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A B S T R A C T .  

The r e d u c t i o n  o f  t w o  p e r a c e t y l a t e d  a r y l  2-deoxy-a-  
Q - C - h e x - 2 - e n o p y r a n o s i d e s  by s e v e r a l  r e a g e n t s  i s  d e s c r i -  
6 e d .  T h e  s t e r i c  c o u r s e  o f  t he  r e a c t i o n  i s  d i s c u s s e d .  

I N T R O D U C T I O N .  

Much researc‘h i s  currently devoted t o  the synthesis o f  
C-glycosides because many o f  them a re  present i n  natura l  products 
o f  biological importance.’ ’2 The ease o f  preparation and a t t rac t ive  
y i e 1 d s o b t a i n ed f o r ( 3 , 4 , 6 - t r i - O_- a c e t y  1 - 2 - d eox y -a- Q - eh y t h h o  - hex - 2 - 
enopyranosyl )benzene - 1 and  i t s  tkrreo- epimer - 2 by arylation of 
g l y ~ a l s ~ ’ ~  prompted us t o  investigate the reduction of these 
compounds as a route t o  a r y l  2-deoxy-C_-glycosides. 

- 

*For preceding papers, see refs. 3 and  4 .  
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142 BELLOSTA, CZERNECKI, AND PERLAT 

I n  p r i n c i p l e ,  s t e r e o s e l e c t i v e  r e d u c t i o n  o f  t h e  doub le  bond 

would a l l o w  these compounds t o  serve  a s  p r e c u r s o r s  t o  a r y l  2-deoxy- 

a-D-C-hexopyranosides - hav ing  hibo- - 3, ahtzbino- - 4 ,  r y lo -  5 and 

eyxo- - 6 c o n f i g u r a t i o n s  (scheme 1 ) .  
Th i s  s tudy  desc r ibes  t h e  r e a c t i o n  o f  seve ra l  r e d u c i n g  agents  

w i t h  - 1 and - 2 as model compounds. 

Scheme 1.  

(-J ~ p h * c o ~ m A c o ,  

AcO Ph ACO 

OAc QAC 

5 6 - - 4 - 3 - 
)Lib0 atlabino xylo eyxo 

RESULTS AND DISCUSSION 

F i r s t  a t tempts  were made t o  reduce 1. and 2 w i t h o u t  c l e a v i n g  - 
t h e  ace ta tes .  Hydrogenat ion i n  t h e  presence of  heterogenous 

c a t a l y s t s  d i d  no t  reduce t h e  e n o l - e s t e r  f u n c t i o n  i n  agreement w i t h  

p r e v i o u s  resu l t s , ’  a1 though such f u n c t i o n  has a l r e a d y  been reduced 

under these cond i  t i ons .6  The NaBH4-AcOH system which has been success- 

was a l s o  t r i e d .  However, no t rans fo rma t ion  of  t h e  s t a r t i n g  m a t e r i a l  was 

observed, even a f t e r  a l o n g  r e a c t i o n  t ime.  

d o c ~ m e n t e d , ~  compounds - 1 and 2_ were d e a c e t y l a t e d  (MeONa , MeOH) t o  

genera te  t h e  3-keto group. Many spots  were d e t e c t e d  by TLC 
i n d i c a t i n g  e p i m e r i z a t i o n  a t  C - 4  o f  t h e  formed 3 - k e t o - d i o l  and/or  

f u l l y  employed t o  reduce an e n o l - e s t e r  f u n c t i o n  i n  a ke to -nuc leos ide ,  5 

Since the  r e d u c t i o n  o f  ke to-sugar  w i t h  hyd r ides  i s  w e l l  
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C-GLYCOSIDES. V 143 

i s o m e r i z a t i o n  t o  4 - k e t o - d i o l s .  A l though we demonstrated t h a t  t h e  

e n o l - e s t e r  f u n c t i o n  o f  1 and z r e a c t s  s e l e c t i v e l y  w i t h  hydroxy lamine 

h y d r ~ c h l o r i d e , ~  i t s  s e l e c t i v e  h y d r o l y s i s  t o  t h e  a c e t y l a t e d  3 -ke to  

d e r i v a t i v e s  was n o t  p o s s i b l e .  
Consequent ly,  t h e  reduc t i ons  w i t h  hyd r ides  were c a r r i e d  o u t  

d i r e c t l y  on t h e  p e r a c e t y l  a t e d  compounds. The s te reochemica l  course 

o f  t h e  r e a c t i o n  was determined by GLC a n a l y s i s  a f t e r  a c e t y l a t i o n  

o f  t h e  crude m i x t u r e  (see Table I ) .  
Reduct ion  o f  - 1 w i t h  potassium bo rohydr ide  i n  aqueous methanol 

a t  0 "C i n  t h e  presence o f  a c a t a l y t i c  amount o f  sodium methoxide 

a f fo rded,  a f t e r  r e a c e t y l a t i o n ,  a m i x t u r e  o f  2 (60%) and - 4 (40%)  i n  

v e r y  good y i e l d .  These compounds were separa ted  by  column chromato- 

graphy and t h e i r  c o n f i g u r a t i o n  was deduced from i n t e r p r e t a t i o n  o f  

t h e i r  H NMR spec t ra .  The c o u p l i n g  cons tan ts  o f  t h e  pyranosy l  1 

Tab le  I .  S t e r e o s e l e c t i v i t y  o f  t h e  r e d u c t i o n  o f  1 and 2. 

E n t r y  

1 
2 

3 
4 

5 
6 
7 

a 
9 

10 

S t a r t i n g  

compound 

1 
1 
1 
1 
1 
1 
1 

2 
2 
2 

Reducing c o n d i t i o n s  

KBH4,MeO-,MeOH,00C 

L i A1 H4, Et20, 0 "C . 
L i A1 H4 ,THF ,O "C . 
V i  tr i  de* ,THF ,O "C . 
Vitride*,DME,O"C. 

V i  tri de ,THF ,O "C . b 

R a t i o  o f  epimers 

i n  p r o d u c t a a  

3 

60 40 
45 55 
40 60 
68 32 
58 42 
39 61 

4 - - 

V i  tride*,PhCH3,0'C. 35 65 

6 - 5 - 
KBH4,MeO-,MeOH,O"C. 27 73 
L i A l  H4,THF,0"C. 54 46 

V i t r i d e  ,THF,O"C. 28 72 
* 

a. C a l c u l a t e d  by GLC a n a l y s i s .  b. P a r t l y  d e a c t i v a t e d  V i t r i d e  

Trade mark f o r  sodium bis(2-methoxy-ethoxy)aluminium h y d r i d e .  
1 
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144 BELLOSTA, CZERNECKI,  AND PERLAT 

r i n g  p ro tons  i n d i c a t e d  t h a t  compound - 3, t o  wh ich  

c o n f i g u r a t i o n  was ass igned,  e x i s t e d  i n  t h e  -C4(D) 

S i g n i f i c a n t l y ,  t h e  a x i a l  p o s i t i o n  o f  H - 1  and H-3 was con f i rmed  by 

l a r g e  a x i a l - a x i a l  c o u p l i n g  c o n s t a n t  (J1,2a= 9Hz and J2a,3= 9,5Hz) .  

c o n f i g u r a t i o n ,  a1 though o n l y  one o u t  o f  t h e  t h r e e  c o u p l i n g  cons tan ts  

of  H-3 cou ld  be measured. C h a r a c t e r i s t i c  chemical  s h i f t s  and s p i n  

c o u p l i n g  o f  t h e  r i n g  p r o t o n s  s tand  i n  c l e a r  c o n t r a s t  t o  t h e  va lues  

f o r  t h e  h i b o  produc t  - 3. From these va lues  i t  was deduced t h a t  t h e  

4C,(D) conformat ion ,  i n  wh ich  o n l y  t h e  b u l k y  a romat i c  r i n g  i s  

a x i a l l y  o r i e n t e d ,  i s  t h e  p r e f e r r e d  con fo rma t ion  f o r  compound - 4. 

When t h e  r e d u c t i o n  o f  - 1 was c a r r i e d  o u t  w i t h  l i t h i u m  aluminum 

h y d r i d e  t h e  p r o p o r t i o n s  

2 -6 )  and t h e  y i e l d s  were s y s t e m a t i c a l l y  l ower ,  l i k e l y  due t o  s t r o n g  
c o o r d i n a t i o n  between t h e  p o l y h y d r o x y l a t e d  p r o d u c t  and m e t a l l i c  i o n s .  

t h e  C-4 c o n f i g u r a t i o n  o f  t h e  s t a r t i n g  m a t e r i a l  were de tec ted ,  

i n d i c a t i n g  t h a t  no e p i m e r i z a t i o n  a t  C-4 ocu r red  d u r i n g  t h e  r e a c t i o n ;  

t he  ke to-sugar  1' d e r i v e d  f rom 1 b e i n g  quenched by  t h e  r e d u c i n g  

agent. 

t h e  a - p i b u -  - 
1 

con fo rma t ion .  

The s t r u c t u r e  o f  t h e  o t h e r  isomer - 4 was ass igned as t h e  m b i n o -  

o f  - 3 and 4 were d i f f e r e n t  (Tab le  I ,  e n t r i e s  

Under a l l  t h e  c o n d i t i o n s  employed, o n l y  two p roduc ts ,  hav ing  

A1 though seve ra l  f a c t o r s 8  c o u l d  i n f l u e n c e  t h e  s t e r i c  course  

of t h e  reduc t i on ,  t h e  f o l l o w i n g  f e a t u r e s  c o u l d  be p o i n t e d  

o u t .  I n  the  case o f  KBH4 i t  i s  l i k e l y  t h a t  t h e  m a j o r  p r o d u c t  3 i s  

formed by p r e f e r e n t i a l  e q u a t o r i a l  a t t a c k  o f  h y d r i d e  t o  t h e  ke to -  

a l s o  be ing  p r e f e r r e d  f o r  t h e  a c e t y l a t e d  d e r i v a t i v e  o f  l ' . '  Such a 
p re fe rence  i s  due t o  t h e  presence o f  t h e  b u l k y  phenyl  group s t a n d i n g  

a x i a l l y  @ t o  the  ke to  group t o  be reduced. The ob ta ined  p r o p o r t i o n s  a r e  

- 
sugar 1 '  s tand ing  i n  the  4 C,(D) conformat ion,  t h i s  con fo rma t ion  

i n  good agreement w i t h  t h e  r e s u l t s  o f  Murugan" and Dan ishefsky .  1 1  

- 
- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



C-GLYCOSIDES. V 145 

F o r  l i th ium-a luminum h y d r i d e  (LAH) t h e  s i t u a t i o n  i s  more 

complex s i n c e  t h e  fo rma t ion  o f  a lkoxy-a lumin ium h y d r i d e  by 

r e d u c t i o n  o f  t h e  C-6 a c e t y l  group may change t h e  con fo rma t ion  o f  

ke to -sugar  1' t o  

p o s s i b l e  because i n  t h e  s t u d i e d  compounds 

e f f e c t  t o  s t r o n g l y  d i r e c t  t h e  s t e r i c  course o f  t h e  r e a c t i o n  as i n  

2-a1 koxy-4-pyranones s t u d i e d  by Danishefsky."  I n  t h i s  even t ,  an 

i n t e r n a l  d e l i v e r y  o f  h y d r i d e  l e a d i n g  t o  /Lib0 c o n f i g u r a t i o n  c o u l d  

compete w i t h  the  no rma l l y  p r e f e r r e d  e q u a t o r i a l  a t t a c k  a f f o r d i n g  

t h e  ahabino one (Table I ,  e n t r i e s  2 and 3 ) .  

and 5 ) ,  t h e  p r o p o r t i o n s  

o b t a i n e d  w i t h  KBH4 

o f  t he  b u l k y  r e a g e h  t o  t h e  4C,(D) conformer.  

The change o f  con format ion  evoked f o r  LAH was con f i rmed  by 

complexing compound 1 o r  r e s u l t i n g  k e t o - d i o l  1' w i t h  hyd ro l yzed  

V i t r i d e ,  making t h e  i n t e r n a l  d e l i v e r y  imposs ib le .  Reduct ion  o f  t h e  

complex w i t h  t h i s  reagent  (Tab le  I ,  e n t r i e s  6 and 7 )  ocur red  by 

p r e f e r e n t i a l  e q u a t o r i a l  a t t a c k  t o  'C4(0) conformat ion ,  a f f o r d i n g  5 
as t h e  ma jo r  p roduc t .  

The r e d u c t i o n  o f  - 2 w i t h  KBH4 i n  aqueous methanol a f f o r d e d  a 

m i x t u r e  o f  - 5 and - 6 ( a f t e r  a c e t y l a t i o n )  i n  good y i e l d .  Assignement 

o f  t h e  s t r u c t u r e s  was p o s s i b l e  on t h e  m i x t u r e  by  u s i n g  2D 400 MHz 

NMR spectroscopy (COSY program). Examinat ion o f  coup1 i n g  

cons tan ts  o f  H-1,  H-3 and H-4 o f  t h e  minor  p roduc t  5 c l e a r l y  

i n d i c a t e d  t h a t  these pro tons  s tand i n  a x i a l  p o s i t i o n s ;  consequent ly  
t h e  x g l o -  c o n f i g u r a t i o n  i n  'C4(D) con fo rma t ion  i s  ass igned t o  5. The 

c o n f i g u r a t i o n  o f  t h e  major  isomer - 6 was deduced t o  be t h e  t y r o -  one 

i n  t h e  
w i t h  t h e  d i f f e r e n t  h y d r i d e s  employed. The p r e f e r r e d  c o n f o r m a t i o n  o f  - 2 '  
( ke to -sugar  d e r i v e d  f rom - 2 )  i s  p robab ly  t h e  C,(D) one as w i t h  i t s  

a c e t y l a t e d  d e r i v a t i v e . '  I n  t h i s  case, t h e  presence o f  an a x i a l  s u b s t i -  
t u a n t  a t  C-4 r e i n f o r c e d  t h e  a x i a l  approach o f  bo rohyd r ide ,  a f f o r d i n g  

10 73% o f  tyxo-  isomer - 6 ( T a b l e  1 ,en t ry  8 )  i n  agreement w i t h  Murugan. 

W i t h  LAH, t h e  p r o p o r t i o n s  a r e  r o u g h l y  1 : l  (Tab le  I, e n t r y  9). 
Since an a x i a l  a t t a c k  of  bulky V i t r i d e  on 4C,(D) c o n f o r m a t i o n  i s  n o t  

1 C4(D) (eq. 1). That con fo rma t iona l  s h i f t  i s  

t h e r e  i s  no anomeric 

Wi th  a t tenua ted  aluminum-hydride ( V i t r i d e ,  Table I ,  e n t r i e s  4 

o f  3 and - 4 were v e r y  s i m i l a r  t o  those 

r e s u l t i n g  from a p r e f e r r e d  e q u a t o r i a l  approach 

4 Cl(D) conformat ion .  The same t rends  i n  s e l e c t i v i t y  were observed 

4 
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146 BELLOSTA, CZERNECKI, AND PERLAT 

l i k e l y ,  t h e  p r e f e r r e d  f o r m a t i o n  o f  
I ,  e n t r y  10)  c o u l d  be r a t i o n a l i z e d  by an e q u a t o r i a l  a t t a c k  o f  t h i s  

reagent  t o  'C4 ( D )  con fo rma t ion  o f  2' s t a b i l i z e d  by  i n t e r n a l  
c o o r d i n a t i o n  (eq.2) by m e t a l l i c  i o n  as i n  t h e  case o f  1 ( w i d e  b u v l .  

a t t r i b u t e d  t o  t h e  con fo rma t iona l  f l e x i b i l i t y  o f  t h e  s t u d i e d  

C_-glycosides due t o  t h e  l a c k  o f  anomeric e f f e c t .  

(72%) w i t h  t h i s  reagen t  (Tab le  

The moderate s t e r e o - c o n t r o l  observed i n  t h i s  s t u d y  . cou ld  be 

EXPERIMENTAL 

General methods. Melting points were measured on a Thomas-Hoover 
apparatus and are uncorrected. Optical rotations were determined with a 
Perkin-Elmer Model 141 polarimeter. NMR spectra were recorded a t  either 
250 o r  400 MHz with Brucker instruments using tetramethylsilane as inter- 
nal standard. Elemental analyses were performed at the service de Micro- 
analyse du C.N.R.S. (Gif-s-Yvette). Analytical TLC was performed on Merck 
aluminium sheets precoated with silica gel 60/PF-254. Gas chromatography 
(GLC) was carried out with a girde1'75 FD instrument fitted with 0.6m 3 76 

w/w phenyldiethanolamine succinate (PDEAS) on chromosorb WAW DMCS column 
(140 OC). Ether-oxydes were distilled f r o m  benzophenone-sodium immediate- 
ly before use. 

Reduction with KBH,, as exemplified by the reduction of (3,4,6- 
7 - tri-0-acetyl-2-deoxy~-~-erythro-hex-2-enopyranosyl)benzene - 1. A solution 

of 150 mg (0.44 rnmol) o f  - 1 in MeOH (5 mL) was cooled in an ice-bath. 
0.25 mL of 1.6N MeOK, 81 mg o f  KBH4 and 1 rnL o f  water were successively 
added and the mixture was kept under stirring at 0 OC. After completion 
o f  the reaction (1.5 h), 0.7 mL o f  acetic acid was added. The solvents 
were carefully evaporated t o  dryness under reduced pressure and the crude 
product directly acetylated (pyridine, 3 mL, acetic anhydride, 0.5 mL) 
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o v e r n i g h t .  The TLC o f  t h e  m i x t u r e  showed two spo ts  RF = 0.49 and RF = 0.41 

( p e t .  e t h e r / e t h e r  1:Z). A f t e r  e v a p o r a t i o n  o f  t h e  p y r i d i n e ,  t h e  r e a c t i o n  

was taken  up i n  c h l o r o f o r m  (10  mL)-water (10  mL) and e x t r a c t e d  w i t h  c h l o -  

r o f o r m  (3x10 mL). The o r g a n i c  l a y e r s  were washed w i t h  water  (2x10 mL) and 

d r i e d  over  MgS04. Evapora t i on  o f  t h e  s o l v e n t  gave t h e  ep imer i c  m i x t u r e  o f  

- 3 and - 4 (152 mg, 98 7;). GLC a n a l y s i s  showed two peaks cor respond ing  t o  

t h e  arabino epimer 4 (1.34 min . ,  40 % )  and t o  t h e  ribo epimer 1 ( 1 . 8  m i n ,  

60 7 6 ) .  

The compounds were separa ted  by column chromatography ( S i l i c a  

g e l  Merck 40 ; 0.063-0.2 mm) w i th  a m i x t u r e  o f  p e t - e t h e r / e t h e r  o f  in-  

c r e a s i n g  p o l a r i t y .  The f i r s t  e l u t e d  p roduc t  p roved t o  be t h e  arabino- 

epimer (53  mg). I t  c r y s t a l l i z e d  on s to rage  i n  t h e  r e f r i g e r a t o r .  A f t e r  

t r i t u r a t i o n  and r e c r y s t a l l i z a t i o n  (pe t -e the r /e the r  2 : l )  : i t  showed mp 

58-59 O C  ; TLC RF 0.49 ( p e t - e t h e r / e t h e r  1:2) ; [a]? 52.6 ( c  - 1.3, 

CHC13). 

Anal. Ca lcd  for CI8Hz2O7 (350.37) : C, 61.77 ; H, 6.34. Found : 

The cecondproduc t (3 ,  49 mg) f a i l e d  t o  c r y s t a l l i z e  ; RF = 0.41 

Anal .  Ca lcd  f o r  C18H2207 (350.37) : C ,  61.77 ; H, 6.34. Found : 

The same procedure  was a p p l i e d  t o  2 (360 mg, 1.03 mmol) a f f o r -  

d i n g  an ep imer i c  m i x t u r e  o f  5 and 6 (263 mg, 73 % )  t h a t  f a i l e d  t o  be se- 

p a r a t e d  by column chromatography. 

C ,  61.80 ; H, 6.56. 

( p e t . e t h e r / e t h e r  1:2) ; [a]i0-34.1 ( c  - 1.6, CHC13). 

c,  61.97 ; H, 6.65. 

Typical small-scale procedure for the reduction o f  1 with alu- 
minohydrides.9.5 mg o f  LAH (0.25 mmol) or 0.3 mL o f  v i t r i d e  (3.4 M 

t i o n  i n  to luene,  1 mmol) i n  6 mL o f  s o l v e n t  (THF, e the r ,  DME or t o luene)  

were coo led  i n  an i ce -ba th .  34.8 mg (0.1 mmol) o f  1 i n  1 mL o f  so l ven t  

was kep t  under s t i r r i n g  a t  0 O C .  I n  some cases, 1 was p r e v i o u s l y  complexed 

w i t h  hyd ro l yzed  v i t r i d e  i n  t h e  f o l l o w i n g  way : 0.15 mL o f  v - i t r i d e  so lu -  

t i o n  (0 .5  mmol) i n  6 mL o f  s o l v e n t  were coo led  i n  i c e - b a t h  and hyd ro l yzed  

w i th  18 

added and t h e  m i x t u r e  was k e p t  under s t i r r i n g  a t  0 O C  (15  min.). Then 

0.3 mL o f  v i t r i d e  s o l u t i o n  was added and t h e  r e a c t i o n  was c a r r i e d  o u t  a t  

0 O C .  A f t e r  comp le t i on  o f  t h e  r e a c t i o n ,  t h e  m i x t u r e  was hyd ro l yzed  '* and 

f i l t e r e d  on c e l i t e .  The s o l v e n t s  were c a r e f u l l y  evapora ted  t o ' d r y n e s s  un- 

so lu -  

mL o f  water.  34.8 mg (0.1 mmol) o f  1 i n  1 mL o f  s o l v e n t  was 
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der reduced p ressu re  and t h e  c rude m i x t u r e  was a c e t y l a t e d  and worked up 

as above. A f t e r  s o l v e n t  evapora t i on  t h e  m i x t u r e  o f  epimers 2 and k was ob- 

t a i n e d  (40-70 5 )  and analyzed by GLC. 

The same procedure was a p p l i e d  t o  compound 2. 
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