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COMMUNICATION 

A SYNTHESIS OF 1,s DI-0- ACETY L- 3-AZID0- 2,s DIDEOXY-D- 

RIBOFURANOSE 

* 
M.K. Gur ja r  , S.M. P a w a r  a n d  A.V. R a m a  R a o  

Regional  Research  Laboratory 
Hyderabad 500 007, India 

Received A u g u s t  13, 1987 - Final Form January  12,  1988 

The renewed i n t e r e s t  i n  azido-nucleosides, par t icu lar ly  when t h e  

az ido  group i s  present  at position 3, h a s  been  intensif ied s ince  t h e  approval  
of 3'-azido-thymidine (1) f o r  t h e  t r e a t m e n t  of AIDS.' Moreover, 3I-amino- 

2,3-dideoxy-nucleosides a r e  a l so  i m p o r t a n t  d u e  t o  var ious biological ac t i -  

vi t ies  associateds5 wi th  t h e m .  In deal ing wi th  t h e  synthesis  of such mole- 
4 cules ,  3-azido-2,3-dideoxy-pentoses h a v e  been  real ised as valuable  synthons. 

1 .  

0 

Recent ly ,  Dyatkina et a? h a v e  synthesised methyl  3-azido-2;3-dideoxy-5-g-p- 
methylbenzoyl-D-ribofuranoside f r o m  1,2:3,5-di-~-isopropylidene-D-xylose. 

However ,  t h e  synthesis  involves  a l a r g e  number  of s t e p s  in  p a r t  d u e  to 

protect ing-deprotect ing steps. The  present  synthesis  w a s  planned to c i rcum-  

vent t h e s e  steps. A s  t h e  c ruc ia l  s t e p  t h e  deoxygenat ion at C-2 of D-xylose 
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272 GURJAR, PAWAR, AND RAMA RAO 

was  e f f e c t e d  in  o n e  s t e p  by a s t e r e o s e l e c t i v e  reduct ion of t h e  k e t e n e  dithio- 
a c e t a l  i n t e r m e d i a t e  (3) by a modified procedure.  6 

Thus ,  t r e a t  m e a t  of 2,3:4,5-di-~isopropylidene-D-xylose diethyl- 

d i th ioace ta l  (2) i n  t e t r a h y d r o f u r a n  w i t h  fi-butyllithium at -78 "C f o r  2 

h followed by i n  s i tu  reduct ion t h e  resul t ing k e t e n e  d i th ioace ta l  der iva t ive  

(3) with  l i thium aluminium hydride g a v e  t h e  2-deoxy product  (4) i n  70% 

yield. The  product  4 w a s  ident ica l  i n  a l l  r e s p e c t s  wi th  t h e  s a m p l e  prepared  
earlier.6 Subsequent  mesylat ion of 4 with  methanesulfonyl  chloride-pyridine 
f o r  2 h g a v e  t h e  3-mesyla te  (5).  In t h e  IH NMR s p e c t r u m  of 5,  a singlet 

observed at 3.06 ppm w a s  assigned t o  t h e  mesyloxy methyl  group whereas  
a double  t r i p l e t  in t h e  downfield region (4.90 ppm) corresponded wi th  H-3. 

6 .  

.The mesyla te  5 w a s  h e a t e d  wi th  e x c e s s  sodium a z i d e  in  d imethyl formamide  
at 100 "C for 12 h to yield t h e  3-azido d e r i v a t i v e  (6)  in  80% yield. The  

IR spec t rum of 6 revealed t h e  c h a r a c t e r i s t i c  absorpt ion f o r  a n  az ido  group 
a t  2100 c m - l .  The  H NMR s p e c t r u m  w a s  c o m p a t i b l e  wi th  t h e  assigned 

s t r u c t u r e  (6). 
T r e a t m e n t  of 6 with  yellow m e r c u r i c  oxide-mercuric  ch lor ide  i n  

dry methanol  f o r  2 h a f forded6 t h e  d i m e t h y l a c e t a l  d e r i v a t i v e  (7). Compound 

7 w a s  t r e a t e d  wi th  0.8 % aqueous  sulfur ic  a c i d  in methanol  a n d  t h e n  t h e  
resulting product  w a s  convent ional ly  a c e t y l a t e d  to  g i v e  both t h e  a n o m e r s  
methyl  5-~-acetyl-3-azido-2,Fdideoxy-a -and 6 -D-ribofuranoside (8).  T h e  
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1,5-DI-O~ACETYL-3-AZIDO-2,3-DIDEOXY-D-RIBOFURANOSE 273 

- s t ruc ture  of t h e  @ - a n o m e r  of 8 w a s  conf i rmed by I H  NMR, IR a n d  m a s s  

spec t ra l  analysis. Success ive  hydrolysis wi th  50 % aqueous  a c e t i c  a c i d  a n d  
reace ty la t ion  a f forded  t h e  t i t l e  product  (9). 

In a n  a l t e r n a t e  but  d i r e c t  procedure,  compound 7 w a s  t r e a t e d  wi th  
t r i f luoroace t ic  a c i d  at 0 "C f o r  24 h fol lowed by a c e t y l a t i o n  to  g i v e  9 i n  

7 5  % yield. 

EXPERIMENTAL 

General Procedures. Solvents  w e r e  removed under  diminished pressure  
below 4 5  "C by using a Buchi ro ta ry  evaporator .  All th,e so lvents  w e r e  dis t i l led 

b e f o r e  u s e  a n d  l ight  pe t ro leum r e f e r s  to f rac t ion ,  bp 60-80 "C. IH NMR 

s p e c t r u m  w e r e  scanned o n  e i t h e r  a J e o l  FX9OQ or Varian 80FTA i n s t r u m e n t s  
i n  CDC13 wi th  TMS as t h e  in te rna l  s tandard.  IR s p e c t r a  w e r e  run on Perkin 

Elmer  Model 1310 spec t rometer .  Si l ica  g e l  (60-120 mesh) f o r  co lumn chroma-  
tography w a s  purchased f r o m  A c m e  S y n t h e t i c  Chemicals .  Opt ica l  ro ta t ions  
w e r e  d e t e r m i n e d  on J A S C O  361 Polar imeter .  

2- Deoxy- 4,s 0 - i  sopropylidene-D-threo-pentose diethyl-dithioacetal(4). 
Compound 2 (ZOg, 59.5 mmol) i n  d r y  te t rahydrofuran  (150 mL) w a s  s t i r red  

at -78 "C a n d  t h e n  2.8 M 2-butyl l i thium (25  mL) w a s  gradual ly  added.  A f t e r  
2 h at -78  "C solid l i thium aluminium hydride (2.0 g, 52.7 mmol) w a s  intro-  

duced  a n d  t h e n  s t i r red  overnight  at room t e m p e r a t u r e .  T h e  reac t ion  m i x t u r e  

w a s  quenched  wi th  s a t u r a t e d  aqueous sodium s u l f a t q  a n d  f i l t e red .  T h e  fil- 
t r a t e  w a s  e x t r a c t e d  w i t h  chloroform,  dr ied  a n d  concent ra ted .  T h e  residue 

w a s  subjec ted  to column chromatography on silica gel  using l ight  petroleum- 

e thyl  acetate ( % I )  to a f f o r d  compound 4 (11.6 g, 70 %): [a], + 22.8" (c 
0.9, chloroform),  lit. In] + 25.6" (chloroform). 

3- Azido-  2,fdideoxy- 4,5-O-isopropylidene-D-erythro-pentose diethyl- 

dithioacetal (6). To a solution of t h e  2-deoxyproduct 4 (11.0 g ,  39.3 mmol) 

in  pyridine ( 2 5  mL) at 0 " C  w a s  added methanesulfonyl  ch lor ide  (5.0 g, 

43.6 mmol) a n d  t h e  reac t ion  mixture  s t i r red  at room t e m p e r a t u r e  f o r  2 
h. T h e  reac t ion  m i x t u r e  w a s  di luted wi th  ice-water  a n d  e x t r a c t e d  wi th  

chloroform.  T h e  ch loroform layer  w a s  washed wi th  d i l u t e  hydrochlor ic  ac id ,  

sodium b i c a r b o n a t e  solution, w a t e r ,  dr ied and  concent ra ted .  T h e  residue 
w a s  chromatographed  on a column of silica gel  wi th  light petroleum-ethyl  

acetate (8:l) to g i v e  t h e  m e s y l a t e  5 (11.2 g, 80 %): [a],, + 20.6" (c 1.3, 

chloroform); IH NMR ( C D C l 3 ) 6  1.09 ( t ,  6H, C!-13CH2S), 1.10, 1.15 (2% 6H, 

6 
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274 G U R J A R ,  PAWAR, AND RAMA RAO 

(CH3)2), 1.5-2.2 (m,  2% H-2,2'), 2.4-2.7 (m, 4H, SCH2CH3), 3.06 (s, 3H, 
CH3S02), 3.5-4.45 (m,  4H, H-1,4,5,5'), 4.90 (d t ,  lH, H-3). 

A solution of t h e  3-mesylate  (5 )  (5.0 g, 13.96 mmol)  a n d  sodium a z i d e  
(6.0 g, 92.3 mmol) i n  d imethyl formamide  (50 mL) w a s  s t i r red  at 100 "C 
f o r  12 h. I t  w a s  t h e n  d i lu ted  wi th  w a t e r  a n d  e x t r a c t e d  wi th  chloroform.  
The  ch loroform l a y e r  w a s  washed wi th  w a t e r ,  dr ied,  c o n c e n t r a t e d  a n d  t h e  

residue subjected t o  co lumn chromatography o n  silica g e l  w i t h  light petro-  
leum-ethyl acetate (9:l) as e luent  to g i v e  t h e  a z i d e  6 (3.3 g, 80 %): [a], 
-18.4' (c, 1.1, chloroform); 'H NMR (CDC13) 6 1.15 ( t ,  6H, C€-13CH$), 1.22, 
1.30 (2% 6H, (CH3l2), 1.52.0 (m, 2H, H-2,2'), 2.3-2.8 (q, 4H, SCg2CH3), 
3.4-4.65 (m, 5H, H-1,3,4,5,5'). 

Anal. Calcd  f o r  C12H23N302S2 : C, 47.2; H, 7.5 Found : C, 47.6; 

Methyl 50-acetyl-3-azido-2,3-dideoxy- a / B -D.ribofuranoside (8). The 
a z i d e  6 (3.0 g, 9.83 mmol), ye1lo;v m e r c u r i c  ox ide  (12.0 g, 55.4 mmol) and  
mercur ic  ch lor ide  (12.0 g, 25.42 mmol)  in  methanol  (50 mL) w e r e  s t i r red  
vigorously at  room t e m p e r a t u r e  f o r  2 h, f i l t e r e d  through C e l i t e ,  a n d  t h e  

solid res idue w a s  washed wi th  methanol .  T h e  combined  f i l t r a t e s  w e r e  concen-  
t r a t e d  a;ld dissolved i n  chloroform.  T h e  ch loroform l a y e r  w a s  successively 

washed with I N  potassium iodide  solution, w a t e r ,  d r ied  a n d  c o n c e n t r a t e d  
to g i v e  compound 7 (1.4 g, 60 %), IR: 2100 cm- '  (N3); MS:m/z 214 (M+- 

OMe). 
To t h e  c r u d e  product  7 (1.4 g, 5.7 mmol)  i n  methanol  (10 mL) w a s  

added  0.8 % su l fur ic  ac id  (8 mL) a n d  t h e  reac t ion  m i x t u r e  h e a t e d  under  

ref lux f o r  4 h. I t  w a s  neutral ised wi th  bar ium c a r b o n a t e ,  f i l t e red  through 

C e l i t e  and  concent ra ted .  T h e  resul t ing product  w a s  t r e a t e d  wi th  2yridine 

(3 mL) and  a c e t i c  anhydr ide  (1.5 mL) f o r  3 h. T h e  reac t ion  mixture  w a s  
di luted wi th  w a t e r  a n d  e x t r a c t e d  wi th  chloroform.  T h e  ch loroform layer  

H, 7.5. 

'was washed successively w i t h  d i l u t e  hydrochlor ic  ac id ,  aqueous  sodium bicar- 
b o n a t e  solution, and  w a t e r ,  d r ied  a n d  concent ra ted .  T h e  residue w a s  chroma- 
tographed on a column of silica gel using light petroleum-ethyl  acetate 
(6:l) as e luent  to a f f o r d  compound 8 (430 mg, 70 %), (a:B=12:88): [a], + 
83.3" (5 2.0, chloroform); IH N M R  (@-isomer)  (CDC13) 6 2.1 (s, 3H, Ac), 

2.3-2.7 (m,  2H, H-2,2'), 3.38 (s, 3H, OMe), 3.5-4.3 (m,  4H, H-3,4,5,5'), 5.1 
(dd, lH, Jl ,2a = 1.5 & 31,2b = 5.5 Hz, H-l) ,  IR (neat): 1740(C=O) 2110(N3) 

-cm-l ,  MS:m/z 184 (M'). 
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Anal. Calcd  f o r  C8HI3N3O4 : C, 44.6; H, 6.0. Found : C, 44.3; H, 

1,s Di- 0-acet yl-%azid~2,%dideoxy-D-ribofuranose (9). A solution 

of 8 (430 rng, 2 rnrnol) i n  50 % aqueous  a c e t i c  a c i d  ( 5  rnL) w a s  h e a t e d  on 
a w a t e r  b a t h  f o r  5 h, c o n c e n t r a t e d  to dryness  a n d  t h e n  codis t i l led wi th  

toluene.  T h e  c r u d e  residue w a s  t r e a t e d  wi th  pyridine (2  rnL) a n d  a c e t i c  
anhydr ide  ( I  r n l )  f o r  3 h. A f t e r  t h e  usual work up, t h e  product  w a s  chroma- 

tographed  o n  s i l ica  gel using l ight  petroleum-ethyl  acetate (6:l) to  g i v e  

9 (340 rng, 70 %): [a], - 58.9" (5 0.9, chloroform); 'H NMR (CDC13) 6 2.0 

Anal. Calcd  f o r  C9H13N305 : C, 44.4; H, 5.3. Found : C, 44.1; H, 

In a n  a n o t h e r  procedure ,  compound 7 (200 rng) w a s  s t i r red  wi th  0.01 

N t r i f luoroace t ic  a c i d  (15 mL) at 0 "C f o r  24 h. T h e  reac t ion  m i x t u r e  w a s  

c o n c e n t r a t e d  under  vacuum a n d  t h e n  codis t i l led wi th  toluene.  T h e  residue 
w a s  a c e t y l a t e d  wi th  pyridine (2 rnL) a n d  a c e t i c  anhydr ide  ( I  mL). T h e  di- 

acetate (9) w a s  purif ied by co lumn chromatography on si l ica  g e l  t o  g i v e  
p u r e  9 (225  rng, 7 5  %). 

6.0. 

( 4 ~ 9  6H, ~ x A c ) ,  6.2 (bs, l H ,  H-1). 

5.2. 
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