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NUCLEOSIDES AND NUCLEOTIDES, 1 1 ( 2 - 4 ) ,  787-819 (1992)  

NUCLEOSIDES. IL' 
SYNTHESIS AND PROPERTIES OF 2,4-QUINAZOLINEDIONE N-1-2'DEOXY-, 

3'-DEOXY- AND 2',3'-DIDEOXYNUCLEOSIDES 

Martin Dunkel and Wolfgang Pfleiderer 

Fakultat fur Chemie, Universitat Konstanz 
Postfach 5560, 7750 Konstanz, FRG 

Abstract. 
N-1-deoxyribofuranosides have been synthesized and characterized. 
The 2'-deoxy-D-D-ribofuranosides 23-28 have been prepared by trans- 
formation o f  the corresponding ribofuranosides by chemical deoxyge- 
nation. Direct glycosidation to the 8-anomers with a 2'-deoxyribo- 
furanosyl donor to pure anomers failed due to missing diastereose- 
lectivity and difficult separation of the reaction products. The syn- 
thesis of the 3'-deoxy-0-D-ribofuranosides 54-58, however, was 
achieved by glycosidation of the trimethylsTyEted 2,4-quinazol ine- 
diones 43-47 with an appropriate 3'-deoxyribofuranosyl donor (48). 
The 2 ' ,T-aTdeoxy-D-D-ri bofuranosyl derivatives 63-66 were agaG 
obtained by chemical deoxygenation of the corresFnXng P'-deoxy-8- 
D-nucleosides, since all experiments of direct glycosidation with 
a 2 '  ,3'-dideoxyribofuranosyl donor as well as the chemical conver- 
sion of the corresponding ribonucleosides into the 2 '  ,3'-dideoxy- 
nucleosides failed due t o  side reactions. The newly synthesized com- 
pounds have been identified by UV and 1H-NMR spectra as well as ele- 
mental analyses. 

A series of 6- and/or 7-substituted 2,4-quinazoline-dione 

In a recent paper' we have described the chemical syn- 
thesis and physical properties o f  various quinazoline N - l  
ribofuranosides, which can be regarded as benzo[dluridine 

Dedicated in memoriam to Tohru Ueda and in admiration of his 
scientific achievements. 
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788 DUNKEL AND PFLEIDERER 

a n d  - c y t i d i n e  a n a l o g u e s ,  r e s p e c t i v e l y .  S o  f a r ,  t h e s e  n u c l e o -  

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

t h e  p o t e n t i a l  t h a t  t h e  c o r r e s p o n d i n g  2 ' -  a n d  3 ' - d e o x y ,  a s  
w e l l  a s  t h e  2',3'-dideoxyribofu r a n o s i d e s ,  w i l l  r e v e a l  t h e  

a n t i c i p a t e d  a c t i v i t y .  S i n c e  2 '  , 3 ' - d i d e o x y n u c l  e o s i d e s 2  b e l o n g  

t o  t h e  m o s t  p o t e n t  a n t i - H I V - I  a g e n t s  e f f o r t s  t o  p r e p a r e  new 
t y p e s  o f  s t r u c t u r a l  a n a l o g u e s  m o d i f i e d  i n  t h e  b a s e  m o i e t y  

c a n  b e  j u s t i f i e d .  We r e p o r t  a b o u t  o u r  s t u d i e s  t o  g a i n  a c c e s s  

t o  t h e  v a r i o u s  t y p e s  o f  2 , 4 - q u i n a z o l i n e d i o n e  N - I - 8 - D - d e o x y -  
r i b o n u c l e o s i d e s .  

S Y N T H E S E S  __I 

F o r  t h e  p r e p a r a t i o n  o f  2 ' - d e o x y - L 3 - D - r i b o f u r a n o s i d e s  

t h e r e  a r e  c u r r e n t l y  t w o  g e n e r a l  m e t h o d s  i n  u s e  - t h e  d i r e c t  

g l y c o s y l a t i o n  p r o c e d u r e 3  a n d  t h e  d e o x y g e n a t i o n  p r o c e s s  o f  
an a p p r o p r i a t e  p r e c u r s o r  b y  r a d i c a l  s u b s t i t u t i o n 4 .  T h e  f o r -  

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

t i v i t y  d u e  t o  t h e  l a c k  o f  a Z l - O - a c y l  f u n c t i o n ,  w h i c h  c o n -  

t r o l s ,  b y  n e i g h b o u r i n g  p a r t i c i p a t i o n ,  g l y c o s i d e  b o n d  f o r m a -  
t i o n  a c c o r d i n g  t o  t h e  T i p s o n - B a k e r  t r a n s - r u l e 5 .  Some c a t a -  

l y s t s  l i k e  ZnC12 a n d  Cu16 show,  i n  t h e  2 ' - d e o x y r i b o n u c l e o -  
s i d e  s e r i e s ,  a p o s i t i v e  e f f e c t  t o w a r d s  a p r e f e r n t i a l  R - o r i e n -  

t a t i o n  b e t w e e n  si!gc.r a n d  a g l y c o n e  g i v i n g  t h i s  m e t h o d  some 

c h a n c e  o f  p r e p a r a t i v e  a p p l i c a t i o n .  

O u r  own e x p e r i m e n t s  w i t h  v a r i o u s  2 , 4 - q u i n a z o l i n e - d i o n e s  
f o l l o w i n g  t h e  b a s i c  w o r k  o f  K . K .  k c b i n s  e t  a1 .7  a s  w e l l  a s  

b y  u s e  o f  s e v e r a l  c a t a l y s t s  i n  t h e  g l y c o s y l a t i o n  r e a c t i o n  o f  
t h e  s i l y l a t e d  h e t e r o - b a s e s  w i t h  2 - d e o ~ y - 3 ~ 5 - d i - O - p - t o l u o y l -  
a-D-erythro-pentofuranosyl c h l o r i d e ,  u n f o r t u n a t e l y ,  g a v e  n o  
o r  l i t t l e  8 - d i a s t e r e o s e l e c t i v i t y .  T h e  r e s u l t i n g  a n o m e r i c  

m i x t u r e s  o f  d i a s t e r e o m e r s  w e r e  d i f f i c u l t  t o  s e p a r a t e .  S e p a -  

r a t i o n  c o u l d  o n l y  b e  a c h i e v e d  o n  s m a l l  s c a l e  b y  M P L C  o r  p r e -  

p a r a t i v e  TLC. F r o m  t h e  p h y s i c a l  d a t a  o-f p u r e  l - ( Z - d e o x y - O -  

D - r i b o f u r a n o s y l ) - 2 , 4 - q u i n a z o l i n e d i o n e  (23) - i t  c a n  b e  c o n c l u -  
d e d  t h a t  t h e  d i r e c t  g l y c o s y l a t i o n  o f  2 , 4 - q u i n a z o l i n e d i o n e  

( 4 3 )  - b y  R . K .  R o b i n s  e t  a1 .7  d i d  n o t  l e a d  t o  t h e  p u r e  O-ano-  
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790 DUNKEL AND PFLEIDERER 

mer, which has a melting point of 185-186" and not 167-168", 
as reported earlier. Also, the acylation of - 23 by p-toluoyl 
chloride to 1-(2-deoxy-3,5-di-0-p-toluoyl-D-D-ribofuranosyl)- 
2,4-quinazolinedione with a melting point of 147-148" indi- 

7 cated that the previously described material (m.p. 129-134") 
was not homogeneous. 

Another general approach to 2'-deoxy-R-D-ribofuranosyl 
nucleosides has been demonstrated by the chemical transfor- 
mations of the 2'-hydroxy group in the corresponding B - D -  
ribofuranosides utilizing the reductive removal of Zl-halo- 
and thiol substituents 8-23. Finally, Barton's radical deoxy- 
genation process 24925 of thio- and dithiocarbonates was suc- 
cessfully applied to nucleoside chemistry by M.J. Robins et 
a1.4 and became, i n  recent years, a standard procedure for 
the preparation of deoxy- and dideoxy nucleosides, in gene- 
ral. 

dione ribofuranosides' we encountered some difficulties upon 
the introduction of the phenoxythiocarbonyl function into 
the 3',5'-protected nucleosides - -  7-11, which could be pre- 
pared i n  nearly quantitative yields from the ribosides 1 - 5  - 
by the Markiewicz reagent. P h e n o x y t h i o c a r b o n y l a t i o n  of - 7 
under normal conditions led to a mixture of the desired pro- 
duct 1 2  in 41 % yield, but also a second reaction product 
was identified as the 3',5'-blocked 0 ,Z'-anhydronucleoside 
- 17 and was isolated in 40 % yield. Another experiment showed 
that the anhydronucleoside - 17 is formed quantitatively from 
- 12 when treated with 4-dimethylaminopyridine in CH3CN at 
room temp.. Variations of the conditions using phenoxythio- 
carbonyl chloride/pyridine in CH2C12 at 0°C gave a clean 
acylation of the 2'-OH group and - 12 was isolated in 80 % 

yield. Reductive cleavage of the phenoxythiocarbonate12 - by 
tri-n-butylstannane in a radical chain reaction afforded - 18 
in 83 % yield, which led on subsequent deblocking of the 
Markiewicz protecting group with tetrabutylammonium fluoride 
(TBAF) to l-(2-deoxy-8-D-ribofuranosyl)-2,4-quinazolinedione 

When we applied the Robins method to 2,4-quinazoline- 

2 - 
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NUCLEOSIDES. IL 791 

( 2 3 ) i n  - 75 % i s o l a t e d  y i e l d .  The f o u r  s t e p  p r o c e d u r e  - - -  1+7-+12+ 

-- 18+23 c a n  a l s o  b e  p e r f o r m e d  s e q u e n t i a l l y  w i t h o u t  i s o l a t i o n  

a n d  p u r i f i c a t i o n  o f  t h e  i n t e r m e d i a t e s  t o  g i v e  a g o o d  y i e l d  
o f  t h e  f i n a l  p r o d u c t .  I n  t h e  same manner  6 - m e t h y l -  ( G ) ,  
7 - m e t h y l -  ( 2 5 ) ,  - 6 , 7 - d i m e t h y l -  ( 2 6 ) ,  - a n d  6 , 7 - d i m e t h o x y - l - ( 2 -  
d e o x y - l 3 - D - r i b o f u r a n o s y l ) - 2 , 4 - q u i n a z o l i n e d i o n e  ( 2 7 ) ,  - r e s p e c -  
t i v e l y ,  w e r e  s y n t h e s i z e d  i n  o v e r a l l  y i e l d s  o f  4 8 - 7 0  %. 

I n  a s e c o n d  s e q u e n c e  o f  r e a c t i o n s  t h e  2 , 4 - q u i n a z o l i n e -  

d i o n e  N - l - r i b o s i d e s  - 1 a n d  - 2 w e r e  t r e a t e d  w i t h  M a t t o c k ' s  r e -  

a g e n t 2 6  a - a c e t o x y i  s o b u t y r y l  b r o m i  de a n d  a c e t y l  b r o m i d e  , r e s -  
p e c t i v e l y ,  a s  w e l l  as a c e t y l  c h l o r i d e  t o  f o r m  t h e  2 ' - b r o m o -  
( 3 3 ,  - 34) a n d  2'-chloro-3',5'-di-0-acetyl-ribonucleosides ( 3 5 ,  - 

- 3 6 ) .  A l l  a t t e m p t s  t o  remove  t h e  b r o m i n e  b y  c a t a l y t i c  h y d r o -  
g e n a t i o n  h a v e  f a i l e d ,  s o  f a r ,  a n d  l e d  t o  t h e  f o r m a t i o n  o f  t h e  
c o r r e s p o n d i n g  0 2 , 2 '  - a n h y d r o n u c l e o s i d e s  w h i c h  h a v e ,  h o w e v e r ,  
n o t  been  c h a r a c t e r i z e d  f u r t h e r .  The r e d u c t i o n  o f  t h e  h a l o -  

a toms  b y  t r i - n - b u t y l s t a n n a n e  w o r k e d  w e l l  a n d  g a v e  good y i e l d s  

w i t h  t h e  m o r e  s t a b l e  2'-chloro-2'-deoxyribonucleosides - 35 

a n d  - 36 a f f o r d i n g  i n  t h e  r a d i c a l  c h a i n  r e a c t i o n  - 37 and  - 38, 
r e s p e c t i v e l y .  I n  o r d e r  t o  a v o i d  t h e  f o r m a t i o n  o f  p e r a c y l a -  
t e d  b y p r o d u c t s  i n  t h e  t r a n s f o r m a t i o n s  o f  - 1 a n d  - 6 i n t o  t h e  
h a l o - d e r i v a t i v e s  a c e t y l  c h l o r i d e  was r e p l a c e d  b y  t h e  b u l k y  

p i v a l o y l  c h l o r i d e  p r o v i d i n g  a much c l e a n e r  r e a c t i o n  t o  2 
a n d  - 40 i n  e x c e l l e n t  y i e l d s .  T r i - n - b u t y l s t a n n a n e  r e d u c t i o n  
a f f o r d e d  c r y s t a l l i n e  1 - ( 2 - d e o x y - 3 , 5 - d i - 0 - p i v a l o y l - D - D - r i b o -  

furanosyl)-2,4-quinazolinedione ( 4 1 )  -- a n d  i t s  6 - c h l o r o  d e r i v a -  

t i v e  ( 4 2 1 ,  b o t h  o f  w h i c h  l e d  b y  Z e m p l e n ' s  d e a c y l a t i o n  p r o c e -  
d ~ r e ~ ~ t o  t h e  f r e e  2 ' - d e o x y r i b o n u c l e o s i d e s  - 23 a n d  - 28, r e s -  
p e c t i v e l y .  T h i s  s e c o n d  m e t h o d  c a n  be r e g a r d e d  a s  a n  e f f e c -  
t i v e  a l t e r n a t i v e  t o  t h e  B a r t o n - R o b i n s  a p p r o a c h ,  w h i c h  u s e s  
much more  e x p e n s i v e  r e a g e n t s  a n d  i s  more  t i m e - c o n s u m i n g .  

Our  i n v e s t i g a t i o n s  h a v e  a l s o  been  e x t e n d e d  t o  t h e  3 ' -  

d e o x y n u c l e o s i d e  s e r i e s ,  s i n c e  t h i s  g r o u p  o f  n u c l e o s i d e s  

h a s  a t t r a c t e d  some a t t e n t i o n  a f t e r  t h e  i s o l a t i o n  o f  c o r d y c e -  
p i n 3 6  i n  1951 .  We d e c i d e d  t o  s y n t h e s i z e  2 , 4 - q u i n a z o l i n e d i o n e  
N - l - 3 ' - d e o x y n u c l e o s i d e s  -- 5 4 - 5 8  b y  d i r e c t  g l y c o s y l a t i o n  o f  t h e  

28 -35  
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R' 

CH3 
CY 

CH3 
CH3 

H 
H 

H 
H 

* 
To1 
To1 
To1 
To1 
H 
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H 
H 

heterobases -- 43-47 using Vorbruggen's condi ti on^^^. The 2,4- 
quinazolinediones -- 43-47 were first silylated and then trea- 

38 ted with 1,2-di-0-acetyl-3-deoxy-5-O-p-toluoyl-8-D-ribose 
in CH2C12 under trimethylsilyl triflate catalysis to give in 
moderate to good yields tne corresponding protected N-1-3'- 
d e o x y - 0 - D - r i b o f u r a n o s i d e s  -- 49-53. Deacylation according to 
Zempl en27 by sodi um methoxide 1 ed to the free 2,4-qui nazo- 
linedione N-l-3'-deoxy-8-D-ribofuranosides -- 54-58 i n  crystal- 
line form. 

Finally we have concentrated our efforts towards the 
synthesis of quinazoline-2',3'-dideoxynucleosides a s  poten- 
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NUCLEOSIDES. IL 793 

tial antivirals. Since the first'synthesis of a 2',3'-di- 
deoxynucl eosi de in 1 95539 several approaches 40-58 have been 
developed to gain access to this interesting groups of com- 
pounds. All attempts to convert 2,4-quinazolinedione N-I-D- 
D-ribofuranosides (1-6) - -  via reactive intermediates into the 
2 ' , 3 ' - d i deoxy-2',3'-didehydronucleosides for subsequent re- 
duction to the anticipated 2',3'-dideoxyribofuranosides - 63- 
__ 66 led either to the formation of anhydronucleosides or com- 
plex reaction mixtures difficult to be separated into pure 
components. Also the direct glycosylation of 2,4-quinazoline- 
dione (43) - via the H i l b e r t - J o h n s o n - B i r k o f e r  approach using 
1 , 5 - d i - 0 - a c y l - 2 - p h e n y l s e l e n y l - 3 - d e o x y - r i b o f u r a n o s e ~  analogous 
to recent reports in the pyrimidine series5', resulted in un- 
identified product mixtures. 

A three step sequence of reactions starting from the 
2 , 4 - q u i n a z o l i n e d i o n e - N - l - 2 ' - d e o x y - R - D - r i b o f u r a n o s i d e s  -- 23-26 
was finally successful in preparing the corresponding 2',3'- 
dideoxynucleosides -- 63-66. I n  the first place a selective mo- 
noacylation led to the 5'-0-p-toluoyl derivatives -- 29-32 in 
65-75 % yield, which were then reacted at the 3'-OH group 
with phenoxythiocarbonyl chloride in pyridine and without 
isolation of the intermediates followed by subsequent reduc- 
tion with t r i - n - b u t y l s t a n n a n e / A I B N  in toluene according to 
the Barton-Robins conditions 4924925 formed the 1-(2,3-dide- 
o x y - 5 - 0 - t o l u o y l - ~ - D - r i b o f u r a n o s y l ) - 2 , 4 - q u i n a z o l i n e d i o n e s  - 59- 
- 62 in 72-99 % yield. Deacylation to the free quinazoline- 
2 ' , 3 ' - d i d eoxynucleosides _ -  63-66 could be achieved in the usual 
manner by transesterification in methanol/sodium methoxide . 27 

PHYSICAL PROPERTIES 

Characterization of the newly synthesized quinazoline 
deoxynucleosides was based on elemental analyses, U V  and 
' H - N M R  spectra. The site of attachment of the sugar moiety 
in the glycosylation reactions of the 2,4-quinazolinediones 
_ _  43-47 - to the corresponding 3'-deoxynucleosides -- 49-58 at the 
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794 DUNKEL AND PFLEIDERER 

Table - Physica Data  o f  Quinazol ine N-1-Deoxyribonucleosides 

I pKa 
in H20 - 

9.92 

10.02 

9.89 

9.98 

10.31 

9.35 

UV - Absorption Spectra 

217 [2421 306 
219 12421 315 
222 253 12701 309 
224 248 12681 315 
230 t2571 323 
237 12721 [2811 305 
221 [2421 297 308 
220 [240] 305 

218 [2411 306 
221 [2411[2601 307 
220 [244] 31 5 
223 12621 315 
224 [246] 306 
225 [260] 306 
226 [2481[2591 313 
226 [262] 312 
235 12611 318 
230 [258] [269] 317 
221 244 [252] 317 
224 [252] 317 
217 [236] 305 
220 12381 313 
223 12381 305 
224 [240] 31 1 
219 12401 310 
218 [241] 309 
216 [240] 303 
218 [240] 310 
217 [240] 304 
219 [241] 314 

log E 

4.63 13.961 3.60 
4.62 13.971 3.57 
4.66 4.10 i4.021 3.67 
4.65 4.10 [3.951 3.60 
4.60 13.801 3.79 
5.27 l4.071 
4.49 14.151 
4.60 [3.90] 

4.60 l3.911 
4.64 14.081 

3.921 3.58 
3.71 3.64 

3.60 

3.60 
3.581 3.65 

4.61 [3.98] 3.60 
4.65 I3.491 3.63 
4.62 [3.87] 3.62 
4.70 [3.74] 3.68 
4.63 t3.931 t3.761 3.63 
4.70 13.701 3.67 
4.56 l3.891 3.85 
4.61 t3.811 I3.661 3.88 
4.64 4.05 L3.871 3.56 
4.63 [3.90] 3.57 
4.69 [4.40] 3.65 
4.66 [4.38] 3.58 
4.71 [4.35] 3.61 
4.78 t4.391 3.68 
4.62 13.981 3.58 
4.61 [3.95] 3.60 
4.60 t3.871 3.53 

4.51 [3.81] 3.49 
4.62 [3.98] 3.58 

4.63 [3.93] 3.60 

pH Mole, 
Sol- culai 
vents 

N O H  
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 

7.0 
12.0 
7.0 
12.0 
7.0 
12.0 
7 .O 
12.0 
8.0 
13.0 
7.0 
12.0 
MeOH 
MeOH 
MeOH 
k O H  
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 

OtT l  

0 

0 

0 

0 

0 

0 

0 

0 

0 - 
0 - 
0 - 
0 - 
0 - 
0 - 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

( c o n t i n u e d  ) 
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Continuation: Table 1 

795 

-pc 
in H,O 

L 

9.97 

9.94 

9.86 

9.73 

9.92 

9.96 

9.82 

9.96 

9.82 

Shoulder 

UV - Absorption Spectra 
A,, (nm) 

216 237 303 
219 244 12501 314 
217 [239] 304 
220 245 273 317 
217 [2381 306 
219 123711265] 302 
223 12371 302 
224 12381 310 

235 [2601 317 
218 12391 306 
221 12401 [2571 307 
220 12411 315 
223 12601 315 
224 12461 [2541 306 
225 12601 306 
226 12481 [2601 314 
226 [2621 312 
235 261 319 
230 12581 [2691 317 
217 12351 306 
220 1237112711 311 
223 12381 12691 304 
225 12401 31 1 
218 12401 307 
221 12401 12601 307 
221 12441 316 
224 [2601 315 
224 12461 12561 306 
225 [2601 306 
221 12441 316 
224 12601 315 

log E 

4.62 3.94 3.58 
4.61 4.02 13.931 3.48 
4.64 [3.95] 3.62 
4.62 4.05 3.46 3.49 
4.63 14.331 3.54 
4.71 14.441 [3.681 3.63 
4.68 14.341 3.60 
4.68 14.381 3.56 

4.68 14.021 3.80 
4.59 [3.93] 3.59 
4.63 14.071 13.621 3.63 
4.61 14.011 3.60 
4.65 13.571 3.63 
4.64 13.921 [L851 3.63 
4.70 [3.741 3.66 
4.63 [3.94] 13.751 3.63 
4.70 13.701 3.68 
4.57 3.90 3.86 
4.63 13.821 13.671 3.89 
4.61 14.331 3.57 
4.67 14.411 13.651 3.65 
4.74 i4.411 i4.051 3.80 
4.68 14.301 3.58 
4.59 i3.931 3.59 
4.63 14.081 13.541 3.63 
4.58 13.961 3.58 
4.63 13.511 3.61 
4.61 t3.86113.791 3.60 
4.68 13.691 3.65 
4.58 [3.961 3.58 
4.63 13.511 3.55 

- 
PH 

jol  - 
rents 

MeOH 
MeOH 
MeOH 

MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
7.0 
12.0 
7.0 
12.0 
7.0 
12.0 
7.0 
12.0 
7.0 
12.0 
MeOH 
MeOH 
MeOH 
MeOH 

7 .O 
12.0 
7 .Q 
12.0 
7 .O 
12.0 
7.0 
12.0 

- 

- 

- 
lo1 e- 
u l a r  
'Orlll - 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 - 
0 - 
0 - 
0 - 
0 - 
0 

0 

0 

0 

0 - 
0 - 
0 - 
0 - 
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N-1 r i n g  a tom i s  d e r i v e d  f r o m  U V  s p e c t r a l  c o m p a r i s o n  w i t h  
t h e  s t r u c t u r a l l y  p r o v e n  2-8-D-ribofuranosyl-2,4-quinazoline- 
d i o n e s '  . The d e p r o t e c t e d  d e o x y n u c l e o s i d e s  -- 23-28 ,  -- 54-58 ,  and  
-- 6 3 - 6 6  w e r e  se lected f o r  pK, d e t e r m i n a t i o n  a n d  r e v e a l e d  e x p e c -  

t e d l y  v e r y  s i m i l a r  v a l u e s  ( t a b l e  I ) .  The m o n o a n i o n s  o f  t h e s e  
compounds show o n l y  a s m a l l  b a t h o c h r o m i c  s h i f t  o f  t h e  l o n g  

w a v e l e n g t h  a b s o r p t i o n  band ,  w h i c h  i s  t y p i c a l  f o r  an N - I  r a -  

t h e r  t h a n  N-3 s u b s t i t u t i o n .  
I The H - N M R  s p e c t r a  o f  t h e  v a r i o u s  t y p e s  o f  q u i n a z o l i n e -  

N - l - n u c l e o s i d e s  r e v e a l  f u r t h e r  i n f o r m a t i o n  a b o u t  c o n f o r m a -  
t i o n a l  r e l a t i o n s  o f  t h e  f l e x i b l e  p a r t s  o f  t h e  m o l e c u l e s .  The 
a n o m e r i c  p r o t o n s  i n  t h e  3',5'-0-(1,1,3,3-tetraisopropyldisi- 
l o x a n e - 1 , 3 - d i y l )  (T IPDS)  d e r i v a t i v e s  - -  7 - 1 1  a p p e a r  a s  s i n g l e t s  

a n a l o g o u s  t o  3 ' , 5 ' - T I P D S - u r i d i n e 6 '  a n d  i n d i c a t e  a 3 E  o r  N -  

c o n f o r m a t i o n  o f  t h e  s u g a r - p u c k e r .  F u r t h e r m o r e  t h e  2 ' -  and  
3 ' - p r o t o n s  r e s o n a t e  i n  t h e s e  m o l e c u l e s  a t  much l o w e r  f i e l d  

t h a n  i n  .cne u r i d i n e  a n a l o g u e  p o i n t i n g  t o  a h i g h  p o p u l a t i o n  
o f  s y n - c o n f o r m a t i o n  o f  b a s e  and  s u g a r  m o i e t y  l e a d i n g  t o  a 
d e s h i e l d i n g  o f  t h e  6 - p r o t o n s  i n d u c e d  b y  t h e  d i a m a g n e t i c  a n i -  
s o t r o p y  o f  t h e  2 - c a r b o n y l  f u n c t i o n .  The s h i f t  o f  t h e  3 ' - p r o -  

t o n s  t o  l o w e r  f i e l d  i s  t h e n  more  p r o n o u n c e d  i n  t h e  N - c o n f o r -  

mer  as s t a t e d .  The same a r g u m e n t s  a l s o  e x p l a i n  n i c e l y  t h e  
s t r o n g  s e p a r a t i o n  o f  t h e  2 ' -  a n d  2 " - p r o t o n  s i g n a l s  i n  t h e  
2 , 4 - q u i n a z o l i n e d i o n e  N-l-(2-deoxy-O-D-ribofuranosides) - 23-  
- 32.  We assume t h a t  t h e s e  d e r i v a t i v e s  p r e f e r  a g a i n  t h e  s y n -  
c o n f o r m a t i o n ,  w h e r e i n  t h e  2 ' - d e o x y r i b o f u r a n o s i d e  m o i e t i e s  
a d a p t  t h e  2 E  o r  S - p u c k e r  b r i n g i n g  t h e  8 - l o c a t e d  2 ' - H  i n  c l o s e  
p r o x i m i t y  t o  t h e  2 - c a r b o n y l  g r o u p  o f  t h e  h e t e r o - b a s e .  

The d i s t i n c t  c h e m i c a l  s h i f t  d i f f e r e n c e s  o f  t h e  3 ' -  a n d  

3 " - p r o t o n  s i g n a l s  i n  t h e  q u i n a z o l i n e  N - l - ( 3 - d e o x y - 8 - D - r i b o -  

f u r a n o s i d e s )  -- 4 9 - 5 8  c o u l d  be d i s c u s s e d  u n d e r  t h e  same a s p e c t s  
p o i n t i n g  t o  an a r r a n g e m e n t  w h i c h  i n d i c a t e s  t h e  p r e s e n c e  o f  
e q u a l  amoun ts  o f  2 E -  a n d  E - c o n f o r m e r s .  

The ' H - N F I R  s p e c t r a  o f  t h e  q u i n a z o l  i n e  N - I  ( 2 , 3 - d i d e o x y -  

O - D - n u c l e o s i d e s )  -- 59-66  a l l o w ,  so  f a r ,  n o  c o n c r e t e  c o n f o r m a -  
t i o n a l  a s s i g n m e n t s  due t o  t h e  c o m p l e x  p a t t e r n s  o f  t h e  p r o -  

t o n  s i g n a l s ,  w h i c h  h a v e  n o t  y e t  b e e n  a n a l y z e d  i n  d e t a i l .  
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E X P E R I M E N T A L  

’H-NMR spectra were measured with a Bruker WM 250 and 
a Bruker AC 250 spectrometer with tetramethylsilane as an 
internal standard and on a 6-scale i n  ppm. UV-spectra were 
recorded on a Perkin-Elmer spectrophotometer Lambda 5. The 
pK-values were determined spectrophotometrical ly6’. Thin 
layer chromatography was performed on silica-gel sheets 
F 1550 L S  254 of Schleicher & Schull. Silica Gel 60 (Merck) 
was used for ordinary column chromatography. Flash chroma- 
to graphy was done on Flash silica gel (Baker) according to 
their instructions. Drying of substances was achieved at 
100°C or in a Buchi TO-50 drying oven under vacuum at 40°C. 
Melting points were measured with a Gallenkamp melting point 
apparatus and are not corrected. 

1-[3,5-0-( 1 ,I ,3,3-tetraisopropyldisiloxane-1 ,3-diyl)- 
l3-D-ribofuranosyl]-2,4-quinazolinediones (7-11). _ _  General 
procedure. - A mixture of the 1 - 6 - D - r i b o f u r a n o s y 1 - 2 , 4 -  
quinazolinedione (20 mmole) (1-5) _ _  and 1,3-dichloro-1,1,3,3- 
t e t r a i s o p r o p y l d i s i l o x a n e  (5.9 m l ,  22 mmole) i n  pyridine 
(100 ml) was stirred overnight at room temperature. After 
evaporation the residue was partitioned between H20 (250 ml) 
and ether (500 rnl). The organic layer was washed subsequent- 
ly with I N  HC1 (250 ml), saturated NaHC03 solution (250 ml) 
and saturated NaCl solution (250 ml). After drying over Na2- 
SO4 the solution was filtered and evaporated in vacuum to 
give an amorphous solid foam. The products are homogeneous 
and do not afford chromatographical purification. 

1-[3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1~3-diyl)- 
6-D-ribofuranosyl]-2,4-quinazolinedione (7). - - Yield 10.5 g 
(98 % ) .  Amorphous yellowish solid. Column chromatography with 
CHC13/MeOH 49:l gave 85 % colourless material. Rf = 0.79 
(CHC13/MeOH 19:l). 

Anal. calc. for C25 H 4o N 0 Si (536.8): C, 55.94; H, 7.51; 
N, 5.22. Found: C, 55.58; H ,  7.51; N ,  5.15. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



T
a

b
le

 2
 

- 
'H

-N
M

R
 

D
at

a 
of

 
Q

u
in

a
z

o
li

n
e

 N
-1

-O
eo

xy
ri

bo
fu

ra
no

si
de

s 

'H
-W

 
S

pe
ct

ra
 i

n
 D

6-
on

S0
 o

r 
C0

Cl
3*

 
(6

-v
al

ue
s 

in
 p

pm
 a

ga
in

st
 T

M
S)

 

NH
 

1'
-H

 
J1

,2
, 

2'
-H

 
2"

-H
 

3'
-H

 
3"

-H
 

4'
-H

 
5

'4
 

5"
-H

 
A

ro
m

at
ic

 H
 

S
ub

st
. 

S 

8.
14

 
5.

94
 

4.
79

d 
5.

03
t 

3.
97

m
 

4.
06

m
(2

H
) 

7.
29

t 
7.

47
d 

7.
68

t 
8.

18
dd

 
8.

26
 

5.
92

 
4.7

8d
 

5.
02

t 
3.

9%
 

3.
95

-4
.0

9m
(Z

H
) 

7.
35

d 
7.

47
dd

 
7.

97
d 

2.
40

s 
(3
H)
 

2.
47

s(
JH

) 
8.

45
 

5.
91

 
4.

81
d 

5.
05

t 
4.

D
lR

(3
H

) 
7

.W
 

7.
25

s 
8.

06
d 

8.
17

 
5.

90
s 

4.
81

d 
5.

05
t 

4.
02

m
(3

H)
 

7.
23

d 
7.

90
s 

2.
38
s(
 3

H
) 

2.
30

s 
(3

H
) 

8.
41

 
5.

82
s 

4.
83

d 
5.

05
t 

4.
0%

(3
H)

 
6.
84
s 

7.
53

s 
3,

94
s(

3H
) 

3.
98

s(
3H

) 
8.

53
 

6.
40

s 
5.

62
d 

5.
24

dd
 

4 .
O

h(
 3
H)
 

7.
24

m
(2

H)
 

7.
69

t 
8.

19
d 

6.
34

d 
6.

4 
4.6

On
 

5.
43

dd
 

4.
0h

(3
H

) 
7.

3a
n(

2H
) 

7.
63

t 
8.

12
d 

8.
97

 
7.

69
dd

 
2.8

61
11

 
2.3

11
11

 
4.%

m
 

3.8
61

11
 

4.
08

n(
2H

) 
7.

21
t 

7.
55

d 
7.

65
t 

8.
18

d 
11

.2
3 

6.
76

t 
2.

6h
 

1.9
01

11
 

4.
33

m
 

3.
6R

n(
 3

H)
 

7.
29

t 
1.

64
t 

7.
85

d 
&

O
ld

 
11

.5
7 

6.
65

t 
2.6

11
11

 
1.

92
11

1 
4.3

7m
 

3.
6h

(3
H

) 
7.

77
m

(2
H)

 
7.

46
d 

11
.5

4 
6.

69
t 

2.6
2m

 
1.

91
m

 
4.4

Zm
 

3 .
W

( 3
H)

 
7.

10
d 

7.
77

s 
7.

87
d 

11
.4

7 
6.

69
t 

2
.6

h
 

1.90
11 

4.
4%

 
4.1

11
11

 
3.

6&
(2

H)
 

7.
72

s 
7.

75
s 

2.
23

s(
3H

) 
2.

29
d3

H
) 

11
.5

1 
6.

71
t 

2,6
51

11
 

1.
91

m
 

4.4
21

11
 

3.
66

m
(3

H)
 

7.
16

s 
7.

38
s 

3.
80

s(
3H

) 
3.

88
s(

3H
) 

11
.8

0 
6.

16
t 

2.5
71

11
 

1.
9l

m
 

4.3
71

11
 

3.
66

m
(3

H)
 

7.
66

dd
 

7.
92

III
(2

H
) 

11
.6

6 
6.

68
t 

7.
1 

2.7
6m

 
2.
0%
 

3.9
91

11
 

4.
61

 -
4.

4%
(3

H
) 

7.2
34

II 
7.

37
m

 
7.

59
d 

7.
98

4 
11

.5
9 

6.
66

t 
2.7

21
11

 
2.0

34
11

 
3.9

21
11

 
4

.m
 

4.
66

dd
 

4*
43

dd
 

7.
06

dd
 

7.
45

4 
7.

77
d 

2.
25

s(
 3
H)
 

11
.5

4 
6.

60
t 

2.7
8m

 
2.0

81
11

 
4.0

11
11

 
4.

54
11

1(
2H

) 
4.

43
dd

 
7.

09
d 

7.
42

s 
7.

86
 

2.
31

 s
 (3

H
) 

11
.4

8 
6.

59
t 

2.7
61

11
 

2.1
01

11
 

4.0
1m

 
4.

55
m

(2
H)

 
4.4

%
 

7.
39

s 
7.

76
s 

2.
23

4 
6H

) 
8.

96
 

6.
55

d 
4.9

 
5.

45
m

(2
H)

 
4.

36
m

(2
H)

 
4.

53
dd

 
7.

34
t 

7.
49

4 
7.

69
t 

8.
25

dd
 

4.
26

m
(2

H)
 

4.
32

dd
 

7.
31

t 
7.

41
dd

 
7.

97
d 

2.
35

s(
3H

) 
8.

95
 

6.
47

d 
5.1

 
5.

36
m

(2
H)

 

11
.8

2 
6.

45
d 

5.
0 

5.
42

m
(2

H)
 

4.
31

m
(3

H
) 

7.
35

t 
7.7

O
m

(2
H)

 
8.

04
d 

8-
96

 
6.

30
d 

5.
0 

5.
31

dd
 

5.
48

t 
4.

29
n 

4.
23

dd
 

4.
45

dd
 

7.
29

d 
7.

41
dd

 
7.

97
dd

 
2.

35
s(

 3
H)

 
11

.6
7 

6.
64

t 
7.3

 
2.9

3m
 

2.
20

11
1 

5.
3%

 
4.1

51
11

 4
.3

11
11

(2
H)

 
7.

30
t 

7.
7h

(2
H

) 
8.

02
d 

9.
24

 
6.

72
t 

7.6
 

3.0
6m

 
2.1

8m
 

5.
40

11
1 

4.1
81

11
 

4.
38

d 
4.

46
dd

 
7.

39
dd

 
7.

51
d 

8.
00

d 
2.

35
d3

H
) 

2.
33

s(
3H

) 
2.

37
s(

 3
H)

 

U
 

c
 
z
 

x
 

W
 

r
 * 2
 

0
 

21
 
a
 

r
 

m H
 

W
 

W
 

P
 

P
 

m
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
2 

- 
Co

nt
in

ua
ti

on
 

'H
-N
W 
Sp
ec
tr
a 

in
 0
6-
DM
S0
 o
r 
CD
C1
3*
 (
6-
va
lu
es
 i
n 

pp
n 
ag
ai
ns
t 

TM
S)

 

NH
 

1I
-H
 

Jl
a2

, 
2'

4 
2"
-H
 

3'
4 

3"
-H
 

4'
-H
 

5'
-H
 

5"
-H
 

Ar
om
at
ic
 H

 
Su
bs
t.
 

8.
96

 
6.
37
d 

4.8
 

5.
4O
dd
 

5.
53
t 

4.
37
m(
 3
H)
 

7.
34
t 

7.
45
d 

7.
69
t 

8.
24
dd
 

9.
08
 

6.
30
d 

5.
40
dd
 

5.
5O
m 

4.
35
m(
3H
) 

7.
4O
d 

7.
65
dd
 

8.
 Z
Od
d 

8.
60
 

6.
71
t 

7.6
 

3.
11
11
1 

2.
18
m 

5.
4O
m 

4.
18
m 

4.
35
dd
 
4.
48
dd
 

7.
31
t 

7.
62
11
1(
2H
) 

8.
22
dd
 

9.
50
 

6.
64
t 

7.
5 

3.
02
11
1 

2.
16
~1
 

5.
36

m
 

4.2
511
 

4.
30
dd
 
4.
47
dd
 

7.
54
d2
H)
 

8.
17
d 

9.
11
 

6
.
W
 

2.9
 

5.
82
dd
 

2.8
81

11
 

2.
19
dd
 

4.
65
m(
2H
) 

4.
48
dd
 

7.
25
m(
2H
) 

8.
21
d 

8.
97
 

6.
14
d 

3.0
 

5.
78
dd
 

2
.

h
 

2.
15
dd
 

4.
64
m(
2H
) 

4.
44
dd
 

7.
25
m(
2H
) 

7.
96
4 

8.
46
 

6.
01
d 

2.
5 

5.
88
dd
 

2.
84

m
 

2.
23
dd
 

4.
61
m(
2H
) 

4.4
61

11
 

7.
15
s 

7.
93
 

2.
33
s(
3H
) 

2.
28

s(
3H

) 
9.
10
 

5.
99
d 

2.
5 

5.
9O
dd
 

2.
85

11
1 

2.
20
dd
 

4.
64
m(
ZH
) 

4.
45
m 

6.
87
s 

7.
57
s 

3.
95
s 
(3
H)
 
3.
90
s(
 3
H)
 

8.
82

 
6.

Wd
 

2.3
 

5.
89
dd
 

2.
87
m 

2.
19
dd
 

4.
61
11
1(
2H
) 

4.
46
dd
 

7.
09
d 

7.
18
s 

8
.W

 

11
.6
7 

6.
12
d 

5.
0 

4.
62
11
1 

2.
35
m 

1.
83
11
1 

4.
2O
m 

3.
4%
(2
H)
 

7.2
% 

7.
6&
0(
2H
) 

8.
01
d 

11
.6
1 

6.
09
d 

4.
9 

4.
61
11
1 

2.
34
11
1 

1.
82
m 

4.
1%
 

3.
54
m(
ZH
) 

7.
48
dd
 
7.
59
d 

2.
81
d 

2.
34
s(
3H
) 

11
.5
7 

6.
13
d 

5.0
 

4.
64
11
1 

2.
48
 

1.
84
11
1 

4.
22
11
1 
3.
61
11
1 
3.
5h
 

7.
10
d 

7.
62
s 

7.
88
d 

2.
43
s(
3H
) 

11
.5
0 

6.
12
d 

5.1
 

4.
62
m 

2.
40
11
1 

1.
88
 

4.
21
11
1 
3.
63
dd
 
3.
50
dd
 

7.
60
s 

7.
74
s 

2.
34
s(
3H
) 

2.
24
s 

( 3
H)
 

11
.5
4 

6.
20
d 

5.1
 

4.
64
11
1 

2.
41
11
1 

1.7
% 

4.
15
11
1 
3.
67
m 

3.
5O
m 

7.
02
s 

7.
38
s 

3.
80
s 

( 3
H)
 
3.
88
s(
 3

H)
 

11
.5
7 

6.
55
t 

2.
10
 

- 
2.
50
 

m 
(4
H)
 

4.
3O
m 

4.
63
dd
 
4.
40
dd
 

7.
10
dd
 
7.
47
d 

7.
78
s 

2.
26
s 
(3
H)
 

8.
78
 

6.
53
t 

2.
20
 

- 
2.
65
 

m 
(4
H)
 

4.
41
11
1 
4.
64
dd
 
4.
50
dd
 

7.
08
d 

7.
38
s 

8.
Wd
 

2.
38
s(
3H
) 

11
.4
7 

6.
50
t 

2.
10
 

- 
2.
50
 

m
 (
4H
) 

4.
32
m 

4.
52
dd
 
4.
42
dd
 

7.
38
s 

7.
74
s 

2.
23
s(
6H
) 

11
.5
0 

6.
55
t 

1.
90
 

- 
2.
35
 

m 
(4
H)
 

3.9
% 

3.
61
m(
ZH
) 

7.
28
 

7.
61
11
1 
7.
72
11
1 
7.
98
d 

11
.5
5 

6.
50
t 

1.
90
 

- 
2.
35
 

m
 (
4H
) 

3.
96
m 

3.
6(
h(
2H
) 

7.
49
dd
 
7.
68
d 

7.
80
s 

2.
34
s(
3H
) 

11
.5
2 

6.
54
t 

1.
90
 

- 
2.
35
 

m 
(4
H)
 

3.
98
m 

3.6
% 

3.
55
11
1 

7.
10
d 

7.
70
s 

7.
88
d 

2.
39
s(
 3
H)
 

11
.4
8 

6.
52
t 

1.
90
 

- 
2.
40
 

in 
(4
H)
 

3.
97
m 

3.
66
11
1 
3.
57
11
1 

7.
69
s 

7.
74
s 

2.
24
s(
6H
) 

11
.6
5 

6.
57
t 

2.
10
 

- 
2.
50
 

m
 (
4H
) 

4.
3%
 

4.
59
dd
 
4.
43
dd
 

7.
23
t 

7.
43
t 

7.
61
d 

7.
99
d 

Si
ng
le
t;
 

d 
= 
do
ub
le
t;
 

dd
 =

 d
ou
bl
et
 o

f 
do
ub
le
t;
 
t 

= 
tr
ip
le
t;
 

m
 =

 m
lt
ip
le
t 

2:
 
C
 

n
 

0
 

rn
 

H
 

tl
 

M
 

m
 

r
 

m
 

H
 

r
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
1
8
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



8 00 DUNKEL AND PFLEIDERER 

6-Methyl-1-[3,5-0-(1,1,3,3-tetraisopropyldisiloxane- 
1,3-diyl)-8-D-ribofuranosyl]-2,4 - q u i n a z o l i n e d i o n e  (8). - - 
Yield 11.0 g (99 % ) .  Amorphous yellowish foam. Rf = 0.86 
(CHC13/MeOH 19: 1 ) .  

(550.8): C, 56.70; 
H, 7.69; N,  5.09. Found: C, 56.40; H, 7.70; N ,  5.07. 

Anal. calc. for C26 H 42 N 0 S i  

7-Methyl-1-[3,5-0-(1,1,3,3-tetraisopropyldisiloxane- 
1,3-diyl)-B-D-ribofuranosyl]-2,4-quinazolinedione (9). - - 
Yield 11.0 g (99 % ) .  Amorphous solid. Rf = 0.88 (CHC13/MeOH 

Anal. calc. for C26H42N207Si2 (550.8): C ,  56.70; 
H ,  7.69; N ,  5.09. Found: C,  56.36; H, 7.69; N ,  5.09. 

19:l). 

6,7-Dimethyl-1-[3,5-O-(l,l,3,3-tetraisopropyldisiloxane- 
1,3-diyl)-D-D-ribofuranosyl]-2,4-quinazolinedione (10). - 
Yield 11.06 g (98 % ) .  Amorphous Solid. Rf = 0.75 (CHC13/MeOH 
19:l). 

Anal. calc. for C27H44N207Si2 (564.8): C, 57.42; 
H, 7.85; N ,  4.96. Found: C, 56.92; H, 8.16; N ,  4.87. 

6,7-Dimethoxy-l-[3,5-0-(l,l,3,3-tetraisopropyldisilo- 
xane-1,3-diyl)-B-D-ribofuranosyl]-2,4-quinazolinedione ( 1 1 ) .  - 

Yield 11.32 g (95 % ) .  Amorphous yellowish foam. Rf = 0.67 
(CHC13/MeOH 19:l). 

Anal. calc. for C27H44N20gSi2 (596.8): C ,  54.33; 
H, 7.43; N, 4.69. Found: C ,  54.12; H, 7.38; N ,  4.50. 

1-[2-0-Phenoxythiocarbony1-3,5-0-(1,1,3,3-tetraisopro- 
p y l d i s i l o x a n e - 1 , 3 - d i y l ) - D - 0 - r i b o f u r a n o s y l ] - 2 , 4 - q u i n a z o l i n e -  
dione (12). - (a) To a solution of - 7 (1.07 g,  2 mmole) in 
CH3CN (30 m l )  were added 4-dimethylaminopyridine (DMAP) 
(0.38 g,  4.1 mmole) and phenoxythiocarbonyl chloride (0.3 m l ,  
2 . 2  mmole) with stirring. After reaction for 16 h a t  room 
temperature the solution was evaporated and the residue par- 
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titioned between 
nic layer was dried over Na2S04, filtered and concentrated 
to a small volume for chromatography on a silica-gel column 
( 4 . 5 ~ 9  cm) with CHC13. The main fraction gave on evaporation 
a yellowish oil, which could be recrystallized from CH3CN to 
give colourless crystals. Yield 0.54 g (40 % ) ,  m.p. 112-113°C. 
Rf = 0.71 (CHC13/MeOH 99:l). 

at 0°C for 5 h, followed by stirring at room temperature 
overnight. Work-up and purification according to (a) gave 
an amorphous solid. Yield 1.15 g (85 % ) .  

H20 (120 ml) and CHC13 (150 ml). The orga- 

(b) The same reaction was performed in CH2C12 ( 1 0  ml) 

Anal.calc. for C3* H 44 N 0 SSi2 (672.9): C, 57.11; 
H, 6.59; N ,  4.16. Found: C, 57.08; H, 6.66; N, 4.50. 

2 0 ,2'-Anhydro-l- [3,5-0-(1,1,3,3-tetraisopropyldisilo- 
x a n e - 1 , 3 - d i y l ) - B - D - a r a b i n o f u r a n o s y l l - 2 , 4 - q u i n a z o l i n e d i o n e  
(17). - (a) Continued elution of the column in - 7 a) led 
to a second fraction, which gave on evaporation a solid 
foam. Yield 0.43 g (41 % ) .  Rf 0 . 3 2  (CHC13/MeOH 99:l). 

Anal. calc. for C25H38N206Si2 (518.8): C, 57.88; 
H, 7.38; N, 5.40. Found: C ,  57.90; H, 7.40; N ,  5.28. 

(b) A solution of - 12 (0.67 g, 1 mmole) in CH3CN (15 ml) 
was treated with 4-dimethylaminopyridine (0.244 g, 2 mmole) 
at room temperature overnight. It was evaporated, the resi- 
due extracted with CHC13 (30 ml) and H20 ( 2 0  ml). The orga- 
nic phase was dried over Na2S04 and gave on further evapora- 
tion an amorphous solid chromatographically identical with 
fraction a). Yield 0.5 g (95 % ) .  

1 - rZ-Deoxv-3.5-0-( 1 . I  .3.3-tetrai sooropvldi siloxane-I . 3  
diyl)-D-D-erythro-pentofuranosy l ] - 2 , 4 - q u i n a z o l i n e d i o n e  (18). - 
A solution of - 1 2  ( 2 . 9 1  g, 2.84 mmole) i n  toluene (30 ml) was 
treated with argon for 20 min, then tri-n-butylstannane ( 2 . 2 6  
ml, 8.52 mmole) and azo-bis-(is o b u t y r o n i t r i l e )  (AIBN) added 
and the mixture heated to 70°C under argon atmosphere for 
3 h. After cooling ether ( 2 0 0  ml) and 0.1 N NaOH (100 ml) 
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802 DUNKEL AND PFLEIDERER 

w e r e  a d d e d  a n d  s h a k e n .  T h e  o r g a n i c  p h a s e  was d r i e d  o v e r  N a 2 -  

S O 4 ,  f i l t e r e d  a n d  e v a p o r a t e d .  T h e  o i l y  r e s i d u e  was p u r i f i e d  

b y  c o l u m n  c h r o m a t o g r a p h y  i n  CHC13. T h e  m a i n  f r a c t i o n  g a v e  o n  
e v a p o r a t i o n  a n  a m o r p h o u s  s o l i d .  Y i e l d  1 .23  g ( 8 3  % ) .  

A n a l .  c a l c .  f o r  C 2 5  H 4o N 0 S i  ( 5 2 0 . 8 ) :  C ,  57 .65 ;  
H ,  7 . 7 4 ;  N ,  5 .38 .  F o u n d :  C ,  57 .40 ;  H,  7 . 6 0 ;  N ,  5 . 3 1 .  

l-(2-Deoxy-D-D-erythro-pentofuranosyl)-2,4-quinazoline- 
d i o n e  ( 2 3 ) .  - ( a )  A m i x t u r e  o f  2 , 4 - q u i n a z o l i n e d i o n e  ( 4 3 )  
( 2 . 9 3  g ,  18.1 m m o l e ) ,  a f e w  c r y s t a l s  o f  ammonium s u l f a t e  a n d  

a c e t a m i d e  w e r e  r e f l u x e d  i n  h e x a m e t h y l d i s i l a z a n e  ( H M D S )  ( 7 0  
m l )  f o r  18 h u n d e r  e x c l u s i o n  of  m o i s t u r e .  E x c e s s  o f  HMDS was 
r e m o v e d  i n  v a c u o ,  t h e  r e s i d u e  d i s s o l v e d  i n  CHC13 ( 4 0 0  m l ) ,  
t h e n  2-deoxy-3,5-di-0-p-toluoyl-D-erythro-pentofuranosyl 
c h l o r i d e  ( 6 . 6 1  g ,  1 8 . 1  m m o l e )  a n d  C u I  ( 3 . 3  g )  a d d e d  a n d  

s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  20 h .  T h e  r e a c t i o n  m i x t u r e  

was t r e a t e d  w i t h  s a t u r a t e d  NaHC03 s o l u t i o n ,  t h e  o r g a n i c  

l a y e r  s e p a r a t e d  a n d  t h e  a q u e o u s  p h a s e  a g a i n  e x t r a c t e d  t w i c e  
w i t h  CHC13. T h e  c o m b i n e d  e x t r a c t s  w e r e  d r i e d  o v e r  Na2S04 ,  
e v a p o r a t e d  a n d  p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  o n  s i l i c a -  

g e l  f i r s t  w i t h  CHC13 a n d  t h e n  w i t h  C H C 1 3 / e t h y l  a c e t a t e  4 : l .  
T h e  m a i n  f r a c t i o n  was e v a p o r a t e d  a n d  t h e  r e s i d u e  r e c r y s t a l -  
l i z e d  f r o m  EtOH t o  g i v e  a 3 : l  c t , P ~ - r n i x t u r e  o f  1 - ( 3 , 5 - d i - O - p -  

toluoyl-2-deoxy-a,8-D-erythro-pentofurano~yl)-2,4-quinazo- 
l i n e d i o n e .  Y i e l d  7 .71  g ( 8 0  % ) .  S e p a r a t i o n  o f  t h e  a n o m e r s  

c o u l d  b e  a c h i e v e d  b y  c h r o m a t o g r a p h y  o n  p r e p a r a t i v e  p l a t e s  
( 4 0 ~ 2 0 ~ 0 . 2  cm) i n  t o l u e n e / E t O A c  4 : l .  T h e  l o w e r  m o v i n g  b a n d  
g a v e  p u r e  l-(3,5-di-0-p-toluoyl-2-deoxy-~-D-erythro-pento- 
furanosyl)-2,4-quinazolinedione. I t s  s t r u c t u r e  was p r o v e n  b y  
a c y l a t i o n  o f  - 23 ( 0 . 5 6  g ,  2 mmole )  w i t h  p - t o l u o y l  c h l o r i d e  
( 0 . 5 3  m l ,  5 m m o l e )  i n  p y r i d i n e  ( 1 0  m l )  b y  s t i r r i n g  a t  0°C 

f o r  2 h a n d  20  h a t  r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  

was p o u r e d  on i c e ,  e x t r a c t e d  t w i c e  w i t h  CHC13 ( 5 0  m l ) ,  t h e  

o r g a n i c  p h a s e  d r i e d  o v e r  Na2S04 a n d  e v a p o r a t e d  t o  d r y n e s s .  

T h e  r e s i d u e  g a v e  o n  r e c r y s t a l l i z a t i o n  f r o m  b e n z e n e / c y c l o -  
h e x a n e  c o l o u r l e s s  c r y s t a l s .  Y i e l d  0 . 7 3  g ( 7 1  % ) ,  m.p.  1 4 7 -  
148"C,  l i t .7  1 2 9 - 1 3 4 ° C .  

- - -  
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A n a l .  c a l c .  f o r  C Z 9 H z 6 N 2 O 7  ( 5 1 4 . 5 ) :  C ,  6 7 . 7 0 ;  H ,  5 .09 ;  

N ,  5 . 4 4 .  F o u n d :  C ,  67 .37 ;  H ,  5 . 1 0 ;  N ,  5.70 .  

( b )  A s o l u t i o n  o f  - 1 8  ( 1 . 2 3  g, 2 . 3 6  m m o l e )  a n d  t e t r a b u -  

t y l a m m o n i u m  f l u o r i d e  ( 1 . 6 4  g ,  5 .2  mmo le )  i n  t e t r a h y d r o f u r a n  
(THF)  ( 2 0  m l )  was s t i r r e d  f o r  1 h a t  r o o m  t e m p e r a t u r e .  T h e  

p r e c i p i t a t e  was f i l t e r e d ,  washed  t w i c e  w i t h  e t h e r .  T h e  s o l i d  
was d i s s o l v e d  i n  b o i l i n g  H20  ( 8  m l ) ,  n e u t r a l i z e d  b y  AcOH a n d  
t h e n  m o r e  H20 a d d e d  t i l l  a c l e a r  s o l u t i o n  on  h e a t i n g  was o b -  
t a i n e d .  On c o o l i n g  c o l o u r l e s s  n e e d l e s  s e p a r a t e d .  Y i e l d  0 . 4 8  g 
( 7 5  % ) ,  m.p. 1 8 5 - 1 8 6 " C ,  l i t . 7  1 6 7 - 1 6 8 ° C .  

( c )  I n  a 0 . 2  N s o l u t i o n  o f  s o d i u m  m e t h o x i d e  i n  MeOH 

( 1 5 0  m l )  - 37 ( 1 2 . 5  g ,  2 8  mmo le )  was s t i r r e d  o v e r n i g h t  a t  
r o o m  t e m p e r a t u r e .  A f t e r  e v a p o r a t i o n  t h e  r e s i d u e  was p a r t i -  
t i o n e d  b e t w e e n  H20 ( 5 0  m l )  a n d  e t h e r  ( 2 0 0  m l ) .  T h e  o r g a n i c  
p h a s e  was washed  w i t h  H20  ( 2 0  m l )  a n d  a g a i n  s e p a r a t e d .  T h e  
c o m b i n e d  a q u e o u s  l a y e r s  w e r e  n e u t r a l i z e d  b y  AcOH a n d  c h i l l e d  

t o  g i v e  c o l o u r l e s s  n e e d l e s .  Y i e l d  6 .66  g ( 8 5  % ) ,  m.p. 185°C. 

a n d  p y r i d i n e  ( 2 . 7 7  g ,  35  m m o l e ) .  A f t e r  c o o l i n g  t o  0°C p h e n -  

o x y t h i o c a r b o n y l  c h l o r i d e  ( 6 . 0 4  g ,  3 5  m m o l e )  was a d d e d  a n d  t h e  
m i x t u r e  s t i r r e d  a t  0°C f o r  5 h a n d  t h e n  a t  r o o m  t e m p e r a t u r e  

f o r  18 h. A f t e r  e v a p o r a t i o n  t h e  r e s i d u e  was t a k e n  u p  i n  H20 
( 3 5 0  m l )  a n d  e t h e r  ( 5 0 0  m l ) .  T h e  e o r g a n i c  l a y e r  was w a s h e d  
w i t h  1 N HC1 ( 2 0 0  ml), s a t u r a t e d  NaHC03 s o l u t i o n  (200  m l )  

a n d  s a t u r a t e d  NaC l  s o l u t i o n  ( 2 0 0  m l )  a n d  t h e n  d r i e d  o v e r  

Na2S04 .  On e v a p o r a t i o n ,  c r u d e  - 1 2  was o b t a i n e d .  I t  was d i s -  
s o l v e d  i n  t o l u e n e  ( 3 0 0  m l ) ,  t h e  s o l u t i o n  p u r g e d  w i t h  a r g o n ,  

t r i - n - b u t y l s t a n n a n e  ( 1 7 . 5  g, 6 0  mmo le )  a n d  A I B N  ( 0 . 3  g )  a d -  
d e d  a n d  t h e n  h e a t e d  t o  75°C f o r  3 h w i t h  s t i r r i n g  u n d e r  a r -  
g o n  a t m o s p h e r e .  A f t e r  c o o l i n g  i t  was d i l u t e d  w i t h  e t h e r  
( 4 0 0  m l ) ,  washed  w i t h  0 .1  N NaOH ( 2 5 0  m l )  a n d  p h o s p h a t e  b u f -  
f e r  pH 7 ( 3 0 0  m l ) .  T h e  o r g a n i c  l a y e r  was d r i e d  o v e r  Na2S04,  
f i l t e r e d ,  e v a p o r a t e d  t o  d r y n e s s ,  t h e  r e s i d u e  ( 1 8 )  - d i s s o l v e d  

i n  THF ( 2 0 0  m l )  a n d  a f t e r  a d d i t i o n  o f  t e t r a b u t y l a m m o n i u m  
f l u o r i d e  ( 1 4 . 2  g ,  45 mmo le )  t h e  s o l u t i o n  s t i r r e d  f o r  1 h .  

( d )  I n  CH2C12 ( 2 0 0  m l )  was d i s s o l v e d  - 7 ( 1 0 . 7  g ,  20  mmo le )  
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8 04 DUNKEL AND P F L E I D E R E R  

The precipitate was collected, washed with ether, dissolved 
in hot H20 and then neutralized with AcOH. After cooling, 
the solid was filtered and then recrystallized from H20 to 
give colourless crystals. Yield 6.66 g (85 % ) ,  n.p. 185°C. 

Anal. calc. for C13H,4N205 (278.3): C, 56.11; H, 5.07; 
N ,  10.07. Found: C, 56.03; H, 5.17; N ,  10.07. 

6-Methyl-l-(2-deoxy-~-D-erythro-pentofuranosyl)-2,4- 
quinazolinedione (24). - - Analogous to the preceding proce- 

dure from - 8 (11.1 g ;  20 mmole) via the intermediates 12 and 
- 19. Yield 4.11 g (70 % ) ,  m.p. 23OOC (decomp.). 

- Anal. calc. for CI4Hl6N2O5 (292.3): C ,  57.53; H ,  5.52; 
N ,  9.58. Found: C, 57.07; H, 5.53; N, 9.45. 

7-Methyl-l-(2-deoxy-D-D-erythro-pentofuranosyl)-2,4- 
quinazolinedione (25). - - According to procedure - 7 d) from 
- 9 ( 1 1 . 1  g ,  20 mmole) via the intermediates - 14 and - 20. Yield 
3.54 g (60 % ) ,  m.p. 220°C (decomp.). 

- Anal. calc. f o r  CI4Hl6N2O5 ( 2 9 2 . 3 ) :  C, 57.53; H, 5.52; 
N ,  9.58. Found: C ,  57.21; H ,  5.56; N ,  9.53. 

6,7-Dimethyl-l-(2-deoxy-B-D-erythro-pentofuranosyl)- 
2,4-quinazolinedione (26). - According to procedure - 7 d) 
from - 10 (11.3 g ,  20 mmole) via the intermediates - 15 and - 21. 
Yield 3.64 g (62 % ) ,  m.p. 230°C (decomp.). 

Anal. calc. for Cl5HI8N2O5 (306.3): C, 58.82; H ,  5.92; 
N ,  9.15. Found: C, 58.51; H ,  5.98; N ,  9.14. 

6 , 7 - D i m e t h o x y - l - ( 2 - d e o x y - 8 - D - e r y t h r o - p e n t o f u r a n o s y l ) -  
2,4-quinazolinedione (27). - Analogous to procedure - 7 d) 
from - 1 1  ( 1 1 . 9  g, 20 mmole) via the intermediates - 16 and - 22. 
Yield 3.17 g (49 % ) ,  m.p. 220°C (decomp.). 

__ Anal. calc. for C15H,8N207 . H20 (356.3): C, 50.56; 
H, 5.66; N ,  7.86. Found: C, 51.01; H, 5.57; N ,  7.88. 
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NUCLEOSIDES. IL 805 

6-Chloro-l-(2-deoxy-D-D-erythro-pentofuranosyl)-2,4- 
quinazolinedione (28). - - (a) I n  a 0.01 M solution of sodium 
methoxide in MeOH (20 m l )  was dissolved - 40 (0.75 g, 1.56 mmole) 
and the solution was stirred at room temperature overnight. 
After evaporation, the residue was treated with H20 ( 1 0  ml) 
and ether (50 ml). The organic phase was washed again with 
H20 (5 ml) and then the combined aqueous phases neutralized 
by AcOH. On cooling, colourless crystals were obtained. 
Yield 0.313 g (64 % ) ,  m.p. 220°C (decomp.). 

Anal. calc. for C13H,3C1 N205 (312.7): C, 49.93; H ,  

4.19; N ,  8.96. Found: C, 49.95; H, 4.34; N ,  8.99. 

(b) A mixture of 6-chloro-2,4-quinazolinedione (4.33 g, 

22 mmole), a few crystals o f  ammonium sulfate and acetamide 
was refluxed in 80 ml HMDS under anhydrous conditions for 
15 h. It was  evaporated under vacuum, t h e  residue dissolved 
i n  CH2C12 (100 ml), and then Z-deoxy-3,5-di-O-p-toluoyl-u- 
D - e r y t h r o - p e n t o f u r a n o s y l  chloride (8.54 g, 22 mmole) added. 
The solution was stirred at room temperature for 24 h ,  eva- 
porated and the residue recrystallized from EtOH to give a 
1:l mixture o f  6-chloro-l-(2-deoxy-3,5-di-0-p-toluoyl-ayB- 
D - e r y t h r o - p e n t o f u r a n o s y l ) - 2 , 4 - q u i n a ~ ~ l - i n e d ~ o n e .  Yield 8.13 g 
(67 % ) .  A part o f  this mixture ( 0 . 7 5  g) was separated into 
the pure components by medium pressure chromatography62 on 
silica-gel in toluene/EtOAc 19:l. The faster migrating frac- 
tion gave on evaporation a crystalline solid o f  the D-anomer. 
Yield 0.24 g (32 % ) ,  m.p. 199°C. 

Anal. calc. for C29H25C1 N207 (549.0): C, 63.45; H ,  
4.59; N ,  5.10. Found: C, 63.28; H ,  4.58; N ,  5.13. 

The second fraction consisted of the a-anomer. Yield 
0.28 g (37 % ) ,  m.p. 187°C. 

- A n a l .  calc. for C29H25C1 N207 (549.0): C, 63.45; 
H, 4.59; N, 5.10. Found: C, 63.20; H ,  4.65; N, 5.13. 
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806 DUNKEL AND PFLEIDERER 

The 6-chloro-l-(2-deoxy-3,5-di-O-p-toluoyl-B-D-erythro- 
pentofuranosyl)-2,4-quinazolinedione (0.55 g, 1 mmole) was 
treated analogously to procedure (a) to give colourless 
crystals. Yield. 0.225 g (72 % ) ,  m.p .  220°C (decomp.). 

l - ( 2 - D e o x y - 5 - 0 - p - t o l u o y l - B - D - e r y t h r o - p e n t o f u r a n o s y l ) -  
2,4-quinazolinediones (29-32). -- General procedure. - In py- 
ridine (30 ml) was dissolved the l - ( Z - d e o x y - B - D - r i b o f u r a n o -  
syl)-2,4-quinazolinedione (23-26) -- (10 mmole) and after coo- 
ling to 0°C p-toluoyl chloride (1.45 ml, 1 1  mmole) added. 
The mixture was stirred at 0°C for 3 h and at room tempera- 
ture for 15 h. After dilution with ice-water (200 ml) the 
solution was extracted twice with EtOAc (80 ml). The organic 
extract was dried over Na2S04, evaporated, the oily residue 
dissolved in CH2C12 (75 ml) and then the boiling solution 
further diluted by slow addition of n-hexane (75 rnl) forming 
a colourless precipitate. The crystalline material was col- 
lected after cooling. 

l-(2-Deoxy-5-0-p-toluoyl-~-D-erythro-pentofuranosyl)- 
2,4-quinazolinedione (29). - - Yield 2.81 g (71 % ) ,  m.p. 280°C. 
Rf = 0.42 (CHC13/MeOH 19:l). 

N ,  7.07. Found: C, 63.65; H ,  5.20; N, 7.37. 
Anal. calc. for C2,H20N206 (396.4): C, 63.63; H, 5.09; 

6-Methyl-l-(2-deoxy-5-O-p-toluoyl-D-D-erytho-pentofura- 
nosyl)-2,4-quinazolinedione (30). - - Yield 3.25 g (79 % ) ,  
m . p .  184-187°C. Rf = 0.79 (CH2C12/MeOH 9:l). 

Anal.calc. for CZ2Hz2N2O6 . 0.5 H20 (419.4): C, 63.00; 
H ,  5.53; N, 6.68. Found: C, 62.95; H,  5.42; N,  6.39. 

7 - M e t h y l - l - ( 2 - d e o x y - 5 - O - p - t o l u o y l - 8 - D - e r y t h r o - p e n t o f u -  
ranosyl)-2,4-quinazolinedione (31). - Yield 2.71 g (66 % ) ,  
r n . p .  193-195°C. Rf = 0.58 (CHC13/MeOH 19:l). 

- 
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NUCLEOSIDES. IL 807 

A n a l .  c a l c .  f o r  C22H22N206 ( 4 1 0 . 4 ) :  C ,  64.78;  H, 5.40; 

N ,  6.82.  Found :  C ,  64.84;  H, 5.68;  N, 6 .56 .  

6,7-Dimethyl-l-(2-deoxy-5-O-p-toluoyl-~-D-erythro-pento- 
furanosyl)-2,4-quinazolinedione ( 3 2 ) .  - - Y i e l d  3.05 g ( 6 9  % ) ,  
m.p. 199°C. R f  = 0 .40  (CHC13/MeOH 9 : l ) .  

A n a l .  c a l c .  f o r  C23H24N206 ( 4 4 2 . 5 ) :  C ,  62.43;  H ,  5.92; 

N ,  6 .33 .  Found :  C ,  62 .81 ;  H, 5.89;  N ,  7.25. 

1 - ( 3 , 5 - D i - 0 - a c e t y 1 - 2 - b r o m o - 2 - d e o x y - B - D - e r y t h r o - p e n t o f u -  

ranosyl)-2,4-quinazolinedione ( 3 3 ) .  - - ( a )  A s o l u t i o n  o f  - 1 
( 2 . 9 4  g,  10 mmole)  i n  CH3CN (150  m l )  was h e a t e d  t o  50°C a n d  

t h e n  a s o l u t i o n  o f  a c e t y l  b r o m i d e  ( 4 . 1  m l )  i n  C H 3 C N  ( 1 5  m l )  

added  d r o p w i s e  w i t h i n  15  m i n  w i t h  s t i r r i n g .  The r e a c t i o n  m i x  
t u r e  was r e f l u x e d  f o r  2.5 h, t h e n  e v a p o r a t e d  a n d  t h e  r e s i d u e  
t r e a t e d  w i t h  H20 (100 m l )  a n d  C H C l 3  ( 2 x 1 0 0  m l ) .  The  o r g a n i c  

p h a s e  was d r i e d  o v e r  Na2S04, f i l t e r e d ,  e v a p o r a t e d  a n d  t h e  

r e s u l t i n g  r e s i d u e  p u r i f i e d  b y  f l a s h  c h r o m a t o g r a p h y  ( 8 0  g 

s i l i c a - g e l )  i n  CHC13/MeOH 4 9 : l .  The m a i n  f r a c t i o n  g a v e  on 

e v a p o r a t i o n  a n  amorphous  s o l i d .  Y i e l d  2.6 g ( 5 9  % ) .  

a c e t y l  b r o m i d e  ( 0 . 4 4  m l )  i n  C H 3 C N  ( 2 0  m l )  was b o i l e d  u n d e r  

r e f l u x  f o r  1 h .  Work-up a n d  p u r i f i c a t i o n  was p e r f o r m e d  ana-  
l o g o u s l y  t o  ( a ) .  Y i e l d  0.74 g ( 8 4  % ) .  

( c )  Compound - 1 ( 0 . 5 9  g ,  2 mmole)  was h e a t e d  u n d e r  r e -  

f l u x  w i t h  a - a c e t o x y i s o b u t y r y l  b r o m i d e  ( 0 . 8 8  m l )  i n  C H 3 C N  

( 2 0  m l )  f o r  2 h .  Work -up  a n d  p u r i f i c a t i o n  a c c o r d i n g  t o  ( a )  

g a v e  a n  amorphous  foam. Y i e l d  0.45 g ( 5 1  % ) .  R f  = 0 .82  
(CHC13/MeOH 1 9 : l ) .  

H, 3.88;  N ,  6 .35.  F o u n d :  C ,  46.15; H, 3.95;  N, 6.09. 

( b )  A m i x t u r e  o f  - 1 ( 0 . 5 9  g,  2 m m o l e ) ,  L i B r  ( 0 . 5 2  g )  a n d  

A n a l .  c a l c .  f o r  CI7Hl7BrN2O7 ( 4 4 1 . 2 ) :  C ,  46 .28 ;  

6-Methyl-l-(3,5-di-O-acetyl-2-bromo-2-deoxy-~-D-erythro- 
pentofuranosyl)-2,4-quinazolinedione (34). - - A s u s p e n s i o n  

o f  - 2 ( 1 . 5 4  g,  5 mmole)  i n  C H 3 C N  ( 7 0  m l )  was h e a t e d  t o  50°C 
a n d  t h e n  a m i x t u r e  o f  a c e t y l  b r o m i d e  ( 3 . 7  m l ,  30  mmole) i n  
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DUNKEL AND PFLEIDERER 808 

CH3CN ( 1 0  m l )  a d d e d  d r o p w i s e  w i t h i n  1 5  m in .  A f t e r  r e f l u x i n g  
f o r  2 h ,  t h e  s o l u t i o n  was e v a p o r a t e d ,  t h e  r e s i d u e  t r e a t e d  
w i t h  H 2 0  ( 7 0  m l )  a n d  CHC13 ( 2 x 8 0  m l ) .  T h e  o r g a n i c  p h a s e  was 

d r i e d  o v e r  Na2S04 a n d  t h e n  a g a i n  c o n c e n t r a t e d  t o  a s y r u p .  

P u r i f i c a t i o n  was a c h i e v e d  b y  f l a s h  c h r o m a t o g r a p h y  8 0  g s i -  

l i c a - g e l )  i n  CH2C12/MeOH 9 7 : 3  t o  g i v e  a c o l o u r l e s s  foam. 

Y i e l d  1.82 g (80 % ) .  R f  = 0 .76  (CHC13/MeOH q 9 : l ) .  

A n a l .  c a l c .  f o r  C18H19BrN207  ( 4 5 5 . 3 ) :  C ,  4 7 . 4 - ;  

H,  4 . 2 1 ;  N ,  6 .15 .  F o u n d :  C ,  4 7 . 2 4 ;  H ,  4 .38 ;  N ,  5 .98 .  

1 - ( 3 , 5 - D i - 0 - a c e t y l - 2 - c h l o r o - 2 - d e o x y - 8 - D - e r y t h r o - p e n t o -  
furanosyl)-2,4-quinarolinedione  ( 3 5 ) .  - A m i x t u r e  o f  - 1 

( 4 . 4 1  g ,  1 5  mmo le )  a n d  L i C l  ( 4 . 2 4  g ,  1 0 0  mmo le )  i n  C H 3 C N  

( 1 5 0  m l )  was h e a t e d  t o  b o i l i n g  a n d  t h e n  a s o l u t i o n  o f  a c e t y l  

c h l o r i d e  ( 7 . 8 5  g ,  1 0 0  mmo le )  i n  C H 3 C N  ( 1 0  m l )  was a d d e d  d r o p -  
w i s e .  I t  was r e f l u x e d  f o r  4 h ,  t h e n  e v a p o r a t e d  a n d  t h e  r e s i -  
d u e  t a k e n  u p  i n  CHC13 (300  m l )  a n d  s a t u r a t e d  NaHC03 s o l u t i o n  
( 2 0 0  m l ) .  The  o r g a n i c  p h a s e  was d r i e d ,  c o n c e n t r a t e d  a n d  p u -  

r i f i e d  b y  f l a s h  c h r o m a t o g r a p h y  o n  s i l i c a - g e l  i n  CH2C12/EtOAc 

4 : l .  T h e  m a i n  f r a c t i o n  g a v e  o n  e v a p o r a t i o n  i n  vacuum a n  a m o r -  
p h o u s  s o l i d .  Y i e l d  4 . 4 9  g ( 7 5  % ) .  R f  = 0 .79  (CHC13/MeOH 1 9 : l ) .  

A n a l .  c a l c .  f o r  CI7Hl7C1 N207 ( 3 9 6 . 8 ) :  C ,  5 1 . 4 6 ;  

H ,  4 . 3 2 ;  N ,  7 .06 .  F o u n d :  C ,  51 .33 ;  H ,  4 . 3 7 ;  N ,  7 . 0 2 .  

6 - M e t h y l - 1 - ( 3 , 5 - d i - 0 - a c e t y l - 2 - c h l o r o - 2 - d e o x y - ~ - D - e r y t h r o -  
pentofuranosyl)-2,4-quinazolinedione ( 3 6 ) .  - - A n a l o g o u s  t o  

t h e  p r e c e d i n g  p r o c e d u r e  was r e a c t e d  - 2 ( 4 . 6 2  g, 1 5  mmo le )  w i t h  

L i C l  ( 4 . 2 4  g ,  1 0 0  mmo le )  a n d  a c e t y l  c h l o r i d e  ( 7 . 8 5  g ,  100 
mmo le )  t o  g i v e  a n  a m o r p h o u s  s o l i d .  Y i e l d  4 . 2 8  g ( 6 9  % ) .  

R f  = 0 . 4 9  (CHC13/EtOAc 4 : l ) .  

A n a l .  c a l c .  f o r  CI8Hl9C1 N207 ( 4 1 0 . 8 ) :  C ,  5 2 . 6 3 ;  
H ,  4 . 6 6 ;  N,  6 .82 .  F o u n d :  C ,  52 .55 ;  H,  4 . 6 3 ;  N ,  6 . 6 2 .  

A s e c o n d  f r a c t i o n  was a l s o  i s o l a t e d  a n d  i d e n t i f i e d  a s  

6-methyl-1-(2,3,5-tri-0-acetyl-l3-D-ribofuranosyl)-2,4-quina- 
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NUCLEOSIDES. I L  809 

zolinedione. Yield 1.27 g (20 % ) .  Rf = 0.29 (CHC13/EtOAc 
4:l). 

Anal. calc. for C20H22N209 (434.4): C, 55.30; H, 5..10; 
N ,  6.45. Found: C ,  55.18; H, 5.17; N ,  6.49. 

1-(3,5-Di-O-acetyl-2-deoxy-D-D-erythro-pentofuranosyl)- 
2,4-quinazolinedione (37). - A solution of - 35 (3.97 g ,  
10 mmole) inTHF (100 ml) was purged by argon. Then tri-n- 
butylstannane (8 ml, 30 mmole) and A I B N  (0.2 g )  were added 
and the mixture heated to 65°C for 6 h under argon atmos- 
phere. It was evaporated and the residue recrystallized 
from n-hexane to give colourless crystals. Yield 2.97 g 
(82 % ) ,  m.p. 120°C. 

Anal. calc. for CI7 H 18 N 0 (362.3): C, 56.35; H, 5.01; 
N ,  7.73. Found: C ,  56.28; H ,  5.11; N ,  7.68. 

6-Methyl-1-(3,5-di-0-acetyl-2-deoxy-B-D-erythro-pento- 
furanosyl)-2,4-quinazolinedione  (38). - - (a) A solution of 
- 34 (0.71 g ,  1.56 mmole) in toluene (50 ml) was gased with 
argon for 20 min and then tri-n-butylstannane (1.24 m l ,  
4.7 mmole) and AIBN (60 mg) were added. The mixture was hea- 
ted to 75°C for 3 h under Ar atmosphere, then evaporated 
and the residue recrystallized from n-hexane to give colour- 
less crystals. Yield 0.22 g (37 % ) .  

(b) Analogous to the receding prodedure 2 (1.51 g ,  
3.65 mmole) was heated in toluene (70 ml) with tri-n-butyl- 
stannane (2.92 ml, 11 mmole) and AIBN (0.1 9). Colourless 
crystals were obtained. Yield 1.03 g (75 % ) .  

(10 ml) was treated at room temperature with acetic anhyd- 
ride (10 ml) overnight. The reaction solution was poured 
onto ice and the resulting precipitate collected. Recrys- 
rallization from EtOH/H20 gave colourless crystals. Yield 
1.35 g (90 % ) ,  m.p. 170°C. Rf = 0.65 (CHC13/MeOH 19:l). 

( c )  A solution of - 24 (1.17 g, 4 mmole) in pyridine 

Anal. calc. for C18H20N207 (376.4): C, 57.44; H ,  5.36; 
N ,  7.44. Found: C, 57.12; H, 5.48; N,  7.32. 
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DUNKEL AND PFLEIDERER 810 

l-(2-Chloro-2-deoxy-3,5-di-O-pivaloyl-B-D-ribofurano- 
syl)-2,4-quinazolinedione (39). - - A mixture o f  - 1 (1.47 g, 
5 mmole), LiCl (0.43 g, 10 mmole) and pivaloyl chloride 
(6.15 ml, 50 mmole) in CH3CN ( 2 0  ml) was refluxed for 18 h. 
The suspension was then evaporated and the residue treated 
with CH2C12 (150 rnl) and saturated NaHC03 solution (100 ml). 
The organic layer was dried over Na2S04, filtered, evapora- 
ted and the residue purified by flash chromatography (sili- 
ca-gel column 4 . 5 ~ 1 4  cm) with CH2C12/EtOAc 9:l to give a 
colourless amorphous solid. Yield 1.17 g (49 % ) .  Rf = 0.39 
(CH2C12/EtOAc 9:l). 

Anal. calc. for C23H29C1 N207 (480.9): C, 57.44; 
H ,  6.08; N ,  5.82. Found: C, 57.18; H ,  6.12; N ,  5.44. 

6-Chloro-l-(2-chloro-2-deoxy-3,5-di-O-pivaloyl-~-D-ri- 
bofuranosyl)-2,4-quinazolinedio n e  (40). - - Analogous to the 
preceding procedure was reacted - 6’ (1.64 g, 5 mmole) to give 
a colourless foam. Yield 2.45 g (95 % ) .  Rf = 0.77 (CHC13/- 
EtOAc 4:l). 

Anal. calc. for C23H28C1 N207 (515.4): C, 53.60; 
H ,  5.48; N ,  5.44. Found: C, 54.13; H ,  5.85; N ,  5.18. 

1 - ( 2 - D e o x y - 3 , 5 - d i - 0 - p i v a l o y l - R - D - e r y t h r o - p e n t o f u r a n o -  
syl)-2,4-quinazolinedione (41). - - A solution of - 39 (0.96 g, 

‘2 mmole) in toluene (20 ml) was gased with Ar for 20 min. 
Then tri-n-butylstannane (1.6 ml, 6 mmole) and A I B N  (50 mg) 
were added and the mixture heated t o  75°C for 6 h under Ar 
atmosphere. After evaporation the residue was heated in n- 
hexane till crystallization took place. Colourless crystals. 
Yield 0.67 g (75%), m.p. 156°C. Rf = 0.61 (CHC13/EtOAc 4:l). 

Anal. calc. for C23H30N207 (446.5): C, 61.87; H, 6.77; 
N ,  6.27. Found: C, 61.66; H, 6.70; N ,  6.37. 

6-Chloro-l-(2-deoxy-3,5-di-O-pivaloyl-D-D-erythro-pento- 
furanosyl)-2,4-quinazolinedione (42). - - Analogous to the pre- 
ceding procedure with - 40 (1 .03  g, 2 mmole). The crude pro- 
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duct could not be crystallized. Purification was achieved by 
flash chromatography (silica-gel column 2 . 5 ~ 1 5  cm) in CH2C12/- 
EtOAc 4:l to give a colourless foam. Yield 0.77 g (80 % ) .  
Rf = 0.58 (CHC13/EtOAc 4:l). 

N, 5.82. Found: C, 57.52; H a  6.30; N, 5.99. 
Anal.calc. for C23H29Cl N207 (480.9): C, 57.44; H, 6.08; 

l - ( 2 - O - A c e t y l - 3 - d e o x y - 5 - O - p - t o l u o y l - D - D - e r y t h r o - p e n t o -  
furanosyl) -2,4-quinazolinedione  (49-53). -- General procedure. 
A mixture of the 2,4-quinazolinedione (43-47) -- (2 mmole), a 
few crystals of ammonium sulfate and acetamide was refluxed 
in hexamethyldisilazane (HMDS) (20 ml) f o r  20 h under exclu- 
sion of moisture. The excess of HMDS was removed in vacuum 
and the residue dissolved in a solution of lY2-di-0-acetyl-3- 
deoxy-5-0-p-to1 uoyl -D-ri bose ( - 48)38 in 1 ,2-di chl oroethane 
(60 ml). A solution of trimethylsilyl trifluoromethanesulfo- 
nate (0.44 ml, 2.2 mmole) i n  1,2-dichloroethane (10 ml) was 
added dropwise with stirring at room temperature. The reac- 
tion was stopped by addition o f  a saturated solution o f  Na- 
HC03 and then extracted twice with CHC13 (80 ml). The com- 
bined organic layers were dried over Na2S04, filtered, eva- 
porated and the residue purified by flash chromatography. 
The main fraction gave an amorphous solid on evaporation. 

l - ( 2 - O - A c e t y l - 3 - d e o x y - 5 - O - p - t o l u o y l - 8 - D - e r y t h r o - p e n t o -  

furanosyl)-2,4-quinazolinedione (49). - - Flash chromatogra- 
phy (25 g silica-gel) was performed i n  CHC13. Yield 0.52 g 
(59 % ) .  Rf = 0.30 (CHC13/EtOAc 4:l). 

N, 6.39. Found: C, 62.65; H a  5.16; N, 6.20. 
Anal. calc. for C23H22N207 (438.4): C, 63.01; H a  5.06; 

6-Methyl-l-(2-O-acetyl-3-deoxy-5-O-p-toluoyl-~-D-erythro- 
pentofuranosyl)-2,4-quinazolinedione (50). - - Purification was 
done by flash chromatography in CHC13/MeOH 99:l. Yield 0.56 g 
(62 % ) .  Rf = 0.40 (CHC13/EtOAc 4:l). 
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8 12 DUNKEL AND PFLEIDERER 

Anal. calc. for C24H24N207 (452.4): C, 63.71; H ,  5.35; 
N ,  6.19. Found: C, 63.67; H ,  5.38; N, 6.19. 

7-Methyl-l-(2-O-acetyl-3-deoxy-5-O-p-toluoyl-~-D-erythro- 
pentofuranosyl)-2,4-quinazolinedione (51).  - Analogous to the 
preceding procedure gave an amorphous foam. Yield 0.61 g 
(67 % ) .  Rf = 0.33 (CHC13/EtOAc 4 : l ) .  

Anal. calc. for C24H24N207 (452.4): C, 63.71; H, 5.35; 
N, 6.19. Found: C, 63.61; H, 5.53; N ,  6.25. 

6,7-Dimethyl-1-(2-0-acetyl-3-deoxy-5-O-p-toluoyl-~-D- 
erythro-pentofuranosyl)-2,4-quinazol inedione (52). - - Purifi- 

cation by flash chromatography in CHC13/MeOH 99:l. Yield 
0.68 g (73 % ) .  Rf = 0.45 (CHC13/EtOAc 4:l). 

Anal. calc. for C25H26N207 . 0.5 H20 (475.5): C, 63.15; 
H, 5.72; N ,  5.89. Found: C, 63.52; H, 5.71; N, 5.74. 

6,7-Dimethoxy-1-(2-0-acetyl-3-deoxy-5-0-p-toluoyl-~-D- 
erythro-pentofuranosyl)-2,4-quinazoline-dione (53). - - Flash 
chromatography i n  CHC13/MeOH 99:l gave a solid foam. Yield 
0.67 g (68 % ) .  Rf = 0.34 (CHC13/EtOAc 4:l). 

Anal. calc. for C25H26N209 . H20 (516.5): C, 58.14; 
H, 5.46; N ,  5.42. Found: C ,  58.33; H, 5.17; N, 5.28. 

l-(3-Deoxy-B-D-erythro-pentofuranosyl)-2,4-quinazoline- 
diones (54-58). -- General procedure. - To a solution of s o -  

dium (26 mg, 1.1 mmole) in MeOH ( 2 0  ml) was added the appro- 
priate protected quinazoline 3'-deoxynucleoside -- 49-53 ( 1  
rnmole). The solution was stirred at room temperature over- 
night, then evaporated and the residue partitioned between 
H20 (2x10 ml) and ether (50 ml). The combined aqueous layers 
were neutralized by acetic acid and on  chilling overnight 
colourless crystals were obtained. The solid was collected, 
washed and dried at 100°C. 
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l - ( 3 - D e o x y - ~ - D - e r y t h r o - p e n t o f u ~ a n o s y l ) - 2 , 4 - q u i n a z o l i n e -  
dione (54). - Yield 0.16 g (56 % ) ,  m.p. 194-195°C. ~- 

Anal. calc. for C13H,4N205 (278.3): C, 56.11; H, 5.07; 
N, 10.07. Found: C, 55.91; H, 5.10; N ,  9.90. 

6 - M e t h y l - l - ( 3 - d e o x y - O - D - e r y t h r o - p e n t o f u r a n o s y l ) - 2 , 4 -  
quinazolinedione (55). - - Yield 0.24 g (80 % ) ,  m.p. 232°C. 

Anal. calc. for CI4Hl6N2P5 (292.3): C, 57.33; H, 5.52; 

N ,  9.58. Found: C, 57.54; H, 5.58; N ,  9.52. 

7-Methyl-l-(3-deoxy-8-D-erythro-pentofuranosyl)-2,4- 
quinazolinedione (56). - - Yield 0.22 g (74 % ) ,  m.p. 230°C. 

Anal. calc. for CI4Hl6N2O5 (292.3): C ,  57.53; H ,  5.52; 
N ,  9.58. Found: C, 57.33; H, 5.58; N ,  9 . 7 7 .  

6 , 7 - D i m e t h y l - l - ( 3 - d e o x y - R - D - e r y t h r o - p e n t o f u r a n o s y l ) -  
2,4-quinazolinedione (57). - Yield 0.22 g (71 % ) ,  m.p. 219- 
221°C. 

- 

Anal. calc. for C15H,8N205 (306.3): C, 58.84; H ,  5.56; 
N ,  9.15. Found: C ,  58.81; H, 5.95; N ,  8.93. 

6 , 7 - D i m e t h o x y - l - ( 3 - d e o x y - 8 - D - e r y t h r o - p e n t o f u r a n o s y l ) -  
2,4-quinazolinedione (58). - - Yield 0.22 g (65 X ) ,  m . p .  207- 
209°C. 

Anal. calc. for C15H,8N207 (338.3): C, 53.25; H, 5.36; 
N ,  8.28. Found: C ,  52.84; H, 5.45; N ,  8.29. 

1-(2,3-Dideoxy-5-0-p-toluoyl-~-D-glycero-pentofuranosyl)- 
2,4-quinazolinediones (59-62). General procedure. - A suspen- 
sion of the appropriate l-(5-O-p-toluoyl-B-D-ribofuranosyl)- 
2,4-quinazolinedione (29-32) -- (1.5 mmole) and pyridine (0.21 
ml, 2 . 6  mmole) i n  CH2C12 ( 2 0  ml) was cooled to 0°C and then 
phenoxythiocarbonyl chloride (0.35 ml, 2.6 mmole) added drop- 
wise with stirring. The reaction mixture was kept 3 h at 

-- 
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DUNKEL AND PFLEIDERER 814 

0°C and then at room temperature overnight. After evaporation 
the residue was partitioned between H20 (30 ml) and EtOAc 
(2x30 ml). The combined organic layers were dried over Na2- 
SO4, filtered, evaporated and the remaining syrup dissolved 
in toluene/THF 1:l (50 ml). The solution was treated with 
argon for 20 m i n  and after addition o f  tri-n-butylstannane 
( 1 . 2  ml, 4.5 mmole) and AIBN (50 m g )  heated to 75°C for 3 h 
with stirring under Ar atmosphere. After cooling the solu- 
tion was evaporated and the residue refluxed in n-hexane 
(30 ml) till crystallization took place. The crystals were 
collected and dried i n  vacuum at 40°C. 

1-(2,3-Dideoxy-5-0-p-toluoyl-O-D-glycero-pe~tofurano- 
syl)-2,4-quinazolinedione (59). - - Yield 0.56 g (99 % ) ,  
m.p. 94-96°C. Rf = 0.27 (CHC13/EtOAc 4:l). 

Anal.calc. for C2,H20N205 . 0.5 H20 (380.4): C, 64.77; 
H, 5.43; N,  7.19. Found: C, 64.56; H, 5.50; N ,  7.45. 

6-Methyl-l-(2,3-dideoxy-5-O-p-toluoyl-R-D-glycero-pento- 
furanosyl)-2,4-quinazolinedione (60). - - Yield 0.44 g ( 7 2  % ) ,  

m.p. 162-165°C. Rf = 0.67 (CHC13/MeOH 19:l). 

H, 5.75; N ,  6.94. Found: C, 65.00; H, 5.73; N ,  6.57. 
Anal. calc. for C22H22N205 . 0.5 H20 (403.4): C ,  65.50; 

7-Methyl-l-(2,3-dideoxy-5-O-p-toluoyl-R-D-glycero-pento- 
furanosyl)-2,4-quinazolinedione (61). - - Yield 0.45 g (81 X ) ,  
m.p.  149°C. Rf = 0.32 (CHC13/EtOAc 4:l). 

Anal. calc. for C22H22N205 . 0.5 H20 (403.4): C, 65.50; 
H, 5.75; N ,  6.94. Found: C, 65.48; H, 5.70; N ,  6.85. 

6,7-Dimethyl-1-(2,3-dideoxy-5-O-p-toluoyl-R-D-glycero- 
pentofuranosyl)-2,4-quinazolinedione (62). - - Yield 0.55 g 
(89 % ) ,  m.p. 175°C. Rf = 0.30 (CHC13/EtOAc 4:l). 

Anal. calc. for C23H24N205 . H20 (426.5): C, 64.78; 
H, 6.15; N ,  6.57. Found: C, 65.14; H, 6.20; N ,  6.64. 
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linediones (63-66). -- General procedure. - The protected 
quinazoline 2',3'-dideoxyribonucleoside (59-62) -- (1 mmole) 
was stirred at room temperature overnight in a solution of 
sodium (28 mg, 1.2 mmole) in MeOH (50 ml). The reaction mix- 
ture was evaporated and the residue partitioned between 
ether (20 ml) and H20 (2x5 ml). The combined aqueous layers 
were neutralized by AcOH and after cooling the precipitated 
crystals collected, washed and dried. 

l-(2,3-Dideoxy-D-D-glycero - p e n t o f u r a n o s y l ) - 2 , 4 - q u ~ n a z o -  
linedione (63).  - Yield 0.2 g (76 % ) ,  m.p. 175°C. 

Anal. calc. for C13H14N204 (262.3): C, 59.54; H, 5.38; 
N ,  10.68. Found: C, 59.88; H, 5.43; N ,  10.63. 

6-Methyl-l-(2,3-dideoxy-~-D-glycero-pentofuranosyl)- 
2,4-quinazolinedione (64). - - Yield 0.18 g (66 % ) ,  m.p. 196°C. 

Anal. calc. for C14H16N204 . 0.5 H20 (285.3): C, 58.94; 
H, 6.00; N ,  9.82. Found: C, 59.20; H, 5.77; N, 9.93. 

7-Methyl-l-(2,3-dideoxy-B-D-glycero-pentofuranosyl)- 
2,4-quinazolinedione (65). - - Yield 0.232 g (84 % ) ,  m . p .  198°C. 

Anal. calc. for C14H16N204 (276.3): C, 60.85; H, 5.84; 
N ,  10.14. Found: C, 60.40; H ,  5.92; N ,  10.18. 

6,7-Dimethyl-1-(2,3-dideoxy-D-D-glycero-pentofuranosyl)- 
2,4-quinazoliendione (66). - - Yield 0.25 g (85 % ) ,  m.p. 220°C 
(decamp.). 

Anal. calc. for C,5H18N204 . 0.25 H20 (294.8): C, 61.11; 
H, 6.33; N ,  9.50. Found: C, 61.04; H, 6.25; N, 9.29. 
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