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ABSTRACT 

The  t i t l e  compounds 1 and  2 ( b o t h  C1 0 N H  ) c r y s t a l l i z e d  
i n  t h e  m o n o c l i n i c  s p a c e  g r o u p  P21 ? Z ! 2 J  i l t h  g = 8 . 8 6 4 ( 1 ) ,  
- b = 8 . 3 4 6 ( 1 ) ,  ~ = 1 3 . 5 6 9 ( 1 ) A ,  B = 1 1 4 . 1 2 ( 1 )  , V=918 .1 (2 )A3 ,  
D ( c a l c ) = 1 . 3 5 8 -  g / c c  f o r  compound 1, and  2 = 1 5 . 0 4 5 ( 1 )  
- b = 8 . 1 0 6 ( 1 ) ,  c = 7 . 4 9 1 ( 1 ) A ,  k = 9 7 . 2 3 ( 1 ) 0 ,  V = g 0 6 . 4 ( 3 ) A j  
D ( c a l c ) = 1 . 3 7 5  g / c c ,  f o r  compound 2. The s t r u c t u r e s  were 
s o l v e d  by d i r e c t  m e t h o d s  and  r e f i n e d  b y  t h e  f u l l - m a t r i x  
l e a s t  s q u a r e s  t e c h n i q u e  t o  R i n d i c e s  of 0.040 and 0.,046, 

c o n f i g u r a t i o n  and a d o p t  t h e  u n u s u a l  ( 1 c ~ )  c h a i r  
c o n f o r m a t i o n  w i t h  t h e  c a r b a m o y l  g r o u p s  2:5 t h e  a n o m e r i c  
c a r b o n  a t o m s  e q u a t o r i a l l y  o r i e n t e d .  I n  t h i s  c o n f o r m a t i o n  
t h e  o r i e n t a t i o n s  o f  t h e  s o b s t i t u e n t s  a r e  2e,  3 a ,  4 a ,  5a 
and 6a i n  1 and  2e,  3 a ,  4 3 ,  5e and 6 a  i n  2 which  l e a d s  t o  
u n f a v o r a b l e  1 , 3 - d i a x i a l  i n t e r a c t i o n s .  The " r e v e r s e  

r e s p e c t i v e l y  . Both  compounds  a r e  i n  t h e  o( -D 
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86 SUNDAIULLINGAM ET AL. 

anomeric e f f e c t "  which  i n d u c e s  t h e  2C.s c h a i r  c o n f o r m a t i o n  
i n  t h e s e  compounds ,  may h a v e  i t s  o r i  i n  i n  t h e  u n f a v o r a b l e  
s t e r i c  i n t e r a c t i o n s  f o u n d  i n  t h e  e C 2  (4C1) c o n f o r m a t i o n  
where  t h e  c a r b a m o y l  group is  a x i a l l y  o r i e n t e d .  
F u r t h e r m o r e ,  t h e  2C5 c o n f o r m a t i o n  is s t a b i l i z e d  b y  t h e  
N-H. . .O i n t r a m o l e c u l a r  h y d r o g e n  bond b e t w e e n  t h e  c a r b a m o y l  
n i t r o g e n  atom and  t h e  p y r a n o s y l  r i n g  o x y g e n  atom. 
S e m i - e m p i r i c a l  e n e r g y  c a l c u l a t i o n s  r e v e a l  t h a t  t h e  
r o t a t i o n a l  f r e e d o m  o f  t h e  c a r b a m o y l  g r o u p  i s  g r e a t e r  f o r  
t h e  e q u a t o r i a l  o r i e n t a t i o n  ( 2 C 5 )  t h a n  f o r  t h e  a x i a l  
o r i e n t a t i o n  (5c2 ) .  

INTRODUCTION 

N M R  s t u d i e s  o f  compounds  2 and 2 h a v e  r e v e a l e d  t h a t  
t h e s e  C - g l y c o s i d e s  d i s p l a y  a c o n f o r m a t i o n a l  e q u i l i b r i u m  
c o n s i s t i n g  of  t h e  2C5 (1C4)  c h a i r  c o n f o r m a t i o n  and  t h e  5C2 
( 4 C 1 )  c o n f o r m a t i o n .  The 2 C 5  c o n f o r m a t i o n  p r e d o m i n a t e s  i n  
n o n p o l a r  s o l v e n t s  w h i l e  t h e  5C2 c o n f o r m a t i o n  p r e d o m i n a t e s  
i n  p o l a r  s o 1 v e n t s . l  The X-ray s t r u c t u r e  a n a l y s e s  o f  t h e s e  
compounds  c r y s t a l l i z e d  from e t h a n o l / a c e t o n e  s o l u t i o n s  show 
t h a t  t h e y  o c c u r  i n  t h e  2C5 c o n f o r m a t i o n .  To o u r  
k n o w l e d g e ,  t h i s  i s  t h e  f i r s t  x - r a y  c r y s t a l  s t r u c t u r e  
d e t e r m i n a t i o n  o f  t h e  2C5 c o n f o r m a t i o n  i n  * s i m p l e '  
c a r b o h y d r a t e s .  
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TEE OCCURENCE OF THE CBAIR CONFORMATION 87 

RESULTS AND DISCUSSION - 
The atomic p o s i t i o n a l  and t h e r m a l  p a r a m e t e r s  for b o t h  

compounds a r e  p r e s e n t e d  i n  T a b l e  1 .  A n i s o t r o p i c  t h e r m a l  
p a r a m e t e r s  and  l i s t s  o f  t h e  o b s e r v e d  and  c a l c u l a t e d  
s t r u c t u r e  f a c t o r s  f o r  b o t h  compounds  a r e  g i v e n  a s  
s u p p l e m e n t a r y  m a t e r i a l .  Beq [ =  4 / 3 1 i  ~ j B i j ( ~ i . ~ j ) ]  a re  
g i v e n  f o r  n o n h y r o g e n  a t o m s  i n  T a b l e  1 and  i s o t r o p i c  
t h e r m a l  p a r a m e t e r s  ( B i s o )  a r e  g i v e n  for  h y d r o g e n  a t o m s .  
O R T E P 2  d r a w i n g s  o f  t h e  s t r u c t u r e s  i n d i c a t i n g  a tom 
n u m b e r i n g  and o v e r a l l  m o l e c u l a r  c o n f o r m a t i o n  a r e  shown i n  
F i g .  l a  and l b .  The bond l e n g t h s  a n d  a n g l e s  i n v o l v i n g  t h e  
nonhydrogen  atoms a r e  t a b u l a t e d  i n  T a t t l e  2. The a v e r a g e  
C-C and C - 0  bond l e n g t h s  f o r  t h e  p y r a n o s i d e  r i n g  a r e  
1 . 5 2 8 ( 8 ) A  and  1 .434(5) !  i n  compound - 1 ,  r e s p e c t i v e l y ,  and  
1 .522(71A and 1 . 4 3 6 ( 5 ) A  i n  compound - 2 .  B o t h  s e t s  a g r e e  
w e l l  w i t h  t h e  v a l u e s  p r e v i o u s l y  r e p o r t e d  i n  o t h e r  
P y r a n o s i d e s .  4-6 The two a d j a c e n t  e n d o c y c l i c  C - 0  bond 
l e n q t h s  C-2-0-6 [ 1 . 4 2 2 ( 2 ) A  and 1 . 4 2 6 ( 3 ) A I  and  0-6-C-6 
[ 1 .429(2 )A and  1 . 4 2 4 ( 3 ) A ]  a r e  e q u a l  ( w i t h i n  e x p e r i m e n t a l  
e r r o r ) .  The  g e o m e t r i e s  of t h e  c a r b a m o y l  g r o u p s  a r e  
i d e n t i c a l  i n  t h e  two compounds .  The bond l e n g t h s  o f  t h e  
a c e t y l  g r o u p s  a r e  v e r y  s i m i l a r ;  t h e  a v e r a g e  C-0 bond 
d i s t a n c e  i s  1 . 3 4 6 ( 5 ) A ,  t h e  C = O  d i s t a n c e  i s  1 . 1 9 2 ( 6 ) A ,  and 
t h e  C-C d i s t a n c e  i s  1 . 4 9 3 ( 7 ) A .  

The bond a n g l e s  i n  s t r u c t u r e s  1 and  2 g e n e r a l l y  a g r e e  
w i t h  e a c h  o t h e r  (see b e l o w )  and w i t h  most v a l u e s  r e p o r t e d  
i n  t h e  l i t e r a t u r e  f o r  4C1 p y r a n 0 s i d e s . 3 * ~  The bond a n g l e  
a t  0-6 is 114 .7 (2 ) '  f o r  b o t h  compounds  and  is s i m i l a r  t o  
t h e  mean v a l u e  of 114.2' o b s e r v e d  f o r  B - D - p y r a n o s i d e s . 3  
The  e x o c y c l i c  bond a n g l e  0-6-C-2-C-1 a t  t h e  a n o m e r i c  

c a r b o n  a tom i s  109 .4 (21°  f o r  1 and 1 1 0 . 6 ( 2 ) o  f o r  - 2. T h e s e  
v a l u e s  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  mean v a l u e  of 

107.5O f o u n d  i n  B - 0 - p y r a n o s i d e s . 3  
I n  compound 1 t h e r e  a re  two p a i r s  of 1 , 3 - d i a x i a l  

i n t e r a c t i o n s ;  o n e  a b o v e  t h e  r i n g  i n v o l v i n g  t h e  0-4 and 
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88 SUNDARALrnAM ET AL. 

Table 1 :  Atomic parameters for compounds 1 and 2. 
F r a c t i o n a l  p o s i t i o n a l  parameters a r e  m u l t i F l i e d  6 y  l o 4  
f o r  nonhydrogen atoms and 103 for hydrogen atoms. 

Compound 1 
c- 1 
0- 1 
N 
c-2 
c-3 
0-3 
C-8 
0-8 
c-12 
c-4 
0-4 
c-9 
0-9 
C-13 
c-5 
0-5 
c-10 
0-1 0 
C-14 
C-6 
0-6 
c-7 
0-7 
c-11 
0-1 1 
C-15 
H-1 A 
H-1 B 
H-2 
H-3 
3-1 2A 
H-120 
H-l2C 
H-4 
H-1 3~ 
3-1 38 
H-13C 
H-5 
H - 1 4 A  
H-148 
H - 1 4 C  
H-5 
H-7A 
H-7B 
H-15A 
H-15B 
!I-1 5c 

Y 
10036( 3)  
10573( 3)  
10799( 3)  
8380( 3)  
8289( 3) 
9530( 2)  

10126( 4 )  
9657( 5 )  

11386( 5 )  
6664( 3)  
5539( 3 )  
4529( 4 )  
4595( 4) 
3366( 4 )  
6080( 3) 
6842( 2) 
5978( 4 )  
4722( 4 )  
6840( 6 )  
6480( 3)  
8062 
5211( 3)  
5730( 2) 
4786( 3) 
3530( 2 )  
5485( 4 )  
1152( 7 )  
1034( 6 )  
759( 4 )  
852( 5 )  

1207( 6 )  
1217( 9 )  
11 1 l ( 1 0 )  
679( 5) 
296( 8 )  
397( 4) 
272( 6 )  
485( 4 )  
759( 8 )  
631( 7 )  
72R( 1 0 )  
655( 4 )  
504( 3)  
408( 4 )  
498( 7 )  
533( 9 )  
656( 8) 

o r  B ( A ~ )  
Beq3.65( 4 )  

5.29( 5 )  
4.94( 5 )  
3.27( 4 )  
3.71( 4) 
4.26( 3 )  
5.40( 7 )  

(continued) 
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THE OCCURENCE OF THE CHAIR CONFORMATION 89 

Compound - 2 
c- 1 
0- 1 
N 
c-2 
c-3 
0-3 
C-8 
0-8 
c-12 
c-4 
0-4 
c-9 
0-9 
c-13 
c-5 
0-5 
c-10 
0-1 0 
C-14 
C-6 
0-6 
c-7 
0-7 
c-11 
0-1 1 
C-15 
H-1A 
R-1B 
H-2 
H- 3 
H-12A 
H-129 
4-1 2c 
H-4 
H-13A 
H-139 
H-13C 

H-14A 
H-14B 
H-14C 
H-6 
H-7A 
H-7 9 
H-15A" 
H-159 
H-l5C* 

H-5 

Y 
5181( 3) 
6381( 3) 
4386( 4) 
4605( 3) 
5912( 3) 
6056( 2) 
7573( 3) 
8743( 3) 
7558( 4) 
5358( 3) 
5383( 2) 
6699( 3) 
7841( 4) 
6510( 5) 
3598( 3) 
2991( 3) 
3506( 4) 
4302( 5) 
3007( 6) 
2374( 31 
3063( 2) 
1768( 3) 
685( 3) 
-120( 4) 

0 
-1117( 6) 

469( 5) 
368( 6) 
459( 4) 
697( 4) 
726( 9) 
712( 7) 
841( 7) 
602( 4) 
669( 9) 
566( 9) 
745( 9) 
364( 4) 
200( 7) 
378(12) 
319( 8) 
137( 5) 
124( 4) 
265( 6) 
-7 8 

-1 07 ( 14) 
-225 

The H-C distance f o r  these atoms was fixed at 0.95A. 
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Figure la:  
compound 1 showing atom numbering. 
The nonhydrogen at- are repre- 
sented by 30% probability e l l i p -  
soids while the hydrogen atoms 
are drawn as spheres of arbitrary 
s ize .  

An ORTEP drawing of 

C - 7  atoms,  t h e  o t h e r  below t h e  r i n g  i n v o l v i n g  t h e  0-3 and  
0-5 atoms. Due t o  t h e  1 , 3 - d i a x i a l  i n t e r a c t i o n s ,  t h e  a x i a l  
C-3-0-3 and C-5-0-5 b o n d s  a r e  s p l a y e d  b y  19.4' w h i l e  t h e  
C-4-0-4 and  C-6-C-7 b o n d s  a r e  s p l a y e d  b y  16.3' The  
d i s t a n c e  b e t w e e n  t h e  0-3 and  0-5 atoms is 3.013(3)A and  
b e t w e e n  0-4 and  C-7 is 3 . 1 2 8 ( 3 ) A .  In compound 2 there  i s  
o n l y  o n e  p a i r  o f  1 , 3 - d i a x i a l  i n t e r a c t i o n s  i n v o l v i n g  t h e  

0-4 and  C-7 atoms. The  C-4-0-4 and  C-6-C-7 bonds  d i s p l a y  
a s p l a y i n g  a n g l e  of 19.9O a n d  an 0-4-C-7 d i s t a n c e  o f  
3 . 0 8 4 ( 3 ) A .  T h e s e  nonbonded  d i s t a n c e s  i n v o l v i n g  t h e  a x i a l  
s u b s t i t u e n t s  a r e  w i t h i n  t h e  e x p e c t e d  r a n g e  for v a n  d e r  

Uaals  c o n t a c t s .  

- 
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Figure lb: 
compound 2 showing atom numbering. 
The nonhydrogen atoms are repre- 
sented by 30% probability e l l i p -  
so ids  while the hydrogen atoms 
are drawn as spheres of arbitrary 
s i z e .  

An ORTEP drawing of 

The p r e s e n c e  o f  t h e  a x i a l - a x i a l  i n t e r a c t i o n s  on b o t h  
s i d e s  of t h e  r i n g  i n  compound 2 r e s u l t s  in a s i g n i f i c a n t  
f l a t t e n i n g  o f  t h e  r i n g  ( a r o u n d  t h e  C-5 a tom)  f rom t h e  
i d e a l  c h a i r  c o n f o r m a t i o n .  The t o r s i o n  a n g l e s  most 
a f f e c t e d  a r e  C-3-C-4-C-5-C-6 and C-4-C-5-C-6-0-6 which  are  
r e d u c e d  b y  a p p r o x i m a t e l y  20° from t h e  i d e a l  v a l u e  of 60' 
in compound ;, and r e d u c e d  b y  12' from t h e  i d e a l  v a l u e  i n  
compound 2. 

2 - 1 - E n d o c y c l i c  T o r s i o n  Ang le  

c-2-c-3-c-4-c-5 44 .1  ( 3)O 48.7(31° 
C-3-C-4-C-5-C-6 -37.6(3)  -46.3( 3 )  
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92 SUNDARALINGAM ET AL. 

Table 2: Bond lengths(1) and angles(') for compounds 1 and 2. 

Estimated standard deviations a r e  in parentheses. 
- - 

Bond 

c-1-0-1 
C-1-N 
c-1 -c-2 

C-2-0-6 
C-3-0-3 
c-3-c-4 
C-4-0-4 
c-4-c-5 
C-5-0-5 
C-5-C-6 
C-6-0-6 
C-6-C-7 
C-7-0-7 
C-8-0-3 
C-8-0-8 
C-84-12  
C-9-0-4 
c-9-0-9 
C - 9 - C - 1 3  
C-10-0-5 
c-10-0-10 
C-10-C-14 
C-11-0-7 
c-11-0-11 
C-1 1 -C-15 

c-2-c-3 

Angle 

N-C-1-0- 1 
N-C-1 -C-2 
0-1-c-1-c-2 
c-1-c-2-c-3 
C-1-C-2-0-5 
0-6-C-2-C-3 
c-2-c-3-c-4 
C-2-C-3-0-3 
0-3-C-3-C-4 
c-3-c-4-c-5 
C-3-C-4-0-4 
0-4-C-4-C-5 
C-4-C-5-C-6 
C-4-C-5-0-5 
0-5-C-5-C-5 
c-5-c-5-c-7 
C-5-C-6-0-6 
C-7-C-6-0-6 
c-3-0-3-c-3 
C-4-0-4-C-9 
C-5-0-5-C-10 
C-5-0-6-C-2 
C-7-0-7-C-11 
0-3-C-8-C-12 
0-3-C-8-0-5 
0-8-C-8-C-12 
0-4-C-9-C-13 
0-4-C-9-0-9 
0-9-C-9-C-13 
0-5-C-10-C-14 
0-5-C-10-0-10 
0-10-C-10-C-14 
0-7-C-11-C-15 
0-7-C-11-0-11 

1 

123 .8 (3 )  
116 .7 (3 )  
119 .5(3)  
110.2( 2) 
109.4( 2 )  
110 .5(2)  
110 .5 (2 )  
105 .0 (3 )  
109.3(  2 )  
11 4 . 6 ( 2 )  
105 .5 (2 )  
107 .4(2)  
114 .1(2)  
106 .3 (2 )  
109 .5(2)  
111 .7 (2 )  
111 .8 (2 )  
113.r)(2)  
117 .5 (2 )  
117 .6(2)  
114 .9(2)  
114 .7 (2 )  
116 .6(2)  
110 .6(3)  
122.7(  3 )  
126 .7 (4 )  
112 .7(3)  
121 .4(3)  
125 .9(3)  
11 1 .5 (3 )  
122 .4(3)  
126 .1(4)  
111 .3(2)  

- 

123 .? ( 2 )  122.6 ( 3 1 
0-11-C-11-C-15 124.9(2)  125 .4 (4 )  
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C-4-C-5-C-6-0-6 
C-5-C-6-0-6-C-2 
C-6-0-6-C-2-C-3 

0-6-C-2-C-3-C-4 

A more q u a n t i t a t i v e  m e a s u r e  o f  t h e  r i n g  f l a t t e n i n g  i s  
Riven  b y  t h e  Cremer -Pop le  r i n g  p u c k e r i n g  p a r a m e t e r s : 5  

P u c k e r i n g  p a r a m e t e r s  0 8 0 
Compound 1: 0 . 6 1 5 ( 4 ) A  1 6 4 . 5 ( 3 1 °  2 2 2 ( 1 ) '  

Compound 2 :  0 . 5 3 9 ( 4 ) A  1 7 2 . 1 ( 3 ) O  2 1 8 ( 2 1 °  - 

The p r e s e n c e  o f  two d i a x i a l  i n t e r a c t i o n s  i n  compound 1 
d i s t o r t s  t h e  r i n g  by  15' on 8 f rom t h e  i d e a l  2 C 5  c h a i r  

c o n f o r m a t i o n  (8=180° )  w h i l e  b y  o n l y  8 f o r  compound 2 w i t h  
o n e  d i a x i a l  i n t e r a c t i o n .  C o n c o m i t a n t  w i t h  t h e  r i n g  
f l a t t e n i n g  t h e r e  is a l s o  a s i g n i f i c a n t  w i d e n i n g  of t h e  
e n d o c y c l i c  bond a n g l e s  a t  C-4 and C - 6 .  I n  compound 1 
t h e s e  a n g l e s  a r e  1 1 4 . 6 ( 2 ) '  and  11  1 . 8 ( 2 ) O ,  r e s p e c t i v e l y ,  
w h i l e  t h e y  a r e  d e c r e a s e d  t o  1 1 1 . 0 ( 2 ) 0  and  1 0 9 . 1 ( 2 )  i n  

compound 2 .  I n  c o n t r a s t ,  t h e  e x o c y c l i c  C-5-C-6-C-7 bond 

a n g l e  o f  111 .7(21°  f o r  compound - 1 i s  l e s s  t h a n  t h e  a n g l e  

o f  1 1 4 . 0 ( 2 1 °  found  f o r  compcund 2. The e x o c y c l  i c  
C-5-C-6-C-7-0-7 t o r s i o n  a n g l e  i s  f o u n d  i n  t h e  t r a n s  
c o n f o r m a t i o n :  The 

u a u c h e +  c o n f o r m a t i o n ,  o f t e n  o b s e r v e d  f o r  t h e  4C1 
p y r a n o s i d e  s t r u c t u r e s  ,6 i s  p r o h i b i t e d  f o r  t h e  t i t l e  
compounds d u e  t o  s e v e r e  s t e r i c  c o n f l i c t  b e t w e e n  t h e  

a c e t o x y  g r o u p s  on  C-7 and  C-4. 

0 

0 

c 

-179 .5(3) '  f o r  - 1 and  178 .4 (3 ) '  f o r  - 2. 

MOLECULAR P A C K I N G  A N D  HYDROGEN BONDING - -- 
The c r y s t a l  p a c k i n g  d i a g r a m s  a r e  shown i n  F i g .  2. I n  

compound 1, b o t h  p r o t o n s  on t h e  c a r b a m o y l  n i t r o g e n  a tom 
e n g a g e  i n  h y d r o g e n  b o n d i n g ;  H-1A i s  h y d r o g e n  bonded t o  
0-11 o f  a n e i g h b o r i n g  m o l e c u l e  w h i l e  t h e  o t h e r  p r o t o n  i s  
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Figure 2a: 
with hydrogen bonds indicated by dotted lines. 

A stereographic vieu o f  the packing for compound 1 

Figure 2b: 
with hydrogen bonds indicated by dotted lines. 

A stereographic view of the packing €or compound 2 
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c-7 \ /c-l I 

c'-4'-3 

Figure 3a: 
i n  compound 1. 

Hydrogen bond d i s t ances  and angles 
Notice the  b i fu rca t ed  hydrogen - 

c-4-c-3 I 
I 

I 
to 2, related 

mol ecu la 

f o r  t he  carbamoyl group 
bond. 

Figure 3b: Hydrogen bond distances and angles f o r  t he  carbamoyl group 
i n  compound 2. Notice t h a t  one of t h e  hydrogen atoms on t h e  carbamoyl 
group i s  not-involved i n  hydrogen bonding and t h a t  t h e  o the r  i s  involved 
i n  a s t ronger  b i furca ted  hydrogen bond than  i n  compound 1. - 
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i n v o l v e d  i n  a b i f u r c a t e d  h y d r o g e n  bond .  The b i f u r c a t e d  
h y d r o g e n  bond i n v o l v e s  a n  i n t r a m o l e c u l a r  h y d r o g e n  bond t o  
t h e  r i n g  o x y g e n  a tom 0-6 and a weak i n t e r m o l e c u l a r  
h y d r o g e n  bond t o  t h e  e s t e r  0-7 a tom of  a symmet ry  r e l a t e d  
m o l e c u l e  ( F i g .  3 a ) .  I n  compound 2, H-1A i s  n o t  e n g a g e d  i n  
h y d r o g e n  b o n d i n g  b u t  H-1B i s  i n v o l v e d  i n  a s t r o n g e r  
b i f u r c a t e d  h y d r o g e n  bond i n v o l v i n g  a n  i n t r a m o l e c u l a r  
i n t e r a c t i o n  w i t h  t h e  r i n g  0-6 atom a s  i n  1 and  an  
i n t e r m o l e c u l a r  i n t e r a c t i o n  w i t h  t h e  0-1 a tom o f  a symmet ry  
r e l a t e d  m o l e c u l e .  The g e o m e t r y  a b o u t  t h e  b i f u r c a t e d  
h y d r o g e n  b o n d s  a g r e e s  well w i t h  J e f f r e y s '  c o n d i t i o n s  for a 

t h r e e - c e n  t e r  h y d r o g e n  b o n d .  7 18 The i n t r a m o l e c u l a r  
h y d r o g e n  bond h o l d s  t h e  c a r b a m o y l  m o i e t y  n e a r l y  c o p l a n a r  
w i t h  0-6. The  0-6-C-2-C-1-3 t o r s i o n  a n g l e  i s  5 . 4 ( 3 ) '  f o r  
compound - 1 and  - 1 1 . 4 ( 2 ) '  f o r  compound - 2 .  

F i g u r e s  l a  and l b  show s e v e r a l  a t o m s  h a v i n g  l a r g e  
t h e r m a l  v i b r a t i o n s  i n  b o t h  m o l e c u l e s ,  i n  p a r t i c u l a r  atoms 
0-8 and  0-9 i n  1 and  0-9 and  C-15 i n  2. The weak v a n  der  
W a a l s  c o n t a c t s  a r o u n d  t h e s e  a t o m s  r e s u l t s  i n  t h e  i n c r e a s e d  

f r e e d o m  o f  movement o f  t h e s e  a t o m s .  

- 

CONFORMATIONAL E N E R G Y  CALCULATIONS --__-- __- ------- 
E n e r g y  c a l c u l a t i o n s  e m p l o y i n g  sem i-em pit- i c  a1 

p o t e n t i a l  f u n c t i o n s 9 ,  l o  were p e r f o r m e d  i n  order  t o  
d e t e r m i n e  t h e  a l l o w e d  c o n f o r m a t i o n s  a b o u t  t h e  g l y c o s y l  
C-2-C-1 bond f o r  compound i n  b o t h  t h e  2 C 5  and 5C2 
c o n f o r m a t i o n s .  The t o t a l  p o t e n t i a l  e n e r g y  h a s  b e e n  
e s t ima ted  t a k i n g  i n t o  a c c o u n t  v a n  d e r  Waals i n t e r a c t i o n s  
( v n t , ) ,  e l e c t r o s t a t i c  i n t e r a c t i o n s  ( V e s ) ,  a n d  t o r s i o n a l  
p o t e n t i a l  f o r  r o t a t i o n  a b o u t  s i n g l e  b o n d s  ( V t )  : 

V t o t  = v n b  + ves + V t o  
The nonbonded  v a n  d e r  Waals i n t e r a c t i o n s  a r e  

e s t i m a t e d  u s i n g  t h e  L e n n a r d - J o n e s  p o t e n t i a l  f u n c t i o n :  
Vnb(t-1 = -Ai j / r i j6  + B i j / r i j 1 2  w h e r e  t h e  p a r a m e t e r . s  A i j  
a r e  e v a l u a t e d  i n  t h e  u s u a l  manner  from t h e  k n o w l e d g e  o f  
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t h e  a tomic p o l a r i z a b i l i t i e s  a n d  e f f e c t i v e  n u m b e r  of 
e l e c t r o n s  u s i n g  t h e  Slater-Kirwood e q u a t i o n 1  a n d  the  B i j  

a r e  c h o s e n  s u c h  t h a t  t h e  L e n n a r d - J o n e s  p o t e n t i a l  f u n c t i o n  
0 0 0 

d i s p l a y s  a minimum when r i j  = r i  + r j  + 0 . 2 h  w h e r e  r i  
a n d  r j  a r e  t h e  v a n  d e r  W a a l s  r a d i i  o f  t h e  i n t e r a c t i n g  
p a i r  o f  a t o m s . I 2  T h e  e l e c t r o s t a t i c  i n t e r a c t i o n s  a r e  
e s t i m a t e d  i n  t h e  m o n o p o l e  a p p r o x i r n a t i o n  u s i n g  t h e  
e x p r e s s i o n  V e s  = 3 3 2 e i e j / ~ r i j  w h e r e  e i  a n d  e j  a r e  t h e  
m a g n i t u d e s  o f  t h e  p a r t i a l  e l e c t r o n i c  c h a r ~ e s l 3 1 ~ ~  a n d  c i s  
t h e  e f f e c t i v e  d i e l e c t r i c  c o n s t a n t  w h i c h  was s e t  t o  4.12 
A 3-fo ld  p o t e n t i a l  f u n c t i o n  h a s  . b e e n  a s s u m e d  for  t h e  
t o r s i o n a l  e n e r g y  a b o u t  t h e  C-1-C-2 b o n d .  T h e  f u n c t i o n  V t  

= v O / 2 ( l + 3 c o s B )  w a s  u s e d  a s s u m i n g  a r o t a t i o n a l  b a r r i e r  

h e i g h t  (V,) of 0 . 4  k c a l / m o l . g  E n e r g y  c o n t r i b u t i o n s  d u e  t o  
h y d r o g e n  b o n d i n g  o r  t h e  a n o m e r i c  e f f e c t  were n o t  i n c l u d e d .  

The  p o t e n t i a l  e n e r u y  o f  compound 1 was c o m p u t e d  b y  
v a r y i n g  t h e  t o r s i o n  a n g l e  0 ( 0 - 6 - C - 2 - C - 1 - N )  o v e r  360' a t  
I n t e r v a l s  of  10'. T h e  v a r i a t i o n  o f  t h e  e n e r g y  w i t h  t h e  
g l y c o s y l  t o r s i o n  a n g l e  i s  s h o w n  i n  F i g .  4 .  I t  c a n  b e  s e e n  
t h a t  t h e  r e g i o n s  o f  l o w  e n e r g y  f o r  t h e  2C5  r i n g  
c o n f o r m a t i o n  a r e  b e t w e e n  -60' a n d  220' w i t h  t h e  l o c a l  
minimum n e a r  3 1 0 ° 1  a n d  b e t w e e n  2 0  a n d  180' f o r  t h e  5C2 
r i n g  c o n f o r m a t i o n  w i t h  a l o c a l  minimum n e a r  70'. O u t s i d e  
t h e s e  limits t h e  e n e r g y  r i s e s  t o  v e r y  h i g h  v a l u e s .  I t  c a n  
b e  s e e n  t h a t  t h e  a l l o w e d  c o n f o r r n a t i o n a l  s p a c e  ( r a n g e  o f  
280') f o r  t h e  e q u a t o r i a l  o r i e n t a t i o n  o f  t h e  c a r b a m o y l  
g r o u p  is  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  a l l o w e d  ( r a n g e  o f  

160') f o r  t h e  a x i a l  c a r b a m o y l  g r o u p .  T h e  c o n f o r m a t i o n s  
o b s e r v e d  i n  t h e  c r y s t a l  s t r u c t u r e s  a r e  i n d i c a t e d  b y  
a s t e r i s k s  i n  F i g .  4 .  I n c l u s i o n  of t h e  h y d r o g e n  b o n d i n s  
e n e r g y  w o u l d  be e x p e c t e d  t o  lower  t h e  p o t e n t i a l  nlinimum 
a n d  r e d u c e  t h e  c a l c u l a t e d  e n e r g y  i n  t h e  v i c i n i t y  o f  t h e  
o b s e r v e d  c o n f o r m a t i o n  d u e  t o  t h e  p r e s e n c e  o f  t h e  
i n t r a m o l e c u l a r  hydrogen bond. 
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Fig. 4: 
and 5C2 (dashed line) ring conformations for compound 1. 
energy profile would be expected for compound 2. 

The variation of potential energy vith g for 2C5 csolid line) 
A similar 

C O N C L U S I O N S  

C h m i e l e w s k i ,  et & o b s e r v e d  in N M R  s t u d i e s  o f  t h e s e  

s t r u c t u r e s  t h a t  the  p o l a r i t y  o f  t h e  s o l v e n t  h a s  a p r o f o u n d  
e f f e c t  o n  t h e  2c5  t o  5c2 c o n f o r m a t i o n a l  e q u i 1 i b r i u m : l  

P e r c e n t  2 ~ 5  
DMSO ( p o l a r )  C H C 1 3  ( n o n p o l a r )  

Compound 1 6% 
Compound 2 ax - 

5 6 %  
7 2 %  

I n  a p o l a r  s o l v e n t ,  t h e  p r e d o m i n a n t  c o n f o r m a t i o n  is 5C2 
w h i l e  i n  a n o n p o l a r  s o l v e n t ,  t h e  2 ~ 5  c o n f o r m a t i o n  is 
prefer red .  To e x p l a i n  t h e s e  d r a m a t i c  s h i f t s ,  C h m i e l e w s k i ,  
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e t  a l .  i n v o k e d  t h e  " r e v e r s e  a n o m e r i c  e f f e c t "  o r i g i n a l l y  
i n t r o d u c e d  by  Lemieux and Morgan t o  e x p l a i n  t h e  s t r o n g  
p r e f e r e n c e  o f  t h e  lC4  c o n f o r m a t i o n  i n  t h e  p y r i d i n i u m  
or - g l y c o p y r a n o s i d e s  . l 5  L e m i u e x  and  Morgan e x p l a i n e d  t h a t  
t h e  i n s t a b i l i t y  o f  t h e  4C1 c o n f o r m a t i o n  i s  d u e  t o  
u n f a v o r a b l e  e l e c t r o s t a t i c  i n t e r a c t i o n s  b e t w e e n  t h e  
p o s i t i v e l y  c h a r g e d  4 - m e t h y l  p y r i d i n i u m  g r o u p  ( C - l - N +  b o n d )  
i n  t h e  a x i a l  p o s i t i o n  and  t h e  r i n g  C-5-0-5 bond .  I n  
a d d i t i o n  t o  t h e  e l e c t r o s t a t i c  i n t e r a c t i o n ,  nonbonded  
i n t e r a c t i o n s  were a l s o  e n v i s a g e d  t o  p l a y  a s i g n i f i c a n t  
r o l e  i n  p r o m o t i n g  t h e  "reverse a n o m e r i c  e f f e c t  . I t  

S i m i l a r l y ,  C h m i e l e w s k i ,  e t  a l .  r e a s o n e d  t h a t  i n  n o n p o l a r  
s o l v e n t s  t h e  p a r t i a l  p o s i t i v e  c h a r g e  a t  t h e  c a r b a r a o y l  
g r o u p  o f  t h e  t i t l e  compounds p r o d u c e s  u n f a v o r a b l e  
i n t e r a c t i o n s  i n  t h e  5c2 c o n f o r m a t i o n  t h u s  s h i f t i n g  t h e  
e q u i l i b r i u m  t o w a r d s  2Cg. 

The x - r a y  s t r u c t u r e s  o f  t h e  t i t l e  compounds  a r e  f o u n d  
i n  t h e  2 c 5  c o n f o r m a t i o n  d e s p i t e  t h e  r e p u l s i o n  b e t w e e n  t h e  
1 , 3 - d i a x i a l  a c e t o x y  g r o u p s .  The f l a t t e n i n g  o f  t h e  
p y r a n o s y l  r i n g  and t h e  s p l a y i n g  o f  t h e  s u b s t i t u e n t s  a r e  
a b l e  t o  a l l e v i a t e  t h e  1 , 3 - d i a x i a l  nonbonded i n t e r a c t i o n s .  
A p p a r e n t l y  t h e  s p a c e  demands  of  t h e  a x i a l  a c e t o x y  g r o u p s  
a r e  l e s s  t h a n  t h a t  o f  t h e  a x i a l  c a r b a m o y l  g r o u p .  The 
i n t r a m o l e c u l a r  h y d r o g e n  bond o b s e r v e d  i n  t h e  c r y s t a l  may 
p l a y  a r o l e  i n  s t a b i l i z i n g  t h e  2C5 c o n f o r m a t i o n .  I n  polar 
s o l v e n t s ,  t h e  p r e d o m i n a n c e  of  t h e  5C2 c o n f o r m a t i o n  may be 
d u e  t o  t h e  s o l v e n t  d e s t a b i l i z a t i o n  o f  t h e  i n t r a m o l e c u l a r  
h y d r o g e n  bond.  Our p o t e n t i a l  e n e r g y  c a l c u l a t i o n s  r e v e a l  
t h a t  nonbonded c o n t a c t s  g r e a t l y  r e s t r i c t  t h e  f r e e d o m  of 
r o t a t i o n  of t h e  c a r b a m o y l  m o i e t y  i n  t h e  a x i a l  o r i e n t a t i o n  
( 5 ~ ~ )  a s  compared  t o  t h e  e q u a t o r i a l  o r i e n t a t i o n  ( 2 ~ ~ ) .  
T h i s  may a l s o  c o n t r i b u t e  t o  t h e  p r e f e r e n c e  o f  t h e  2C5 
c o n f o r m a t i o n .  

S t r u c t u r a l  s t u d i e s  of t h e  h e p t o n a m l d e  series h a v e  
d e a o n s t r a t e d  t h a t  t h e i r  s a c c h a r i d e  r i n g s  d i s p l a y  u n u s u a l  

- -  
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c o n f o r m a t i o n a l  f l e x i b i l i t y  w h i c h  Is o r d i n a r i l y  n o t  
e n c o u n t e r e d  i n  s a c c h a r i d e s  w i t h  an  o x y g e n  s u b s t i t u e n t  a t  
t h e  a n o m e r i c  c e n t e r .  I t  a p p e a r s  t h a t  en oc-D-pyranosy l  
s y s t e m  s u i t a b l y  s u b s t i t u t e d  ( e . g .  c a r b a m o y l  g r o u p )  a t  t h e  
a n o m e r i c  carbon atom c a n  d i s p l a y  b o t h  t h e  4 C 1  and 1C4 

c o n f o r m a t i o n s  w h e r e  t h e  e q u i l i b r i u m  c a n  b e  i n f l u e n c e d  b y  
t h e  s o l v e n t  p o l a r i t y .  A s i m i l a r  e q u i l i b r i u m  may be 
e n v i s i o n e d  t o  p l a y  a p r o f o u n d  r o l e  i n  b i o l o g i c a l  s y s t e m s  
where  m i c r o e n v i r o n m e n t a l  p o l a r i t y  c h a n g e s  c o u l d  c a u s e  
s i g n i f i c a n t  c o n f o r m a t i o n a l  s h i f t s  i n  c e r t a i n  s a c c h a r i d i c  
m o i e t i e s  o f  membranes  or g l y c o p r o t e i n s .  !t i s  c o n c e i v a b l e  
t h a t  e v o l u t i o n a r y  d i s c r i m i n a t i o n  a g a i n s t  t h e  1c4 

c o n f o r m a t i o n  may h a v e  o c c u r r e d  by  s e l e c t i n g  s u b s t i t u e n t s  
a t  t h e  a n o m e r i c  cen ter  wh ich  a r e  i n c a p a b l e  o f  i n d u c i n g  t h e  
" r e v e r s e  a n o m e r i c  e f f e c t . "  

E X P E R I M E N T A L  - 
C r y s t a l s  o f  compound 1 were o b t a i n e d  b y  s low 

e v a p o r a t i o n  o f  a s o l u t i o n  c o n t a i n i n g  t h e  s u b s t a n c e  i n  a n  
e t h a n o l - a c e t o n e  m i x t u r e .  A c r y s t a l  w i t h  d i m e n s i o n s  
0.4 x 0 .2  x 0 . 2  m m ,  was c h o s e n  f o r  d a t a  c o l l e c t i o n  on an  
E n r a f - N o n i u s  CAD4 d i f f r a c t o m e t e r  u s i n g  N i  f i l t e r e d  
Cu-Kw r a d i a t i o n  (X=1.5418!). Out of  2021 r e f l e c t i o n s  
c o l l e c t e d  u p  t o  a 28 l i m i t  o f  15U0, 1911 i n t e n s i t i e s  w i t h  
I /o - ( I )  g r e a t e r  t h a n  1.5 were u s e d  f o r  t h e  s t r u c t u r e  
a n a l y s i s .  T h r e e  r e f l e c t i o n s  were m o n i t o r e d  d u r i n g  d a t a  
c o l l e c t i o n ;  s i n c e  no s i g n i f i c a n t  d e c a y  was o b s e r v e d ,  no 
c o r r e c t i o n  was a p p l i e d .  An e m p i r i c a l  0 c u r v e  as  w e l l  a s  
L o r e n t z  a n d  p o l a r i z a t i o n  c o r r e c t i o n s  were a p p l i e d  t o  t h e  
i n t e n s i t i e s .  

Compound - 2 was c r y s t a l l i z e d  b y  e v a p o r a t i o n  from a 
100% a c e t o n e  s o l u t i o n .  I n t e n s i t y  d a t a  were c o l l e c t e d  
u s i n g  a c r y s t a l  w i t h  d i m e n s i o n s  0 .6  x 0 . 2  x 0.1 mm. Of a 
t o t a l  o f  2167 r e f l e c t i o n s ,  2122  r e f l e c t i o n s  w i t h  I / c r ( I )  
q r e a t e r  t h a n  1 . 5  were u s e d  f o r  t h e  s t r u c t u r e  a n a l y s i s .  
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Simi l ia r  c o r r e c t i o n s  were a p p l i e d  t o  t h e  i n t e n s i t y  d a t a  a s  
d e s c r i b e d  a b o v e .  

S t r u c t u r e  D e t e r m i n a t i o n  a n d  R e f i n e m e n t :  B o t h  
s t r u c t u r e s  were s o l v e d  b y  a p p l i c a t i o n  o f  t h e  
m u l t i - s o l u t i o n  t a n g e n t  formula  t e c h n i q u e  u s i n g  t h e  
c o m p u t e r  p r o g r a m  MOLTAN.l6 O f  t h e  32 p h a s e  se ts  g e n e r a t e d  
fo r  compound 1, a n  E map c o m p u t e d  w i t h  t h e  p h a s e  s e t  
h a v i n g  t h e  h i g h e s t  a b s o l u t e  f i g u r e  of merit  a n d  t h e  l owes t  
r e s i d u a l  r e v e a l e d  t h e  p o s i t i o n s  of a l l  t h e  n o n h y d r o g e n  
atoms. T h r e e  c y c l e s  o f  f u l l - m a t r i x  l e a s t  s q u a r e s  
r e f i n e m e n t  r e s u l t e d  i n  a n  R - i n d e x  [x I I F o l - I F c l  l / E  l F o l l  
o f  0 . 1 0 .  A t  t h i s  s t a g e  a d i f f e r e n c e  F o u r i e r  s y n t h e s i s  
r e v e a l e d  t h e  p o s i t i o n s  o f  a l l  t h e  h y d r o g e n  atoms. F o u r  
a d d i t i o n a l  c y c l e s  o f  l e a s t - s q u a r e s  r e f i n e m e n t  u s i n g  
a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  f o r  t h e  n o n h y d r o g e n  a t o m s  
a n d  i s o t r o p i c  t h e r m a l  parameters  fo r  t h e  h y d r o g e n  atoms 
y i e l d e d  a f i n a l  R- index  of 0.040. A m o d i f i e d  c o u n t i n g  
s t a t i s t i c s  w e i g h t i n g  s c h e m e  w i t h  t h e  w e i g h t  of e a c h  
r e f l e c t i o n  p r o p o r t i o n a l  t o  ~ / [ o - ~ ( F )  + ( 0 . 0 1  l F o l  ) 2 1  was 

u s e d . ’ 7  T h e  s h i f t  o v e r  e r r o r  r a t i o  was l e s s  t h a n  0.01 f o r  
a l l  p a r a m e t e r s  i n  t h e  f i n a l  c y c l e  o f  r e f i n e m e n t .  

F o r  c o m p o u n d  2, 64 s o l u t i o n s  were g e n e r a t e d  b y  MULTAN 
a n d  s u b m i t t e d  t o  t a n g e n t  r e f i n e m e n t .  T h e  c o r r e c t  s o l u t i o n  
w h i c h  h a d  t h e  lowest NQEST f i g u r e  o f  m e r i t f 8 ,  r e v e a l e d  22 
of 26 n o n - h y d r o g e n  atoms i n  t h e  s t r u c t u r e .  The  r e m a i n i n g  
n o n - h y d r o g e n  atoms were f o u n d  b y  s u b s e q u e n t  s t r u c t u r e  
f a c t o r  c a l c u l a t i o n s  a n d  d i f f e r e n c e  F o u r i e r  s y n t h e s e s .  
L e a s t  s q u a r e s  r e f i n e m e n t  o f  a l l  n o n h y d r o g e n  a toms u s i n g  
a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  y i e l d e d  a n  R- index  of 0 . 1 2 .  
A l l  21 h y d r o g e n  a toms were l o c a t e d  i n  a s u b s e q u e n t  
d i f f e r e n c e  F o u r i e r  s y n t h e s i s  a n d  were s u b m i t t e d  t o  l e a s t  
s q u a r e s  r e f i n e m e n t  u s i n g  i s o t r o p i c  t h e r m a l  pa rame te r s .  
Two o f  t h e  h y d r o g e n  atoms b o n d e d  t o  C-15 f a i l e d  t o  

c o n v e r g e  a n d  were f i x e d  from geometr ic  c o n s i d e r a t i o n s  ( see  
T a b l e  1). A f i n a l  r e f i n e m e n t  o f  a l l  t h e  atoms u s i n g  
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a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  f o r  t h e  n o n h y d r o g e n  atoms 
and  i s o t r o p i c  t h e r m a l  p a r a m e t e r s  f o r  t h e  h y d r o g e n  atoms 
y i e l d e d  a f i n a l  R- index  of 0.046 u s i n g  w e i g h t s  

p r o p o r t i o n a l  t o  ~ / I c P ~ ( F )  + (0.031F0l)~I. The max imum 
v a l u e s  of t h e  s h i f t  o v e r  error r a t i o s  were 0.09 and 0.33 
f o r  t h e  n o n h y d r o g e n  a n d  h y d r o g e n  atoms, r e s p e c t i v e l y .  

S c a t t e r i n g  f a c t o r s  f o r  t h e  o x y g e n ,  n i t r o g e n  and  
c a r b o n  a t o m s  were t a k e n  from Cromer and  W a b e r l g  and  t h o s e  
for t h e  h y d r o g e n  a t o m s  were from S t e w a r t ,  D a v i d s o n  and 
SimpSon -20 S u p p l e m e n t a r y  m a t e r i a l  c a n  be  o b t a i n e d  a s  
n o t e d .  21 
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