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C H A I N - E X T E N S I O N  O F  C A R B O H Y D R A T E S .  I I! 

STEREOSPECIFIC ETHYNYLATION OF P R O T E C T E D  

P Y R A N U -  AND F U R A N O -  DIALDOSES. 
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ABSTRACT. 

S t e r e o s p e c i f i c  h i g h - y i e l d i n g  e t h y n y l a t i o n  o f  
p r o t e c t e d  d i a l d o s e s  i s  d e s c r i b e d .  

Recent ly ,  t h e  syn thes i s  o f  h igher -carbon carbohydra tes  has 

r e c e i v e d  i n c r e a s i n g  a t t e n t i o n  f rom o rgan ic  chemists.2 I n  t h a t  area, 

t h e  v e r s a t i l i t y  o f  t h e  e thyny l  group has a l r e a d y  been d e m o n ~ t r a t e d , ~ ’ ~  
e s p e c i a l l y  f o r  t h e  syn thes i s  o f  seven o r  e i g h t  carbon compounds, b u t  

t h e  d i a s t e r e o s e l e c t i o n  g e n e r a l l y  ob ta ined  i n  t h e  e t h y n y l a t i o n  s tep  was 
n o t  very  h igh .  We r e p o r t  h e r e i n  our r e s u l t s  on t h e  s t e r e o s p e c i f i c  

e t h y n y l a t i o n  o f  some p r o t e c t e d  a ldehydo-d ia ldoses .  The r e a d i l y  a v a i l a b l e  
1,2:3,4-di-0-isopropylidene-~-~-g~uc~~-hexodialdo-l,5-pyranose - - - 1 was 

chosen as a model compound. 
It was known f rom prev ious  s tud ies  t h a t  t h e  r e a c t i o n  o f  Gr ignard  

reagents  w i t h  - 1 g i ves  h i g h e r  d i a s t e r e o s e l e c t i v i t y  i n  e t h e r 5  than i n  

THF.6’7 To f u r t h e r  enhance the  d i a s t e r e o s e l e c t i o n ,  we dec ided t o  f i x  

t h e  conformat ion  of t h e  d ia ldosugar  s ide -cha in  by c h e l a t i o n  o f  magnesium 

w i t h  t h e  aldehyde f u n c t i o n  and the  r i n g  oxygen atom us ing  magnesium b ro -  

mide i n  e t h e r .  Since t h e  mono-Grignard reagent  o f  ace ty lene  cannot be 

1 

151 
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CZERNECKI AND VALERY 152 

6 prepared i n  t h i s  so lvent ,  
source o f  the ethynyl g r o u p .  The Grignard reagent was prepared by 
successive exchanges with methyl-lithium and with magnesium bromide in  
e the r .  The cleavage o f  the  t r imethyls i ly l  group' was ca r r i ed  o u t  on t h e  
crude ethynylated mixture (Scheme 1 )  and t h e  r a t i o  o f  the two epimers 
ascer ta ined by 'H N M R  spectroscopy (250 M H z )  a n d  GC ana lys i s .  Our 
r e s u l t s  a re  summarized i n  Table 1 .  

t r imethyls i ly lace ty lene  was employed as a 

1 3 56/1 2 

' Scheme 1 :  Reagents; i I MgBr2-Et20; i i ,  Me3Si-CX-MgBr, Et20,  -30°C; 
i i i ,  AgN03, EtOH-H20, KCN/H20. 

T a b l e  1 :  Didstereoselect ion in ethynylation o f  1 . 
E n t r y  Orqanometallic Solvent t "C Yield % Rat io  o f  

2 : 3  - -  red g e n t 

1 HF 20  73 1.5: 1 H-CY-MqBr a 

3' 

1 

2 

3 Me 3 Si-CX-MgBrb Et20 0 91 1 :26 

5 -di  to- Et20 -30 94 1 :56' 

a .  Ref.  8;  b .  Previous complexation o f  1 with 8 equiv.  o f  

anhyd, MgBr2 in Et20; c .  Pure 3 was i so l a t ed  in 73% y i e l d .  

Me Ci-CrC-Lj Et,20 -15 92 1 : 2  

4 -d i  t o  - E t Z O  -20 95 1 :49 

- 
- 

- 
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CHAIN-EXTENSION OF CARBOHYDRATES. I1 153 

The L_-glyceho- - configuration o f  the new chiral center at C-6 
o f  the major product is in agreement with preferred nucleophilic 
attack on the h i  face of the chelated aldehyde - 1 as predicted by 
Cram's chelate rule" (Scheme 2) .  

H 

Scheme 2 

This procedure allowed us to obtain pure L_-gLyceho- - isomer 
- 3 in 73% yield by direct recrystallization. 

Another example, but chosen from the ,jwlano- series, exemplifies 
the efficiency of this procedure. Reaction o f  pentodialdose - 4'l under 
the above conditions afforded compound - 5 in 83% yield. No C-5 epimer 
was detected by GC analysis and 'H  NMR (250 MHz). Compound - 5 was 
characterized as it's crystalline benzoate. (See Experimental ) .  

H 
I 

C 
111 
6 

4 

The scope and synthetic application of this method o f  ethynylation 
is currently under investigation. 

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



154 CZERNECKI AND VALERY 

EXPERIMENTAL 

1 2  General  p rocedures  a r e  the  same a s  i n d i c a t e d  b e f o r e .  
7,8-Dideoxy-1,2:3,4-di-0-isopropylidene-~-g~yceho-ol-~-g~aeto-oct- - 

7-ynopyranose 3. The r e a c t i o n  was c a r r i e d  o u t  under  a rgon .  
Two ba t ches  of anhydrous magnesium bromide ( 8  mmol e a c h )  were p repa red  
from the r e a c t i o n  between magnesium (200 mg) and 1 ,2-d ibromoethane  

(690  pL 8mmol) i n  ether ( 6  mL) a t  room t e m p e r a t u r e .  In a s e p a r a t e  

flask,trimethylsilylacetylene (625  pL,  4 .4  mmol) was added dropwise  t o  

a coo led  ( - 5  " C )  s o l u t i o n  of methyl l i t h i u m  1 .45  M i n  e ther  ( 2 . 7 5  m L ,  
4 mmol).  After 30 m i n  th is  m i x t u r e  was added t o  one b a t c h  of f r e s h l y  
prepared  anhydrous  MgBr2. The r e s u l t i n g  white suspens ion  was coo led  

t o  -30 "C.  The d i a l d o s u g a r  - 1 (263  mg, 1 - 0 2  m o l )  d i s s o l v e d  in  e ther  
( 3  m L )  was added t o  the  second b a t c h  of  MgBr2 (8 mmol) and the  
r e s u l t i n g  mixture was added t o  the above suspens ion  a t  -30 "C.  

The t e m p e r a t u r e  of  the react ion m i x t u r e  was a l lowed  t o  a t t a i n  room 
t e m p e r a t u r e  b e f o r e  c a r e f u l  h y d r o l y s i s  by c o l d  aqueous s a t u r a t e d  
ammonium c h l o r i d e  (30  m L ) .  After d e c a n t a t i o n , t h e  aqueous l a y e r  was 
e x t r a c t e d  w i t h  e t h e r  ( 2  x 15 mL),the o r g a n i c  l a y e r s  washed wi th  
wa te r  (15  m L )  and d r i e d  o v e r  Na2S04. Evapora t ion  of  the s o l v e n t  
a f fo rded  a c r y s t a l l i n e  mass w h i c h  was d i r e c t l y  submi t t ed  t o  the de- 

s i l y l a t i o n  p rocedure  d e s c r i b e d  by Schmidt  and Arens.' Evapora t ion  
of most o f  the  s o l v e n t  and t r i t u r a t i o n  o f  the  r e s i d u e  i n  wa te r  
( 5  m L )  f o l lowed  by e x t r a c t i o n  wi th  e ther  ( 3  x 15 mL) and usual  pro-  
c e s s i n g  l e f t  a s o l i d  (273  mg, 9 4 % ) :  mp 130 " C ;  T L C  RF=0.49 ( p e t - e t h e r /  
ether 1 ~ 2 ) ;  GC a n a l y s i s  (pheny ld ie thano lamine  s u c c i n a t e  3 % ,  0.60 m ,  
135 " C )  showed ca .  1.75% of t h e  D-glyceho- ep imer .  R e c r y s t a l l i r a t i o n  
(dichloromethane-petroleum ether)  y i e l d e d  pu re  3 ,  213 mg ( 7 3 % ) :  
mp 135-7 " C ;  b]Eo -56.3 ( c  - 0.95 ,  C H C 1 3 ) ;  L i t . 7  mp 136-7 OC; 

la] : '  - 57 ( c  1.2, CHC13); IR (KBr) 3440,  3250, 2120,  1385,  1370 ern-'; 
'H 
4.61 (m, 2H, H-3 and H-61,  4.48 ( d d ,  lH, J3-4 = 8 Hz, J4-5  = 1.5 Hz,  

N M R  250 MHz (CDC13) 6 5.57 ( d ,  I H ,  J 1 - *  = 4 .75  H z ,  H - 1 ) ,  4 . 65  and 

H-4) ,  4 .35  ( d d ,  l H ,  J2-3  = 2 .5  H z ,  H-2) ,  3 .79 ( d d ,  lH, J5-6 = 8 . 5  Hz, 
H-5), 2 .68 ( b . s ,  I H ,  O H ) ,  2 .55 ( d ,  lH,  J6-8 = 2 H z ,  H-5) ,  1.58 - 1.48 - 
1.38 and 1.27 ( 4 s ,  4x3HY 4 C H 3 ) .  

Anal .  Calcd fo r  C l 4 H Z 0 O 6  ( 2 8 4 . 3 1 ) :  C ,  59 .14;  H ,  7 .09.  
Found : C ,  59 .05;  H ,  6 .97 .  
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CHAIN-EXTENSION OF CARBOHYDRATES. I1 155 

3-0 -Benzy l -6 ,7 -d ideoxy-1 ,2 -0 - i sop ropy l idene -~-~-~do-hep t -6 -  
ynofuranose  5. When submi t t ed  t o  the same r e a c t i o n  sequence ,  the pento-  
d i a l d o s e  4 ,  (276  mg, 0.99 mmol) y i e l d e d  the s i r u p y  a l c o h o l  5 (251  mg, 
83%): homogenous on TLC RF= 0.21 (pe t .  ether/ether 50/50)  0.50 
( c h l o r o f o r m / e t h e r  3/11; GC a n a l y s i s  (same column as above ,  170 " C )  
showed l e s s  than  3% of the C-5 ep imer ;  IR ( n e a t )  3400, 3280, 2120, 
1375, 1380 cm-'; ' H  NMR 250 MHz (CDC13) 6 7.34 (m, 5H, C 6 H 5 ) ,  5.97 ( d ,  

4.66 and 4.43 (ABq, 2H, C H 2 - P h ) ,  4.62 ( d ,  lH, J1-*= 3 .7  Hz, J2,3= 0 Hz, 
H-2), 4.32 (dd ,  lH, J3-4= 3 .4  Hz, H-31, 2.45 ( d ,  lH, H-71, 1.50 and 
1.33 ( 2 s ,  2x3H, 2 C H 3 ) .  The a c e t y l e n i c  a l c o h o l  5 was c h a r a c t e r i z e d  a s  
i t ' s  c r y s t a l l i n e  benzoate :  mp 122-4 'C;[a]i0 -29.3 ( c  - 1 ,  CHC13); 
L i t . 3  mp 124-5 "C;[a]i0 -32 23 ( c  - 1 ,  CHC13). 

- 
- - 

lH, J , -2=  3.7 H z ,  H - l ) ,  4.74 ( d d ,  lH, J4-5= 8 .15  H z ,  J5-7= 2.15 H z ,  H-5),  

- 
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