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SYNTHESIS ANG PHOTOLYSXS OF SUGAR NITRATES. 

TRIFLUORCMETHANESULFONATE (TRIFLATE) DISPLACEMENT 
1 BY THE NITRATE ANION. 

Roger W. Binkley* and Dolores J. Koholic 

Department of Chemistry 
Cleveland State University 
Cleveland, Ohio 44115 

Received October 17, 1 9 8 3  

1,2:3,4-D~-~-~sopropyl~dene-6-~-n~tro-a-~-galacto- 
pyranose (131, 1,2:5,6-di-Q-isopropylidene-3-~-nitro- 
a-Q-glucof uranose (2) , 2,3: 4,5-di-2-isopropylidene- 
1-6-nitro-B-Q-fructopyranose (g), methyl 2,3-g-iso- 
propylidene-3-0-nitro-a-Q-ribofuranoside (16) , and 
1,2:5,6-di-~-~~opropylid~ne-3-~-nitro-a-~-allofuranose 
(IJ) were synthesized by reacting the appropriate 
triflates (A, 2, 3 ,  4, and 2, respectively) with tetra- 
butylammonium nitrate in reTluxing benzene. These 
compounds (13-17) and 1,2:4,5-di-O-isopropylidene- 
3-~-nitro-t3-Q-fructopyranose (2) also were prepared 
by reacting €he appropriate alcohols (I, 5, 9 ,  10, 
- 8 ,  and l2, respectively) with fuming nitrlc acid in 
acetic anhydride. The nitrates 13-15 and 2 were 
photolyzed in 2-propanol to give the corresponding 
deprotected alcohols. Photolysis of the nitrate 17, 
however I gave the C 3  inverted alcohol 11. A mechanlsm 
is proposed for the deprotection and rearrangement 
of jJ upon irradiation. 
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86 BINKLEY AND KOHOLIC 

INTRODUCTION 

The  e s t e r i f i c a t i o n  of  a c a r b o h y d r a t e  w i t h  n i t r i c  
a c i d  p r o d u c e s  a t y p e  o f  compound o f t e n  r e f e r r e d  t o  
as  a s u g a r  n i t r a t e  ( e q u a t i o n  1 1 . ~  

n i t r a t e s  a r e  s u f f i c i e n t l y  u s e f u l  t h a t  t h e y  have  become 
c o m m e r c i a l l y  i m p o r t a n t  compounds. Fo r  example ,  e s t e r i -  
f i c a t i o n  of c e l l u l o s e  under  t h e  proper c o n d i t i o n s  pro- 
d u c e s  a p o w e r f u l  e x p l o s i v e ,  c e l l u l o s e  n i t r a t e .  F u l l y  
e s t e r i f i e d  g l y c e r o l  ( g l y c e r o l  t r i n i t r a t e ,  a l s o  a n  ex- 
p l o s i v e )  lowers b l o o d  p r e s s u r e  a n d ,  c o n s e q u e n t l y ,  c a n  
b e  used i n  t h e  t r e a t m e n t  of  h y p e r t e n s i o n .  I n  a d d i t i o n  
to  t h e s e  q u i t e  v a r i e d  p rac t i ca l  a p p l i c a t i o n s ,  n i t r i c  
e s t e r s  of c a r b o h y d r a t e s  a re  sometimes s y n t h e t i c a l l y  
u s e f u l .  

S e v e r a l  s u g a r  

CHClB 
ROH + HNO, ___+ RON02 + H,O 

I n  t h e  l a b o r a t o r y ,  f o r m a t i o n  of  s u g a r  n i t r a t e s  
is  used o c c a s i o n a l l y  as a method f o r  h y d r o x y l  g r o u p  
p r o t e c t i o n .  T h e  v a l u e  t h e s e  es ters  have  as p r o t e c t i n g  
g r o u p s  is t h a t  t h e y  a re  s t a b l e  i n  t h e  p r e s e n c e  o f  a c i d s  
and many of t h e  r e a g e n t s  u sed  i n  c a r b o h y d r a t e  s y n t h e s i s .  
T h e r e  are  d i s a d v a n t a g e s  also. T h e s e  es ters  a r e  un- 
s t a b l e  i n  t h e  p r e s e n c e  of s t r o n g  b a s e s .  Most me thods  
f o r  t h e i r  f o r m a t i o n  (g., n i t r i c  a c i d  i n  c h l o r o f o r m  
or ace t ic  a n h y d r i d e )  u s e  s t r o n g l y  a c i d i c  c o n d i t i o n s .  
I n  a d d i t i o n ,  a l t h o u g h  d e p r o t e c t i o n  n o r m a l l y  o c c u r s  
w i t h o u t  d i f f i c u l t y ,  t h e  two most e f f e c t i v e  me thods  
f o r  t h i s  p r o c e s s ,  c a t a l y t i c  h y d r o g e n o l y s i s  and r e a c t i o n  
w i t h  h y d r a z i n e  ( a  p o w e r f u l  n u c l e o p h i l e )  i n  r e f l u x -  
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SUGAR NITRATES a7 

i n g  e t h a n o l ,  bo th  are  c a p a b l e  of c a u s i n g  c h a n g e s  i n  
a d d i t i o n  to d e p r o t e c t i o n  ( i n  some m o l e c u l e s ) .  

The  p u r p o s e  of t h e  r e s e a r c h  d e s c r i b e d  i n  t h i s  
p a p e r  was two-fo ld .  The f i r s t  o b j e c t i v e  was to  in-  
v e s t i g a t e  a method f o r  f o r m a t i o n  of  s u g a r  n i t r a t e s  
which depended upon d i s p l a c e m e n t  of t h e  t r i f l u o r o -  
m e t h a n e s u l f o n a t e  ( t r i f l a t e )  l e a v i n g  group.  The second 
g o a l  was to  s t u d y  a p h o t o c h e m i c a l  process f o r  de- 
p r o t e c t i o n  of c a r b o h y d r a t e s  p r o t e c t e d  as n i t r a t e  esters.  

RESULTS AND DISCUSSION 

A. SYNTHESIS OF SUGAR NITRATES BY TRIFLATE 
DISPLACEMENT 

Ni t r a t e  e s t e r s  can  be s y n t h e s i z e d  by s u b s t i t u -  
t i o n  r e a c t i o n s  i n  which t h e  n i t r a t e  a n i o n  f u n c t i o n s  
as t h e  n u c l e o p h i l e .  T h i s  t y p e  of  r e a c t i o n  is n o t  par- 
t i c u l a r l y  a t t r a c t i v e ,  i n  g e n e r a l ,  b e c a u s e  t h e  n i t r a t e  
a n i o n  is a r e l a t i v e l y  poor  n u c l e o p h i l e  and d i s p l a c e m e n t  
of  t y p i c a l  l e a v i n g  g r o u p s  (u., t o s y l a t e  and m e s y l a t e )  
is n o t  u n i f o r m l y  s u c c e s s f u l .  I f ,  however ,  t h e  l e a v i n g  
g r o u p  is t h e  u n u s u a l l y  e a s i l y  d i s p l a c e d  t r i f l a t e ,  t h e  
p o s s i b i l i t y  e x i s t s  f o r  a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  
number of s u g a r  n i t r a t e s  b e i n g  formed by d i s p l a c e m e n t  
r e a c t i o n s .  S i n c e  t r i f l a t e  d i s p l a c e m e n t  u s u a l l y  is  
a n  SN2 process, a normal  f e a t u r e  of  t h i s  r e a c t i o n  is 
i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  a c h i r a l  c e n t e r .  T h i s  
f e a t u r e  is u n d e s i r a b l e  i n  some s i t u a t i o n s  b u t  c a n  be 
a d v a n t a g e o u s  i n  o t h e r s .  When t h e  v a r i o u s  a d v a n t a g e s  
and d i s a d v a n t a g e s  of n i t r a t e  es te r  s y n t h e s i s  by t r i f l a t e  
d i s p l a q e q p n t  were combined,  thi:; t y p e  of r e a c t i o n  
a p p e a r e d  to  have  s i l f f i c i c n t  p r o m i s e  t o  merit  
i n v e s t i g a t i o n .  
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88 BINKLEY AND KOHOLIC 

The triflates 1-5 were synthesized from the cor- 
responding I partially protected carbohydrates 1-g 
by reaction with triflic anhydride and pyridine in 
dichloromethane (equation 2). Each of these compounds 
(1-6) reacted with tetrabutylammonium nitrate in re- 
fluxing benzene; however , only compounds 1-5 produced 

ROH + Tf,O + ($ --.+ ROTf + (2) 

H 
TfO” 

ROTf + Bu4N@ NO3’ + RON02 + BudN@TfO@ (3) 

@ @ C6H6 

0 0  5 + mBu4N NO3 L___+ 17 - + 

L NaHCO, 
C Me, 0-CMe, 

18 - 

the expected nitrates 13-17 (equation 3 ) .  A l s o ,  al- 
though 1,2:5,6-di-~-isopropylidene-3-~-triflyl-a-~- - 
glucofuranose (2) reacted with tetrabutylammonium 
nitrate to give the expected 1,2: 5,6-di-g-isopropyli- 
dene- 3-0- nit r 0- a-D- all of u r anos e ( l-7 ) , the un sa t ur a t- 
ed sugar 1,2:5,6-di-~-isopropylidene-a-~-ribo-hex-3- 
enofuranose (18 )  also was formed (equation 4 ) .  During 
formation of these compounds (2 and 5) , the reaction 
mixture became decidedly acidic and considerable 
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SUGAR NITRATES 89 

Me2C’- 0 I \  
R d  O-CMe, 

- 2 R = T f  

- 8 R = H  

- 17 R =NO2 

ROCH, 

O-CMe2 @‘:;:OR Y l e  O, /O 

CMe2 

- 3 R = T f  

- 9 R = H  

15 R NO2 - 

4 R = T f  - 
10 - R = H  

16 R = NO2 - 
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90 BINKLEY AND KOHOLIC 

0 

Me2c:o+L?? O-CMe, 

- 5 R = T f  

- 11 R = H  

14 R = NO2 - 

O--Me2 

O-CMe, 

- 6 = T f  

12 = H - 
19 = NO:! - 

O-CMe, 

product decomposition was apparent. This decomposi- 
tion was avoided by adding sodium bicarbonate to the 
reaction mixture prior to heating in order to im- 
mediately remove any acid generated in the elimination 
process. 

In contrast to the reaction of the triflates 
- 1-3, reaction of 1,2:4,5-di-g-isopropylidene-B-D- - 
f ructopyranose (5) with tetrabutylammonium nitrate 
did not produce any of the expected 1,2: 4,S-di-O-iso- 
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SUGAR NITRATES 9 1  

propylidene-3-~-nitro-8-D-psicopyranose - (a).  Addi- 
t i o n  of sodium b i c a r b o n a t e  t o  t h e  r e a c t i o n  m i x t u r e  
d i d  n o t  p r e v e n t  t h e  f o r m a t i o n  of a complex m i x t u r e  
of p r o d u c t s i n  t h i s  c a s e .  

ed i n d e p e n d e n t l y  i n  e x c e l l e n t  y i e l d  by r e a c t i o n  o f  
t h e  a p p r o p r i a t e  a l c o h o l s  (7 ,  11, 2, 10, 3 ,  and 12, 
r e s p e c t i v e l y )  w i t h  n i t r i c  a c i d  i n  ace t ic  a n h y d r i d e  

I n  compar ison  w i t h  t h e  Honeyman method,  t r i E l a t e  d i s -  
p lacement  a p p e a r s  to  be a less g e n e r a l  p r o c e d u r e  for  
s u g a r  n i t r a t e  s y n t h e s i s ;  t h e r e f o r e ,  t h e  v a l u e  of t r i -  
f l a t e  d i s p l a c e m e n t  as a h y d r o x y l  p r o t e c t i o n  r e a c t i o n  
d e p e n d s  upon i t s  a p p l i c a t i o n  i n  s p e c i a l  s i t u a t i o n s .  
One s i t u a t i o n  where t r i f l a t e  d i s p l a c e m e n t  c o u l d  be 
u s e f u l  is when s i m u l t a n e o u s  i n v e r s i o n  of c o n f i g u r a -  
t i o n  a t  a p a r t i c u l a r  c h i r a l  c e n t e r  and h y d r o x y l  g r o u p  
p r o t e c t i o n  are  r e q u i r e d .  A second p o s s i b l e  s i t u a t i o n  
is when acid s e n s i t i v e  compounds are  b e i n g  r e a c t e d .  
T h e s e  compounds s h o u l d  be s t ab le  d u r i n g  t r i f l a t e  
f o r m a t i o n  and r e a c t i o n .  

The n i t r a t e  e s t e r s  13-17 and 2 were s y n t h e s i z -  

a c c o r d i n g  to  t h e  method of Honeyman and S t e n i n g .  4 

B. PHOTOLYSIS OF SUGAR NITRATES -- - 

The a v a i l a b l e  i n f o r m a t i o n  on t h e  p h o t o l y s i s  of  
n i t r a t e  e s t e r s  s u g g e s t s  t h a t  p h o t o c h e m i c a l  r e a c t i o n  
is a p o s s i b l e  d e p r o t e c t i o n  p r o c e s s .  I r r a d i a t i o n  of  
t h e s e  es ters  i n  non-carbohydra te  s y s t e m s  is t h o u g h t  
t o  produce  a l k o x y   radical^;^ t h u s ,  p h o t o l y s i s  of s u g a r  
n i t r a t e s  i n  t h e  p r e s e n c e  of  hydrogen d o n o r s  r e p r e s e n t s  
a p o t e n t i a l l y  e f f e c t i v e  t e c h n i q u e  f o r  t h e i r  depro-  
t e c t i o n  (Scheme 1). 

C o r e x - f i l t e r e d  i r r a d i a t i o n  (X>240 n m )  02 t h e  n i t r a t e s  
-- 13-16 and 2 i n  2-propanol  under  n i t r o g e n  w i t h  a 
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92  BINKLEY AND KOHOLIC 

4 5 0 4  

RON02 ____+ hr [Roe *NO2] 
L 

ROH 

SCHEME 1 

Hanovia ,  mercury-vapor  lamp r e s u l t e d  i f o r m a t i o n  
o f  t h e  a l c o h o l s  2,  11, 2, 10, and 12, r e s p e c t i v e l y .  
T h e s e  r e a c t i o n s  were e s s e n t i a l l y  q u a n t i t a t i v e ;  no o t h e r  
p r o d u c t s  were formed.  I n  c o n t r a s t ,  i r r a d i a t i o n  o f  
- 1 7  under  t h e  same c o n d i t i o n s  gave  e x c l u s i v e l y  t h e  C 3  
i n v e r t e d  a l c o h o l  11 ( e q u a t i o n  5 ) .  T h e r e f o r e ,  a l t h o u g h  
p h o t o c h e m i c a l  d e p r o t e c t i o n  worked w e l l  i n  f i v e  i n -  
s t a n c e s ,  i t  is clear from t h e  s i x t h  r e a c t i o n  (equa- 
t i o n  5 )  t h a t  c a r e  must be e x e r c i s e d  i n  t h e  use of t h i s  
method. I n  o r d e r  to b e t t e r  u n d e r s t a n d  when t h e  photo-  
c h e m i c a l  d e p r o t e c t i o n  r e a c t i o n  c a n  be c o n d u c t e d  wi th-  
o u t  r e a r r a n g e m e n t ,  a d e t a i l e d  s t u d y  of t h e  mechanism 
f o r  c o n v e r s i o n  of 17 i n t o  11 was u n d e r t a k e n .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SUGAR NITRATES 93  

MECHANISTIC STUDY OF THE PHOTOCHEMICAL REACTION 
OF ~,~:~,~-DI-O_-ISOPROPYLIDENE-~-~-N~TRO-U-~- - 

ALLOFURANOSE (17). 

c .  --- 
I__---- --- - 

S i n c e  o n e  of t h e  f o u r  bonds to  C 3  must  have  been 
broken  d u r i n g  p h o t o l y s i s  of 17, t h e  possible f r a g -  
m e n t a t i o n  of  e a c h  of  t h e s e  bonds needed to  be c o n s i d e r -  
e d .  I f  t h e  C -0 bond were b e i n g  broken  d u r i n g  r e a c t i o n ,  
i s o m e r i z a t i o n  c o u l d  occur by c o n v e r s i o n  of t h e  n i t r a t e  
es te r  17 i n t o  i t s  C 3  epimer 2 and t h e n  p h o t o l y s i s  
o f  2 t o  g i v e  t h e  o b s e r v e d  p r o d u c t s .  The  i n t e r -  
mediacy  of 2 was t e s t e d  by i r r a d i a t i o n  of IJ t o  p a r t i a l  
( 2 7 % )  c o m p l e t i o n  and a n a l y s i s  of  t h e  r e a c t i o n  m i x t u r e .  

Only  u n r e a c t e d  s t a r t i n g  mater ia l  (2) and t h e  r e a r r a n g -  
e d  a l c o h o l  11 were p r e s e n t .  S i n c e  compounds 2 and 
- 1 7  have s imilar  UV s p e c t r a  and a re  consumed a t  compar- 
able  ra tes  d u r i n g  p h o t o l y s i s ,  14 s h o u l d  have been 
p r e s e n t  i n  t h e  r e a c t i o n  m i x t u r e  i f  i t  were an  i n t e r -  
m e d i a t e  i n  t h e  f o r m a t i o n  of 11 ( e q u a t i o n  6 ) .  

A second p o s s i b i l i t y  f o r  t h e  i n v e r s i o n  of con- 
f i g u r a t i o n  a t  C d u r i n g  p h o t o l y s i s  of 17 was t h a t  t h e  
C3-H bond was broken  and re-formed d u r i n g  r e a c t i o n .  
T h i s  p o s s i b i l i t y  was t e s t e d  by p h o t o l y s i s  of 9 i n  
2-propanol-d I f  t h e  C3-H bond were b e i n g  broken  
d u r i n g  r e a c t i o n ,  t h e  i n c o r p o r a t i o n  of  d e u t e r i u m  i n t o  
t h e  p r o d u c t  s h o u l d  r e su l t .  (A proposed  mechanism f o r  
s u c h  a r e a c t i o n  is g i v e n  i n  Scheme 2 . )  S i n c e  n o C  
d e u t e r i u m  i n c o r p o r a t i o n  o c c u r r e d ,  t h e  C3-H bond must  
have  remained i n t a c t  d u r i n g  p h o t o l y s i s .  

The r e s u l t s  from t h e  e x p e r i m e n t s  j u s t  d e s c r i b e d  

3 

3 

8' 

3 

p o i n t e d  to an i n v e r s i o n  of  c o n f i g u r a t i o n  a t  C i n  
compound 17 which began w i t h  a r i n g - o p e n i n g  of  t h e  
a l k o x y  r a d i c a l  21 t o  produce  o n e  of  t h e  i n t e r m e d i a t e s  
- 2 2  or 23 (Scheme 3 ) .  

3 

T h i s  o p e n i n g  t h e n  would be 
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0 

Mezc~ob, N0,O 0-CMe, 

17 - 

0 

hr ___, 

J 

SCHEME 2 
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0 

“““b 0 0-CMe, 

21 - 

--+ 
HC 
0 0-CMe2 

22 - 

\ 

---+ 

I I  H 0-CMe, 
0 0-CMe, 

24 2_3 - 

SCHEME 3 
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96 BINKLEY AND KOHOLIC 

Me,,, 
C 

'1 

followed by ring-closure to give the epimeric alkoxy 
radical 24. Analogous reactions have been observed 
in non-carbohydrate systems (=., Scheme 4 )  . 6  

opening of 21 would be expected to favor formation 
of 23 because the dipole-dipole repulsion between 
the C2-0  and C -0 bonds should weaken the C2-C3 bond 3 

Ring- 

0 

Me2ccob\ :o: 0-CMe2 

21 - 

' t  
DI POLE-DIPOLE REPULSION 

relative to the C 3 - C 4  bond. 
dipole interaction also would explain closure of 23 
to give exclusively 24. 
favoring C 2 - C 3  bond cleavage is that C 3 - C 4  fragmenta- 
tion would allow inversion of configuration 
No C 4  inverted product was formed. 

with a ring-open intermediate in the rearrangement 

Minimization of dipole- 

A further observation 

at C4. 

Although all available information was consistent 
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AcO 
Me0 

SCHEME 46 

of 17 to 11, a more direct test of this proposed 
mechanism seemed desirable. This test consisted of 
attempting to generate the radical 21 by a non-photo- 
chemical process and observing its reaction. Reaction 
of alcohols with lead tetraacetate is a known method 
for generating alkoxy  radical^.^ 
treated with lead tetraacetate in refluxing cyclo- 
hexane,* it rearranged quantitatively to 11 (equa- 
tion 7). 

When compound 3 was 

8 11 
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98 BINKLEY AND KOHOLIC 

Thus, the photochemical rearrangement of the nitrate 
ester 17 to the C inverted alcohol 11 seemed to be 
best explained by the mechanism shown in Scheme 3. 
This type of rearrangement probably should be expect- 
ed whenever significant dipole-dipole repulsion in 
an alkoxy radical can be relieved by ring-opening. 

3 

EXPERIMENTAL 

General Procedures. 'H NMR spectra were obtain- 
ed (CDC13) from a Varian T-60 spectrometer and l3C 
NMR spectra (CDC13) were determined using a Varian 
FT-80A spectrometer. A11 spectra are given in tabular 
form in Tables 1 and 2. Spectral simulation was done 
by using Varian Associates Simeq spin simulation 
program. 

Synthesis of the Triflates 1-5. The triflates 
- 1-2 were synthesized from the corresponding alcohols 
- 7-11,  respectively, by a procedure previously reported. 
This procedure is essentially the same as that given 
below for compound 6 .  

Synthesis of 1,2:4,5-Di-g-isopropylidene-3-g- 

triflyl-a-Q-fructopyranose (6). 1,2:4,5-Di-g-iso- 

propylidene-a-Q-fructopyranose - (6) (1.00 g, 3.84 mmol) 
and 1.30 mL of anhydrous pyridine were dissolved in 
20 mL of CH2C12 in a round-bottom flask. This flask 
was fitted with an additi.on funnel containing 1.6 mL 

(9.6 mmol) of triflic anhydride in 10 mL of CH2C12. 
The system was closed, cooled to -20 OC (dry ice-CC14), 
and the triflic anhydride solution was added dropwise 
to the stirred reaction mixture. After 2 h, the solu- 
tion was poured into 50 mL of rapidly stirred ice 

----- 
.- - 
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Compound 

6 - 

13 

14 

b 15 

1 6  - 

1_z. 

- 1 9  

T a b l e  1. 'H NMR S p e c t r a l  Dataa 

H - 1 ,  H - 1  H-2 H- 3 H-4 H- 5 H-6, H-6 ' 

4.49-3.87 I_ 4.75 4.49 3.87 
J3 ,  4=6.  9 

5 .43  4.77-4.33 4.40 3.77 4.77-4.33 
J1,2= 5.0 

5.79 4.55 
J1, 2=3. 5 J 2, 3=0 .O 

4.86 ,  4.38 - 
J 1, f=12.7  

4.91 4.77 

5.90 4.88 
J1, 2=3. 9 J 2 ,  3=5. 1 

4.04,  3.92 - 
J 1, 1i ~ 9 . 3 0  

5.47-5 - 2 3  

4.29 
J 3 ,  4 = 2 .  6 

4.50 

5.10 
J3 ,  =6.5  

5 .23  
J 3 ,  4=7.  0 

4.30 3.70 

4.62 4.25 3 .90 ,  3.77 
J 4 ,  5=7 .8 J 5 ,  6=1. 7 J 6 ,  6'13.0 

J *, 4=1.0 
- 4.57 ~ 4.33 

4.33 3.88 

4 . 5 1  4.05 

CH3 
2: 
H 

i2 1 . 5 0 ,  1 . 4 5  
1 . 3 7 ,  1 .34  H m 

vl 

1 . 4 6 ,  1 .40  
1.30 ( 2 )  

1 . 4 8 ,  1 . 3 7 ,  
1 . 2 8  ( 2 )  

1 . 5 2 ,  1 . 4 7 ,  
1 . 3 8 ,  1 . 3 4  

1 . 3 0 ,  1 . 4 7 ,  
3.33 ((Me) 

1 . 5 4 ,  1 . 4 3 ,  
1 . 3 5  ( 2 )  

1 . 5 5 ,  1 . 4 8 ,  
1 .42,  1 .37  

a. C h e m i c a l  s h i f t s  are r e l a t i v e  to  Me4Si  (0 ppm). C o u p l i n g  c o n s t a n t s  are  i n  H e r t z .  
b. C h e m i c a l  s h i f t s  fo r  H-4, H-5, H-6, and H-6' a n d  c o u p l i n g  c o n s t a n t s  J 4 , 5 '  J 5 , 6 r  '5,61 P and J 6 , 6 t  1 were o b t a i n e d  by spectral  s i m u l a t i o n .  

W 
W 
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c 
0 
0 

TABLE 2. 13C N R  Spectra Dataa 

19 - 17 - - 15 - 16' - 14 - 13 compound - g b  
c-1 71.5 96.3 105.1 71.7 109.8 104.7 71.8 
c- 2 102.4 71.0d d 83.gd d 100.8d 85.1d 79.5d d 103.2 
c-3 83.7d 70.8d 82.4 71.0d 82.5d 77.gd 79.0d 

d 
c-4 74.2d 70.4 79.3 70.8d 81.7 77.5d 74.1 
c-5 74.2 64.7 71.9 70.0 72.9 75.1 73.9 

C-6 60.2 71.7 67.4 61.5 66.0 60.5 

M"2S 113.0 110.0 112.7 109.4 113.0 114.0 112.8 
110.2 110.0 109.8 109.3 110.3 110.1 

(CH3) 2c 30.2 26.0 26.9 26.4 26.4 27.1 27.7 
27.5 26.0 26.6 25.8 24.9 26.5 26.4 
26.0 24.9 26.2 24.9 26.3 26.2 
25.5 24.4 25.1 24.0 24.8 25.9 

a. Chemical Shifts are relative to Me4Si (0 ppm). 
b. There is an additional absorption at 118.0 ppm 

c. 
d. Assignments may be interchanged. 

(JcF = 320 HZ). 
There is an additional absorption at 55.2 ppm (OCH3). 

m 
H z 
P 
2 
5 
W 
74 
0 
X 
0 r 
H 
n 
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SUGAR NITRATES 101 

water. T h e  p h a s e s  were separated and t h e  aqueous  p h a s e  
was e x t r a c t e d  w i t h  50 mL of  CH2C12. 

o r g a n i c  l a y e r s  were d r i e d  (Na2S04) and t h e  s o l v e n t  
d i s t i l l e d  under  reduced  p r e s s u r e .  T h e  r e s i d u e  was 
e x t r a c t e d  w i t h  t h r e e  25 mL p o r t i o n s  of  hexane.  The  
hexane  was d i s t i l l e d  under  reduced  p r e s s u r e ,  f i r s t  
w i t h  a water a s p i r a t o r  and t h e n  w i t h  a m e c h a n i c a l  
pump, t o  g i v e  1 . 5  g (3 .8  mmol, 99% y i e l d )  of 1,2:4,5-  
d i -0- i sopropyl idene-3-~- t r i f ly l -6-~- f ruc topyranose  - - 

1 (a) as a c lear  s y r u p .  ( H and 1 3 C  NMR spectra of  6 
are g i v e n  i n  T a b l e s  1 and 2 ,  r e s p e c t i v e l y . )  T h i s  
mater ia l  began to  t u r n  color (red-brown) i n  a few h 
a t  room t e m p e r a t u r e  and decomposed s i g n i f i c a n t l y  
a f t e r  24 h .  I t  was s t a b l e  f o r  d a y s  a t  -20 O C .  

The  combined 

S y n t h e s i s  of t h e  Nitrates 13-17 and 1 9 .  The  
n i t r a t e s  13-17 e a c h  were s y n t h e s i z e d  by two methods ,  
t r i f l a t e  d i s p l a c e m e n t  and n i t r a t i o n  w i t h  n i t r i c  a c i d  
i n  ace t ic  a n h y d r i d e .  1,2:4,5-Di-~-isopropylidene-3- 
Q-nitro-8-p-f - r u c t o p y r a n o s e 1 2  (2) was s y n t h e s i z e d  o n l y  
by t h e  l a t t e r  method. 

- A.  Nit ra te  F o r m a t i o n  by T r i f l a t e  D i s p l a c e m e n t  ( T y p i c a l  
P r o c e d u r e ) .  2,3:4,5-Di-g-isopropylidene-l-g-triflyl- 
6 - g - f r u c t o p y r a n o s e  - (3)  (1.50 g ,  3.82 mmol) and 2.30 g 
(7.55 mmol) of  te t rabuty lammonium n i t r a t e  were d i s -  
s o l v e d  i n  70 mL o f  benzene.  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  for 25 h and t h e  s o l v e n t  was t h e n  d i s t i l l e d  
under  reduced  p r e s s u r e  to  g i v e  a pale brown s y r u p .  
T h i s  material was e x t r a c t e d  w i t h  t h r e e  50 mL p o r t i o n s  
o f  h o t  hexane.  The  combined e x t r a c t s  were f i l t e r e d  
and t h e  hexane was e v a p o r a t e d  under  reduced  p r e s s u r e  
to  g i v e  0.99 g (3.2 mmol, 85% y i e l d )  o f  a s l i g h t l y  
y e l l o w  s y r u p .  T h i s  material was homogeneous by TLC 
and c r y s t a l l i z e d  on s t a n d i n g .  I t  was r e c r y s t a l l i z e d  
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102 BINKLEY AND KOHOLIC 

from hexane ,  mp 72-73 O C  and i d e n t i f i e d  as  2,3:4,5- 
di-2-isopropylidene-1-g-nitro-B-pfructopyranose - (15) 
on t h e  b a s i s  of i t s  'H NMR ( T a b l e  1) and 1 3 C  NMR 

( T a b l e  2 )  s p e c t r a  and i t s  e l e m e n t a l  a n a l y s i s .  A n a l .  
C a l c d  f o r  C12H19N08: C ,  47.21; H ,  6.27; N ,  4 .59.  
Found: C ,  47.46; H ,  6 .31;  N ,  4.42 F u r t h e r  c o n f i r m a -  
t i o n  of t h e  s t r u c t u r e  of 15 (and t h e  o t h e r  carbo-  
h y d r a t e  n i t r a t e s )  was o b t a i n e d  f rom its i n d e p e n d e n t  
s y n t h e s i s  as d e s c r i b e d  below i n  p a r t  B .  

g .  Ni t ra t e  F o r m a t i o n  by R e a c t i o n  With N i t r i c  Acid  
i n  Acetic Anhydr ide .  The  p r o c e d u r e  was e s s e n t i a l l y  
t h a t  r e p o r t e d  by Honeyman and S t e n i n g . l  

2-isopropylidene-B-p-frucotpyranose" - (2) (6 . O O  9 ,  
23.1 m m o l )  was d i s s o l v e d  i n  20 mL of acetic a n h y d r i d e  
m a i n t a i n e d  a t  0 O C .  A m i x t u r e  of  r e d ,  fuming n i t r i c  
a c i d  (2.90 mL,  69.2 m m o l )  and 1 5  mL of  acetic an- 
h y d r i d e ,  a l so  a t  0 OC was added s l o w l y  t o  t h e  r a p i d l y  
s t i r r e d  s u g a r  s o l u t i o n .  The  r e a c t i o n  m i x t u r e  was h e l d  
a t  0 O C  f o r  an a d d i t i o n a l  30 min and t h e n  poured  i n t o  
100 mL o f  ice water and s t i r r e d  f o r  5 min.  The  aqueous  
l a y e r  was d e c a n t e d  and t h e  r e m a i n i n g  y e l l o w  oil was 
s t i r r e d  w i t h  50 mL o f  s a t u r a t e d  NaHC03. The  aqueous  
l a y e r  was d e c a n t e d  and t h e  r e s i d u e  was washed twice 
w i t h  ice water. Dur ing  t h e  washing p r o c e s s ,  t h e  o i l  
c r y s t a l l i z e d .  T h i s  material  was r e C K y S t a l l i z e d  from 
hexane to  g i v e  5.5 g (18.0 m m o l ,  78% y i e l d )  o f  t h e  
n i t r a t e  15, mp 72-73 OC, i d e n t i c a l  w i t h  t h e  m a t e r i a l  
o b t a i n e d  from t r i f l a t e  d i s p l a c e m e n t .  

13-17 and  9 are  g i v e n  i n  T a b l e s  1 and 2.  T h e s e  com- 
pounds were homogeneous by TLC ( s i l i c a  g e l ,  1 :9 ,  e t h e r -  
h e x a n e ) .  P r o d u c t  y i e l d s  f rom t r i f l a t e  d i s p l a c e m e n t  and 

2,3:4,5-Di- 

1 The H and 13C NMR spectra  of  t h e  n i t r a t e s  
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SUGAR NITRATES 103 

from the nitric acid reaction are given in Table 3. Com- 
pounds g 4 ,  bJ4, and 2l3had been previously prepared and 
were identical to the materials described in the litera- 
ture. The elemental analysis and mp for 2 are given 
above. Compound 16 was a syrup. Anal. Calcd for 
CgH15N07: C, 43.37; HI 6.07; N, 5.62. Found: 
C, 43.14; HI 5.93; N, 5.40. Compound - 17 crystallized 
and was recrystallized from hexane. Anal. 
Calcd for Cl2HlgNO8: C, 47.21; HI 6.27; N, 4.59. 
Found: C, 46.99; H, 6.37; N, 4.63. 

Reaction of 1,2 :5 ,6-Di-~- i sopropyl idene-3-O- t r i f ly l  

a-Q-glucofuranose - (2) With Tetrabutylammonium Nitrate. 

The reaction of the triflate 2 (1.50 g ,  3.42 mmol), 
tetrabutylammonium nitrate (2.30 g, 7.55 mmol) , and 
NaHC03 (1.0 g, 11.9 mmol) was conducted as described 
in the general procedure. TLC analysis of the reaction 

TABLE 3. Product Yields From Preparation of Nitrates 
-- 13-17 and 2. 

Percent Yield 

Compound Triflate Displacement Nitric Acid -- 
L3 93 69 

- 14 

15 

16 

- 
- 
- 17 

19 - 

SOa 

88 

72 

98 
-- 

70 

92 

95 

74 

95 

a. Compound 18 also formed in 50% yield. 
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104 BINKLEY AND KOHOLIC 

mixture after "work-upn showed that it consisted of 
a mixture of two compounds. These were separated on 
a 2.5 x 10 cm column of silica gel (240-400 mesh) using 
1:9 ether-hexane. The first 100 mL contained 0.41 g 
(1.7 mmol, 50% yield) of 1,2:5,6-di-g-isopropylidene- 
a-Q-ribo-hex-3-enofuranose - -  (l8), identified by comparison 
of its NMR spectra with those of an authentic sample. 
The second 100 mL contained 0.52 g (1.7 mmol, 50%) 
of 1,2:5,6-di-g-isopropylidene-3-~-nitro-a-Q-a110- - 
furanose (2). 

13 

Reaction of 1,2:5,6-Di-g-isopropyl~dene-3-O-triflyl- 
--I-- ~ - - - ~ - - _ _ - -  

8-Q-fructopyranose (6) with Tetrabutylammonium Nitrate. 

The reaction between the triflate 6 and tetrabutyl- 
ammonium nitrate was conducted as described in the 
general procedure for triflate displacement. TLC 
analysis of the reaction mixture indicated that it 
was complex; it was not analyzed further. 

---~ - 

Reaction of 1,2:4,5-Di-g-isopropylidene-3-g-nitro- 
___-- l____l--- 

8-D-fructopyranose (19) With Hydrazine Hydrate. 

1,2:4,~-Di-g-isopropyl~dene-3-~-n~tro-~-~-fructopyranose - 
(19) - (1.13 g, 3.70 mmol) and 0.42 mL (7.4 mmol) of 
hydrazine hydrate were dissolved in 30 mL of ethanol 
and the solution refluxed for 1.5 h. The ethanol and 
water were distilled under reduced pressure and the 
residue dissolved in hot hexane. Distillation of the 
hexane left compound IJ (0.86 g, 3.3 mmol, 89%), identi- 

11 fied by comparison of NMR spectra with a known sample. 

- I---- -- - 

photolysis of the Nitrates 13-17 and 19. The fol- 
lowing procedure was used for the photolysis of compounds 
12-11 and 2. (Compound 12 is used as an example.) 
2,3:4,5-Di-g-isopropylidene-l-g-nitro-8-~-fructopyranose 
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SUGAR NITRATES 105 

(15) 
were dissolved in 250 mL of 2-propanol and purged with 
nitrogen for one h. The nitrogen purge was continued 
during three h of irradiation using a Corex-filtered, 
450-W Hanova, mercury-vapor lamp. After irradiation, 
the solvent was distilled to give a residue which soli- 
dified. The hexane soluble material was extracted to 
give 0.94 g (3.6 mmol, 97%) of 1,2:4,5-di-g-isopropyli- 
dene-8-Q-f ructopyranose (9) . l2 
compounds 13, 3.6, J.7, and 2 gave the corresponding 
deprotected alcohols 2 (loo%), 10 (96%), 11 (loo%), and 
12 (9281, respectively. Irradiation of 12 gave 2 
(100%). These compounds were identical ( H NMR) to 
independently obtained samples. 

(1.00 g, 3.3 m01) and 0.73 g (8.7 m01) of NaHC03 

Similar irradiation of - 

1 

Photolysis of 1,2:5,6-Di-g-isopropylidene-3-g- 

nitro-a-g-allofuranose (17) in 2-Propanol-d8. Compound 

11 (0.10 g,.33 mmol) was dissolved in 5 mL of 2-propanol- 
d8, purged with nitrogen for 10 min, and irradiated 
for 5 h using a Rayonet photochemical reactor equipped 
with 2537 8 lamps. 
distilled and the H NMR spectrum of the residue showed 
that 11 had formed with no deuterium incorporation 
at C3. 

---- 
----I 

- 
~ _ l _ - l _  

After irradiation the solvent was 
1 
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