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In 1981, Mallams and coworkers reported' t h e  discovery of 

- D-kijanose 1, a branched-chain n i t r o  sugar,  i so l a t ed  from the 

ant i tumor a n t i b i o t i c  kijanimicin by acid hydrolysis. The s t r u c -  

ture of t h i s  unusual carbohydrate w a s  e s t a b l i s h e d l t 2  a s  2,3,4,6- 

t e tr adeo xy -4 - ( m e  thoxy c ar bon y 1 am in0 1 - 3 -c-me t hy 1 - 3 -n it r o - D-x y 1 o - 
hexopyranose by spectroscopic and crystal lographic  a n a l y s i s ,  and 

comparison with D-rubranitrose 2 ,  a carbohydrate found i n  the 

a n t i b i o t i c  r ~ b r a d i r i n . ~  Two other  n i t r o  sugars,  L-evernitrose 3 
and - L-decilonitrose 45, have been discovered as components of 

a n t i b i o t i c s .  
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A cr i t ical  problem i n  the  synthesis  of branched-chain n i t r o  

sugars is  the  introduction of t h e  c-3 methyl and n i t r o  groups 

with s tereocontrol ,  and the  synthesis  of kijanose i s  f u r t h e r  com- 

p l i ca t ed  by the  carbarnoyl group a t  c-4. The f i r s t  synthesis  of 
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296 GIULIANO AND DEISENROTH 

methyl a-g-kijanoside (131, reported6 by Yoshii and coworkers i n  

1982, and t h e  synthesis  of 13 described recent ly7 by Brimacombe 

and Rahman converge a t  a z i r i d i n e  5 which undergoes azidolysis  t o  

give a m i x t u r e  of isomers 6 and 7 i n  r a t i o s  of 4.5 : 1 and 3 : 2 

i n  favor of t h e  desired 6 (Eq. 1). W e  have r ecen t ly  developed 

an e f f i c i e n t  synthesis  of amino alcohol 8 which w a s  based on the 

cycl izat ion of an imidate derived from dimethylcyanamide (Eq. 2 ) .  

This sequence e s t ab l i shes  t h e  t e r t i a r y  center  a t  c - 3  with com- 

p l e t e  r eg io  and s tereocontrol .  we proposed t h a t  synthesis  of 

both rubrani t rose and kijanose could be developed from 8 ,  and 

herein we describe a stereospecif  i c  route t o  methyl a-I)--kijanoside 

(13) v i a  n i t r o  alcohol 9. 

- 

7 6 

8 

- 

5 6 7 

In near ly  all of t h e  e x i s t i n g  routes  t o  n i t r o  sugars,  oxida- 

t i on  of an amino group t o  a n i t r o  group i s  ca r r i ed  ou t  as the  

f i n a l  s tep.  In the synthesis  of ki janose,  such placement of the 

oxidation r equ i r e s  t h a t  t he  C-3 amino group be protected t o  allow 

f o r  independent manipulation of the azido group a t  C-4. 

t h a t  an e f f i c i e n t  route  t o  13 which avoids protection-deprotection 

of the - C-3 func t iona l i t y  could be developed from 9,  and t h a t  t he  

electron-withdrawing p rope r t i e s  of t he  n i t r o  group might f a c i l i -  

t a t e  t he  introduct ion,  by nucleophi l ic  displacement, of nitrogen 

a t  C-4. w a s  obtained from m i n e  8 by oxidation 

- 
W e  f e l t  - 

8 Nitro alcohol 9 - 
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with e i t h e r  m-chloroperbenzoic acid o r  ozone-silica g e l .  

use  of t he  la t ter  reagent i n  n i t r o  sugar synthesis  has not been 

reported and, i n  the case of 8,  ozonation gave higher y i e l d s  of 

t he  desired n i t r o  a lcohol .  

ozone (Welsbach generator) through a sample of t h e  amino alcohol 

adsorbed onto s i l i c a  ge l  (dry; 10 g per 100 mg m i n e )  a t  -78OC. 

Crystal l ine n i t r o  alcohol w a s  obtained i n  80% y ie ld  by e lu t ion  

with 1:l e t h y l  acetate-petroleum e the r  and evaporation. 

The 

The procedure cons i s t s  of passing 

Nucleophilic displacement react ions d i f f i c u l t  t o  ca r ry  out  

i n  carbohydrates have been achieved with the u s e  of highly reac- 

t i v e  leaving groups such as t r i f  luoromethanesulfonates10 and 

imidazolylsulfonates .I1 

yield by treatment of 9 with t r i f l i c  anhydride i n  pyridine 

(Scheme 1). When 10 w a s  t r e a t e d  with sodium azide i n  DMF a t  room 

temperature , axial  azide l i { f c ; J io  + 19l0 ( c  - 0.12 , chloroform) ; I R  

( f i lm) 2109 ( N 3 ) ,  1539 and 1348 ( N O 2 ) ;  'H-NMR (CDCl , ,  200 MHz) 

T r i f l a t e  10 w a s  prepared i n  quan t i t a t ive  

6 4.68 (1, d ,  H-1, J = 4 HZ), 4.29 (1, 9, H-5, J = 1.3 Hz, 

J 

d,  H-2@, J 

1-39 ( 3 ,  d ,  H-6); MS (CI, NH 1 m/e (rel. i n t e n s i t y )  ( M + N H ~ ) +  a t  248 

( 3 ) r  2 1 6 ( 1 0 ) 1  152(1OO)I, W a s  obtained as a syrup i n  82% yield.  
a x i a l  o r i en ta t ion  of t h e  azido group i n  11 w a s  evident from the  

'H-NMR 

fo r  J 

d i a x i a l  coupling of H-4 and H-5 i n  n i t r o  alcohol 9. Products 

r e su l t i ng  from ring-opening o r  elimination were not detected in  

the  react ion product; however, when t h e  react ion was conducted a t  

12OoC f o r  l h ,  a lower y i e ld  (70%) of azide was obtained. 

t i o n  of 11 t o  amhe 12 w a s  c a r r i ed  out  with sodium borohydride i n  

the  presence of n i cke l  (11) chloride12 i n  ethanol (2  e q  of NaBH4 

and N i C 1 2 ,  43% y i e l d ) .  

ide slowly t o  a s t i r r e d  solut ion of 11 (reverse order)  t o  avoid 

over-reduction. Higher y i e lds  (82%) of 12 were obtained when t h e  

crude react ion product w a s  recycled in  t h e  reduction with one 

equivalent each of sodium borohydride and nickel  chloride.  

1,2a 4 1 5  
= 6 Hz),  4.02 (1, bs,  H - 4 1 ,  3.23 ( 3 ,  S ,  1-OCH3), 2 . 7 1  (1, 

5 r 6  
= 15 H z ) ,  1.96 (1, dd, H - 2 a 1 ,  1.68 (3,  s ,  3 - C H 3 ) ,  2a,2e 

3 
fie 

spectrum which displayed a coupling constant of 1 . 3  Hz 
A value of 9 Hz is observed f o r  the l a rge r  t r ans  4,5' 

Reduc- 

It w a s  necessary t o  add t h e  nickel  chlor- 

Treat- 
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SCHEME: 1 

13 

ment of t h e  crude react ion product with methyl chlorofonnate gave 

methyl a-g-ki.janosi.de (13) i n  53% y ie ld .  Synthetic 13 w a s  com- 

pared t o  a sample of methyl a-)-kijanoside obtained from t h e  

hydrolysate of k i j a n h i c i n l 3  and found t o  have iden t i ca l  NMR 

- 
- 

1 
( H and 13C)  and in f r a red  spec t r a ,  o p t i c a l  r o t a t i o n ,  and R (TLC) f 
in d i f f e r e n t  solvent systems. 

This approach t o  branched-chain n i t r o  sugar synthesis  pro- 

vides  access t o  both 1 and 2 from the  same intermediate (8) with 

complete control  of r eg io  and stereochemistry. 
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