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Departamento de Quirnica Orghica, 
Facultad de Ciencias Exactas y Naturales, 

Universidad de Buenos Aires, Ciudad Universitaria, 
1428 Buenos Aires, Argentina 
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ABSTRACT 
The title compound was synthesized in four steps from !- 

glucono-1,5-lactone. Reduction of 2,4,6-tri-0-benzoyl-3-deoxy-D- 
arabino-hexono-1,s-lactone (1) with disiamylborane afforded 2,t,6- 
tri-~-benzoyl-3-deoxy-D-arabino-hexopyranose (2) which, on 
debenzoylation, gave 3-deoxy-D-arabino-hexose 73). Tautomeric 
equilibrium of 2 was studied by 'H and 13C NMR spectroscopy. 

INTRODUCTION - 
Aldonolactones have been used in our laboratory as 

starting materials for the synthesis of deoxy, 1,2 

dideoxy3' and trideoxy sugars5" r& 6-elimination 
reactions. Thus, 2,4,6-tri-0-benzoyl-3-deoxy-g- 
arabino-hexono-1,s-lactone (1) was obtained' in two 
steps from g-glucono-1,5-lactone. - The high yield and 
simplicity of the reactions suggested the use of 1 
for the synthesis of 3-deoxy-g-arabino-hexose by 
reduction with a dialkylborane. - 8  

On the other hand, it was interesting to study 
the tautomeric equilibrium of this sugar to substantiate 
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220 DU MORTIER AND DE LEDEWEMER 

the previous observation that removal of the hydroxyl 
group from C-3 causes an increase in the furanose forms. 
Apparently, this equilibrium was not reported for 
3-deoxy-g-arabino-hexose, - although quantitative data 
obtained from analysis of the 'H NMR spectrum' and 
13C NMR studies were published for the epimeric 3-deoxy- 
g-ribo-hexose (4). 10 

RESULTS AND DISCUSSION 

2,4,6-Tri-~-benzoyl-3-deoxy-~-arabino-hexono-l,5- - 

lactone (L)  obtained as previously reported7 was reduced 
with disiamylborane in tetrahydrofuran to afford 2,4,6- 
tri-~-benzoyl-3-deoxy-~-arabino-hexopyranose - (2) as a 
syrup. The yield (81%) was determined by the anthrone 
reaction" after debenzoylation with methanolic sodium 
methoxide in chloroform solution and extraction of the 

I sugar into water. The H NMR spectrum showed only the 
more stable ct-anomer with H - 1  at 6 5.3 and J1,2=1i Hz. 
A l s o ,  only signals for one anomer appeared in the C 
NMR spectrum (Table 1). Assignments for lactone 1 were 
made by comparison with the 13C NMR data of 2,4-di-O- 
benzoyl-3,6-dideoxy-~-arabino-hexono-l, - 5-lactone12 (5)  
previously assigned by single frequency decoupling. 
As expected the chemical shifts of C-1, C-2 and C-3 
are very similar for these deoxy lactones. The C-4 
resonance in 1 is shifted upfield ( - 3 . 4 9  p.p.m.) in 
comparison with C-4 in 2 due to steric crowding 
produced by the benzoyloxy group on C-6 of 1, which 
adopts a distorted chair conformation. 
of 2 with sodium methoxide in chloroform was very fast, 
and after 0.5  h at 0 OC, the free sugar was obtained 
crystalline from isopropanol. This is a convenient 
procedure to synthesize 3-deoxy-D-arabino-hexose (3) 
in four steps from inexpensive D-glucono-1,S-lactone. 

- 

Debenzoylation 

- 
- 
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TABLE 1 W 
I 
U 
m 

8 
l3C NMR Chemical Shifts of Compounds 1-1 (6 p.P.m.) 

Compound - C-6 C=O (benzoates ) c-5 c- 4 c- 3 c-2 c-1 - - - - - 

- 1 167.20 64.73 30.95 66.78 77.70 63.46 165.72 
165.09 

165.12 - 59 167.58 64.79 30.09 70.27 76.62 19.14 

- 2 90.93 68.75 28.72 65.39 70.44 63.57 166.32 
165.53 
165.27 

- 3 a-p 93.54 68.82 33.95 62.55 74.36 62.02 

- 3 6-p 95.50 68.62 37.76 62.44 80.73 62.26 

I 3 a-f 102.89 76.14 33.12 79.00 73.70 63.70 

- 4-a-p 91.79 67.44 34.69 65.18 73.05 61.63 

- 4 0-p 98.78 69.68 39.27 65.32 82.83 61.87 

- 4 a-f 97.35 73.85 31.92 77.57 71.59 63.45 

- 4 8-f 102.61 76.53 33.65 79.96 73.94 63.81 

b 

N 
N 

- + 
3 The data fcr compound 1 are taken from Ref. 12, Ref. 10. 
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222 DU MORTIER AND DE LEDERKREMER 

1 - 2 - 3 - 

The o v e r a l l  y i e l d  ( 7 0 % )  c o m p a r e s  f a v o r a b l y  w i t h  

p r e v i o u s l y  r e p o r t e d  m e t h o d s .  The  e p i m e r i c  m i x t u r e  of 

3 -deoxy-D- r ibo -hexose  a n d  3-deoxy-~-arabino-hexose - was 
p r e p a r e d  from 2-deoxy-D-erythro-pentosel3 - b y  t h e  

n i t r o m e t h a n e  c h a i n - l e n g t h e n i n g  me thod  i n  c o m b i n e d  

y i e l d  of 65%. A n o t h e r  r o u t e  i n v o l v e d  r e d u c t i v e  o p e n i n g  

of methyl-2,3-anhydro-4,6-O-benzylidenzylidene- a-2-manno-  - 

p y r a n o s i d e .  S u b s e q u e n t  ac id  h y d r o l y s i s  g a v e  3-deoxy-  

Q - a r a b i n o - h e x o s e  w i t h  a n  o v e r a l l  y i e l d  o f  3% from 

Q - g l u c o s e .  - 

s o l u t i o n  w a s  s t u d i e d  b y  'H NMR a n d  1 3 C  p u l s e d  F o u r i e r -  

t r ans fo rm NMR s p e c t r o s c o p y .  T h r e e  a n o m e r i c  s i g n a l s  

c o u l d  be a s s i g n e d  i n  t h e  'H NMR s p e c t r u m ,  a t  6 5 . 2 7  

( a - f u r a n o s e ,  J < 1); 5.00 ( a - p y r a n o s e ,  J < 1) 
a n d  4.88 ( f 3 - p y r a n o s e ,  J 1 , 2 = 1 . 2 ) .  A l s o ,  o n l y  t h r e e  

s i g n a l s  were e v i d e n t  f o r  C - 1  a n d  a l l  t h e  o t h e r  c a r b o n s  

i n  t h e  1 3 C  NMR s p e c t r u m  ( F i g .  1). A s m a l l  s i g n a l  a t  6, 

3 2 . 1  c o u l d  b e  a t t r i b u t e d  t o  C-3 o f  t h e  B - f u r a n o s e  form. 
T a k i n g  i n t o  a c c o u n t  t h a t  t h e  s p e c t r u m  was recorded 
a f t e r  5 0 , 4 9 5  s c a n s ,  o n l y  t races  o f  t h i s  form w o u l d  be 

p r e s e n t .  A s s i g n m e n t s  were made b y  c o m p a r i s o n  o f  t h e  

c h e m i c a l  s h i f t s  of t h e  c o r r e s p o n d i n g  carbons f o r  3 a n d  

t h o s e  f o r  t h e  p y r a n o s e  a n d  f u r a n o s e  forms of 3-deoxy-  

- D - r i b o - h e x o s e  (4-1, r e s p e c t i v e l y  ( T a b l e  1). A l s o ,  t h e  

r e l a t i v e  i n t e n s i t i e s  o f  t h e  p e a k s  were t a k e n  i n t o  a c c o u n t .  

The  most s i g n i f i c a t i v e  d i f f e r e n c e s  f o r  t h e  p y r a n o s e  

- -  

14 
- 

T a u t o m e r i c  e q u i l i b r i u m  of compound 3 i n  a q u e o u s  

1,2 1,2 

10 
- -  
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Fig. 1. 13C NMR spectrum (25.2 MHz) of 3-deoxy-D- - 
arabino-hexopyranose (80 mg in 4 mt H20-D20): 50,495 
pulses; spectral width 3000 Hz; puise delay 0.5 s; pulse 
widtn 40 us. 

N 
t3 
W 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



224 DU MORTIER AND DE LEDERKREMER 

f o r m s  of t h e  e p i m e r i c  3-deoxy s u g a r s  (3  a n d  4) a r e  

o b s e r v e d  b e t w e e n  t h e  C-4 r e s o n a n c e s .  The s i g n a l s  a p p a r  

a t  a b o u t  3 p.p.m. h i g h e r  f i e l d  i n  compound 3 due  L o  t h e  

a x i a l  i n t e r a c t i o n  b e t w e e n  H-4 a n d  t h e  2-OH. A s imi la r  

d i f f e r e n c e  was shown b y  t h e  a n o m e r i c  c a r b o n s  of t h e  

- p y r a n o s e  forms.  Agreemen t  w a s  f o u n d  b e t w e e n  t h e  

v a l u e s  f o r  t.he a - f u r a n o s e  f o r m  of  1. a n d  t h o s e  f o r  t h e  

B- fu ranose  o f  4 w i t h  t h e  same  r e l a t i o n s h i p  b e t w e e n  

C - 1  a n d  C-2. 

H o r t o n  a n d  Walaszek15  h a v e  d e m o n s t r a t e d  t h a t  

p a r t i a l l y  r e l a x e d  1 3 C  NMR s p e c t r a  c a n  'be u s e d  t o  

d e t e r m i n e  t h e  e q u i l i b r i u m  c o m p o s i t i o n .  The p r o p o r t i o n s  

of t a u t o m e r i c  forms of compound 2 were e s t ima ted  b y  

a v e r a g i n g  t h e  i n t e g r a t e d  i n t e n s i t i e s  o f  t h e  r e s o n a n c e s  

of C - 1  a n d  C - 3 ,  w h i c h  w e r e  w e l l  s e p a r a t e d  from o t h e r s ,  

i n  t h e  r e s p e c t i v e  a n o m e r s  ( T a b l e  2 ) .  A g o o d  c o r r e l a t i o n  

TABLE 2 

E q u i l i b r i u m  C o m p o s i t i o n  o f  3-Deoxy-~-arabino-hexose. - 

a C o m p o s i t i o n  of m i x t u r e -  

T a u t o m e r i c  form 'H NMR 1 3 C  NMR 

3-deoxy-D-arabino-hexose - 

L p y r a n o s e  

k p y r a n o s e  

a - f u r a n o s e  

53 .4  56 .6  

30 .0  2 5 . 7  

1 6 . 6  1 7 . 6  

3 -deoxy-Q- r ibo -hexose  - -  
C 2 6- b L p y r a n o s e  24.5- 

512 b 5 5- 
b L f u r a n o s e  5- 

13- f u r  a n o s  e 

6- p y r  a n o s e 
C 6- 

1 7 5  b 15 .5 -  - -- 
a + b C - P e r c e n t a g e s  ( -  2 % ) :  - R e f . 9 ;  - Ref .10  
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w i t h  t h e  d a t a  from 'H NMR s p e c t r o s c o p y  was o b t a i n e d .  The 

f u r a n o s e  form is p r e s e n t  i n  a s u b s t a n t i a l  amount ,  w h i l e  
o n l y  0.6% of t h e  a - f u r a n o s e  and  0.3% of t h e  p f u r a n o s e  

t a u t o m e r  were detected i n  t h e  c o n f i g u r a t i o n a l l y  related 
D-mannose. l6 T h i s  i s  b e c a u s e  r e p l a c e m e n t  of t h e  3-OH 

by H r e m o v e s t h e  c i s  i n t e r a c t i o n  w i t h  t h e  b u l k y  side 

c h a i n  i n  t h e  f u r a n o s e  c o n f i g u r a t i o n .  It  i s  i n t e r e s t i n g  
t o  compare t h e  d a t a  w i t h  t h o s e  r e p o r t e d  f o r  compound 4. 
A s  e x p e c t e d  t h e  L a n o m e r s  are  t h e  more s t ab le  forms 
of compound 2 a t  e q u i l i b r i u m .  

- 

EXPERIMENTAL 

G e n e r a l  P r o c e d u r e s .  M e l t i n g  p o i n t s  were determined 
w i t h  a Kofler h o t  p l a t e  a p p a r a t u s  and  a r e  uncorrected. 
O p t i c a l  r o t a t i o n s  were recorded w i t h  a Perk in-Elmer  1 4 1  

p o l a r i m e t e r  and  I R  s p e c t r a  w i t h  a Perk in-Elmer  Model 4 2 1  

s p e c t r o p h o t o m e t e r .  'H NMR s p e c t r a  were recorded w i t h  a 
V a r i a n  XL-100-15 s p e c t r o m e t e r  f o r  s o l u t i o n s  i n  c h l o r o f o r m  
d w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d  f o r  t h e  
b e n z o y l a t e d  s u g a r ,  and  i n  D 2 0  w i t h  sodium 4 ,4-d imethyl -  

4-silapentane-1-sulfonate ( D S S )  a s  i n t e r n a l  r e f e r e n c e  
f o r  t h e  f ree  s u g a r .  To r e d u c e  t h e  H 2 0  s i g n a l ,  t h e  

s o l u t i o n  of t h e  sugar  i n  D 2 0  w a s  r e p e a t e d l y  l y o p h i l i z e d .  
P r o t o n  d e c o u p l e d ,  n a t u r a l  abundance  1 3 C  F o u r i e r - t r a n s f o r m  
NMR s p e c t r a  were o b t a i n e d  a t  25.2 MHz u s i n g  a 620 L-100 
computer  i n t e r f a c e d  t o  a Sykes  7000 d u a l  d i s k  d r i v e .  

Samples  were s p u n  i n  1 2  mm t u b e s  a t  %30 O C .  S u b s t i t u t e d  
s u g a r s  were d i s s o l v e d  i n  c h l o r o f o r m - d  w i t h  t e t r a m e t h y l -  
s i l a n e  a s  i n t e r n a l  s t a n d a r d .  The free s u g a r  was 
d i s s o l v e d  i n  H 2 0 - D 2 0  ( l : l ) ,  and d i o x a n e  was u s e d  a s  
e x t e r n a l  s t a n d a r d  ( 6 67.4 ppm d o w n f i e l d  from Me4Si) .  

S p e c t r a  were r e c o r d e d  a t  % 3 0  OC a f t e r  c o m p l e t e  

m u t a r o t a t i o n .  TLC was per formed on  s i l i c a  gel G ( M e r c k )  

w i t h  b e n z e n e - e t h y l  a c e t a t e  (9:l). D e t e c t i o n  was effected 

w i t h  i o d i n e  v a p o r .  

- 
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226 DU MORTIER AND DE LEDERKREMER 

2,4,6-Tri-~-benzoyl-3-deoxy-~-arabino-hexopyranose - (2) 
2,4,6-Tri-~-benzoyl-3-deoxy-~-arabino-hexono-1,5-1actone - 
(L)  was prepared as previously reported7 in 90% yield 
from D-glucono-1,5-lactone and was reduced with disiamyl- 
borane according to the procedure described by Kohn et al. 
To a solution containing 5.2 mmol of freshly prepared 
bis-(3-methyl-2-butyl)borane in terahydrofuran under 
nitrogen, 0 .500  g (1.05 rnmol) of 1. in 3 mL of tetrahydro- 
furan was added. After stirring for 20 h at room 
temperature, the reaction was interrupted by the 
slow addition of 5 mL of water and further stirred 
for 0.5 h. After cooling to 0 OC, 3 mL of 30% hydrogen 
peroxide was slowly added while keeping the pH of the 
solution between 7 and 8 with 3M sodium hydroxide. After 
1 h the solution was extracted with dichloromethane, 
the organic layer was washed with water, dried (magnesium 
sulfate) and concentrated to a syrup. An aliquot was 
debenzoylated' and reducing sugar was determined by the 
anthrone method (81% yield).'' The crude product was 
purified by dry column chromatography on silica gel 
(Davison) using benzene with increasing concentrations 
of ethyl acetate as eluent. 2,4,6-Tri-0-benzoyl-3- 
deoxy-D-arabino-hexopyranose - ( 2 )  having R F  0.38 was 
obtained as a chromatographically homogeneous syrup: 
[U]i3+4.70 (c - 4.5, chloroform); vi:dol 3300 (OH) and 
1700 cm-l (benzoyl C = O ) ;  'H NMR: 6 8-7.2 ( m ,  1 5  H, 
3 B z O ) ,  5.6 ( m ,  H-41, 5.3 (d, J lHz, H-11, 5.25 
( m ,  H-21, 4.60-4.44 ( m ,  H-5,6,6'), 3.84 (broad, 
disappeared on deuteration, OH), 2.5-2.25 ( m ,  H-3a, 
H-3e 1 .  l3C NMR data are shown in Table 1. 

8 - 

1,2 

Anal. Calcd for C27H2408: C, 68.06; H ,  5.04. 
Found: C, 68.08; H ,  5.32. 

3-Deoxy-D-arabino-hexose. Conpound 2 (187 mg, 0.39 
m m o l )  was dissolved in chloroform(5 m L )  and sodium 
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3-DEOXY-Q- ARABINO-HESE 227 

m e t h o x i d e  i n  m e t h a n o l  ( 5  mL, 0 . 5  M )  was added. After 

0 . 5  h a t  0 OC, t h e  s o l u t i o n  was  ex t rac ted  w i t h  water,  
d e c a t i o n i z e d  w i t h  Amberlite I R  1 2 0  ( H ' f  a n d  evaporated 
t o  a s y r u p  t h a t  c r y s t a l l i z e d  from i s o p r o p a n o l  ( y i e l d  

7 6 . 5 % ) :  mp a n d  m m p  140-142 OC; (a);' + 5 1 . 8 0  ( 2  0 . 5 ,  

water)  ; l i t l 3 r n p  143-144 OC,[a)~$520 (water)  ; lit14 mp 
141-142  O C ,  

r o t a t i o n )  : 6 5.27 ( H - 1  - f ) ,  5 .00  ( H - 1  a - p )  , 4 . 8 8  
[a]$' + 5 3 . 1 ° ( w a t e r ) ;  'H NMR ( a f t e r  rnuta- 

( d ,  J 1 , 2 = 1 . 2  Hz, H - 1  B - p ) .  
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