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COMMUNICATION 
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Danuta Mostowicz, Czeslaw B e l z e c k i ,  and Marek Chmielewski* 

I n s t i t u t e  of Organic  Chemis t ry ,  P o l i s h  Academy o f  S c i e n c e s ,  
01-224 Warsaw, Poland 
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R e c e n t l y  we have  r e p o r t e d  t h e  a d d i t i o n  o f  t r i c h l o r a c e t y l  i s o c y a n a t e  

t o  g l y c a l s  l .19293 The r e a c t i o n  l e d  t o  t h e  h i g h l y  stereoselective 
f o r m a t i o n  of  a m i x t u r e  of u n s t a b l e  [2+2]  and [4+2]  c y c l o a d d u c t s  2 and 

- 3. The i s o c y a n a t e  adds to  t h e  g l y c a l  moie ty  anti t o  the s u b s t i t u e n t  a t  
C-3. The a d d i t i o n  of benzylamine t o  t h e  r e a c t i o n  m i x t u r e  l e d  t o  N- 

d e p r o t e c t i o n  of 2 and a l lowed u s  t o  isolate s t a b l e  b i c y c l i c  6 - l a c t a m s  
- 4.1-3 We have shown a l s o  t h a t  2 (a  m i x t u r e  of a-h-gluco and and  6-b- 
manno i s o m e r s )  o b t a i n e d  from L-rhamnal 1. (R = A c ,  R2=CH3) u n d e r  h i g h  

p r e s s u r e ,  when t r e a t e d  w i t h  methanol ,  underwent  a r a p i d  t r a n s  o p e n i n g  o f  

t h e  four-membered r i n g  t o  g i v e  r e s p e c t i v e  g l y c o s i d e s  5 ( B - L - ~ l u c o  and  

a-L-manno i s o m e r s ) . 4  On t h e  o t h e r  hand 1 ( R  =Ac, R2=CH3)  under  t h e  same 
c o n d i t i o n s  added a molecule  of methanol  t o  t h e  C = N  d o u b l e  bond a f f o r d i n g  

- 6 .  

1 

1 

Compounds 5 r e p r e s e n t  a new class of branched monosacchar ides  which 
c a n  b e  u t i l i z e d  i n  s y n t h e s i s  of selected s t r u c t u r e s .  I n  a d d i t i o n ,  the  

s t r u c t u r a l  r e l a t i o n  o f  5 t o  2-acetamido-2-deoxy s u g a r s  offers p o t e n t i a l  

b i o l o g i c a l  a c t i v i t y .  

We now r e p o r t  an e f f i c i e n t  t r a n s f o r m a t i o n  o f  t h e  m i x t u r e  of [ 2 + 2 ]  

and [4+2]  c y c l o a d d u c t s  2 and 1 i n t o  carbamoyl g l y c o s i d e s  5 .  

a05 
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R ' O b  

R'O 

I - 

R'OQ R'O N -H 

0 
4 - 

R'OQ R'O N C O C C l 3  

0 
2 - 

R ' O b O C H 3  

R'O C O N H 2  

5 - 

R ' =  Bn , T M S  ; R 2 = H ,  C H 3 ,  C H z O R '  

The opening  o f  t h e  B-laCtam r i n g  i n  2 w i t h  a l c o h o l  or  water 
proceeded s t e r e o s p e c i f i c a l l y  w i t h  i n v e r s i o n  of c o n f i g u r a t i o n  o f  t h e  C-1 

carbon a t ~ m . ~ , ~ , ~  I t  can  b e  assumed,  t h a t  t h e  c y c l i c  i m i d a t e  r i n g  
p r e s e n t  i n  3 ,  when t reated w i t h  methanol  i n  t h e  p r e s e n c e  of a n  ac id  

c a t a l y s t ,  s h o u l d  a l so  be  opened w i t h  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-1  

t o  produce t h e  same g l y c o s i d e  5.7 Hence, c y c l o a d d i t i o n  of 
t r i c h l o r o a c e t y l  i s o c y a n a t e  t o  g l y c a l s  1 f o l l o w e d  by m e t h a n o l y s i s  i n  t h e  
p r e s e n c e  o f  a n  acid c a t a l y s t  s h o u l d  g i v e  a s i n g l e  p r o d u c t  from b o t h  

i n t e r m e d i a t e s  2 and 3.  
As s u b s t r a t e s  we s e l e c t e d  g l y c a l s  1, 8 and 9 h a v i n g  l a b i l e  

t r i m e t h y l s i l y l  p r o t e c t e d  hydroxyl  g r o u p s l  and g l y c a l s  lo and 11 w i t h  

benzyl  p r o t e c t i o n .  C y c l o a d d i t i o n  was performed a t  room t e m p e r a t u r e  i n  

a c e t o n i t r i l e  s o l u t i o n  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e  d e s c r i b e d  

before . ' -3  The p r o g r e s s  o f  c y c l o a d d i t i o n  was moni tored  w i t h  p i l o t  
e x p e r i m e n t s  performed i n  NMR t u b e s .  The m i x t u r e  of c y c l o a d d u c t s  was 
treated w i t h  HC1 i n  methanol  t o  a f f o r d  methyl  g l y c o s i d e s  l2, 2, l6, l7, 
and 18 i n  42-745 y i e l d .  G l y c o s i d e s  l2, 2, and 18 were c o n t a m i n a t e d  up 

to  6% w i t h  anomers l2, l5, and 2 which were v i s i b l e  i n  ' H  NMR s p e c t r a  

of t h e  c r u d e  p r o d u c t s .  F u r t h e r  p u r i f i c a t i o n  was a c h i e v e d  by 
c r y s t a l l i z a t i o n  o r  chromatographic  s e p a r a t i o n .  

S t r u c t u r e  o f  g l y c o s i d e s  2 - 2 were u n e q u i v o c a l l y  proved on the 

b a s i s  of t h e i r  'H NMR s p e c t r a .  
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2-CARBAMOYL-2-DEOXY GLYCOSIDES a07 

TMSO 

8 - 7 - 

HO q O C H 3  HoqocH3 
CONH2 C O N H 2 -  

13 - 12 - 

R O  rO," w 
- 9 : R  =TMS 
- 1O:R = B n  

H O  WOCH3 
HO 

14 - 

r O B n  & 
BnO 

HO 

- 15 

EX PER1 MENTAL. 

'H NMR s p e c t r a  were r e c o r d e d  i n  CDC13 o r  D20 s o l u t i o n s  w i t h  a 
Bruker  300 MHz s p e c t r o m e t e r  (TMS = 0 ppm). IR s p e c t r a  were o b t a i n e d  on 
a Unicam SP-200 s p e c t r o p h o t o m e t e r .  Mass s p e c t r a  were r e c o r d e d  w i t h  a 
F i n n i g a n  Mat 8200 mass s p e c t r o m e t e r .  O p t i c a l  r o t a t i o n s  were measured 

w i t h  a Perkin-Elmer 141 s p e c t r o p o l a r i m e t e r .  M e l t i n g  p o i n t s  are 
u n c o r r e c t e d .  Column chromatography was performed on s i l i c a  g e l  Merck 

(70 - 230 mesh) .  

General method of preparation of methyl 2-carbamoyl-2-deoxypento- 
and hexopyranosides. To a s o l u t i o n  o f  g l y c a l  (0.01 mol) i n  d r y  

a c e t o n i t r i l e  ( 8  mL) was added t r i c h l o r o a c e t y l  i s o c y a n a t e  (0 .02  mol) i n  
d r y  a c e t o n i t r i l e  ( 2  m L ) .  The m i x t u r e  was l e f t  u n t i l  d i s a p p e a r a n c e  of 

t h e  g l y c a l ,  t h e  p r o g r e s s  o f  r e a c t i o n  be ing  moni tored  i n  a n  NMR t u b e  

a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  ear l ie r .  1-3 The s o l v e n t  was 
e v a p o r a t e d  and  t h e  r e s i d u e  was d i s s o l v e d  i n  abs methanol  (30 mL). A 1 M 

s o l u t i o n  of  H C 1  i n  methanol  ( 5  nL) was added ,  and t h e  r e a c t i o n  m i x t u r e  
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was l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .  The s o l u t i o n  was t h e n  

n e u t r a l i z e d  w i t h  OH- form ion-exchange r e s i n  and  c o n c e n t r a t e d ;  t h e  

g l y c o s i d e  f r a c t i o n  was p u r i f i e d  on a s i l i c a  g e l  column. F u r t h e r  

s e p a r a t i o n  o r  r e c r y s t a l l i z a t i o n  gave p u r e  g l y c o s i d e .  

Methyl  2-Carbamoyl-2-deoxy-a-~-arabinopentopyranoside (12). From 
- 7 ,  57%: mp 194-196°C; [ a I D  +20.7" (c 1 ,  H20); IR ( K B r )  3400 ( O H ) ,  1680 
1665, and  1620 cm-' ( w i d e ) ;  ' H  NMR (D20) 6 2.67(dd, l H ,  J12  8 .6 ,  523 

11.0 Hz, H-2), 3.52 ( s ,  3H, OCH3) ,  3 .69  ( d d ,  1 H ,  J b 5  = 1.2,  J55. = 
13.1 Hz, H-51, 3.90 (m, l H ,  H - 4 ) ,  4.01 ( d d ,  l H ,  J34 3.2 Hz, H-3), 4.02 
( d d ,  l H ,  J450 S . 1  Hz, H-5.1, 4.99 (d, l H ,  H - I ) .  S i g n a l s  d u e  t o  6-L- 

a r a b i n o  anomer 2 v i s i b l e  i n  'H  NMR spec t rum of  2 (5%) ;  ( D 2 0 )  u 2.96 
( d d ,  l H ,  J12 = 3 . 7 ,  523 = 11.3 Hz, H-2),  3.33 ( s ,  3H, O C H 3 ) ,  3.71 ( d d ,  
l H ,  545 = 2.0,  555. = 12.8 H z ,  H-5), 3.89 ( d ,  

H-4), 4 .23  ( d d ,  l H ,  534 = 3 .3  H z ,  H-3), 5 -02  (d, 1H, H - 1 ) .  

l H ,  H-5'), 3.94 ( b s ,  l H ,  

Anal .  ( t a k e n  for  t h e  m i x t u r e )  Calcd  

N ,  7 .3 .  Found: C ,  43.9;  H ,  7 .2 ;  N ,  7.1 
f o r  C7H13N05: C ,  43.9;  H ,  6 .8  

Methyl  2-Carbamoyl-2,6-dideoxy-8-L-glucohexopyranoside (a). From 

- 8, 6 0 % :  mp 180-183°C; [a] ,  + 22.2"(2 1 ,  H20); IR ( K B r )  3400 ( O H ) ,  1665, 
and 1620 cm-' (amide) ;  'H NMR ( D Z O )  u 1.32 ( d ,  3H, C H 3 ) ,  2.46 ( d d ,  l H ,  

( s ,  3H, O C H 3 ) ,  3.52 (m, l H ,  H-51, 3.77 ( t ,  l H ,  Jo5 = 9.4 Hz, H - 4 ) ,  4.61 
( d ,  l H ,  H - 1 ) -  S i g n a l s  due  to  t h e  a - l - g l u c o  anomer 15 v i s i b l e  i n  'H NMR 

s p e c t r u m  of  If! (ca. 6 % ) ;  (D20) 6 1.30 ( d ,  3H, CH31, 2.77 ( d d ,  1 H ,  512 = 

( t ,  l H ,  J34 = 8.8 Hz, H-3); MS m/z ( % )  190 (7.81,  173 (2 .51 ,  148 (9.41,  

(1001, 85 ( 6 8 . 5 ) .  

512 8 .7 ,  523 = 10.6 H z ,  H-21, 3.15 ( t ,  l H ,  534 = 9.2 H Z ,  H-31, 3.50 

3.7,  523 = 11.0 H z ,  H-21, 3.23 ( t ,  1 H ,  H-41, 3.35 ( S ,  3H, OCH3), 4 -02  

144 (2 .71 ,  130 (5.31, 128 (23.11, 117 (47.81, 116 ( 1 4 . 4 1 ,  102 (79.91, 88 

E l e m e n t a l  a n a l y s i s  o f  compound 14 was n o t  c o n s i s t e n t .  However, 

a c e t y l a t i o n  of 2 w i t h  acetic a n h y d r i d e  and p y r i d i n e  a f f o r d e d  t h e  known 

3,4-di +-ace t y  1 d e r i v a t i v e  . 4 

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



2-CARBAMOYL-2-DEOXY GLYCOSIDES 809 

Anal. Calcd f o r  CgH15N06 : C ,  43.4; H ,  6.8;  N ,  6.3. Found: C ,  

43.5,  H ,  7 .1 ;  N ,  6.4.  

Methyl 3,4,6-Tri-0-benzyl-2-carbamoyl-2-deoxy-6-J.=galact~hexo- 
pyranoside (11). mp 175-180°C; [a ID -17.5" ( 2  1 ,  CHC13) ;  

I R  ( K B r )  3400, 3200 ( N H 2 ) ,  1690, 1675, and 1650 cm-' (amide) ;  'H  NMR 

OCH3), 3.45-3.65 (m, 3H, H-5,6,6'), 3.75-3.95 (m, 2 H ,  H-3,4),  4.3-4.9 
( m ,  6H, b e n z y l ) ,  4.44 ( d ,  l H ,  H - 1 ) ,  5 .42,  5.65 ( 2 b s ,  2H, N H 2 ) ,  7.1-7.4 
(m, 15H, benzy l ) .  

From lo, 42%: 

( C D C l 3 )  6 2.76 (dd ,  l H ,  512 8 .5 ,  523 10.6 HZ, H-21, 3.42 (S, 3H, 

Anal. Calcd for  C2gH33N06: C ,  70.8; H, 6.7; N ,  2.8. Found: 
C,70.3; H ,  6 . 6 ;  N ,  3.0. 

Methyl 3,4,6-Tri-O-benzyl-2-carbamoyl-2-deoxy-8-~-glucohexo- 
pyranoside (a). From 11, 74%: mp 164-166OC; [a ID -21.0" ( 2  1 ,  C H C 1 3 ) ;  

IR ( K B r )  3400, 3200 ( N H 2 ) ,  1660, and 1640 cm" (amide ) ;  'H NMR ( C D C 1 3 )  6 

2.46 (dd ,  l H ,  J12 = 8 . 4 ,  523 = 10.6 Hz, H-2), 3.51 ( m ,  l H ,  H-5), 3.52 
(s, 3H,  C€H3), 3.64 ( t ,  l H ,  534 = 8 . 9 ,  545 = 9 . 7  H z ,  H-41, 4 - 0 6  ( d d ,  1 H ,  

H-31, 4.53 ( d ,  l H ,  H-11, 4.5-4.9(m, 6H, benzy l ) ,  5 .48 ,  5 .70  ( 2 b s ,  2H, 

N H 2 ) ,  7.1-7.5 (m, 15H, benzy l ) .  

Anal. Calcd for C2gH33N06: C ,  70.8; H ,  6 . 7 ;  N ,  2.8.  Found: C ,  

71 .0 ;  H ,  6 . 7 ;  N ,  2.9.  

The a-k-anomer 19 was i s o l a t e d  by chromatography us ing  hexane-ethyl 
ether-methanol 1:1:0.04 as s o l v e n t ,  6%: mp 191-193°C; [a]D + 94.0" ( 2  
1 ,  C H C 1 3 ) ;  I R  ( K B r )  3400, 3200 ( N H 2 ) ,  1675, and 1620 cm" (amide) :  ' H  

C€H3) ,  3.64-3.88 (m, 4H, H-4,5,6,6 ') ,  4.19 (dd ,  l H ,  J34 = 8 . 9  Hz, H-31, 
4.48-4.90 (m, 6 H ,  benzy l ) ,  5.00 ( d ,  l H ,  H - 1 1 ,  7.1-7.4 (m, 15H, b e n z y l ) .  

NMR ( C D C l 3 )  6 2.78 ( d d ,  l H ,  512 = 3.0, 523 1 1 . 1  HZ,  H-21, 3.40 (S, 3H, 

Anal. Calcd f o r  C2gH33N06: C ,  70 .8 ;  H ,  6 .7 ;  N, 2.8 .  Found: 
70 .8 ;  H ,  6 . 7 ;  N ,  3.0.  
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