h e s i s  of c a r b o h y d r a t e  e n o l -  

p h o s p h a t e s 7 P 8  arid s e l e c t i v e l y  d e o x y g e n a t e d  c o m p o u n d s .  8,Y 
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488 THIEM AND RASCH 

S t a r t i r i q  w i t h  a 1 , 2 - - d i o l  s y s t e m  a. t h i s  a s  a 

p r e r e q u i s i t e  f o r  t h e  P e r k o w  r e a c t i o n  h a s  t o  be t r a r i s -  

f o r m e d  v i a b .  i n t o  k e t o n  c w i t h  a l e a v i n g  g r o u p  X i n  L I -  

p o s i t i o n  t o  t h e  c a r b o n y l  f u n c t i o n .  M i l d  r e a c t i o n  w i t h  

L r i a l k y l  p h o s p h i t e s  d i r e c t l y  y i e l d s  t h e  c n o l p h o s p h a t e  d 

-CH-CH- -CH-CH- 
I 1  --+ I I  
OH OH OH X 

b - 0 - 

H 
\ /  

ll e- / \  
0 (R'OjzOPO 

- C - CH2- c=c 

d - e - 

-C-CH- 
II I 
o x  

L 

f - 

X = Hal 
OCOR 
OS02R 

w h i c h  c a n  b e  e i t h e r  c l e a v e d  t o  t h e  d e o x y  k e t o r i  e_ o r  

h y d r o q e n a t e d  t o  t h e  d e o x y  p h o s p h a t e  f .  An i m p o r t a n t  

i m p r o v e m e n t  f o r  t h e  a p p l i c a t i o n  of t h i s  r e a c t i o r i  i n  

n a t u r a l  product .  c h e m i s t r y  cor is ioks of t h o  f Lndiny  t ha t  

i n s t e a d  o f  t h e  o f t e n  d i f f i c u l t  a c c e s s i b l e  u h a l o  k e t o n e s  

c ( X  : h a l i d e )  a - a c y l o x y  o r  r a t h e r  ~ X - S U I  f o r i y l o x y  

d e r i v a t i v e s  c a n  be u s e d  s u c c e s s f u l l y . 9  T h i s  a n d  t h e  

s t r i c t  n e u t r a l  f e a t u r e  of  t h e  P e r k o w  r e a c t i o n  r e n d e r  it 

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

s e r i e s  w h i c h  i n d u c e d  t h e  p r e s e n t  s t u d i e s  restricted t o  

t h e  c h e m i s t r y  o t  u r i d i n e  d e r i v a t i v e s .  
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PERKOW REACTION OF URIDINE DERIVATIVES 489 

ItESULTS AND DISCUSSION 

h n c\ t t Ka c t, i v e a p 1.1 r: oa ch t. o a se 1 e c t, i v e  1 y to Y y 1 il I; e d  

1 1 ~ '  1 d i TIE! tl o r  1 vu t. i v e  r epresen t. s . L l r  6: i 11 t er. rri ed i a t e  d i b u t  y 1 

s t n n n v l e n c  p r o t e c t  i o n  t i r s t  i n t r o d u c : e d  by  M o f  t ' a t t  e t  

U l . . ' "  I n  f o l l o w i n g  il s i r i t i l a ~ .  p r o c e d u r e  u r . i d i n e  (1.1 w i i s  

t r e a t e d  w i t h  d i b u t - y l u t d n n i c  o x i , d c  i n  n i e t h a n o l  and s u b  - 

sequeri t i y 1-1.-toluene s u l  f o r i y l  c h  1 o r i d e / t t  i e . t ~ h y  lam i n e  

wtiLc;h q a v e  2 ' - O - . p -  t o l u e n e  s u l f o n y l  u r i d i n e  ( 2 )  

p r  e v i o u v l y  i s o l a t e c l  c r y s . t a i  l i n t !  from we.ter ( 6 i l a 1 . 1 0  wt. 

not.ed Lhat  the  raw i n a t e r i a l  c o n s i s t e d  o f  2, a n d  t h e  

I egioi6onier 3 ' -  Q-p- t . o l ~ ~ e r i e  s u l t o r i y l  u r i c l i n e  ( 5 )  i n  the 

ra t - lo  2 : 5 : 7 : l .  'I'tieir. oop; l rn t ; ion  was d o n e  a f t e r  

t . r i t . y l a t  1 c ) i I  L(I ~ O I l i ~ J ~ U T l d ~ 3  4. a n d  6 ,  r e s p e c t i v e l y .  

h t t e r n p : :  l u  p e r f o r m  il r e c i i o s e l e c t i v e  b e n z o y l H t i o n  

at t.he ~ i . 1  m a r y  p o s ~ t . i o n  5' of 2. w i t h  m o l a r  a m o u n t s  o f  

b e r l z o y l  r h l o r . i d e  a t  l o w  t e i i i pe r t c tu re s  o r  w i t h  b e r l z o y l  

[:yyri I l it!  1 e d  t o  1 n c o  m p 1 c t. e E o r  ma t i o n  I) f t.he 2'  ,5 '  -d 1 .-O~ .. 

Llenzotlte 3 .  As expect-ed . t h e  s e l e c t i v e  t r i t . y l a t i o r . 1  o f  -2. 

a n d  5 workied s m o o t h l y  a n d  q a v e  b o t h  t h e  crystal 1 i n e  

moriot.r i tyl~~t.er\  conlpourids 4. (74%) a n d  6. (11%) a f t e r  

colunin  s e p a r a t i o n .  T h e  for incr .  was p r e p a r e d  U r c v i o u s l y  i n  

lower- y i e l d s  h y  s e l e c t i v e  t o s y l a t i o n  of 5 ' .  t r i t . y l  

u r l d ~ r 1 e . l '  T h e  ' H  a n d  1 3 C  NMR spec t ra  o f  the  Leglo-  

i s o m e r s  4 and j). are  r a t h e r .  s imi l a r .  A d i s t i n c t i o n  f ~ a s e d  

o n  the rules of F'romageot e t  a l .  

[ 16 1'-H ( 2 ' - i s o m e r ) )  > 16 l ' - - H  ( 3 ' - - i s o m e r ) l  a n d  

J ( l ' , ' 2 ' )  ( 2 ' - ~ i s o i n e r )  > J ( l ' , Z ' )  ( 3 ' - i s o m c r )  I g a v e  

e v i d e n c e  f o r .  4 [ B  1'-H: 6 . 1 3  a r id  J(1',2') = 6 . 0  H z l  

13 
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490 THIEM AND RASCH 

to be the 2'-isomer and f o r  6 ( 8  l'-H: 5.84 and 

J(1',2') = 5.2 H z l  t o  be the 3 '  isomer. Furthermore, 

the 2'--0-acetyl derivative 7 obtained f rom by 

acetylation showed a noticeable downfield shift (A8 

0.8) of 2'-H which substantiates this assicinnlent. 

It may he rioted that in contrast to 3'-isomer-s the 

2'-O-tosyl compounds like 4 tire labile w i t h  acetone. 

llrider the conditions of u column chromatography in 

a c e t o n e / n -  tiexane 4 was completely converted to the 

2',5' 0 isopropylidene-5' -0-trityl-uridine 10. The 

formation is understood by a doutile inversion at- C 2': 

first the curboriyl group at C - 2  induces an intrn- 

molecular elimination o t  the tosyloxy qroup with 

formeltioil of tin intermediate 2,2'-anhydro I ing 

derivative. Subsequent nucleophi I ic attack at I:- 2' by a 

h y d r o x y  group from the acetone hcmiacetal linked to C . I '  

l e a d s  to the 2',3'-0- inopropylidene derivative in tho 

original giLk& conf iquration. A similar approach has heen 

used formerly for an alternative synthesis of 3 ' - . 0 ; -  

tosyl-uridine. 14 

By certain reaction conditions in the tritylation 

o f  uridirie (1) the staqe of the S'-Q-trityl derivative15 

can k~e surpassed and among other the 2',5'-di-O-trityl 

compound 8 is readily available.16 After isesylation and 

ether cleavage the 3'-Q-mesyl d e r ~ v a t i v e l ~  was prepared 

and selectively tritylated to qive the crystalline 

uridine compound 2. 
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PERKOW REACTION OF URIDINE DERIVATIVES 491 

Finally, the tosylation of 5'-Q--acetyl uridine 1214 

c o u l d  be improved. After crystallization of the main 

p r o d  u c t 

acldit,ional 15% of the 3 ' - reg io inomer  14. ,  12% of the 

2',3'..-ditosylate 15 and CY, 3 %  of the S'-chlor0-5'-deoxy 

derivative 1.1. could be obtained crystall. ine after column 

separation. 'I'he formation of 11 m a y  be plausible by 

5 ' - 0- a ce t y 1 - 2 ' .- Q- to s y 1 - u r  i d i n e (1.3 1 a 11 

R 2 0  

QU R1O OTs 

I 1 

R30*u " O q U  

xo R 2 0  OR1 0 

- 8 R 1 =  R3 = Tr  H3C CH3 
~ 2 =  H 

- 9 R ~ = H , R ~ = M S  - 10 

R 3 =  T r  

+ R20xY 

TsO OTs 

11 - 

+ 

AcOQ" + A c O W  o u  + A c O q u  

HO OH HO OTs TsO OR 

13 - 14 R = H  - 12 - 
- 15 R = T s  
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492 T H I E M  A N D  R A S C H  

nucleophilic substitution of either 15 or 2',3',5'-tri- 
I)--tosyl uridine, formed by peresterification of traces o t  

uridine present in l2, with N.-t.osyl pyridinium chloride, 

There have been several previous reports on the 

preparation and chemistry of keto nucleosides because 

they represent attractive precursors f o r  the synthesis 

of modif ied n u c l e o s i d e ~ . ~ , ~ ~ - ~ ~  Both the 2',5'-di-~- 

t r i t y 1 - 3 ' -u 1 o s e and t he 

uridine wer'e synthesized by Moffott et. al.'l in 

acceptable yield. Their. relative stability towards the 

B-elimination was explained by conformational influence 

owinq to the large trityl r ~ r o u p s . ~ '  The couplinq 

constants support the unusual 2T,(i) tw.ist conformation 

with an equatorial ciylyconic base unfavourably disposed 

for a B-elimination. In .the presence of traces of b a s e ,  

however, they immediately eliminated uracil and the 

resultiny enulose derivat.ives underwent further 

undefined deqradat ions. 

3 ' ,5  ' --d i -0 -  t r i t y 1 - ,  2 ' - u 1 o s e o f 

From the coup1 inq cons.tantn of' the 2'-Q-sul f onyl 

derivatives 4. and 13.. as well as the 3'-isomers 6 ,  9. and 

14 [ J ( l ' , Z ' )  = 4.5-6.0, J(2',3') = 4.56.0, 5(3',4') = 

3 . 0 - 5 . 0  Hz: c f .  table 2 1 ,  however, their 3 ~ 2  ( g )  .twist 

conformations become evident: such conformations were 

discussed for several pyrimidine nucleosides.22 Thus, 

there is no contormational promotion towards a hindrance 

o f  their B-elimination at hand. By several different 

procedures (DMSO/trif luoracetic anhydride at 

DMSO/phosphorus pent.oxide at various temperatures: 

23 ' 7 5 O C :  

24 
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PERKOW REACTION OF URIDINE DERIVATIVES 4 9 3  

DMSO/aceti c a n h y d r i d e  at, 6 U o C Z 5 )  t h e  o x i d a t i o n  of  b o t h  

% ' - U - . t o s y l  .... d e r i v a t i v e s  consec juent . ly  l e d  t o  e x t e n s i v e  

r i e q r a d a t i o n  a n d  o n l y  u r a c i l  c o u l d  be i s o l a t e d  and  

c h a r a c t e r i z e d .  

Except  f o r  t h e  3 ' -  Q . - ineny l  compound 9, b o t h  t h e  3'-Q- 

tovyl d e r i v a t i v e s  t; and  14. c o u l d  be  o x y d i z e d  by 

U M S O / P 2 0 5  i n  rnoder-ate y i e l d s .  1 r i  c o n t r a s t  t o  t h e  

e x p e c t e d  c o n f o r m a t , i o n a l l y  i n d u c e d  t e n d e n c y  f o r  B -  

e l l m l r ~ a l . l ~ n s ' ~ .  the c r . v s t a l  l i n e  % ' - - u l o v e  16 a n d  t h e  

s i r u p y  a n a l o g u e  1-7 t u r n e d  out .  t o  b e  s t a b l e .  'I'he * H . ~ N M R  

d a t a  o f  t.he kct,ones are i n  a c c o r d  w i t h  t.hc s t r u c t u r e s :  

t h e y  show i i  t y 1 J l c a l  l o n g e  r a n g e  coup1  i n q  cons i t . an t  

4 J ( l ' , 3 ' )  = 0 .5  Hz a n d  t h c  j ' . H  c x p c t i e n c e d  il down f i e l d  

s h i f t  of a p p r o x i n i i t t e l y  A6 0.6  with r e s p e c t  t o  t h e  

a l c o h o l  p r e c u r s o r s .  Fur thcr .a iore  t h e  L-attieL, l a r q e  

c o u p l i n q  c o n n t a r 1 t . s  J ( 5 ' , 4 ' )  = 8.2  a n d  7 .6  Hz f o r  1.6- n n d  

17., r e s p e c t i v e l y ,  c o r r e s p o n d  t o  d i h e d r a l  a n g l e s  

k ? ( J ' , 4 ' )  > 150' whlch  s u g g e s t .  ' T 4 t & )  t w i s t  c o n f o r m a t i o n s .  

tiere t ,ho  ay1,yr:onic u r a c i l  t e s i d u e  a d o p t s  a n  equat .or ' i a1  

pos 1 -t. i on w ti i c h  r-end e r  u e .i i m i na t i o ns un  1 i k e 1 y , 

?'rciyLiiicnt. o t  t,he 5 '  . - O . - L r . i t y l  - 2 ' - - u l o s e  16. w i t h  

t I  ~ w e l h y l  r i h o s p h i t e  led d i r e c t l y  .l.o t h e  : I ' - -deoxy-2 ' - -  

u i o s e  d e r i v a t i v e  19. Under t . he  r e a c t  i o n  c o n d i t i o n s  t h i s  

compound o h i o u s 1 . y  fo rmed  b y  a u t o h y d r o l y s i s  dir .ect1.y f rom 

t h e  i n t e r m e d i a t e  2 '  e n o l p h o s p h u t e  18 which  c o u l d  n o t  be  

d e t e c t e d  b y  T L C  o r  N M R  s t u d i e s .  Genera l ly ,  t h e  e n o l -  

p h o s p h a t e  c l e u v a g e  to t h e  deoxy k e t o n e s  is p e r f o r m e d  in 
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494 THIEM AND RASCH 

TsO 0 

- 16 R = Tr 
R = A c  

*,Of? (Me0120PO 

21 - 

r 1 

1 (Me0'20W 1 0 

23 R = T r  
20 R = AC - 

o u  o u  - - Acou 
(Me01 2OPO 

23 - 22 - 

s l . i q h t ~ 1 . y  n l c a l i n e  medium ( c f .  l i t .  9 1 ,  however. ,  e v e n  

t r  i m e t t i y l  p h o s p h i t e  f r e s h l y  d i s t i l l e d  o v e r  s o d i u m  

c o n t a i n e d  t t a c e s  o f  d i .methy1 p h o s p t i i t o  o r  fur. theK 

d e c o m p o s i t i o n  p r o d u c t s  which  o r e  s u f f i c i e n t  t o  e f f e c t  

h y d r o l y s i s .  A corresp( i r id i r iu  r e a c t  i o n  of t h e  5 ' .  C!-acetyl 

compound 1.7 l e d  t o  a m i x t u r e  o f  t h e  i s o l a b l e  e n o l - .  

p h o s p h a t e  arid i t s  s a p o n i f i c a t . i o r l  p r o d u c t  20 i n  a 

r a t i o  2.Q : 2 2  = 6:l. 'The m o r e  s t a b i l e  c n o l p h o s p h a t e  

coinpourid 22 i n  an a d d i t . i o n a 1  h y d r o l y s i s  e x p e r i m e n t  ( c f .  

a5 i n  l i t . ' )  c o u l d  be t r a n s f e r r e d  s m o o t h l y  t o  

t h e  3 ' - d e o x y - 2 ' - u l o s e  20. 

The ' H  N M R  d a t a  of t h e  u l o s e s  / 9  a n d  2-CJ a r e  similar 

and c o n s i s t e n t  w i t h  t h e i r  s t r u c t u r e .  The l a r ' qe  gcniinal 

c o u p l i n q  c o r i s t a n t  o f  1-9 e .s .  2J(3a',3b') = 1 8 . 4  Hz arrd 

t h e  c o n s i d e r a b l e  s i z e  of t h e  v i c i r i i i l  c o u p l i n q  c o n s t a n t s  

J ( 3 a ' , 4 ' )  = 8 . 7  a n d  J ( 3 b ' , 4 ' )  = 7 .7  Hz a r e  r e m a r k a b l e  
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PERKOW REACTION OF URIDINE DERIVATIVES 495 

and in agreement with a ‘ T 4 ( D ,  twist conformation. In 

the enolphoophate 22 1’-H curiously is observed a s  a 

quartet signal because the two ally1 and the homoallyl 

coupling constants happened to be of the same size: 

4 ~ ( 1 8 , 3 * )  = 4 J ( ~ # , p )  - 5 ~ ( 1 ~ , 4 ‘ )  = 1 . 4  H Z .  

A n  alternative preparation of S’--deoxy-2’-uloses 

similar to .?:Y. and 20. was previously described by Sasakr 

et startinq from a difficult accessible lvxo- 

furanosyl uracil and another series of selective 

Llockinq and elimination st .eps .  The present synthesis 

can be considered as advant,aqeous with respect t o  the 

simple urocedures and few reaction steps. Whereas the 

reaction series used here resembles the proposed bio- 
27 synthetic formation of cordycepin from adenosine 

compounds of  type 2.9 may be well suited to open an 

accesses to analogues of  antibiotics like cordycepin. 

Finally it was o f  interest to check the 

hydrogenation, and we could expect the formation of a 

%‘-phosphoryl-3‘-~deoxy nucleoside 21 with 2-threo. o r  

- - D-erythro configuration. Surprisingly on 10% 

pallndium/charcoal a complete hydroqenolytic clei-tvage of 

-the eriolester linkage was observed which led t o  

formation of the 2’,3‘--dideoxy uridine derivative 23. 

Subsequent experiments using other hydrogenation 

procedures will be o f  interest to achieve phosphorylated 

ur i d i ne ana 1 og ues of cordy cepi n. 
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TABLE 1 C h e m i c a l  s h i f t s  (6) a t  2 7 0  MHz ( C D C 1 3 )  

5 - H  5 . 6 6  dd 5 . 1 9  dd 5 . 3 8  d 5 . 3 5  d d  5 . 2 9  
6 -H 7 . 2 1  d 7 . 5 1  d 7 . 7 0  d 7 . 4 4  dd 7 . 7 8  
NH 8 . 0 7  rnc 8 . 7 6  rnc 2 . 8 9  mc 
1 ' - H  5 . 9 8  d 6 . 1 3  d 5 . 8 4  d 6 . 2 1  d 5 . 9 3  
2 ' - H  5 . 2 5  dd 5 . 1 5  dd 4 . 6 4  t 5 . 4 7  d 4 . 8 2  
3 ' - H  5 . 6 7  t 4 . 6 0  dd 5 . 0 6  t 5 . 2 5  dd 5 . 2 6  
4 ' - H  4 . 6 0  - 4 . 1 8  d t  4 . 2 7  rnc 4 . 2 7  d t  4 . 4 6  
5 a ' - H  3 . 5 1  dd 3 . 3 6  dd 3 . 4 2  dd 3 . 6 0  
5 b ' - t i  4 . 7 0  m 3 . 4 5  dd 3 . 2 1  dd 3 . 3 6  dd 3 . 5 7  
C H - C H  2 . 3 7  s 2 . 4 1  s 2 . 4 1  s 2 . 4 4  s - -  

6 4 --3 

d 
d 

d 
d d d  
t 
d t  
d d  
dd 

7 . 1 0  - 7 . 2 0  - 7 . 2 0  - 7 . 3 0  - 7 . 1 0  - 
A r y ' - H  8 . 1 0  m 7 . 8 0  m 7 . 8 0  m 7 . 7 0  m 7 . 5 0  rn 

5 - H  
6 - H  
N H  
1 ' - H  
2 ' - H  
3 ' - H  
4 ' - H  
5 a ' - H  
5 b  ' -H 
0 Ac 

6 4 -c!! 3 

A r y l - H  

5 . 1 3  dd 
6 . 5 1  d 
8 . 2 9  rnc 
5 . 6 3  d 
4 . 5 6  dd 
4 . 6 3  dd 
4 . 3 7  d t  
3 . 4 4  dd 
3 . 3 7  dd 

- -  
- -  

6 . 9 0  - 
7 . 5 0  rn 

1 7  

5-H 5 . 7 7  
6-H 7 . 2 3  
NH 
1 ' - t l  5 . 0 9  
3 ' - H  5 . 4 2  
4 ' - H  4 . 4 3  
5 a ' - H  4 . 5 0  
5 b ' - H  4 . 2 2  
OAc 2 . 0 9  
C6H4-CH3 2 . 4 6  

__ 

- lie) 
5 . 4 9  dd 
7 . 2 0  d 

5 . 8 8  d 
5 . 2 9  t 
5 . 0 9  d d  
4 . 3 4  d t  
3 . 8 0  d d  
3 .62  dd 
--  

2.44s,2.49s 

7 . 3 0  - 
7 . 9 0  rn 

1 9  - 
d 5 . 6 1  dd 
d 7 . 2 0  mc 

8 . 5 3  d 
d 5 . 3 5  s 
dd h )  
ddd 4 . 5 7  rnc 
dd 3 . 5 2  dd 
dd 3 . 3 9  d d  

- -  S 

S - -  
~. 

7 . 3 0  - 7 . 2 0  - 
Aryl-H 7 . 9 0  rn 7 . 5 0  m 

__ 1 4 f )  

5 . 0 0  d 
7 . 4 6  d 

5 . 2 6  d 
4 . 4 9  t 
4 . 8 7  t 
4 . 4 1  d d d  
4 . 2 0  d d  
4 . 1 0  d d  

2 . 4 3  s 

7 . 5 0  - 
7 . 9 0  rn 

- -  

5 . 1 0  d 
5 . 8 9  d 

4 . 1 9  s 

4 . 3 5  rnc 
4 . 1 8  dd 
4 . 0 9  d d  
1 . 6 8  s 

j) 

- -  

5 . 5 6  dd 
7 . 3 7  d 
2 . 8 6  rnc 
5 . 8 9  d 

5 . 2 3  d d  
4 . 4 0  q 
4 . 2 6  d d  
4 . 0 7  d d  
2 . 0 1  s 
2 .44~ ,2 .49s  

7 . 9 0  rn 

- -  

7 . 4 0  - 

5 . 5 9  d 
7 . 4 9  d 
2 . 6 3  rnc 
5 . 7 6  q 
6 . 8 7  d d d  
4 . 7 0  ddd 
4 . 1 1  d d  
3 . 9 8  dd 
1 . 7 4  s 
- -  

5 . 7 5  
7 . 2 0  
2 . 8 9  
5 . 5 4  

5 . 6 1  
4 . 3 9  
3 . 5 1  
3 . 2 7  

2 . 4 4  

7 . 2 0  
8 . 2 0  

- -  

- -  

dd 
rnc 
rnc 
d 

dd 
d d d  
c c  
d d  

s 

- 
m 

5 . 7 3  dd 
7 . 6 4  d 
8 . 4 2  mc 
6 . 0 4  d d  

4 . 6 5  rnc 
4 . 4 3  dd 
4 . 3 0  dd 
2 . 1 0  s 

F o o t n o t e s  t o  T a b l e  1 

a) i n  ( c D ~ ) ~ c o ;  b ,  OAc 2 . 0 1  s ;  

3 . 2 3  s ;  d )  i n  C 6 D 6 ,  C ( C l i 3 ) 2  1 . 0 9  s ,  1 . 4 1  s ;  ') C D C 1 J / ( C D 3 ) 2 S 0  

1:1, f, O A c  2 . 0 6  s ;  g ,  2 ' - H  5 . 2 9  t ;  h, 3 a ' - H  2 . 8 5  dd, 3 b ' - H  

J )  3 a ' - H  2 . 4 9  d d ,  3 b ' - H  2 . 2 4  dd ;  k ,  i n  2 . 6 2  dd; i n  C6D6; 

C 6 D 6 / ( C D 3 ) 2 C 0  1:1, 
2 . 4 0  m ;  3 a ' - H  2 . 8 9  rnc, 3 b ' - H  2 . 6 8  rnc. 

2 ' - O H  5 . 5 9  d,  OS02-CH3 

i )  . 

3 . 4 2  d a n d  3 . & 5  d;  ' )  2 a ' - ,  2 b ' - H  
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PERKOW REACTION OF URIDINE DERIVATIVES 497 

T A B L E  2 Coupling Constants (Hz) 

qa) 10 __ 11 -- 14 - 3 - 4 - 6 - 7 -  - 
8.0 8.2 8.0 8.0 8.0 8.0 8.0 8.0 J(5,6) 

J(1',2') 4.3 6.0 5.2 7 . 2  4.4 2.0 6.2 5.0 
J(2',3') 5.8 5.0 5.2 5.6 5.0 6.2 6.2 5.0 

J(4', 5a' 1 2.4 3.0 2.5 2 . 6  6.0 5.0 3 . 0  
J(4',5b') 2 . 4  4.0 2.5 2.6 3.8 5.0 3.6 

J(5,NH) 2 . 2  2 . 0  -- 2.0 -- 2 . 0  2 . 2  2 .0  

J(3',4') 5.8 3.0 5.2 2 . 2  5.0 3.8 3 . 4  5.0 

J(5a',5b') 1 1 . 2  11.0 11.0 11.2 10.4 1 2 . 0  12.4 

J(5,6) 8.0 8.0 8.0 8 . 0  8.0 8.2 8.2 
J(5,NH) 2 . 0  1 . 2  1 . 2  2 . 3  2 . 2  
J(3',4' 3.8 8.2 7.6 3.4 
J(4',5a') 3.8 2 . 0  3.0 5.6 7.0 4.0 3.6 
J(4',5b') 3.8 5.6 5.8 3.4 3.8 3.0 5.0 
J(5a1,5b') 12.2 10.8 1 2 . 0  10.4 11.8 12.4 1 2 . 0  

F o o t n o t e s  t o  T a b l e  2 

a )  J(2',2'-OH) 5.8; b ,  J(l',Z') = J(2',3') 5.8; 

J(3a',4') = 8.7, J(3b',4') = 7.7; f, J(3af,3b') = 18.4, 
J(3a',4') = 8.1, J(3b1,4') = 7.7; ' )  J(l',3') J(1',4') = 
J(l',P) 1.4, J(3',P) = 2 . 0 ,  J(P,0CH3) = 1 1 . 4 ;  h, J(1',2a') = 
3.6, J(1',2b') = 6.8, J(3a',3b1) 18.6 Hz. 

J(l',3') = 0.5; d ,  J(1',3') = 0.5; J(3a',3ef) = 18.8, 

EXPERIMENTAL 

Reactions were monitored by TLC OTI silica qel 

sheets GFZS4 (Merck). Detection: UV absorption and/or 

spraying with conc. sulfuric ucid and subsequent heating 

to 150c'C. Column chromatography: silica qel 6 0  (Merck). 

Preparative layer chromatography: silica gel GF Fertig-- 

platten, 0 .5  and 2.0 m m  (Merck). Meltinq points: Mettler 

FP 61 (uncorrected), O p t i c a l  rotation: Perkin-Elmer 2 4 1  

MC and 2 4 3  in 1 dm cuvettes at 589 nm. 't1 and I 3 C  N M R :  
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498 THIEM AND RASCH 

Bruke r  W H  270 a t  270 MHz arid 67.89 MHz, r e s p e c t i v e l y ,  

w i t h  t e t r a m e t h y l s i l a n e  u s  i n t e r n a l  s t a n d a r d .  

.~~ ' , . .L5. ' . .TDI-?.7: . t?enz.o_~1~.~.~.1t ._qY.?- .urIdi~n.e  ( 3 )  * 

A s o l u t i o n  of 2 0 0  m 9  (0 .5  mmol) of u n p u r i f i e d  2 

( p r e p a r e d  accoci ing t o  t i t , . l " )  in 5 n l ~  o f  d r y  a c e t o - .  

n i t r i l e  was t r e a t e d  w i t h  65 my ( 0 . 5  nimol) b e n z o y l  

c y a n i d e  i n  t h e  p r e s e n c e  o f  it  c a t o l y t 1 . c  a m o u n t  o f  t r i -  

e t h y l a t n i n e  f 01' :ID m i n  a t  room t e m p e r a t u r e .  The r e H c t i o n  

m i x t u r e  was quenched  w i t h  1 0  m L  of m e t h a n o l ,  

c o n c e n t r a t e d ,  t a k e n  up  w 1 t h  water and  e x t r a c t e d  w I t h  

d i c h l o r o n c t h a n e .  Prom t h e  water p h a s e  9 0  mq o f  2. c o u l d  

La r e c o v e r e d .  The o r g a n i c  p h a s e  a f te r -  d r y i n g  and 

e v a p o r a t i n q  g a v e  1 4 0  nig 3 ( 8 4 %  b a s e d  o n  r e a c t e d  21, nip 

1 7 l o c ,  [ a l p  '" - 
Anal .  Ca lcd .  f o r  CJoH26N2010S (606 .6 ) :  

1 8 . 6  ( c  = 1 . 0  i n  c h l o r o f o r m ) .  

C ,  5 9 . 4 0 ;  H ,  4 . 3 2 :  N ,  4 . 6 2 :  S ,  5 . 2 9 .  

Found :  C ,  5 9 . 7 7 :  H, 4 . 3 3 :  N ,  4.65; S, 5 .13 .  

2 ' - - 0 -  - and __ 3 ' - - 0 -  ' I ' osy l -5 ' -  O - - t r i t v l - u r i d i n e  (4) and 

(6.) . 
16.0 y ( 4 0  rnmoles) of u n p u r i f i e d  -2 was d i s s o l v e d  i n  150  

inl .  of  d r y  p v r i d i n e  arid t r e a t e d  w i t h  16.8 g ( 6 0  mmol) o f  

t r i t y l  c h l o r i d e  f o r  4 h a t  room t e m p e r a t u r e .  T h e  m i x t u r e  

was dumped i n t o  i c e  water, f i l t e r e d ,  t h e  r e s i d u e  washed 

c a r e f u l l y  and p u r i f i e d  on s i l i c a  q e l  ( a c e t o n e l n - h e x a n e  

1 : l ) .  Yirst f r a c t i o n  compound 4.: 16.75  q ( 7 4 % ) ,  mp 1 7 1 - 3 ' ~  

( E t h a n o l ) ,  mp 174-5Oc ( E t h a n o l ) ] ;  13c; N M K  
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PERKOW REACTION OF URIDINE D E R I V A T I V E S  499 

( t : r J l ' i - : ) :  C 2 6 = 1 4 9 . 7 ,  C - - 4  1 6 2 . 4 ,  C-5 1 0 2 . 8 ,  C.-6 1 4 6 . 0 ,  

c - -1 '  8 8 . 2 ,  C - 2 '  7 0 . 7 ,  c - 3 '  811.9, c - -4 '  8 5 . 4 ,  c - 5 '  6.3.3, 

P h 3 C  8 0 . 7 ,  C6H4-cH3 2 1 . 7 ,  A r y l - C  1 2 7 . 6 ,  1 2 7 . 9 ,  1 2 8 . 2 ,  

1 3 0 . 2 ,  1 3 2 . 8 ,  1 3 9 . 6 ,  1 4 3 . 0 .  

Second f r a c t i o n  coinpound 6 :  2.5 r i  ( l l % ) ,  mp 116'c, [ (I] , ,  2 0  

. t44.0 ( c  = 1 .0  i n  c h l o r o f o r m ) :  l3C: N H I I  (CDC13): C - 2  6 = 

1 5 0 . 9 ,  C - 4  1 6 2 . 9 ,  C-S 1 0 2 . 9 ,  C-6 1 4 5 . 3 ,  C - 1 '  8 9 . 2 ,  C - 2 '  

7 3 . 9 ,  C - 3 '  8 1 . 4 ,  C - 4 '  8 9 . 2 ,  C-5 '  6 2 . 1 ,  Ph3C 8 7 . 9 ,  

C 6 H 4 - C H 3  2 1 . 7 ,  Aryl-C 12'7.5,  1 2 8 . 1 ,  1 2 8 . 7 ,  130.1), 1 3 2 . 9 ,  

1 3 9 . 6 ,  1 4 3 . 1 .  

A n a l .  Ca lcd .  f o r  C35H32N20gS (640 .7 ) :  

C ,  6 5 . 6 1 :  H ,  5.03: N ,  4.37:  S ,  5 . 0 0  

Fourid: C ,  65 .82 :  H, 5 . 1 3 :  N ,  4 . 0 3 ;  S ,  4 .81 .  

2 ' - 0 - A c e t y l ~ 3 ' - 0 - t o s y l  -__I___ --I_--__ ___ . S ' - , O . - t r i t y l - u r i d i n e  ... .- - ~ (7-).  

A s o l u t i o n  of 100  mg (0 .16  mmole) of 6 was d i s s o l v e d  i n  

5 n i L  o f  d r y  p y r i d i n e  a n d  t r e a t e d  w i t h  2 mL o f  a c e t i c  

a n h y d r i d e  o v e r  n i g h t  a t  room t . e m p e r a t u r e .  R e p e a t e d  

c o c v a p o r a t i o n  w i t h  t o l u e n e  gave a s o l i d  raw mater ia l  

which  was d i s s o l v e d  i n  d i c h l o r o r n e t h a n e ,  washed  

s u c c e s s i v e l y  w i t h  d i l u t e d  s u l f u r i c  a c i d ,  a q u e o u s  sod ium 

hydrogen  c a r b o n a t e  s o l u t i o n ,  and  water ,  d r i e d  o v e r  

magnesium s u l f a t e  &nd e v a p o r a t e d  t o  g i v e  1 0 6  my ( 9 9 % ) ,  

mp 125'C, 

A n a l .  Ca lcd .  f o r  C37H34N209S (682 .8 ) :  

+ 3 0 . 0  ( c  = 1 . 0  i n  c h l o r o f o r m ) .  

C, 6 5 . 0 9 :  H ,  5 . 0 2 :  N, 4 . 1 0 ;  S ,  4 .70 .  

F o u n d :  C ,  65 .03 :  H ,  5.30: N ,  4 .23 ;  S, 4.60 .  
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500 THIEM AND RASCH 

3 ' .- 0 - -- M - e - s Y 1 - 5 ' - 0 - t r i t Y 1 - ur i d i n e  (9). 
17 A solution o f  1.6 g (5.0 mmol) of 3'-.0.-mesyl-uridine 

in 15 m L  dry pyridirie was treated with 1.4 g (5.0 mmol) 

of  tritylchloride at room temperature over night, then 

poured into i c e  water and the precipitate filtered over- 

silica gel to qive pure 7.: 1.95 g (69%), nip lli2'c, [ a ] , ,  

t32.6 (c = 1.0 in chloroform). 

20  

Anal. Calcd. for C29H28N208S (564.6): 

C, 61.69: H, 5.00; N ,  4.96; S ,  5.68. 

Found: C ,  6 1 . 3 3 :  H ,  5.08: N ,  5.38: S ,  5 . 4 8 .  

m n i o l )  of unpurified 2 the raw material was purified on a 

silica gel column usinq acetone/n-hexane 1 : l  to q i v e  1.6 q 

(61%) o f  l o - ,  mp 78"~, [ a ] ; '  -6.5 (c = 0.2 in chloro- 

C o r m ) :  '"C N M K  ( C D C 1 3 ) :  C-2 6 = 150.?, C 4 163.3, c 5 

123.3, C-6 141.2, C - 1 '  102.5, C-2' 80.8, C-3' 8 4 . 9 ,  C-4' 

92.4, C 5' 65.7, t'h3C 86.1, (CH3l2C 25.5, 27.3, (CH312& 

87.2, Aryl-C 127.1 - 128.5, 143.0. 

Anal. Calod. t o r  C31H30N206 (526.6): 

C ,  70.71; H, 5 . 7 4 :  N ,  5.32 

Found: C, 70.39: H, 5.69: N, 5.26 

T o s y  1 at i on of 2 0  - a c e t y 1 -- ur i d h .  

16.6 q (58 mmol) of  were dissolved in 200 m L  abs. 

pyridine and after addition of 16.6 g ( 8 7  mmol) tosyl- 

chloride stirred for 1 h at O°C and then over niqht at 
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r o o m  t e m p e r a t u r e .  The m i x t u r e  was p o u r e d  i n t o  i c e  water 

t h e  r e s i d u e  f i l t e r e d  o f f ,  and  t h e  main  p r o d u c t  1.3. 

i s o l a t e d  by c r y s t a l l i z a t i o n  f rom e t h y l  a c e t a t e .  Y i e l d  

( i n c l u d i n q  a d d i t i o n a l  material a f t e r  co lumn c h r o m a t o -  

g r a p h y ,  t h i r d  f r a c t i o n )  15.6 r~ (61x1,  mp 172-4OC ( e t h y l  

a c e t a t e ) ,  mp 173-5'C ( e t h y l  a c e t a t e )  3 .  

The m o t h e r  l i q u o r  was p r o c e s s e d  b y  co lumn c h r o m a t o q r a p h y  

( e t h y l  a c e t a t e / n - - h e x a n e  1 : l )  t o  give a s  

1 4  

1 . f r a c t  10 n : I3'-_Chl,oro1:.S,l_.deoxv=..21..._ J '..~,~zP_z.t.csy_ kucld.i.!!e 

( L L ) ,  y i e l d  8 5 0  mg ( 2 . 6 % ) ,  mp 161"C,  [ a l i O  + 1 4 . 7  ( c  = 1 . 0  

i n  c h l o r o f o r m ) :  13C N H H  (CDC13/DHSO--D6 1 : l ) :  C-2 8 = 

1 4 9 . 9 ,  C - 4  1 6 2 . 7 ,  C - S  1 0 2 . 9 ,  C-6 1 4 0 . 8 ,  C-1' 8 7 . 6 ,  C - 2 '  

7 5 . 0 ,  C 3 '  7 5 . 9 ,  C - 4 '  8 1 . 2 ,  C-5 '  4 2 . 5 ,  A r y l - C  1 2 7 . 8 ,  

1 3 0 . 1 ,  1 3 2 . 1 ,  1 4 5 . 8 ,  C6H4-C.HJ 2 1 . 4 .  

A n a l .  Ca lcd .  f o r  C23H23C1N209S2 (571.0) :  

C ,  4 8 . 3 8 :  H ,  4 .06 ,  N ,  4 .91 :  C1,  6 .21 :  S ,  1 1 . 2 3 .  

Pound :  C ,  4 8 . 3 0 ;  H ,  3 . 9 2 :  N ,  4 . 9 1 :  C1 ,  6 . 4 3 :  S ,  1 1 . 1 5 .  

2 .  F r a c t i o n :  ~~.-~-Ac:~.~.~l_2_1,3-'._F!1__0=.t.~.~-~1~.rrd~nq ( 1.5-1 , 

y i e l d  4 . 2  9 ( 1 2 x 1 ,  rnp 99OC, [ a ] : "  + 3 9 . 2  ( c  = 1 . 0  i n  

c h l o r o f o r m ) .  

Anal .  C a l c d .  f o r  C25H26N2011S2 (594 .6 ) :  

C ,  5 0 . 5 0 :  H ,  4 . 4 1 :  N ,  4 .71 :  5 ,  1 0 . 7 8 .  

F o u n d :  C ,  50 .25:  H, 4 . 3 4 :  N ,  4 .69 :  S ,  1 0 . 6 1 .  

3 .  F r a c t i o n :  a d d i t i o n a l  ma te r i a l  of 13. 

4 .  F r a c t i  on: S ' - A c e t v l -  3 ' -0 - . - t o sv  1-ur i d i  n e  (141, y i e l d  
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3.8 q (15x1 ,  m p  1 4 % " ~  ( d e c o m p o s i t i o n ) ,  t 43.8 

( c  : 1.0 i n  c h l o r o f o r m ) .  

Anal. C a l c d .  f o r  C18H20NLOqS (440.4) :  

C ,  4 9 . 0 9 :  11, 4 . 5 8 :  N ,  6 . 3 6 :  S ,  7 . 2 8 .  

F o u n d :  C ,  48.93:  H ,  4 . 4 8 :  N ,  6 . 1 7 :  S ,  7 . 3 5 .  

1-( 4 ' o .. T.o-9~1:. ';' -0 :.t.c;-Ly 1.-..8=..&- e.rvt  h.co;:wnt o f .urcn::  

-~ 2 '  u 1 ~ ~ L ~ J ) U r ~ a c l . l  ( 1 . f 3 - l .  

A s o l u t i o n  crf 5 5 0  mci ( 0 . 8 3  rnmol) o f  6 and  2 0  r n q  of  p h o s  

phor .us  p e n t o x i d e  i n  2 0  ml. o f  d r y  d in i e t , hy l  s u l f o x i d e  was 

wirrrned t o  6[I°C f o r  2 h ,  t h e n  q u e n c h e d  w i t h  i c e  water a n d  

P x t I i i  L' t cd w I t t i  rl 1 ch 1 o r c )  m CJ t h u  n e , The  or ( 1  CI T i  i c 1. ii y e r w a s  

w a s l i c c l  ( N d H I : U - ( ,  w a t e r ) ,  d r i e d  (MqS04) arid e v a p o r a t e d  under 

2 0 h i q h  v u c u u m  l o  ( l i v e  p u r e  l l :  160 m q  ( 3 O S ) ,  n i p  115'c, [ a ] , ,  

I 1 H . b  ( c  = 1 i n  c h l o r o t o r - n i l .  

Anal. C.ii1r.d. f o r  C3,,1i30N208S ( 6 3 8 . 7 ) :  

C .  6 5 . 8 2 :  H ,  4 . ' / J ;  N ,  4.3'3: 3, 5 . 0 2 .  

F'ourid: ( * ,  6 5 . 8 1 :  11, 4 . 6 2 :  N ,  4 . 3 0 :  S ,  5 . 2 6 .  
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Anal. Calcd. for C18H8N20qS (438.4): 

C, 49.31: H, 4.14: N ,  6.39: S, 7.31. 

Found: C, 49.79: H ,  4.18: N.  5 . 8 1 :  s ,  7.63. 

. I  kLJ..'.::D e_.OXY-: >... To: .t ritY1. :4.-.P..- s.l .y.c.erunt-o f u.?2m.: ?.:..:.: 

u1osyl)uracil (12). 

120 mg (0.2 mmol) of 16 and 1 0  mL of freshly distilled 

trimethyl phosphite were stirred at 6OoC for 4 h. 

Repeated codistillation with t.oluene gave a residue 

whi ch wfis purif led by colunln chromatography (acetone/n. 

hexane 1:2). Yield: 30 mg ( 2 9 % )  of  1-9. as a colourless 

syrup, [ U 1 i O  1.12.6 ( c  = 1.5 in chloroform). 

Anal.. Calcd. for C28H24N205 (468.5): 

C, 71.78: H, 5.16: N ,  5.98. 

Found: C, 71.85: H, 5.30: N,  6.24. 

1 - ( 5 ' - 0-  Ace t Y 1 - 3 ' -deox Y - 8 - . D -  q 1 y cero- pen t of uran- 2 ' - 

. u . __ 1 osvl)u.racil _. .- (2g.I and 1-=5.-~_rA.~.L.~.:J.l__d.eaxrl2-L 
----- 0 -d i met h o x u-h o s uh o r Y 1 - B - D - r( 1 y c e r o - ue n t - 2 ' -- en-mf_ ~ r a n  o s Y 1 1 

U r a C i 1  ( ? - L ) .  

A solution of 170 mg (0.4 mmol) of .ll in 10 mL of 

freshly distilled trimethyl phosphite was warmed to 6OoC 

for 4 h ,  then the excess of reagent removed in vacuo and 

the residue separated by column chromatography (ace-  

tone/n-hexane 1 : l ) .  The first fraction was compound 2 0 ,  

yield 61 mg (59%) colourlevs syrup, 

in chloroform). 

[ u l i O  +14.0 (c = 3 . 0  
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Anal. Calcd. for C11H12N206 (268.2): 

C, 49.26: H, 4.51: N ,  10.44. 

Found: C ,  49.17; H, 4.69: N, 10.61. 

Assecond fraction17 mg (11%) of compound 2.2 were 

obtained, colourless syrup, 

chlorotorrn). 

Anal. Calcd. for C13H7N20qI’ (376.3): 

[a]$’ -16.0 ( c  = 0.85 in 

C ,  41.50: H, 4.55: N, 7.45: P, 8.23. 

Found: C ,  41.75: H ,  4.36: N ,  7.56: P ,  8.06. 

r *  L-..!..-, .L.O .;A.c e t . ~  1 122 3 TAJ Pe.0 X _ Y ~  -: ! ks  1 y.ce r (>.- 

Eentofurnnosv1)urctcil ( 2 3 ) .  

11 mg ( 0 . 0 3  mmol) of 2.2. dissolved in 10 m L  of ethanol 

were hydrogenated in the presence of 10 rnq 10% palladium 

o n  charcoal f o r  3d. After filtration and evaporation the 

material was purified by preparative thin layer 

chromatoqraphy (acetone/n-hexane 1 :1) to yive compound 

23: -_ 5 rnq (67%) colourless syrup, la];’ t10.4 ( c  = 0.25 

i n  chloroform). 

Anal. Calcd. for. CllH14N205 (254.2): 

C, 51.97: H, 5.55: N ,  11.02. 

Found: C. 51.67: H, 5.15: N ,  11.22. 
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