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FOREWORD 

The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the SERIES parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. As a further 
means of saving time, the papers are not edited or reviewed 
except by the symposium chairman, who becomes editor of 
the book. Papers published in the ACS SYMPOSIUM SERIES 
are original contributions not published elsewhere in whole or 
major part and include reports of research as well as reviews 
since symposia may embrace both types of presentation. 
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PREFACE 

T P he symposium on new synthetic methods was organized by the 
Carbohydrate Division of the American Chemical Society to com

memorate the 100th anniversary of the society. Chemists from the U S A 
and six other countries presented 16 papers during three sessions of the 
symposium. The invited speakers were all involved in elaborate syn
thetic work or had developed new and innovative techniques. They 
were either established authorities in the field or younger chemists who 
had recently produced significant developments worth reporting on such 
a solemn occasion. 

Successful synthese
desired change to occu
molecule. This naturally necessitates extensive use of selective blocking 
groups, and it is not surprising that two of the chapters in this text are 
devoted to the study of the applications of new blocking groups. In the 
course of the rapid development of the chemistry of natural products, 
certain striking similarities became apparent between carbohydrate 
molecules and their corresponding homocyclic or heterocyclic analogs. 
This led to a closer interaction between natural product chemists and 
carbohydrate chemists. A conceptual treatment of the synthetic reactions 
used by both groups and a close study of the relationship between these 
carbohydrate molecules and their non-carbohydrate analogs was highly 
desirable at this time. 

Stereochemistry has always played an important role in carbohydrate 
chemistry and is an ever present concern to the synthetic chemist. With 
the advent of readily accessible O R D and C D instruments, greater use 
has been made of the correlations between optical properties and the 
configuration and conformation of the products of synthesis to develop 
stereospecific isomerization that could lead to desired products. Other 
chapters in the present text deal with the synthetic application of reactive 
starting materials such as glycals, and others review the methods available 
for the preparation of biologically important derivatives such as thio 
sugars and heterocyclic compounds. 

The significance of this book is that it is authored by a large number 
of prestigious chemists and active younger ones; it is contemporary and, 
judging from the attendance of the symposium, deals with topics that are 
both interesting and current. 

Houghton, Michigan H A S S A N S. EL KHADEM 

December 1976 

ix 
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Applications of Ethylboron Compounds in 

Carbohydrate Chemistry 

R. KÖSTER and W. V. DAHLHOFF 
Max-Planck-Institut für Kohlenforschung, Mülheim-Ruhr, Germany 

The fundamental work of Böeseken (1) in the first 
half of this centur
different affinitie
compounds. The early investigations demonstrated the 
stereospecifity of the various polyols and saccharides 
towards boric acid. One analytical application that 
developed from this work was the quantitative deter
mination of boron based on the interaction of boric 
acid with certain hydroxy compounds. However, it is 
the preparative aspects that are of interest to carbo
hydrate chemists, and we will present here some of the 
uses of organoboron compounds in synthetic work and 
show the advantages they offer over conventional 
blocking groups. 

The most important and well known application of 
organoboron compounds in sugar chemistry was, and is 
still, the use of the bifunctional O-phenylboranediyl
-ligand as a protective group. Some O-phenylboranediyl 
derivatives of monosaccharides have been described in 
the literature (2,3). They have been prepared from 
phenylboric acid, which is neither as easy to react 
nor as easy to remove as the O-ethylboron group. The 
products are often not volatile and cannot be purified 
by distillation. Usually crystallisation is used to 
purify the products, but this is often difficult to 
achieve. 

In the past three years we have discovered new 
methods for the preparation of boron derivatives of 
hydroxy compounds and in particular O-ethylboron 
compounds. We were thus able to apply our 20 years of 
experience in the field of organoboranes to carbo
hydrate chemistry. The combination of two separate 
fields of research often brings about new impetus to 
the development of science. We believe that by 
combining our expertese in the field of sugars and 
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1. KOSTER AND DAHLOFF Ethylboron Compounds 3 

o r g a n o b o r a n e s we h a v e c o n t r i b u t e d t o t h e d e v e l o p m e n t 
o f b o t h . 

T h i s r e v i e w i n c l u d e s some r e s u l t s we h a v e o b 
t a i n e d i n o u r w o r k o n t h e p r e p a r a t i o n o f O - e t h y l b o r o n 
d e r i v a t i v e s o f p o l y h y d r o x y c o m p o u n d s . I n a d d i t i o n t o 
d i s c u s s i n g t h e p r e p a r a t i v e r o u t e s a n d t h e p r o p e r t i e s 
o f t h e new d e r i v a t i v e s we w i l l o u t l i n e s o m e p o s s i b l e 
a p p l i c a t i o n s o f t h e n e w p r o t e c t i v e g r o u p s . 

Some y e a r s a g o we f o u n d t h a t O - d i a l k y l b o r y l a t i o n 
o f n e a r l y a l l h y d r o x y g r o u p s t o o k p l a c e w i t h t r i a l k v l -
b o r a n e s i n t h e p r e s e n c e o f s p e c i a l new c a t a l y s t s ( 4 ) . 
T h e b e s t p r o m o t o r w a s a m i x e d a n h y d r i d e o f a c a r b o x y -
l i c a c i d a n d a d i a l k y l b o r i c a c i d R 2 B 0 C 0 R t . We a l s o 
f o u n d t h a t t h e d i e t h y l b o r y l a t i o n o f h y d r o x y g r o u p s 
c o u l d b e a c h i e v e d w i t h , t h e e a s i l y o b t a i n a b l e , t r i -
e t h y l b o r a n e ( 5 ) i n t h
d i e t h y l b o r y l p T v a l a t
e q u a t i o n s i l l u s t r a t e t h e p r o p o s e d c a t a l y t i c c y c l e o f 
t h e O - d i e t h y l b o r y l a t i o n . 

S i n c e e a c h h y d r o x y - g r o u p o f a p o l y o l r e a c t s w i t h 
l i b e r a t i o n o f e x a c t l y o n e m o l e o f e t h a n e , we u s e t h i s 
r e a c t i o n a s a s i m p l e a n a l y t i c a l m e t h o d f o r t h e d e t e r 
m i n a t i o n o f h y d r o x y g r o u p s ( 5 , ) . I t c o u l d a l s o b e u s e d 
a s m e a n s o f d e t e r m e n i n g t h e p u r i t y o f c a r b o h y d r a t e s 
a n d t h e i r d e r i v a t i v e s . D - G l u c o s e , f o r e x a m p l e , r e a c t s 
w i t h a c t i v a t e d t r i e t h y l T 5 o r a n e , a t r o o m t e m p e r a t u r e 
e x o t h e r m i c a l l y , w i t h t h e e v o l u t i o n o f e x a c t l y f i v e 
m o l e s o f e t h a n e ( 6 ) ( s e e f i g . 2 ) . A m i x t u r e o f a b o u t 
6 4 io α - a n o m e r a n d 2 7 % β - a n o m e r o f t h e p e n t a k i s - O -
d i e t h y l b o r y l - g - g l u c o p y r a n o s e i s f o r m e d . T h e r e m a i n i n g 
9 /o i s a n α / β - D - g l u c o f u r a n o s e m i x t u r e . 

N o d i f f i c u l t i e s a r e e n c o u n t e r e d i n p r e p a r a t i v e 
p e r - O - d i e t h y l b o r y l a t i o n s . T h e p e r - O - d i e t h y l b o r y l 
d e r i v a t i v e s o f p o l y a l c o h o l s ( 7 - 1 2 ) a n d s a c c h a r i d e s 
( 6 , 1 3 ) h a v e b e e n p r e p a r e d i n n e a r l y q u a n t i t a t i v e 

y T e T ï ï i n a l l c a s e s . T h e p r o d u c t s a r e u s u a l l y l i q u i d s 
w h i c h a r e m i s c i b l e w i t h h y d r o c a r b o n s i n a l l p r o p o r 
t i o n s . T h e p e r - O - d i e t h y l b o r y l a t e d m o n o s a c c h a r i d e s a n d 
h e x i t o l s c a n b e v a c u u m d i s t i l l e d w i t h o u t d e c o m p o s i 
t i o n . T h e c o m p o u n d s a r e v e r y w a t e r - s e n s i t i v e a n d c a n 
t h e r e f o r e e a s i l y b e d e b o r y l a t e d w i t h m e t h a n o l o r w i t h 
a c e t y l a c e t o n e a t r o o m t e m p e r a t u r e . 

B e s i d e t h e m o n o f u n c t i o n a l O - d i e t h y l b o r y l g r o u p , 
we a l s o h a v e t h e b i f u n c t i o n a l O - e t h y l b o r a n e d i y l g r o u p . 
T h i s g r o u p c a n b e i n t r o d u c e d i n t o h y d r o x y c o m p o u n d s 
e i t h e r d i r e c t l y o r i n d i r e c t l y . T h e i n d i r e c t m e t h o d 
i n v o l v e s t h e p e r - O - d i e t h y l b o r y l d e r i v a t i v e s a s i n t e r 
m e d i a t e s ( f i g . 3 a n d 4 ) . 
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4 S Y N T H E T I C M E T H O D S F O R C A R B O H Y D R A T E S 

T h e O - e t h y l b o r a n e d i y l d e r i v a t i v e s a r e a l s o o b 
t a i n e d i n h i g h y i e l d s a t r o o m t e m p e r a t u r e i n t h e 
p r e s e n c e o f B H - b o r a n e s . 

T h e d i r e c t m e t h o d o f O - e t h y l b o r a n e d i y l a t i o n 
w o r k s w i t h a s p e c i a l r e a g e n t . B i s ( e t h y l p i v a l o y l o x y ) -
d i b o r o x a n e ( B E E D I B ) [ ( E t B 0 C 0 t B u ) 2 0 ] r e a c t s a t r o o m 
t e m p e r a t u r e w i t h h y d r o x y c o m p o u n d s t o g i v e t h e O - e t h y l 
b o r a n e d i y l c o m p o u n d s (11-13) . W a t e r a n d p i v a l i c a c i d 
a r e f o r m e d a s s i d e p r o d u c t s . O n e o b t a i n s p u r e i s o m e r -
f r e e a n o m e r s f r o m m o n o s a c c h a r i d e s i n e x c e l l e n t y i e l d . 
T h e O - e t h y l b o r a n e d i y l g r o u p c a n l i n k t w o i n t r a - o r 
i n t e r m o l e c u l a r h y d r o x y g r o u p s ( s e e f i g . 5 ) . 

I n t h e i H - n . m . r . s p e c t r a o f t h e p e r - O - d i e t h y l -
b o r y l a t e d m o n o s a c c h a r i d e s (2,4), t h e a n o m e r i c p r o t o n s 
a r e w e l l s e p a r a t e d f r o m t h e n o n - a n o m e r i c r i n g p r o t o n s . 
T h e r a n g e f o r t h e a n o m e r i c p r o t o n s i s l a r g e r t h a n t h a t 
f o u n d f o r t h e t r i m e t h y l s i l y
p e r - O - d i e t h y l b o r y l d e r i v a t i v e s s u i t a b l e f o r s t r u c t u r a l 
i d e n t i f i c a t i o n s . T h e p r e p a r a t i o n o f n . m . r . s a m p l e s i s 
e x t r e m e l y e a s y . A v e r y s m a l l s a m p l e o f t h e c o m p o u n d 
t o b e i n v e s t i g a t e d i s p u t i n t o a n n . m . r . - t u b e a n d 
a c t i v a t e d t r i e t h y l b o r a n e i s a d d e d a t r o o m t e m p e r a t u r e . 
A f t e r m e a s u r e m e n t , t h e s u g a r c a n b e r e g e n e r a t e d q u a n 
t i t a t i v e l y b y s i m p l y a d d i n g m e t h a n o l . 

I t i s o f t e n p o s s i b l e t o a s s i g n s t r u c t u r e s t o t h e 
0- e t h y l b o r a n e d i y l d e r i v a t i v e s w i t h t h e h e l p o f ^ B -
n . m . r . - (1J5) a n d 1 3 c - n . m . r . - (1_6) s p e c t r a . T h e f i v e -
m e m b e r e d 1 , 3 , 2 - d i o x a b o r o l a n - r i n g h a s a c h a r a c t e r i s t i c 
r e s o n a n c e s i g n a l a t S= +34.5 p p m ( r e l a t i v e t o t h e 
e x t e r n a l s t a n d a r d E t 2 0 - B F j ) , w h e r e a s t h e ^ B - s i g n a l 
o f t h e s i x - a n d h i g h e r m e m b e r e d O B O - r i n g s l i e s a t 
<* = +30.5 p p m ( s e e f i g . 6) ( 8 ) . 

T h e n e x t p a r t o f t h i s r e v i e w w i l l d e a l w i t h some 
s p e c i f i c h y d r o x y c o m p o u n d s . 

T h e t r i h y d r o x y a l k a n e g l y c e r o l (9) ( s e e f i g . 7) 
r e a c t s w i t h a c t i v a t e d t r i e t h y l b o r a n e a t r o o m t e m p e r a 
t u r e t o g i v e 3 m o l e s o f e t h a n e a n d t r i s - O - d i e t h y l -
b o r y l g l y c e r o l . 

T h e l a t t e r c o m p o u n d o n h e a t i n g t o 170° e l i m i n a t e s 
o n e m o l e o f t r i e t h y l b o r a n e t o g i v e q u a n t i t a t i v e l y a 
g l y c e r o l d e r i v a t i v e h a v i n g o n e f i v e m e m b e r e d 0 - e t h y l -
b o r a n e d i y l - r i n g a n d o n e O - d i e t h y l b o r y l g r o u p i n t h e 
1- p o s i t i o n . T h e s t r u c t u r e o f t h i s c o m p o u n d w a s d e t e r 
m i n e d w i t h t h e h e l p o f t h e ' ' B - n . m . r . - s p e c t r u m 
(s = +34.4 p p m a n d S = +54.2 p p m ) a n d w a s v e r i f i e d b y 
a s t u d y o f i t s 1 5 c - n . m . r . - s p e c t r u m ( 1_5), w h i c h s h o w e d 
t h r e e s e p a r a t e 1 5 c - s i g n a l s . F u r t h e r , " T t c o u l d b e s e 
l e c t i v e l y d e b o r y l a t e d w i t h m e t h a n o l t o g i v e t h e 1 , 2 -
O - e t h y l b o r a n e d i y l - g l y c e r o l , w h i c h w a s O - a c y l a t e d i n 
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1. KOSTER AND DAHLOFF Ethylboron Compounds 

• Me OH 

BEPDIB e b is ( e t h v l £ i v a l o v l o x v ) d i boroxane 

Figure 5. Formative and transformation of O-ethylboron protective groups 

34,5 p p m 

Figure 6. nB-nmr spectrum of an equimolar mixture of A and 
Β in 2,2-dimethylbutane (standard: Et20-BFs with 8 = 0 ppm; 

deshielding: δ > 0 ppm) 
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SYNTHETIC METHODS FOR CARBOHYDRATES 
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1. KOSTER AND DAHLOFF Ethylboron Compounds 7 

t h e u s u a l m a n n e r , t h e n d e b o r y l a t e d t o g i v e 1 - 0 - a c e t y l -
o r 1 - 0 - b e n z o y l g l y c e r o l i n h i g h y i e l d s ( s e e f i g . 7 ) . 

T h e O - e t h y l b o r o n a t i o n o f b u t a n - 1 , 2 , 4 - t r i o l i s 
t h e s e c o n c T e x a m p l e ( V 7 ) . T h i s a l k a n e t r i o l y i e l d e d o n 
O - e t h y l b o r o n a t i o n a g a s c h r o m a t o g r a p h i c a l l y ( V 7 ) p u r e , 
T s o m e r - f r e e c o m p o u n d i n h i g h y i e l d w h i c h h a d o n e 
2 - e t h y l - 1 , 3 , 2 - d i o x a b o r i n a n - r i n g ( <5 = +31 p p m ) a n d o n e 
O - d i e t h y l b o r y l g r o u p ( <$ = + 5 4 p p m ) . A f t e r s e l e c t i v e 
ïïeborylation w i t h m e t h a n o l , s u b s e q u e n t O - a c e t y l a t i o n 
a n d f i n a l l y t o t a l d e b o r y l a t i o n , p u r e 1 - O - a c e t y l b u t a n e -
1 , 2 , 4 - t r i o l w a s o b t a i n e d ( s e e f i g . 8 ) . 

T h e b e h a v i o u r o f t h e a l k a n e t e t r a o l s w a s s i m i l a r , 
b u t s p e c i f i c f o r e a c h c o m p o u n d . M e s o e r y t h r i t o l 
f o r m e d a b i s - O - e t h y l b o r a n e d i y l d e r i v a t i v e h a v i n g t w o 
m e m b e r e d O B O - r i n g s , w h e r e a s p e n t a e r y t h r i t o l y i e l d e d 
a c o m p o u n d w i t h t w o

E a c h p o l y h y d r o x y - c o m p o u n d s e e m s t o h a v e i t s o w n 
s t a b l e O - e t h y l b o r o n d e r i v a t i v e . I n f a c t , we f o u n d f o r 
e x a m p l e , t h a t t h e t h r e e h e x i t o l s d u l c i t o l , D - m a n n i t o l 
a n d g - s o r b i t o l g a v e t h r e e d i f f e r e n t O - e t h y l b o r a n e d i y l 
d e r i v a t i v e s . F i v e r o u t e s w e r e u s e d t o t h e m a n n i t o l 
d e r i v a t i v e ( s e e f i g . 1 0 ) . 

P e n t i t o l s , s u c h a s x y l i t o l a n d r i b i t o l , r e a c t e d 
w i t h B E P D I B , o r v i a t h e p e r - O - d i e t h y l b o r y l , t o g i v e 
d e r i v a t i v e s c o n t a i n i n g t w o O - e t h y l b o r a n e d i y l r i n g s . 
I n t h e p r e s e n c e o f a n e x c e s s o f B E P D I B d i m e r i c p e n t i 
t o l s w i t h a n i n t e r m o l e c u l a r O - e t h y l b o r a n e d i y l g r o u p , 
w e r e o b t a i n e d . 

A n e x a m p l e o f a n O - e t h y l b o r a n e d i y l d e r i v a t i v e o f 
a s i m p l e s a c c h a r i d e , w h i c h i s i n c a p a b l e o f i s o m e r i -
s a t i o n , i s t h e 4 , 6 - 0 - e t h y l b o r a n e d i y l d e r i v a t i v e o f 
m e t h y l α - g - g l u c o p y r a n o s i d e . T h i s w a s p r e p a r e d b y t w o 
m e t h o d s ( s e e f i g . 1 1 ) . 

I n t h e f i r s t r o u t e , m e t h y l o c - D - g l u c o p y r a n o s i d e 
w a s p e r - O - d i e t h y l b o r y l a t e d w i t h a c t i v a t e d t r i e t h y l -
b o r a n e . One m o l e t r i e t h y l b o r a n e w a s t h e n e l i m i n a t e d 
a t r o o m t e m p e r a t u r e i n t h e p r e s e n c e o f a c a t a l y t i c 
a m o u n t o f e t h y l d i b o r a n e . F i n a l l y , t h e t w o 0 - d i e t h y l -
b o r y l g r o u p s a r e r e m o v e d w i t h a c e t y l a c e t o n e t o y i e l d 
t h e c r y s t a l l i n e , v a c u u m d i s t i l l a b l e m e t h y l 4 , 6 - 0 -
e t h y l b o r a n e d i y l - a - g - g l u c o p y r a n o s i d e . T h e s a m e 
c o m p o u n d w a s a l s o p r e p a r e d , i n 9 9 $ y i e l d , b y r e a c 
t i n g t w o m o l e s o f t h e m e t h y l α - g - g l u c o p y r a n o s i d e w i t h 
o n e m o l e B E P D I B i n t h e p r e s e n c e " " o f p y r i d i n e a t r o o m 
t e m p e r a t u r e . N o r m a l c o n d i t i o n s f o r t h e O - a c y l a t i o n s , 
f o l l o w e d b y d e b o r y l a t i o n s w i t h m e t h a n o l a t r o o m t e m p e 
r a t u r e , l e d t o t h e k n o w n 2 , 3 - d i - 0 - a c y l d e r i v a t i v e s o f 
m e t h y l α - g ^ - g l u c o p y r a n o s i d e ( s e e T i g . 1 1 ) . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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OH 

-OH 
» 2 BEt* (RT) 180·0,90· / . {çf^* 

λΟΗ 
bp.63*C/10' Torr 

• MeOH 8 2 · / 
(RT) 

1 E t H « · Β Ε ' * Ο " 

\ O H OH 

bp. 66-70*C/10"*Torr 
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OH y—Q 
• MeOH(RT) ( B E * 

OH " ,<>.,. >" 0 

V i r r N OCCH. x O C C H , 

BEtj = act. BEt3 

bp.eô 'C /S- IO 'Tor r 

Figure 8. lOAcetylbutane-1,2,4-triol via o-ethyl
boron intermediates 
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Figure 9. O-ethylboranediyl derivatives of mesoerythritol 
and pentaerythritol 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 10. Five routes to prepare 1,2:3,4:5,6-tris-O-ethyïboranediyl-O-mannitol 
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Figure 11. 2,3-Di-<yacyl derivatives of methyl α-Ό-glucopyranoside via O-ethylboranediyl 
intermediates 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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M o r e c o m p l i c a t i o n s a r e p o s s i b l e i n t h e b o r o n a t i o n 
o f t h o s e f r e e s u g a r s w h i c h c a n f o r m a - a n d β - a n o m e r s 
h a v i n g p y r a n o s e o r f u r a n o s e - r i n g s . T h e O - e t h y l b o r o n 
d e r i v a t i v e s o f g - x y l o s e a n d m e t h y l β - D - x y l o p y r a n o s i d e 
a r e s h o w n i n f i g u r e s 1 2 a n d 1 3 . R e a c t i o n o f D - x y l o s e 
w i t h B E P D I B y i e l d e d t h e 1 , 2 : 3 , 5 - b i s - 0 - e t h y l b o r a n e d i y l -
c t - D - x y l o f u r a n o s e d e r i v a t i v e a s s h o w n i n f i g . 1 2 . O n 
t h e o t h e r h a n d t h e O - e t h y l b o r a n e d i y l a t i o n o f m e t h y l 
β - D - x y l o p y r a n o s i d e a f f o r d e d t h e 2 , 4 - 0 - e t h y l b o r o n d e r i 
v a t i v e i n e x c e l l e n t y i e l d . Two i n d e p e n d e n t r o u t e s f o r 
t h e p r e p a r a t i o n o f t h i s c o m p o u n d may b e u s e d ( s e e 
f i g . 1 3 ) . 

T h e r e a c t i o n o f f r e e D - x y l o s e w i t h t h e i n t e r m e d i 
a t e s o f t h e p e r - 0 - d i e t h y l b ô r y Ι - α - β - m i x t u r e v i a o u r 
i n d i r e c t r o u t e w a s s o m e w h a t m o r c o m p l i c a t e d . T h e a d d i 
t i o n o f c a t a l y t i c a m o u n t
b o r y l - m i x t u r e o f x y l o s e
t h e t w o O - e t h y l b o r o n a - a n d β - a n o m e r s ( s e e f i g . 1 4 ) . 

D i s t i l l a t i o n y i e l d e d a b o u t 6 5 % o f t h e b i s - b o r o n 
o c - f u r a n o s e d e r i v a t i v e a n d 3 5 $ o f a β - f u r a n o s e d e r i 
v a t i v e h a v i n g t w o O - d i e t h y l b o r y l g r o u p s a t C - 1 a n d C - 2 . 
T h e r a t e o f r e d u c t i o n o f t h e s e t w o a n o m e r s w i t h a l k y l -
d i b o r a n e s a t 9 0 ° w a s d i f f e r e n t . T h e β - a n o m e r r e a c t e d 
7 t i m e s f a s t e r t h a n t h e α - a n o m e r . T h e v a c u u m d i s t i l -
l a b l e b i s - 1 , 2 : 3 , 5 - 0 - e t h y l b o r a n e d i y 1 - 4 - 0 - d i e t h y l b o r y l -
x y l i t o l w a s t h e e n ï ï - p r o d u c t i n e a c h c a s e ( s e e f i g . 1 4 ) . 
T h e s a m e c o m p o u n d w a s o b t a i n e d n e a r l y q u a n t i t a t i v e l y 
f r o m x y l i t o l v i a t h e t h r e e i n d e p e n d e n t i n d i r e c t r o u t e s 
( s e e f i g . 1 5 ) . W i t h B E P D I B i n e x c e s s , b y t h e d i r e c t 
r o u t e , o n e o b t a i n s a c o m p o u n d w i t h a i n t e r m o l e c u l a r 
O - e t h y l b o r a n e d i y l - g r o u p . 

T h e n e x t m o n o s a c c h a r i d e e x a m p l e , 2 - d e o x y - D -
r i b o s e , i l l u s t r a t e s t h e h i g h y i e l d s o f t h e O - e Î h y l -
b o r o n d e r i v a t i v e s t h a t c a n b e o b t a i n e d . R e a c t i o n o f 
t h e 2 - d e o x y - g - r i b o s e w i t h 0 . 5 m o l e B E P D I B a t r o o m 
t e m p e r a t u r e a f f o r d s , a f t e r d i s t i l l a t i o n , p u r e 3 , 4 - 0 -
e t h y l b o r a n e d i y l - 2 - d e o x y - f i - D - r i b o p y r a n o s e i n 9 7 % y i e l d 
( s e e f i g . ^ 6 ) . 

T h e H - n . m . r . - s p e c t r u m o f t h i s c r y s t a l l i n e d e r i 
v a t i v e i n d g - d m s o v e r i f i e s t h e s t r u c t u r a l a s s i g n m e n t s 
( s e e f i g . 1 7 ) . 

T h e d o u b l e t a t τ ~ 3 . 8 p p m w i t h J ( H 0 H H 1 ) = 5 i s 
c h a r a c t e r i s t i c o f a n a n o m e r i c h y d r o x y g r o u p . H 1 

a p p e a r s a s a w e l l r e s o l v e d s i g n a l ( d d d ) a t τ<*5 p p m d u e 
t o c o u p l i n g w i t h H Q H J H 2 a n d H 2 f . T h e r e m a i n i n g p r o t o n s 
a r e a l s o w e l l s e p a r a t e d m u l t i p l e t s i n t h i s s p e c t r u m 
( s e e f i g . 1 7 ) . 

T h i s c o m p o u n d c a n e a s i l y b e a c e t y l a t e d t o g i v e a 
c o l o u r l e s s , v a c u u m d i s t i l l a b l e l i q u i d i n 9 8 $ y i e l d . 
W h e n t h i s 3 > 4 - 0 - e t h y l b o r a r i e c L i y l - 1 - < û - a c e t y l - 2 - d e o x y - g -
r i b o s e i s d e b o r y l a t é d w i t h m e t h a n o l a t r o o m t e m p e r a -

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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/ " V o H * BEPDIB „ A 
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96· / · Figure 12. l,2:3y5-BisQethylboranediyl a-
D " X y l o s e bp 7 A - c / i O " 3 t o r r Ό-xylofuranose from Ό-xylose and BEPDIB 

Figure 13. 3-OAcyl derivatives of methyl β-Ό-xylopyranoside via O-ethylboranediyl in
termediates 
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Figure 14. Selective reduction of a- and β-Ό-xyloses via O-ethylboron intermediates 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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t u r e i t g i v e s p u r e 1 - 0 - a c e t y l - 2 - d e o x y - g - r i b o p y r a n o s e 
i n a n o v e r a l l y i e l d o T 80 

T h e r e a c t i o n s o f 6 - d e o x y - g - m a n n o s e ( L - r h a m n o s e ) 
w i t h e t h y l b o r o n c o m p o u n d s a r e f a t h e r c o m p l i c a t e d a n d 
s o m e w h a t s u r p r i s i n g . A s i m p l i f i e d s c h e m e o f some o f 
t h e r e a c t i o n s t h a t h a v e b e e n c a r r i e d o u t w i t h 
L - r h a m n o s e i s s h o w n i n t h e f i g . 18. 

T h e r e a c t i o n w i t h o n e m o l e o f B E P D I B , a t r o o m 
t e m p e r a t u r e , y i e l d e d t h e v a c u u m d i s t i l l a b l e , p u r e b i s -
1 , 2 : 3 , 5 - 0 - e t h y l b o r a n e d i y l f u r a n o s e d e r i v a t i v e . T h e 
s t r u c t u r e o f t U i s c o m p o u n d w a s d e t e r m i n e d w i t h t h e 
h e l p o f ^ H - , ' ' B - a n d 1 3 c - n . m . r . s p e c t r a . We f o u n d 
t h i s r e a c t i o n r a t h e r s u r p r i s i n g ' s i n c e L - r h a m n o s e 
f o r m e d o n l y a m o n o - 2 , 3 - 0 - i s o p r o p y l i d e n e d e r i v a t i v e 
w i t h a 50 t o 100 f o l d e x c e s s o f a c e t o n e . N o t r a c e o f 
a b i s - O - i s o p r o p y l i d e n

T r e a t m e n t o f t h
w i t h m e t h a n o l , a t r o o m t e m p e r a t u r e , d i d n o t y i e l d 
m o n o - 1 , 2 - 0 - e t h y l b o r a n e d i y l - o r a m o n o - 3 , 5 - 0 - e t h y l -
b o r a n e d i y l - L - r h a m n o f u r a n o s e . I n s t e a d 2 , 3 - 0 - e t h y l b o r a n e -
d i y l - g - r h a m n o f u r a n o s e w a s f o r m e d b y a n i n t r a m o l e c u l a r 
t r a n s e s t e r i f i c a t i o n . T h i s c o m p o u n d c o u l d n o t b e v a c u u m 
d i s t i l l e d a n d a d i s p r o p o r t i o n a t i o n r e a c t i o n o c c u r e d 
a t t h e t e m p e r a t u r e r e q u i r e d f o r d i s t i l l a t i o n y i e l d i n g 
L - r h a m n o s e a n d i t s b i s - 1 , 2 : 3 , 5 - 0 - e t h y l b o r a n e d i y l 
d e r i v a t i v e . T h e 2 , 3 - 0 - e t h y l b o r a n e d i y l d e r i v a t i v e o f 
L - r h a m n o s e c o u l d b e O - a c e t y l a t e d i n g o o d y i e l d . T h e 
t o t a l d e b o r y l a t i o n w i t h e t h y l e n e g l y c o l l e d t o 1 , 5 -
d i - O - a c e t y l - g - r h a m n o f u r a n o s e , w h i c h c o u l d n o t b e 
p r e p a r e d v i a t h e O - i s o p r o p y l i d e n e i n t e r m e d i a t e s . 

T h e r e a c t i o n s o f t h e new r e a g e n t B E P D I B w i t h t h e 
a l d o p e n t o s e s g - a r a b i n o s e , g - r i b o s e a n d g - x y l o s e , a n d 
t h e d e o x y - s u g a r s D - f u c o s e , g - r h a m n o s e a n d 2 - d e o x y -
g - r i b o s e , a s w e l l a s t h e a l d o h e x o s e s D - g l u c o s e , D -
m a n n o s e a n d D - g a l a c t o s e a r e d e p i c t e d i n f i g u r e s T9 -
2 1 . L - A r a b i n o s e a n d D - r i b o s e r e a c t e d t o g i v e b i s - 0 -
e t h y T b o r a n e d i y l - p y r a n o s e d e r i v a t i v e s i n o v e r 90 % 
y i e l d . 

O n t h e o t h e r h a n d , D - x y l o s e f o r m e d a b i s - O - e t h y l -
b o r o n f u r a n o s e d e r i v a t i v e . T h e s t r u c t u r a l a s s i g n m e n t s 
w e r e b a s e d o n 1 H - , 1 1 B - a n d ' O - n . m . r . d a t a . T h e 
f o r m a t i o n o f t h e b i s - O - e t h y l b o r a n e d i y l d e r i v a t i v e s o f 
D - f u c o s e , i - r h a m n o s e a n d t h e m o n o - O - e t h y l b o r a n e d i y l 
d e r i v a t i v e o f 2 - d e o x y - g - r i b o s e ( s h o w n i n f i g . 20) i s 
o f i n t e r e s t s i n c e e a c h s a c c h a r i d e b e h a v e d d i f f e r e n t l y . 

6 - D e o x y - D - g a l a c t o s e ( g - f u c o s e ) r e a c t e d w i t h a n 
e x c e s s o f B E P D I B t o f o r m a n α - p y r a n o s e d e r i v a t i v e , 
w h e r e a s 6 - d e o x y - g - m a n n o s e ( g - r h a m n o s e ) g a v e a β - f u r a -
n o s e d e r i v a t i v e . 2 - D e o x y - g - r i b o s e r e a c t e d w i t h a n 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 17. W-nmr spectrum (100

Figure 18. l,5-DiO-acetyl-6-deoxy-a-i~mannofuranose via O-ethylboranediyl intermedi
ates 
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e x c e s s o f B E P D I B f o r m i n g a p r o d u c t c o n t a i n i n g a n i n t e p -
m o l e c u l a r O - e t h y l b o r a n e d i y l g r o u p . A v a c u u m d i s t i l -
l a b l e β - p y r a n o s e d e r i v a t i v e w i t h a f r e e h y d r o x y g r o u p 
o n C - 1 w a s o b t a i n e d b y r e a c t i n g 2 - d e o x y - g - r i b o s e w i t h 
e x a c t l y 0 . 5 m o l e o f B E P D I B . 

F i n a l l y , w h e n o n e m o l e o f t h e a l d o h e x o s e s g - g l u -
c o s e , g - m a n n o s e a n d D - g a l a c t o s e w a s a l l o w e d t o r e a c t 
w i t h o n e m o l e B E P D I B a t r o o m t e m p e r a t u r e a v a c u u m 
d i s t i l l a b l e b i s - O - e t h y l b o r a n e d i y l d e r i v a t i v e w a s o b 
t a i n e d ( s e e f i g . 2 1 ) . T h e D - m a n n o s e d e r i v a t i v e h a d a 
f u r a n o s e r i n g a n d t h e g - g a l a c t o s e d e r i v a t i v e a p y r a -
n o s e r i n g . B o t h s t r u c t u r e s w e r e a n a l o g o u s t o t h e 0 -
i s o p r o p y l i d e n e d e r i v a t i v e s . T h e g - g l u c o s e d e r i v a t i v e , 
o n t h e o t h e r h a n d , f o r m s a n u n u s u a l 1 , 2 : 3 · 5 - f u r a n o s e 
r i n g s y s t e m . T h e f r e e h y d r o x y g r o u p s i n e a c h o f t h e 
a b o v e m e n t i o n e d b i s - b o r o n d e r i v a t i v e s r e a c t e d w i t h a n 
e x c e s s o f B E P D I B a
d i s t i l l a b l e i n t e r m o l e c u l a r O - e t h y l b o r a n e d i y l p r o d u c t s . 
T h e s t r u c t u r e s o f t h e s e p r o d u c t s a r e s h o w n i n f i g u r e 
2 1 . T h e p r o p e r t i e s o f t h e s e i n t e r m o l e c u l a r d e r i v a t i v e s 
may b e u s e d f o r s e p a r a t i o n p u r p o s e s . 

We w o u l d now l i k e t o g i v e s ome e x a m p l e s o f s e p a r a 
t i o n s t h a t w e r e c a r r i e d o u t w i t h t h e h e l p o f t h e 0 -
e t h y l b o r o n a t i ô n - d e b o r o n a t i o n p r o c e d u r e s . T h e s e r e a c 
t i o n s w e r e c a r r i e d o u t u n d e r m i l d n e u t r a l c o n d i t i o n s . 

We f o u n d t h a t m a n y s a c c h a r i d e s c a n b e p u r i f i e d 
v i a e t h y l b o r o n i n t e r m e d i a t e s , o n e a p p l i c a t i o n w a s t h e 
p r e p a r a t i o n o f p u r e a m y l o s e . I t w a s p o s s i b l e t o s e p a 
r a t e t h e h i g h m o l e c u l a r l i n e a r a m y l o s e p a r t o f n a t i v e 
s t a r c h f r o m t h e b r a n c h e d a m y l o p e c t i n p a r t b y u s i n g t h e 
s i m p l e b o r y l a t i o n - d e b o r y l a t i o n m e t h o d ( s e e f i g . 2 2 ) . 

A n h y d r o u s c o r n s t a r c h w a s O - d i e t h y l b o r y l a t e d w i t h 
a c t i v a t e d t r i e t h y l b o r a n e i n h e x a n e a t r o o m t e m p e r a 
t u r e . T h e i n s o l u b l e c o m p o n e n t , c o m p o s e d o f n o n - b o r y -
l a t e d a m y l o p e c t i n , w a s f i l t e r e d o f f a n d t h e s o l u b l e 
p o r t i o n , c o m p o s e d o f p e r - O - d i e t h y l b o r y l a t e d a m y l o s e , 
w a s t r e a t e d w i t h m e t h a n o l t o g i v e p u r e a m y l o s e . 

T h e e t h y l b o r o n a t i o n - d e b o r o n a t i o n p r o c e d u r e w a s 
a l s o u s e d t o p u r i f y o t h e r c a r b o h y d r a t e s . T h e h y d r o 
c a r b o n i n s o l u b l e i n o r g a n i c i m p u r i t i e s b e i n g r e m o v e d 
b y f i l t r a t i o n a f t e r O - d i e t h y l b o r y l a t i o n o r 0 - e t h y l -
b o r a n e d i y l a t i o n . 

F u r t h e r , i t i s p o s s i b l e t o d e h y d r a t e s u g a r h y d r a 
t e s u s i n g t r i e t h y l b o r a n e . T h i s r e a g e n t r e a c t s w i t h 
w a t e r a t r o o m t e m p e r a t u r e t o g i v e t w o m o l e s o f e t h a n e 
a n d o n e m o l e o f t h e v o l a t i l e t e t r a e t h y l d i b o r o x a n e f r o m 
e a c h m o l e o f w a t e r . T h e p r o c e d u r e w a s u s e d t o o b t a i n 
a n h y d r o u s r a f f i n o s e , p u r e 5 - d e o x y l a c t o b i o n i c a c i d a n d 
a b s o l u t e l y d r y c y c l o a m y l o s e s . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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/ " V O H Β E P D I B ( 2 0 · α > - ° V ( 9 2 . / e ) 

H 0 \ | | / - 2 t B u C O H / - 1 H 2 0 / \ | _ | / \ 

HO OH E t B 0 0 — - B E t 

D - R i b o s e bp 7 7 e C / 1 0 " 3 torr 

/ ° \ + B E P D I B ( 2 0 - C ) / Ç ^ O ^ , 

H 0 ^ ~ « < , 2 t B u g 0 H / , 1 H ; 0 - < 3 p ) χ B E t
( 9 6 · / · , 

D - X y l o s e bp 7 4 e C / 1 0 " 3 t o r r 

Figure 19. BisO-ethylboranediyl derivatives of some pentoses 

T h e v o l a t i l e O - e t h y l b o r o n d e r i v a t i v e s o f m o n o 
s a c c h a r i d e s c a n e a s i l y b e s e p a r a t e d f r o m d i - a n d 
h i g h e r s a c c h a r i d e s . T h u s , a f t e r r e a c t i n g a m i x t u r e o f 
g l u c o s e a n d s u c r o s e w i t h a c t i v a t e d t r i e t h y l b o r a n e , t h e 
p e n t a k i s - O - d i e t h y l b o r y l g l u c o s e c a n b e d i s t i l l e d o f f 
f r o m t h e p e r - 0 - d i e t h y l b o r y l a t e d d i s a c c h a r i d e . T r e a t 
m e n t o f d i s t i T l a t e a n d r e s i d u e w i t h m e t h a n o l a f f o r d s 
p u r e g l u c o s e a n d s u c r o s e . 

T h e s p e c i a l p r o p e r t y o f t h e O - e t h y l b o r a n e d i y l -
g r o u p t o f o r m i n t r a - a n d i n t e r m o l e c u l a r p r o d u c t s c a n 
b e u s e d f o r t h e s e p a r a t i o n o f p o l y h y d r o x y c o m p o u n d s . 
T h u s , ' x y l i t o l a n d D - m a n n i t o l c a n b e c o n v e r t e d t o t h e i r 
r e s p e c t i v e 0 - e t h y l T 5 o r a n e d i y l c o m p o u n d s w i t h B E P D I B o r 
v i a t h e p e r - O - d i e t h y l b o r y l d é r i v a t i z a t i o n w i t h B H -
c a t a l y s t s (see f i g . 2 3 ) . 

I n t r a - a n d i n t e r m o l e c u l a r r e a c t i o n s w i t h t r i e t h y l 
b o r a n e o c c u r w i t h x y l i t o l , w h e r e a s g - m a n n i t o l f o r m s 
i n t r a m o l e c u l a r O - e t h y l b o r a n e d i y l g r o u p s o n l y . T h e 
m a n n i t o l d e r i v a t i v e c a n t h e r e f o r e b e d i s t i l l e d o f f 
q u a n t i t a t i v e l y f r o m t h e m i x t u r e a n d t h e x y l i t o l " d i -
rner", r e m a i n s as a r e s i d u e . P u r e D - m a n n i t o l a n d x y l i 
t o l c a n t h e n b e r e g e n e r a t e d b y d e b o r o n a t i o n w i t h 
e t h y l e n e g l y c o l . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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+ B E P D I B ( 2 0 * C ) 

2 t B u C O H / - 1 H 2 0 
0 

Et B' 
/to ( 9 8V.) 

- B E t 

6 - D e o x y - D - g a l a c t o s e b p 6 5 ^ / 1 0 ' 3 t o r r 

Η?ΛΓ \ * P C P D 1 D ( 2 0 * C ) i / O \ | 

' 0 H - 2 t B u C O H / - Ι Η , ο " M ' c t f C l ( 9*'U) 

OH OH 0 ° Ν Β ^ Ο - Β Β 

6 - D e o x y - L - m a n n o s e 

Et 

b p 7 8 * C / 1 0 " 3 t o r r 

( 9 7 · / . ) 

2 - D e o x y - D - r i b o s e b ρ 9 8 * C / 1 0 * 3 1 o r r 

m p 8 8 * C 

Figure 20. Intramolecular O-ethylboranediyl derivatives of 
some deoxy sugars 

CHjOH 

+ 1 B E P D I B ( 2 0 ' C ) 

- 2 tBuCOH / - Η , Ο 

CH 2OH 

bp 120*C/10' 3torr 

+ B E P D I R ( 2 0 · Ο 

-1 tBuCOH / - 2-H20 \ 
B' 

Et 

CHjOH 

1 Β Ε «.· U IB (2 0 'C ) • 8 E P D ; 3 ( 20*C) 

-1 t BuCOH / -4 Η ,Ο 
Ο / 2 2 

bp 126*C/10* 3 torr 

D -Ga lac tose bp 119"C/10' 3 torr 

Figure 21. Intra- and intermolecular O-ethylboranediyl denvatives of some hexoses 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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soluble 

( anhydrous ) nat ive Starch 

-EtH 

insoluble 

• CH3OH 

- Et 2BOCH 3 

amylose 
(3 OH p e r Glucose unit ) 

BEt3*= act . BEt 3 

Figure 22. Separation of amylose and amylopectin via borylation— 
deborylation procedure 

D-Mannitol 

D-Manni to l + B E P D I B 

H<T~OH 
(60*C ) 

-(To 

Et 

Et Et 
bp 100 'C /10" 3 to r r 

OH I 
( 6 0 ' C ) , 

Xylitol 

Figure 23. The separation of D-mannitol/xylitol mixture via O-ethylboranediyl in
termediates 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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pure L - A r a b i n o s e 

Equimolar 
m i x t u r e 

OH 

L - A r a b i n o s e 

CH 2 OH 

H C ^ ^ ) ^ a 

• J B E P D I B (20 'C)^ 

- I tBuCOH / - 7 H 2 0 
0 

a n d 

Ό 

I Vacuum 

I D is t i l l a t ion 

• MeOH 

( 20'C ) 
- 2 (MeO)£E\ 

bp. W C / I O " 5 torr 

V 

• Η Ο ^ Ο Η - δ <{̂ }> 

crude D - M a n n o s e 

Figure 24. The separation of ^arabinose and Ό-mannose via O-ethylboron intermedi
ates 

T h e s a m e s e p a r a t i o n m e t h o d c a n h e c a r r i e d o u t 
w i t h a m i x t u r e o f p e n t o s e s a n d h e x o s e s ( s e e f i g . 2 4 ) . 

L - A r a b i n o s e a n d g - m a n n o s e r e a c t w i t h a n e x c e s s o f 
B E P D I B a t r o o m t e m p e r a t u r e t o g i v e O - e t h y l b o r a n e d i y l -
d e r i v a t i v e s . T h e b i s - O - e t h y l b o r a n e d i y l - g - a r a b i n o s e c a n 
b e d i s t i l l e d o f f a n d w i l l y i e l d o n m e t h a n o l y s i s p u r e 
L - a r a b i n o s e . P u r e D - m a n n o s e c a n a l s o b e r e g e n e r a t e d 
f r o m t h e d i s t i l l a t i o n r e s i d u e b y t r e a t m e n t w i t h e t h y 
l e n e g l y c o l . M i x t u r e s o f c o m p o u n d s h a v i n g o d d a n d 
e v e n n u m b e r e d h y d r o x y g r o u p s c a n b e s u b j e c t e d t o t h i s 
t y p e o f s e p a r a t i o n . T h e r e e x i s t h o w e v e r some c o m p o u n d s 
w i t h a n e v e n n u m b e r o f OH g r o u p s w h i c h f o r m i n t e r m o l e 
c u l a r O - e t h y l b o r a n e d i y l - d e r i v a t i v e s . One s u c h e x a m p l e 
i s m e t h y l a - D - g l u c o p y r a n o s i d e . 

T o s u m m a r i z e s o m e o f t h e m o s t i m p o r t a n t r e s u l t s 
o b t a i n e d i n o u r i n v e s t i g a t i o n w i t h t h e O - e t h y l b o r a n e 
d i y l p r o t e c t i v e g r o u p o n e c a n s a y t h e f o l l o w i n g : 

1 . T h e O - e t h y l b o r a n e d i y l g r o u p c a n b e i n t r o d u c e d 
a n d r e m o v e d u n d e r m i l d e r c o n d i t i o n s t h a n a n y o f t h e 
c o m m o n l y u s e d p r o t e c t i v e g r o u p s i n c a r b o h y d r a t e 
c h e m i s t r y . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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2 . T h e O - e t h y l b o r a n e d i y l g r o u p i s c a p a b l e o f 
f o r m i n g b o t h i n t r a - a n d i n t e r m o l e c u l a r l i n k a g e s i n 
e x c e l l e n t y i e l d s . 

3 . T h e b i f u n c t i o n a l p r o t e c t i v e g r o u p c a n b e i n t r o 
d u c e d v i a t w o m o n o f u n c t i o n a l O - d i e t h y l b o r y l g r o u p s . 

4 . I n t e r m o l e c u l a r O - e t h y l b o r a n e d i y l g r o u p s c a n b e 
b r o k e n t o g i v e t w o O - d i e t h y l b o r y l g r o u p s . 

5 . M o s t o f t h e i n t r a m o l e c u l a r O - e t h y l b o r a n e d i y l -
d e r i v a t i v e s o f m o n o s a c c h a r i d e s c a n T>e v a c u u m d i s t i l l e d 
w i t h o u t d e c o m p o s i t i o n a n d a r e q u i t e o f t e n c r y s t a l l i n e . 

6 . S e v e r a l o f t h e b i s - O - e t h y l b o r a n e d i y l - d e r i v a -
t i v e s c a n b e p a r t i a l l y a n d s e l e c t i v e l y d e b o r y l a t e d 
w i t h m e t h a n o l a t r o o m t e m p e r a t u r e . S u c h s e l e c t i v e 
d e b o r y l a t i o n s h a v e n o t b e e n o b s e r v e d f o r a n y 0 - p h e n y l -
b o r a n e d i y l d e r i v a t i v e s . 

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

8 . T h e O - e t h y l b o r a n e d i y l g r o u p c a n b e r e m o v e d 
u n d e r f a r m i T d e r c o n d i t i o n s t h a n t h e O - i s o p r o p y l i d e n e 
g r o u p . T h u s , f o r e x a m p l e , we h a v e b e e n a b l e t o p r e p a r e 
s o m e 1 - 0 - a c y l d e r i v a t i v e s v i a O - e t h y l b o r a n e d i y l i n t e r 
m e d i a t e s . 

B e c a u s e o f t h e s e f a c t s , t h e u s e o f t h e O - e t h y l 
b o r o n p r o t e c t i v e g r o u p s o f f e r s new p o s s i b i l i t i e s f o r 
t h e p u r i f i c a t i o n , t h e s e p a r a t i o n a n d m a n y O - d e r i v a t i -
z a t i o n s o f p o l y h y d r o x y c o m p o u n d s . 
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New Aspects of Synthesis with Benzylidene Acetals 

DEREK HORTON and WOLFGANG WECKERLE 
Department of Chemistry, Ohio State University, Columbus, Ohio 43210 

In conjunction with esters and ethers  acetals play an 
important role as protectin
Moreover, benzylidene acetal
-substituted derivatives by means of a ring-opening reaction 
(Figure 1), whereby the acetal is treated with N-bromosuccinimide 
in hot carbon tetrachloride. The process presumably involves 
bromination at the benzylic position followed by ionic 
rearrangement, and yields the primary bromide benzoylated at the 
secondary position. This reaction was applied in the carbohydrate 
field by Hanessian (1) in 1966 with examples illustrated in Figure 
1, and was further extended in the same year by Hullar and 
coworkers (2). Since then, the reaction has found wide utility in 
numerous applications. 

A recent application of acetals novel in the carbohydrate 
field was described in 1974, when Klemer and Rodemeyer (3) 
reported the reaction of methyl 2,3:4,6-di-O-benzylidene-α-D-
mannopyranoside (1) with two molar equivalents of butyllithium 
at -30° in tetrahydrofuran (Figure 2). They showed that the 
dioxolane ring reacts selectively and the dioxane ring is 
unaffected. Furthermore, the reaction led regiospecifically to 
the 2-deoxy-3-ketone 2; the only side-product was a trace of a 
2,3-unsaturated compound. 

The foregoing reaction is a specific illustration of a 
general type of process observed with dioxolanes derived from 
benzaldehyde, as illustrated in Figure 3. Removal of a proton 
from 3 by the strong base initiates the reaction, and the 
subsequent course depends on which proton has been abstracted. If 
the benzylic proton is removed, the resultant anion 10 then 
collapses with elimination of benzoate anion to give the alkene 11, 
as shown in the lower portion of Figure 3. The benzoate anion 
subsequently reacts with the excess of alkyllithium reagent. If, 
on the other hand, abstraction of the hydrogen atom attached to 
one of the other carbon atoms of the dioxolane 3 occurs, the 
subsequent process leads to an enolate anion (5 or 8), with 
elimination of benzaldehyde (which then reacts with a second 
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D - g luco ( p r i n c i p a l ) 

Figure 1. Ring-opening reaction of benzylidene acetals with N-bromosuccini
mide 

methyl 4 , 6 - O - b e n z y l i d e n e -
2 - deoxy - oc- D - e r y t h r o - hexopyranosid-
3- ulose-

Figure 2. Opening of a 1,3-dioxolane ring: reaction of methyl 2,3:4,6-di-0-benzylidene-
α-Ό-mannopyranoside (1) with butyllithium 
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Figure 3. Possible pathways and products of the butyllithium reaction with 2-
phenyl-l,3-dioxolane derivatives 

O C H 2 

-30 , tetrahydro-
furan 

O C H 2 O C H 2 

Large-scale operations 

Isolation conditions yield 
2 12 

strongly alkaline (ref.3) traces 1 0 - 2 0 ° / e 

( •complex mixture) 

ammonium chloride-
buffered 91°/. 

12 

Figure 4. Preparative synthesis of the deoxy ketone 2 
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molecule of the reagent). After conventional processing, one or 
other of the corresponding deoxygenated keto products (6 or 9) is 
isolated, as shown in the upper half of Figure 3. The outcome of 
the reaction depends on which of the three hydrogen atoms in 3 is 
the more-readily abstracted, and this step determines which of the 
three possible products (6 , 9, or l l ) is formed. 

The great potential u t i l i t y o?~this reaction by Kleraer and 
Rodemeyer prompted our evaluation of i t on a large scale, as the 
ketone 2 was required as an intermediate in a proposed synthesis 
of daunosamine and related compounds. As shown in Figure k9 some 
difficulties were encountered in the scale-up of the reaction as 
originally described. Although small-scale preparations proceeded 
satisfactorily, attempts to use quantities of 50 grams or more of 
compound 1 did not lead to the desired ketone 2, but to complex 
mixtures containing a wide range of other products besides 2  as 
indicated by 1.1. c. Fro
isolated in relatively lo
as a product (12) of chain degradation. The difficulty was traced 
to decomposition- of compound 2 during the isolation procedure when 
water was added to the solution. Under these conditions, the 
mixture becomes strongly alkaline, permitting base-catalyzed 
degradation of 2, as w i l l be shown later. A modified isolation 
procedure, whereby the cold reaction mixture (-^0°) is poured into 
well-stirred, ice-cold, aqueous ammonium chloride permitted the 
successful, large-scale conversion of 1 into 2. The 
tetrahydrofuran was evaporated off and~the crystalline product then 
fi ltered off directly from the aqueous mixture. By this 
modification, the ketone 2 could be obtained crystalline in 91$ 
yield (h). The reaction is quite regiospecific, and no 3-deoxy-2-
keto product could be detected. 

A major objective in our laboratory has been the development 
of a high-yielding synthesis of the amino sugar daunosamine (3-
amino-2,356-trideoxy-L-lyxo-hexose, 21) , a constituent of the 
important antitumor antibiotics daunorubicin (5.,6), carminomycin 
( î ) , and adriamycin (8) . The synthesis of this amino sugar from 
D-mannose as starting material requires deoxygenation at C-2, 
amination with inversion at C-3, and inversion at C-5 together 
with deoxygenation at C-6. Having in hand a high-yielding route 
to the ketone 2 allowed the development of a very convenient 
synthesis for î h i s amino sugar, as illustrated in Figure 5> 
affording i t in a net yield of hOf> from methyl a-D-mannopyranoside 
(i). 

The ketone 2 is oximated, and the resultant oxirae 13 is 
reduced and the product a ç e t y l a t e d , to give a mixture o?~the D-
ribo (ih) and D-arabino (15) acetamido derivatives. The reduction 
strongly favor's the ribo^cbmpound, and separation of the two 
products is readily achieved by exploiting the very low solubility 
of the arabino derivative (15) in most organic solvents, especially 
in toluene. The r i b ο producTT (ik) is very soluble in this and 
most other solvents. By this simple separation, pure compounds 1*+ 
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and 15 were obtained in 87$ and 12$, respectively. These products 
were^subjected separately to the action of N-bromosuccinimide to 
generate the 6-bromides (16 and 17) benzoylated at 0-U. The D-
ribo isomer ( l 6 ) was then^TreateoTwith technical silver fluoride 
to bring abouiPelimination of hydrogen bromide and generate the 
exocyclic enol derivative 18, which was then converted into the 
debenzoylated analogue 19. ™ ï h e latter undergoes stereospecific 
reduction with hydrogenTTn the presence of palladium to give the 
corresponding C-5-inverted product 20, which is the N-acetylated, 
methyl glycoside of daunosamine. TKe" hydrochloride {"21 ) of the 
free reducing sugar is obtained by removal of the N-suSstituent 
and hydrolysis of the glycosidic group (h). 

This synthesis also provides a versatile general method for 
related amino sugars (9 , 10), as illustrated in Figure 6. If the 
elimination—inversion sequence at C-5 is omitted, compound 16 
(g-ribo) can be converted into the corresponding -deoxy 
derivative 22 and, likewise
its corresponding β-deoxy analogue 23. In the ribo series, 0-
deacylation to compound 2k and subsequent hydrolysis affords 3-
amino-2,3,6-trideoxy-D-riBo-hexose (26) , the optical antipode of 
the antibiotic constituent ristosamine" ( l l ) . By a similar 
sequence, the corresponding D-arabino derivative (27) is obtained; 
this compound is the enantiomorph of acosamine (12JT Compound 27, 
upon Ν,Ν-dimethylation, gives angolosamine, which is a component 
of the macrocyclic lactone antibiotic angolomycin (13). 

The feasibil ity of the butyllithiura reaction with compounds 
having a different mode of substitution was next examined, and the 
results of reactions performed on derivatives of L-rhamnose (Ik) 
are illustrated in Figure 7. 

Although the f irst derivative chosen, methyl 2 ,3-0-
benzylidene-a-L-rhamnopyranoside (28) has formal similarity to the 
foregoing compound 1 in that both I~and 28 have the dioxolane ring 
derived from benzalôTehyde attached~~to a 5^membered sugar ring, 
there are substantial differences, most importantly because 28 
possesses a labile proton. Treatment of 28 with butyllithium~did 
not lead to a deoxy ketone, but to a mixture of products 
containing a small proportion of the 2,3-unsaturated product 29 
(presumably arising from the U-oxyanion of 28 by abstraction δΤ 
the benzylic hydrogen atom and subsequent elimination of a 
benzoate anion), together with larger proportions of two branched-
chain products (30 and 31) that are apparently formed by attack 
of the butyl l i thî ï ïm reagent upon the keto sugar derivative. The 
reaction with compound 28 is more sluggish than with the di-0-
benzylidenemannoside 1. fro reaction took place at a l l at -3O 0 , 
but at 0° the products' shown were formed. The fact that the 
reaction must take place by way of an i n i t i a l oxyanion at C-k may 
influence the outcome of the reaction. Under the more-vigorous 
conditions required to separate a second proton and generate a 
doubly-charged species (32), the enolate (33) of the desired 2-
deoxy-3-ketone evidently^eliminates the glycosidic methoxyl group 
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2 13 14 ribo R = NHAc. R'= Η 1 ^ 

~ ~ m.p. 173* 
C * ] D » 7 7 e ( C H C I 3 ) 

15 arabjno R= H; R= NHAc 17 

mp. 154 -155" 
[ o O D * 1 1 7 e ( C H C I 3 ) 

s y r u p 
Wn « 5 5 ° 

Ô 
s y r u
M n •  (water) 

/ M e \ (1)Ba(OH) 2 

, (2) HCI 

Figure 5. Synthesis of daunosamine 

n e r y i e l d ( f r o m methyl cx-
D - m a n n o p y r a n o s i d e ) 4 0 e / o 

16 r i b o R = NHAc, R'= Η 

1£ a r a b i n o R = H ; R/= NHAc 

91*/o; s y r u p 

[<x:D .126' ( C H C I 3 ) 

23 

9 8 · / . ; m.p. 133 - 134 e 

LoO D » 1 3 8 * (CHCI3) 

24 r ibo R= N H A c ; R;= H 

9 7 e / o ; s y r u p 

C « 3 D • 37 * ( CHCI3 ) 

25 a r a b i n o R = H ; R'= NHAc 

8 0 · / . ; m.p. 155 - 1 5 6 * 

[<x]D « 1 9 3 * (CHCI3) 

Me 

2 6 r i b o 
D- r is tosamine-
R = NH3CI; R'= H 
81 · / . ; m . p - 1 2 3 - 1 2 5 * ( dec.) 
C«*JD • 8 5 * (equil., water ) 

£ 7 a r a b i n o 

R : H ; R'= NH3CI 
9 4 β / β , m. ρ 1 7 2 - 1 7 4 * (dec. ) 

Co«3D • 9 4 * (equil., w a t e r ) 

Figure 6. Synthesis of 3-amino-2,3,6-trideoxy-O-
ribo- and D- arabino hexoses 
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Ο Me 
BuLi 

HO A w \ OMe 
Me 

0 , tetrahydro-
f uran 

BuLi 
(2 moles) 

29 

syrup 

C«J D -115° 

+ 

30 Î R =OH ; R'= B U 

3^ (R = Bu ; R'= OH 

17 β /β 44 e / . 
m.p. 8 8 - 8 9 ° 6 7 - 6 8 ° 
C«] D-110 e(CHCl3) -88 e (CHCI 3 ) 

BuLi 
( 1 mol  ) 

-MeO~ 

32 34 

P h C H 2 0 A ° v OMc 

0 , tetrahydrofuran,-
22° , benzene 

BuLi 

-30 , tetrahydrofuran 

complex 
reaction mixture 

40 e /o,m.p. 71-72 
M D - 3 0 1 ° ( C H C I 3 ) 

Figure 7. Reactions of methyl 2,3-Cybenzylidene-a-L-rhamnopyranosides with butyl-
lithium 
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readily to form the corresponding l-ene-3-one 3^, which would 
predictably react with the reagent to give a mixture of products 
(30 and 3 l ) 5 formed by addition of butyllithium to the carbonyl 
group. ™ 

In order to impede this competing process, i t was considered 
necessary to protect the hydroxyl group in the rhamnose derivative 
28 by means of a base-stable group. This was achieved by 
preparation of both the U-benzyl (35) and ^-methyl (36) ethers. 
However, butyllithium failed to effect a straightforward 
transformation of the benzylated benzylidene acetal 35> even under 
a variety of conditions explored; at low temperature^Î~-30 o ) no 
reaction occured, and more-vigorous conditions led to a complex 
mixture of products. Evidently, the reagent abstracts a proton 
from the U-O-benzyl group (as indicated by a change of the 
solution to a yellow-red color), thus hindering removal of a 
second proton from the dioxolan

In contrast, the methyl ether  reacted readily with 
butyllithium at -3O0 and the reaction was complete after 30 
minutes. The product is the 2-deoxy-3-ketone 37, whose structure 
is fully supported by conventional characterization data as well as 
by n. m. r. - and mass-spectral data. A sequence involving oximation, 
reduction, and hydrolysis thus offers a route from 37 to the L-
ribo (enantiomer of 26) and L-arabino (enantiomer o?~27) analogues 
of daunosamine ( 21) ,~>ristosamine (11), and acosamine (T2). 

In a furthe~effort to demonstrate the generality of the 
butyllithium reaction with benzylidene acetals having the 
dioxolane ring-structure, additional examples (15) have been 
examined. The alio analogue 38 of the previously studied manno 
dibenzylidene acetal 1 was suBJected to the same type of treatment 
with butyllithium in tetrahydrofuran (Figure 8) . The compound 
reacted readily to generate a deoxy keto sugar 39 having the keto 
group in the 2-position and deoxygenation at 0-3^ Only traces of 
the 2,3-unsaturated glycoside (ho) were formed. It is thus 
evident that compound 38 reactsTSy exactly the reverse of the 
steric mode observed wiîh the manno derivative 1; the course may 
be ascribed to i n i t i a l abstraction of the axialfy oriented 
hydrogen atom (H-2) of 38. In the case of 1, i t is the adjacent 
hydrogen atom (H-3) thalPis axially dispose? and whose abstraction 
initiates elimination in the direction observed. 

The ketone 39 is a useful intermediate in synthesis. Thus, 
its reduction to~1T pair of epimers at C-2, followed by the opening 
of the dioxane ring with N-bromosuccinimide, subsequent reduction 
of the corresponding primary halide, and hydrolysis leads ( l 6 ) to 
the deoxy sugars paratose (3,6-dideoxy-D-ribo-hexose) and tyvelose 
(the D-arabino analogue). Furthermore,"reductive amination of 
compound 39 provides a simple route to a range of 2-araino-2,3-
dideoxy sugars (15). 

The next application of the butyllithium reaction was made 
(15) with compounds having the same general structure as the 
mannose and aliose derivatives already described, but lacking the 
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glycosidic methoxyl group that leads to complications in some 
instances. Thus (Figure 9 ) , 1,5-anhydro-2,3:^,6-di-0-
benzylidene-D-mannitol (kl) was found to react with butyllithium 
at 0° (at -30° the reaction proceeded insufficiently rapidly) to 
give the crystalline 3-ketose k2 in 66$ yield by the same process 
that was observed with the glycosides 1 and 36· A dimeric side-
product (kk) was also encountered, and~this presumably arises 
from self^ddition of k2, A very minor side-product was the 
glucal derivative hj, wEbse assigned structure is supported by 
analytical and spectroscopic data as well as by comparison with an 
authentic sample (IT). Although the desired ketose was 
contaminated with the dimer kk, the two could be separated readily 
because chromatography on s i l ica gel (with k:1 ether—petroleum 
ether as eluant) gives the pure 1,5-anhydroketose (^2), whereas 
the dimer (hk) remains on the column. 

The reverse course
when 1,5-anhydro-2,3:^,6
treated with butyllithium at 0° in tetrahydrofuran. In this 
instance, the principal product is the 3-deoxy-2-ketose k69 fully 
in line with the observations with the corresponding allose 
derivative 38. Again a glycal derivative (kj) is encountered 
in very low~yield, together with a product îKat has not yet been 
firmly identified, but which probably arises from self-addition of 
the 2-ketose k6. 

As mentioned earlier, scaled-up experiments with methyl 2 ,3:-
U,6-di-0-benzylidene-a-D-raannopyranoside (l) and butyllithium 
i n i t i a l l y led to a degradation product, 3>5-0-benzylidene-l-
deoxy-keto-D-erythro-2-pentulose (12), instead of the desired 
ketone 2. It was assumed that 2 was- i n i t i a l l y present, and that 
the pentulose 12 was produced only under the strongly alkaline 
conditions of îEe isolation procedure. This hypothesis is 
supported by the fact that 2 could be detected while monitoring 
the reaction mixture by t. lTc. , and that simple modification of 
the isolation procedure (by use of a buffer) overcame the problem. 
Later on, i t was of interest to devise a practical procedure for 
obtaining this pentulose derivative (12) as a precursor for other 
synthetic studies. The best results were obtained (15) with a 
two-phase system uti l iz ing stoichiometric amounts of lithium 
hydroxide, with shaking overnight at room temperature (Figure 10). 
The structure of 12 was fully supported by infrared (OH, C=0), 
n. ra. r. , and mass-spectral data, as well as by the preparation of 
the corresponding acetate k89 the benzoate k99 and the 2 f , V -
dinitrophenylhydrazone 50. ~T?he product wasTurther identified by 
direct comparison with literature data for compound 12 prepared in 
a different way (18). 

A possible mechanism for the chain degradation is illustrated 
in Figure 11. Under basic conditions, the corresponding enolate 
(51) of 2 may eliminate the glycosidic methoxyl group to give the 
enohe 52Γ Hydration of this product and subsequent attack on 53 
by hydroxide ion would lead, with elimination of formate, to tKe' 
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O C H 2 
, O C H 2 

- 3 0 * , t e t r a 
h y d r o f u r a n 

m.p. 9 0 - 1 2 0 

C « D D • 2 9 E ( C H C I 3 ) 

3 9 , 

8 6 · / . 

m.p. 1 5 5 - 1 5 6 * 

C < * J D - 2 6 * (CHCI3) 

Figure 8. Reaction of methyl 2y3:4,6-diO-benzylidene^-T>-allopy-
ranoside (38) with butyllithium 
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Figure 9. Reactions of 1,5-anhydrodi-O-henzylidene hexitols with butyllithium 
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m.p. 1 8 0 * 

COOD • 1 5 * ( C H C I 3 ) 

Figure 10. Base-promoted chain degradation of 2 to 3,5-O-benzylidene-l-deoxy-
keto-O-erythro-2-pentulose (12) 

53 54 12 12 

S u p o o r t e d by 

R m.p. 

λ. Η OMe 170 -171" • 1 5 0 ' ( A c O E t ) 

55 β OMe Η 194-195 -51* ( C H C I 3 ) 

r a t i o ~ 1 1 ( e s t i m a t e d f rom n.m.r. data) 

Figure 11. Proposed mechanism for the chain degradation 
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O C H 2 

(1) HjN-NHg* H 2 0 , 110, 1h 

(2) KOH, 100°. 4 h 

diethyleneglycol 

1,5- an hydro - 4,6- O- benzyl idene-
2- deoxy-D- erythro-hex -3-ulose 

Ph^ 

56 
1,5-anhydro -4,6- Ο -benzylidene- 2,3- d i deoxy-D-cry thro -
hex i toi 

3( R )-phenyl - 1 (S )-6(R)- 2,4,7-trioxabicycloC4.4.0Ddccane 

6 8 · / . , m.p. 137°. m/e 220, r<*lD -3 e (CHCI 3 ) 

O C H 2 

(DHgN-NHg, 110 , 1h 
(2) KOH, 135°, 3h 
diethyleneglycol 

methyl 4 ,6 -0 -benzy l idene-
2- deoxy- <x-D-erythro -
hexopyranosid-3-u lose 

OÇH2 

Ac^O-CcHcN 

or BzCI -C 5 H 5 N 

58 R= Ac 

59 R= Bz 

Figure 12. Wolff-Kishner reduction (Lock modification) 

pentulose derivative 12. The reaction does require a 
stoichiometric amount~f base, together with an excess of water, 
to afford the product. The idea of elimination of the glycosidic 
group, possibly in a reversible manner, is supported by studies 
on the behavior of the ketone 2 under alkaline conditions in 
anhydrous methanolic solution;""it was shown that 2 anomerizes 
readily, and gives an approximately equiraolar ratio of the two 
anomers 2 and 55; no degradation product 12 could be detected 
under these concTitions. The β-anomer 55 was isolated by column 
chromatography and has been fully characterized. 

In a further extension designed to develop additional 
synthetic methods useful in carbohydrate chemistry, the 
feasibil ity of reductions of the Wolff—Kishner type (19) was 
explored (20) with the ketose h2 obtained from a 1,5-
anhydroalditol precursor (^l).~5\s shown in Figure 12, the 
reaction of this ketone wiîÎT hydrazine hydrate and subsequent 
treatment with potassium hydroxide in 2,2'-oxybis(ethanol) gave a 
68$ yield of the expected product of the Wolff—Kishner reaction, 
namely the 3-deoxygenated derivative 56, whose structure is fully 
supported by analytical and spectroscopic data. However, i t 
should be kept in mind that the Wolff—Kishner reaction, even 
under the conditions of Lock (namely a two-step modification, 21) 
that were used, and with temperatures far below those usually 
applied, is incompatible with the fragi l i ty of most carbohydrate 
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3 2 

Figure 13. Net steric course of the reaction of butyllithium 
with benzylidene acetals. The top two sequences present a 
5-membered benzylidene acetal ring fused to a pyranose ring. 
The bottom one shows a 5-membered benzylidene acetal ring 

fused to a furanose ring. 

molecules. In contrast to the successful conversion of the robust 
a lditol derivative k2 into 56, the reaction with the methyl 
glycosidulose 2 did^nbt leacTto the desired product deoxygenated 
at C-3 (préparée! earlier by another route in this laboratory, 22), 
but to the pyrazole derivative 57> presumably through opening of 
the pyranose ring by a mechanisnPsimilar to that shown for the 
chain degradation mentioned before. Condensation of the C - l 
aldehyde group with the second nitrogen atom of the hydrazono 
group gives the product having the indicated structure (57). The 
latter structure accords with a l l spectroscopic evidence and 
analytical data, and was further supported by preparation of the 
diacetate 58 and dibenzoate 59. 

In summary (Figure 13),~the usefulness of the reaction of 
butyllithium with a variety of 5-numbered benzylidene acetal rings 
fused to a pyranose ring has been demonstrated. Provided that 
there is no interference by an acidic proton, such as is present 
in a hydroxyl or benzyl ether group, the reaction generally leads 
to deoxy ketones. The i n i t i a l step is the abstraction of the 
axial proton of the original diol , with subsequent expulsion of 
benzaldehyde to give a product having the ketone function at the 
position of the former axial proton. No other isomer is formed. 
A very minor side-reaction may be encountered, in which 
abstraction of the benzylidene proton initiates expulsion of a 
benzoate anion, leading to the corresponding alkene from the 
original diol. In some instances, secondary reactions such as 
aldol additions, may take place. 
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Further extensions of this study to encompass 5-membered 
benzylidene acetal rings fused to furanoid sugars are under 
investigation. 
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Innovations in Synthetic Carbohydrate Chemistry-

Practical and Conceptual Approaches to Glycoside 

Synthesis 

STEPHEN HANESSIAN and JOSEPH BANOUB 
Department of Chemistry, University of Montreal, Montreal, Quebec, Canada 

The continued discovery of new antibiotics and of 
other, b iological ly
glycosidical ly- l inke
to the problems associated with glycoside synthesis (1). 
With the advent of sophisticated methodology, it has 
been possible to probe the biological effects of these 
substances at the molecular l eve l , and to gain better 
insight into their respective roles. I t i s now clear 
that b io logical speci f ic i t ies are dependent not only on 
the nature of the sugars present i n the substrate, but 
also on the type of glycosidic linkages that are in
volved. This feature i s in turn, closely related to the 
molecular shape in solution, and to preferred rotamer 
populations of the aglycon and the oxygen atom involved 
in the glycosidic linkage (2). The functional, stereo
chemical, conformational and spat ial characteristics of 
carbohydrates are therefore of utmost significance 
within a part icular b io logical environment. The primor
d i a l importance of many carbohydrate biopolymers in 
life processes at all levels , has been recognized for 
many years even though their precise functions, and 
modes of interaction are, in many cases, as yet to be 
unravelled. Great strides have been made in recent 
years i n the chemistry and biology of nucleic acids and 
proteins, which have led to the present state of deve
lopment of molecular biology as we know it. Studies on 
equally important classes of macromolecules comprising 
carbohydrates, are harvesting a similar wealth of know
ledge. The immediate future will witness a surging ef
fort in the area of carbohydrate-containing natural 
products, part icularly antibiotics and biopolymers. In
tensive research work on the biological front i s pre
sently concerned with various aspects of bacterial poly
saccharides, cell-surface carbohydrates including gly
coproteins, glycolipids and other complex carbohydrates 
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of immunolog i ca l s i g n i f i c a n c e among many more r e l a t e d 
b i o p o l y m e r s . Many o f the c r u c i a l b i o c h e m i c a l phenomena 
a s s o c i a t e d w i t h these substances are c e n t e r e d around 
the g l y c o s i d i c l i n k a g e (3)· Indeed , complex g l y c o s i d e s 
as w e l l as p o l y s a c c h a r i d e s and r e l a t e d polymers c o n 
t a i n i n g c a r b o h y d r a t e s , are s y s t e m a t i c a l l y assembled i n 
remarkable enzymat ic r e a c t i o n s , w h i c h , u n l i k e the b i o 
s y n t h e s i s o f n u c l e i c a c i d s , do not r e q u i r e a t e m p l a t e . 
Nature has t h e r e f o r e found the means to s p e c i f i c a l l y 
a c t i v a t e the anomeric carbon atom,and t o e f f e c t the s y n 
t h e s i s o f complex g l y c o s i d e s and p o l y s a c c h a r i d e s , v i a 
the i n t e r m e d i a c y o f g l y c o s y l t r a n s f e r a s e s , w i t h remark
able s t e r e o c o n t r o l and a t r a t e s t h a t defy the most s o 
p h i s t i c a t e d chemica l method. For these and o t h e r r e a 
sons t h a t have e v o l v e d w i t h the t i m e s , t h e chemica l s y n 
t h e s i s o f g l y c o s i d e s has been a c h a l l e n g i n g a r e a o f 
r e s e a r c h work over th
l e d t o the development o f a l a r g e number o f temporary 
p r o t e c t i n g groups f o r h y d r o x y l and amino f u n c t i o n s , a n d 
to methods o f a c t i v a t i o n of the anomeric c e n t e r . As a 
r e s u l t , c o n s i d e r a b l e advances have been made i n the 
s t e r e o c o n t r o l l e d s y n t h e s i s o f 1 , 2 - c i s , and 1 , 2 - t r a n s -
l i n k e d g l y c o s i d e s , i n c l u d i n g those w i t h complex a g l y -
cons , such as can be found i n some a n t i b i o t i c s c o n t a i n 
i n g sugars (A). G r e a t e r emphasis on the b i o l o g i c a l 
r o l e o f carbohydrate b iopo lymers r e q u i r e s the d e v e l o p 
ment o f g l y c o s y l a t i o n methods t h a t are a p p l i c a b l e to 
the p r e p a r a t i o n o f d i - , t r i - , and o l i g o s a c c h a r i d e s , as 
w e l l as p o l y s a c c h a r i d e s ( 5 , 6 ) . The complex s t r u c t u r e s 
o f the t a r g e t products,ancT the i n h e r e n t p o l y f u n c t i o n a l 
nature o f c a r b o h y d r a t e s , p r e s e n t some f o r m i d a b l e s y n 
t h é t i s a s w e l l as p r a c t i c a l prob lems. The chemica l s y n 
t h e s i s o f an o l i g o s a c c h a r i d e f o r example , r e q u i r e s the 
s t e r e o c o n t r o l l e d and s y s t e m a t i c attachment of sugars a t 
s p e c i f i c h y d r o x y l groups . T h i s f e a t u r e n e c e s s i t a t e s the 
a v a i l a b i l i t y o f p r e f e r e n t i a l l y s u b s t i t u t e d a g l y c o n s , 
s i n c e g l y c o s y l a t i o n s o f sugars c o n t a i n i n g more than one 
f r ee h y d r o x y l group may l e a d t o m i x t u r e s i n some cases. 
F i g u r e 1 i l l u s t r a t e s the p a r t i a l s t r u c t u r e s o f some 
c a r b o h y d r a t e - c o n t a i n i n g substances o f b i o l o g i c a l i n t e 
r e s t , such as the aminog lycos ide a n t i b i o t i c s (J) / d e t e r 
m i n a n t , and r e p e a t i n g u n i t s i n the b l o o d group s u b s t a n 
ces (5^/£) and O - s p e c i f i c l i p o p o l y s a c c h a r i d e s (9,/ΙΌ) , 
and a m o n o s i a l o g a n g l i o s i d e (11) . The nature o f the g l y 
c o s i d i c l i n k a g e s , the unique s i t e s o f a t tachment , and 
the s p e c i f i c sequences o f the v a r i o u s sugar u n i t s i n 
these s u b s t a n c e s , have a pro found b e a r i n g on t h e i r b i o 
l o g i c a l s p e c i f i c i t i e s . These f e a t u r e s are i n f a c t , 
among the impor tant p r e r e q u i s i t e s f o r r e c o g n i t i o n p h e 
nomena a s s o c i a t e d w i t h b i o l o g i c a l processes a t the e e l -
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l u l a r l e v e l . A seemingly t r i v i a l f u n c t i o n a l , s t e r e o 
c h e m i c a l , o r p o s i t i o n a l m o d i f i c a t i o n o f t h e i r n a t u r a l 
arrangement, can t h e r e f o r e have dramat i c b i o c h e m i c a l 
consequences. 

W i t h these f e a t u r e s i n mind , and b e i n g a c u t e l y 
aware o f the e v e r - i n c r e a s i n g demand f o r newer,and more 
p r a c t i c a l methods f o r g l y c o s i d e s y n t h e s i s , we embarked 
upon a s y n t h e t i c program f o r the s t e r e o c o n t r o l l e d f o r 
mat ion o f 1 , 2 - c i s , and 1 , 2 - t r a n s - l i n k e d g l y c o s i d e s . I n 
t h i s a r t i c l e , we d i s c u s s s e v e r a l approaches t o the s t e 
r e o c o n t r o l l e d s y n t h e s i s o f 1 , 2 - t r a n s - l i n k e d g l y c o s i d e s , 
p s e u d o d i s a c c h a r i d e s , and d i s a c c h a r i d e s . 

S y n t h e s i s o f 1 , 2 - t r a n s - l i n k e d g l y c o s i d e s - a b r i e f 
overv iew 

The s u b j e c t o f g l y c o s i d
been e x t e n s i v e l y rev iewed (1,12_,L3,1_4,L5) . The s y n t h e 
s i s o f 1 , 2 - t r a n s - l i n k e d g l y c o s i d e s i n p a r t i c u l a r , has 
been the o b j e c t o f a l a r g e number o f s t u d i e s , s i n c e , 
h i s t o r i c a l l y , t h i s type o f g l y c o s i d e has been e x p e r i 
m e n t a l l y more a c c e s s i b l e . Recent ly however, s e v e r a l 
routes have been d e s c r i b e d f o r the s y n t h e s i s o f α - g l y 
c o s i d e s , and these methods have been extended to the 
s y n t h e s i s o f d i - and o l i g o s a c c h a r i d e s as w e l l (5). 
Simple a l k y l 1 , 2 - t r a n s - l i n k e d g l y c o s i d e s ( e . g . a l k y l 
β~B-glycosides) can be f r e q u e n t l y prepared by the c l a s 
s i c a l F i s c h e r s y n t h e s i s (16 ,17) . For more complex 
aglycons i n c l u d i n g s u g a r s , the K o e n i g s - K n o r r g l y c o s y l -
a t i o n , i n v o l v i n g the use o f a p e r a c y l a t e d g l y c o s y l 
h a l i d e , an a c i d a c c e p t o r , and an a l c o h o l (aglycon) has 
been i n use s i n c e i t s d i s c o v e r y (1JB) . Many m o d i f i c a 
t i o n s o f the o r i g i n a l method, p a r t i c u l a r l y w i t h r e g a r d 
t o the use o f bo th s o l u b l e and i n s o l u b l e a c i d acceptors 
and a v a r i e t y o f s o l v e n t s , have been i n t r o d u c e d over 
the years (1 ) . Another method t h a t has been e x t e n s i 
v e l y used f o r the s y n t h e s i s o f 1 , 2 - t r a n s - l i n k e d g l y c o 
s i d e s , i s based on the a c i d - c a t a l y z e d rearrangement o f 
1 , 2 - o r t h o e s t e r d e r i v a t i v e s (19) . T h i s method i s a l s o 
a p p l i c a b l e t o the s y n t h e s i s o f d i - and o l i g o s a c c h a r i d e s 
(14 ,19 ) . I n a d d i t i o n , t h e r e are a s i g n i f i c a n t number o f 
o t h e r l e s s f r e q u e n t l y used procedures t h a t l e a d t o the 
above mentioned type o f l i n k a g e (1 ,L2, !L3,14) . 

M e c h a n i s t i c aspects o f the f o r m a t i o n οΈ g l y c o s i d e s 
have been d i s c u s s e d i n d e t a i l (1 ,20) . I t i s now gene
r a l l y accepted t h a t i n the presence o f an a c i d ac ceptor 
a g l y c o s y l h a l i d e d e r i v a t i v e c o n t a i n i n g a p a r t i c i p a t i n g 
group a t C - 2 , w i l l l e a d t o a 1 , 2 - t r a n s - g l y c o s i d e , v i a 
the i n t e r m e d i a c y o f a 1 ,2 -acy loxon ium i o n i n t e r m e d i a t e , 
F i g u r e 2. Taking a 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D - a l d o p y r a n -
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o s y l bromide as example, i t can be a p p r e c i a t e d t h a t the 
i n i t i a l l y formed t r a n s i e n t oxonium i o n i s r a p i d l y t r a n s 
formed i n t o the more s t a b l e 1 ,2 -acetoxonium i o n as a 
r e s u l t of an i n t e r a c t i o n o f the e l e c t r o n d e f i c i e n t ano
m e r i c carbon atom w i t h the ρ o r b i t a l s o f the f a v o r a b l y 
d i sposed c a r b o n y l oxygen atom. The s t e r e o s p e c i f i c i t y o f 
g l y c o s y l a t i o n r e s u l t s t h e r e f o r e from an a t t a c k o f the 
a l c o h o l from the " 3 " s i d e , l e a d i n g i n t h i s c a s e , t o the 
thermodynamic p r o d u c t . A t t a c k o f the a l c o h o l a t the 
d i o x o l e n i u m carbon atom, w o u l d , on the o t h e r h a n d , l e a d 
t o an o r t h o e s t e r d e r i v a t i v e , which can be c o n s i d e r e d t o 
be the k i n e t i c p r o d u c t . I n n e u t r a l o r b a s i c m e d i a , 
O - a c y l g l y c o s y l h a l i d e s and a l c o h o l s may l e a d preponde
r a n t l y t o the cor respond ing o r t h o e s t e r s (19) . Treatment 
o f the l a t t e r w i t h a c i d c a t a l y s t s , under anhydrous c o n 
d i t i o n s , l eads t o the f o r m a t i o n o f the c o r r e s p o n d i n g 
1 , 2 - t r a n s - g l y c o s i d e s
oxonium i o n s . 

I n s p i t e o f our unders tand ing o f the apparent me
c h a n i s t i c aspects o f these r e a c t i o n s , i t has not been 
p o s s i b l e t o dev i se a g e n e r a l method o f g l y c o s i d e s y n 
t h e s i s i n t h i s s e r i e s . G l y c o s y l a t i o n r e a c t i o n s u s i n g 
g l y c o s y l h a l i d e s o r o r t h o e s t e r d e r i v a t i v e s a r e , depen
dent on s e v e r a l parameters , such as the nature o f the 
a l c o h o l , a n d the c a t a l y s t , e t c . A s u c c e s s f u l , h i g h y i e l d 
i n g , s t e r e o s p e c i f i c g l y c o s y l a t i o n o f one a l c o h o l , may 
l e a d t o v a r i a b l e i f not d i s a p p o i n t i n g r e s u l t s w i t h ano
t h e r . Thus the quest f o r procedures h a v i n g g e n e r a l a p 
p l i c a b i l i t y c o n t i n u e s . I d e a l l y , the f o r m a t i o n o f g l y c o 
s i d e s s h o u l d s a t i s f y the f o l l o w i n g b a s i c c r i t e r i a : 
a . the r e a c t i o n s h o u l d i n v o l v e a minimum number o f r e a 
gents , b . a f a v o r a b l e s t o i c h i o m e t r y between the s u b 
s t r a t e ( g l y c o s y l h a l i d e o r i t s e q u i v a l e n t ) , a l c o h o l 
( a g l y c o n ) , and c a t a l y s t , ( u s u a l l y i n combinat ion w i t h an 
a c i d acceptor ) s h o u l d be m a i n t a i n e d , c . the m a n i p u l a 
t i v e p a r t s h o u l d be s imp le and the y i e l d s s h o u l d be 
h i g h , d . the g l y c o s y l a t i o n r e a c t i o n s h o u l d be s t e r e o 
c o n t r o l l e d , and p o t e n t i a l l y a p p l i c a b l e t o a wide v a r i e 
ty o f g l y c o s i d e s . 

The e x p l o r a t i o n o f n o v e l methods o f g l y c o s y l a t i o n 
i n v a r i a b l y d e a l s w i t h s i m p l e a l c o h o l s a t the o u t s e t . 
S u c c e s s f u l e x t e n s i o n o f these methods t o more complex 
a l c o h o l s , i n c l u d i n g s u g a r s , w i l l g e n e r a l l y l e a d t o wide 
and r a p i d acceptance , p a r t i c u l a r l y i f a number o f the 
above mentioned c r i t e r i a are s a t i s f i e d . 

Format ion o f g l y c o s i d e s w i t h l a c t i m e t h e r s 

I n p r e v i o u s work from t h i s l a b o r a t o r y (21_) i t was 
shown t h a t i n the presence o f a Lewis a c i d such as 
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s t a n n i c c h l o r i d e , and O-TMS e n o l e t h e r s o r O-TMS ketene 
a c e t a l s , l - 0 - a c e t y l - 2 , ^ 5 - t i d - 0 - b e n z o y l - 3 - | ) - - r i b o f u r a n o s e 
l , w a s t rans formed i n t o the c o r r e s p o n d i n g C - 3 - D - r i b o f u -
r a n o s y l d e r i v a t i v e s 3 (21) . The m i l d r e a c t i o n conditions 
and the h i g h y i e l d s o f C - g l y c o s i d e s r e f l e c t the inherent 
r e a c t i v i t y o f the aglycons and the sugar d e r i v a t i v e . 
The s t e r e o s p e c i f i c i t y o f the r e a c t i o n c o u l d be expla ined 
by i n v o k i n g the f o r m a t i o n o f a 1 ,2-0-benzoxonium i o n 
i n t e r m e d i a t e 2 , F i g u r e 3. I t i s o f i n t e r e s t t h a t no 
a c e t a l - t y p e products such as Jj , were formed under t h e s e 
c o n d i t i o n s i n c o n t r a s t t o the r e a c t i o n between 2 , 3 , 5 -
t r i - 0 - b e n z o y l - 3 - D - r i b o f u r a n o s y l c h l o r i d e 4 w i t h c a r b a -
n i o n i c reagents (22). I t i s apparent tha ï i n a d d i t i o n 
t o the i m p o r t a n t r o l e o f the s o l v e n t , t h e na ture o f the 
c o u n t e r - i o n s p e c i e s p r e s e n t i n s o l u t i o n , and t h e i r i o n -
p a i r i n g tendenc ies w i l l s t r o n g l y d i c t a t e the r e a c t i o n 
pathway t o be f o l l o w e
t e r m e d i a t e . 

Our i n t e r e s t i n the s y n t h e s i s o f a s e r i e s o f 3~D-
r i b o f u r a n o s y l lactams (23) l e d us t o i n v e s t i g a t e the 
r e a c t i o n between 1 o r 4 and v a r i o u s l a c t i m e t h e r s , i n 
the presence o f s t a n n i c c h l o r i d e o r antimony p e n t a c h l o -
r i d e as Lewis a c i d s . Treatment of J. o r 4 i n d i v i d u a l l y 
w i t h 2 - e t h o x y - 3 , 4 , 5 - d i h y d r o p y r r o l e , 2 - e t h o x y - 3 , 4 , 5 , 6 -
t e t r a h y d r o p y r i d i n e , and 7 - e t h o x y - 3 , 4 , 5 , 6 - t e t r a h y d r o - 2 H 
- a z e p i n e , i n the presence o f a Lewis a c i d i n d i c h l o r o -
methane a t room temperature l e d t o the f o r m a t i o n o f the 
c o r respond ing 2 , 3 , 5 - t r i - 0 - b e n z o y l - 3 ~ £ - r i b o f u r a n o s y l 
lactams £ . The same products were a l s o formed when the 
i n d i v i d u a l N - t r i m e t h y l s i l y l lactams were used i n s t e a d 
o f the l a c t i m e t h e r s . The r e a c t i o n s , and p o s s i b l e me
c h a n i s t i c pathways are i l l u s t r a t e d i n F i g u r e 4. 

Treatment o f 1 w i t h 2 - e t h o x y - 3 , 4 , 5 , 6 - t e t r a h y d r o - 2 H -
azepine i n the presence o f antimony p e n t a c h l o r i d e i n 
r e f l u x i n g d i ch lo romethane , d i d not g i v e the expected 
l a c t a m d e r i v a t i v e , bu t l e d i n s t e a d , t o the f o rmat i on o f 
e t h y l 2 , 3 , 5 - t r i - 0 - b e n z o y l - 3 - D - r i b o f u r a n o s i d e 7 i n h i g h 
y i e l d . S i n c e the on ly source o f e t h o x y l group~was the 
l a c t i m e t h e r , i t appeared t h a t g l y c o s i d e f o r m a t i o n had 
o c c u r r e d v i a a t t a c k o f an i n i t i a l l y formed benzoxonium 
i o n by e t h o x i d e i o n o r an ( S b C l s O E t ) an ion complex, 
e i t h e r d i r e c t l y a t C - l , o r a t the d i o x o l e n i u m carbon 
atom t o g i v e an o r t h o e s t e r d e r i v a t i v e , i n i t i a l l y , t h a t 
c o u l d subsequent ly r e a r r a n g e , F i g u r e 5. I n t r i g u e d by 
the f a c i l e f o r m a t i o n o f a g l y c o s i d e under these a p r o t i c 
c o n d i t i o n s , we sought to f u r t h e r e x p l o i t the chemis t ry 
o f imino e t h e r s and r e l a t e d compounds as p o t e n t i a l 
sources o f " a l k o x i d e " donors , i n c o n j u n c t i o n w i t h Lewis 
a c i d s as complexing agents . 
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Format ion o f g l y c o s i d e s w i t h amide a c e t a l s 
S i n c e t h e i r d i s c o v e r y by Meerwein and coworkers(24) 

amide a c e t a l s have been known to be p o w e r f u l e l e c t r o -
p h i l i c r e a g e n t s , whose r e a c t i v i t y i s l a r g e l y due t o the 
e x i s t e n c e o f i o n i c s p e c i e s i n s o l u t i o n (24,25,26) , F i g u r e 
6. Amide a c e t a l s , such as the w e l l known and commer
c i a l l y a v a i l a b l e N,N-dimethyIformamide d i m e t h y l a c e t a l , 
undergo f a c i l e exchange r e a c t i o n s w i t h h i g h e r a l c o h o l s 
(27) and w i t h a p p r o p r i a t e 1 ,2 - and 1 , 3 - d i o l s (24 ) , 
F i g u r e 6. The r e s u l t i n g ( d i m e t h y l a m i n o ) a l k y l i d e n e a c e 
t a l s are s t r u c t u r a l l y r e l a t e d t o c y c l i c o r t h o e s t e r s , 
and they undergo a v a r i e t y o f s y n t h e t i c a l l y u s e f u l 
t r a n s f o r m a t i o n s Ç28). Amide a c e t a l s have a l s o found ap 
p l i c a t i o n s i n the chemis t ry o f n u c l e o s i d e s and n u c l e o 
t i d e s ( 2 9 , 3 0 ) , among o t h e r f i e l d s . Because o f t h e i r 
tendency to e x i s t i
amide a c e t a l s were expected t o be an e x c e l l e n t source 
o f s u s t a i n e d amounts o f a l k o x i d e i o n s , h e n c e , t h e i r p o 
t e n t i a l u t i l i t y i n g l y c o s i d e s y n t h e s i s . I t was t h e r e 
f o r e o f i n t e r e s t t o s tudy the chemica l b e h a v i o r o f t h i s 
c l a s s o f compounds toward sugar d e r i v a t i v e s capable o f 
g e n e r a t i n g 1 ,2 -acy loxon ium i o n s i n the presence o f a 
Lewis a c i d such as s t a n n i c c h l o r i d e . Treatment o f 1 , 
s u c c e s s i v e l y w i t h s t a n n i c c h l o r i d e and N,N-dimethyïfor
mamide d i m e t h y l a c e t a l i n d ichloromethane a t 0° , l e d to 
the f o r m a t i o n o f m e t h y l 2 , 3 , 5 - t r i - O - b e n z o y l - g - D - r i b o -
f u r a n o s i d e 8 i n 95% y i e l d , F i g u r e 7. The co r respond ing 
i s o p r o p y l , b e n z y l , c y c l o h e x y l and n e o p e n t y l g l y c o s i d e s 
were s i m i l a r l y prepared i n over 90% y i e l d , from χ and 
the a p p r o p r i a t e Ν,Ν-dimethyIformamide d i a l k y l a c e t a l 
(31) . I t i s h i g h l y p robab le t h a t the r e a c t i o n leads 
f i r s t t o the r a p i d f o r m a t i o n o f 1 , 2 - o r t h o e s t e r d e r i v a 
t i v e s , which are known from r e l a t e d work i n t h i s s e r i e s 
to spontaneous ly rearrange t o 1 , 2 - t r a n s g l y c o s i d e s i n 
the presence o f s t a n n i c c h l o r i d e . Exper iments are now 
i n progress w i t h the o b j e c t i v e o f t r a p p i n g the p o s s i b l e 
o r t h o e s t e r d e r i v a t i v e by p e r f o r m i n g the r e a c t i o n a t 
much lower t emperatures . The p o s s i b i l i t y o f a d i r e c t 
1 1 3 1 1 - a t t a c k on an oxonium i o n i n t e r m e d i a t e i n which the 
" a " - s i d e i s s h i e l d e d cannot be exc luded a t t h i s t i m e . 

The g l y c o s y l a t i o n r e a c t i o n was a l s o extended t o the 
D-g luco s e r i e s . Thus, t reatment o f $ -D-g lucopyranose 
pentaace ta te 9 w i t h s t a n n i c c h l o r i d e and Ν,Ν-dimethyl-
formamide d i m e t h y l a c e t a l i n d i c h l o r o m e t h a n e , gave methyl 
2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - £ - D - g l u c o p y r a n o s i d e î f i i n over 
80% y i e l d . The co r respond ing b e n z y l g l y c o s i d e was s i m i 
l a r l y p r e p a r e d , F i g u r e 8. However, the c y c l o h e x y l o r 
n e o p e n t y l g l y c o s i d e s c o u l d not be o b t a i n e d under the 
same c o n d i t i o n s , and pro l onged r e a c t i o n t imes l e d t o 
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the recovery o f 9 and the f o r m a t i o n o f v a r y i n g amounts 
o f 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D - g l u c o p y r a n o s y l c h l o r i d e 
11 . T h i s may be cîue t o the cfecreased r e a c t i v i t y (ionic) 
o f Ν,Ν-cUmethylformamide d i a l k y l a c e t a l s h a v i n g b u l k y , 
secondary a l k o x y l groups - a c o n d i t i o n t h a t i s compen
s a t e d by the much h i g h e r r e a c t i v i t y o f 1, compared to 
9. A l though the f o r m a t i o n o f a 1,2-acyïoxoniura i o n (32) 
i n the pyranose s e r i e s may, a p r i o r i , be c o n s i d e r e d 
as a f a v o r e d p r o c e s s , and a i d e d by the e l e c t r o n i c i n 
t e r a c t i o n o f the π system o f t h e oxonium i o n w i t h the 
ρ o r b i t a l s o f the C-2 a c e t o x y l c a r b o n y l oxygen atom, 
such an acy loxonium i o n w i l l have c o n s i d e r a b l e r i n g 
s t r a i n . I t s h o u l d a l s o be p o i n t e d out t h a t the f o rma
t i o n , a n d r e l a t i v e r e a c t i v i t i e s o f such 1 ,2 -acy loxon ium 
i o n s are c r i t i c a l l y r e l a t e d t o the n a t u r e o f the Lewis 
a c i d , consequent ly t o t h a t o f the c o u n t e r i o n i c s p e c i e s , 
and the s i t u a t i o n ma
mony p e n t a c h l o r i d e (32) t o s t a n n i c c h l o r i d e . To e x p l o r e 
t h i s i d e a f u r t h e r , tHê known acetoxonium s a l t 13 was 
p r e p a r e d , and subsequent ly t r e a t e d w i t h Ν,Ν-dimethyl-
formamide d i m e t h y l a c e t a l i n d i ch loromethane . S u r p r i 
s i n g l y , m e t h y l 1 , 2 , 3 , 4 - t e t r a - O - a c e t y l - B - D - g l u c o p y r a n -
uronate 12 , was formed, r e s u l t i n g most l T k e l y from the 
complexat ion o f the amide a c e t a l w i t h the Lewis a c i d , 
and s t e r e o s p e c i f i c r e t u r n o f a c e t a t e i o n . I d e n t i c a l 
r e s u l t s were o b t a i n e d w i t h the acetoxonium s a l t d e r i v e d 
from 3 - D - x y l o s e p e n t a a c e t a t e . These r e s u l t s l e d us t o 
s tudy the i n t e r a c t i o n between N,N-diraethyl formamide 
d i m e t h y l a c e t a l and antimony p e n t a c h l o r i d e and s t a n n i c 
c h l o r i d e i n d i v i d u a l l y . I n the f i r s t case an o i l y s u b 
s tance separates out from d ich loromethane a lmost i n s 
t a n t l y . I n the case o f s t a n n i c c h l o r i d e , a w h i t e s o l i d 
was o b t a i n e d , t h a t was s u r p r i s i n g l y s t a b l e t o a i r . 
Treatment o f 9 w i t h t h i s s o l i d complex, i n the presence 
o f a c a t a l y t i c amount o f s t a n n i c c h l o r i d e gave the g l y 
cos ide i n d i c a t i n g t h a t t h e complex c o n t a i n s the 
d imethy laminomethoxycarb iny l and methoxyl s p e c i e s , and 
t h a t i t can d i s s o c i a t e i n the r e a c t i o n medium. I n view 
o f these r e s u l t s , i t i s b e l i e v e d t h a t the g l y c o s y l a t i o n 
r e a c t i o n i s dependent o n : a . the e x t e n t o f i o n i z a t i o n 
o f the amide a c e t a l s and on the e f f e c t o f c a t a l y t i c 
amounts o f the Lewis a c i d on t h i s p r o c e s s , b . on the 
a v a i l a b i l i t y i n s o l u t i o n , o f r e a c t i v e s p e c i e s such as 
oxonium and acetoxonium i o n s h a v i n g i o n - p a i r i n g r e l a 
t i o n s h i p s w i t h the c o u n t e r - i o n s t h a t / a r e f a v o r a b l e t o 
g l y c o s i d e (or o r t h o e s t e r ) f o r m a t i o n . I t i s o f i n t e r e s t 
t h e r e f o r e , t h a t no r e a c t i o n o c c u r r e d between 11 and 
amide a c e t a l s , even i n the presence o f added s t a n n i c 
c h l o r i d e (compare w i t h the D - r i b o s e r i e s i n a l a t e r 
s e c t i o n on o r t h o e s t e r s ) . E f f o r t s are i n progress t o 
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f i n d methods o f a c t i v a t i o n o f amide a c e t a l s and o f 
sugar d e r i v a t i v e s , i n o r d e r t o p r o v i d e h i g h e r concen
t r a t i o n s o f the r e a c t i v e a l c o h o l a t e s p e c i e s and a c y l -
oxonium i o n s . 

The Lewis a c i d c a t a l y z e d g l y c o s y l a t i o n r e a c t i o n 
u s i n g amide a c e t a l s as the source o f the ag lycon has 
s e v e r a l advantages , p a r t i c u l a r l y when a p p l i e d t o the 
pentofuranose s e r i e s . The r e a c t i o n r e q u i r e s q u a s i -
s t o i c h i o m e t r i e q u a n t i t i e s o f r e a g e n t s , and leads t o 
a n o m e r i c a l l y pure 1 , 2 - t r a n s - g l y c o s i d e s i n h i g h y i e l d . 
I n a d d i t i o n , the use 61 e s t e r d e r i v a t i v e s , r a t h e r 
than the o f t e n u n s t a b l e g l y c o s y l h a l i d e d e r i v a t i v e s , 
coupled w i t h the m i l d c o n d i t i o n s , and the s i m p l i c i t y o f 
o p e r a t i o n c o n t r i b u t e s i g n i f i c a n t l y t o the p r a c t i c a l 
aspects o f the r e a c t i o n s . I t i s of i n t e r e s t t o comment 
on the combinat ion o f r e a g e n t s . I n s p i t e o f the f a c t 
t h a t s t a n n i c c h l o r i d
v i d u a l l y a c i d i c and b a s i c reagents r e s p e c t i v e l y , i n 
p r o t i c media , l i t t l e , i f any degradat i on occurs d u r i n g 
the r e a c t i o n . 

The remarkable a b i l i t y o f amide a c e t a l s as a l k o x i d e 
donors and t h e i r proven u t i l i t y i n the s y n t h e s i s o f 
a l k y l β -D-r ibofuranosides and a l k y l β-D-glucopyrano-
s i d e s , urged us t o extend these r e a c t i o n s t o the p o s 
s i b l e f o rmat i on o f d i s a c c h a r i d e s ( 3 3 ) . The a n t i c i p a t e d 
success o f the r e a c t i o n was based on the premise t h a t 
c y c l i c amide a c e t a l s [ e . g . 1 - ( d i m e t h y l a m i n o ) a l k y l i d e n e 
a c e t a l s ] , formed by an exchange r e a c t i o n w i t h a p p r o p r i 
ate d i o l s , may be s u f f i c i e n t l y r e a c t i v e as g lycos idat ing 
agents toward a n o m e r i c a l l y a c t i v a t e d sugar d e r i v a t i v e s , 
by v i r t u e o f the e x i s t e n c e i n s o l u t i o n o f f i n i t e p r o 
p o r t i o n o f open imin ium forms , p a r t i c u l a r l y i n the p r e 
sence o f a Lewis a c i d . P r e v i o u s work i n t h i s l a b o r a t o r y 
had demonstrated the f a c i l e f o r m a t i o n and s y n t h e t i c 
u t i l i t y o f 1 - ( d i m e t h y l a r a i n o ) e t h y l i d e n e , and a - ( d i m e t h y l -
amino)benzyl idene a c e t a l s o f a v a r i e t y o f sugar d e r i v a 
t i v e s (28) . For example, such a c e t a l s are s u i t a b l e tem
porary p r o t e c t i n g groups f o r v i c i n a l , c i s - d i o l s . In 
a d d i t i o n , they undergo a c i d c a t a l y z e d r i n g opening 
r e a c t i o n s t o g i v e the correspond ing e s t e r s , by what i s 
now g e n e r a l l y r e c o g n i z e d as a s t e r e o e l e c t r o n i c a l l y c o n 
t r o l l e d process (3£) , F i g u r e 9 . 

The 1- (d imethylamino)methylene d e r i v a t i v e o f c i s -
1 , 2 - c y c l o h e x a n e d i o l 14 (35J appeared t o be a s u i t a b l e 
model f o r e x p l o r i n g g l y c o s i d e s y n t h e s i s w i t h c y c l i c 
amide a c e t a l s . Based on m e c h a n i s t i c arguments, i t was 
a n t i c i p a t e d t h a t the r e s u l t i n g g l y c o s i d e would be p r e 
f e r e n t i a l l y O - f o r m y l a t e d i n the ag lycon p o r t i o n , as a 
r e s u l t o f the h y d r o l y s i s o f an i n i t i a l l y formed dime-
t h y l a m i n o i m i n i u m ( d i m e t h y l a m i n o a l k o x y c a r b i n y l ) i o n 
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i n t e r m e d i a t e . Such an i n d i r e c t temporary p r o t e c t i o n o f 
a s p e c i f i c h y d r o x y l group , would g i v e added p r e p a r a t i v e 
s i g n i f i c a n c e t o the method. Indeed , t reatment o f 1 s u c 
c e s s i v e l y w i t h s t a n n i c c h l o r i d e (1.5 mmole e q u i v a l e n t s ) 
and the c y c l i c a c e t a l d e r i v a t i v e (1 mmole e q u i v a l e n t ) 
i n d i ch l o romethane , f o l l o w e d by a d d i t i o n o f aqueous 
sodium b i c a r b o n a t e and u s u a l m a n i p u l a t i o n gave a d i a -
s t e r e o m e r i c m i x t u r e o f 2 - 0 - f o r m y l - l - c y c l o h e x y l ( 2 , 3 , 5 -
t r i - O - b e n z o y l - 3 - D - r i b o f u r a n o s i d e ) 16, (60%), as a c o l o r 
l e s s s y r u p , F i g u r e 10. M e t h a n o l y s i s o f the formate 
e s t e r , s i m p l y by r e f l u x i n g i n m e t h a n o l , gave the c o r 
responding 2-hydroxy d e r i v a t i v e 17 i n over 90% y i e l d . 
F i n a l l y d e b e n z o y l a t i o n l e d t o a m i x t u r e o f the two d i a -
s t e r e o m e r i c g l y c o s i d e s 18 and 19 t h a t were i s o l a t e d i n 
c r y s t a l l i n e form. The f o r m a t i o n o f XZ can be r a t i o n 
a l i z e d on the b a s i s o f the e x i s t e n c e i n s o l u t i o n , o f 
the imin ium s a l t i n t e r m e d i a t
t e d t o undergo h y d r o l y s i s d u r i n g the p r o c e s s i n g o f the 
r e a c t i o n m i x t u r e . M o n i t o r i n g the r e a c t i o n m i x t u r e by 
t h i n l a y e r chromatography showed the presence o f a 
s t r o n g U.V absorb ing substance a t the o r i g i n o f the 
p l a t e s , presumably the s a l t 1 5 , t o g e t h e r w i t h the g r a 
d u a l d isappearance o f s t a r t i n g m a t e r i a l 1 and o n l y 
t r a c e s o f 16 . Upon t reatment o f an a l i q u o t w i t h aqueous 
sodium b i c a r b o n a t e however, t h i s U . V . a b s o r b i n g s u b 
s tance was r e p l a c e d by the produc t 16, i n d i c a t i n g t h a t 
the l a t t e r i s formed o n l y upon aqueous h y d r o l y s i s o f 
15. To f u r t h e r c o n f i r m t h i s h y p o t h e s i s , 1 was t r e a t e d 
w i t h s t a n n i c c h l o r i d e and w i t h c i s - 1 , 2 - c y c l o h e x a n e d i o l , 
e s s e n t i a l l y under the same c o n d i t i o n s as w i t h the amide 
a c e t a l s . M o n i t o r i n g the r e a c t i o n r e v e a l e d the f o r m a t i o n 
o f 16 d i r e c t l y , a g a i n l e n d i n g support t o the e x i s t e n c e 
o f the p o l a r imin ium i o n i n t e r m e d i a t e i n the o r i g i n a l 
r e a c t i o n m i x t u r e . 

Encouraged by these r e s u l t s , we sought t o ex tend 
the r e a c t i o n t o the s y n t h e s i s o f d i s a c c h a r i d e s c o n t a i n 
i n g the β -D-r ibofuranosyl u n i t . Thus , w i t h methy l 3 , 4 -
0-[ 1- (d imethy l ami no) methylene] - 2 - 0 - m e t h a n e s u l f o n y l 
β-D-arabinopyranoside ZXr p r e p a r e d i n q u a n t i t a t i v e 
y i e l d by a c e t a l exchange w i t h 20 and N , N - d i m e t h y l f o r m a -
mide d i m e t h y l a c e t a l , t h e r e was~2orraed the c r y s t a l l i n e 
d i s a c c h a r i d e d e r i v a t i v e ZZ i n 70% y i e l d , F i g u r e 11 . 
M e t h a n o l y s i s o f 22 , l e d t o the de fo rmyla ted d i s a c c h a 
r i d e d e r i v a t i v e 2 3 , which upon t reatment under h y d r o -
l y t i c c o n d i t i o n s ~ 7 a c e t o l y s i s , methano lys i s ) l e d to the 
f o rmat i on o f the component sugar d e r i v a t i v e s . A d d i t i o n 
a l ev idence i n f a v o r o f the s t r u c t u r e o f 22 was obtained 
by t reatment o f Zi w i t h sodium methoxide i n methanol 
(at 25° o r r e f l u x ) , whereupon the d i s a c c h a r i d e d e r i v a 
t i v e 24 was formed. T h i s e s t a b l i s h e d the s u b s t i t u t i o n 
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22 23, R=Bz, R'=H 

24, R=R' = H 
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Figure 13 
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p a t t e r n i n the d i s a c c h a r i d e as b e i n g l - > 3 , s i n c e the 
a l t e r n a t i v e 4 - O - s u b s t i t u t e d analog would have formed 
an epoxide d e r i v a t i v e under these c o n d i t i o n s , as shown 
i n model experiments w i t h m e t h y l 2 - 0 - m e t h a n e s u l f o n y l -
3 -D -arab inopyranos ide 20· 

I n another example7~l was t r e a t e d w i t h 1 ,4 -anhydro -
5, 6-0-[ 1 - (dimethylamino)methylene] - 2 , 3 - d i - O - m e t h a n e s u l -
f o n y l - f i - g l u c i t o l 2 5 , i n the presence of s t a n n i c c h l o 
r i d e to g ive i n t h i s c a s e , a m i x t u r e o f the d i s a c c h a 
r i d e d e r i v a t i v e s 26 and 27 i n a r a t i o o f 3 : 1 , F i g u r e 12. 
These were c o n v e n i e n t l y s e p a r a t e d , a n d t h e i r s t r u c t u r e s 
determined by s e q u e n t i a l m e t h a n o l y s i s , a n d t r i t y l a t i o n , 
whereupon the 1 6 - l i n k e d d i s a c c h a r i d e was o b t a i n e d as 
an amorphous powder (70%). 

A p r i o r i , i t would be expected t h a t g l y c o s i d e s y n 
t h e s i s w i t h unsymmetr i ca l c y c l i c a c e t a l s such as 21 and 
2 5 , would l e a d t o th
much the same way as two d ias tereomers were o b t a i n e d i n 
the case o f 14. The r e a c t i o n appears to be dependent 
on s t e r i c a n d ~ s t e r e o e l e c t r o n i c f a c t o r s , w h i c h may vary 
i n r e l a t i v e i m p o r t a n c e , depending on the type o f c y c l i c 
a c e t a l d e r i v a t i v e . L e t us assume t h a t the conformat ion 
o f 21 i n s o l u t i o n i s one approaching the h a l f - c h a i r 
s t r u c t u r e 2 8 ( represented as 2,§£ and 25g), F i g u r e 13 , 
i n which the C-0 bonds o f the d i o x o l a n e r i n g are q u a s i 
a x i a l and q u a s i - e q u a t o r i a l w i t h r e s p e c t t o the sugar 
r i n g . I n t h i s , and o t h e r c o n f o r m a t i o n s , the lone p a i r 
on the n i t r o g e n atom can assume a t r a n s p e r i p l a n a r 
o r i e n t a t i o n w i t h r e s p e c t t o e i t h e r o f the two C-0 bonds 
o f the c e n t r a l orthoamide carbon atom such as i n 28A 
and 2 8B, thus f a c i l i t a t i n g r i n g opening i n both d i r e c -
tions~7pathways " a " and " b " ) . The apparent s t e r e o s e l e c 
t i v e f o rmat i on o f 22 can be b e t t e r e x p l a i n e d on the 
b a s i s o f a p r e f e r e n t i a l c leavage o f the C-0 bond by 
pathway " a " ( p o s s i b l y a s s i s t e d by a more e f f e c t i v e com-
p l e x a t i o n o f the Lewis a c i d w i t h the s u l f o n a t e group 
and the oxygen atom). Th i s w i l l l e a d t o a more f a v o r 
ab le s t e r i c outcome,whi le t a k i n g advantage o f a p o s s i 
b l e s t e r e o e l e c t r o n i c enhancement. The r e a c t i v i t y o f the 
1 - (d imethylamino)methylene r i n g system i n s i m i l a r r e a c 
t i o n s , m a y , t h e r e f o r e be much more dependent on s t e r i c 
r a t h e r than s t e r e o e l e c t r o n i c f a c t o r s . A s i m i l a r s i t u 
a t i o n appears t o e x i s t i n the h y d r o l y s i s o f o r t h o e s t e r s 
(5) . I n f a c t , t reatment o f w i t h s t a n n i c c h l o r i d e 
(1 equiv) , and h y d r o l y s i s o f the m i x t u r e w i t h aqueous 
sodium b i c a r b o n a t e gave the formate e s t e r d e r i v a t i v e 2£, 
i n d i c a t i n g the p r e f e r e n t i a l e s t e r f o rmat i on a t C - 4 . I n 
the presence o f s t a n n i c c h l o r i d e , equ imo lar amounts o f 
% and 29 l e d t o the same d i s a c c h a r i d e d e r i v a t i v e 22 , 
a p p a r e n t l y w i t h o u t any d e t e c t a b l e amounts o f the 
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p o s i t i o n a l i s o m e r , thus e x c l u d i n g the p o s s i b i l i t y o f 
e s t e r m i g r a t i o n . A g a i n , i t s h o u l d be p o i n t e d out t h a t , 
i n the o r i g i n a l r e a c t i o n (Figure 11), the r e a c t i o n most 
l i k e l y proceeds by i n i t i a l f o r mat i on o f an imin ium i o n 
i n t e r m e d i a t e , s i n c e none o f 22 c o u l d be d e t e c t e d p r i o r 
to aqueous h y d r o l y s i s o f the r e a c t i o n m i x t u r e . An a u 
t h e n t i c sample o f 22 remained u n a f f e c t e d a f t e r t r e a t 
ment w i t h s t a n n i c c K l o r i d e . These r e a c t i o n s demonstrate 
the u t i l i t y o f 1 - (d imethylamino)methylene a c e t a l s as 
p r e c u r s o r s t o s e l e c t i v e l y O- fo rmylated d i o l d e r i v a t i v e s , 
and the p o s s i b i l i t y o f e f f e c t i n g Lewis a c i d - c a t a l y z e d 
g l y c o s i d e syntheses w i t h such d e r i v a t i v e s . 

Some unique f e a t u r e s are a s s o c i a t e d w i t h t h i s n o v e l 
s y n t h e s i s o f s a c c h a r i d e s i n the β - r ibo furanose s e r i e s , 
a . The r e a c t i o n occurs under very m i l d c o n d i t i o n w i t h 
amide a c e t a l s d e r i v e d from s i m p l e d i o l s as w e l l as from 
those o f sugar d e r i v a t i v e s
apparent r e g i o s e l e c t i v i t y i n the g l y c o s y l a t i o n r e a c t i o n , 
as i n d i c a t e d by the preponderance ,or e x c l u s i v e f o rma
t i o n o f one o f two p o s s i b l e d i s a c c h a r i d e d e r i v a t i v e s , 
c . The r e a c t i o n s are s t e r e o c o n t r o l l e d , l e a d i n g t o (3-D-
r i b o f u r a n o s y l d i s a c c h a r i d e s , and they r e q u i r e q u a s i 
s t o i c h i o m e t r i c amounts o f r e a g e n t s , d . The h y d r o x y l 
group t h a t i s v i c i n a l , and c i s - d i s p o s e d r e l a t i v e t o the 
newly formed g l y c o s i d i c bond i n the ag lycon p o r t i o n , 
i s p r o t e c t e d as the f o r m y l e s t e r i n t h e f i n a l p r o d u c t ; 
subsequent s e l e c t i v e h y d r o l y s i s o f t h i s group l i b e r a t e s 
an i s o l a t e d h y d r o x y l group i n the m o l e c u l e , which can 
be s u b j e c t e d t o f u r t h e r chemica l m a n i p u l a t i o n s . Th i s 
f e a t u r e c o u l d have i m p o r t a n t p r e p a r a t i v e a p p l i c a t i o n s , 
p a r t i c u l a r l y i n a s y n t h e t i c scheme t h a t c a l l s f o r the 
s tepwise assembly o f pseudosacchar ide u n i t s o f the 
aminog lycos ide type (Ί) and o f o l i g o s a c c h a r i d e s i n ge 
n e r a l . For example , 5 - 0 - ( β - D - r i b o f u r a n o s y l ) d e o x y s t r e p -
tamine (36) c o n s t i t u t e s an i m p o r t a n t pseudod i sac char id e 
p r e s e n t i n a number o f c l i n i c a l l y impor tant aminog ly 
c o s i d e s . 

The s y n t h e s i s o f pseudo- and o l i g o s a c c h a r i d e s by 
the p r e s e n t l y d e s c r i b e d method may thus be o f f u r t h e r 
p r e p a r a t i v e v a l u e , p a r t i c u l a r l y i f the r e a c t i o n can be 
s u c c e s s f u l l y extended t o the pyranose s e r i e s , and to 
amide a c e t a l s ( imidates o r i m i n i u m s a l t s ) d e r i v e d from 
sugars d e r i v a t i v e s (37.) . E f f o r t s i n t h i s d i r e c t i o n are 
now i n progress i n our l a b o r a t o r y . 

Lewis a c i d c a t a l y z e d f o r m a t i o n o f g l y c o s i d e s and 
d i s a c c h a r i d e s 

The f a c i l e f o r m a t i o n o f g l y c o s i d e s from anomer i c 
a l l y a c t i v a t e d sugar d e r i v a t i v e s and amide a c e t a l s , i n 
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the presence o f Lewis a c i d s such as s t a n n i c c h l o r i d e , 
prompted an i n v e s t i g a t i o n o f the same r e a c t i o n i n the 
presence o f an a l c o h o l r a t h e r than the amide a c e t a l . 
Lewis a c i d c a t a l y z e d g l y c o s y l a t i o n s are not w i t h o u t 
precedent . Lemieux and Shyluk (38) had shown t h a t 3 - D -
g lucose p e n t a a c e t a t e and methanol gave methy l 2 , 3 , 4 , 6 -
t e t r a - 0 - a c e t y l - 3 - D - g l u c o s i d e (benzene, r e f l u x ) · A p a r t 
from some a p p l i c a t i o n s i n the s y n t h e s i s o f n u c l e o s i d e s 
(3£,40) and C - g l y c o s y l compounds, (2JL,22,41,42_,42) , the 

method has been l a r g e l y n e g l e c t e d f o r the s y n t h e s i s o f 
O - g l y c o s i d e s (44) . Our s t u d i e s have shown t h a t r a p i d 
and e f f i c i e n t g l y c o s i d e f o rmat i on takes p l a c e when 
p e r a c y l a t e d sugar d e r i v a t i v e s , i n which the C - l and C-2 
e s t e r groups bear a t r a n s r e l a t i o n s h i p , are a l l o w e d t o 
r e a c t w i t h v a r i o u s a l c o h o l s , i n c l u d i n g s u g a r s , i n the 
presence o f s t a n n i c c h l o r i d e . The s t e r e o s p e c i f i c f o r m 
a t i o n o f 3 - D - r i b o f u r a n o s i d e
suggests the i n t e r m e d i a t e f o r m a t i o n o f the c o r r e s p o n d 
i n g 1 , 2 - o r t h o e s t e r s , f o l l o w e d by s t a n n i c c h l o r i d e c a t a 
l y z e d rearrangement . No a n o m e r i z a t i o n i s observed 
under the m i l d r e a c t i o n c o n d i t i o n s . F i g u r e 14 i l l u s 
t r a t e s some t y p i c a l g l y c o s i d e s p repared by t h i s method. 
I t i s o f i n t e r e s t , f o r example t h a t the c r y s t a l l i n e 
6 - 0 - ( 2 , 3 , 5 - t r i - 0 - b e n z o y l - 3 - D - r i b o f u r a n o s y l ) 1 , 2 : 3 , 4 - d i -
O - i s o p r o p y l i d e n e - a - D - g a l a c t o p y r a n o s e i s formed from 1 
and l , 2 : 3 , 4 - d i - 0 - i s o p r o p y l i d e n e - a - D - g a l a c t o p y r a n o s e Γη 
h i g h y i e l d . As p r e v i o u s l y d i s c u s s e d , g l y c o s i d e s such 
as 16, and the d i s a c c h a r i d e d e r i v a t i v e 22 were a l s o 
prepared from 1 and the r e s p e c t i v e sugar d e r i v a t i v e s i n 
the presence o f s t a n n i c c h l o r i d e as c a t a l y s t . We note 
a l s o t h a t both c i s and t r a n s 1 ,2 - cyc lohexane d i o l form 
a s o l i d complex w i t h s t a n n i c c h l o r i d e , t h a t i s i n s o l u 
b l e i n d i ch loromethane . The complex i s h y d r o l y z e d i n 
aqueous sodium b i c a r b o n a t e l i b e r a t i n g the d i o l . The 
complexing p r o p e r t y of s t a n n i c c h l o r i d e and o t h e r Lewis 
a c i d s have a l r e a d y been shown i n the case o f l a c t i m 
e t h e r s and amide a c e t a l s i n e a r l i e r d i s c u s s i o n . S t u d i e s 
i n t h i s area are c o n t i n u e i n g w i t h the aim o f enhancing 
the r e a c t i v i t y o f the oxygen atom i n p o l y o l s , c y c l i c 
amide a c e t a l s and imino e t h e r s . 

Format ion o f 1 , 2 - O r t h o e s t e r s w i t h Amide a c e t a l s 

Carbohydrate 1 , 2 - o r t h o e s t e r s have been known f o r a 
l o n g t ime (45>) , and they have been used f o r the s y n t h e 
s i s o f 1 , 2 - t r a n s g l y c o s i d e s (19) , i n c l u d i n g some w i t h 
complex a g l y c o n s . As p r e v i o u s l y ment ioned , 1 , 2 - o r t h o 
e s t e r s r e s u l t from the t r a p p i n g o f 1 ,2 -acy loxon ium i o n 
i n t e r m e d i a t e s w i t h a p p r o p r i a t e a l c o h o l s , and are t h e r e 
f o r e c o n s i d e r e d as k i n e t i c p r o d u c t s . T h e i r f o rmat i on 
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R = NHAc, R'^OAc 
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can a l s o be r a t i o n a l i z e d based on the concept o f " h a r d " 
and " s o f t " a c i d s and bases (46) , i f we c o n s i d e r t h a t 
the a l c o h o l and the acyloxoniûm i o n a r e , r e s p e c t i v e l y , 
a " h a r d " base and " h a r d " a c i d . The s y n t h e s i s o f g l y 
cos ides from o r t h o e s t e r s i s based on an a c i d c a t a l y z e d 
rearrangement r e a c t i o n , and the methodology has been 
c o n s i d e r a b l y improved t o a l l o w the s y n t h e s i s o f d i - , 
t r i - , and o l i g o s a c c h a r i d e s . I n s p i t e o f the occurrence 
o f minor s i d e - r e a c t i o n s (£7,48) , g l y c o s y l a t i o n s by the 
o r t h o e s t e r method are g e n e r a l l y c h a r a c t e r i z e d by a h i g h 
degree o f s t e r e o c o n t r o l , l e a d i n g t o 1 ,2 - t rans^ -g lyco -
s i d e s as the p r i n c i p a l p r o d u c t s . There are a t p r e s e n t 
s e v e r a l methods i n the l i t e r a t u r e f o r the p r e p a r a t i o n 
o f o r t h o e s t e r s (1,19 ,49_) c o n t a i n i n g a v a r i e t y o f a l k o -
x y l g roups , i n c l u d i n g sugar d e r i v a t i v e s . W h i l e prépa
r â t ! v e l y u s e f u l i n many r e s p e c t s , many o f these methods 
are n e v e r t h e l e s s , t im
they are l a b o r i o u s . 

Amide a c e t a l s have been found t o be e x c e l l e n t r e a 
gents f o r the r a p i d and e f f i c i e n t p r e p a r a t i o n o f c a r b o 
h y d r a t e 1 , 2 - o r t h o e s t e r s (50) . Treatment o f 2 , 3 , 5 - t r i -
O - a c e t y l - 3 - D - r i b o f u r a n o s y l c h l o r i d e 4 , w i t h v a r i o u s 
Ν,Ν-dimethylformamide d i a l k y l a c e t a l s , i n the absence o f 
added s a l t s o r a p r o t o n a c c e p t o r , gave h i g h y i e l d s o f 
the co r respond ing o r t h o e s t e r s , F i g u r e 15 . The s t r u c 
t u r e s o f the o r t h o e s t e r s were a s c e r t a i n e d from t h e i r 
n . m . r s p e c t r a i n which the presence o f endo/exo m i x 
t u r e s was e v i d e n t . Treatment o f the r e s p e c t i v e products 
w i t h aqueous h y d r o c h l o r i c a c i d i n 1 ,4 -d ioxane gave , i n 
each c a s e , 2 , 3 , 5 - t r i - O - b e n z o y l - D - r i b o f u r a n o s e , which 
was c h a r a c t e r i z e d as the c r y s t a l l i n e 1 -ace tate d e r i v a 
t i v e J . . 

I n t e r e s t i n g l y , when 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D -
g l u c o p y r a n o s y l bromide 30 was t r e a t e d w i t h Ν,Ν-dimethyl
formamide d i m e t h y l a c e t a l ~ i n d i c h l o r o m e t h a n e , no r e a c 
t i o n o c c u r r e d . A g a i n , t h i s r e f l e c t s the r e l a t i v e r e a c 
t i v i t i e s o f the g l y c o s y l h a l i d e d e r i v a t i v e s 4 and 30, 
and the e x t e n t t o which 1 ,2 -acy loxon ium i o n f o r m a t i o n 
i s enhanced under the r e a c t i o n c o n d i t i o n s . The f a v o r 
ab le 1 , 2 - t r a n s o r i e n t a t i o n o f c h l o r i n e atom and b e n -
zoate group i n 4 most l i k e l y p l a y s a r o l e i n enhancing 
the f o rmat i on o f the co r respond ing acy loxonium i o n . An 
analogous r e l a t i o n s h i p e x i s t s between the bromine atom 
and the lone p a i r o f e l e c t r o n s s i t u a t e d on one o f the 
ρ o r b i t a l s o f the r i n g oxygen atom i n 30. Such s t e r e o -
e l e c t r o n i c a s s i s t a n c e however, w i l l i n i t i a l l y l e a d t o 
an oxonium i o n (F igure 2 ) , and subsequent ly t o the 
r e l a t i v e l y s t r a i n e d 1 ,2 -acetoxonium i o n . I n the p r e 
sence o f an e q u i v a l e n t amount o f s i l v e r t r i f l u o r o m e t h a -
n e s u l f o n a t e and the amide a c e t a l however, was 
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r a p i d l y t rans formed i n t o the co r respond ing 1 , 2 - o r t h o -
e s t e r d e r i v a t i v e , F i g u r e 16. I n t h i s manner, m e t h o x y l , 
i s o p r o p o x y l , n e o p e n t y l o x y l and o t h e r a l k o x y l d e r i v a 
t i v e s were p r e p a r e d . As e x p e c t e d , the p o w e r f u l a c t i 
v a t i n g e f f e c t o f the s i l v e r s a l t l eads t o a r a p i d 
r e l e a s e o f bromide i o n , and the f o rmat i on o f the 1 ,2 -
acetoxonium i o n which i s t r a p p e d by the a l k o x i d e i o n s 
i n s o l u t i o n . This c o n s t i t u t e s a convenient and prépa
r â t ! v e l y e f f i c i e n t s y n t h e s i s o f 1 , 2 - o r t h o e s t e r d e r i v a 
t i v e s i n t h i s s e r i e s , (50) . 

I t has a l s o been found t h a t the i n d i v i d u a l t r e a t 
ment o f the o r t h o e s t e r s b e l o n g i n g t o the Ç-ribofuranose 
s e r i e s w i t h s t a n n i c c h l o r i d e i n d ichloromethane s o l u 
t i o n l e d to the c o r respond ing β - D - g l y c o s i d e s i n h i g h 
y i e l d s . S i m i l a r l y , methy l 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - B -
D-g lucopyranos ide was o b t a i n e d from the correspond ing 
o r t h o e s t e r . The m e r i t
i n the rearrangement o f o r t h o e s t e r s i n t o 1 , 2 - t r a n s - g l y -
cosides- are t h e r e f o r e worthy o f f u r t h e r e x p l o r a t i o n . 
I n view o f these r e s u l t s , i t i s not u n l i k e l y t h a t the 
Lewis a c i d c a t a l y z e d g l y c o s y l a t i o n s w i t h sugar p e r e s -
t e r s i n i t i a l l y g i v e the co r respond ing o r t h o e s t e r s , 
which undergo spontaneous rearrangement i n s o l u t i o n . 

Format ion o f g l y c o s i d e s i n t h e presence o f s i l v e r 
t r i f luoromethanes u l f o n a t e 

S i n c e the use o f s i l v e r s a l t s i n g l y c o s y l a t i o n 
r e a c t i o n s by Koenigs and K n o r r (18) , many o t h e r a c i d 
acceptors have been i n t r o d u c e d (TX w i t h v a r y i n g degrees 
o f s u c c e s s . I n g e n e r a l , such a ^ c a t a l y s t " s h o u l d : 
a . promote the depar ture o f h a l i d e i o n from the 1 - h a l o -
geno sugar d e r i v a t i v e , b . e f f e c t i v e l y n e u t r a l i z e the 
hydrogen h a l i d e t h a t i s formed i n the r e a c t i o n , c . i t 
s h o u l d not form water i n the r e a c t i o n m i x t u r e , d . i t 
s h o u l d be n e u t r a l and n o n - n u c l e o p h i l i c i n o r d e r t o 
min imize competing a t t a c k a t the anomeric c e n t e r . 
S e v e r a l such c a t a l y s t s e x i s t and they have been e x t e n 
s i v e l y used (1) . 

S i l v e r t r i f l u o r o m e t h a n e s u l f o n a t e ( t r i f l a t e ) has 
proved t o be an e f f i c i e n t c a t a l y s t f o r the f o rmat i on o f 
s imp le g l y c o s i d e s (5JL ,!52) . S i v e r - a s s i s t e d h a l i d e a b s 
t r a c t i o n from g l y c o s y l h a l i d e d e r i v a t i v e s are r a p i d 
and occur a t room temperature o r l o w e r . Th i s i s exem
p l i f i e d by the f a c i l e s y n t h e s i s o f the c r y s t a l l i n e 
d i s a c c h a r i d e d e r i v a t i v e 3J. i n 50% y i e l d from 30 and 
l , 2 : 3 , 4 - d i - 0 - i s o p r o p y l i d e n e - a - D - g a l a c t o p y r a n o s e i n the 
presence o f t h i s s a l t (50) , F i g u r e 17. I t s h o u l d be 
noted t h a t the very s t r o n g a c i d , t r i f l u o r o m e t h a n e s u l -
f o n i c a c i d , i s r e l e a s e d i n s i l v e r t r i f l a t e - c a t a l y z e d 
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g l y c o s y l a t i o n s and t h a t aglycons o r r e a c t i o n products 
p o s s e s s i n g a c i d - s e n s i t i v e groups may undergo p a r t i a l 
o r t o t a l h y d r o l y s i s , p a r t i c u l a r l y i f the r e a c t i o n c o n 
d i t i o n s are not r i g o r o u s l y anhydrous. 

S i l v e r t r i f l a t e has been found t o be an e f f i c i e n t 
c a t a l y s t f o r the s y n t h e s i s o f s e v e r a l 1 , 2 - t r a n s - l i n k e d 
d i s a c c h a r i d e s , p a r t i c u l a r l y i n c o n j u n c t i o n w i t h N , N -
t e t r a m e t h y l u r e a as a p r o t o n a c c e p t o r . T h i s very weak 
base i s capable o f c o n s i d e r a b l y d i m i n i s h i n g the a c i d i t y 
o f the p o w e r f u l a c i d t h a t i s formed i n the r e a c t i o n . 
In a d d i t i o n , i t i s f r e e l y s o l u b l e i n w a t e r , thus f a c i 
l i t a t i n g the i s o l a t i o n of the d i s a c c h a r i d e d e r i v a t i v e s . 
U s i n g t h i s combinat ion o f c a t a l y s t and a c i d a c c e p t o r , 
s y s t e m a t i c g l y c o s y l a t i o n s were c a r r i e d out w i t h the 
g l y c o s y l bromide d e r i v a t i v e 30, among o t h e r r e l a t e d 
compounds, a t the hydroxy1 groups s i t u a t e d i n d i v i d u a l l y 
on C - 2 , C-3 and C-4
hexopyranos ides . The r e s p e c t i v e 1 , 2 - t r s u i s - d i s a c c h a r i d e 
d e r i v a t i v e s thus formed were i s o l a t e d i n good y i e l d s 
and i n d i v i d u a l l y c h a r a c t e r i z e d . F i g u r e 17 i l l u s t r a t e s 
t h e s y n t h e s i s o f the w e l l known c r y s t a l l i n e d i s a c c h a 
r i d e d e r i v a t i v e 32. The d i s a c c h a r i d e d e r i v a t i v e s 
55' 54 a n d 55 were o b t a i n e d from the r e s p e c t i v e a g l y 
cons by a s i m i l a r p r o c e d u r e , i n y i e l d s over 70%. The 
p o s i t i o n o f l i n k a g e was e s t a b l i s h e d by c o n v e r s i o n s , 
wherever p o s s i b l e , i n t o known d e r i v a t i v e s . For example 
r e d u c t i v e d e s u l f o n y l a t i o n o f 33 w i t h sodium amalgam, 
f o l l o w e d by a c e t y l a t i o n gave the known (53) c r y s t a l l i n e 
36. 

I t i s noteworthy t h a t f a c i l e g l y c o s y l a t i o n was e f 
f e c t e d i n the case o f methyl 2 , 3 , 6 - t r i - O - b e n z o y l - a - D -
g a l a c t o p y r a n o s i d e , t o g i v e the d i s a c c h a r i d e d e r i v a t i v e 
35 i n 70% y i e l d . The s t r u c t u r e and p o s i t i o n o f l i n k a g e 
was e s t a b l i s h e d by chemica l d e g r a d a t i o n and mass s p e c 
t r o m e t r y . The g l y c o s y l a t i o n procedure u s i n g s i l v e r 
t r i f l a t e a l o n e , o r i n combinat ion w i t h Ν,N-tetramethyl-
urea appears t o be o f g e n e r a l a p p l i c a b i l i t y . H o p e f u l l y 
i t w i l l c ont inue t o be u s e f u l i n the s y n t h e s i s o f o t h e r 
d i - , t r i - , and o l i g o s a c c h a r i d e s and o f g l y c o s i d e s c o n 
t a i n i n g complex a g l y c o n s . Indeed the s t e r e o c o n t r o l l e d 
s y n t h e s i s o f g l y c o s i d e s r e l a t e d t o the ant i tumor agent 
a d r i a m y c i n , has been accompl ished by t h i s method (5_4) . 
F i n a l l y , s i l v e r t r i f l a t e and c o l l i d i n e have been 
r e c e n t l y used i n the s y n t h e s i s o f 1 , 2 - t r a n s - g l y c o s i d e s 
i n the amino sugar s e r i e s (5_5) . 

E x p e r i m e n t a l Procedures 

The f o l l o w i n g are s e l e c t e d e x p e r i m e n t a l procedures 
f o r the p r e p a r a t i o n o f some r e p r e s e n t a t i v e d i s a c c h a r i d e 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



58 S Y N T H E T I C M E T H O D S F O R C A R B O H Y D R A T E S 
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d e r i v a t i v e s . The p r e p a r a t i o n s o f 1 , 2 - o r t h o e s t e r s and 
t h e i r rearrangement (50) , a l k y l g l y c o s i d e s v i a amide 
a c e t a l s (31., 33) , and o t h e r g l y c o s i d e s (56) have been 
p r e v i o u s l y communicated. I n v iew o f the extreme s e n s i 
t i v i t y o f the acy loxonium i o n i n t e r m e d i a t e s and o f s i l 
v e r t r i f l a t e t o m o i s t u r e , i t i s o f utmost importance t o 
use s o l v e n t s , reagents and s t a r t i n g m a t e r i a l s , t h a t 
have been r i g o r o u s l y d r i e d , by a z e o t r o p i c d i s t i l l a t i o n 
o f t r a c e s o f w a t e r , o r by o t h e r s u i t a b l e methods. 

P r e p a r a t i o n o f d i s a c c h a r i d e s w i t h c y c l i c amide a c e 
t a l s ( 3 3 ) . - A s o l u t i o n c o n t a i n i n g m e t h y l 2-0-methane-
s u l f o n y l - 3 - D - a r a b i n o p y r a n o s i d e 20 (1 ramole) and N , N -
dimethyl formamide d imethylacetaï~(1 mmole) i n d i c h l o r o -
methane was s t i r r e d f o r 4 h , then the s o l v e n t was remo
ved by e v a p o r a t i o n . The r e s u l t i n g syrupy a c e t a l  was 
h e l d a t 0 .1 t o r r f o
lume o f d i ch l o romethane , and added to a s o l u t i o n c o n 
t a i n i n g l - O - a c e t y l - 2 , 3 , 5 - t r i - O - b e n z o y l - S - D - r i b o f u r a n o s e 
1 (1 ramole!" and s t a n n i c c h l o r r d e (1 .1 mmole) i n 10 ml 
b f d i ch lorome thane . A f t e r s t i r r i n g 18 h a t 25 ° , t . l . c 
i n d i c a t e d the absence o f s t a r t i n g m a t e r i a l and the p r e 
sence o f a s t r o n g l y U.V absorb ing p o l a r subs tance . 
U s u a l workup (aq. sodium b i c a r b o n a t e , e x t r a c t i o n , d r y i n g , 
etc ) gave a syrup t h a t c o n s i s t e d o f a major p r o d u c t . 
P u r i f i c a t i o n on s i l i c a g e l gave c r y s t a l l i n e methy l 4 - 0 -
f o r m y l - 2 - O - m e t h a n e s u l f o n y 1 - 3 - 0 - ( 2 , 3 ^ - t r i ^ O - b e n z o y l - f t - D -
r i b o f u r a n o s y l ; - 3 - D - a r a b i n o p y r a n o s i d e 22 (7lT%) , m .p .164-
165° ; [a]25 -43.16° ( C H C 1 3 ) . Treatment o f t h i s product 
w i t h methanol ( r e f l u x 4 h) gave the c o r respond ing d e -
f o r m y l a t e d d i s a c c h a r i d e d e r i v a t i v e as an amorphous 
s o l i d ; [ a l D -33.1° (CHCI3) . 

P r e p a r a t i o n o f d i s a c c h a r i d e s i n the presence o f 
s t a n n i c c h l o r i d e . - A s o l u t i o n c o n t a i n i n g 1 (1 mmole), 
s t a n n i c c h l o r i d e (1 mmole) i n 10 ml o f d ichloromethane 
was t r e a t e d w i t h 1 ,2 : 3 , 4 - d i - O - i s o p r o p y l i d e n e - a - E - g a l a c -
topyranose (1 mmole). A f t e r s t i r r i n g a t 0° f o r 4 h , 
the s o l u t i o n was poured i n t o aqueous sodium b i c a r b o n a t e , 
and the o r g a n i c l a y e r was processed as u s u a l . Chromato
graphy gave l , 2 : 3 , 4 - d i - 0 - i s o p r o p y l i d e n e - 6 - 0 - ( 2 , 3 , 6 - t r i -
O - b e n z o y l - 6 - D - r i b o f u r a n o s y l ) - α - D - g a l a c t o p y r a n o s e , as a 
syrup (83%), which c r y s t a l l i z e d from e t h a n o l , m.p. 201 -
203°. 

D e b e n z o y l a t i o n , f o l l o w e d by a c e t y l a t i o n , gave the 
co r respond ing a c e t y l a t e d d i s a c c h a r i d e d e r i v a t i v e as a 
s y r u p ; [ a] D -19° (CHCI3) ; m/e 503 (M-15) , e t c . 

P r e p a r a t i o n o f d i s a c c h a r i d e s u s i n g s i l v e r t r i f l a t e . 
a . 6 - Ô - ( 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - B - n - g l u c o p y r a n o s y l ) 1 : 2 , 
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3 : 4 - d i - O - i s o p r o p y l i d e n e - a - D - g a l a c t o p y r a n o s e ( 3 D — A 
suspens ion c o n t a i n i n g 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D - g l u c o -
p y r a n o s y l bromide 30 (1.3 mmoles) , s T l v e r t r i f l a t e (1.4 
mmole) and N , N - t e t r a m e t h y l u r e a (3 mmoles) i n 10 ml o f 
d ichloromethane was t r e a t e d w i t h 1 , 2 : 3 , 4 - d i - O - i s o p r o 
py l i d e n e - a - D - g a l a c t o p y r a n o s e (1 .1 mmole). A f t e r 4 h a t 
25° , the m i x t u r e was f i l t e r e d through C e l i t e , the f i l 
t r a t e was n e u t r a l i z e d w i t h aqueous sodium b i c a r b o n a t e 
and the o r g a n i c l a y e r was processed as u s u a l t o g i v e 
a s y r u p . Chromatography, on s i l i c a (1:4 EtOAc-benzene) 
gave the t i t l e compound (70%), m.p. 140-141°; [ α ] β 5 

-50° (CHCl^) (5j0 . The co r respond ing β -D-galactopyra-
n o s y l analog was s i m i l a r l y p r e p a r e d . 
b . M e t h y l 4 , 6 - 0 - b e n z y l i d e n e - 2 - 0 - ( 2 , S ^ ^ - t e t r a - O - a c e -
t y l - f t - D - g l u c o p y r a n o s y l ) - a - D - g l u c o p y r a n ^ (33) _ E s 
s e n t i a l l y , the same procedure was f o l l o w e d as~descr ibed 
above, except t h a t th
i n a two f o l d e x c e s s . The t i t l e compound was o b t a i n e d 
as a chromatographyca l ly homogeneous syrup (47%) a f t e r 
chromatography on s i l i c a g e l (1:9 EtOAc benzene) . C r y s 
t a l l i z a t i o n from methanol gave the c r y s t a l l i n e d i s a c 
c h a r i d e d e r i v a t i v e (41%), m.p. 226-227° ; [ a] D +40.1° 
(CHCI3) (158) . The co r respond ing β-D-galactopyranosyl 
ana log was s i m i l a r l y o b t a i n e d . 
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Some Aspects of Organic Synthesis on Modified 

C-Nucleosides, Oxaprostaglandines, and Aminoglycoside 

Antibiotics 

S. D. GERO, J. CLEOPHAX, D. MERCIER, and A. OLESKER 
Institute de Chimie des Substances Naturelles, CNRS, 91190 Gif sur Yvette, France 

For several years quite a few C-Nucleosides antibiotics have 
been found to display interestin
vities (1-3). In thes
the two heterocyclic systems are separated by a solid carbon-car
bon bond. These linkages are not subject of either hydrolytic or 
enzymatic cleavage. The synthesis of such molecules is a diffi
cult task in organic chemistry, but the preparation of such mole
cules has been described by several laboratories (4-7). However, 
there are very few data dealing with the preparation of modified 
C-Nucleosides antibiotics (8-10). 

Considerable efforts (11-12) have also been made in the last 
years to replace the oxygen hetero-atom with another hetero-atom 
or to replace (18-20) the hydroxy-methylene or methylene groups 
with another hetero-atom. In the artisteromycin 1, the oxygen 
atom of the adenosine has been substituted (13-14) with a methy
lene group, the oxygen atom of D-glucose has been replaced in the 
5-thio-D-glucose 2, and in the nojirimycine 3, with a sulfur (15-
16) and with a nitrogen (17) hetero-atom, respectively. Oxa- and 
thia-prostaglandines 4 and 5 have been described in the literature 
(18-20). 

Along this line, we have been interested in recent years in 
our laboratory in creating synthon intermediates which can be 
transformed to modified C-Nucleosides and 11-oxaprostaglandines. 

Our approaches for these problems are outlined in Figure 2. 
We thought if the two functionalized epoxydes 6 and 8 could be 
synthesized, then they can be transformed to a modified C-Nucleo
side antibiotics 7 and to the tetrahydrofuranoide system 9, and 
the latter then can be transformed to 11-oxaprostaglandines. 

These two epoxydes were unknown in the literature and we syn
thesized them from the readily available D-Xylose. D-Xylose was 
transformed to the 2,5-anhydro-di-isobutyl-dithioacetal-D-Xylose 
10, prepared by Zinner (1959) (21) and this is converted by well
-established methods to the highly functionalized 11. The latter 
was treated with 2.5 molar of methanolic sodium methoxide and a 
mixture of the desired epoxydes 13 and 14 were obtained in a 70% 
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y i e l d . T h e r a t i o o f t h e e p o x y d e s i s 35% t o 6 5 % . T h e s t r u c t u r e 
o f t h e s e e p o x y d e s h a s b e e n c o n f i r m e d b y p h y s i c a l m e t h o d s a n d b y 
c h e m i c a l c o r r e l a t i o n . T h e m a j o r e p o x y d e _14 w a s t r a n s f o r m e d b y a 
s e r i e s o f r e a c t i o n s t o 16 w h i c h w a s d e s c r i b e d b y u s i n 1 9 6 8 ( 2 2 ) . 
T h e 1Λ w a s c h o s e n f o r t h e s y n t h e s i s o f m o d i f i e d C - N u c l e o s i d e s a n d 
t h e e p o x y d e JL3 f o r t h e p r e p a r a t i o n o f t h e s y n t h o n 9_. A l t e r n a 
t i v e l y , t h e m i n o r e p o x y d e 13^ c o u l d a l s o b e s y n t h e s i z e d b y t r e a t i n g 
10 w i t h 1 . 2 m o l a r o f t o s y l c h l o r i d e f o l l o w e d b y t h e t r a n s f o r m a t i o n 
o n t r e a t m e n t w i t h m e t h a n o l i c s o d i u m m e t h o x i d e t o t h e e p o x y d e 13 
o b t a i n e d p r e v i o u s l y f r o m 1 1 . T h i s s e r i e s o f r e a c t i o n s c a n b e 
r e a l i z e d w i t h o u t t h e i s o l a t i o n o f t h e i n t e r m e d i a t e s . 

T h e m o d i f i e d ( ^ - N u c l e o s i d e s h a v e b e e n p r e p a r e d f r o m t h e m a j o r 
e p o x y d e _6. T h e l a t t e r , o n t r e a t m e n t w i t h c a r b a n i o n s d e r i v e d f r o m 
d i t h i a n e o r d i p h e n y l d i t h i o a c e t a l o f f o r m a l d e h y d e , g a v e i n a 
r e g i o - s p e c i f i c f a s h i o n 17 a n d 20 i n a y i e l d o f 88% a n d 6 8 % , r e 
s p e c t i v e l y . T h e s t r u c t u r e o f t h e s e d é r i v â t e s h a s b e e n c o n f i r m e d 
b y p h y s i c a l m e t h o d s , e s p e c i a l l
0 - a c e t a t e s 18 a n d 2 1 a n d o f t h e i r ( ) - b e n z o a t e s 19^ a n d 2 2 . B o t h 19^ 
a n d _22 h a v e b e e n d e s u l p h u r i z e d w i t h R a n e y N i c k e l t o t h e d e r i v a t i v e 
o f C - m e t h y l Z 3 . B o t h r e a g e n t s o p e n e d t h e e p o x y d e 6_ a t t h e p o s i 
t i o n 4 . We w e r e u n a b l e t o d e t e c t t h e s e c o n d p o s s i b l e i s o m e r e v e n 
i n t r a c e a m o u n t s . 23 w a s s m o o t h l y h y d r o l y z e d t o t h e C ^ - f o r m y l 2 4 , 
w h i c h o n t r e a t m e n t w i t h c a r b o e t h o x y m e t h y l e n e t r i p h e n y l p h o s p h o r a n e 
g a v e 2 5 , w h i c h o n f u r t h e r t r e a t m e n t w i t h d i z o m e t h a n e f o l l o w e d b y 
c h l o r i n a t i o n a n d d e h y d r o c h l o r i n a t i o n f u r n i s h e d v i a 26^ t h e c a r b o e 
t h o x y C - N u c l e o s i d e 27^, w h i c h w a s c o n v e r t e d o n t r e a t m e n t w i t h 
a m m o n i a c t o 2!8. U s i n g t h e same a p p r o a c h , a v a r i e t y o f o t h e r C -
N u c l e o s i d e s c a n a l s o b e p r e p a r e d . ( F i g u r e 2) 

T h e s y n t h o n 9_ ( F i g u r e 2) f o r t h e p r e p a r a t i o n o f 1 1 - o x a p r o s t a 
g l a n d i n e s h a v e b e e n s y n t h e s i z e d f r o m t h e e p o x y d e _13. T h e e p o x y d e 
o n t r e a t m e n t w i t h t h e c a r b o n i o n d e r i v e d f r o m t h e d i p h e n y l d i t h i o 
a c e t a l o f f o r m a l d e h y d e g a v e t o w p r o d u c t s , _29̂  a n d _31 , i n a y i e l d o f 
79% a n d i n a r a t i o n o f 63% a n d 3 7 % , r e s p e c t i v e l y . T h e s t r u c t u r e 
o f t h e s e p r o d u c t s , 29 a n d 3 1 , w a s c o n f i r m e d b y NMR s p e c t r o s c o p y o f 
t h e i r O - a c e t a t e s 30 a n d _32. T h e m i n o r o p e n i n g p r o d u c t 3 1 h a s a n 
a b s o l u t e c o n f i g u r a t i o n w h i c h c o r r e s p o n d s t o t h e a b s o l u t e c o n f i g u 
r a t i o n o f t h e n a t u r a l l y o c c u r r i n g p r o s t a g l a n d i n e s . I n t h e m a j o r 
p r o d u c t _29 t h e t w o f u n c t i o n a l i z e d s i d e c h a i n s a r e a l s o t r a n s b u t 
i n a m e t a p o s i t i o n 1 , 3 . T h e m i n o r p r o d u c t _32 w a s h y d r o l y s e d t o 
t h e a l d e h y d e _3^3, a n d t h e l a t t e r o n t r e a t m e n t w i t h d i m e t h y l ( 2 - o x -
o h e p t y l ) p h o s p h o n a t e f u r n i s h e d t h e u n s a t u r a t e d k e t o n e 34_, w h i c h 
w a s s e l e c t e d f o r f u r t h e r t r a n s f o r m a t i o n t o a v a r i e t y o f 1 1 - o x a 
p r o s t a g l a n d i n e s . 

I f we a r e u s i n g e p o x y d e 13 d e r i v e d f r o m e i t h e r L - X y l o s e o r 
D - X y l o s e ( F i g u r e 3 ) , we c a n p r e p a r e t h e t w o e n a n t i o m e r i c _35 a n d 
3 6 , w h i c h c o r r e s p o n d s a t p o s i t i o n s 8 a n d 12 t o t h e a b s o l u t e c o n 
f i g u r a t i o n o f t h e n a t u r a l a n d e n a n t i o m e r i c p r o s t a g l a n d i n e s . T h e 
O - A c e t a t e i n 35^ a n d 36^ c a n b e e p i m e r i z e d w i t h w e l l - e s t a b l i s h e d 
m e t h o d s . 
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M U T A T I O N A L B I O S Y N T H E S I S OF A M I N O G L Y C O S I D E A N T I B I O T I C S 
R e c e n t i s o l a t i o n o f a v a r i e t y o f a m i n o g l y c o s i d e a n t i b i o t i c s , 

w i t h c l i n i c a l a n d m o l e c u l a r b i o l o g i c a l i m p o r t a n c e , h a s p r o v i d e d 
c h a l l e n g i n g p r o b l e m s t o o r g a n i c c h e m i s t s a n d b i o c h e m i s t s (23-26). 
I n t h e s e a n t i b i o t i c s , o u t l i n e d i n F i g u r e 4, t h e c e n t r a l m o i e t y _2-
d e o s y - s t r e p t a m i n e i s g l y c o s y l a t e d a t p o s i t i o n s 4 a n d 5 f o r t h e 
n e o m y c i n t y p e a n d a t p o s i t i o n s 4 a n d 6 f o r t h e k a n a m y c i n t y p e 
a n t i b i o t i c s w i t h a l a r g e v a r i e t y o f c a r b o h y d r a t e d e r i v a t i v e s . 

D u e t o t h e i r e x t e n s i v e c l i n i c a l u s e , R - f a c t o r m e d i a t e d e n z y 
mes w e r e d e v e l o p e d (24, 26, 27) w h i c h i n a c t i v e t h e s e a n t i b i o t i c s 
b y 0- p h o s p h o r y l a t i o n , O - a d e n y l a t i o n a n d N - a c e t y l a t i o n a t t h e d i f 
f e r e n t p o s i t i o n s s h o w n b y t h e a r r o w s ( F i g u r e 4). U n d o u b t e d l y , 
t h e i n a c t i v a t i o n o f t h e s e a n t i b i o t i c s a g a i n s t d i f f e r e n t b a c t e r i a l 
s t r a i n s p r o v i d e d a n i m p e t u s f o r a n i n t e n s i v e c h e m i c a l a n d b i o l o 
g i c a l r e s e a r c h . 

I n t h e r i b o s t a m y c i
n e o m y c i n i s a b s e n t , a n d
r i b o s t a m y c i n i s a c y l a t e d w i t h L ( - ) - y - a m i n o - a - h y d r o x y b u t i r i c a c i d . 
T h e p r e s e n c e o f t h i s s i d e c h a i n a t h e C - l a m i n o g r o u p o f t h e 2 - d e -
o x y s t r e p t a m i n e c o n f e r s e x c e p t i o n a l a n t i b a c t e r i a l p r o p e r t i e s (26) 
o n t h e b u t r i o s i n B , i n c l u d i n g i t s a c t i v i t y a g a i n s t g r a m n e g a t i v e 
b a c t e r i a - f o r i n s t a n c e , P s e u d o m o n a s a e r u g i n o s a . D u e t o t h i s d i s 
c o v e r y , a l a r g e v a r i e t y o f N - a c y l a t e d d e r i v a t i v e s o f t h e s e t y p e 
o f a n t i b i o t i c s h a v e b e e n s y n t h e s i z e d a n d t h e a m i k a c i n _3£ i n w h i c h 
t h e C - l a m i n o g r o u p o f k a n a m y c i n A i s a c y l a t e d w i t h t h e same L ( - ) -
γ - a m i n o - a - h y d r o x y b u t y r i c a c i d h a s b e e n d i s c o v e r e d (28). T h e l a t 
t e r i s a n e x c e l l e n t a n t i b i o t i c a g a i n s t a v a r i e t y o f b a c t e r i a w h i c h 
i n a c t i v a t e t h e p a r e n t k a n a m y c i n e A . I n b u t i r o s i n _38 a n d i n a m i k a 
c i n J39 t h e c e n t r a l m o i e t y o f t h e 2 - d e o x y s t r e p t a m i n e h a s b e e n m o d i 
f i e d , a n d t h e f a c t t h a t a c t i v e a n t i b i o t i c s h a v e b e e n o b t a i n e d b y 
m o d i f y i n g t h e c e n t r a l p a r t o f t h e s e a n t i b i o t i c s s u g g e s t t h a t b y 
m o d i f y i n g t h i s p a r t o f t h e m o l e c u l e , i n t e r e s t i n g a n d new t y p e o f 
a n t i b i o t i c s c a n b e o b t a i n e d . 

I t i s v e r y i n t e r e s t i n g t o n o t e t h a t i n m i n o s a m i n o m y c i n 40 - a 
r e c e n t l y d i s c o v e r e d (29) a n t i b i o t i c - t h e a g l y k o n p a r t o f t h e m o l e 
c u l e i s a 1 D - l - a m i n o - l - d e o x y - m y o i n o s i t o l , a n d t h e s u g a r p a r t , 
w h i c h i s l o c a t e d a s u s u a l a t t h e p o s i t i o n 4, i s k a s u g a m i n e . T h e 
C - l a m i n o g r o u p i s a c y l a t e d w i t h a d i p e p t i d e . We a r e d e a l i n g i n 
t h e m i n o s a m i n o m y c i n f r o m a b i o s y n t h e t i c p o i n t o f v i e w w i t h a m i x e d 
a n t i b i o t i c o f t h e k a s u g a m y c i n a n d 2 - d e o x y s t r e p t a m i n e t y p e s . T h i s 
i s t h e f i r s t t i m e t h a t j L - D - l - a m i n o - l - d e o x y m y o i n o s i t o l a p p e a r s a s a 
c o m p o n e n t o f a m i n o g l y c o s i d e a n t i b i o t i c s . 

T h e t h i r d e v e n t o n t h e m o d i f i c a t i o n o f t h e 2 - d e o x y s t r e p t a m i n e 
m o i e t y o f t h e s e a n t i b i o t i c s h a s p r o d u c e d , w i t h t h e i s o l a t i o n o f 
m u t a n t s t r a i n s b y R i n e h a r t a n d h i s c o l l e a g u e s (25, 30, 31) f r o m 
S t r e p t o m y c e s f r a d i a e , p r o d u c i n g n e o m y c i n - t y p e a n t i b i o t i c s . D ' i m i 
t a n t s c o u l d n o t p r o d u c e n e o m y c i n f r o m t h e n o r m a l c a r b o n a n d n i t r o 
g e n s o u r c e s e x c e p t i f a m i n o - c y c l i t o l s w e r e a d d e d t o t h e f e r m e n t a 
t i o n m e d i u m . 2 - d e o x y s t r e p t a m i n e , s t r e p t a m i n e a n d e p i s t r e p t a m i n e 
w e r e t r a n s f o r m e d b y t h i s m u t a n t t o t h e c o r r e s p o n d i n g a n t i b i o t i c s 
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c a l l e d h y b r i m y c i n s ( F i g u r e 6 ) . T h e s e new a n t i b i o t i c s , w i t h a 
m o d i f i e d a m i n o - c y c l i t o l s , r e t a i n e d a n t i b a c t e r i a l p r o p e r t i e s ( 3 1 ) . 

A l a r g e v a r i e t y o f D~~mutants ( 3 2 - 3 6 ) , u s i n g t h e same a p p r o a c h 
h a v e b e e n i s o l a t e d a n d u s e d f o r t h e b i o s y n t h e s i s o f new t y p e s o f 
a n t i b i o t i c s . M u t a n t s i s o l a t e d f r o m M i c r o m o n o s p o r a i n y o e n s i s ( 3 4 ) , 
t h e s i s o m i c i n - p r o d u c i n g o r g a n i s m , w h i c h r e q u i r e t h e a d d i t i o n o f 
2 - d e o x y - s t r e p t a m i n e t o t h e f e r m e n t a t i o n b r o t h f o r s i s o m i c i n 
p r o d u c t i o n . T h e a d d i t i o n o f a n a l o g u e s o f 2 - d e o x y s t r e p t a m i n e t o 
t h i s m u t a n t r e s u l t e d i n t h e f o r m a t i o n o f new a n t i b i o t i c s c a l l e d 
m u t a m i c i n s . T h e s e m u t a m i c i n s , s h o w n i n F i g u r e 6 , p r o d u c e d b y 
t h e a d d i t i o n o f 2 - d e o x y s t r e p t a m i n e a n d 2 , 5 - d i d e o x y s t r e p t a m i n e t o 
t h e f e r m e n t a t i o n b r o t h e x h i b i t b r o a d s p e c t r u m a n t i b i o t i c s . M o s t 
i n t e r e s t i n g l y , m u t a m i c i n 2 p r o d u c e d b y t h e a d d i t i o n o f 2 , 5 -
d i d e o x y s t r e p t a m i n e , e x h i b i t s s i m i l a r b r o a d s p e c t r u m a c t i v i t y 
a g a i n s t g e n t a m i c i n - s i s o m i c i n - a c e t y l a t i n g s t r a i n s . 

I t w a s c l e a r t o u
a b l e i n u s i n g D ~ m u t a n t
t y p e o f m u t a t u i n a l b i o s y n t h e s i s , we n e e d e d t h e i n d i v i d u a l c o m 
p o n e n t s o f t h e s e a n t i b i o t i c s , a n d i n t h e p a s t y e a r s we h a v e 
p r e p a r e d a v a r i e t y o f t h e s e s u b s t a n c e s - f o r i n s t a n c e : t o b r o -
s a m i n e ( 3 7 ) , p u r p u r o s a m i n e ( 3 8 , 3 9 ) , l i v i d o s a m i n e ( 4 0 ) , a n d a 
v a r i e t y o f a m i n o - c y c l i t o l s r e l a t e d t o 2 , 4 - d i d e o x y s t r e p t a m i n e ( 4 1 ) . 
H o w e v e r , I w o u l d n o t l i k e t o t a l k a b o u t t h e s y n t h e s i s o f t h e s e 
s u b s t a n c e s , w h i c h w a s p a r t i a l l y d i s c u s s e d ( 4 2 ) i n my l e c t u r e a t 
t h e P h i l a d e l p h i a A m e r i c a n C h e m i c a l S o c i e t y m e e t i n g i n 1 9 7 5 , b u t 
I w o u l d l i k e t o t a l k a b o u t a new b i o s y n t h e t i c m e t h o d o l o g y , n a m e l y , 
t h e m u t a t i o n a l b i o s y n t h e s i s o f t h e s e a m i n o - c y c l i t o l g l y c o s i d e 
a n t i b i o t i c s , e s p e c i a l l y t h e m u t a t i o n a l b i o s y n t h e s i s o f n e o m y c i n 
( 4 3 ) . 

I t h a s b e e n r e p o r t e d r e c e n t l y b y R i n e h a r t ( 2 5 - 4 4 ) t h a t t h e 
s u b u n i t s A , B , C , D o f n e o m y c i n d e r i v e d f r o m D - g l u c o s e . T h e 
o r d e r o f t h e a s s e m b l y o f t h e i r s u b u n i t s , h o w e v e r , n e v e r h a s b e e n 
d i s c l o s e d . R i n e h a r t s t a t e d ( 2 3 , 3 1 ) t h a t a D ~ m u t a n t s i s o l a t e d 
f r o m S t r e p t o m y c e s f r a d i a e c o u l d n o t p r o d u c e a n t i b i o t i c n e o m y c i n 
i f n e a m i n e , w h i c h a r e t h e A , Β s u b u n i t s o f t h e n e o m y c i n , h a s b e e n 
a d d e d t o t h e f e r m e n t a t i o n b r o t h . F o r a c o u p l e o f y e a r s we w e r e 
e n g a g e d i n b i o s y n t h e t i c s t u d i e s i n t h i s f i e l d a n d we a s k e d o u r 
s e l v e s t w o q u e s t i o n s : ( 1 ) w h a t i s t h e e x a c t o r d e r o f t h e f o r m a 
t i o n o f t h e 4 s u b u n i t s - A , B , C , D , - o f t h e n e o m y c i n , a n d ( 2 ) 
w h e n t h e f u n c t i o n a l i z a t i o n o c c u r s . 

R i n e h a r t f a i l e d t o p r o d u c e n e o m y c i n a n t i b i o t i c , s u p p l e m e n t 
i n g t h e m e d i u m o f D ~ m u t a n t s w i t h e x o g e n o u s n e a m i n e , a n d t h e r e f o r e 
h e c o n s i d e r e d a s a p o s s i b l e b i o s y n t h e t i c i n t e r m e d i a t e 5 - 0 - D -
r i b o s y l - 2 - d e o x y s t r e p t a m i n e . S u r p r i s i n g l y e n o u g h , a n d c o n t r a r y 
t o h i s v i e w , n e a m i n e , t h e s u b u n i t A a n d Β o f t h e n e o m y c i n , w a s 
t r a n s f o r m e d ( 4 3 ) , u s i n g D ~ m u t a n t s t o n e o m y c i n ( F i g u r e 7 ) . 
S u p p l e m e n t i n g t h e m e d i u m w i t h a s y n t h e t i c 5 - 0 - D - r i b o s y l - 2 , 6 -
d i d e o x y s t r e p t a m i n e ( 4 5 ) , n e o m y c i n w a s n o t b i o s y n t h e s i z e d ( F i g u r e 
7 ) . 

T h i s e x p e r i e n c e , h o w e v e r , d i d n o t p r o v i d e c o n c l u s i v e e v i d -

4 
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CH,NH, 

Hybrimycin Aj 

Hybrimycin A2 
Hybrimycin 

Hybrimycin B£ 

Ami n o c y c l i to i 

Streptami ne 

Streptami ne 

Epi s t reptami ne 

Epi s t reptami ne 

H 

OH 

OH 

"2 

OH 

H 

C H - N H , 

H 3 C 
RzHN 

OH 
H 2 N 

Ο 
H2N 

C H 2 N H . 

S i s o m i c i n R » OH R 

Mutamicin 1 R = Rj » OH 

Mutamicin la R » Rj • OH 

Mutamicin lb R =» R̂  « OH 

Mutamicin 2 R * Rj » Η 

R 2 = C H 3 

R 2 " C H 3 
R 9 = C O C H , 

Figure 6 
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Figure 7 

e n c e w h e t h e r t h e e x o g e n o u s n e a m i n e w a s c l e a v e d b y a n e n z y m e p r e 
s e n t i n t h e m e d i u m t o t h e 2 - d e o x y s t r e p t a m i n e a n d t r a n s f o r m e d t o 
t h e n e o m y c i n . I n o r d e r t o s h e d l i g h t w h e t h e r t h e n e a m i n e i n c o r p 
o r a t e d i n t o t h e n e o m y c i n w i t h o u t c l e a v a g e i n a n i n t a c t f a s h i o n , 
we d e c i d e d t o b i o s y n t h e s i z e t w o t y p e s o f r a d i o a c t i v e n e a m i n e 
( F i g u r e 8 ) : f i r s t , l a b e l l e d a t b o t h s u b u n i t s A , Β w i t h 1 Z * C ; a n d 
s e c o n d l y , a n e a m i n e l a b e l l e d o n l y a t s u b u n i t A w i t h t r i t i u m . B y 
m i x i n g t h e s e t w o d i f f e r e n t l y l a b e l l e d n e a m i n e t h e r a t i o o f t h e 
t r i t i u m a n d l ^ C w a s f o u n d t o b e ^ H / 1 ^ C = 1 4 . When t h e m i x t u r e o f 
t h e s e l a b e l l e d n e a m i n e s i s g i v e n t o t h e D ~ m u t a n t s o f S t r e p t o m y c e s 
f r a d i a e , t h e n e o m y c i n p r o d u c e d h a d a r a d i o a c t i v i t y o f ^ H / ^ - ^ C = 1 5 . 
N e a m i n e i s t r a n s f o r m e d w i t h o u t c l e a v a g e t o t h e n e o m y c i n . I f t h e 
n e a m i n e m i g h t h a v e b e e n c l e a v e d e n z y m a t i c a l l y , a n d b i o s y n t h e s i z e d 
b y D " m u t a n t s t h e r a t i o o f t h e r a d i o a c t i v i t y f o u n d s h o u l d h a v e b e e n 
t o t a l l y d i f f e r e n t . T h i s i s t h e f i r s t t i m e , a s f a r a s we a r e a w a r e , 
t h a t we d e m o n s t r a t e d u n i v o c a l l y t h a t t h e n e a m i n e - p s e u d o d i s a c c h a -
r i d e h a d b e e n a c c e p t e d b y D " " m u t a n t s a n d i n c o r p o r a t e d w i t h o u t c l e a -
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1 4 C D-glucose s T r a o ' a » NEOMYCIN A - B - C - D — ^ NEAMINE A-B 

3 H D-glucose D 0 S mutant ^ NEOMYCIN Â B C D NEAMINE Â - B 
cold DOS 

mix A - B + A - B >- A - B 3 H / 1 4 C = 14 

DOS 

Figure 8 NEOMYCIN Α-Β-C-D NEOMYCIN Ï-B-C-D 3H/ , 4C = IS 

vage to the antibiotic neomycin. Consequently, in the neomycin 
biosynthesis the neamine must be on the biosynthetic pathway. 
Most probably, the third subunit C -the D-ribosyl, - and the 
fourth subunit D, - neosamine Β - were attached successively. 

Similarly, to our results, pseudo d i - and t r i - saccharides 
have also been transformed by D"mutants isolated from Micromono-
spora inyoensis or Micromonospora purpurea to sisomicin and gen-
tamicin types antibiotics (35, 36). 

These studies, which will be continued in our laboratories, 
should have an important bearing for many academic questions on 
the detailed biosynthesis of these antibiotics, and also should 
provide a very powerful new biochemical methodology producing new 
type of antibiotics. 
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Stereochemistry of Nitrogen Heterocycles Containing 

Sugar: A Generalized Circular Dichroism Rule 

HASSAN S. EL KHADEM 
Department of Chemistry and Chemical Engineering, Michigan Technological 
University, Houghton, Mich. 49931 

The circular dichroism (c.d.) of pyrimidine and purine 
nucleosides has been extensivel
shown that dipole-dipol
bands of the chromophore and the far-ultraviolet bands of the 
sugar produces a coupled-oscillator contribution to the optical 
activity of the aromatic chromophore. Several rules have been 
proposed to correlate the sign of the Cotton effect of nucleo
sides with their conformation and more specifically, the angle 
between the plane of the heterocyclic ring and the direction of 
the C-1'—>0 bond (1,3,4). Attempts have also been made (4) to 
compute the magnitude of the Cotton effect by using as variables 
(a) the unit vector in the direction of the electric dipole 
moment, eB; (b) the unit vector in the direction of the principle 
axis of polarizability of the D-ribosyl group, eS, and (c) the 
distance vector, RBS. 

El Khadem, Kreishman, Swartz, and El Khadem (5) have used 
similar parameters to develop an empirical rule that predicts 
the sign of the Cotton effect of glycosyl pyrimidines and purines 
linked to the various positions of these bases. The present 
work aims at refining the above mentioned rule and generalizing 
it so as to apply to any heterocycle linked to a cyclic sugar or 
a hydroxyalkyl chain. The present rule corrolates the sign of 
the Cotton effect of the heterocycle with the following vari
ables: (a) the R and S configuration of the first chiral center 
attached to the heterocycle; (b) the direction of the principle 
axis of polarizability of the sugar residue defined by the d i 
rection of the C-l'—>0 vector relative to the electric dipole 
moment vector, in the more stable conformer; (c) the position 
of the glycosyl group relative to the dipole moment vector of 
the heterocycle. 

The rule may be illustrated for pyrimidine nucleosides by 
placing the pyrimidine ring along the x axis with the negative 
end of the dipole moment pointing in the negative direction. 
Since pyrimidine rings do not have planes of symmetry, they must 
be aligned arbitrarily in the x, y plane in such a way as to give 
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t h e c o r r e c t s i g n o f C o t t o n e f f e c t f o r k n o w n n u c l e o s i d e s ( 6 - 1 1 ) . 
T h e f i g u r e s h o w s t h e p r o p e r a l i g n m e n t f o r u r a c i l ( a ) , c y t o s i n e 
( b ) , a n d t h y m i n e ( c ) . T h e o r i e n t a t i o n o f t h e g l y c o s y l g r o u p w i t h 
r e s p e c t t o t h e b a s e i s d e p i c t e d b y t h e C - l ' - ^ O b o n d s i n t h e s y n 
a n d a n t i o r i e n t a t i o n s , a n d t h e s i g n o f t h e C o t t o n e f f e c t g i v e n 
f o r e a c h c o n f o r m e r . A s t u d y o f t h e d a t a f o r t h e k n o w n c o m p o u n d s 
h a s l e d t o t h e g e n e r a l i z a t i o n s g i v e n b e l o w w h i c h may b e u s e d t o 
p r e d i c t t h e s i g n o f t h e C o t t o n e f f e c t o f a s - y e t - u n k n o w n g l y c o s y l -
p y r i m i d i n e s . 

1. F o r a n u c l e o s i d e h a v i n g C - l 1 o f t h e g l y c o s y l g r o u p i n 
t h e R c o n f i g u r a t i o n , s u c h a s a 3 - D - r i b o f u r a n o s y l g r o u p , a n d 
h a v i n g R B S n e g a t i v e i n t h e y d i r e c t i o n , i . e . t h e g l y c o s y l g r o u p 
l y i n g b e l o w t h e b a s e , t h e s i g n o f t h e C o t t o n e f f e c t w i l l b e 
n e g a t i v e i f t h e χ c o m p o n e n t s o f eg ( r o u g h l y r e p r e s e n t e d b y t h e 
C - l ' - ^ O b o n d ) a n d t h e d i p o l e moment v e c t o r o f t h e b a s e a n d e j j 
p o i n t i n t h e same d i r e c t i o n . T h e s i g n o f t h e C o t t o n e f f e c t w i l l 
b e p o s i t i v e i f t h e s e t w o v e c t o r s p o i n t i n o p p o s i t e d i r e c t i o n s . 

2 . I f t h e R g g v e c t o r i s p o s i t i v e i n t h e y d i r e c t i o n , t h e 
g l y c o s y l g r o u p l y i n g a b o v e t h e b a s e , t h e s i g n o f t h e C o t t o n 
e f f e c t w i l l b e p o s i t i v e w h e n t h e χ c o m p o n e n t s o f e"s a n d eg a r e 
i n t h e same d i r e c t i o n , a n d i t w i l l b e n e g a t i v e i f t h e χ c o m 
p o n e n t s a r e i n o p p o s i t e d i r e c t i o n s . 

T h e i n v e r s i o n o f t h e s i g n a b o v e a n d b e l o w t h e χ a x i s i n 
r u l e s 1 a n d 2 i s t o b e e x p e c t e d , a s a r o t a t i o n o f 1 8 0 ° o f t h e 
b a s e i n v e r t s t h e s e n s e o f t h e r i n g i n t h e x , y p l a n e , a n d c h a n g e s 

t o - ë j , o w i n g t o t h e c o n t r i b u t i o n s o f t h e t r a n s i t i o n a l , b o n d -
o r d e r t e r m ( 1 ) t o e^ a s f o l l o w s : 

? B X Γ 8 ' hs ° ~ [ ^ B X ' * B S R ] 

w h e r e ë g R a n d R g g R a r e t h e a n d R g g v e c t o r s , r e s p e c t i v e l y , 
r o t a t e d a b o u t t h e χ a x i s b y 1 8 0 ° . I t may a l s o b e s h o w n t h a t a 
r o t a t i o n o f 1 8 0 ° a r o u n d t h e y a n d χ a c e s w i l l n o t c a u s e a n 
i n v e r s i o n o f t h e s i g n o f t h e C o t t o n e f f e c t . 

3 . I f R B g i s e s s e n t i a l l y a l i g n e d w i t h e ^ , t h e g l y c o s y l i c 
b o n d b e i n g a l i g n e d w i t h t h e d i p o l e moment v e c t o r , a s i n 5 -
g l y c o s y l c y t o s i n e s , t h e s i g n o f t h e C o t t o n e f f e c t i s i n d e p e n d e n t 
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o f r o t a t i o n a b o u t t h e g l y c o s y l i c b o n d . T h i s i s t o b e e x p e c t e d , 
s i n c e u n d e r t h e s e c i r c u m s t a n c e s , r o t a t i o n o f t h e b a s e w i t h r e 
s p e c t t o t h e g l y c o s y l g r o u p d o e s n o t c h a n g e t h e a n g l e b e t w e e n 
e^ a n d e*g. I n s u c h c a s e s , i f t h e R g g v e c t o r i s i n t h e same 
d i r e c t i o n a s t h e v e c t o r , t h e s i g n o f t h e C o t t o n e f f e c t i s 
n e g a t i v e ; i t i s p o s i t i v e i f t h e t w o v e c t o r s o p p o s e e a c h o t h e r . 

F o r g l y c o s y l g r o u p s h a v i n g t h e S c o n f i g u r a t i o n o f C - l 1 , t h e 
s i g n o f t h e C o t t o n e f f e c t i s t h e r e v e r s e o f t h a t d e s c r i b e d f o r 
t h e R c o n f i g u r a t i o n . 

T h e f o r e g o i n g r u l e may b e a p p l i e d t o p r e d i c t t h e s i g n o f 
t h e C o t t o n e f f e c t o f n u c l e o s i d e a n a l o g s i f t h r e e r e q u i r e m e n t s 
a r e m e t : ( 1 ) T h e b a s e i t s e l f i s n o t m o d i f i e d i n a n y w a y w h i c h 
w o u l d s i g n i f i c a n t l y c h a n g e i t s d i p o l e m o m e n t . A c c o r d i n g l y , 
6 - a z a c y t i d i n e i s e x c l u d e d ; ( 2 ) T h e s u g a r i s n o t s i g n i f i c a n t l y 
m o d i f i e d b y d e r i v a t i z a t i o n . T h u s , f o r e x a m p l e , 4 1 - t h i o u r i d i n e 
a n d p - t o l u e n e - s u l f o n i c
T h e b a s e i s n o t s t r a i n e
2 , 5 ? - a n h y d r o u r i d i n e a r e e x c l u d e d . R e q u i r m e n t s 1 a n d 2 a r e 
n e c e s s a r y , a s t h e r e l a t i v e o r i e n t a t i o n o f t h e d i p o l e moment 
o f t h e b a s e a n d t h e a x i s o f p o l a r i z a b i l i t y o f t h e g l y c o s y l g r o u p 
i s p a r a m o u n t i n d e t e r m i n i n g t h e s i g n o f t h e C o t t o n e f f e c t . R e 
q u i r e m e n t 3 i s n e c e s s a r y b e c a u s e , a s p o i n t e d o u t b y M i l e s e t a l 
( 4 ) , t h e s t r a i n e d c o n f o r m a t i o n m a r k e d l y a l t e r s t h e e l e c t r o n i c 
s p e c t r a o f a n h y d r o n u c l e o s i d e s , a n d h e n c e t h e i r C o t t o n e f f e c t s . 

T h e r u l e a l l o w s t h e r e p l a c e m e n t o f a c y c l i c g l y c o s y l g r o u p 
b y a h y d r o x y a l k y l c h a i n h a v i n g t h e same c o n f i g u r a t i o n a t C - l ? , 
b e c a u s e t h e l a t t e r a l s o e x i s t s i n f a v o r e d c o n f o r m a t i o n s ( 1 2 , 1 3 ) 
a n d t h e s i g n o f r o t a t i o n i s g o v e r n e d ( 1 4 ) b y t h e c o n f i g u r a t i o n 
o f C - l ' a n d b y t h e o r i e n t a t i o n w i t h r e s p e c t t o t h e h e t e r o c y c l i c 
r i n g . 

A p p l i c a t i o n o f t h e CD R u l e t o O t h e r H e t e r o c y c l e s 

T h e a b o v e m e n t i o n e d r u l e s c o u l d b e g e n e r a l i z e d s o a s t o 
a p p l y t o o t h e r h e t e r o c y c l e s a t t a c h e d t o h y d r o x y a l k y l c h a i n s o r 
c y c l i c s u g a r s . 

1 . H e t e r o c y c l e s h a v i n g n o p l a n e o f s y m m e t r y a l o n g t h e 
d i p o l e moment v e c t o r : 

T h e f i g u r e b e l o w d e p i c t s a n i d e a l i z e d h e t e r o c y c l e h a v i n g 
t h e d i p o l e moment v e c t o r p o i n t i n g t o w a r d s t h e n e g a t i v e d i r e c t i o n 
o f t h e χ a x i s a n d s h o w s t h e p r e d i c t e d s i g n o f C o t t o n e f f e c t s f o r 
a h y d r o x y a l k y l c h a i n o r a c y c l i c s u g a r a t t a c h e d t o t h e h e t e r o 
c y c l e a t v a r i o u s a n g l e s r e l a t i v e t o t h e d i p o l e moment v e c t o r . 

(+)0 R O H 

(-)O R 0( + ) 
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T h e i d e a l i z e d h e t e r o c y c l e d o e s n o t p o s s e s s a p l a n e o f s y m m e t r y 
i n t h e d i r e c t i o n o f t h e d i p o l e moment v e c t o r a n d m u s t b e p r o 
p e r l y o r i e n t e d a l o n g t h e χ a x i s t o d e f i n e i t s u p p e r a n d l o w e r 
h a l v e s b e f o r e o n e c a n p r e d i c t t h e C o t t o n e f f e c t o f h y d r o x y a l k y l 
c h a i n s o r c y c l i c s u g a r s a t t a c h e d t o o n e o f t h e t w o h a l v e s o f 
t h e r i n g . T h i s i s , h o w e v e r , n o t n e c e s s a r y i f t h e b o n d l i n k i n g 
t h e h e t e r o c y c l e t o t h e s a c c h a r i d e r e s i d u e i s a l i g n e d w i t h t h e 
d i p o l e moment v e c t o r . T h u s , i n t h e h e t e r o c y c l e s h o w n b e l o w w h e r e 
t h e b o n d l i n k i n g t h e h e t e r o c y c l e t o a n R c h i r a l c e n t e r i s 
p o i n t i n g i n a n o p p o s i t e d i r e c t i o n t o t h e d i p o l e moment v e c t o r , 
t h e s i g n o f t h e C o t t o n e f f e c t w i l l b e p o s i t i v e , a n d c o n v e r s e l y , 
i t w i l l b e n e g a t i v e i f b o t h t h e s e v e c t o r s a r e a l i g n e d a n d p o i n t 
i n g i n t h e same d i r e c t i o n . 

T h i s s e e m s t o b e a g e n e r a l r u l e a p p l i c a b l e t o c o m p o u n d s h a v i n g 
h y d r o x y a l k y l g r o u p s a t t a c h e d t o h e t e r o c y c l e s o r c h r o m o p h o r e s 
b y b o n d s a l i g n e d w i t h t h e d i p o l e moment o f t h e h e t e r o c y c l i c r i n g 
o r c h r o m o p h o r e . S u c h m o l e c u l e s c a n e x i s t i n a m u l t i t u d e o f 
e n a n t i o m e r i c p a i r s o f c o n f o r m e r s w h i c h w i l l c a n c e l o n e a n o t h e r ' s 
e f f e c t o n t h e c i r c u l a r d i c h r o i s m . T h e c o n f o r m a t i o n o f t h e f i r s t 
c h i r a l c e n t e r n e x t t o t h e h e t e r o c y c l e w i l l , t h e r e f o r e , h a v e n o 
e f f e c t o n t h e s i g n o f t h e C o t t o n e f f e c t , a n d t h e l a t t e r w i l l b e 
s o l e l y d e t e r m i n e d b y t h e c o n f i g u r a t i o n o f t h i s f i r s t c h i r a l 
c e n t e r . 

(+)0 R O H 

A s m e n t i o n e d e a r l i e r , i f t h e s a c c h a r i d e r i n g o r h y d r o x y a l k y l 
c h a i n i n t h e h e t e r o c y c l e s h o w n a b o v e i s p e r p e n d i c u l a r t o t h e 
d i p o l e moment v o c t o r o f t h e h e t e r o c y c l e o r h a s a c o m p o n e n t i n 
t h e d i r e c t i o n o f t h e y a x i s , i t w i l l b e n e c e s s a r y f i r s t t o 
e s t a b l i s h t h e p o s i t i o n o f t h e s u g a r r e s i d u e r e l a t i v e t o t h e 
d i p o l e moment v e c t o r a n d d e f i n e w h e t h e r i t i s a t t a c h e d t o t h e 
l o w e r h a l f o r t h e u p p e r h a l f o f t h e h e t e r o c y c l i c r i n g i n o r d e r 
t o p r e d i c t t h e s i g n o f t h e C o t t o n e f f e c t o f t h e s t a b l e c o n f o r m e r . 
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T h i s i s b e c a u s e e x c h a n g i n g t h e p o s i t i o n o f t h e s u g a r i n t h e s e 
s e m i c i r c l e s w i l l r e s u l t i n a n i n v e r s i o n o f t h e s i g n o f t h e C o t t o n 
e f f e c t ( s e e r u l e 2 , p . 2 ) . T h e m e a n s o f d e t e r m i n i n g t h e e x a c t 
o r i e n t a t i o n o f t h e h e t e r o c y c l e a r o u n d t h e χ a x i s p r e s e n t s t h e 
m a i n d i f f i c u l t y i n t h e p r e s e n t r u l e . T h e p r o p e r a l i g n m e n t o f 
t h e r i n g i n t h e c a s e o f p y r i m i d i n e w a s a r b i t r a r i l y d e t e r m i n e d 
b y s t u d y i n g a l a r g e n u m b e r o f s u b s t i t u t e d p y r i m i d i n e s w h o s e CD 
c u r v e s w e r e m e a s u r e d a n d w h o s e c o n f o r m a t i o n h a d b e e n e s t a b l i s h e d . 
S i m i l a r s t u d i e s w e r e n e e d e d f o r o t h e r h e t e r o c y c l e s w h i c h , u n f o r 
t u n a t e l y , w e r e n o t a s e x h a u s t i v e l y s t u d i e d a n d w h o s e s t a b l e 
c o n f o r m a t i o n c o u l d o n l y b e g u e s s e d . 

A r e v i e w o f t h e l i t e r a t u r e r e v e a l s s e v e r a l e x a m p l e s o f 
h e t e r o c y c l i c r i n g s a t t a c h e d t o h y d r o x y a l k y l c h a i n s o r t o g l y c o s y l 
r i n g s t h a t o b e y t h e a b o v e g e n e r a l i z e d r u l e f o r C D . T h e s e i n c l u d e 
t h e h y d r o x y a l k y l p y r r o l e s , t h e h y d r o x y a l k y l i m i d a z o l e s a n d t h i o -
m i d a z o l e s d i s c u s s e d i n
h y d r o x y a l k y l o x a d i a z o l e
( 1 5 ) a n d t h e h y d r o x y a l k y l 1 , 2 , 3 - t r i a z o l e s p r e p a r e d b y E l K h a d e m , 

H o r t o n a n d o t h e r s ( 1 6 ) w h i c h a r e s h o w n i n t h e f o l l o w i n g : 

H C N H , 

H<XJ:H 

H C O H 
I 

H C O H 
I 

C H . O H 

0 = C Me 

o=c Me 

a. R = Me 
b. R = OEt 

H C = C 
I 

HOCH 
H C O H 

I 
HCOH 

CHjOH 
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\ 

HC=N—NH—CO—Ph 

I 
HCOAc 

I 
AcOCH 
AcOCH 

I 
HCOAc 

I 
CH 2 OAc 

I 
HCOAc 

I 
AcOCH 

I 
A c O C H 

I 
HCOAc 

I 
CH 2 OAc 

HC=N—NH—CO—Ph 

I 
AcOCH 

HCOAc 
I 

HCOAc 

I 
CH 2 OAc 

Ph 

AcOCH ι 

HCOAc 

I 
HCOAc 

I 
CHgOAc 

P h 

Ç | . P h N 3 % _ ^ Ν 

A c O C H _L 
I 2 . N H 3 H O C H 

r > M . 2
 3 H + " C O M 

H 2 C 0 ^ C H 2 O H 

I . P h C H 2 N 3 

2 NH3 
Η 3. H + 

h C H 2 

H O C H 
I 

H C O H 
I 
C H 2 O H 
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A l l t h e p r e v i o u s c o m p o u n d s w i l l o b e y r u l e s 1 , 2 , a n d 3 , 
d i s c u s s e d o n p a g e 2 , w h e n t h e r i n g i s p r o p e r l y a l i g n e d . I n 
g e n e r a l , t h i s r e q u i r e s t h e n e g a t i v e s u b s t i t u e n t o r h e t e r o a t o m 
i n t h e r i n g t o b e l o c a t e d i n t h e u p p e r h a l f o f t h e r i n g a n d t h e 
h y d r o x y a l k y l c h a i n a t t h e b o t t o m . A s s u m i n g t h a t t h e s t a b l e 
c o n f o r m a t i o n f o r t h e h y d r o x y a l k y l c h a i n i s t h a t i n w h i c h t h e 
o x y g e n o f t h e h y d r o x y l g r o u p o f t h e c h i r a l c e n t e r a t t a c h e d t o 
t h e h e t e r o c y c l e w i l l t e n d t o move a w a y f r o m t h e n e g a t i v e e n d o f 
t h e d i p o l e , t h e n t h e s i g n o f t h e C o t t o n e f f e c t w i l l b e d e t e r m i n e d 
b y t h e c o n f i g u r a t i o n o f t h e f i r s t c h i r a l c e n t e r a t t a c h e d t o t h e 
r i n g . I f t h e c o n f i g u r a t i o n i s R , t h e C o t t o n e f f e c t i s p o s i t i v e 
a n d i s n e g a t i v e w h e n i t i s S , a s e x e m p l i f i e d b y t h e R o x a d i a z o l e 
a n d t h e S t r i a z o l e s h o w n b e l o w : 

s , ( - ï 

T h i s r u l e may a l s o b e i l l u s t r a t e d b y t h e Newman p r o j e c t i o n s 
r e p r e s e n t e d i n t h e f o l l o w i n g p a g e w h i c h s h o w s a h e t e r o c y c l i c 
r i n g d r a w n b e h i n d t h e p l a n e p a p e r a n d p e r p e n d i c u l a r t o i t , a n d 
t h e f i r s t c h i r a l c e n t e r a t t a c h e d t o i t p r o t r u d i n g t o w a r d s t h e 
o b s e r v e r . I f , a s e x p e c t e d , t h e s t a b l e c o n f o r m e r w i l l t e n d t o 
h a v e t h e OH a w a y f r o m t h e n e g a t i v e e n d o f t h e d i p o l e moment 
v e c t o r , t h e c o m p o u n d w i l l f o l l o w t h e g e n e r a l i z e d r o t a t i o n r u l e 
b y E l K h a d e m a n d E l S h a f e i ( 1 7 ) w h i c h s t a t e s t h a t t h e r o t a t i o n 
o f a h y d r o x y a l k y l h e t e r o c y c l e i s d e t e r m i n e d b y t h e c o n f i g u r a t i o n 
o f t h e f i r s t c h i r a l c e n t e r . When t h i s h a s a n R c o n f i g u r a t i o n , 
t h e r o t a t i o n i s (+) a n d v i c e v e r s a . 

H 

I f t h e s t a b l e c o n f o r m e r i n a l l o f t h e s e c o m p o u n d s d o e s t e n d 
t o h a v e t h e OH g r o u p w h i c h i s t h e m o s t n e g a t i v e p a r t o f t h e f i r s t 
c h i r a l c e n t e r a w a y f r o m t h e n e g a t i v e e n d o f t h e d i p o l e moment o f 
t h e r i n g , t h e n a c c o r d i n g t o r u l e 1 , t h e R f o r m o f t h e s e c o m p o u n d s 
w i l l b e d e x t r o r o t a t o r y o r h a v e a p o s i t i v e C o t t o n e f f e c t a n d v i c e 
v e r s a . 

2 . H e t e r o c y c l e s h a v i n g a p l a n e o f s y m m e t r y a l o n g t h e d i p o l e 
moment v e c t o r : 

A n o t h e r c l a s s o f h e t e r o c y c l e s o f i n t e r e s t a r e t h e h y d r o x -
a l k y l d e r i v a t i v e s o f h e t e r o c y c l e s h a v i n g a p l a n e o f s y m m e t r y 
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a l o n g t h e d i p o l e moment a x i s . T h e u p p e r h a l f o f t h e s e h e t e r o -
c y c l e s i s a m i r r o r i m a g e o f t h e l o w e r h a l f r e p r e s e n t e d b e l o w : 

- c ^ = } - -
A s w i t h t h e h e t e r o c y c l e s d i s c u s s e d i n t h e p r e v i o u s s e c t i o n , i f 
t h e b o n d l i n k i n g t h e h y d r o x y a l k y l c h a i n a n d t h e h e t e r o c y c l e i s 
a l i g n e d w i t h t h e d i p o l e moment v e c t o r , t h e n t h e s i g n o f t h e 
C o t t o n e f f e c t w i l l d e p e n d o n l y o n t h e c o n f i g u r a t i o n o f t h e f i r s t 
c h i r a l c e n t e r . I t w i l l b e p o s i t i v e f o r t h e R c o m p o u n d i r r e 
s p e c t i v e o f c o n f o r m a t i o n i f t h e b o n d l i n k i n g t h e h e t e r o c y c l e t o 
t h e s u g a r i s r e s i d u e p o i n t i n g i n t h e d i r e c t i o n o p p o s i t e o f t h a t 
o f t h e d i p o l e moment v e c t o r a n d v i c e v e r s a . 

0 X?'M 

I f t h e b o n d l i n k i n g t h e h e t e r o c y c l e t o t h e s a c c h a r i d e r e s i d u e i s 
p e r p e n d i c u l a r t o t h e d i p o l e moment v e c t o r o r h a s a c o m p o n e n t i n 
t h a t ^ d i r e c t i o n , t h e n a g a i n t h e same r e l a t i o n s h i p d i s c u s s e d f o r 
t h e g r o u p o f h e t e r o c y c l e s l a c k i n g a p l a n e o f s y m m e t r y a l o n g t h e 
χ a x i s w i l l h o l d t r u e . T h e o n l y d i f f e r e n c e b e i n g t h a t t h e 
u p p e r a n d l o w e r h a l v e s o f t h e m o l e c u l e a r e m i r r o r i m a g e s a n d t h e 
m o l e c u l e d o e s n o t r e q u i r e a p r o p e r o r i e n t a t i o n b y r o t a t i o n 
a r o u n d t h e χ a x i s . B y c o n v e n t i o n , t h e h y d r o x y a l k y l r e s i d u e o r 
t h e s a c c h a r i d e r i n g w i l l b e p u t b e l o w t h e r i n g a s s h o w n i n t h e 
f o l l o w i n g : 

χ 
(-) 0 R 0 (+) 

T h e s t a b l e c o n f o r m e r w i l l t e n d t o h a v e t h e OH a w a y f r o m t h e n e g 
a t i v e e n d o f t h e d i p o l e moment v e c t o r i n m o s t c o m p o u n d s . F o r a n 
R c o n f i g u r a t i o n w i t h a n OH p o i n t i n g a w a y f r o m t h e d i p o l e moment 
v e c t o r o f t h e r i n g , t h e C o t t o n e f f e c t w i l l b e p o s i t i v e a n d i t 
w i l l b e n e g a t i v e i f t h e OH i s p o i n t i n g t o w a r d s i t . T h i s w o u l d 
e x p l a i n w h y t h e g e n e r a l i z e d r o t a t i o n r u l e b y E l K h a d e m a n d E l 
S h a f e i ( 1 7 ) h o l d s t r u e f o r t h i s g r o u p o f c o m p o u n d s . 
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T h e p r e d i c t e d s i g n o f C o t t o n e f f e c t o f h y d r o x y a l k y l g r o u p s 
h a v i n g a n R c o n f i g u r a t i o n a t t a c h e d t o t h e v a r i o u s p o s i t i o n s o f 
a h e t e r o c y c l e o f t h i s t y p e i s s h o w n b e l o w : 

A r e v i e w o f t h e l i t e r a t u r e r e v e a l s s e v e r a l e x a m p l e s o f 
h e t e r o c y c l i c r i n g s a t t a c h e d t o h y d r o x y a l k y l c h a i n s o r t o g l y c o s y l 
r i n g s , w h i c h p o s s e s s a p l a n e o f s y m m e t r y a l o n g t h e i r d i p o l e 
moment v e c t o r s . T h e s
b y H o r t o n a n d c o - w o r k e r
1 , 2 , 3 - t r i a z o l e s ( 1 9 ) d e p i c t e d b e l o w : 

A l l t h e p r e v i o u s c o m p o u n d s w i l l o b e y r u l e s 1 , 2 , a n d 3 d i s 
c u s s e d o n p . 2 . A s s u m i n g t h a t t h e s t a b l e c o n f o r m a t i o n f o r t h e 
h y d r o x y a l k y l c h a i n i s t h a t i n w h i c h t h e o x y g e n o f t h e h y d r o x y l 
g r o u p o f t h e c h i r a l c e n t e r a t t a c h e d t o t h e h e t e r o c y c l e w i l l 
t e n d t o move away f r o m t h e n e g a t i v e e n d o f t h e d i p o l e , t h e n t h e 
s i g n o f t h e C o t t o n e f f e c t w i l l b e d e t e r m i n e d b y t h e c o n f i g u r a t i o n 
o f t h e f i r s t c h i r a l c e n t e r a t t a c h e d t o t h e r i n g . I f t h e c o n 
f o r m a t i o n i s R , t h e C o t t o n e f f e c t i s p o s i t i v e a n d i s n e g a t i v e 
w h e n i t i s S . H e r e a n d t h r o u g h o u t t h i s w o r k i t i s a s s u m e d t h a t 
t h e p r i o r i t y o f t h e g r o u p s a t t a c h e d t o t h e f i r s t c h i r a l c e n t e r 
a r e OH >̂ h e t e r o c y c l i c r i n g > t h e r e s t o f t h e h y d r o x y a l k y l c h a i n 

> H . 

3 . F u s e d r i n g s y s t e m s : 
T h e a p p l i c a t i o n o f t h e p r e s e n t r u l e t o f u s e d r i n g s y s t e m s 

p r e s e n t s c e r t a i n p r o b l e m s . One a p p r o a c h a p p l i e d t o p u r i n e s b y 
E l K h a d e m , K r e i s h m a n , S w a r t z , a n d E l K h a d e m ( 5 ) w a s t o t r e a t t h e 
f u s e d r i n g i n g s u s t e m a s o n e e n t i t y a n d t o e s t a b l i s h t h e d i p o l e 
moment o f t h e w h o l e s y s t e m . T h e f u s e d r i n g w a s t h e n a l i g n e d 
a l o n g t h e χ a x i s i n s u c h a w a y t h a t t h e k n o w n n u c l e o s i d e s i n t h e 
f a v o r e d c o n f o r m a t i o n g a v e t h e e x p e c t e d s i g n o f t h e C o t t o n e f f e c t 

(-) 0 R 0 (+) 

R , ( + ) S,( - ) 
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when rules 1,2, and 3, p. 2, were applied. The adenine and 
guanine nucleoside analogs represented in the proper orientation 
are depicted below: 

Another approach to fused ring systems is to consider only the 
ring to which the saccharide residue is attached and to disregard 
the other ring. One would determine i t s dipole moment and pre
dict the sign of the Cotton effect. For a glycosyl purine linked 
to positions 7, 8, or 9, one would only consider the dipole 
moment of the imidazole ring, the R and S configuration of the 
firs t chiral center and its orientation relative to the dipole 
moment of the base in the most stable conformer. One difficulty 
which may arise is how to establish accurately the direction of 
the dipole moment vector of one of the rings in a fused ring 
system since experimentally, the dipole moment measurements are 
made on the whole purine molecule. However, one can calculate 
this and usually the dipole moments are only shifted slightly 
from the dipole moment vectors of the monocyclic system. The 
following is a rough representation of the dipole moment vector 
of the imidazole ring of a purine and the pyridazine ring of a 
cinnoline oriented in the proper way to predict the Cotton effect 
using rules 1, 2 and 3, p. 2. 

The treatment of the quinoxaline system may present a problem 
since the diazine ring is symmetric and has no dipole moment. 
However, one may argue that a saccharide residue linked in 
position 3 of a quinoxaline ring will be located at the positive 
end of a dipole moment vector pointing in the direction of the 
benzene ring, and that the CL1—0 bond of the stable conformer 
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wil l tend to move away from the negative end of the dipole 
moment in its v ic inity . 

4. Acyclic chromophores 
A closer look at acyclic compounds which have the dipole 

moment vector of their chromophore aligned with the bond linking 
the chromophore to the hydroxyalkyl chain or glycosyl ring 
reveals that these compounds have no preferred conformation for 
the f irst chiral center relative to the chromophore. They 
should, therefore, follow rule 3, p. 2, that governs the sign of 
the Cotton effect of heterocycle
vector aligned with the bond linking the heterocyclic ring to 
the f irst chiral center. 

Thus, for example, hydroxyalkyl nitr i les have the bond 
linking the f irst chiral center to the sp hybridized orbital of 
the n i t r i l e group in direct alignment. Accordingly, one would 
not expect any C-l rotamer to be favored and to predominate. 
The sign of the Cotton effect w i l l , therefore, depend mainly on 
the configuration of the f irst chiral center. If rule 3, p. 2, 
is applicable to acyclic chromophores, then one would expect that 
when the direction of the vector going from the chromophore 
towards the f irst chiral center is opposite to that of the dipole 
moment vector of the chromophore, the rotation is positive for 
an R chiral center. This would explain why the rotation of 
ni tr i les depends on the f irst chiral center attached to the CN 
group and is positive when the f irst chiral center has a D-
configuration (20). 

Other examples of acyclic compounds having the bond linking the 
chromophore to the first chiral center aligned with the dipole 
moment vector of the chromophore are the alkali metal salts of 
aldonic acid. These compounds exist in the ionic carboxylate 
form and their dipole moment is aligned with the bond linking 
the carboxylate group to the f irst chiral center. Unlike the 
carboxylic acid whose rotation is not predictable by the present 
rules, the rotation of the alkali metal salts of sugar acids 
depends solely on the configuration of the f irst chiral center. 

R, ( + ) 
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Since the direction of the bond going from the carboxylate 
group to the fi r s t chiral bond opposes the dipole moment vector 
of the carboxylate group, the rotation should be positive for 
R compounds and negative for S compounds. A rotation rule 
described in the literature (21) confirms this expectation. 

It is interesting to note that certain acyclic compounds 
having the dipole moment of their chromophore perpendicular to 
the bond linking their f i r s t chiral center to the chromophore 
seem to obey the rules applicable to heterocyclic rings. Thus, 
for example, the rotation of sugar acid amides and hydrazides 
depends solely on the configuration of the fi r s t chiral center, 
positive for R compounds and negative for S (22). 

_w0H 

s , (-) 

It should be noted that the above rotation rule is not applicable 
to a l l acyclic compounds because of hydrogen bonding. Thus, 
hydroxyalkyl carboxylic acid do not obey the rule, probably 
because they exist as equilibrium mixtures with the various 
lactones. 

Literature Cited 
1 Miles, D. W., Townsend, L. Β., Robins, M. J., Robins, R. Κ., 

and Eyring, H., J. Am. Chem. Soc. (1971) 93, 1600-1608. 
2 Ingwall, J. S., J. Am. Chem. Soc. (1972) 94, 5487-5495. 
3 Ulbricht, T. L. V., in W. W. Zorbach and R. S. Tipson (Eds.), 

"Synthetic Procedures in Nucleic Acid Chemistry," Vol. 2, 
pp. 177-213, Wiley-Interscience, New York, 1973. 

4 Miles, D. W., Robins, M. J., Robins, R. Κ., Winkley, M. W., 
and Eyring, H., J. Am. Chem. Soc. (1969) 91, 831-838. 

5 El Khadem, H. S., Kreishman, G. P., Swartz, D. L., and El 
Khadem, S. Η., Carbohydr. Res. (1976) 47, C1-C4. 

6 Emerson, T. R., Swan, R. J., and Ulbricht, T. L. V., Bio
chemistry (1967) 6, 843-850. 

7 Nishimura, T., Shimizu, Β., and Iwai, I., Biochim. Biophys. 
Acta (1968) 157, 221-232. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



5. E L KHADEM Stereochemistry of Nitrogen Heterocycles 89 

8 Miles, D. W., Inskeep, W. Η., Robins, M. W., Winkley, M. W., 
Robins, R. Κ., and Eyring, H . , J. Am. Chem. Soc. (1970) 92, 

3872-3881. 
9 David, S., and Lubineau, Α., Carbohydr. Res. (1973) 29, 15-24. 

10 Miles, D. W., Hahn, S. J., Robins, R. Κ., Robins, M. J., and 
Eyring, H . , J. Phys. Chem. (1968) 72, 1483-1491. 

11 El Khadem, H. S., Audichya, T. D. , Swartz, D. L., and Kloss, 
J., Abstr. Pap. Am. Chem. Soc. Meet., (1975) 169, CARB-6. 

12 El Khadem, H. S., Horton, D. , and Page, T. F., J. Org. Chem. 
(1968) 33, 734-740. 

13 El Khadem, Η., Horton, D. , Wander, J. D. , J. Org. Chem., 
(1972) 37, 1630-1635. 

14 El Khadem, H . , J. Org. Chem. (1963) 28, 2478. 
15 El Khadem, Shaban, Μ. Α. Ε., and Nassr, Μ. Α. Μ., Carbohydr. 

Res. (1972) 23, 103. 
16 E l Khadem, Η., Horton

Res. (1971) 16, 409
17 El Khadem, Η and El-Shafei, A.M. , Tetrahedron Lett. (1963) 

27, 1887. 
18 Horton, D. and Tsuchiya, T . , Carbohydr. Res. (1966) 3, 257-

259. 
19 El Khadem, Η., Adv. in Carbohydr. Chem. (1963) 18, 99. 
20 Deulofeu, V . , Adv. in Carbohydr. Chem. (1949) 149, 4. 
21 Levene, P. Α. , J. Biol . Chem. (1915) 23, 145; Levene, P. A. 

and Meyer, G. M. , J. Biol . Chem. (1916) 26, 355; Levene, P. 
Α. , J . Biol . Chem., (1925) 63, 95; Schmidt, O. T., Ann. 
(1930) 483, 115. 

22 Hudson, C. S., J. Am. Chem. Soc., (1917) 39, 462; Levene, P. 
A. and Meyer, G. M., J. Biol . Chem. (1917) 31, 623; Votocek, 
Ε . , Valentin, F. and Leminger, O., Collection Czech. Chem. 
Communs (1931) 3, 250; Votocek, E. and Allan, Z . , Collection 
Czech. Chem. Communs. (1936) 3, 313; Votocek, E.and Weichterle, 
Collection Czech. Chem. Communs. (1936) 8, 322. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



6 

Synthesis of 2-Amino-2-deoxy-β-D-glucopyranosides 

Properties and Use of 2-Deoxy-2-phthalimidoglycosyl Halides. 

R. U. LEMIEUX, T. TAKEDA, and Β. Y. CHUNG 
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2 

The importance of achieving a reliable method for 
the preparation of
has been commented
(1,2). The importance derives mainly from the natural 
occurrence of numerous oligo- and polysaccharides 
which possess this linkage and the chemical synthesis 
of segments of these structures is of interest to a 
number of immunochemical and enzymological studies. 

It is not possible to present in this paper, a 
cr i t ica l review of the many approaches developed to 
meet the challenge of establishing the above-mentioned 
linkage. However, the most employed reactions have 
involved either reactions of a protected glycosyl 
halide with alcohol under Koenigs-Knorr or Helferich 
conditions which employ heavy metal salts such as 
silver carbonate and mercuric cyanide as promoters 
(3-6) or a strong-acid promoted reaction of a 1,2-
oxazoline derivative of the aminosugar with the alco
hol (7-9). Although these approaches have made avail
able a large number of desired structures, the stereo
chemical control and yields achieved have been highly 
variable and, in general, rather unsatisfactory. The 
present research was undertaken in the hope of amel
iorating this situation. 

In principle, a most attractive means for the 
establishment of a 1,2-trans-glycosidic linkage would 
be to form a cationic species from a derivative of the 
sugar with participation of the 2-substituent but with 
the latter substituent so chosen that its engagement 
does not lead to products other than the desired 1,2-
trans-β-glycoside. The choice of an imide derivative 
of the aminosugar appeared promising in this regard 
since it could be anticipated from the work of Akiya 
and Osawa (10) that engagement of the imide grouping 
in charge derealization at the anomeric center would 
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lead only to reactive intermediates. 
Baker and coworkers (11) prepared 1,3 ,4,6-tetra-(>-

acetyl-2-deoxy-2-phthalimido-g-D-glucopyranose in 1954 
and observed that treatment of this compound with hy
drogen bromide in acetic acid gave 3,4,6-tri-0-acetyl-
2- deoxy-2-phthalimido-B-D-glucopyranosyl bromide (5) 
and, indeed, Akiya and Osawa (10) prepared 3-glyco-
sides of simple alcohols from the latter compound in 
high yield using Koenigs-Knorr conditions. 

At the start of this investigation, i t was estab
lished that reaction of either 3,4,6-tri-0-acetyl-2-
deoxy-2-phthalimido-3-D-glucopyranosyl or -β-D-galacto-
pyranosyl bromides with the simple alcohol, 2-propanol, 
under Heiferich conditions (12) provided the 3-glyco-
sides in excellent yield. However, when 2,2,2-tri-
chloroethanol was used
tion of 5 was the glycosy
product of glycosidation reactions using mercuric cyan
ide as promoter. This result could be attributed to 
the weak nucleophilicity of the alcohol which also has 
a hindered hydroxyl group. For this reason, the promo
tion of the reaction by the soluble 1:1 complex (13,14) 
of silver trifluoromethanesulfonate (silver t r i f l a t e ) 
and 2,4,6-trimethylpyridine (collidine) was examined. 

In the f i r s t effort to u t i l i z e the silver t r i -
f l a t e - c ollidine complex to promote the reaction of the 
3 - bromide (5) with 2,2,2-trichloroethanol, the yield 
was 60%. However, when greater precaution was taken 
to exclude water, the yield rose to 89%. Thus i t was 
apparent that, indeed, the use of the phthalimido pro
tecting group augured well for the development of a 
generally useful preparation of 2-amino-2-deoxy-3-D-
glucopyranosides. In order to test this hypothesis, 
i t was decided to attempt the syntheses of three Pje^-
iously reported disaccharides;. namely, 3-D-glcNAc——• 
D-glcNAc (43JB1, β-D-glcNAc ' > D-glcNAc (1,5), and 
3 - D - g l c N A c — D - g a l (6,7). Thus, a comparison of 
the u t i l i t y of the method with other methods could be 
achieved under a variety of circumstances. The pur
pose of this communication i s to present the results 
obtained and, also, an examination of the chemical pro
perties of the anomeric 3,4,6-tri-0-acetyl-2-deoxy-2-
phthalimido-D-glucopyranosyl halides. 

Akiya and Osawa (10) demonstrated that replace
ment reactions at the anomeric center of 3,4,6-tri-O-
acetyl-2-deoxy-2-phthalimido-D-glucopyranosyl halides 
provide mainly the 3-anomers. Furthermore, reaction 
of the l,2-trans-3-bromide was shown not to yield an 
orthoester under conditions wherein 2,3,4,6-tetra-O-
acetyl-D-glucopyranosyl halides do. The marked ob-
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struction to formation of l,2-c£s-a-anomers was as
signed to a steric hindrance arising from the phthal-
imido group. These phenomena appeared worthy of fur
ther investigation. 

It proved readily possible to obtain pure samples 
of both the anomeric forms for 3,4,6-tri-0-acetyl-2-
deoxy-2-phthalimido-D-glucopyranosyl chloride, bromide 
and iodide from the known 1,3,4,6-tetra-0-acetyl-2-
deoxy-2-phthalimido-B-D-glucopyranose using basically 
standard conditions. A l l were crystalline except the 
α-bromide which was obtained as a chromatographically 
pure syrup. This unique a v a i l a b i l i t y of both the ano
meric forms for a glycosyl halide with the halogen as 
either chlorine, bromine or iodine prompted a brief 
kinetic investigation of the reactions with tetra-
ethylammonium halides
t i c s for the anomerizatio
starting with the ot-anomers. However, the polarimet
r i c rates were not cleanly first-order starting with 
the 3-anomers and examination of products isolated 
after various intervals of time, showed this to result 
from par t i a l hydrolysis of the 3-halide by traces of 
water which are inevitably present in the reaction 
mixtures, a situation reminiscent of the experience 
with the anomeric tetra-O-acetyl-D-glucopyranosyl 
chlorides (15). Thus, i t was apparent that the phtha-
limido group can participate in the overall reaction 
and thereby lead to a cationic intermediate which has 
a strong a f f i n i t y for water but which, as indicated 
by the results of Akiya and Osawa (10) and supported 
by our experience, does not yield a stable orthoester. 
That some kind of participation occurs was also i n d i 
cated by the different routes of the reactions dis
played by the a- and β-bromides (5 and 6) when reac
ted with tetraethylammonium chloride (0.02 M) in ace-
t o n i t r i l e . Whereas the reaction of the a-anomer (6) 
produced an essentially quantitative yield (>90%) of 
the 3-chloride (3) the reaction of the β-bromide (5) 
proceeded with extensive (near 50%) retention of con
figuration. At a higher chloride ion concentration 
(0.3 Μ), the yield of the α-chloride (4) was 80%. 

The participation of a 2-acyloxy group in a reac
tion at an anomeric center i s considered to provide 
anchimeric assistance by providing a solvation-like 
influence on the formation of an ion-pair and i s mani
fested by the collapse of the intermediate ion-pair to 
the more stable 1,2-acyloxonium salt (15). 

The experimental basis for this opinion i s the 
demonstration by Lemieux and Hayami (15) that whereas 
the chloride-ion catalyzed anomerization of 1,2-cis-
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t e t r a - O - a c e t y l - a - D - g l u c o p y r a n o s y l c h l o r i d e proceeded 
a t the same r a t e as exchange o f c h l o r i d e i o n w i t h the 
environment , the r a t e o f i n c o r p o r a t i o n o f r a d i o a c t i v e 
c h l o r i d e i o n s from the environment by the 1 , 2 - t r a n s - & -
c h l o r i d e was much g r e a t e r than the r a t e o f 3+a anomeri
z a t i o n . These r e s u l t s seem bes t i n t e r p r e t e d on the 
b a s i s o f an a t t a c k by c h l o r i d e i o n on an i n t i m a t e i o n -
p a i r r e s u l t i n g from spontaneous d i s s o c i a t i o n o f the C -
C l bond w i t h p a r t i c i p a t i o n o f the r i n g oxygen atom f o r 
e f f e c t i v e charge d e r e a l i z a t i o n i n the t r a n s i t i o n 
s t a t e . I n the case o f the 3 - c h l o r i d e , a t t a c k a t the 
anomeric c e n t e r o f the i o n - p a i r by c h l o r i d e i o n was i n 
c o m p e t i t i o n w i t h the n u c l e o p h i l i c a t t a c k by the 2 - a c e -
toxy group w i t h the former r e a c t i o n l e a d i n g t o the i o n -
t r i p l e t i n t e r m e d i a t e necessary f o r the a n o m e r i z a t i o n 
and the l a t t e r course o f r e a c t i o n l e a d i n g to the 1 , 2 -
acetoxonium i o n . O
r e t e n t i o n o f c o n f i g u r a t i o n o b t a i n e d on r e a c t i o n o f the 
3-bromide (5) w i t h c h l o r i d e i o n may be r a t i o n a l i z e d as 
i s d i s p l a y e d i n Scheme 1. The most s t a b l e form o f the 
i n t e r m e d i a t e c a t i o n which a r i s e s from the 3-bromide 
cannot be p r e d i c t e d but presumably i s e i t h e r B , C o r D. 
I f C, the i o n c o u l d , i n the presence o f a l c o h o l , p r o 
v i d e an orthoamide p r o d u c t . However, l i k e A k i y a and 
Osawa (10), we d i d not d e t e c t such compounds i n the 
course o f t h i s work. I t i s expec ted , as i n d i c a t e d i n 
Scheme 1, t h a t the s o l v o l y s i s o f the 3-bromide p r o 
ceeds by way o f a boat con format ion so as t o b e t t e r 
o r i e n t a p - o r b i t a l o f the r i n g oxygen r e l a t i v e t o the 
C - B r bond (16). 

As mentioned above, i t was not p o s s i b l e to o b t a i n 
the same v e l o c i t y c o n s t a n t s (k + k f t ) f o r a n o m e r i z a 
t i o n s t a r t i n g w i t h the 3-anome?s as^were o b t a i n e d f o r 
α-anomers and the d i f f e r e n c e (about 20%) i s a t t r i b u t e d 
to capture o f t r a c e s o f water by the i n t e r m e d i a t e c a 
t i o n (B, C o r D i n Scheme 1) formed by s o l v o l y s i s o f 
the 3-anomer. The v a l u e s o b t a i n e d s t a r t i n g w i t h the 
α-anomers are c o n s i d e r e d r e l i a b l e and are r e p o r t e d u n 
der one s e t o f c o n d i t i o n s i n Table I . As expec ted , 
the r a t e s o f a n o m e r i z a t i o n were d i r e c t l y p r o p o r t i o n a l 
t o the h a l i d e i o n c o n c e n t r a t i o n (15). These r e s u l t s 
are c o n s i d e r e d o f i n t e r e s t w i t h r e g a r d t o h a l i d e - i o n 
c a t a l y z e d g l y c o s i d a t i o n r e a c t i o n s (16) s i n c e these 
show a much g r e a t e r r e a c t i v i t y o f the bromides than 
the c h l o r i d e s (700 t imes g r e a t e r ) but l i t t l e d i f f e r e n c e 
(about a f a c t o r o f two) between the bromides and i o d i d 
e s . These d i f f e r e n c e s are even more remarkable when i t 
i s _ c o n s i d e r e d t h a t the o rder o f n u c l e o p h i l i c i t y i s 
CI >Br >I under the a p r o t i c c o n d i t i o n s u s e d . Indeed, 
the α - i o d i d e (8) was a t t a c k e d about two t imes f a s t e r by 
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Scheme 1 
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tetraethylammonium chloride than by tetraethylammonium 
bromide. 

TABLE I 
Reactions of 3,4,6-Tri-0-acetyl-2-deoxy-2-phthalimido-
D-glucopyranosyl Halides 

A c O 

- O A c ^ O N 

PhthN 
X 1" 

A c O 
AcO 

OAc 0 v 

PhthN 

Κ 

Anomerization 
X = X = CI 3.25 1.4 χ 10 
X = X = Br 1.22 0.10 
X = 1 

X = I 3.05 0.22 
X = 1 

X = OAc 4.5 

-4 

Reaction 
X = I, X1 = Cl — 3.3 
X = I , X = B r — 2.0 

V h r 

4950 
6.9 
3.15 

0.21 
0.34 

r e l . 

1 
700 

1600 

15 
9.3 

For 0.02M solutions at 25°C of the glycosyl 
halide in acetonitrile and made 0.02M in tetraethyl
ammonium halide. An average value for the 1-acetates 
anomerized in 1:1 acetic acid-acetic anhydride, 0.1M 
in perchloric acid (17). 

4 The XH-NMR spectra of compounds 1 to 8 required 
C^ conformation for both the anomeric pairs. The 

doublets for the anomeric hydrogens of the α-anomers 
had spacings in the range 3.5-4.0 Hz and those for the 
3-forms near 9.0 Hz. For both forms, the spacings 
found in the signals for H-3 and H-4 were in the range 
9-11 Hz. In line with this conformation, H-3 for an 
α-form was strongly deshielded (18) by the sz/n-axial 
halogen as compared to H-3 of the 3-anomer (see Table 
II). In a l l cases, one of the acetyl groups produced 
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TABLE I I 

H and C N u c l e a r Magnet ic Resonance Parameters f o r 
3 , 4 , 6 - T r i - 0 - a c e t y l - 2 - d e o x y - 2 - p h t h a l i m i d o - D - g i u c o -
p y r a n o s y l Compounds 

Compound Chemica l 
(CDC1 3 , TMS 

S h i f t s 
i n t e r n a l ) 

H - l H-3 C - l 
β-Acetate (1) 6.48 5.86 89.9 
α-Acetate (2) 6.28 6.56 90.6 
β-Chloride (3) 6.20 5.79 85.7 
α-Chloride (4) 
e - B r o m i d e (5) 6.43 5.80 78.4 
α-Bromide (6) 6.62 6.67 87.3 
3 - Iod ide (7) 6.71 5.73 78.2 
α - Iod ide (8) 6.97 6.52 75.1 

i t s s i g n a l t o e x c e p t i o n a l l y h i g h f i e l d ( 1 .8 -1 .9 ppm). 
Indeed, the p lane o f the p h t h a l i m i d o group would be e x 
pected to be near p e r p e n d i c u l a r t o the mean p lane o f 
the pyranose r i n g and t h e r e f o r e have a s p e c i f i c s h i e l d 
i n g i n f l u e n c e on the C-3 acetoxy group. In t h i s o r i e n 
t a t i o n , the c a r b o n y l o f the p h t h a l i m i d o group which i s 
on the α - s ide o f the pyranose r i n g can e x e r t a s t r o n g 
non-bonded i n t e r a c t i o n w i t h an a x i a l s u b s t i t u e n t a t C - l . 
That such an i n t e r a c t i o n does i n f a c t e x i s t i s e v i d e n t 
from the r e l a t i v e chemica l s h i f t s o f the anomeric h y d 
rogens of t e t r a a c e t a t e s 1 and 2. As seen from Table 
I I , the s i g n a l f o r the β-anomer i s a c t u a l l y 0.2 ppm to 
lower f i e l d i n c o n t r a s t , f o r example, t o the s i t u a t i o n 
f o r the g lucopyranose pentaace ta tes where the s i g n a l 
f o r H - l o f the fc-form i s 0.58 ppm to h i g h e r f i e l d than 
t h a t o f the α-form (18). For the anomeric 2 -ace tamido -
1 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - 2 - d e o x y - D - g l u c o p y r a n o s e s , the 
s i g n a l f o r H - l o f the β-form i s 0.45 ppm to h i g h e r 
f i e l d than t h a t o f the α-form (19). S t rong e l e c t r o 
s t a t i c s p e c i f i c d e s h i e l d i n g o f the anomeric hydrogen o f 
β -acetate (1) i s t h e r e f o r e i n d i c a t e d . C l e a r l y , the 
s u b s t i t u t i o n o f t h i s a x i a l hydrogen by a more b u l k y 
atom must l e a d t o s t r o n g non-bonded i n t e r a c t i o n t h a t 
would d e s t a b i l i z e the molecu le and i n the case o f ano -
mers tend to f a v o r the β-form. Indeed, as seen i n 
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Table I, the interaction i s powerful enough to counter 
the anomeric effect (20) and lead to anomerization 
equilibria which favor the β-form. Thus, there can be 
no doubt that the phthalimido group i s well oriented 
to well shelter the α-side of the pyranose ring and, 
indeed, provide a participation in reactions at the 
anomeric center. 

13 
The C-chemical shifts for C-l of compounds 1 to 

8 are l i s t e d in Table II. It i s seen that except for 
the anomeric iodides, the signal for C-l of the a-ano-
mer i s to lower f i e l d than that of the 3-form (21). 

Reaction of near 1:1 mixture of the a- and 3 -
bromides (6 and 5) with 2,2,2-trichloroethanol in the 
presence of the silve
only a slightly lowe
when pure 3-bromide was used. It was apparent that 
the α-bromide may be slightly more prone to dehydro-
bromination. Nevertheless, there appears l i t t l e ad
vantage in using pure 3-bromide instead of a mixture 
with i t s α-anomer in these glycosidation reactions. 
Also, the reaction with the 3-chloride (3) gave the 
same yield as the 3-bromide (5). Indeed, although the 
glycosidation reactions reported herein u t i l i z e d the 
3-bromide, i t l i k e l y w i l l prove advantageous to use 
the 3-chloride in such reactions in view of i t s great
er s t a b i l i t y on storage. Also, in the preparations to 
be reported, the i n i t i a l reaction temperature i s - 3 0 ° . 
This was mainly as a precautionary measure since v i r 
tually the same yields were obtained at ambient temp
eratures for the glycosidation of 2,2,2-trichloro
ethanol . 

The reaction of a halide with silver t r i f l a t e -
collidine (1:1) is extremely rapid as indicated by the 
appearance of precipitated silver halide. However, 
this rapid i n i t i a l reaction may lead, even in the 
presence of an alcohol, to glycosyl t r i f l a t e which in 
turn provides the glycoside since near the same yield 
of the 2,2,2-trichloroethyl glycoside was obtained, 
using the 3-bromide as reagent, when the alcohol was 
added 10 minutes after the addition of the silver t r i -
f l a t e - c o l l i d i n e complex and the formation of silver 
bromide was complete as when the alcohol and the pro
moter were added at the same time. Reaction of the 
3-bromide (5) with 2,2,2-trichloroethanol in nitro-
methane and using only collidine to neutralize the 
liberated acid gave mainly (-70%) the product of de-
hydrobromination (9). Thus, the success of the method 
appears to rely on the liberation over the course of 
the reaction or a cationic intermediate (B, C or D of 
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Scheme 1) which has a pronounced tendency to form the 
3-glycoside while avoiding elimination of a proton or 
forming either an orthoamide or an orthoacetate. Thus, 
a highly promising method for establishing β-glycosam-
inide linkages seemed at hand and this promise was 
well substantiated by the following syntheses. 

2,2,2-Trichloroethyl 4,6-0-benzylidene-2-deoxy-2-
phthalimido-3-D-glucopyranoside (14) was condensed 
with the 3-bromide (5) in nitromethane using the s i l 
ver t r i f l a t e - c o l l i d i n e complex to form compound 15 in 
82% yield. Although care was taken to exclude water 
from the reaction mixture, a main by-product appeared 
to be that from the hydrolysis of 5 ( t i c ) . A small 
amount of the glycoseen (9) was also formed. The 
yield obtained i s to be contrasted to the 25% yield 
reported by Heyns an  (4)
densation but usin
glycosidation reaction. Using the oxazoline method, 
Zurabyan and coworkers (8) realized an 81% yield in 
forming benzyl 3-0-(2-acetamido-3,4,6-tri-0-acetyl-2-
deoxy-3-D-glucopyranosyl)-2-acetamido-4,6-0-benzyli-
dene-2-deoxy-3-D-glucopyranoside. Acid hydrolyses to 
remove the benzylidene and acetyl groups of 15 provi
ded the diphthalimido glycoside (16) which was treated 
with hydrazine to form the 2,2,2-trichloroethyl 3-0-
(2-amino-2-deoxy-3-D-glucopyranosyl)-2-amino-2-deoxy-
3-D-glucopyranoside (17). The effect of pH on the 1 3C-
NMR spectrum of 17 i s reported in Table III. 

2,2,2-Trichloroethyl 3,6-di-0-acetyl-2-deoxy-2-
phthalimido-3-D glucopyranoside (21) was prepared from 
14 by way of the intermediates 19 and 20. Reaction of 
21 with a slight excess of 5 under usual conditions 
provided a 51% yield of the desired 3-linked disacchar-
ide derivative 22. The yield was raised to 68% when 
additional mole equivalents of 5 and the promoter were 
added after the i n i t i a l reaction had subsided. It i s 
apparent therefore that the hydroxyl group of 21 i s 
indeed quite unreactive (1). In previous syntheses of 
the disaccharide (chitobiose) (1,5), very special de
rivatives of D-glucosamine were prepared in order to 
make the 4-hydroxyl more readily available to the gly
cosidation reaction. In spite of this precaution, the 
yields achieved in the glycosidation reaction were 10% 
(-35% of the α-linkage) (5) and 36% (8% of the α-link
age) (1) using Helferich-type condensations. Thus, 
the present method i s capable of providing far super
ior yields even when using a type of alcohol which i s 
notorious for i t s unreactivity. Although some α-gly
coside must form in our present method none has been 
detected in any of the reactions so far studied. 
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The chitobiose derivative (22) was deacetylated 
under acid conditions to provide the diphthalimido gly
coside (23) which was then converted using hydrazine 
to 2 , 2 , 2-trichloroethyl chitobioside (24) . 

A comparison of the C-NMR ti t r a t i o n curves (22) 
for the compounds 17 and 24 appears of interest to the 
subject of conformational preferences about glycosidic 
linkages (20). As seen in Table III, the shielding of 
C-l of compounds 12 , 17 and 24 on protonation of the 
geminal 2-amino group was 4 . 7 - 5 . 2 ppm, normal 3 -
shifts (22) for this transformation. Normal 3-shifts 

(-4.4 ppm) were also observed in the C -3 1 atoms of 
17 and 24. These signals could be reliably assigned 
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from the spectrum f o r the s imple g l y c o s i d e 12. How
e v e r , a l t h o u g h the β - s h i f t f o r C-3 of the c h i t o b i o s e 
d e r i v a t i v e 24 was n o r m a l , t h a t f o r C-3 of the 1' •> 3 
l i n k e d d i s a c c h a r i d e 17 was remarkably h i g h , namely, 
8.6 ppm. That i s , f o r 17, the β - s h i f t s observed 
f o r both C - l 1 and C - 3 1 o f the t e r m i n a l u n i t and C - l 
were normal but t h a t o f the a g l y c o n i c C-3 atom o f the 
n o n - t e r m i n a l u n i t was abnormal ly h i g h . The two amino 
groups o f the c h i t o b i o s e d e r i v a t i v e 24 are expected t o 
be w e l l separated as d i s p l a y e d i n the c o n f o r m a t i o n a l 
f ormula f o r 24 presented above. Thus, i t i s not s u r 
p r i s i n g t h a t the 3 - s h i f t s observed on p r o t o n a t i o n o f 
24 were n o r m a l , l i t t l e i f any c o n f o r m a t i o n a l change 
o c c u r r i n g on p a s s i n g from the f r e e base to the s a l t 
form. However, c o n s i d e r a t i o n s based on the exo-anomer-
i c e f f e c t and non-bonded i n t e r a c t i o n s (20) would r e 
q u i r e t h a t the l 1 ->
f r e e base form, has the two amino groups i n v e r y c l o s e 
p r o x i m i t y . Thus , p r o t o n a t i o n o f the amino groups 
would be expected t o produce a r e p u l s i o n between groups 
both as the r e s u l t o f e l e c t r o s t a t i c r e p u l s i o n between 
the charged groups and an i n c r e a s e o f the e f f e c t i v e 
volumes o f the two groups because o f s t r o n g hydrogen 
bonding w i t h the w a t e r . Thus , an adjustment o f the 
con format ion o f 17 would be expec ted , on i t s p a s s i n g 
from the f r e e base t o the s a l t f orm, t h a t would a l l o w 
a g r e a t e r s e p a r a t i o n between the two amino groups . 
The abnormal 3 - s h i f t observed f o r the a g l y c o n i c C-3 
atom may be c o n s i d e r e d a m a n i f e s t a t i o n o f t h i s c o n 
f o r m a t i o n a l change. I f so , the f a c t t h a t the 3 - s h i f t s 
were normal f o r the o t h e r t h r e e carbons which are 3 t o 
an amino group i n 17 would i n f e r t h a t the conforma
t i o n a l change which o c c u r r e d on p r o t o n a t i o n o f 17 was 
l a r g e l y r e s t r i c t e d t o a r o t a t i o n about the a g l y c o n i c 
C-3 t o oxygen bond, [change i n the ψ t o r s i o n ang le 
(20)]. T h i s c o n c l u s i o n would be i n l i n e w i t h the e x 
p e c t a t i o n based on the eχο-anomeric e f f e c t t h a t the φ 
t o r s i o n ang le tends to remain cons tant (exo-anomeric 
e f f e c t ) (20) and the main adjustment t o e s t a b l i s h the 
most s t a b l e con format ion about a g l y c o s i d i c l i n k a g e i s 
by change o f the ψ a n g l e . 

The 2 - a c e t a m i d o - 2 - d e o x y - 3 - D - g a l a c t o p y r a n o s y l 
group occurs a t the 4 - p o s i t i o n o f a D - g a l a c t o p y r a n o s y l 
group i n c e r t a i n g a n g l i o s i d e s (6,23). Thus , i t was o f 
i n t e r e s t t o examine the e f f e c t i v e n e s s o f the method 
f o r the g l y c o s i d a t i o n o f the r e a d i l y a v a i l a b l e methy l 
2 , 3 , 6 - t r i - O - b e n z o y l - a - D - g a l a c t o p y r a n o s i d e (24). Indeed, 
r e a c t i o n w i t h 5 produced the d e s i r e d compound (26) i n 
e x c e l l e n t y i e l d (79%) and i t i s planned t o use the 
method i n the course o f an e f f o r t t o s y n t h e s i z e gang-

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



6. LEMiEux E T AL. 2-Αητίηο-2-ά6θχί^-β-Ό-βΙη€ορι^ταηο8ΐάβ8 101 

13 
l i o s i d e r e l a t e d s t r u c t u r e s . The C-NMR spectrum 
s u b s t a n t i a t e d the s t r u c t u r e o f the d e r i v e d methy l 
4 -0 - (2 -amino -2 -deoxy -£ -D-g lucopyranosy l ) -a -D-ga lac to -
pyranos ide (27) . 

TABLE I I I 
13 

C-NMR Parameters To D i s p l a y β -Sh i f t s 
Base S a l t 

a a 
Compound 12 17 24 12 17 24 

r Δ = 5.2 1 

» » . 4 . , - ί = ^ 
C - l 104.3 103.6 103.3 99.4 98.9 98.1 

C-2 57.0 57.0 57.0 56.1 55.2 56.3 

Δ = 4.3 

56.1 55.2 
— Δ = 4.4 — 

72.2 72.1 
• 

• a - . . . — } 

C - 3 ' 76.5 76.6 76.5 72.2 72.1 72.1 
i Λ = 4.5 

C - 4 1 70.2 69.9 70.0 70.1 69.5 70.4 
C - 5 ' 76.0 76 .1 75.3 76.9 76.4 75.2 
C - 6 ' 61.3 61.0 61.0 60.7 60.4 60.7 

Δ = 4.7 I t C - l - 103.6 103.9 - 98.9 9.9.1 
4 Δ = 4.8 * 

C-2 - 55.9 56.6 - 55.2 55.9 
Δ = 8.6 

C-3 - 85.7 74Α.4 - 77 .1 70.1 
* Δ = 4.3 * 

C-4 - 68.2 78.9 - 67.2 77.1 
C-5 - 76 .1 76.0 - 76.4 76.3 
C-6 - 61.0 60.6 - 60.4 60.5 

a 
ι 

C - l i s denoted C - l f o r 
convenience o f p r e s e n t a t i o n . 
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Experimental 

A l l solvent extracts were dried over anhydrous 
sodium s u l f a t e p r i o r to solvent removal using a rotary 
evaporator under the vacuum of a water a s p i r a t o r . The 
H-HMR spectra were measured at 100 MHz (Varian HA-100) 

and 13C-NMR spectra at 22.6 MHz (Bruker HFX-90). Un
less otherwise stated, deuteriochloroform was used as 
a solvent and i n t e r n a l TMS as a standard. Thin layer 
chromatograms (TLC) were developed on a s i l i c a gel G 
(Ε. Merck A.G., Darmstadt) using ethyl a c e t a t e - S k e l l y -
solve Β or ethyl acetate-benzene and v i s u a l i z e d by 
spraying with 5% s u l f u r i c acid i n ethanol followed by 
heating at 100°. Column chromatography was performed 
on s i l i c a gel (CAMAG) or on Woelm Alumina (neutral, 
A c t i v i t y I ) . The gl y c o s i d a t i o
formed under a dry
methane, 2,2,2-trichloroethanol and 2,4,6-trimethyl-
pyridine ( c o l l i d i n e ) were dried and f r e s h l y d i s t i l l e d 
p r i o r to use. A l l s o l i d reactants for gl y c o s i d a t i o n 
were dried overnight over phosphorus pentoxide under 
high vacuum p r i o r to use. 

1,3,4,6 - T e t r a-0 - a c e t y l-2 - d e o x y-2 - p h t h a l i m i d o - 3 - D -
g lucopyranose (1). D-glucosamine hydrochloride (21.6 
g, 100 mmol) was added to a sodium methoxide s o l u t i o n 
(prepared from 2.3 g of sodium i n 100 ml of methanol). 
After shaking for 10 min, the separated sodium chloride 
was removed by f i l t r a t i o n and washed with methanol 
(50 ml). The combined f i l t r a t e s were treated with 
f i n e l y ground phthalic anhydride (7.4 g, 50 mmol) and 
shaken for 10 min. Triethylamine (10.1 g, 100 mmol) 
was then added and the clear s o l u t i o n was treated with 
phthalic anhydride (8.1 g, 55 mmol). After shaking 
for 10 min, a c r y s t a l l i n e s o l i d started to p r e c i p i t a t e . 
The mixture was then brought to 50° and s t i r r e d for 20 
min. After being kept at 0° for 1 hr, the s o l i d 
(20.5 g) was c o l l e c t e d by f i l t r a t i o n and dried. H-NMR 
indicated the s o l i d to be the triethylammonium s a l t of 
2-(2 1-carboxybenzamido)-2-deoxy-D-glucopyranose (25^26). 
Drying overnight i n a i r resulted i n the loss of the 
triethylamine. Evaporation of the f i l t r a t e gave a y e l 
low s o l i d which was suspended i n d i e t h y l ether (200 ml) 
and c o l l e c t e d by f i l t r a t i o n . The 1H-NMR spectrum i n 
D2O showed t h i s f r a c t i o n to be contaminated with a 
trace of the unreacted glucosamine. 

The products were combined (46.5 g) and treated 
with pyridine (200 ml) and a c e t i c anhydride (100 ml), 
at room temperature for 16 hr. The so l u t i o n was poured 
into ice-water and the aqueous mixture subsequently ex
tracted with chloroform (3 χ 100 ml). The combined ex-
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t r a c t s w e r e w a s h e d s u c c e s s i v e l y w i t h c o l d w a t e r , 3% 
h y d r o c h l o r i c a c i d , s a t u r a t e d s o d i u m b i c a r b o n a t e s o l u 
t i o n a n d w a t e r . S o l v e n t r e m o v a l l e f t a y e l l o w f o a m 
w h i c h w a s d i s s o l v e d i n d i e t h y l e t h e r ( 5 0 0 m l ) a n d 
t r e a t e d w i t h c h a r c o a l . C o n c e n t r a t i o n t o a v o l u m e o f 
1 5 0 m l a n d s t o r a g e o v e r n i g h t a t 0 ° g a v e a c o l o r l e s s 
s o l i d ( 3 9 . 1 g , 8 2 % y i e l d ) . T h e 1 H - N M R s p e c t r u m o f t h e 
p r o d u c t s h o w e d i t t o b e a 2 : 1 m i x t u r e o f 3 - a n d a - a n o -
m e r s . A 3 : 1 m i x t u r e o f t h e β - a n d α - a n o m e r s w a s o b 
t a i n e d o n r e a c t i o n o f t h e t r i e t h y l a m i n e s a l t w i t h s o d 
i u m a c e t a t e a n d a c e t i c a n h y d r i d e a t 1 0 0 ° f o r 1 h r . 
H o w e v e r , t h e p r o d u c t w a s d a r k r e d a n d d i f f i c u l t t o d e 
c o l o r i z e . T h e p u r e 3 - a n o m e r ( 1 5 - 2 0 g ) c a n b e o b t a i n e d 
b y c r y s t a l l i z a t i o n f r o m e t h a n o l a n d r e e r y s t a l l i z a t i o n 
f r o m e t h y l a c e t a t e , mp 9 0 - 9 4 ° [ l i t . 1 9 9 - 2 0 0 ° (11) , 
9 1 - 9 4 ° f : Z 0 J ] , [ a ] g 2 +
• ^ H - N M R s p e c t r u m w a s
t e d b y H o r t o n a n d c o w o r k e r s (19). 

1 , 3 , 4 , 6 - T e t r a - 0 - a c e t y l - 2 - d e o x y - 2 - p h t h a l i m i d o - a - g -
g lucopyranose ( 2 ) . A s a m p l e ( 6 . 6 g ) o f 2 - ( 2 1 - c a r b o x y -
b e n z a m i d o ) - 2 - d e o x y - o t - D - g l u c o p y r a n o s e w h i c h h a d t h e s a m e 
p h y s i c a l c o n s t a n t s a s r e p o r t e d i n t h e l i t e r a t u r e w a s 
o b t a i n e d b y f r a c t i o n a l c r y s t a l l i z a t i o n o f a p r e p a r a t i o n 
o f t h e 3 - a n o m e r f o l l o w i n g t h e p r o c e d u r e r e p o r t e d b y 
H i r a n o (25). A c e t y l a t i o n o f t h e m a t e r i a l a s d e s c r i b e d 
b y H i r a n o (25) p r o v i d e d a 5 1 % c r u d e y i e l d o f a p r o d u c t 
w i t h mp 1 1 6 - 1 1 6 . 5 ° a n d [ a ] 2 2 + 1 1 4 ° ( c h l o r o f o r m ) . A f t e r 
t w o r e c r y s t a l l i z a t i o n s f r o m m e t h a n o l , t h e mp w a s 1 2 6 -
1 2 7 ° a n d [ a ] ^ 2 + 1 1 9 . 2 ° (c 1 , i n c h l o r o f o r m ) . H i r a n o 
(25) h a s r e p o r t e d mp 1 3 1 ° , [ a ] j j j 6 + 9 8 ° w h e r e a s A k i y a 
a n d O s a w a (10) r e p o r t e d mp 1 2 4 - 1 2 6 ° , [ a ] g 5 + 1 1 6 . 1 ° . 
T h e N M R s p e c t r a ( s e e T a b l e I I ) w e r e i n a g r e e m e n t w i t h 
t h e a s s i g n e d s t r u c t u r e . 

3 , 4 , 6 - T r i - 0 - a c e t y l - 2 - d e o x y - 2 - p h t h a l i m i d o - a - g - g l u -
c o p y r a n o s y l C h l o r i d e (4 ) . T h i s c o m p o u n d w a s p r e p a r e d 
f r o m t h e 3 - b r o m i d e ( 5 , t o b e d e s c r i b e d b e l o w ) u n d e r 
k i n e t i c c o n d i t i o n s u s i n g t h e p r o c e d u r e o f L e m i e u x a n d 
H a y a m i (15). 

C o m p o u n d 5 ( 1 . 0 3 g ) w a s d i s s o l v e d i n d r y a c e t o n i -
t r i l e ( 1 0 m l ) w h i c h c o n t a i n e d t e t r a e t h y l a m m o n i u m c h l o r 
i d e ( 0 . 5 0 g ) . A f t e r 5 h r a t r o o m t e m p e r a t u r e , t h e p r o 
d u c t w a s i s o l a t e d i n t h e u s u a l m a n n e r a n d w a s r e c r y s -
t a l l i z e d f r o m d i e t h y l e t h e r - S k e l l y s o l v e Β t o a f f o r d a n 
8 0 % y i e l d ( 0 . 7 2 g ) o f m a t e r i a l , mp 1 7 4 - 1 7 5 ° , [ C L ] ^ + 
1 2 2 . 2 ° (c, 0 . 8 8 i n a c e t o n i t r i l e ) ( s e e T a b l e I I ) . 

Anal. C a l c d . f o r C 2 0
H 2 0 N 0 9 C 1 : C ' 5 2 . 9 3 ; H , 4 . 4 4 ; 

Ν , 3 . 0 9 ; C l , 7 . 8 0 . F o u n d : C , 5 3 . 1 3 ; H , 4 . 5 9 ; Ν , 3 . 3 9 ; 
C l , 7 . 7 8 . 

T h e 3 - a n o m e r ( 3 ) ( s e e T a b l e I I ) w a s p r e p a r e d f r o m 
3 - t e t r a a c e t a t e ( 1 ) u s i n g a l u m i n u m c h l o r i d e a s d e s c r i b e d 
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b y A k i y a a n d O s a w a (10) a n d t h e p h y s i c a l c o n s t a n t s 
a g r e e d . 

3,4,6-Tri-0-acetyl-2-deoxy-2-phthalimido-3-Q-glu-
copyranosyl Bromide (5) . A s o l u t i o n o f t h e β - a c e t a t e 
3 (9.54 g , 20 m m o l ) a n d a c e t i c a n h y d r i d e (5 m l ) i n a 
s a t u r a t e d h y d r o g e n b r o m i d e s o l u t i o n o f g l a c i a l a c e t i c 
a c i d (30 m l ) w a s k e p t a t r o o m t e m p e r a t u r e f o r 24 h r . 
A f t e r d i l u t i o n w i t h c h l o r o f o r m (200 m l ) a n d c h i l l i n g 
w i t h i c e , t h e s o l u t i o n w a s w a s h e d w i t h c o l d w a t e r (3 
t i m e s ) a n d s a t u r a t e d s o d i u m b i c a r b o n a t e s o l u t i o n . S o l 
v e n t r e m o v a l a f t e r d r y i n g l e f t a f o a m y s o l i d w h i c h w a s 
c r y s t a l l i z e d f r o m d i e t h y l e t h e r (7.77 g , 78% y i e l d o f 
a c o l o r l e s s s o l i d , s e e T a b l e II), mp 122-123°, [ α ] ρ 
+ 57.3° ( c , 1 i n c h l o r o f o r m ) . L i t . mp 120-121° (11). 

3.4.5- Tri-0-acetyl-2-deoxy-2-phthalimido-a-g-glu-
copyranosyl Bromid .
a b o v e p r e p a r a t i o n o
d r y n e s s a n d t h e r e s i d u e a p p l i e d t o a s i l i c a g e l c o l u m n 
f o r c h r o m a t o g r a p h y u s i n g b e n z e n e - d i e t h y l e t h e r (1:1) 
a s d e v e l o p i n g p h a s e . F o u r f r a c t i o n s w e r e s e p a r a t e d . 
T h e s e c o n d f r a c t i o n t o b e e l u t e d w a s t h e ( 3 - f o r m 5. T h e 
t h i r d f r a c t i o n r e s i s t e d c r y s t a l l i z a t i o n b u t N M R s p e c 
t r a r e q u i r e d a h i g h s t a t e o f p u r i t y . 

1 3 C - N M R : 169.0, 169.9, 170.4 (3 a c e t y l c a r b o n -
y l s ) , 167.3 (2 p h t h a l o y l c a r b o n y l s ) , 134.5, 131.4 a n d 
123.9 ( a r o m a t i c ) , 87.3 ( C - l ) , 72.6, 69.1, 67.8 ( C-3, 
C-4, C-5), 61.1 ( C-6), 56.4 ( C-2), 20.6 (3 a c e t y l 
m e t h y l s ) . 

1 H - N M R : δ 7.80 ( m , 4, p h t h a l i m i d o ) , 6.97 ( d , 4 
H z , H - l ) ; 6.52 ( q , 9, 11 H z , H-3); 5.18 ( q , 9, 10 H z , 
H-4); 4.35 ( q , 4, 11 H z , H-2); 4.2 ( m , H-5, H-6 a n d 
H - 6 1 ) ; 2.10, 2.08, 1.88 ( s , 0 - a c e t y l ) . 

3.4.6- Tri-0-acetyl-2-deoxy-2-phthalimido-3-g-glu-
copyranosyl Iodide (7) . A s o l u t i o n o f h y d r o g e n i o d i d e 
i n a c e t i c a c i d w a s p r e p a r e d b y a d d i t i o n o f a c e t i c a n 
h y d r i d e (14 m l ) t o 47% h y d r o i o d i c a c i d (3 m l ) a t 0° i n 
a n i t r o g e n a t m o s p h e r e . C o m p o u n d 1 (15.0 g ) w a s a d d e d , 
t h e s o l u t i o n w a s s t i r r e d f o r 1 h r a t r o o m t e m p e r a t u r e 
a n d t h e n p o u r e d i n t o i c e - w a t e r . T h e c h l o r o f o r m e x 
t r a c t w a s f i r s t n e u t r a l i z e d w i t h s a t u r a t e d a q u e o u s s o d 
i u m b i c a r b o n a t e a n d t h e n w i t h a q u e o u s s o d i u m t h i o s u l -
f a t e p r i o r t o d r y i n g o v e r s o d i u m s u l f a t e . T h e c h l o r o 
f o r m s o l u t i o n w a s e v a p o r a t e d t o a n o i l y r e s i d u e w h i c h 
c r y s t a l l i z e d f r o m d i e t h y l e t h e r . 

T h e y i e l d w a s 50%, mp 91-92°. R e c r y s t a l l i z a t i o n 
f r o m e t h e r r a i s e d t h e m e l t i n g p o i n t t o 94-94.5° ( d e c . ) , 
tot] + 38.2° (β, 1 i n c h l o r o f o r m ) . 

1 H - N M R : 6 7.83 ( m , 4, p h t h a l i m i d o ) , 6.71 ( d , 10 
H z , H - l ) ; 5.73 ( q , 9, 10 H z , H-3); 5.26 ( t , 10 H z , H-4); 
4.68 ( t , 10 H z , H-2); 4.24 ( m , H-6 a n d H - 6 f ) ; 3.94 
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(m, H-5); 2.12,2.04, 1.86 (s, O-acetyl). 
3,4,6 - T r i-0 - a c e t y l - 2 - d e o x y-2 - p h t h a l i m i d o - a - g - g l u -

c o p y r a n o s y l I od ide (8). The mother l i q u o r from the 
c r y s t a l l i z a t i o n of 7 was l e f t at room temperature. Aft
er two days, a compound, mp 89.5-90°, [α]β +131.3° 
(c, 0.58 in a c e t o n i t r i l e ) c r y s t a l l i z e d . The y i e l d was 
15% (2.6 g). Since the NMR spectra (see Table I I ) i n 
dicated high p u r i t y and, l i k e 7, the product was quite 
unstable, no further p u r i f i c a t i o n was attempted. 

1H-NMR: 6 7 .80 (m, 4, phthalimido); 6.97 (d, 4Hz, 
H-l ) ; 6.52 (q, 10, 8 Hz, H-3); 5.18 ( t , 8 Hz, H-4); 
4.35 (q, 4, 10 Hz, H-2); 4.60-4.10 (m, 3, H-5, H-6 
and H-6 1); 2.10, 2.08, 1.88 (s, O-acetyl). 

3,4,6 - T r i-O - a c e t y l-l,2 - d i d e o x y-2 - p h t h a l i m i d o - g -
α:rα&^nσ-hex-l-enopyranose (9) . A s o l u t i o n of the brom
ide 5 (996 mg, 2 mmol)
2 mmol) and 2,4,6-trimethylpyridin
in nitromethane (20 ml) was s t i r r e d at 90  for 48 hr. 
The s o l u t i o n was d i l u t e d with chloroform (50 ml) and 
washed with cold water and cold 10% hydrochloric a c i d . 
Evaporation of the solvent gave a syrup which was 
passed through a short alumina column using ethyl ace-
t a t e - d i e t h y l ether (1:1). Treatment of the eluent 
with charcoal, evaporation and c r y s t a l l i z a t i o n from 
d i e t h y l ether gave a c o l o r l e s s s o l i d (585 mg, 70% 
y i e l d ) , mp 117-118°, [α]£ 4 - 34.2° {a, 0.5 i n chloro
form) . 

1H-NMR: δ 7.98-7.68 (m, 4, phthalimido); 6.78 (s, 
H-l ) ; 5.61 (d, 4 Hz, H-3); 5.32 ( t , 4 Hz, H-4); 4.66-
4.25 (m, 3, H-5 and H-6); 2.16, 2.13, 1.94 (s, O-ace
t y l ) . 

Anal. Calcd. for C 2 0 H I Q N O q : C,57.55; H, 4.59; 
N, 3.36. Found: C, 57 . 52 ; Η, 4 . 57 ; Ν, 3.29. 

2,2,2 - T r i c h l o r o e t h y l 3,4,6 - T r i-0 - a c e t y l-2 - d e o x y -
2 - p h t h a l i m i d o - p - D - g l u c o p y r a n o s i d e (10). A s o l u t i o n of 
the 3-bromide 5 79.96 g, 20 mmol) i n nitromethane 
(20 ml) was added dropwise to a cooled (-30°) s o l u t i o n 
of 2,2,2-trichloroethanol (3.30 g, 22 mmol), s i l v e r 
t r i f l a t e (5.66 g, 22 mmol) and c o l l i d i n e (2.66 g, 22 
mmol) i n nitromethane (20 ml). After s t i r r i n g at -30° 
for 2 hr and d i l u t i o n with chloroform (100 ml), the 
s o l i d was removed by f i l t r a t i o n and washed with chloro
form (20 ml). The combined f i l t r a t e s were washed with 
cold water, 3% hydrochloric acid and water and dr i e d . 
Solvent removal l e f t a yellow foam which was passed 
through a short alumina column using d i e t h y l ether-
ethyl acetate (1:1). Treatment with charcoal, solvent 
removal and c r y s t a l l i z a t i o n from d i e t h y l ether gave a 
c o l o r l e s s s o l i d (9.74 g, 86% based on 5), mp 176-177°, 
[ a ] £ 3 + 4.4° (β, 0.5 i n chloroform). 
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H - N M R : 6 7 . 9 5 - 7 . 6 5 ( m , 4 , p h t h a l i m i d o ) ; 5 . 9 2 ( t , 
1 0 H z , H - 3 ) ; 5 . 6 0 ( d , 8 H z , H - l ) ; 5 . 1 9 ( t , 1 0 H z , H - 4 ) ; 
2 . 1 2 , 2 . 0 4 , 1 . 8 8 ( s , O - a c e t y l ) ; 4 . 5 2 - 3 . 8 2 ( m , 6 r e m a i n 
i n g p r o t o n s ) . 

Anal. C a l c d . f o r C 2 2 H 2 2 N O i o C l 3 : C , 4 6 . 6 2 ; H , 3 . 9 1 ; 
Ν , 2 . 4 7 ; C l , 1 8 . 7 7 . F o u n d : C , 4 6 . 6 8 ; H , 3 . 9 7 ; Ν , 
2 . 3 4 ; C l , 1 8 . 8 4 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 2 - D e o x y - 2 - p h t h a l i m i d o -
g l u c o p y r a n o s i d e ( 1 1 ) . A s o l u t i o n o f t h e t r i a c e t a t e 1 0 
( 7 . 9 3 g , 1 5 m m o l ) i n a c e t o n e ( 2 0 0 m l ) , w a t e r ( 1 0 0 m l ) 
a n d c o n e , h y d r o c h l o r i c a c i d ( 4 0 m l ) w a s s t i r r e d a t 7 0 ° 
f o r 3 h r . R e m o v a l o f a c e t o n e l e f t a w h i t e s u s p e n s i o n 
w h i c h w a s e x t r a c t e d w i t h e t h y l a c e t a t e ( 3 χ 1 0 0 m l ) . 
T h e c o m b i n e d e x t r a c t s w e r e w a s h e d w i t h c o l d w a t e r , 
s a t u r a t e d s o d i u m b i c a r b o n a t e s o l u t i o n a n d w a t e r a n d 
d r i e d . S o l v e n t r e m o v a
b e n z e n e - e t h y l a c e t a t
( 6 . 0 g , 9 1 % y i e l d ) , mp 2 2 4 - 2 2 5 ° , [α ]£° - 3 7 . 6 ° ( e , 0 . 5 
i n a c e t o n e ) . 

i H - N M R ( a c e t o n e - d 6 ) : δ 7 . 8 6 ( s , 4 , p h t h a l i m i d o ) ; 
5 . 4 6 ( d , 8 H z , H - l ) ; 4 . 3 1 ( d , 5 H z , 2 , C H o C C l - ) ; 4 . 7 2 
( d , 5 H z , 1 , O H , D 2 0 e x c h a n g e a b l e ) ; 2 . 8 0 ( d , 3 H z , 2 , 
O H , D2O e x c h a n g e a b l e ) ; 4 . 8 0 - 3 . 4 5 ( m , 6 r e m a i n i n g p r o 
t o n s ) . 

1 3 C - N M R ( a c e t o n e - d 6 ) : 9 9 . 9 ( C - l ) , 9 7 . 4 ( C C l o ) , 
8 1 . 1 ( C H 2 ) , 7 7 . 9 ( C - 5 ) , 7 2 . 4 ( C - 3 ) , 7 1 . 8 ( C - 4 ) , 6 2 . 5 
( C - 6 ) , 5 7 . 7 ( C - 2 ) . 

Anal. C a l c d . f o r C-, 6 Η Ί fiN07 C l ο : C , 4 3 . 6 1 ; H , 3 . 6 6 ; 
Ν , 3 . 1 8 ; C l , 2 4 . 1 4 . F o u n d : C , 4 3 . 7 0 ; H , 3 . 6 5 ; N , 2 . 9 3 ; 
C I , 2 4 . 0 0 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 2 - A m i n o - 2 - d e o x y - 3 - Q - g l u c o p y -
r a n o s i d e ( 1 2 ) . A s o l u t i o n o f t h e p h t h a l i m i d o c o m p o u n d 
1 1 ( 2 . 2 0 g , 5 m m o l ) a n d 8 7 % h y d r a z i n e h y d r a t e ( 1 . 0 g ) 
i n 9 5 % e t h a n o l ( 5 0 m l ) w a s r e f l u x e d f o r 4 h r . T h e 
p r e c i p i t a t e w a s r e m o v e d b y f i l t r a t i o n a n d w a s h e d w i t h 
e t h a n o l ( 1 0 m l ) . S o l v e n t r e m o v a l l e f t a p a l e y e l l o w 
s o l i d w h i c h w a s a p p l i e d t o a n i o n - e x c h a n g e r e s i n ( D o w e x 
l x , h y d r o x i d e f o r m ) c o l u m n a n d e l u t e d w i t h w a t e r . 
F r e e z e - d r y i n g l e f t a c o l o r l e s s s o l i d w h i c h w a s d r i e d 
o v e r P2O5 u n d e r h i g h v a c u u m ( 1 . 3 5 g , 8 7 % y i e l d ) , mp 
1 6 7 - 1 6 8 ° , [ a ] £ ° - 4 4 . 2 ° (cy 0 . 5 i n w a t e r ) . 

I H - N M R ( Γ Γ 2 0 ) : 6 5 . 1 2 ( d , 8 H z , H - l ) ; 4 . 8 8 ( d , 
5 H z , 2 , CH2CCI3); 4 . 4 6 - 3 . 0 4 ( m , 6 r e m a i n i n g p r o t o n s ) . 

T h e 1 3 C - N M R i s r e p o r t e d i n T a b l e I I I . 
Anal. C a l c d . f o r C 0 H 1 A N O C C I O : C , 3 0 . 9 4 ; H , 4 . 5 4 ; 

Ν , 4 . 5 1 ; C l , 3 4 . 2 5 . F o u n d : C , 3 1 . 1 8 ; H , 4 . 5 4 ; Ν , 4 . 3 3 ; 
C l , 3 4 . 0 7 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 2 - A c e t a m i d o - 2 - d e o x y - 3 - g - g l u -
copyranos ide ( 1 3 ) . A s o l u t i o n o f t h e a m i n o c o m p o u n d 1 2 
( 1 . 2 5 g ) a n d a c e t i c a n h y d r i d e ( 6 m l ) i n 5 0 % a q u e o u s 

m e t h a n o l ( 2 0 m l ) w a s s t i r r e d a t r o o m t e m p e r a t u r e f o r 2 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



6. LEMiEux E T AL. 2-Α™ϊηο-2-άβοχψβ-τ)-$ηοορψαηού(ΙβΒ 107 

h r . S o l v e n t r e m o v a l a n d d r y i n g o v e r P 2 O 5 g a v e a c o l o r 
l e s s s o l i d w h i c h w a s r e e r y s t a l l i z e d f r o m b e n z e n e - a c e 
t o n e ( 2 : 1 ) ( 1 . 3 4 g , 9 6 % y i e l d ) , mp 1 7 1 - 1 7 2 ° , [a ]* 0 -
3 5 . 7 ° (tf, 0 . 6 i n w a t e r ) , ( l i t . ( 2 7 ) 1 7 0 - 1 7 1 ° ) . D 

H - N M R ( D 2 0 ) : 6 5 . 2 4 ( d , 8 H z , H - l ) ; 4 . 8 3 ( d , 5 
H z , C H 2 C C I 3 ) ; 2 . 4 5 ( s , tf-acetyl), 4 . 4 5 - 3 . 8 0 ( m , 6 r e 
m a i n i n g p r o t o n s ) . 

1 3 C - N M R ( D 2 0 ) : 1 0 2 . 9 ( C - l ) , 9 6 . 5 ( C C l o ) , 8 0 . 9 
( C H 2 ) , 7 6 . 4 ( C - 5 ) , 7 3 . 7 ( C - 3 ) , 7 0 . 3 ( C - 4 ) , J 6 1 . 2 ( C - 6 ) , 
5 5 . 8 ( C - 2 ) . 

Anal. C a l c d . f o r 0,Λ n H , fiN0fiClo : C , 3 4 . 0 5 ; H , 4 . 5 7 ; 
Ν , 3 . 9 7 ; C l , 3 0 . 1 6 . F o u n d : C , 3 4 . 4 6 ; H , 4 . 6 5 ; Ν , 4 . 2 1 ; 
C l , 2 9 . 7 7 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 4 , 6 - 0 - B e n z y l i d e n e - 2 - d e o x y - 2 -
p h t h a l i m i d o - 3 - D - g l u c o p y r a n o s i d e ( 1 4 ) . A s o l u t i o n o f 
t h e h y d r o x y c o m p o u n d 1 1 ( 6 . 6 1 g , 1 5 m m o l ) , α , α - d i m e t h -
o x y t o l u e n e ( 9 . 1 0 g
a c i d ( 1 0 0 m g ) i n f r e s h l
m l ) w a s s t i r r e d a t r o o m t e m p e r a t u r e f o r 1 2 h r . T r e a t 
m e n t w i t h t r i e t h y l a m i n e ( 1 m l ) a n d s o l v e n t r e m o v a l 
l e f t a s t i c k y s o l i d w h i c h w a s d i s s o l v e d i n c h l o r o f o r m 
( 1 0 0 m l ) a n d w a s h e d w i t h c o l d w a t e r a n d s a t u r a t e d s o d 
i u m b i c a r b o n a t e s o l u t i o n . S o l v e n t r e m o v a l a f t e r d r y 
i n g , a n d c r y s t a l l i z a t i o n f r o m e t h y l a c e t a t e - S k e l l y s o l v e 
Β g a v e a c o l o r l e s s s o l i d w h i c h w a s r e e r y s t a l l i z e d f r o m 
2 - p r o p a n o l ( 7 . 3 7 g , 9 3 % y i e l d ) , mp 1 9 6 - 1 9 7 ° , [ α ] £ ° -
4 7 . 2 ° ( c , 0 . 5 i n c h l o r o f o r m ) . 

H - N M R : δ 7 . 8 9 - 7 . 2 4 ( m , 9 , b e n z y l a n d p h t a l i m -
i d o ) ; 5 . 5 8 ( s , 1 , b e n z y l i d e n e ) ; 5 . 5 0 ( d , 8 H z , H - l ) ; 
4 . 7 2 - 4 . 5 0 ( m , 1 , H - 2 ) ; 2 . 9 8 ( d , 3 H z , O H , D 2 O e x c h a n g e 
a b l e ) ; 4 . 4 4 - 3 . 5 0 ( m , 7 r e m a i n i n g p r o t o n s ) . 

Anal. C a l c d . f o r C 2 3 H 2 0 N O 7 C I 3 : C , 5 2 . 2 4 ; H , 3 . 8 1 ; 
N , 2 . 6 5 ; C I , 2 0 . 1 1 . F o u n d : C , 5 2 . 3 3 ; H , 3 . 8 5 ; N , 2 . 3 8 ; 
C I , 2 0 . 2 5 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 3 - 0 - ( 3 , 4 , 6 - T r i - 0 - a c e t y l - 2 -
d e o x y - 2 - p h t h a l i m i d o - ( S - D - g l u c o p y r a n o s y l ) - 4 , 6 - O - b e n z y l i -
d e n e - 2 - d e o x y - 2 - p h t h a l i m i d o - 3 - g - g l u c o p y r a n o s i d e ( 1 5 ) . 
A s o l u t i o n o f t h e ( S - b r o m i d e 5 ( 8 0 0 m g , 1 . 5 m m o l ) i n 
n i t r o m e t h a n e ( 5 m l ) w a s a d d e d t o a c o o l e d ( - 3 0 ° ) s o l u 
t i o n o f t h e 3 - h y d r o x y c o m p o u n d 1 4 ( 6 7 0 m g , 1 . 2 7 m m o l ) , 
s i l v e r t r i f l a t e ( 3 8 5 m g , 1 . 5 m m o l ) a n d c o l l i d i n e ( 1 8 2 
m g , 1 . 5 m m o l ) i n n i t r o m e t h a n e ( 1 0 m l ) . A f t e r s t i r r i n g 
a t - 3 0 ° f o r 3 h r , t h e n a t r o o m t e m p e r a t u r e f o r 1 h r , 
t h e m i x t u r e w a s d i l u t e d w i t h c h l o r o f o r m ( 5 0 m l ) . T h e 
s o l i d w a s r e m o v e d b y f i l t r a t i o n a n d w a s h e d w i t h c h l o r o 
f o r m ( 2 0 m l ) . T h e c o m b i n e d f i l t r a t e s w e r e w a s h e d s u c 
c e s s i v e l y w i t h c o l d w a t e r , 3% h y d r o c h l o r i c a c i d a n d w a 
t e r . S o l v e n t r e m o v a l l e f t a y e l l o w f o a m w h i c h w a s a p 
p l i e d t o a s i l i c a g e l c o l u m n a n d e l u t e d w i t h e t h y l a c e 
t a t e - S k e l l y s o l v e Β ( 1 : 1 ) . S o l v e n t r e m o v a l a n d c r y s t a l 
l i z a t i o n f r o m d i e t h y l e t h e r g a v e a c o l o r l e s s s o l i d ( 9 8 0 
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m g , 8 2 % y i e l d b a s e d o n 1 4 ) , mp 1 6 7 - 1 6 8 ° , [ a ] g u - 0 . 6 ° 
(Cj 0 . 5 i n c h l o r o f o r m ) . 

H - N M R : δ 7 . 7 6 - 7 . 2 8 ( m , 1 3 , b e n z y l a n d 2 p h t h a l i m 
i d o ) ; 5 . 6 0 ( s , 1 , b e n z y l i d e n e ) ; 5 . 5 2 ( t , 1 0 H z , H - 3 f ) ; 
5 . 4 9 ( d , 8 H z , H - l ) ; 5 . 2 4 ( d , 8 H z , H - l 1 ) ; 5 . 0 7 ( t , 1 0 
H z , H - 4 ' ) ; 4 . 9 6 ( q , 9 H z , H - 3 ) ; 2 . 0 2 , 1 . 9 2 , 1 . 7 1 ( s , 0 -
a c e t y l ) ; 4 . 4 5 - 3 . 5 0 ( m , 1 1 r e m a i n i n g p r o t o n s ) . 

Anal. C a l c d . f o r 0 4 3 Η 3 9 Ν 2 0 1 6 0 1 3 : C , 5 4 . 5 9 ; H , 4 . 1 5 ; 
N , 2 . 9 6 ; C I , 1 1 . 2 4 . F o u n d : C , 5 3 . 9 9 ; H , 4 . 0 6 ; N , 2 . 8 8 ; 
C I , 1 1 . 1 1 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 3 - 0 - ( 2 - D e o x y - 2 - p h t h a l i m i d o - 3 -
D - g l u c o p y r a n o s y l ) - 2 - d e o x y - 2 - p h t h a l i m i d o - 3 - D - g l u c o p y r a n -
o s i d e ( 1 6 ) . A s o l u t i o n o f c o m p o u n d 1 5 ( 5 5 0 m g , 0 . 5 8 
m m o l ) i n 1 0 % t r i f l u o r o a c e t i c a c i d ( 9 0 % ) i n d i c h l o r o m e -
t h a n e ( 1 0 m l ) w a s s t i r r e d f o r 1 0 m i n a t r o o m t e m p e r a 
t u r e . S o l v e n t r e m o v a
i n a m i x t u r e o f a c e t o n
h y d r o c h l o r i c a c i d ( 4 m l ) . T h e s o l u t i o n w a s s t i r r e d a t 
7 0 ° f o r 3 h r . E v a p o r a t i o n o f a c e t o n e g a v e a s u s p e n s i o n 
w h i c h w a s c o l l e c t e d b y f i l t r a t i o n a n d w a s h e d w i t h c o l d 
w a t e r . R e c r y s t a l l i z a t i o n f r o m a c e t o n e - e t h y l a c e t a t e 
g a v e a c o l o r l e s s s o l i d ( 4 0 0 m g , 9 4 % y i e l d ) , m p , 2 6 3 . 5 -
2 6 4 ° , [ a ] g 3 - 0 . 8 6 ° ( c , 0 . 3 5 i n a c e t o n e ) . 

! H - N M R ( a c e t o n e - d j : δ 8 . 0 - 7 . 1 0 ( m , 8 , p h t h a l i m i 
d o ) ; 5 . 2 3 , 5 . 2 1 ( d , 8 H z , H - l a n d H - l 1 ) ; 4 . 7 2 - 4 . 3 8 ( m , 
H - 2 a n d H - 2 1 ) . 

! 3 c - N M R ( a c e t o n e - d j : 9 9 . 4 ( C - l , C - l f ) , 9 7 . 1 
( C C 1 3 ) , 8 2 . 3 ( C H 2 ) , 8 0 ? 5 ( C - 3 ) , 7 8 . 3 , 7 7 . 9 ( C - 5 , C - 5 f ) , 
7 2 . 1 ( C - 3 1 ) , 7 1 . 4 ( C - 4 f ) , 7 0 . 7 ( C - 4 ) , 6 2 . 0 ( C - 6 , C - 6 f ) , 
5 7 . 9 ( C - 2 ) , 5 5 . 6 ( C - 2 f ) . 

Anal. C a l c d . f o r C o n H 9 q N ? O i 0 C I 0 : C , 4 9 . 2 3 ; H , 3 . 9 9 ; 
N , 3 . 8 3 . F o u n d : C , 4 9 T 4 8 ; H 7 4 . 0 2 ; Ν , 3 . 7 5 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 2 - A m i n o - 2 - d e o x y - 3 - 0 - ( 2 - a m i n o -
2 -deoxy -3 -D-g lucopyranosy l ) - β -g -g lucopyranos ide ( 1 7 ) . 
A s o l u t i o n o f t h e p h t h a l i m i d o c o m p o u n d 1 6 ( 3 6 6 m g ) , a n d 
8 5 % h y d r a z i n e h y d r a t e ( 2 m l ) i n 9 5 % e t h a n o l ( 2 0 m l ) w a s 
r e f l u x e d f o r 2 h r a n d t h e s o l u t i o n c o o l e d t o 0 ° . T h e 
s o l i d w a s r e m o v e d b y f i l t r a t i o n a n d w a s h e d w i t h c o l d 
e t h a n o l ( 5 m l ) . T h e c o m b i n e d f i l t r a t e s w e r e e v a p o r a t e d 
t o a f o a m w h i c h w a s d i s s o l v e d i n w a t e r ( 1 0 m l ) a n d a p 
p l i e d t o a c o l u m n o f D o w e x 1 x 8 r e s i n ( h y d r o x i d e f o r m ) . 
F r e e z e - d r y i n g o f t h e e l u e n t g a v e a c o l o r l e s s s o l i d ( 2 0 8 
m g , 8 8 % y i e l d ) , mp 2 0 2 - 2 0 4 ° ( d e c ) , [ α ] £ 5 - 3 3 . 6 ° ( c , 
0 . 2 5 - i n w a t e r ) . 

H - N M R ( D 2 0 ) : δ 5 . 2 2 , 5 . 1 9 ( d , 8 H z , H - l a n d H - l f ) . 
T h e ^ C - N M R i s r e p o r t e d i n T a b l e I I I . 
Anal. C a l c d . f o r C 1 4 H 2 5 N 2 0 9 C l o : C , 3 5 . 6 5 ; H , 5 . 3 4 ; 

N , 5 . 9 4 . F o u n d : C , 3 5 . 8 2 ; H , 5 . 2 3 ; N , 5 . 7 8 . 
2 , 2 , 2 - T r i c h l o r o e t h y l 2 - A c e t a m i d o - 2 - d e o x y - 3 - 0 - ( 2 -

a c e t a m i d o - 2 - d e o x y - 3 - D - g l u c o p y r a n o s y l ) - 3 - D - g l u c o p y r a n o -
s i d e ( 1 8 ) . A s o l u t i o n o f t h e a m i n o c o m p o u n d 1 7 ( 1 6 1 m g , 
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0 . 3 4 m m o l ) i n 5 0 % a q u e o u s m e t h a n o l ( 1 0 m l ) w a s t r e a t e d 
w i t h a c e t i c a n h y d r i d e ( 1 . 0 m l ) a n d t h e s o l u t i o n w a s 
s t i r r e d f o r 2 h r a t r o o m t e m p e r a t u r e . S o l v e n t r e m o v a l 
l e f t a f o a m w h i c h w a s d i s s o l v e d i n w a t e r ( 1 0 m l ) a n d 
t r e a t e d w i t h I o n R e t a r d a t i o n R e s i n , A G 1 1 A 8 ( 5 0 - 1 0 0 
m e s h , B i o - R a d ) . F i l t r a t i o n a n d f r e e z e - d r y i n g o f t h e 
f i l t r a t e g a v e a s o l i d ( 1 7 0 m g , 9 0 % y i e l d ) , mp 2 2 2 - 2 2 4 ° 
( d e c ) , [ a ] g 5 - 2 6 . 6 ° ( c , 0 . 5 i n w a t e r ) . 

1 H - N M R ( D 2 0 ) : δ 5 . 1 2 ( d , 8 H z , H - l ) ; 4 . 9 2 ( d , 8 
H z , H - l f ) ; 2 . 3 3 , 2 . 3 9 ( s , tf-acetyl) . 

1 3 C - N M R ( D 2 0 ) : 1 0 3 . 9 ( C - l ) , 1 0 1 . 3 ( C - l 1 ) , 8 1 . 5 
( C - 3 ) , 7 5 . 8 , 7 5 . 5 ( C - 5 , C - 5 1 ) , 7 3 . 3 ( C - 3 f ) , 6 9 . 9 ( C - 4 ) , 
6 8 . 6 ( C - 4 ' ) , 6 0 . 7 ( C - 6 , C - 6 f ) , 5 5 . 7 , 5 4 . 3 ( C - 2 , C - 2 1 ) . 

Anal. C a l c d . f o r C n ftH2αΝ20Ί -, C l o : C , 3 8 . 9 0 ; H , 
5 . 2 6 ; N , 5 . 0 4 . F o u n d : C , 3 8 . 5 4 ; Η , 5 . 2 6 ; Ν , 5 . 2 3 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 3 - 0 - A c e t y l - 4 , 6 - O - b e n z y l i d e n e -
2 - d e o x y - 2 - p h t h a l i m i d o - 3 - g - g l u c o p y r a n o s i d
i c a n h y d r i d e ( 8 m l ) w a s a d d e d t o a c o o l e d s o l u t i o n o f 
t h e 3 - h y d r o x y c o m p o u n d 1 4 ( 3 . 7 0 g ) i n d r y p y r i d i n e 
( 1 6 m l ) . T h e s o l u t i o n w a s k e p t o v e r n i g h t a t r o o m t e m 
p e r a t u r e a n d p o u r e d i n t o c r u s h e d i c e . C o l l e c t i o n o f 
t h e s e p a r a t e d s o l i d b y f i l t r a t i o n a n d r e e r y s t a l l i z a -
t i o n f r o m e t h y l a c e t a t e - e t h a n o l ( 1 : 4 ) g a v e a c o l o r l e s s 
s o l i d ( 3 . 5 8 g , 9 0 % y i e l d ) , mp 2 0 8 ° " , [ a ] ^ ° - 2 9 . 8 ° (ο, 
0 . 5 i n c h l o r o f o r m ) . 

1 H - N M R : δ 7 . 9 0 - 7 2 2 ( m , 9 , b e n z y l a n d p h t h a l i m 
i d o ) ; 6 . 0 0 ( t , 9 H z , H - 3 ) ; 5 . 6 4 ( d , 8 H z , H - l ) ; 5 . 5 3 
( s , 1 , b e n z y l i d e n e ) ; 1 . 9 0 ( s , 0 - a c e t y l ) ; 4 . 5 2 - 3 . 6 4 ( m , 
7 r e m a i n i n g p r o t o n s ) . 

Anal. C a l c d . f o r C 2 5 H 2 2 N 0 8 C 1 3 : C , 5 2 . 6 0 ; H , 3 . 8 8 ; 
Ν , 2 . 4 5 ; C l , 1 8 . 6 3 . F o u n d : C , 5 2 . 8 9 ; H , 3 . 9 7 ; N , 
2 . 3 1 ; C I , 1 8 . 7 2 . 

2 , 2 , 2 - T r i c h l o r o e t h y l 3 - 0 - A c e t y l - 2 - d e o x y - 2 - p h t h a -
l i m i d o - B - D - g l u c o p y r a n o s i d e ( 2 0 ) . A s o l u t i o n o f t h e 
a b o v e b e n z y l i d e n e c o m p o u n d 1 9 ( 2 . 8 5 g ) i n 6 0 % a q u e o u s 
a c e t i c a c i d ( 1 5 0 m l ) w a s s t i r r e d a t 1 0 0 ° f o r 3 0 m i n . 
S o l v e n t r e m o v a l l e f t a y e l l o w s o l i d w h i c h w a s s l i g h t l y 
c o n t a m i n a t e d b y t h e s t a r t i n g c o m p o u n d . T h e c r u d e m i x 
t u r e w a s a p p l i e d t o a s i l i c a - g e l c o l u m n a n d e l u t e d 
w i t h e t h y l a c e t a t e - b e n z e n e . S o l v e n t r e m o v a l o f t h e 
s e c o n d f r a c t i o n g a v e a c o l o r l e s s s o l i d ( 2 . 1 5 g , 8 9 % 
y i e l d ) , mp 1 9 0 - 1 9 1 ° , [ a ] ^ ° - 2 9 . 2 ° (c , 1 i n a c e t o n e ) . 

H - N M R ( a c e t o n e - d 6 ) : δ 7 . 8 6 ( s , 4 , p h t h a l i m i d o ) ; 
5 . 7 0 ( t , 1 0 H z , H - 3 ) ; 5 . 6 7 ( d , 8 H z , H - l ) ; 4 . 8 8 ( d , 5 
H z , 1 , O H , D 2 0 e x c h a n g e a b l e ) ; 4 . 3 6 ( d , 4 H z , 2 , 
C H 2 C C I 3 ) ; 2 . 9 1 ( s , 1 , O H , D 2 0 e x c h a n g e a b l e ) ; 1 . 8 6 ( s , 
0 - a c e t y l ) ; 4 . 5 0 - 3 . 5 5 ( m , 5 r e m a i n i n g p r o t o n s ) . 

Anal. C a l c d . f o r C n 8 Η η 0 N O 0 C I 0 : C , 4 4 . 7 9 ; H , 3 . 7 4 ; 
N , 2 . 9 0 ; C I , 2 2 . 0 3 . F o u n d : C , 4 4 . 9 3 ; H , 3 . 8 2 ; N , 
2 . 8 1 ; C I , 2 2 . 0 6 . 
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2 , 2 , 2 - T r i c h l o r o e t h y l 3 , 6 - D i - 0 - a c e t y l - 2 - d e o x y - 2 -
p h t h a l i m i d o - 3 - g - g l u c o p y r a n o s i d e ( 2 1 ) . A c e t i c a n h y d r i d e 
( 0 . 3 0 6 g , 3 m m o l ) w a s a d d e d t o a c o o l e d s o l u t i o n o f 
c o m p o u n d 2 0 ( 1 . 4 6 6 g , 3 m m o l ) i n d r y p y r i d i n e ( 4 m l ) . 
A f t e r s t i r r i n g a t r o o m t e m p e r a t u r e f o r 2 h r , t h e s o l u 
t i o n w a s c o o l e d t o 0 ° a n d t r e a t e d w i t h m e t h a n o l ( 5 m l ) . 
S o l v e n t r e m o v a l l e f t a f o a m y s o l i d w h i c h w a s s h o w n t o 
b e a m i x t u r e o f 1 0 , 2 0 , a n d 2 1 b y T L C . T h e c r u d e m i x 
t u r e w a s a p p l i e d t o a s i l i c a g e l c o l u m n a n d e l u t e d w i t h 
b e n z e n e - e t h y l a c e t a t e ( 4 : 1 ) . S o l v e n t r e m o v a l o f t h e 
s e c o n d f r a c t i o n g a v e a c o l o r l e s s s o l i d ( 0 . 8 6 g , 5 4 . 5 % 
y i e l d ) , mp 1 3 9 - 1 4 0 ° [a]^ - 3 6 . 7 ° (c, 0 . 9 i n c h l o r o f o r m ) . 

e x c h a n g e a b l e ) ; 2 . 1 6 , 1 . 9 6 ( s , 0 - a c e t y l ) ; 4 . 5 5 - 3 . 6 0 ( m , 
7 r e m a i n i n g p r o t o n s )

Anal. C a l c d . f o
N , 2 . 6 7 ; C I , 2 0 . 2 7 . F o u n d : C , 4 5 . 8 3 ; H , 3 . 9 4 ; N , 
2 . 7 0 ; C I , 2 0 . 1 1 . 

2,2,2-Trichloroethyl 4 - 0 - ( 3 , 4 , 6 - T r i - 0 - a c e t y l - 2 -
d e o x y - 2 - p h t h a l i m i d o - £ - D - g l u c o p y r a n o s y l ) - 3 , 6 - d i - O -
a c e t y l - 2 - d e o x y - 2 - p h t h a I i m i d o - 3 - D - g l u c o p y r a n o s i d ë ( 2 2 ) . 
A s o l u t i o n o f t h e β - b r o m i d e 5 ( 1 . 1 0 g , 2 2 m m o l ) i n 
n i t r o m e t h a n e ( 1 5 m l ) w a s a d d e d t o a c o o l e d ( - 3 0 ° ) s o l u 
t i o n o f t h e 4 - h y d r o x y c o m p o u n d 2 1 ( 1 . 0 5 g , 2 . 0 m m o l ) 
a n d c o l l i d i n e ( 2 6 6 m g , 2 . 2 m m o l ) i n n i t r o m e t h a n e ( 1 5 
m l ) . A f t e r s t i r r i n g a t - 3 0 ° f o r 4 h r , 1 m m o l e a c h o f 
5 , t h e s i l v e r s a l t a n d c o l l i d i n e w e r e a d d e d . T h e m i x 
t u r e w a s s t i r r e d f o r a n a d d i t i o n a l 2 h r a t - 3 0 ° a n d 
t h e n l e f t o v e r n i g h t a t r o o m t e m p e r a t u r e . C h l o r o f o r m 
( 5 0 m l ) w a s a d d e d a n d t h e s o l i d s w e r e r e m o v e d b y f i l 
t r a t i o n a n d w a s h e d w i t h c h l o r o f o r m ( 2 0 m l ) . T h e c o m 
b i n e d f i l t r a t e s w e r e w a s h e d w i t h c o l d w a t e r , 3% h y d r o 
c h l o r i c a c i d a n d w a t e r a n d d r i e d . S o l v e n t r e m o v a l l e f t 
a y e l l o w f o a m w h i c h w a s a p p l i e d t o a s i l i c a g e l c o l u m n 
a n d e l u t e d w i t h b e n z e n e - e t h y l a c e t a t e ( 4 : 1 ) . R e m o v a l 
o f t h e s o l v e n t f r o m t h e s e c o n d f r a c t i o n a n d c r y s t a l l i 
z a t i o n f r o m d i e t h y l e t h e r g a v e a c o l o r l e s s s o l i d ( 1 . 2 8 
g , 6 8 % y i e l d b a s e d o n 2 1 ) , mp 1 3 3 - 1 3 4 ° , [ α ] £ 4 + 1 . 6 ° 
(ο9 0 . 5 i n c h l o r o f o r m ) . 

1 H - N M R : δ 8 . 0 - 7 . 6 2 ( m , 8 , 2 p h t h a l i m i d o ) ; 5 . 8 7 
( q , 9 H z , H - 3 ) ; 5 . 7 4 ( t , 1 0 H z , H - 3 1 ) ; 5 . 5 1 ( d , 8 H z , 

H - l ) ; 5 . 4 8 ( d , 8 H z , H - l f ) ; 5 . 1 5 ( t , 1 0 H z , H - 4 1 ) ; 
2 . 1 1 , 2 . 0 1 , 1 . 9 9 , 1 . 9 4 , 1 . 8 4 ( s , 0 - a c e t y l ) ; 4 . 6 0 - 3 . 6 2 
( m , 1 1 r e m a i n i n g p r o t o n s ) . 

Anal. C a l c d . f o r 0 4 0 Η 3 9 Ν 2 0 1 8 0 1 3 : C , 5 1 . 0 0 ; H , 
4 . 1 7 ; Ν , 2 . 9 7 ; C l , 1 1 . 2 9 . F o u n d : C , 5 0 . 8 5 ; H , 4 . 2 7 ; 
Ν , 3 . 1 0 ; C l , 1 1 . 3 6 . 
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2,2,2-Trichloroethyl 2-Deoxy-2-phthalimido-4-0-(2-
deoxy-2-phthalimido-β-Q-glucopyranosyl)-£-|)-gluco-~ 
pyranoside (23). A s o l u t i o n o f t h e c o m p o u n d 2 2 ( 3 4 6 
m g , 0 . 5 m m o l ) i n a m i x t u r e o f a c e t o n e ( 2 0 m l ) , w a t e r 
( 1 0 m l ) a n d c o n e , h y d r o c h l o r i c a c i d ( 4 m l ) w a s s t i r r e d 
a t 7 0 ° f o r 6 h r . E v a p o r a t i o n o f a c e t o n e l e f t a w h i t e 
s u s p e n s i o n w h i c h w a s c o l l e c t e d b y f i l t r a t i o n a n d w a s h e d 
w i t h w a t e r . R e c r y s t a l l i z a t i o n f r o m e t h y l a c e t a t e -
b e n z e n e g a v e a c o l o r l e s s s o l i d ( 2 2 0 m g , 8 2 % y i e l d ) , mp 
2 2 1 - 2 2 3 ° ( d e c ) , [ a ] £ 5 - 2 0 . 8 ° { β , 0 . 2 5 i n a c e t o n e ) . 

1 H - N M R ( a c e t o n e - d 6 ) : δ 7 . 8 8 , 7 . 8 6 ( m , 8 , 2 
p h t h a l i m i d o ) ; 5 . 3 8 , 5 . 3 6 ( d , 8 H z , H - l , H - l 1 ) ; 5 . 8 6 -
2 . 8 0 ( m , r e m a i n i n g 1 9 p r o t o n s ) . 

1 3 C - N M R ( a c e t o n e - d 6 ) : 1 0 0 . 6 , 1 0 0 . 4 ( C - l , C - l 1 ) , 
8 1 . 5 ( C - 4 ) , 7 8 . 4 ( C - 5 1 ) , 7 6 . 6 ( C - 5 ) , 7 2 . 8 , 7 2 . 5 ( C - 3 , 
C - 3 1 ) , 7 0 . 7 ( C - 4 1 ) , 6 2 . 8 , 6 1 . 7 ( C - 6 , C - 6 ) , 5 8 . 5 , 5 7 . 1 
( C - 2 , C - 2 1 ) . 

Anal. C a l c d . f o r C 3 0 H 2 9 N 2 0 1 3 C 1 3 : C , 4 9 . 2 3 ; H , 
3 . 9 9 ; Ν , 3 . 8 3 . F o u n d : C , 4 9 . 8 4 ; H , 4 . 1 2 ; Ν , 3 . 5 4 . 

2,2,2-Trichloroethyl 2-Amino-2-deoxy-4-0-(2-amino-
2-deoxy-(3-D~glucopyranosyl) -3-Q-glucopyranoside (24) . 
C o m p o u n d 2 4 , mp 1 6 0 - 1 6 2 ° ( d e c ) , [ a ] g 4 - 7 . 8 ° (ο, 2 i n 
w a t e r ) , w a s o b t a i n e d i n 8 7 % y i e l d f r o m c o m p o u n d 2 3 b y 
t h e m e t h o d u s e d f o r t h e p r e p a r a t i o n o f t h e c o m p o u n d 1 7 . 

1 H - N M R ( D 2 0 ) : δ 5 . 2 6 ( d , 8 H z , H - l ) ; 5 . 0 2 ( d , 8 
H z , H - l f ) : 4 . 6 9 ( d , 3 . 5 H z , 2 , C H 2 C C 1 3 ) . 

T h e 1 3 C - N M R i s r e p o r t e d i n T a b l e I I I . 
Anal. C a l c d . f o r C ^ H ^ N ^ g C ^ : C , 3 5 . 6 5 ; H , 5 . 3 4 ; 

N , 5 . 9 4 . F o u n d : C , 3 5 . 6 3 ; H , 5 . 1 7 ; N , 5 . 9 9 . 
2,2,2-Trichloroethyl 2-Acetamido-2-deoxy-4-0-(2-

a c e t a m i d o - 2 - d e o x y - 3 - D - g l u c o p y r a n o s y l ) - 3 - g - g l u c o -
pyranoside ( 2 5 ) . C o m p o u n d 2 5 , mp 2 1 8 - 2 1 9 ° ( d e c ) , 
[ a ] ] } 3 - 2 2 . 4 ° (cy 0 . 2 5 i n w a t e r ) , w a s p r e p a r e d i n 8 0 % 
y i e l d f r o m c o m p o u n d 2 4 b y t h e m e t h o d u s e d f o r t h e p r e 
p a r a t i o n o f t h e c o m p o u n d 1 8 . 

1 H - N M R ( D 2 0 ) : δ 4 . 9 8 ( d , 8 H z , H - l ) ; 4 . 7 4 ( d , 8 
H z , H - l f ) ; 2 . 2 2 , 2 . 1 8 ( s , N - a c e t y l ) . 

1 3 C - N M R ( D 2 0 ) : 1 0 2 . 8 , 1 0 2 . 0 ( C - l , C - l ' ) , 7 9 . 8 
( C - 4 ) , 7 6 . 3 ( C - 5 1 ) , 7 5 . 0 ( C - 5 ) , 7 4 . 2 , 7 3 . 8 ( C - 3 , C - 3 T ) , 
7 2 . 4 ( C - 4 1 ) , 6 1 . 0 , 6 0 . 6 ( C - 6 , C - 6 ? ) , 5 6 . 0 , 5 5 . 1 ( C - 2 , 
C - 2 f ) . 

Anal. C a l c d . f o r C 1 8 H 2 9 N 2 0 1 1 C 1 3 : C , 3 8 . 9 0 ; H , 
5 . 2 6 ; Ν , 5 . 0 4 . F o u n d : C , 3 8 . 3 5 ; H , 5 . 2 0 ; Ν , 5 . 1 2 . 

Methyl 4 - 0 - (3,4,6-Tri - 0-acetyl-2-deoxy-2-phthali-
mido-3-D-glucopyranosyl)-2,3 ,6-tri-O-benzoyl-a-D-
galactopyranoside ( 2 6 ) . A s o l u t i o n o f t h e β - b r o m i d e 5 
( 1 . 9 9 g , 4 m m o l ) i n n i t r o m e t h a n e ( 1 0 m l ) w a s a d d e d t o a 
c o o l e d ( - 3 0 ° ) s o l u t i o n o f m e t h y l 2 , 3 , 6 - t r i - 0 - b e n z o y 1 - a -
D - g a l a c t o p y r a n o s i d e (24) , mp 1 3 5 . 5 ° , [ a ] g 2 - 1 2 0 ° ( c , 1 
i n c h l o r o f o r m ) , ( 1 . 5 2 g , 3 m m o l ) , s i l v e r t r i f l a t e 
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( 1 . 0 3 g , 4 m m o l ) , a n d c o l l i d i n e ( 0 . 4 8 g , 4 m m o l ) i n 
n i t r o m e t h a n e ( 2 0 m l ) . A f t e r s t i r r i n g a t - 3 0 ° f o r 3 h r 
a n d a t r o o m t e m p e r a t u r e f o r 1 h r , t h e m i x t u r e w a s 
d i l u t e d w i t h c h l o r o f o r m ( 7 0 m l ) . T h e s o l i d w a s r e m o v e d 
b y f i l t r a t i o n a n d w a s h e d w i t h c h l o r o f o r m ( 2 0 m l ) . T h e 
c o m b i n e d f i l t r a t e s w e r e w a s h e d w i t h c o l d w a t e r , 3% h y 
d r o c h l o r i c a c i d a n d w a t e r . C o n c e n t r a t i o n l e f t a y e l l o w 
f o a m w h i c h w a s p a s s e d t h r o u g h a s h o r t a l u m i n a c o l u m n 
u s i n g d i e t h y l e t h e r - e t h y l a c e t a t e . S o l v e n t r e m o v a l a n d 
c r y s t a l l i z a t i o n f r o m d i e t h y l e t h e r g a v e a s o l i d , mp 
1 5 3 - 1 5 4 ° , [ a ] 2 2 + n o ° ( c , 1 i n c h l o r o f o r m ) , 2 . 1 9 g ( 7 9 % 
y i e l d b a s e d o n t h e g a l a c t o p y r a n o s i d e ) . 

- • • H - N M R : δ 8 . 1 2 - 7 . 1 2 ( m , 1 9 , 3 b e n z o y l a n d 1 
p h t h a l i m i d o ) ; 5 . 8 0 ( q , 9 H z , H - 3 f ) ; 5 . 5 2 ( d , 8 H z , 
H - l f ) ; 5 . 4 7 ( q , 1 2 H z , H - 2 ) ; 5 . 1 9 ( d , 4 H z , H - 3 ) ; 4 . 9 7 
( t , 4 H z , H - 4 ) ; 4 . 7
2 . 0 3 , 1 . 9 3 , 1 . 8 0 ( s
i n g p r o t o n s ) . 

Anal. C a l c d . f o r C ^ H ^ N O - ^ : C , 6 2 . 4 0 ; H , 4 . 9 1 ; 
N , 1 . 5 2 . F o u n d : C , 6 2 . 6 1 ; H , 5 . 0 2 ; N , 1 . 5 8 . 

M e t h y l 4 - 0 - ( 2 - A m i n o - 2 - d e o x y - 3 - D - g l u c o p y r a n o s y l ) -
a - D - g a l a c t o p y r a n o s i d e ( 2 7 ) . A s o l u t i o n o f t h e d i s a c -
c h a r i d e 2 6 ( 1 . 0 2 g , 1 . 1 m m o l ) i n a m i x t u r e o f a c e t o n e 
( 4 0 m l ) , w a t e r ( 2 0 m l ) a n d c o n e , h y d r o c h l o r i c a c i d ( 8 

m l ) w a s s t i r r e d a t 7 0 ° f o r 3 h r . A f t e r t h e r e m o v a l o f 
a c e t o n e , t h e s t i c k y r e s i d u e w a s e x t r a c t e d w i t h e t h y l 
a c e t a t e ( 2 χ 5 0 m l ) a n d t h e c o m b i n e d e x t r a c t s w e r e 
w a s h e d w i t h c o l d w a t e r a n d c o l d s a t u r a t e d s o d i u m b i c a r 
b o n a t e s o l u t i o n . S o l v e n t r e m o v a l l e f t a s o l i d ( 8 9 0 m g ) 
w h i c h a p p e a r e d t o b e a d e a c e t y l a t e d c o m p o u n d . A s o l u 
t i o n o f t h i s b e n z o y l g r o u p c o n t a i n i n g p r o d u c t a n d 8 5 % 
h y d r a z i n e h y d r a t e ( 3 . 0 m l ) i n 9 5 % e t h a n o l ( 1 0 m l ) w a s 
r e l f u x e d f o r 3 h r a n d c o o l e d t o 0 ° . T h e s o l i d w a s 
r e m o v e d b y f i l t r a t i o n a n d t h e f i l t r a t e w a s e v a p o r a t e d 
t o a s y r u p w h i c h w a s a p p l i e d t o a c o l u m n o f D o w e x 1 x 8 
r e s i n ( h y d r o x i d e f o r m ) u s i n g w a t e r . F r e e z e - d r y i n g o f 
t h e e l u e n t g a v e a f o a m w h i c h w a s c r y s t a l l i z e d f r o m 9 8 % 
e t h a n o l ( 3 0 2 m g , 7 7 % y i e l d ) , mp 2 1 0 - 2 1 2 ° ( d e c ) , [ α ] £ 4 

+ 1 0 2 ° ( c , 0 . 5 i n w a t e r ) . 
1 H - N M R ( D 2 0 ) : δ 5 . 1 5 ( d , 2 H z , H - l ) ; 4 . 8 6 ( d , 8 

H z , H - l ? ) ; 3 . 7 0 ( s , 3 , O C H 3 ) ; 2 . 9 6 ( t , 8 H z , H - 2 ' ) ; 
4 . 6 0 - 3 . 5 6 ( m , 1 1 r e m a i n i n g p r o t o n s ) . 

1 3 C - N M R ( D 2 0 , p H 9 . 5 a n d 5 . 0 r e s p e c t i v e l y ) : 
1 0 0 . 0 , 9 9 . 9 ( C - I ) , 6 9 . 2 , 6 8 . 9 ( C - 2 ) , 7 0 . 4 , 6 9 . 7 ( C - 3 ) , 
7 8 . 9 , 7 9 . 1 ( C - 4 ) , 7 0 . 6 , 7 0 . 1 ( C - 5 ) , 6 1 . 5 , 6 0 . 9 ( C - 6 ) , 
1 0 5 . 0 , 1 0 0 . 1 ( C - l 1 ) , 5 7 . 5 , 5 6 . 9 ( C - 2 f ) , 7 6 . 5 , 7 2 . 6 
( C - 3 1 ) , 7 0 . 4 , 7 0 . 1 ( C - 4 f ) , 7 6 . 5 , 7 6 . 4 ( C - 5 ' ) , 6 1 . 5 , 
6 1 . 5 ( C - 6 1 ) . 

Anal. C a l c d . f o r C 1 3 H 2 5 N 0 1 0 : C , 4 3 . 9 4 ; H , 7 . 0 9 ; 
N , 3 . 9 4 . F o u n d : C , 4 3 . 3 2 ; H , 6 . 9 6 ; N , 3 . 9 0 . 
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Methyl 4-0-(2-Acetamido-2-deoxy-g-D-glucopyrano-
sy l ) -α-g-ga lac topyranos ide (28). The compound, mp 160-
162° (dec), [a]g5 +83.3 (c, 0.5 in water), was 
obtained in 94% yield from compound 27 by the method 
used for the preparation of the compound 18. 

1H-NMR (D20): 6 5.12 (d, 2.5 Hz, H-l); 4.94 (d, 
8 Hz, H-l 1 ) ; 3.72 (s, 0CH3); 2.38 (s, N-acetyl). 

13C-NMR (D20): 102.2 (C-l ? ) , 99.5 (C-l), 77.2 
(C-4), 75.6 (C-5 f), 73.9 (C-3'), 70.9 (C-5), 70.2 (C-3), 
69.4 (C-2), 68.5 (C-41), 61.0 (C-6, C-6 f), 55.8 (C-2 f). 

Anal. Calcd. for C 1 5 H 2 7 N 0 1 1 : C, 45.34; H, 6.85; 
N, 3.53. Found: C, 44.98; H, 6.80; Ν, 4.02. 
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Abstract 

The chemical properties of the anomeric tri-0-
acetyl-2-deoxy-2-phthalimido-D-glucopyranosyl halides 
were examined. With the halogen C1, Br and I, the 
anomerization equilibrium constants are 3.2, 1.2 and 
3.0, respectively, in accord with earlier evidence 
(S. Akiya and T. Osawa, 1960) for destabilization of 
the α-forms by the phthalimido group. The α-anomers 
undergo replacement of the halogen with inversion 
whereas extensive retention of configuration occurs 
using the β-forms and therefore a cationic inter
mediate is indicated. Reaction of the β-hal ides with 
2-propanol in nitromethane containing mercuric cyanide 
provided the β-g lycos ides in high yield. However, 
with 2,2,2-trichloroethanol, glycosyl cyanide formation 
was extensive. Using silver triflate-collidine (1:1) 
as the halogen acceptor, 2,2,2-trichloroethyl tri-0-
acetyl-2-deoxy-2-phthal imido-β-D-glucopyranoside was 
formed in 86% yield. Under these conditions, the t r i 
0-acetyl-2-deoxy-2-phthal imido-β-g-glucopyranosyl 
derivatives of 2,2,2-trichloroethyl 4,6-0-benzylidene-
2- deoxy-2-phthalimido-3-g-glucopyranoside, 2,2,2-
trichloroethyl 3,6-di-0-acetyl-2-deoxy-2-phthalimido-
β- D-glucopyranoside and methyl 2,3,6-tri-0-benzoyl-α-
g-galactopyranoside were synthesized in 82, 68 and 79% 
yields, respectively. 
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Some Aspects of the Chemistry of D-Glucal 

I. D. BLACKBURNE, A. I. R. BURFITT, P. F. FREDERICKS, and R. D. GUTHRIE 
School of Science, Griffith University, Nathan, Q.4111, Australia 

D-Glucal (Fig. 1) is a well known unsaturated sugar (1) -
in the words of Fraser-Rei
much study of the chemistr
-isomers, D-galactal etc., as witnessed by work described in the 
excellent reviews in Advances in Carbohydrate Chemistry by 
Ferrier (3,4) and its continuing mention in the Specialist 
Periodical Reports on Carbohydrate Chemistry. Not unexpectedly 
much of the research on D-glucal has involved addition of a 
wide variety of molecules to the 1,2-double bond (3,4). Lit t le 
work has been done to exploit the other feature of D-glucal, 
namely that it has three different types of hydroxyl group, 
primary, secondary, and allylic. (Fig. 1) Those few 
derivatives at the 3,4 or 6 position that have been made have 
been prepared from the appropriate D-glucose compound then 
finally putting the 1,2-double bond in place. No studies have 
been made, as far as we are aware, of the selectivity of 
reaction amongst the three hydroxyl groups. 

This exploitation of D-glucal chemistry has "relevance" 
as a l l our work is nowadays supposed to have. Amino-glycoside 
antibiotics (5) are now important chemotherapeutic substances. 
The nitrosyl chloride based synthesis devised by Lemieux 
(Fig. 2) is of particular interest here as it utilises glucals 
in the synthesis of α-linked glycosides with an amino or an 
hydroxyl group at C-2. 

Thus one could envisage a semi-synthetic route to modified 
kanamycins. (Figs. 3 and 4) These suppose that D-glucal 
derivatives with required modification at C-3 or C-6 (Fig. 5) 
are available: such compounds are our targets. We decided first 
to investigate the synthesis of 6-deoxy-6-fluoro derivatives. 

3,4-Di-0-benzoyl-6-0-tosyl-D-glucal (Fig. 6) is probably 
the most readily available (7) potential starting material. 
Reaction with fluoride ion in protic solvents such as ethylene 
glycol led to products that were difficult to separate. 
Caesium fluoride in DMF, in contrast gave a beautifully 
crystalline compound, (92%) which was identified as the novel 
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Figure 1. Ό-Glucal, showing, from top to bottom, a pri
mary, secondary, and an allylic hydroxyl group 
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Figure 4 
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Figure 6. Reagents: (i) CsF, DMF; (ii) 
AgF, pyr; (in) MeONa, MeOH (Kiss, 
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Figure 7. Reagents: (i) PhCH2Br, BaO, 
Ba(OH)2; (ii) NaH, PhCH2Br 
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diene dibenzoate by comparison with a compound prepared by Kiss 
(8). 

The basic nature of the fluoride ion [9) suggested that a 
more stable blocking group was needed for the C-3 and C-4 
hydroxy! groups than benzoyl, for example, benzyl ether groups. 
Furthermore, an unprotected hydroxy1 group is undesirable at 
C-3 because of the known (JO) possibility of formation of a 
3,6-anhydro compound. Efforts were then directed towards the 
synthesis of 3,4-di-0-benzyl-6-0-tosyl-D-glucal. 

Using the benzylation of benzyl 2-icetamido-2-deoxy-6-0-
mesyl-a-D-glucopyranoside as a model (11), 6-0-tosyl-D-glucal 
was treated as shown (Fig. 7). The major product had~only one 
benzyl group and was readily shown to be the 3,6-anhydro 
derivative, by benzylation of authentic (_7) 3,6-anhydro-D-glucal. 
No 3,6-anhydro-sugar formation was reported by Shulman and 
Khorlin (11) and the ease of our reaction presumably reflects 
the ease with which 6-0-tosyl-D-gluca
conformation. 

Attention was next turned to the selective benzoylation of 
D-glucal, in the hope that some blocking group sequence might be 
3eveloped and also out of pure academic interest on the relative 
reactivity of the three different types of hydroxy! groups. 
Reaction with one equivalent of benzoyl chloride gave a complex 
mixture that after chromatography and crystallisation gave, as 
the major product (30%) 6-0-benzoyl-D-glucal (Fig. 8),identified 
by conversion to the known 3,4-diacelate, prepared by Brig! by 
an indirect route (12). Treatment of D-glucal with two 
equivalents of benzoyl chloride gave tRe dibenzoate (65%), 
identified by nmr analysis (Fig. 9) as the 3,6-derivative. Of 
note is that irradiation at 6 5.60 (H-C-COPh) removed the long-
range coupling to H-l and the coupling to H-2. 

The lack of success with the above reactions in terms of 
yields led us to turn to other possible routes for blocking the 
C-3 hydroxyl group. Fraser-Reid (13) has described the synthesis 
of 4,6-0-isopropylidene-D-glucal en route to the 3-ketone, but 
did not characterise the intermediate (Fig. 10). It was, however 
isol able, as a syrup, either by chromatography, or by benzoylat
ion of the crude product to give a crystalline 3-benzoate, 
followed by de-benzoylation. Treatment of 4,6-0-isopropylidene-
D-glucal with sodium hydride and benzyl chloride gave the 
3-0-benzyl ether (Fig. 11). This was de-acetalated with 
p-toluenesulphonic acid to give crystalline 3-0-benzyl-D-glucal 
(40%). The low yield presumably results from the side reactions 
of the acid-sensitive vinyl ether function. The structure of 
the 3-ether was proved by comparison with a compound prepared 
from a 3-0-benzyl-D-glucose derivative (14). 

Concurrently with the above another approach was studied, 
namely placing a temporary blocking group at 0-6, putting block
ing groups such as benzyl ether at 0-3 and 0-4, removing the 
0-6 group and replacing i t with tosyl or mesyl. Obviously the 
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Figure 9 
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Canadian Journal of Chemistry 

Figure 10. Reagents: (i) (CHs)2C(OCHs)2, TsOH, DMF; (ii) Mn02, 
CHCls (Fraser-Reid et al, Canad. J. Chem. (1973) 51,3950) 
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temporary 0-6 blocking group ideally had to be removed using 
conditions that were neither acidic, nor by hydrogénation. 
Recent papers have described the use of the t-butyldimethyl s i l y l 
(BDMS) ether function (15-20), which f i ts the above requirements. 
The BDMS chloride reacts preferentially with primary hydroxyl 
groups (18,2]J and the formed Si-0 bond is particularly 
susceptible to attack by fluoride ion to regenerate the parent 
hydroxyl function. We have shown that use of pyridine as 
catalyst (21) rather than imidazole (15,20) confers greater 
selectivity on the reagent. 

Treatment of D-glucal with one equivalent of BDMS chloride 
gave a mono-derivative, assigned the 0-6 structure (Fig. 12) 
(and see later). Benzylation by the sodium hydride method gave 
3,4,6-tri-O-benzyl-D-glucal; use of the barium hydroxide, barium 
oxide, benzyl bromide method gave a d i - and mono-0-benzyl ether. 
Desilylation gave a mixture of D-glucal d i - and mono-benzyl 
ethers (Fig. 13). The
be different from the 3-()-benzyl ether and was converted to 
3,6-anhydro-4-0-benzyl-D-glucal, thus the secondary rather than 
the a l ly l i c hydroxyl was preferentially benzylated. 

3,4-Di-O-benzyl-D-glucal was then tosylated (Fig. 14) and 
the product treated with tetrabutylammonium fluoride in DMF to 
give the 6-fluoro derivative (75%). It is interesting to 
compare this reaction with that described by Pacak et al (22). 
Treatment of the dibenzyl-tosyl-glucal with caesium fluoride in 
ethylene glycol gave two products, one of which was the 2'-
hydroxyethyl derivative (Fig. 15). 

The XH n.m.r. spectrum of the deoxy-fluoro product showed 
the presence of vinyl ether (6 6.39, 1H) and two benzyl ether 
(67.30, 10H) functions. The 1 9 F spectrum at 94 M Hz was a 
triplet of doublets (J 47.2 and 24.6 Hz) due to coupling of the 
fluorine substituent with the two C6 and one C5 protons, 
establishing firmly that the BDMS group was previously at C-6. 
The successful application of the t-butyl-dimethylsilyl 
protecting group in the present synthesis follows its recently 
described (15-19) ut i l i ty in the nucleoside field and emphasizes 
its suitabiTTty as an alternative to the t r i ty l protecting 
group, particularly in acid-sensitive systems. 

In similar fashion, 3-deoxy-D-glucal (23) and ethyl 
2,3-dideoxy-g-D-erythro-hex-2-enopyranoside"T24) were converted 
via the BDMS ethers to the 4-0-benzyl ethers. Conversion into 
the tosylates in the usual way and treatment with caesium 
fluoride in ethylene glycol gave the 6-deoxy-6-fluoro 
derivatives (Fig. 16) along with small amounts in each case of 
lower-Rccomponents. The by-product from the latter reaction 
was isolated by p.I.e.; n.m.r. and high resolution mass 
spectrometry indicated the 6-0-(2'-hydroxyethyl) structure. 
Compounds in the 3-deoxy-D-glucal series, including the 
6-deoxy-6-fluoride were in general found to decompose 
particularly readily. 
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Figure 11. Reagents:

Figure 12. Reagents: (i) BDMS-Cl, pyr; (ii) PhCH2Br, BaO, Ba(OH)2 

+ — + 

Figure 13. Reagents: (i) Bu^NF, DMF 
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Collection of Czechoslovak Chemical Communications 

Figure 14. Reagents:

Figure 15. Reagent: (i) CsF, (CH2OH)2 

Journal of the Chemical Society 
Journal of the American Chemical Society 

Figure 17. The structures are, from left to right, from a reaction of a hex-2-enose and 
OCN-S02Cl (Hall, Jordaan 6- Laurens, J. Chem. Soc. (Perkin I) 1973, 38), from a D-
glucose derivative (Umezawa et al, J. Am. Chem. Soc. (1972) 94, 4353), and from O-glucal 
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Figure 19. These compounds have the ally lie mesyloxy group displaced by an SN2 proc
ess (Overend et al, J. Chem. Soc., 1950, 738, Brimacombe et al, J. Chem. Soc. (Perkin 

I ) 1975,979, and Guthrie et al, unpublished work, respectively) 

Justus Liebigs Annalen der Chemie 
Collection of Czechoslovak Chemical Communications 

Figure 20. Two allylic sulphonates proceed via SN2' processes (Brockhaus ir Lehmann, 
Justus Liebigs Ann. Chem., 1974, 1675 and Pecka, Stanek & Cerny, Coll. Czech. Chem. 

Commun. (1974) 39,1192, respectively) 

Journal of the American Chemical Society 

Figure 21. (Stork 6- White, J. Am. Chem. Soc. (1956) 78,4626) 
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Attention was then turned to the 3-position of D-glucal. 
Some D-glucal compounds at the 3-position are known as shown in 
Fig. T7 (and references therein). The approach planned, and 
i t was hoped also that i t would be applicable to the epimeric 
D-al lal , was to place a leaving group at C-3, such as a 
sulphonate ester. 

The question then arises: how will a nucleophile attack 
this a l ly l i c system - by SN1 or S*,2 attack to give a 3-substit-
uted glucal or al lai derivative ;Fig . 18), or by an SN2' 
process to yield a 1-substituted 2,3-unsaturated sugar. 

It is interesting to look at the pathways for displace
ments on known a l ly l i c sugar sulphonates. Fig. 19 (and 
references therein) show the systems that have been reported 
as proceeding via SN2 processes. Fig. 20 (and references 
therein) shows those a l ly l i c sulphonates shown to proceed via 
S*.2' processes. The f i rst is explicable in that the double bond 
in a six-membered rin
endocyclic position i f possible. The second case was argued on 
the grounds that the benzyloxy anion would have a much lower 
energy approach path to C-4 than to C-2 because of the two ring 
oxygens. On this argument i t is diff icult to see why the 
2-0-mesyl-3-ene compound of Brimacombe (Fig. 19) does not 
undergo SN2' displacement at C-4. 

Fig. 21 shows displacements on the codeine type skeleton. 
Si|2 approach to the chloro group by piperidine (in benzene) is 
hindered and so an SN2' pathway is followed; the epimeric 
tosylate is displace*! in an SN2 fashion by same reagent, 
presumably because of lack of hinderance to the pathway. There 
seem few examples of a l ly l i c sulphonate displacements recorded 
in the literature other than simple systems. 

The system (A) (Fig. 22) is not just a simple a l ly l i c 
system, but one which as far as we can see has not been studied 
elsewhere - i t is an extended a l ly l i c system - extended by the 
ring oxygen atom. In this way i t differs from a l l of the other 
a l ly l i c systems studied, and this should affect its activity 
markedly. 

The f i rst unexpected finding was that we could not 
tosylate the molecule (Fig. 22). This is a result that is 
diff icult to believe, but we have repeated the experiment many 
times. It was interesting that we could not tosylate 
4,6-0-benzylidene-Q-allal either. (However, i t wil l be recalled 
that a benzoate ester and a benzyl ether of 4,6-0-isopropylidene-
D-glucal can be prepared.) Mesylation gave in the majority of 
cases material of low that could not be identified, but 
under one set of conditions gave a major and minor product, 
readily identified by 1 3 C n.m.r. spectroscopy as novel products, 
but in no way what we wanted. 

Fig. 23 shows the 1 3 C n.m.r spectrum of 4,6-0-isopropyl
idene-D-glucal and Fig. 24 the 1 3 C spectrum of the major 
product. Instantly i t is obvious that there are too many carbon 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



Fi
gu

re
 2

2 

RS
0 2C

1 
(e

qu
iv

.) 
Ba

se
 (

eq
ui

v.
) 

So
lv

en
t 

Ts
Cl

 (
1.

2)
 

Et
3N

 
(1

.2
) 

CH
CI

3 

Ts
Cl

 (
1.

2)
 

py
r 

(1
.2

) 
CH

C1
3 

Ts
Cl

 (
1.

2)
 

py
r 

(9
2)

 
(p

yr
) 

Ms
Cl

 (
2.

0)
 

py
r 

(4
6)

 
(p

yr
) 

Ms
Cl

 (
1.

0)
 

Et
gN

 
(1

.2
) 

CH
2C

1 2 

Ms
Cl

 (
1.

0)
 

Et
3N

 
(1

.0
) 

C
6H

6 

Te
mp

. 
Ti

m
e 

Pr
od

uc
ts

 

0°
 

4d
 

A 

0 
20

° 
5d

 
A 

10
 +

 3
0°

 
23

d 
A 

20
 +

 8
° 

Id
 

R f 
< 

0.1
 

50
 - 

-1
6°

 
2.

5d
 

R f
 

< 
0.1

 

10
 - 

5°
 

1.5
h 

R f
 

-0
.5

 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



H
O

 
6

6
.7

* 

r 
C

ou
ld

 
be

 
In

te
rc

h
an

ge
d 

υ 
Fi

gu
re

 2
3.

 
13
C

 n
m

r 
sp

ec
tr

um
 o

f 
4,

6O
-i

so
pr

op
yl

id
en

e-
T>

-g
lu

ca
l 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



•—
' 

Κ)
 

οο
 

CO
 

Ω
 1 f ι CO
 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



CM
 

J 

ι 
»

 
J

 

F
ig

ur
e 

25
. 

1
3
C

 n
m

r 
sp

ec
tr

a 
of

 m
aj

or
 a

nd
 m

in
or

 p
ro

du
ct

s 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



S Y N T H E T I C M E T H O D S F O R C A R B O H Y D R A T E S 

< \ 

ArCOO 

C I 

©-
C I 

NO 

Figure 26 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



7. B L A C K B U R N E E T A L . Chemistry of Ό-Glucal 131 

atoms, twice too many in fact, and the specturm is consistent 
with the doubly unsaturated disaccharide shown. The assignments 
f i t well with 1 3 C spectra of model 2,3-unsaturated sugars (25). 
The spectrum is consistent with the α-anomer. The dimeric 
structure was further supported by a low resolution mass 
spectrum which showed the expected molecular ion and a strong 
(M-15) ion, typical of molecules bearing an isopropylidene 
group. The 1 3 C n.m.r. spectra of both major and minor products 
are shown in Fig. 25. The spectra are consistent with an 
anomeric pair: note particularly the shift of the signals due 
to C-V, the C-2', C-3' pair, and in the region where C-5' would 
be expected to be. 

One might expect the anion of the 3-hydroxyl compound to be 
destabilised by the glucal system (Fig. 26) and this may 
account for the 4-benzyl ether rather than the 3-benzyl ether 
being formed in Fig. 12
exist is demonstrated by its intermediacy in the synthesis of 
the benzyl ether of 4,6-0- isopropylidene-D-glucal (Fig. 11). 

It would be expected that the mesylate of 4,6-0-isopropyl-
idene-Q-glucal would be exceptionally reactive and in the 
majority of reactions with mesyl chloride i t is presumably 
formed and reacts further. Tosyl chloride is less reactive 
than mesyl chloride and i t may be that a balance of effects i f 
found here. Furthermore, carboxylic acid chlorides are more 
reactive than sulphonic acid chlorides and perhaps tosyl 
chloride is sufficiently inactive towards this particular 
alcohol. 

Further studies with other sulphonyl chlorides of 
reactivity between that of tosyl and mesyl chlorides are 
necessary. The whole study throws up an interesting basic 
problem of the chemistry of the oxa-allylic system 
"RO-CH = CH-C-H-X" and systems simpler than carbohydrates wil l 
need to be studied to throw light on these intriguing problems. 

In view of the ability to prepare carboxylic esters of 
4,6-0-isopropylidene-D-glucal, a number of such esters were 
prepared that might bê expected to provide good leaving groups 
on the oxa-allyl system (Fig. 26): none of the esters was 
affected by sodium azide in DMF. 
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Methods for Introducing Atoms Other than Oxygen 

into Sugar Rings 

ROY L. WHISTLER and ABUL K. M. ANISUZZAMAN 
Department of Biochemistry, Purdue University, Lafayette, Ind. 47907 

Introduction 

In the last fifteen years some attention has been directed 
toward the production of modified sugars wherein the normal ring 
oxygen atom is replaced by another heteroatom. In some 
instances syntheses have been induced with the desire to create 
analogs which might possess interesting and even potentially use
ful properties and in some instances synthesis has reflected 
simply a basic interest in chemical structures and reaction 
chemistry. 

Our laboratory originally became interested in sugar 
analogs with sulfur replacing the ring oxygen because we antici
pated that such analogs, but especially the analog of D-glucose, 
might possess new and useful biochemical effects. Our first 
sulfur analog was methyl 5-thio-α-D-xylopyranoside where the 
sulfur was locked into the ring by glycoside formation (1). 
Although we thought we were the first to introduce sulfur into 
a sugar ring and so commented at the time of writing, two other 
groups (2,3) reported 5-thio-D-xylose with the suggestion of 
sulfur as the ring heteroatom in November 1961 while our methyl 
D-xyloside analog manuscript was received by the Journal of the 
American Chemical Society on December 2, 1961. Since that ini
tial period many sugars with ring atoms of sulfur and some with 
nitrogen, selenium and phosphorus have been prepared. Those with 
the greatest biochemical interest and hence with the greatest 
potential medical value have, so far, continued to be the sulfur 
analogs. 

This review will report a short description of methods for 
introducing heteroatoms that may become part of the sugar ring 
system. 

Introduction of potential ring heteroatoms may be accom
plished rather easily, in general, by simple nucleophilic dis
placement of a good leaving group such as the p-tolylsulfonyloxy 
or methylsulfonyloxy. This technique works well for primary po
sitions and usually well at chiral secondary positions where the 
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e n a n t i o m o r p h i c f o r m i s o b t a i n e d b y i n v e r s i o n o f c a r b o n . 
N a t u r a l l y , a n u m b e r o f o t h e r i n t r o d u c t o r y p r o c e d u r e s h a v e b e e n 
a p p l i e d a n d s o m e o f t h e s e w i l l b e d i s c u s s e d . 

T h e h e t e r o a t o m t o b e c o m e a p a r t o f t h e m o n o s a c c h a r i d e r i n g 
i s n o r m a l l y p l a c e d o n c a r b o n C-4, o r c a r b o n C - 5 o f a n a l d o s e 
s u g a r o r c a r b o n C - 5 o r C - 6 o f a k e t o s e s u g a r s o t h a t i t w i l l b e 
c a p a b l e o f n u c l e o p h i l i c a t t a c k o n t h e c a r b o n y 1 c a r b o n t o p r o d u c e 
a h e m i a c e t a l o r h e m i k e t a l i n a m o d e r a t e l y s t a b l e p y r a n o s e o r 
f u r a n o s e r i n g . T h e r i n g s t a b i l i t y w i l l d e p e n d o n t h e s i z e a n d 
e l e c t r o n i c c h a r a c t e r i s t i c s o f t h e h e t e r o a t o m . W h i l e i n n o r m a l 
m o n o s a c c h a r i d e s t h e o x y g e n o n t h e d e l t a o r e p s i l o n c a r b o n t o t h e 
c a r b o n y l g r o u p c a n n u c l e o p h i l i c a l l y a t t a c k t h e c a r b o n y l c a r b o n 
t o f o r m a h e m i a c e t a l o r h e m i k e t a l , t h e r i n g m a y o p e n a n d c l o s e 
g i v i n g v a r i o u s p o r t i o n s o f a c y c l i c a n d o f f i v e a n d s i x m e m b e r e d 
r i n g f o r m s a n d , o n o c c a s i o n , a p r o p e r h y d r o x y l m a y r e a c t t o g i v e 
a m i n u t e p o r t i o n o f a s e v e n m e m b e r e d r i n g . T h e v a r i o u s i s o m e r s 
i n e q u i l i b r i u m w i l l e x i s
l i t i e s . W h e n h e t e r o a t o m s m o r e n u c l e o p h i l i c t h a n o x y g e n a r e i n 
p o s i t i o n t o r e a c t w i t h t h e c a r b o n y l g r o u p t h e r i n g s w i l l h a v e 
h i g h e r s t a b i l i t y a n d l e s s r i n g o p e n i n g w i l l o c c u r . T h i s w i l l 
g i v e r i s e t o a h i g h e r p o p u l a t i o n o f i s o m e r s w i t h t h e s u g a r r i n g 
i n v o l v i n g t h e p a r t i c u l a r n u c l e o p h i l e . T h e o r d e r o f n u c l e o p h i l i -
c i t y o f r e a c t i v e s u b s t i t u e n t s i s - S e H > - S H > - p H 2 > - N H 2 > - 0 H > 
N H C O R . E x p e r i m e n t a l r e s u l t s s h o w t h a t i n 5 - t h i o - D - g l u c o s e s o l u 
t i o n s o n l y a n e g l i g i b l e p o r t i o n o f f u r a n o s e f o r m s a r e p r e s e n t 
w h i l e i n 4 - t h i o - g - g l u c o s e (4) t h e f u r a n o i d i s t h e p r e v a l e n t 
f o r m . N o r m a l o x y g e n k e t o s e s T h a v e a l w a y s s h o w n a p r o c l e v i t y t o 
f o r m a f a m i l y o f i s o m e r s i n s o l u t i o n w i t h a f a i r a m o u n t o f 
a c y c l i c f o r m p r e s e n t . 5 - T h i o - D - f r u c t o s e ( 5 ) a l s o a p p e a r s 
i n c l i n e d t o w a r d a m i x t u r e o f i s o m e r s w i t h β - D - f r u c t o f u r a n o s e 
p r e d o m i n a t i n g b u t i n t h e p r e s e n c e o f L e w i s a c i d c a t a l y s t u n d e r 
a c e t y l a t i n g c o n d i t i o n s t h e m a i n p r o d u c t i s t h e a c y l i c 5 - t h i o -
k e t o - D - f r u c t o s e p e n t a a c e t a t e . 

O f a l l t h e s u g a r a n a l o g s c o n t a i n i n g a h e t e r o a t o m o t h e r t h a n 
o x y g e n , b y f a r t h e m o s t i n t e r e s t i n g b i o c h e m i c a l l y i s 5 - t h i o - D -
g l u c o s e . T h i s m o n o s a c c h a r i d e a n a l o g , i t s g l y c o l y t i c p a t h w a y 
a n a l o g s a n d i t s n u c l e o t i d e a n a l o g s s u c h a s u r i d i n e 5 ( 5 - t h i o - a -
D - g l u c o p y r a n o s y l ) p y r o p h o s p h a t e ( U D P T G ) h a v e s h o w n u n u s u a l l y u s e 
f u l n e s s i n e n z y m e c o n t r o l l e d r e a c t i o n s . M o s t s i g n i f i c a n t l y 
5 - t h i o - D - g l u c o s e a l o n e a c t s a s a r e v e r s i b l e c o n t r o l o f m a l e 
f e r t i l i t y . I t i s t h e f i r s t a g e n t c o n t r o l l i n g m a l e f e r t i l i t y 
t h a t i s n o t a h o r m o n e n o r a t o x i c s u b s t a n c e ( 6 ) . T h i s s u g a r 
a n a l o g i s b e i n g c o n t i n u o u s l y e x a m i n e d w i t h a n t i c i p a t e d d e m a n d 
f o r l a r g e a m o u n t s . S i n c e i t s p r e s e n t s y n t h e s i s i n v o l v e s a n u m 
b e r o f s t e p s , a n e w s i m p l i f i e d s y n t h e s i s o f 5 - t h i o - D - g l u c o s e i s 
h i g h l y d e s i r a b l e . A u n i q u e f e a t u r e o f U D P T G i s t h a t , i n s m a l l 
a m o u n t s , i t i n c r e a s e s t h e a c t i v i t y o f g l y c o g e n s y n t h e t a s e s o m e 
5 0 0 p e r c e n t (7). 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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S u g a r R i n g s C o n t a i n i n g S u l f u r 

1 . N u c l e o p h i l i c D i s p l a c e m e n t o f S u l f o n y l o x y G r o u p s . 
N u c l e o p h i l i c d i s p l a c e m e n t o f a p - t o l y l s u l f o n y l o x y ( t o s y l o x y ) o r 
m e t h y l s u l f o n y l o x y ( m e s y l o x y ) g r o u p b y a s u l f u r n u c l e o p h i l e i s 
m o s t w i d e l y u s e d f o r r e p l a c i n g a m o n o s a c c h a r i d e e s t e r o x y g e n 
w i t h a t h i o a k y l o r t h i o l a c y l g r o u p . C o m m o n l y a t h i o l a c y l s u c h 
a s t h i o l a c e t y l i s u s e d b e c a u s e , i n a p r o p e r l y b l o c k e d m o n o s a c 
c h a r i d e d e r i v a t i v e , a c e t o l y s i s w i l l d e b l o c k t h e s u g a r a l l o w e d b y 
t h e i n t r o d u c e d s u l f u r t o a t t a c k t h e c a r b o n y l c a r b o n , f o l l o w i n g 
a c e t y l a t i o n o f t h e s t a b l e r i n g f o r m c o n t a i n i n g s u l f u r . A m o n g 
o t h e r s u l f u r c o n t a i n i n g d i s p l a c i n g a g e n t s u s e d a r e b e n z y l t h i o -
x i d e , t h i o c y a n a t e o r t h i o s u l f a t e a n i o n s b u t t h e s e g r o u p s r e q u i r e 
r e d u c t i o n t o f o r m t h e t h i o l . T h i o b e n z y l d e r i v a t i v e s a r e u s u a l l y 
r e d u c e d (1) w i t h s o d i u m i n l i q u i d a m m o n i a t o r e m o v e t h e b e n z y l 
g r o u p a s t o l u e n e a n d 1 , 2 - d i p h e n y l e t h a n e
s u l f a t e a r e c l e a v e d b
s o d i u m b o r o h y d r i d e ( 2 ) . T h i o c y a n a t e a n d t h i o s u l f a t e g i v e p o o r 
y i e l d s a n d r e q u i r e r a t h e r l o n g r e d u c t i o n t i m e s i n d i s p l a c e m e n t s 
o n s e c o n d a r y c a r b o n s . H e n c e t h e s e n u c l e o p h i l e s h a v e b e e n m o s t 
s a t i s f a c t o r i l y a p p l i e d i n d i s p l a c e m e n t s a t p r i m a r y c a r b o n s . A l l 
d i s p l a c e m e n t s a t s e c o n d a r y p o s i t i o n s a r e m o r e d i f f i c u l t t h a n a t 
p r i m a r y , a s m a y b e e x p e c t e d . B e s t c o n d i t i o n s r e q u i r e t h e u s e 
o f a g o o d a p r o t i c s o l v e n t s u c h a s N , N - d i m e t h y l f o r m a m i d e ( D M F ) . 
p - T o l y l s u l f o n y l o x y g r o u p s h a v e b e e n d i s p l a c e d w i t h t h i o b e n z y l , 
t h i o l a c e t y l o r t h i o l b e n z o y l a n i o n s i n t h e s y n t h e s i s o f 5 - t h i o -
D - x y l o p y r a n o s e ( 1 - 3 ) , 5 - t h i o - D - r i b o p y r a n o s e ( 9 , 1 0 ) , 6 - d e o x y - 4 -
t h i o - D - g l u c o f u r a n o s e ( 1 1 ) , 5 - t h i o - D - g l u c o s e ( 1 2 ) , 4 - t h i o - ^ -
a n d D - r i b o f u r a n o s e ( 1 3 , 1 4 ) , 4 - t h i o - D - x y l o s e ( 1 5 ) , a n d 6 - t h i o - D -
g a l a c t o s e p t a n o s e (JL6) s t r u c t u r e s . T h e m e t h o d w a s r e c e n t l y u s e d 
(15 ) t o p r e p a r e 5 - t h i o - g - f r u c t o f u r a n o s e , 6 . W h i l e s e v e r a l p r e 

p a r a t i v e s e q u e n c e s w e r e u s e d t h e f o l l o w i n g i l l u s t r a t e s t h e 
r e a c t i o n a n d i s e a s y t o c o n d u c t . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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H e r e 1 , 2 - £ - i s o p r o p y l i d e n e - | j - s o r b o p y r a n o s e , 1 , i s t o s y l a t e d 
( 4 0 % ) w i t h a n e q u i m o l a r q u a n t i t y o f p - t o l u e n e s u ï ï o n y l c h l o r i d e 

a t 0 ° t o p r o d u c e t h e t o s y l d e r i v a t i v e , 2 , w h i c h o n a c e t y l a t i o n 
y i e l d s t h e d i - O - a c e t a t e , 3 . C o m p o u n d 3 ~ ~ i s c o n v e r t e d t o t h e t h i o -
a c e t y l d e r i v a t i v e , 4 b y r e a c t i o n w i t h p o t a s s i u m t h i o l a c e t a t e i n 
N , N - d i m e t h y I f o r m a m i c f e a t 8 0 ° . H y d r o l y s i s o f 4 w i t h a q u e o u s t r i -
f l u o r o a c e t i c a c i d y i e l d s 3 , 4 - d i - 0 - a c e t y l - 5 - S - a c e t y l - 5 - t h i o - P - D -
f r u c t o p y r a n o s e , 5 , w h i c h o n d e a c e t y l a t i o n , i n m e t h a n o l c o n t a i n i n g 
s o d i u m m e t h o x i d e j " p r o d u c e s 5 - t h i o - D - f r u c t o f u r a n o s e , 6 . A l t e r n a 
t i v e l y m e t h y l 1 , 3 - 0 - b e n z y l i d e n e - L - s o r b o f u r a n o s i d e m a y b e s e l e c 
t i v e l y t o s y l a t e d i n h i g h y i e l d a t C - 5 a n d t h e r e a c t i o n s c o n t i n u e d 
a s i n d i c a t e d a b o v e , b u t t h e n u m b e r o f s y n t h e t i c s t e p s i s 
i n c r e a s e d . 

5 - T h i o - P - D - f r u c t o f u r a n o s e , 6 i s t h e m a j o r a n o m e r b u t t h e 
α - D - i s a l s o o b t a i n e d . U s e o f s t r o n g a c i d s o r h i g h t e m p e r a t u r e s 
p r o d u c e s t h e t h i o p h e n e d e r i v a t i v e
s u g a r d e r i v a t i v e s o f t h
r a t i o n t o t h i o p h e n e d e r i v a t i v e s . T h e r e a c t i o n i s s i m i l a r t o t h e 

m i n e r a l a c i d i n d u c e d f o r m a t i o n o f f u r a n c o m p o u n d s f r o m m o n o - a n d 
p o l y s a c c h a r i d e s ( 1 7 ) w h e r e k e t o s e s d e c o m p o s e m o r e r e a d i l y t h a n 
a l d o s e s ( 1 8 ) . T h e ~ ~ p o s s i b i l i t y o f o b t a i n i n g t h i o p h e n e , s t a b i l i z e d 
b y h i g h e r " r e s o n a n c e e n e r g y , m a k e s t h e d e g r a d a t i o n o f 5 - t h i o - D -
f r u c t o s e v e r y e a s y . M i n e r a l a c i d s a l s o c o n v e r t 4 - t h i o a l d o s e s 
t o t h i o p h e n e b u t t o s o m e w h a t l e s s d e g r e e t h a n i n t h e 5 - t h i o k e t o s e 
r e a c t i o n ( 1 9 ) . 

A n o t h e r e x c e l l e n t e x a m p l e o f p - t o l y s u l f o n y l o x y d i s p l a c e m e n t 
b y a c o m p o u n d c o n t a i n i n g a s u l f u r n u c l e o p h i l e i s t h e p r e p a r a t i o n 
4 - t h i o - D - r i b o f u r a n o s e ( 2 0 ) . T h e s t a r t i n g m a t e r i a l i s m e t h y l 
j - l y x o p y r a n o s i d e w h i c h e a s i l y f o r m s t h e 2 , 3 - d i - O - i s o p r o p y l i d e n e 
d e r i v a t i v e t h a t c a n b e t o s y l a t e d a t 0 - 4 . D i s p l a c e m e n t o f t h e 

4 - 0 - p - t o l u e n e s u l f o n y l o x y g r o u p s b y t h i o l a c e t a t e i n t r o d u c e s s u l f u r 
a n d s u b s e q u e n t h y d r o l y s i s o f b l o c k i n g g r o u p s g i v e s t h e 4 - t h i o - D -
r i b o f u r a n o s e w h i c h i s s t a b l e i n t h e c o l d b u t u n d e r g o e s s l o w 
d e g r a d a t i o n a t r o o m t e m p e r a t u r e s a n d r e a d i l y d e h y d r a t e s t o t h i o 
p h e n e i n a c i d o r b a s e . I t c a n b e d i r e c t l y a c e t y l a t e d b y a c e t i c 
a n h y d r i d e i n p y r i d i n e ; t h e a c e t a t e b e i n g s t a b l e . F u r t h e r i t c a n 
b e c o n v e r t e d t o t h e a c e t o c h l o r o s u g a r u s i n g n o r m a l r e a c t i o n s a n d 
f u r t h e r c o n v e r t e d t o g l y c o s i d e s o r n u c l e o s i d e s ( 1 3 , 2 1 , 2 2 ) . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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O A c 

• C H 2 O A c 

A l t h o u g h d i s p l a c e m e n
i o n n o r m a l l y p r o c e e d s w i t
o u s r e a r r a n g e m e n t a n d i n v e r s i o n c a n a l s o o c c u r . T h u s , t h e r e a c 
t i o n o f m e t h y l 2 , 3 - 0 - i s ο p r o p y 1 i d e n e - 4 - 0 - p - 1 ο l y I s u 1 f ο n y 1 - a - L -
r h a m n o p y r a n o s i d e , 8 w i t h p o t a s s i u m t h i o l b e n z o a t e g i v e s n o t t h e 
e x p e c t e d 6 - d e o x y - 4 ^ t h i o - I r - t a l o s e d e r i v a t i v e , 9 b u t m e t h y l 5 - S -
b e n z o y l - 6 - d e o x y - 2 , 3 - 0 - i s ô p r y p y l i d e n e - 5 - t h i o - O ^ L - t a l o f u r a n o s i d e , 
1 0 ( 2 ' 3 ) . R e a c t i o n o f 1 0 w i t h s o d i u m m e t h o x i d e f o l l o w e d b y a c e t o l -
y s i s a n d d e a c e t y l a t i o n ^ g i v e s c r y s t a l l i n e 6 - d e o x y - 5 - t h i o - £ -
t a l o p y r a n o s e , 1 1 . I n g e n e r a l L - r h a m n o s e t e n d s t o u n d e r g o r i n g 
s i z e c o n t r a c t i o n u n d e r a n u m b e r o f c o n d i t i o n s ( 2 4 , 2 5 ) . 

C H „ 

H - O S B Z 
O M e 

C ( C H 3 ) 2 

1 0 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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R e a c t i o n o f Q x i r a n e R i n g s 

T e r m i n a l o x i r a n e r i n g s a r e e a s i l y p r o d u c e d , e s p e c i a l l y i n 
h e x o s e s , a n d a r e c o n v e r t a b l e i n g o o d y i e l d t o t h i r a n e r i n g s b y 
r e a c t i o n w i t h t h i o u r e a . A g o o d e x a m p l e o f t h e u s e o f t h i s m e t h o d 
f o r s u l f u r i n t r o d u c t i o n i s t h a t u s e d i n o n e r o u t e f o r t h e s y n t h e 
s i s o f 5 - t h i o - D - g l u c o s e ( 2 6 ) . H e r e 3 - 0 - b e n z y l - l , 2 - 0 -
i s o p r o p y l i d e n e - D - g l u c o f u r a n o s e i s b e n z o y l a t e d i n t h e c o l d t o 
p r o d u c e t h e C - 6 e s t e r a n d t h e n t o s y l a t e d t o f o r m t h e C - 5 e s t e r . 
A l k a l i s a p o n i f i e s t h e b e n z o y l g r o u p a t t h e p r i m a r y p o s i t i o n 
a l l o w i n g t h e 0 - 6 o x y g e n t o d i s p l a c e t h e t o s y l g r o u p w i t h f o r m a 
t i o n o f t h e t e r m i n a l e p o x i d e , 1 2 . T h i s o n t r e a t m e n t w i t h t h i o 
u r e a p r o d u c e s t h e e x p e c t e d t h i r a n e r i n g w i t h i n v e r s i o n o f C - 5 . 
A c e t o x y a t t a c k p r e f e r e n t i a l a t C - 6 g i v e s r i s e u n d e r a c e t y l a t i n g 
c o n d i t i o n s t o 1 3 w h i c h w i t h s o d i u m i n l i q u i d a m m o n i a a n d h y d r o l y 
s i s p r o d u c e s 5 ^ E h i o - D - g l u c o s e
f o r m . ~ ~

Ç H 0 O A 
ζ c 

C ( C H 3 ) 2 

T h e o x i r a n e s t r u c t u r e c a n b e o b t a i n e d a l s o f r o m a n a p p r o 
p r i a t e 5 , 6 - d i - 0 - p - t o l y l s u l f o n y l d e r i v a t i v e b y t h e a c t i o n o f 
p o t a s s i u m t h i o l a c e t a t e t o p r o d u c e t h e 6 - S - a c e t y l - 6 - t h i o - 5 - 0 - p -
t o l y l s u l f o n a t e d e r i v a t i v e t h a t o n t r e a t m e n t w i t h c o l d s o d i u m 
m e t h o x i d e f o r m s a 5 , 6 - e p i s u l f i d e r i n g ( 2 7 ) . F u r t h e r o p e n i n g o f 
t h e t h i r a n e r i n g c a n p r o c e e d i n t h e n o r m a l w a y s . 

C H 0 O T s 
ι ^ 

C H 2 S A c 

H - C O - T S H - C O T S 

C H „ 

C H 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
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Another way of forming thirane rings from terminal oxirane 
rings is by treatment with thiocyanate anion (28). 

H2Î> âss> 
H-C' 

H C-S-CN 

H-C-Ov 

HÇ-S © 
1 NCN 

H-C-0 

CH„ 

H-C-O-CN 
I 

7 NCH + ®OCN 

S t i l l another route to an appropriate terminal thirane ring 
is from the 5,6-dideoxy-5,6-dichloro sugar derivative produced, 
for example, from 3-0-benzoyl-l,2-0-isopropylidene-a-D
glucofuranose by reactio
and triphenylphosphine (29). Thiolacetate easily displaces the 
primary chlorine anion and subsequent treatment with potassium 
hydroxide causes the S-6 sulfur to displace the secondary chlorine 
to form the expected thirane ring with normal inversion at carbon 
C-5. CH_OH H .CC1 H C S A c 

2 ι 

A possible mechanism for the halogenation reaction is shown. 

Ph3P: CCI. 

Ph3PO RC1 

Ph 3PClCCl 3 

CHC1„ 

ROE ® Θ 
Ph3FORCI 

Direct opening of an oxirane ring by a nucleophilic sulfur 
compound may also be easily effected. Thus 5,6-anhydro-l,2-0-
isopropylidene-a-D-glucofuranose on treatment with sodium Cfr-
toluene thioxide produces the 6-S-benzyl-6-thio compound (16). 
Treatment of 1,6:3,4-dianhydro-P-D-galactopyranose, 15 (4) with 
a-toluenethioxide produces preferential attack at C-4 with forma
tion of the D-glucose derivative, 16. The 1,6-anhydro ring is not 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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o p e n e d u n d e r t h e c o n d i t i o n s b e c a u s e o f i t s g r e a t s t a b i l i t y . 
R e d u c t i v e r e m o v a l o f t h e b e n z y l g r o u p f o l l o w e d b y h y d r o l y s i s o r 
a c e t o l y s i s g i v e s 4 - t h i o - D - g l u c o f u r a n o s e o r i t s a c e t a t e . S i n c e 
t h e u n d e r i v a t i z e d s u g a r a n a l o g i s i n e q u i l i b r i u m w i t h o t h e r 
i s o m e r i c f o r m s i n s o l u t i o n , p r i n c i p a l l y t h e 4 - t h i o - D -
g l u c o p y r a n o s e f o r m s , a c e t y l a t i o n p r o d u c e s a 7 : 3 r a t i o o f f u r a n o s e 
t o p y r a n o s e a c e t a t e s i n d i c a t i n g t h e c o m p a r a t i v e g r e a t e r s t a b i l i t y 
o f t h e s u l f u r r i n g f o r m s . 

O x e t a n e R i n g O p e n i n g 

O x e t a n e r i n g s c a n b e o p e n e d b y n u c l e o p h i l i c r e a g e n t s i n m u c h 
t h e s a m e w a y a s a r e o x i r a n e r i n g s . T h e o n l y e x a m p l e o f o x e t a n e 
r i n g u s e i n c a r b o h y d r a t e s f o r i n t r o d u c t i o n o f s u l f u r a n d a l s o o f 
n i t r o g e n i s w i t h t h e 3 , 5 - a n h y d r o r i n g s i n 1 , 2 - 0 - i s o p r o p y l i d e n e - a -

D - x y l o p y r a n o s e a n d i n 1 , 2 - 0 - i s o p r o p y l i d e n e - P - ^ - i d o f u r a n o s e . T h e 
l a t t e r c o m p o u n d i s m a d e f r o m 3 - 0 - a c e t y l - l , 2 - 0 - i s o p r o p y l i d e n e - 5 - 0 ~ 
p - t o l y l s u l f o n y l - a - D - g l u c o f u r a n o s e w i t h o r w i t h o u t a 6 - 0 -
t r i p h e n y l m e t h y l g r o u p . T r e a t m e n t i n m e t h a n o l w i t h s o d i u m m e t h o -
x i d e r e m o v e s t h e a c e t y l g r o u p a n d a l l o w s n u c l e o p h i l i c a t t a c k o n 
C - 5 b y t h e 0 - 3 o x y g e n t o p r o d u c e t h e o x e t a n e r i n g b y t h e e n s u i n g 
d i s p l a c e m e n t o f t h e p - t o l y s u l f o n y l o x y g r o u p . O p e n i n g o f t h e r i n g 
t o i n s e r t s u l f u r a t C - 5 a n d r e e s t a b l i s h t h e D - g l u c o c o n f i g u r a t i o n 
o c c u r s o n t r e a t m e n t w i t h s o d i u m Q K t o l u e n e t h i o x i d e i n N , N -
d i m e t h y l f o r m a m i d e a t 1 5 0 ° , D u e t o s t e r i c h i n d e r a n c e a t C - 3 t h e 
m a j o r d i s p l a c e m e n t o f t h e o x e t a n e o x y g e n o c c u r s a t C - 5 ( 3 0 ) . A 
s i m i l a r d i s p l a c e m e n t o c c u r s w i t h t h e a z i d o g r o u p t o g i v e t h e 
5 - a z i d o d e r i v a t i v e ( 3 1 ) . 
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A l t e r a t i o n o f E x i s t i n g S u l f u r C o n t a i n i n g S t r u c t u r e 

I t i s s o m e t i m e s d i f f i c u l t t o f i n d g o o d m e t h o d s f o r i n s e r t i n g 
s u l f u r a t a n a p p r o p r i a t e p o s i t i o n i n a m o n o s a c c h a r i d e t h a t i t m a y 
p a r t i c i p a t e i n t h e i n t e n d e d s u g a r r i n g . T h e r e f o r e t h e e x p e d i e n t 
i s o f t e n s o u g h t t o i n s e r t t h e s u l f u r i n t o a s u g a r w h i c h c a n t h e n 
b e i s o m e r i z e d o r c a u s e d t o u n d e r g o c h a i n l e n g t h e n i n g o r s h o r t e n 
i n g r e a c t i o n s t o p r o d u c e t h e s t r u c t u r e d e s i r e d . T w o e x a m p l e s a r e 
t h e p r e p a r a t i o n o f 4 - t h i o - D - a r a b i n o s e a n d 2 - d e o x y - 4 - t h i o - D - r i b o s e 
( C - 4 - t h i o - g - d e o x y r i b o s e ) s t r u c t u r e s . 

I n t h e p r e p a r a t i o n o f m e t h y l 4 - t h i o - D - a r a b i n o s i d e ( 1 2 ) a 
p o s s i b l e i n t e r m e d i a t e i n t h e s y n t h e s i s o f 5 - t h i o - D - g l u c o s e m a y 
s e r v e a s s t a r t i n g m a t e r i a l . T h u s , 5 - S - a c e t y l - 3 , 6 - d i - 0 - b e n z y l -
1 , 2 - 0 - i s o p r o p y l i d e n e - 5 - t h i o - D - g l u c o f u r a n o s e i s h y d r o l y z e d t o 
r e m o v e t h e i s o p r o p y l i d e n e g r o u p a n d t h e n p e r i o d a t e o x i d i z e d t o 
e x c i s e c a r b o n o n e . T h
a n d t h e b e n z y l g r o u p s r e d u c t i v e l
a m m o n i u m t o p r o d u c e t h e f r e e D - a r a b i n o f u r a n o s i d e . 

M e t h y l 2 - d e o x y - 4 - t h i o - D - r i b o s i d e ( 3 2 ) i s p r e p a r e d i n g o o d 
y i e l d b y a r a t h e r l o n g r o u t e s t a r t i n g w i t h 1 , 2 : 5 , 6 - d i - 0 -
i s o p r o p y l i d e n e - a - D - g l u c o f u r a n o s e . T h i s i s t o s y l a t e d a t 0 - 3 , t h e 
t o s y l o x y g r o u p d i s p l a c e d b y t h i o l a c e t a t e a n d t h e s u g a r d e s u l f u -
r i z e d b y R a n e y n i c k e l t o 3 - d e o x y - l , 2 : 5 , 6 - d i - 0 - i s o p r o p y l i d e n e - a -
D - g l u c o f u r a n o s e . T h i s i s c o n v e r t e d t o t h e 3 - d e o x y - l , 2 - 0 -
i s o p r o p y l i d e n e - a - D - g l u c o f u r a n o s e . T h e p r o d u c t i s b e n z o y l a t e d i n 
t h e c o l d t o i n t r o d u c e a 6 - 0 - b e n z o y l g r o u p a n d t h e n t o s y l a t e d . 
T h i s i s t h e n a l k a l i t r e a t e d t o p r o d u c e t h e 5 , 6 - e p o x i d e , w h i c h i s 
o p e n e d w i t h b e n z y l a n i o n t o o b t a i n t h e 6 - 0 - b e n z y l d e r i v a t i v e . 
T h i s p r o d u c t i s t o s y l a t e d a n d t h e t o s y l o x y g r o u p d i s p l a c e d w i t h 
t h i o l a c e t a t e a n i o n a n d t h e i s o p r o p y l i d e n e r e m o v e d b y h y d r o l y s i s . 
T h i s p r o d u c t i s o x i d i z e d w i t h p e r i o d a t e t o e x c i s e c a r b o n o n e o f 
t h e s u g a r . S i n c e t h e s u l f u r i s l e s s n e g a t i v e b y a t t a c h m e n t o f 
t h e a c e t y l g r o u p t h e s u l f u r i s n o t o x i d i z e d t o t h e o x i d e b u t 
r e m a i n s u n e f f e c t e d . U n d e r a c i d i c c o n d i t i o n s i n m e t h a n o l t h e 
m e t h y l 5 - 0 - b e n z y l - 2 - d e o x y - 4 - t h i o - D - e r y t h r o p e n t o f u r a n o s i d e i s 
f o r m e d a n d t h e b e n z y l g r o u p r e d u c t i v e l y r e m o v e d b y s o d i u m i n 
l i q u i d a m m o n i a . 

O n e o f t h e m o s t i n t e r e s t i n g t r a n s f o r m a t i o n s o f o n e s u g a r , 
c o n t a i n i n g s u l f u r , i n t o a n o t h e r i s t h e f o r m a t i o n o f 6 - t h i o - P - D -
f r u c t o p y r a n o s e f r o m 6 - t h i o - D - g l u c o s e . W h e n t h e l a t e r c o m p o u n d 
i s t r e a t e d w i t h i s o m e r a s e i t i s i s o m e r i z e d t o t h e D - f r u c t o s e 
d e r i v a t i v e w i t h s u l f u r b e c o m i n g a p a r t o f t h e p y r a n o s e r i n g ( 3 3 ) . 
H o w e v e r , w h i l e 6 - t h i o - D - g l u c o s e i s a s u b s t r a t e f o r i s o m e r a s e 
6 - t h i o - D - f r u c t o s e i s n o t a n d h e n c e e s s e n t i a l l y n o e q u i l i b r i u m i s 
e s t a b l i s h e d b u t r a t h e r t h e c o n v e r s i o n i s n e a r l y q u a n t i t a t i v e w i t h 
m a j o r l o s s b e i n g i n d i s u l f i d e f o r m a t i o n f r o m t h e 6 - t h i o - D - g l u c o s e 
a n d f r o m g e n e r a l w o r k u p l o s s . N i c e l y c r y s t a l l i n e 6 - t h i o ~ - P - D -
f r u c t o p y r a n o s e c a n e a s i l y b e i s o l a t e d . T h e l a c k o f s i g n i f i c a n t 
r e v e r s i o n i s p r o b a b l y d u e t o t h e h i g h s t a b i l i t y o f t h e 6 - t h i o - D -
f r u c t o p y r a n o s e r i n g a n d i t s l i m i t e d t e n d e n c y t o o p e n t o p r o v i d e 
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t h e a c y c l i c f o r m n e c e s s a r y f o r e n z y m e b i n d i n g a n d i s o m e r i z a t i o n . 
I t i s e s p e c i a l l y i n t e r e s t i n g t o n o t e t h a t 6 - t h i o - P - D -
f r u c t o p y r a n o s e i s t h e s w e e t e s t s u g a r k n o w n b e i n g s o m e 3 0 % s w e e t e r 
t h a n D - f r u c t o s e . 

S e l e n i u m i n t h e S u g a r R i n g 

T h e r e i s o n l y o n e e x a m p l e o f a s u g a r a n a l o g c o n t a i n i n g s e l e 
n i u m a s t h e r i n g h e t e r o a t o m ( 3 4 ) . T h e c o m p o u n d i s p r e p a r e d b y 
r o u t e s similar t o t h o s e f o r making t h e s u l f u r s u g a r a n a l o g . P r e 
p a r a t i o n p r o c e e d s f r o m 1 , 2 - 0 - i s o p r o p y l i d e n e - 5 - £ - p - t o l y l s u l f o n y Ι 
α- D - x y l o f u r a n o s e w h i c h i s r e a c t e d w i t h t h e s o d i u m s a l t o f 
α - t o l u e n e s e l e n o l t o g i v e 5 - S e - b e n z y l - l , 2 - 0 - i s o p r o p y l i d e n e - 5 -
s e l e n o - a - D - x y l o f u r a n o s e . R e m o v a l o f t h e b e n z y l g r o u p b y r e d u c 
t i o n w i t h s o d i u m i n l i q u i d a m m o n i a a n d s u b s e q u e n t r e a c t i o n w i t h 
m e t h a n o l i c h y d r o g e n c h l o r i d
d e o x y - a - D - x y l o f u r a n o s i d - 5 - y l ) - 5 , 5 ' - d i s e l e n i d
d i a s t e r e o m e r s o f D - t h r e o - 3 , 4 - d i h y d r o x y - 2 , 3 , 4 , 5 - t e t r a h y d r o s e l e n o -
p h e n e - 2 - d i m e t h y l a c e t a l , t h e s t r u c t u r e o f w h i c h i s e s t a b l i s h e d 
f r o m n m r a n d m a s s s p e c t r o s c o p i c i n f o r m a t i o n . 

N i t r o g e n i n t h e S u g a r R i n g 

A n a m i n o g r o u p p r o p e r l y p o s i t i o n e d i n a m o n o s a c c h a r i d e 
s t r u c t u r e p a r t i c i p a t e s i n a r i n g c o m p o u n d d u e t o n u c l e o p h i l i c 
j o i n i n g w i t h t h e c a r b o n y l c a r b o n o f t h e s u g a r . C o n s e q u e n t l y a l l 
s y n t h e s e s s t a r t w i t h r e a c t i o n s d e s i g n e d t o l o c a t e a u s e f u l n i t r o 
g e n c o n t a i n i n g g r o u p a t a d e s i r e d l o c a t i o n a l o n g a m o n o s a c c h a r i d e 
c h a i n . I n t r o d u c t i o n o f n i t r o g e n m o s t o f t e n o c c u r s b y d i s p l a c e 
m e n t r e a c t i o n s a l t h o u g h r e d u c t i o n o f S h i f f b a s e s i n t h e f o r m o f 
o x i m e s o r h y d r a z o n e s a r e o f t e n e m p l o y e d . 

D i s p l a c e m e n t o f a t o s y l o x y g r o u p b y a m m o n i a w a s a n e a r l y 
m e t h o d . T h u s , J o n e s a n d S z a r e k (35) r e a c t e d 1 , 2 - 0 - i s o p r o p y l i d e n e -
5 - 0 - p - t o l u e n e s u l f o y l - a - D - x y l o f u r a n o s e w i t h a m m o n i a i n m e t h a n o l 
a n d a c e t y l a t e d t h e a m i n o g r o u p b e f o r e h y d r o l y t i c r e m o v i n g t h e 
i s o p r o p y l i d e n e g r o u p . T h e r e s u l t i n g s u g a r c y c l i z e s t o p r o d u c e 
5 - a c e t a m i d o - 5 - d e o x y - D - x y l o p y r a n o s e a n d t h e 5 - a c e t a m i d o - 5 - d e o x y - D -
x y l o f u r a n o s e i n a r a t i o o f 4 : 1 . W h e n e i t h e r f o r m i s h e a t e d i n 
w a t e r s o l u t i o n , i t e q u i l i b r a t e s w i t h t h e o t h e r f o r m . T r e a t m e n t 
i n m e t h a n o l i c h y d r o g e n c h l o r i d e p r o d u c e s t h e t w o r i n g f o r m s a s 
m e t h y l D - x y l o s i d e s . 

I n t h e a b o v e c o m p o u n d s t h e e q u i l i b r i u m b e t w e e n p y r a n o s e a n d 
f u r a n o s e f o r m s c a n b e a l t e r e d i n f a v o r o f t h e l a r g e r a n d n i t r o g e n 
c o n t a i n i n g r i n g b y a n i n c r e a s e i n t h e n u c l e o p h i l i c i t y o f t h e N -
a c y l g r o u p . T h u s i f t h e a c e t a m i d o g r o u p i s r e p l a c e d b y t h e 
( b e n z y l o x y c a r b o n y l ) a m i n o g r o u p , t h e e q u i l i b r i u m i s s h i f t e d i n 

f a v o r o f t h e p y r a n o s e f o r m . T h u s 5 - [ ( b e n z y l o x y c a r b o n y 1 ) a m i n o ] - 5 -
d e o x y - 1 , 2 - 0 - i s o p r o p y l i d e n e - a - g - x y l o f u r a n o s e g i v e s , o n h y d r o l y s i s 
o f t h e i s o p r o p y l i d e n e , a l m o s t e x c l u s i v e l y t h e c r y s t a l l i n e 
5 - [ ( b e n z y l o x y c a r b o n y l ) a m i n o ] - 5 - d e o x y - Q 5 - g - x y l o p y r a n o s e ( 3 6 ) a n d 
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t h e s i x - m e m b e r e d r i n g s t r u c t u r e f o l l o w s f r o m t h e a b s e n c e o f a n 
A m i d e I I b a n d i n t h e i r s p e c t r u m . 

F o r 5 - b e n z a m i d o - 5 - d e o x y - D - x y l o s e , t h e e q u i l i b r i u m p r o p o r t i o n 
o f t h e p y r a n o s e f o r m i s l i k e w i s e i n c r e a s e d , a s c o m p a r e d w i t h 5 -
a c e t a m i d o - 5 - d e o x y - D - x y l o s e . H y d r o l y s i s o f 5 - b e n z a m i d o - 5 - d e o x y -
1 , 2 - 0 - i s o p r o p y l i d e n e - a - D - x y l o f u r a n o s e w i t h a n a c i d i o n - e x c h a n g e 
r e s i n y i e l d s c r y s t a l l i n e 5 - b e n z a m i d o - 5 - d e o x y - D - x y l o p y r a n o s e a n d 
s y r u p y 5 - b e n z a m i d o - 5 - d e o x y - D - x y l o f u r a n o s e i n t h e r a t i o o f 3 : 1 ( 3 7 ) . 

F o r 5 - a c e t a m i d o - 5 - d e o x y - ( D o r L ) - a r a b i n o s e , t h e e q u i l i b r i u m 
i s d i s p l a c e d i n f a v o r o f t h e f u r a n o s e f o r m . T h u s , 1 , 2 - 0 -
i s o p r o p y l i d e n e - 5 - 0 - t o l y l s u l f o n y l - P - L - a r a b i n o f u r a n o s e , o n t r e a t 
m e n t w i t h a m m o n i a a n d s u b s e q u e n t a c e t y l a t i o n , y i e l d s 5 - a c e t a m i d o -
5 - d e o x y - 1 , 2 - 0 - i s o p r o p y l i d e n e - P - L - a r a b i n o f u r a n o s e ( 3 8 ) . H y d r o l y 
s i s o f t h i s c o m p o u n d w i t h a c i d g i v e s a m i x t u r e o f c r y s t a l l i n e 
5 - a c e t a m i d o - 5 - d e o x y - ] > a r a b i n o p y r a n o s e a n d s y r u p y 5 - a c e t a m i d o - 5 -
d e o x y - L - a r a b i n o f u r a n o s e

A s i m i l a r r e a c t i o
A z i d o i s a g o o d n u c l e o p h i l e t h a t r e a d i l y d i s p l a c e s a l e a v i n g 

g r o u p s u c h a s p - t o l u e n e s u l f o n y l o x y , a n d t h e r e a c t i o n h a s h a d w i d e 
a p p l i c a t i o n . A n e x a m p l e i s f o u n d i n t h e p r e p a r a t i o n 4 - a c e t a m i d o -
1 , 2 , 3 , 5 - t e t r a - £ - a c e t y l - 4 - d e o x y - D - x y l o f u r a n o s e , 1 7 . R e a c t i o n o f 
2 , 3-d i -0-benzoyl -4- (p-tolylsulfonyl) - β - ^ a r a b i n o p y r a n o s i d e , 1 8 
w i t h sodium azide g i v e s m e t h y l 4-azido-4-deoxy-a-g-xylopyranoTide, 
1 9 w h i c h o n c a t a l y t i c h y d r o g é n a t i o n p r o d u c e s m e t h y l 4 - a m i n o - 4 -
3 e o x y - a - D - x y l o p y r a n o s i d e , 2 0 . N - a c e t y l a t i o n o f 1 9 f o l l o w e d by 

a c e t o l y s i s y i e l d s 1 7 a n d p o s s i b l y a s m a l l a n o u n t ' ~ ~ o f i t s p y r a n o s e 
f o r m , 2 1 . ( 4 0 ) . 

2 1 O A c 
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T h e i r s p e c t r a o f 1 7 s h o w s a b s o r p t i o n d u e t o O A c a n d N A c 
b u t t h e r e i s n o evidenceT"for N H a b s o r p t i o n a t 3 . Ομ o r amide I I 
a b s o r p t i o n a t 6 . 5 μ . T h e s e a n d t h e n m r s p e c t r a o f 1 7 a r e c o m p a 
r a b l e w i t h t h e f u r a n o s e s t r u c t u r e . ~ " 

A n o t h e r e x a m p l e o f t h e u s e o f a z i d e d i s p l a c e m e n t r e a c t i o n 
f o r t h e p r e p a r a t i o n o f s u g a r s c o n t a i n i n g n i t r o g e n a s t h e r i n g 
h e t e r o a t o m i s t h e p r e p a r a t i o n o f t h e c r y s t a l l i n e 
5 - a c e t a m i d o - 5 - d e o x y - a - D - l y x o p y r a n o s e 2 2 f r o m b e n z y l 
2 , 3 - £ - i s o p r o p y l i d e n e - 5 - 0 - m e t h y l s u l f o n y l - a - D - l y x o f u r a n o s i d e 2 3 ( 4 1 ) . 
I n t h e n m r s p e c t r u m o f 2 2 t h e 1 - H s i g n a l s a p p e a r a s d o u b l e t s 
( J l 2 = 2 · 5 Η 2 ) c e n t e r e d a t τ 4 . 0 9 a n d 4 . 5 2 . T h i s i n d i c a t e s t h a t 

2 2 i s t h e a a n o m e r a n d i s a m i x t u r e o f i t s r o t a m e r s 2 2 a a n d 2 2 b . 
T n e o r i g i n o f r o t a t i o n a l i s o m e r i s m i s d u e t o r e s t r i c t i o n o f 
r o t a t i o n a r o u n d t £ e C - N b o n d r e s u l t i n g f r o m r e s o n a n c e o f t h e t y p e 

A z i d e d i s p l a c e m e n t h a s b e e n a l s o u s e d f o r t h e p r e p a r a t i o n o f 
5 - a c e t a m i d o - 5 - d e o x y - D - x y l o p y r a n o s e ( 3 9 ) , 5 - b e n z a m i d o - 5 - d e o x y - D -
x y l o p y r a n o s e ( 3 7 ) , 5 - a c e t a m i d o - 5 - d e o x y - D - r i b o p y r a n o s e ( 3 9 ) 9 

5 - a c e t a m i d o - 5 - d e o x y - L - a r a b i n o p y r a n o s e ( 3 9 ) , 4 - a c e t a m i d o - 4 , 5 -
d i d e o x y - D - x y l o f u r a n o s e ( 4 2 , 4 3 ) , 4 - a c e t a m i d o - 4 - d e o x y - D 
( a n d L ) - a r a b i n o f u r a n o s e ( 4 4 ) , 4 - a c e t a m i d o - 4 - d e o x y - L - x y l o f u r a n o s e 
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( 4 5 ) , 1 , 2 : 3 , 5 - d i - ^ - i s o p r o p y l i d e n e ^ 4 - a c e t a m i d e - 4 ^ d e o x y - a - L -
x y l o f u r a n o s e ( 4 5 ) a n d 4 - a c e t a m i d o - l , 2 , 3 , 5 - t e t r a - i O - a c e t y l - D -
r i b o f u r a n o s e ( 4 6 ) . 

T h e p r e s e n c e o f a s u l f o n a t e e s t e r g r o u p i n a d d i t i o n t o a n 
a c e t a m i d o g r o u p i n a s u g a r m o l e c u l e c a n r e s u l t i n a c h a n g e o f 
c o n f i g u r a t i o n t h r o u g h n e i g h b o r i n g g r o u p p a r t i c i p a t i o n . T h u s 
5 - a c e t a m i d o - 5 - d e o x y - - l , 2 - 0 - i s o p r o p y l i d e n e - 3 - 0 - m e t h y l s u l f o n y l - D -
a r a b i n o f u r a n o s e , o b t a i n e d f r o m 5 - 0 - p - t o l y l s u l f o n y l - 5 - d e o x y - l , 2 -
0 - i s o p r o p y l i d e n e D - a r a b i n o f u r a n o s e , ~ ~ 2 4 , w h e n h e a t e d w i t h s o d i u m 
b e n z o a t e i n N , N - d i m e t h y l f o r m a m i d e g i v e s 5 - a c e t a m i d o ~ 5 - d e o x y - l , 2 -
O - i s o p r o p y l i d e n e - D - l y x o f u r a n o s e ^ 2 5 . T h e c o n v e r s i o n o f 2 4 t o 2 5 
p r e s u m a b l y p r o c e e d s t h r o u g h t h e o x a z o l i n i u m i o n - o x a z o l i n e s y s t e m 
( 4 7 ) . , 
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A c i d h y d r o l y s i s o f 2 5 g i v e s a m i x t u r e o f c r y s t a l l i n e 
5 - a c e t a m i d e 5 - d e o x y - a - D - T y x o p y r a n o s e , 2 6 a n d s y r u p y 5 - a c e t a m i d o - 5 -
d e o x y - l y x o f u r a n o s e , 2 7 i n t h e r a t i o 1 : T T 

H y d r a z i n e i s a T i o u s e f u l a s a d i s p l a c i n g a g e n t f o r i n t r o 
d u c t i o n o f n i t r o g e n i n t o s u g a r s . A c o n v e n i e n t m e t h o d ( 4 8 ) f o r 
t h e p r e p a r a t i o n o f a n N - a m i n o a z i r i d i n e c o m p o u n d o f h e x o s e s i s t h e 
r e a c t i o n o f a 5 , 6 - d i - 0 - ( m e t h y l s u l f o n y l ) a l d o h e x o s e w i t h h y d r a z i n e . 
T h e f i r s t s t e p i n v o l v e s n u c l e o p h i l i c s u b s t i t u t i o n o f t h e p r i m a r y 
m e t h y l s u l f o n y l o x y g r o u p b y h y d r a z i n e t o f o r m t h e 6 - h y d r a z i n o - 5 -
0-(methylsulfonyl) c o m p o u n d w h i c h c o n v e r t s t o a t h r e e - m e m b e r e d 
r i n g t h r o u g h n e i g h b o r i n g g r o u p p a r t i c i p a t i o n . 

CH2OMs I H NNH 
MSO-C-H 

CH -NHNEL 
\£y 2 

MsO-C-H 
I J , N H N H 

- > H - C ^ 2 

R 

R e d u c t i o n w i t h h y d r a z i n e i n p r e s e n c e o f n i c k e l g i v e s 5 - a m i n o -
5 , 6 - d i d e o x y d e r i v a t i v e s w h i c h c a n b e c y c l i z e d t o a n a m i n o - p y r a n o s e 
d e r i v a t i v e ( 4 9 ) . T h u s , 5 - a m i n o - l , 2 - 0 - i s o p r o p y l i d e n e - 3 - 0 -
( m e t h y l s u l f o n y l ) - 5 , 6 - d i d e o x y - P - £ - i d o f u r a n o s e p r e p a r e d f r o m 

1 , 2 - 0 - i s o p r o p y l i d e n e - 3 , 5 , 6 - t r i - 0 - ( m e t h y l s u l f o n y l - a - D - g l u c o f u r a n o s e 
o n r e a c t i o n w i t h b e n z y l o x y f o r m y l c h l o r i d e f o l l o w e d b y h y d r o l y s i s 
o f t h e i s o p r o p y l i d e n e g r o u p g i v e s 5 - ( b e n z y l o x y c a r b o n y l a m i n o ) - 5 , 6 -
d i d e o x y - P - L - i d o p y r a n o s e , 2 8 . T h i s e x i s t s i n e q u i l i b r i u m w i t h 
f u r a n o s e f o r m 2 9 i n t h e raîfio o f 4 : 1 . T h e c o m p o u n d 2 8 i s s e p a 
r a t e d b y c h r o m a t o g r a p h y a n d i t r e a c t s w i t h a c e t i c a r i K y d r i d e a n d 
p y r i d i n e t o y i e l d i t s t r i - O - a c e t y l d e r i v a t i v e , 3 0 . T h e n m r 
s p e c t r a o f 2 8 a n d 3 0 i n d i c a t e t h a t b o t h t h e s e c o m p o u n d s p r e f e r 
t h e C l ( L ) c o n f o r m a t i o n w i t h s u b s t i t u e n t s a t C - l a n d C - 5 b e i n g i n 
a x i a l p o s i t i o n 

R e d u c t i o n o f o x i m e s ( 5 0 ) c a n a l s o b e u s e d t o p r o d u c e a m i n o 
g r o u p s a t s p e c i f i c l o c a t i o n i n s u g a r m o l e c u l e s . T h u s t h e k e t o -
o x i m e d e r i v a t i v e , 3 1 o b t a i n e d f r o m 2 , 3 : 5 , 6 - d i - O - i s o p r o p y l i d e n e - D -
g l u c o s e d i m e t h y l a c e t a 1 b y o x i d a t i o n w i t h d i m e t h y l s u l f o x i d e a n d 
s u b s e q u e n t r e a c t i o n w i t h h y d r o x y 1 a m i n e , i s r e d u c e d w i t h l i t h i u m 
a l u m i n i u m h y d r i d e t o a 1 : 1 m i x t u r e o f a 4 - a m i n o - 4 - d e o x y - D - g l u c o s e 
d e r i v a t i v e , 3 2 a n d a 4 - a m i n o - 4 - d e o x y - D ^ - g a l a c t o s e d e r i v a t i v e ^ 3 3 . 
H y d r o l y s i s o T ^ t h e s e w i t h s u l f u r d i o x i d e g i v e s b i s u l f i t e a d d u c e s 
f r o m w h i c h f r e e s u g a r s a r e o b t a i n e d b y r e a c t i o n w i t h b a r i u m h y d r o 
x i d e . T h e n m r s p e c t r a o f t h e f r e e s u g a r s i n d i c a t e t h a t t h e s e 
e x i s t i n e q u i l i b r i u m w i t h t h e p y r r o l i n e f o r m a n d a d i m e r i c f o r m . 
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01 

Ç H ( 0 M e ) ? 

1 . M e 2 S 0 - A c Ο 
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- C ( C H 3 ) 2 

i 
i-o 
C H 2 ° 

C ( C H 3 ) 2 
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0 1 
3 C ( C H

3 > 2 

É - N - 0 H 

> ( C H ) 
C H / 

3 1 

L i A l H 

C H n O H 
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C H ( O M e )
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• N H 

O -
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^ C ( C H 3 ) 2 
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C H . O ^ 

Z 3 3 

H - C - O H O H 
1 
C H 2 O H 

- C j ! - O H 
C H „ O H 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8. WHISTLER AND ANisuzzAMAN Heteroatoms into Sugar Rings 149 

A n e x a m p l e o f t h e u s e o f a h y d r a z o n e d e r i v a t i v e t o i n t r o d u c e 
n i t r o g e n i n t h e s u g a r r i n g i s t h e p r e p a r a t i o n 5 - a c e t a m i d o - 5 - d e o x y -
D - x y l o p y r a n o s e , 34 f r o m 1 , 2 - c y c l o h e x y l i d e n e - a - D - x y l o p e n t o d i a l d o -
1 , 4 - f u r a n o s e p h e n y l h y d r a z o n e , 35 ( 5 1 ) . H y d r o g é n a t i o n o f 35 
a f f o r d s t h e a m i n o c o m p o u n d , 36 w K i c h o n N - a c e t y l a t i o n gives*** 
5 - a c e t a m i d o 1 , 2 - p - c y c l o h e x y l i 3 e n e - 5 - d e o x y - D - x y l o f u r a n o s e > 3 7 . A 
2 : 1 m i x t u r e o f 34 a n d i t s f u r a n o s e i s o m e r 38 i s o b t a i n e d b y ^ t h e 
a c i d h y d r o l y s i s ~ f 3 7 . B o t h 34 a n d 38 a r e a t a b l e i n n e u t r a l 
s o l u t i o n b u t r e a d i l y ^ e q u i l i b r a E e i n a c i d a t 7 0 ° . A b e n z y l g l y c o 
s i d e o f 34 c o n s u m e s t w o m o l e s o f s o d i u m p e r i o d a t e w i t h t h e l i b e r 
a t i o n οίΓεΓ m o l e o f f o r m i c a c i d a n d t h i s r e s u l t i s c o m p a t i b l e w i t h 
a p y r a n o s e s t r u c t u r e . 

O H 

5 - A m i n o - 5 - d e o x y - I r - i d u r o n i c 3'9 a c i d r e l a t e d t o t h e c a r b o h y 
d r a t e c o m p o n e n t o f p o l y o x i n s h a s ^ e e n s y n t h e s i z e d r e c e n t l y ( 5 2 ) . 
T h e r e a c t i o n o f 1 , 2 - 0 - i s o p r o p y l i d e n e - 5 - a l d o - D - x y l o p e n t o d i a l d o f u -
r a n o s e w i t h b e n z y l a m i n e a n d h y d r o g e n c y a n i d e " g i v e s 5 - b e n z y l a m i n o -
5 - d e o x y - l , 2 - 0 - i s o p r o p y l i d e n e ^ - L - i d o f u r a n o n i t r i l e , 4 0 , 
w h i c h o n h y d r o l y s i s w i t h w a t e r y i e l d s 5 - b e n z y l a m i n o : : S " - d e o x y - l , 2 -
fr-isopropylidene-L-iduronic a c i d , 4 1 . H y d r o g e n o l y s i s o f 4 1 l e a d s 
t o t h e f o r m a t i o n o f 5 - a m i n o - 5 - d e o x y ~ " c o m p o u n d , 4 2 f r o m 
w h i c h t h e f r e e 5 - a m i n o - 5 - d e o x y - L - i d u r o n i c a c i d 3 9 i s p r e p a r e d b y 
w a y o f t h e b e n z y l o x y c a r b o n y l c o m p o u n d , 4 3 . T h e T " f r e e a c i d 3 9 
e x i s t s i n a e q u i l i b r i u m o f t h e f u r a n o s e " f o r m a n d p i p e r i d i n e H E b r m 
a n d t h e l a t t e r s i x m e m b e r e d f o r m p r e d o m i n a t e s . 
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OH 
Phosphorus in the Sugar Ring 

As an exercise in chemistry and to show the further genera
l i t y of producing sugar rings containing various heteroatoms we 
undertook the replacement of oxygen by phosphorus in the six mem
ber g-xylose ring (53). in this sequence, 1,2-0-isopropylidene-
3-0-methy1-5-0-(p-toluenesulfonyl) c^D-xylofuranose or 5-bromo-5-
deoxy-1, 2-£-isopropylidene-3-0-methyI-a-D-xylofuranose is reacted 
with triethylphosphite to produce the 5-deoxy-5-(diethylphosphinyl) 
derivative. Reduction with lithium aluminium hydride followed by 
hydrolytic removal of the isopropylidene group produces in the 
one case 5-deoxy-3-jO-methyl-5-phosphinyl-D-xylopyranose, 44 and 
5-deoxy-3-£-methyl-5-(phosphinic acid)-D-xylopryanose, 45?~ Forma
tion of 44 and 45 presumably proceed through intermediates 46 and 
47. Com^und 4T"does not mutarotate and is stable toward air 
oxidation. However, with bromine i t is oxidized to the phosphinic 
acid 45. The i r spectrum of 44 shows absorption due to the B-H 
groupT 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8. WHISTLER AND ANisuzzAMAN Heteroatoms into Sugar Rings 151 

45 

Inokawa and associates recently synthesized a D-ribose deri
vative containing phosphorus in the ring (54). They undertake 
nucleophilic displacement of the iodo group in methyl 5-deoxy-5-
iodo-2, 3-£-isopropylidene-P-g-ribofuranoside with ethyldiethoxy-
phosphine to produce methyl 5-deoxy-5-(ethoxyethylphosphinyl)-2,3-
O-isopropylidene-P-D-ribofuranoside 48. Reduction of 48 with 
sodium dihydro-bis72-methoxyethoxy)'^aluminate in THF gTves methyl 
5-deoxy-(ethylphosphinyl)-2,3-0-isopropylidene-P-D-ribofuranoside 
49, acid hydrolysis of which yields 5-deoxy-5-(ethylphospinyl)-D-
rTbopyranose 50. Evidence for the pyranose structure of 50 is 
derived from ΈΚβ absence of characteristic PH peaks in i~Esf nmr 
and i r spectra. The reaction of 50 with a mixture of acetic anhy
dride and pyridine gives its 1, 2,3^~4-tetra-0-acetyl derivative, 51 
which reverts to 50 on deacetylation with sodium methoxide in "~ 
methanol. By using reactions similar to those described above, 
5-(alkylphosphinyl)-5-deoxy-3-0-methyl-(and benzyl)-D-xylopyranoses 
were also prepared (55556). 
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Stereoselective Synthesis and Properties of 1-0-Acyl-

D-Glucopyranoses 

PHILIP E. PFEFFER, GORDON G. MOORE, PETER D. HOAGLAND, 
and EDWARD S. ROTHMAN 
Eastern Regional Research Center, Agricultural Research Service, 
U.S. Department of Agriculture, Philadelphia, Pa. 19118 

In general, 1-0-acylaldoses, and in particular the 
derivatives with a cis
accessible substances
found in nature, e.g., 1-0-benzoyl-β-D-glucopyranose (peri
-planetin) in insects (1), stevioside in Stevia Rebaudiana 
Bertoni (2), asiaticoside from Cantella asiatica (3) and 1-0-
galloyl-β-D-glucopyranose in Chinese rhubarb (4). Over the years 
there have been numerous attempts at preparing anomerically pure 

H H 

I 
c=o I 
R 

Ια \ β 
1-α and β-D-glucopyranose esters 1α and 1β using various reactions 
aimed at controlling the anomerism of the C-1 acylation site. 
Schmidt (5) prepared the sterically hindered 1-0-galloyl-α-D— 
glucopyranose 2a in 5% yield through a lengthy five-step synthesis. 

2a OH 
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The key steps in this scheme involved a BF3 isomerization for 
five days of the more accessible 2,3,4,6-tetra-0-acety1-1-0-
(triacetyl-galloy1)-ß-D-glucopyranose followed by preferential 
deacylation of the more labile acetyl protecting groups. This 
work represented the first reported preparation of a 1-0-acyl-α-
D-glucopyranose 1α. In later studies Fletcher (6) questioned the 
positional assignment of the ester grouping of Schmidt's compound 
2a and took another approach to solve the problem. In his 
attempt using a silver benzoate displacement reaction on D-glucose 
diethyl dithioacetal, Fletcher prepared in very low conversions 
2-0-benzoyl-ß-D-glucose, which was isolated as its tetraacetate. 
A similar treatment of ethyl-1-thio-ß-D-glucopyranoside gave 
after acetylation both 1,3,4,6-tetra-0-acetyl-2-0-benzoyl-α-D-
glucopyranose and 2,3,4,6-tetra-0-acetyl-1-0-benzoyl-α-D-
glucopyranose (6). Although, the 1-α-D-glucosyl ester was 
apparently an initially formed product  migratio  th
2-position evidently too
preparation of a stable 1-0-α-D-glucosyl ester, which did not 
undergo migration, was finally realized in the synthesis of the 
hindered mesitoate derivative 2b in 17% yield (6). 

Although 2b was stable to neutral conditions, i t could be 
induced to undergo C- to C« ester migration under basic conditions 
(7). It was concluded (6) that 2b would be "the only example of 
a cis-l-O-acylaldose that could be prepared and isolated" without 
rapid rearrangement. Preparation of the 1-0-acyl-p-D-glucopyran-
oses 1β is less complex because of the inabi l i ty of the trans 
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o r i e n t e d 1 - 0 - a c y l a l d o s e t o u n d e r g o a n a l o g o u s e s t e r s h i f t i n g . 
A c y l a t i o n o f p a r t i a l l y p r o t e c t e d 4 , 6 - O - b e n z y l i d i n e - l - O - s o d i o - D -
g l u c o p y r a n o s e 3 y i e l d e d l b a f t e r d e b l o c k i n g (8) . N e v e r t h e l e s s , 
o v e r a l l c o n v e r s i o n s o f t h e a n o m e r i c a l l y p u r e p r o d u c t e s t e r l b 
b a s e d o n g l u c o s e w e r e o n l y 3 0 - 4 0 % d u e t o t h e l o w a n d v a r i a b l e 
r e s u l t s o b t a i n e d f o r t h e i s o l a t i o n a n d p u r i f i c a t i o n o f 4 , 6 - 0 -
b e n z y l i d i n e - D - g l u c o p y r a n o s e 4 a n d i t s c o r r e s p o n d i n g s a l t 3 . 

I n t h i s r e p o r t we w i l l d e s c r i b e some new s y n t h e t i c a p p r o a c h e s 
t o t h e p r e p a r a t i o n o f g l u c o s y l e s t e r s l a a n d l b , a n d e x a m i n e 
t h e i r s p e c t r a l p r o p e r t i e s a n d c h e m i c a l r e a c t i v i t y i n c l u d i n g 
a c y l m i g r a t i o n . We w i l l a l s o d i s c u s s t h e m e c h a n i s t i c i m p l i c a t i o n s 
w h i c h a r e i m p o r t a n t i n e x p l a i n i n g t h e s t e r e o c h e m i c a l c o n t r o l 
a c h i e v e d i n t h e k e y a c y l a t i o n r e a c t i o n . 

S t e r e o s e l e c t i v e A c y l a t i o n o f 2 , 3 , 4 , 6 - t e t r a - O - b e n z y l - l - O - l i t h i o - D -
g l y c o p y r a n o s e (TBG L i +

One o f t h e m o s t e l e g a n t m e t h o d s f o r a c h i e v i n g s t e r e o s e l e c t i v e 
g l y c o s i d a t i o n h a s r e c e n t l y b e e n d e m o n s t r a t e d b y S c h u e r c h ( 1 0 ) , 
e q u a t i o n 1 , a n d L e m i e u x ( 1 1 ) , e q u a t i o n 2 . U t i l i z i n g 2 , 3 , 4 , 6 -
t e t r a - O - b e n z y l - l - b r o m o - a - D - g l u c o p y r a n o s e ( T B G B ) , t h e s e w o r k e r s 
c a r r i e d o u t d o u b l e i n v e r s i o n d i s p l a c e m e n t r e a c t i o n s i n w h i c h t h e 
f i n a l g l y c o s i d e l i n k a g e h a d t h e d e s i r e d c o n f i g u r a t i o n . E q u a t i o n 1 

. « » 0 v u N(Et)s «*0v M + , _ . . ROH ^ 0 

- o Ihl3u w 0
V B r ^VH (ID 

C ] w c ' f " *CH 2 CI 2 ^ C H * * C 0 R 

d e p i c t s s t e r e o c h e m i c a l c o n t r o l t h r o u g h t h e a g e n c y o f 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 h i b i t e d b y t h e e q u a t o r i a l p r e f e r e n c e o f 
ammonium s a l t i n t e r m e d i a t e ( 1 0 ) , w h i l e e q u a t i o n 2 d e m o n s t r a t e s 
t h e a p p r o a c h t h r o u g h e q u i l i b r a t i o n e f f e c t e d b y s o l u b i l i z e d 
b r o m i d e i o n . I n e a c h c a s e a h i g h s e l e c t i v i t y f o r α - g l y c o s i d e 
l i n k a g e f o r m a t i o n w a s s h o w n . H o w e v e r , i n t h e e a r l y s t a g e s o f t h e 
l a t t e r r e a c t i o n ( e q u a t i o n 2 ) a p r e f e r e n c e f o r t h e β - a n o m e r c o u l d 
b e r e a l i z e d , b u t o v e r a l l c o n v e r s i o n t o t h i s s p e c i e s w a s l o w . F o r 
t h e s t u d y o f t h e a c y l a t i o n o f t h e a n o m e r i c OH o f g l u c o s e , we 
e x a m i n e d t h e r e a c t i o n s <j>f 2 , 3 , 4 , 6 - t e t r a - O - b e n z y l - l - O - l i t h i o - D -
g l u c o p y r a n o s e 5 (TBG L i ) b e c a u s e o f i t s n o n p a r t i c i p a t i n g g r o u p 
a t t h e p o s i t i o n . F u r t h e r m o r e , i f s t e r e o s e l e c t i v e a c y l a t i o n 
c o u l d b e c a r r i e d o u t d i r e c t l y o n 5 , i t w o u l d o b v i a t e t h e n e e d t o 
p r e p a r e t h e u n s t a b l e b r o m i d e d e r i v a t i v e TBGB ( 1 1 ) f o r a n i n d i r e c t 
d i s p l a c e m e n t r e a c t i o n . 

M e t a l a t i o n o f 2 , 3 , 4 , 6 - t e t r a - O - b e n z y l - D - g l u c o p y r a n o s e (TBG) 6 
(10 m m o l ) i n 1 2 5 m l o f t e t r a h y d r o f u r a n ( T H F ) a t - 3 0 t o - 4 0 ° w i t h 
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1.1 equivalents of η-butyl lithium (1.6 M in hexane) followed by 
acylation with 1.1 equivalents of acyl halides, (20 minutes) 
produced a mixture of 2,3,4,6-tetra-O-benzyl-l-O-acyl-D-gluco-
pyranose esters (TBG esters) 7a and 0 in 90-95% yield with a 

Η 

B N 0 ^ C H ^ 
ρ n V ^ 0 B ^ ^ 0 L i 

" 5 

π Bu Li 
THF or1 

Benzene 

decided preference for the α-configuration 7α. Often the isolated 
products were oils which could not be crystallized; however, the 
anomeric composition was easily determined by evaluation of the 
proton nmr spectrum of the characteristic anomeric hydrogens. 
Table I l i s t s the physical properties of esters prepared by this 
procedure. For each member in this series, the anomeric composi
tion of the isolated product esters was always at least 90% α and 
10% 3 by nmr analysis. However, selectivity for the a-anomer 
diminished (70% a, 30% 0) with acylation temperature elevation to 
60°. Metalation of 6 in benzene at 0-5°C followed by acylation 
at this temperature produced a mixture of esters 7a and 70, con
taining equal amounts of both a- and 0-anomeric forms. At higher 
temperatures, ^60°, we observed unexpectedly high selectivity 
for the production of the 0-anomeric ester 70. In a l l cases 
studied at ^60° we obtained products with a 0/a ratio of 9/1, a 
complete reversal of the selectivity shown in THF at -30°. Table 
II contains physical properties of ester products obtained from 
acylation of 5 in benzene at 60°. This stereoselectivity is much 
greater than previously reported. For example, the direct 
acylation of 6 in methylene chloride-pyridine over a wide range of 
temperatures gives only slight selectivity for formation of the 
a-anomer (60-70% a, 30-40% 0) (12) as does the dehydration-
acylation reaction with the N-acylamino acid facilitated by 
dicyclohexylcarbodiimide (13). 

To establish the mechanism responsible for the stereoselective 
control of this reaction we studied the products as a function 
of solvents and temperature using a single acylating agent. Table 
III shows the results obtained through acylation of 5 with hexa-
decanoyl chloride in benzene and in THF at temperatures from -40° 
to +62°C. As previously noted in the THF, the α-glycosyl ester 
7a is the predominant product over the temperature range of -40° 
to +60°. However, selectivity for the α-anomer decreased (70% a, 
30% 0) when the reaction temperature was raised to 25°, and 
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s e e m e d t o r e m a i n c o n s t a n t a b o v e t h i s t e m p e r a t u r e . O v e r a l l c o n 
v e r s i o n s t e n d t o d r o p f r o m 95% t o 85% w i t h p r o l o n g e d h e a t i n g . I n 
b e n z e n e , a c y l a t i o n s e l e c t i v i t y e x h i b i t s m o r e s e n s i t i v i t y t o t e m 
p e r a t u r e c h a n g e . T h e h i g h s e l e c t i v i t y f o r 7β f o r m a t i o n a t 
e l e v a t e d t e m p e r a t u r e ( 6 2 ° ) , d e c r e a s e s w i t h d e c r e a s i n g t e m p e r a t u r e 
( l i m i t i n g t e m p e r a t u r e i s t h e f r e e z i n g p o i n t o f b e n z e n e ) . A d d i t i o n 
o f 4% o f a h i g h l y p o l a r a p r o t i c s o l v e n t , h e x a m e t h y l p h o s p h o r a m i d e 
( H M P A ) , r e v e r s e d t h e p r o d u c t d i s t r i b u t i o n i n b e n z e n e a t 6 2 ° C t o 
g i v e t h e same p r o d u c t d i s t r i b u t i o n o b s e r v e d i n T H F a t 2 5 ° . 
F i g u r e 1 d e p i c t s t h e r o t a t i o n o f 1 - 0 - h e x a d e c a n o y l - D - T B G e s t e r s a s 
a f u n c t i o n o f t h e α / β r a t i o . A l t h o u g h we h a v e b e e n u n a b l e t o 
i s o l a t e t h e 1 - 0 - h e x a d e c a n o y l - a - D - T B G i n h i g h p u r i t y o w i n g t o t h e 
n o n c r y s t a l l i n e n a t u r e o f t h e r e a c t i o n p r o d u c t , b y e x t r a p o l a t i o n 
o f t h e d a t a o f F i g u r e 1 we o b t a i n a r o t a t i o n v a l u e o f + 5 1 . 0 f o r 
t h e p u r e α m a t e r i a l . 

C o n c e r n i n g t h e S t r u c t u r
A c y l a t i o n 

T h a t T B G 6 mp 1 5 2 - 1 5 3 ° e x i s t s i n t h e α - c o n f i g u r a t i o n i s w e l l 
d o c u m e n t e d ( 1 1 , 1 2 , 1 4 , 1 5 ) . H o w e v e r , t h i s f a c t i s i n c o n s i s t e n t 
w i t h t h e o b s e r v a t i o n s t h a t t h e s t e r e o c h e m i s t r y o f i t s a c y l a t i o n 
p r o d u c t s v a r y s o w i d e l y . F o r t h i s r e a s o n o u r f i r s t t a s k w a s t o 
r e e x a m i n e t h e s t e r e o c h e m i s t r y o f T B G . I n s t u d y i n g t h e p r o t o n 
s p e c t r u m o f T B G , e a r l i e r w o r k e r s ( 1 4 ) h a d f a i l e d t o o b s e r v e t h a t 
t h e α - a n o m e r i c p r o t o n r e s o n a n c e d o e s n o t a c c o u n t f o r a s i n g l e 
p r o t o n r e l a t i v e t o t h e o t h e r p r o t o n s i n t h e m o l e c u l e . We o b s e r v e d 
t h a t t h e m e a s u r e d i n t e n s i t y o f t h i s r e s o n a n c e r e l a t i v e t o a l l 
o t h e r p r o t o n r e s o n a n c e s i n T B G r e f l e c t s o n l y a f r a c t i o n o f t h e 
a n o m e r i c c o m p o s i t i o n . T h i s m i x e d a n o m e r i c c o m p o s i t i o n may a l s o 
b e v e r i f i e d b y m e a s u r e m e n t o f t h e a n o m e r i c OH r e s o n a n c e i n a s l o w 
OH e x c h a n g i n g e t h e r s o l v e n t s u c h a s T H F - d g . E x a m i n a t i o n o f TBG 
i n v a r i o u s a p r o t i c s o l v e n t s b y 2 2 0 MHz p r o t o n nmr s p e c t r o s c o p y 
c o n f i r m e d t h a t T B G i s a n a n o m e r i c m i x t u r e . T a b l e I V l i s t s t h e 
a n o m e r i c c o m p o s i t i o n o f T B G i n f o u r a p r o t i c s o l v e n t s . I n e a c h 
s o l v e n t e x c e p t f o r c h l o r o f o r m , t h e a n o m e r i c c o m p o s i t i o n a p p e a r e d 
t o b e v e r y s i m i l a r . T h i s i s a l s o b o r n e o u t b y t h e r o t a t i o n a l 
d a t a ( T a b l e I V ) . T h e s e d a t a s u p p o r t t h e i d e a t h a t c r y s t a l l i n e 
T B G a p p a r e n t l y e x i s t s a s a e u t e c t i c m i x t u r e o r s o l i d s o l u t i o n o f 
α a n d β f o r m s , s i n c e i n s t a n t a n e o u s m u t a r o t a t i o n i n a p r o t i c m e d i a 
w o u l d b e h i g h l y u n l i k e l y . I n a d d i t i o n , t h e e q u i l i b r i u m c o n c e n t r a 
t i o n s o f T B G f o u n d i n T H F a n d b e n z e n e d o n o t r e f l e c t t h e a c y l a t e d 
p r o d u c t d i s t r i b u t i o n s o f 7 a a n d 7β i n t h e s e r e s p e c t i v e s o l v e n t s . 
A n a p r i o r i e x p l a n a t i o n f o r t h e a c y l a t i o n p r o d u c t d i s t r i b u t i o n 
m i g h t b e b a s e d o n a s o l v e n t d e p e n d e n t e q u i l i b r a t i o n b e t w e e n t h e 
a n o m e r i c m e t a l a t e d s p e c i e s 5 a a n d 5 β . T h u s , we m i g h t e x p e c t a 
p r e d o m i n a n c e o f a n o m e r 5 a i n T H F a n d a p r e d o m i n a n c e o f 5β i n 
b e n z e n e i n a c c o r d w i t h t h e o b s e r v e d a c y l a t i o n p r o d u c t d i s t r i b u t i o n . 
H o w e v e r t h i s d o e s n o t t u r n o u t t o b e t h e c a s e . T o e x a m i n e t h i s 
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6 0 r 

0 I I I I I L 
0 0. .4

Figure 1. Plot of the α,β composition of 1Ό-
hexadecanoyl-O-TBG against observed rotation 

[a]2
D

5 (CH2Cl2, lc) 

Figure 2. Pathway for the reaction of a- and β-TBG Li+ uAth acid chlorides in ben
zene and THF 
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h y p o t h e s i s we m e a s u r e d t h e e q u i l i b r i u m c o n c e n t r a t i o n s o f 5 a a n d 
5β i n t h e t w o r e a c t i o n s o l v e n t s . 

A n a t t e m p t t o e v a l u a t e t h e c o m p o s i t i o n o f 5 i n b o t h T H F - d g 
a n d b e n z e n e - d ^ b y p r o t o n n m r m e t w i t h f a i l u r e d u e t o i n o r d i n a t e l y 
b r o a d r e s o n a n c e s . H o w e v e r
s p e c t r u m s h o w e d n a r r o w l i n e s w h i c h w e r e r e a d i l y a s s i g n a b l e t o 
t h e r e s p e c t i v e a n o m e r i c c a r b o n s . S a m p l e s w e r e p r e p a r e d b y t h e 
a d d i t i o n o f o n e e q u i v a l e n t o f η - b u t y l l i t h i u m i n h e x a n e t o a 
d r i e d d e g a s s e d s o l u t i o n (2 m l ) , c o n t a i n i n g 150 mg o f 6 J n a 10 mm 
nmr t u b e . T h e s p e c t r a w e r e r e c o r d e d a t 2 2 . 6 3 MHz o n a C FT 
s p e c t r o m e t e r . T e n s e c o n d d e l a y t i m e s w e r e u t i l i z e d b e t w e e n s c a n s 
t o a l l o w f o r d i f f e r e n c e s i n T - r e l a x a t i o n t i m e s a n d t o a s s u r e 
q u a n t i t a t i o n r e s o n a n c e a b s o r p t i o n r e s p o n s e s , ( r e l a x a t i o n t i m e s 
(T^) h a v e b e e n o b s e r v e d t o b e n e v e r m o r e t h a n 1 . 5 s e c o n d s ) ( 1 6 ) . 
T a u l e V g i v e s t h e C c h e m i c a l s h i f t s a n d i n t e n s i t i e s o f t h e 
a n o m e r i c c a r b o n s f o r 6 a n d 5 i n b e n z e n e - d . a n d T H F - d g . T h e C 1 

c a r b o n o f t h e β - a n o m e r 6β i s o b s e r v e d a t l o w e r f i e l d t h a n t h e 
o f t h e α - a n o m e r 6a ( 1 7 ) . T h e α / β r a t i o a g r e e d w e l l w i t h t h e 
d a t a o b t a i n e d b y p r o t o n nmr ( s e e T a b l e I V ) . U p o n m e t a l a t i o n e a c h 
o f t h e r e s p e c t i v e C - c a r b o n s u n d e r w e n t a 3 ppm u p f i e l d s h i f t d u e 
t o t h e s h i e l d i n g e f f e c t o f t h e n e g a t i v e c h a r g e o n o x y g e n ( 1 8 ) . 
O n l y a s m a l l c h a n g e i n t h e a n o m e r d i s t r i b u t i o n w a s o b s e r v e d , i . e . , 
t h e α a n o m e r c o n t r i b u t i o n d e c r e a s e d f r o m 61% a n d 67% i n b e n z e n e 
a n d T H F , r e s p e c t i v e l y , t o 50% a n d 52% i n t h e m e t a l a t e d f o r m s . 
A p p a r e n t l y t h e r e a r e n o s i g n i f i c a n t d i f f e r e n c e s i ç t h e e q u i l i b r i u m 
c o n c e n t r a t i o n s o f e i t h e r a n o m e r i c f o r m s o f TBG L i , 5 a o r 5 β , i n 
e i t h e r r e a c t i o n s o l v e n t . T h e s t e r e o c h e m i c a l s e l e c t i v i t y o f t h i s 
r e a c t i o n m u s t , t h e r e f o r e , b e c o n t r o l l e d b y t h e r e l a t i v e v e l o c i t y 
w i t h w h i c h e i t h e r o f t h e s e t w o s p e c i e s 5 a a n d 5β a r e a c y l a t e d . 
F i g u r e 2 s h o w s p o s t u l a t e d r e l a t i v e e n e r g i e s o f t h e v a r i o u s 
s o l v a t e d a c t i v a t e d c o m p l e x e s t h a t m i g h t a c c o u n t f o r t h e o b s e r v e d 

13 
T a b l e V . A n o m e r i c C o m p o s i t i o n a n d C C h e m i c a l S h i f t s 

δ B e n z e n e 6 THF % α % α 
α β α β B e n z e n e THF 

T B G _ 9 1 . 3 9 8 . 2 9 1 . 6 9 8 . 6 6 1 67 
T B G L i 8 9 . 1 9 5 . 9 8 8 . 8 9 6 . 1 50 52 
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p r o d u c t o u t c o m e . I n T H F s o l u t i o n , t h e l o w e r e n e r g y p a t h w a y p r o 
v i d e d b y s o l v e n t - s o l v a t e d A r e l a t i v e t o t h e h i g h e r e n e r g y 
p a t h w a y g i v e n b y i n t e r n a l l y s o l v a t e d Β l e a d s t o a p r e d o m i n a n c e 
o f p r o d u c t 7 a . C o n v e r s e l y , i n b e n z e n e i n t r a m o l e c u l a r c o o r d i n a t i o n 
o f Β i s f a v o r e d s i n c e i t o f f e r s g j e a t e r s t a b i l i z a t i o n r e l a t i v e 
t o t h e s t a b i l i z a t i o n i m p a r t e d t o A b y t h e r e l a t i v e l y n o n p o l a r , 
p o o r l y s o l v a t i n g b e n z e n e . T h e r e f o r e , i n b e n z e n e , p r o d u c t 73 
p r e d o m i n a t e s . I n c r e a s e i n t h e p o l a r i t y o f t h e b e n z e n e s o l u t i o n 
w i t h a s l i t t l e a s 4% ν / ν H M P A , ( T a b l e I I I ) p e r m i t s t h e f o r m a t i o n 
o | a l o w e n e r g y HMPA i n t e r m o l e c u l a r l y s o l v a t e d t r a n s i t i o n s t a t e 
A l e a d i n g t o p r o d u c t 7 a . 

I n t h e a b s e n c e o f k i n e t i c d a t a we c a n o n l y s p e c u l a t e o n t h e 
e f f e c t o f t e m p e r a t u r e o n p r o d u c t d i s t r i b u t i o n . H o w e v e r , we c a n 
s e e t h a t i n b o t h s o l v e n t s , i n c r e a s e d t e m p e r a t u r e i g a s s o c i a t e d 
w i t h a n i n c r e a s e i n t h e r e a c t i o n t h r o u g h p a t h w a y Β t o p r o d u c e 
m o r e 7 β . / T h i s t e m p e r a t u r
a h i g h AS f o r t r a n s i t i o
l a t t e r * s o r d e r i n g o f s o l v e n t m o l e c u l e . T h u s , / a s t h e t e m p e r a t u r e 
i s i n c r e a s e d i n b o t h s o l v e n t s y s t e m s , t h e T A S t e r m c o u l d b e c o m e 
d o m i n a n t ( m o r e p o s i t i v e ) , e f f e c t i v e l y l o w e r i n g / e v e n f u r t h e r t h e 
AG f o r t h e p a t h w a y t h r o u g h t r a n s i t i o n s t a t e Β r e l a t i v e t o 
p a t h w a y t h r o u g h A . 

1 - 0 - A c y l ^ D - G l u c o p y r a n o s e s l a a n d 1β 

B o t h p r o d u c t s 7 a a n d 7β f r o m a c y l a t i o n i n THF a n d b e n z e n e , 
r e s p e c t i v e l y , u n d e r w e n t f i n a l p u r i f i c a t i o n b y e l u t i o n f r o m a 
c o l u m n o f F l o r i s i l w i t h m e t h y l e n e c h l o r i d e - p e t r o l e u m e t h e r . 
( R e f e r e n c e t o b r a n d o r f i r m name d o e s n o t c o n s t i t u t e e n d o r s e m e n t 

b y t h e U . S . D e p a r t m e n t o f A g r i c u l t u r e o v e r o t h e r s o f a s i m i l a r 
n a t u r e n o t m e n t i o n e d . ) E a c h w a s t h e n h y d r o g e n a t e d (40 p s i ) i n 

e t h a n o l w i t h p a l l a d i u m b l a c k f o r e i g h t h o u r s . I n m o s t c a s e s we 
f o u n d p r i o r c h r o m a t o g r a p h i c p u r i f i c a t i o n e s s e n t i a l f o r s u c c e s s f u l 
d e b l o c k i n g . On some o c c a s i o n s , a d d i t i o n o f a f e w d r o p s o f a c e t i c 
a c i d w a s n e c e s s a r y t o c a t a l y z e t h e h y d r o g e n o l y s i s . A l t h o u g h t h e 
p r o t e c t e d e s t e r s 7 a a n d 7β w e r e 9 0 : 1 0 a n o m e r i c m i x t u r e s w h i c h i n 
m o s t c a s e s w e r e n o t s e p a r a b l e , t h e d e b l o c k e d e s t e r s l a a n d 1β 
c o u l d e a s i l y b e r e c r y s t a l l i z e d t o p r o d u c e b o t h p u r e a - a n d β -
f o r m s i n 7 0 - 8 5 % y i e l d . I n c o n t r a s t t o t h e f i n d i n g o f p r e v i o u s 
r e p o r t s ( 6 , 7 ) , we o b s e r v e d t h e Ι - α - D - g l u c o s y l e s t e r s l a t o b e 
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r e l a t i v e l y s t a b l e , g i v i n g r i s e t o r e a r r a n g e m e n t o n l y a f t e r p r o 
l o n g e d h e a t i n g . F u r t h e r d e t a i l s o f t h i s a c y l m i g r a t i o n w i l l b e 
e l a b o r a t e d o n i n t h e l a s t s e c t i o n . T a b l e V I l i s t s t h e p h y s i c a l 
p r o p e r t i e s o f t h e i s o l a t e d l a a n d 1β e s t e r s . 

T h e ^ c o n f i g i g a t i o n o f e a c h o f t h e s e m a t e r i a l s w a s e s t a b l i s h e d 
l g b o t h Η a n d C nmr e x c e p t f o r t h e u n s a t u r a t e d e s t e r s w h e r e 

C c o u l d o n l y b e u s e d b e c a u s e o f o v e r l a p p i n g r e s o n a n c e s i g n a l s 
J n t h e p r o t o n s p e c t r a . F i g u r e s 3 A a n d 3B i l l u s t r a t e t y p i c a l 

C s p e c t r a o f l a a n d 1 3 d e r i v e d f r o m l o n g c h a i n s a t u r a t e d 
c a r b o x y l i c a c i d s . A s i s o b s e r v e d f o r t h e p a r e n t g l u c o s e m o l e c u l e , 
t h e α - a n o m e r i c c a r b o n C a b s o r b s a t a h i g h e r f i e l d t h a n t h e β - C ^ 
c a r b o n ( 1 7 ) , y e t t h e d i f f e r e n c e i n c h e m i c a l s h i f t b e t w e e n a - C ^ 
a n d β - C . i s o n l y 2 ppm c o m p a r e d t o t h e 4 ppm n o t e d f o r g l u c o s e 
( 1 7 ) . T h e s m a l l e r d i f f e r e n c e i n f i e l d p o s i t i o n s i s l i k e l y d u e 
t o i n d u c e d u p f i e l d s h i e l d i n g o f t h e 3-C^ r e l a t i v e t o t h e α - C ^ b y 
t h e e s t e r c a r b o n y l . S h i e l d i n g o f 2 . 2 ppm i s a l s o e v i d e n t i n t h e 

r e s o n a n c e o f l a , p r e s u m a b l
r e s p e c t t o t h e c a r b o n y l w h e r e a s l b i s d e s h i e l d e d b y 1 . 6 p p m . 
A c o m p a r i s o n o f t h e h e x o s e r i n g C s h i f t s f o r l a a n d 1β a n d 
g l u c o s e i s g i v e n i n T a b l e V I I . T h e a n o m e r i c p u r i t y o f e a c h c o m 
p o u n d w a s v e r i f i e d b y g l c a n a l y s i s o f t h e c o r r e s p o n d i n g t r i m e t h y l -
s i l y l d e r i v a t i v e s o n a 6 f 1 / 4 " O . D . g l a s s c o l u m n p a c k e d w i t h 3% 
S P 2 1 0 0 a n d p r o g r a m m e d f r o m 1 8 0 - 2 5 0 ° a t 6 ° / m i n u t e . U n d e r t h e s e 
c o n d i t i o n s e a c h o f t h e i s o m e r i c a - a n d β - p a i r s c o u l d b e r e a d i l y 
s e p a r a t e d , t h e β - a n o m e r h a v i n g t h e l o n g e r r e t e n t i o n t i m e . 
T y p i c a l r e t e n t i o n t i m e s f o r t h e a - a n d β - h e x a d e c a n o a t e e s t e r s 
w e r e 1 2 . 0 a n d 1 2 . 5 m i n u t e s , t h e a - a n d β - m e s i t o a t e s , 8 a n d 8 . 2 
m i n u t e s , r e s p e c t i v e l y . 

1 3 
T a b l e V I I . H e x o s e R i n g C S h i f t s f o r α a n d β - D - G l u c o s e a n d 

C o r r e s p o n d i n g 1 - H e x a d e c a n o y l E s t e r s 
C a r b o n S h i f t s ( p p m ) a 

C l C 2 C 3 C 4 C 5 ° 6 

6 - D - G l u c o s e ? 9 2 . 8 7 2 . 3 7 3 . 6 7 0 . 4 7 2 . 3 6 1 . 6 
β - D - G l u c o s e 9 6 . 7 7 4 . 9 7 6 . 7 7 0 . 4 7 6 . 5 6 1 . 6 
l - a - D - G l u c o s y l h e x a d e c a n o a t e C 9 2 . 2 7 3 . 9 7 4 . 2 6 9 . 7 7 1 . 0 6 1 . 4 
Ι - β - D - G l u c o s y l h e x a d e c a n o a t e 0 9 4 . 3 7 2 . 7 7 6 . 8 6 9 . 9 7 6 . 8 6 1 . 7 

A l l s h i f t s r e l a t i v e t o TMS a s i n t e r n a l s t a n d a r d . 

S p e c t r a t a k e n i n D ^ O . 

° S p e c t r a t a k e n i n 5 0 / 5 0 v / v C D C 1 3 , C D 3 0 D . 

A l t e r n a t e R o u t e s t o 1 - 0 - A c y l - D - g l u c o p y r a n o s e s D e r i v e d f r o m 
U n s a t u r a t e d C a r b o x y l i c A c i d s 

T o p r e p a r e 1 - D - g l u c o s y l e s t e r s d e r i v e d f r o m u n s a t u r a t e d 
c a r b o x y l i c a c i d s , a s e c o n d p a t h w a y w a s n e e d e d s i n c e t h e m e t h o d 
m e n t i o n e d a b o v e r e q u i r e d a f i n a l r e d u c t i v e s t e p t o r e m o v e a l l 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 3. 13C spectra of (A) l-a-O-glucosyl hexadecanoate and (Β) 1-β-Ό-
glucosyl hexadecanoate were taken at 22.63 Hz using 150 mg of sample 
in 2 ml of 50/50 ν/υ CD3OD-CDCls at 50°C. The spectra were obtained 
on a Fourier Transform nmr spectrometer after 700 transients with a 5 

sec delay time. All shifts are relative to internal TMS. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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b l o c k i n g g r o u p s . O u r f i r s t a p p r o a c h a t s o l v i n g t h i s p r o b l e m w a s 
t h e p r e p a r a t i o n o f 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - l - O - a c y l - 0 - D - g l u c o -
p y r a n o s e 8 t h r o u g h d i s p l a c e m e n t o f t h e c o r r e s p o n d i n g b r o m i d e 9 
( 1 9 ) . T h i s w a s e a s i l y a c c o m p l i s h e d b y r e a c t i o n o f 9 w i t h t h e 

b e n z y l - t r i m e t h y l ammonium s a l t o f e i t h e r o c t a d e c a n o i c o r c i s - 9 -
o c t a d e c e n o i c a c i d i n 6 5 : 3 5 D M S 0 - C H o C l o a t 5 0 ° f o r 24 h o u r s . 

60-65% 

A f t e r w o r k u p a n d c h r o m a t o g r a p h i c p u r i f i c a t i o n o f t h e r e a c t i o n 
m i x t u r e t h r o u g h a F l o r i s i l c o l u m n w i t h CH C l ? - p e t r o l e u m e t h e r , 
we o b t a i n e d 6 0 - 6 5 % o f p u r e e s t e r 8 w i t h t n e p - c o n f i g u r a t i o n . 
Nmr i n C D C 1 ~ s h o w e d t h e c h a r a c t e r i s t i c a n o m e r i c p r o t o n r e s o n a n c e 
a t 6 . 0 6 d , J = 6 . 5 H z , i r , C = 0 1 7 5 0 c m " , r o t a t i o n - 1 . 5 ( M e O H ) , 
1 C ) . T h e m e l t i n g p o i n t o f t h e o c t a d e c a n o a t e w a s 6 9 - 7 0 ° , ( l i t . 
mp 7 7 ° ( 2 0 ) ) , w h e r e a s t h e o c t a d e c e n o a t e w a s a v i s c o u s o i l . B o t h 
c o m p o u n d s p r o v i d e d t h e c o r r e c t e l e m e n t a l a n a l y s e s . A t t e m p t e d 
d e a c e t y l a t i o n o f t h e s e c o m p o u n d s w i t h e i t h e r b a r i u m h y d r o x i d e 
( 2 1 ) o r s o d i u m h y d r o x i d e i n m e t h a n o l a t t e m p e r a t u r e s a s l o w a s 
- 4 0 ° f a i l e d t o s h o w p r e f e r e n t i a l r e m o v a l o f a c e t a t e o v e r t h e 
l o n g c h a i n a c y l g r o u p . E v e n t h e a m m o n i a i n m e t h a n o l d e a c e t y l a t i o n 
d e s c r i b e d b y R o b e r t ( 2 2 ) f o r t h e p r e p a r a t i o n Ι - β - D - g l u c o s y l 
a n t h r a n i l a t e r e s u l t e d i n u n s e l e c t i v e d e a c y l a t i o n . T h e l a t t e r 
p r o c e d u r e a p p e a r s t o b e a p p l i c a b l e t o t h e r e m o v a l o f a c e t a t e 
o n l y i n t h e p r e s e n c e o f l e s s r e a c t i v e a r o m a t i c e s t e r s . 

T h e p a t h w a y s e l e c t e d f o r t h e p r e p a r a t i o n o f t h e u n s a t u r a t e d 
g l u c o s y l e s t e r s 1 e m p l o y s 4 , 6 - 0 - b e n z y l i d i n e - D - g l u c o s e 4 ( 2 3 ) . 
P r e p a r a t i o n a n d i s o l a t i o n o f t h e d r i e d s o d i u m s a l t o f 4 , 6 - 0 -
b e n z y l i d i n e - D - g l u c o s e 3 f r o m e t h a n o l s o l u t i o n f o l l o w e d b y 

10 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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acylation in CH^Cl^, (heterogeneous mixture) led to 4,6-0-
benzylidine-l-O-acyl-D-glucopyranose 10 in 40-50% isolated yield 
based on 4 (8) (overall yields based on glucose were more variable 
because the yields in preparing 4 ranged from 20-80%). 
^ The^stereochemistry of these derivatives was studied by both 
H and C nmr. Figure 4 shows how the anomeric proton resonance 

which coincides with the chemical shift of the benzyl hydrogen in 
10 is shifted downfield with the incremental additions of Eu(fod)^ 
pseudocontact shift reagent. Judging from the i n i t i a l chemical 
shift of the anomeric proton (5.86) and coupling constant, 7.5 
Hz, the hexadecanoate ester has the β-configuration. In studying 
this acylation reaction, we observed that as the acylation 
reagent became more unsaturated the reaction became less stereo
selective, e.g., acylation of 3 with hexadecanoyl chloride or 
octadecanoyl chloride gave effectively 100% of the β-isomer 
while cis-9-octadecenoy
decadienoyl chloride, 85
decatrienoyl chloride, 60% β (Table V I I I  Measurement of the 
isomer ratio was routinely performed by C nmr because of the 
difficulty in directly observing the β-anomeric proton in the 
absence of shift reagent as mentioned above. Comparison of the 
C^ anomeric carbon resonances at 92.26 (a) and 94.16 (β) provided 
a direct analysis of the stereoselectivity of the reaction. The 
isomer ratios were also confirmed by glc analyses of the corres
ponding TMS derivatives. 

Table VIII. Stereoselectivity of Acylation of l-O-Sodio-4,6-0 
Benzylidine Glucose as a Function of the Degree of 

Unsaturation in the Acylating Agent 
anomeric composition 

R mpa % α % β 
C 1 ?H 3 5 132-3 0 100 

C 1 5H 3 1 131-131.8 0 100 

cis-9,10 C 1 ?H 3 3 - C 10 90 

cis,cis-9,12, C^H^ - C 15 85 

cis,cis,cis-9,12,14, C^H^ - C 40 60 
a -1 A l l esters had C=0 absorption at 1755 cm (CHCO. 
b 13 A l l compositions determined by C nmr comparison of the 

anomeric carbon resonances prior to recrystallization. 
Viscous glass. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 4. Low field 60 MHz proton spectrum of l-O-
hexadecanoyl-4fiO-benzylidine-/3-O-glucopyranose (0.04 g 
in 0.400 ml of CDCls). (a) Spectrum in the absence of 
Eu(fod)n solution; (b) after addition of 15 ml of 0.30 M 
Eu(fod)s solution in CCl^ (c) after addition of 20 ml of 

0.30 M Eu(fod)n solution in CClh. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T h e C s p e c t r u m o f t h e i s o m e r i c m i x t u r e o f 1 - 0 - c i s , c i s - 9 , 1 2 -
o c t a d e c a d i e n o y l - 4 , 6 - 0 - b e n z y l i d i n e - D - g l u c o p y r a n o s e i s s h o w n i n 
F i g u r e 5 a . A s s i g n m e n t s a t a l l r i n g c a r b o n s c o u l d n o t b e r e a d i l y 
made o w i n g t o t h e u n p r e d i c t a b l e c h a n g e s i n c h e m i c a l s h i f t s 
i m p o s e d b y t h e a c e t a l b r i d g i n g . N e v e r t h e l e s s t h e α / β r a t i o a t 
t h e a n o m e r i c c e n t e r a s w e l l a s t h e c i s / t r a n s r a t i o w a s e a s i l y 
d e t e r m i n e d . B e c a u s e o f t h e a l k a l i n i t y o f t h e r e a c t i o n m e d i u m , 
we o b s e r v e d a s m u c h a s 5 -7% t r a n s p r o d u c t a t a c y l a t i o n t e m p e r a 
t u r e s o f - 3 0 t o - 4 0 ° . C o m p a r i s o n o f t h e C g a n d C ^ r e s o n a n c e s , 
( e x t e r n a l a l l y l i c c a r b o n s a s s o c i a t e d w i t h a n a d j a c e n t c i s d o u b l e 
b o n d ) a t 2 7 . 3 6 w i t h t h e C f t a n d C - , r e s o n a n c e s a t 3 2 . 6 6 , a s s o c i a t e d 
w i t h t h e t r a n s d o u b l e b o n d s , y i e l d e d t h e c i s / t r a n s r a t i o d i r e c t l y . 

A t p r e s e n t we c a n n o t e x p l a i n w h y a n i n c r e a s e i n t h e d e g r e e 
o f u n s a t u r a t i o n o f t h e a c i d c h l o r i d e c a u s e d a d e c r e a s e i n s t e r e o 
s e l e c t i v i t y . H o w e v e r , o n e p o s s i b l e c a u s e may b e s o l u b i l i t y 
c h a n g e s t a k i n g p l a c e i
m i x t u r e d u e t o s t r u c t u r a
r a t e d a c i d c h l o r i d e s u s e d . A c y l a t i o n o f b o t h s o d i u m a n d l i t h i u m 
s a l t s 3 g e n e r a t e d i n s i t u h o m o g e n e o u s l y f r o m e i t h e r s o d i u m o r n -
b u t y l l i t h i u m i n T H F a t - 3 0 ° g a v e v a r y i n g p r o d u c t d i s t r i b u t i o n s , 
i . e . , e s t e r m i x t u r e s c o m p o s e d o f 5 0 - 6 0 % 9 b , 2 0 - 2 5 % 9 a , a n d 1 5 -
20% a c y l m i g r a t e d c o m p o u n d s 1 2 . P r e s u m a b l y , 3 w h e n i s o l a t e d i n 
c r y s t a l l i n e f o r m , a s s u m e s t h e β - c o n f i g u r a t i o n 3β w h i c h w h e n 
a c y l a t e d i n a n o n s o l u b i l i z e d f o r m y i e l d s 1 0 β . H o w e v e r , a s t h e 
s o l u b i l i t y o f 3 i s i n c r e a s e d , e i t h e r b y s o l u b i l i z i n g a g e n t s , 
i . e . , p o l y u n s a t u r a t e d a c i d c h l o r i d e s o r b y g e n e r a t i o n i n s o l u b l e 
f o r m i n s i t u , e q u i l i b r a t i o n o f t h e a n o m e r i c s a l t s 3 a a n d 3β c a n 
o c c u r . U n l i k e T B G ~ L i + 5 , n o c h a n g e i n t h e d i s t r i b u t i o n o f 
i s o m e r i c a c y l a t i o n p r o d u c t s i s n o t i c e d w h e n b e n z e n e i s s u b s t i t u t e d 
f o r T H F . T h i s d i f f e r e n c e i n b e h a v i o r i s p r o b a b l y a r e f l e c t i o n 
o f p a r t i c i p a t i o n b y f r e e C ^ - O H w h i c h i s made u n a v a i l a b l e i n T B G 
t h r o u g h e t h e r p r o t e c t i o n . 

β - G l u c o s y l e s t e r s l b d e r i v e d f r o m u n s a t u r a t e d c a r b o x y l i c 
a c i d s w e r e r e a d i l y g e n e r a t e d f r o m 9b b y h y d r o l y s i s i n 75% a c e t i c 
a c i d - w a t e r a t 6 0 ° f o r o n e h o u r ( 2 4 ) . Y i e l d s o f i s o l a t e d a n d 
p u r i f i e d ( s i l i c a g e l c h r o m a t o g r a p h e d ) e s t e r s 9β w e r e i n t h e 
r a n g e o f 4 0 - 5 0 % b a s e d o n g l u c o s e . T h e C s p e c t r u m o f 1 - 0 -
c i s , c i s - 9 , 1 1 - o c t a d e c a d i e n o y l - D - g l u c o p y r a n o s e (85% a , 15% β ) i s 
s e e n i n F i g u r e 5 b . O t h e r p h y s i c a l p r o p e r t i e s o f t h e u n s a t u r a t e d 
e s t e r s a r e g i v e n i n T a b l e V I . 

S t a b i l i t y o f 1 - 0 - A c y l - a - D - G l u c o p y r a n o s e D e r i v a t i v e s 

I n s e v e r a l a t t e m p t s t o p r e p a r e 1 - 0 - a c y l - a - D - g l u c o p y r a n o s e 
l a , i t h a s b e e n r e p o r t e d t h a t i s o l a t i o n c o u l d n o t b e a c c o m p l i s h e d 
( 6 , 7 ) . O n l y w h e n t h e e s t e r w a s h i g h l y h i n d e r e d , e . g . , t h e 

m e s i t o a t e d e r i v a t i v e 2 a , c o u l d t h e c o m p o u n d b e i s o l a t e d i n t h e 
u n m i g r a t e d s t a t e . T h e p r e v i o u s a t t e m p t s t o g e n e r a t e l a a n d 1β 
( t h r o u g h d e b l o c k i n g p r e c u r s o r c o m p o u n d s c o n t a i n i n g a c y l p r o t e c t i n g 
g r o u p s ) w e r e c a r r i e d o u t i n b a s i c s o l u t i o n . T h i s c a u s e d a c y l 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Figure 5. (A) 13C spectrum of 0.150 g of cis,cis-9,12-octadecadienoyl-afi-
4,6-0-benzylidine glucose in CDCl3. Chemical shifts rehtive to internal 
TMS. (B/23C spectrum of 0.150 g of cis,cis-9,12-octadecadienoyl-O-gluco-

pyranose(85% /?, 15% a). 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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m i g r a t i o n a n d s a p o n f i c a t i o n . We h a v e s u c c e s s f u l y d e b l o c k e d 7α b y 
h y d r o g e n o l y s i s i n n e u t r a l o r s l i g h t l y a c i d m e d i u m . T h i s h a s p e r 
m i t t e d u s t o i s o l a t e d p u r e , u n r e a r r a n g e d l a . A l t h o u g h 1 - 0 - a c y l -
α - D - g l u c o p y r a n o s e s l a a r e s t a b l e i n t h e c r y s t a l l i n e s t a t e , t h e y 

s l o w l y r e a r r a n g e u p o n p r o l o n g e
u p o n m e l t i n g o n a g l a s s s u r f a c e . R e a r r a n g e m e n t o f l a w a s s t u d i e d 
i n m e t h a n o l a n d p y r i d i n e b y p r o t o n n m r . T h e p r o g r e s s o f a c y l 
m i g r a t i o n o f t h e h e x a d e c a n o a t e d e r i v a t i v e i n CD^OD a t 7 6 ° i s 
i l l u s t r a t e d i n t h e s p e c t r u m s h o w n i n F i g u r e 6 . A p p e a r a n c e o f t h e 
a n o m e r i c p r o t o n r e s o n a n c e s a t t h e h i g h p o s i t i o n s o f 5 . 5 6 a n d 4 . 7 6 
i s i n d i c a t i v e o f t h e f o r m a t i o n o f t h e i s o m e r i c m i x t u r e o f f r e e 
C - O H g l u c o p y r a n o s e s 1 2 a a n d 12β e s t e r i f i e d a t C^. T h e d e t a i l e d 
220 MHz p r o t o n s p e c t r u m o f 1 2 a a n d 1 2 β i n p y r i d i n e - d ^ , ( F i g u r e 7 ) 
i d e n t i f i e s t h e m i g r a t i o n p r o d u c t s a s t h e C ? - 0 H e s t e r i f i e d p r o d u c t 
b y i t s c h a r a c t e r i s t i c H - C - O - a c y l s h i f t p a t t e r n a n d f i e l d p o s i t i o n 

T a b l e I X . M i g r a t i o n R a t e s o f 1 - 0 - A c y l - a - D - g l u c o p y r a n o s e s a n d 
R o t a t i o n s o f t h e P r o d u c t 2 - 0 - A c y l - D - g l u c o p y r a n o s e s 

M e t h a n o l P y r i d i n e 

R k a
6 χ l O ^ n i n " 1 k a

6 χ l O ^ i n " 1 [ a ] ^ 5 

0 

C 1 5 H 3 1 C 2 . 8 1 . 0 + 3 4 . 6 (MeOH, 0 . 6 c ) 

0 
C 6 H 5 C 3 . 0 - + 4 1 . 5 ( H 2 0 , 0 . 9 6 c ) 

CH 

C H j < ( _ ) > ~ C No r e a c t i o n No r e a c t i o n + 4 4 . 5 b ( H 2 0 , 0 . 4 c ) 

C H 3 

M e a s u r e d b y f o l l o w i n g t h e d i s a p p e a r a n c e o f t h e a n o m e r i c 
p r o t o n o f t h e 1 - 0 - a c y l - a - D - g l u c o p y r a n o s e a n d t h e a p p e a r a n c e o f 
t h e α a n d β a n o m e r i c p r o t o n s o f 2 - 0 - a c y l - D - g l u c o p y r a n o s e p r o d u c t s . 

^ R e f e r e n c e 7 . 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
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PPM 

Figure 6. 60-MHz nmr spectrum of 1-O-hexadecanoyl-a-O-gluco-
pyranose in CD3OD during acyl migration at 76° C. All shifts are 

refotive to internal TMS. 

Figure 7. 220-MHz nmr spectrum of 2-O-hexadecanoyl-O-gluco-
pyranose (region from 4.5-6.28) in pyridine-d5. All shifts are 

relative to internal TMS. 
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( 2 5 ) . I n t e g r a t i o n o f t h e α a n d β a n o m e r i c p r o t o n s s h o w s t h i s 
m i x t u r e t o b e 55% 1 2 a a n d 45% 1 2 β . R e a r r a n g e m e n t r a t e s a t 7 6 ° , 
g i v e n i n T a b l e I X , a r e f i r s t o r d e r i n e s t e r l a i n m e t h a n o l a n d 
p y r i d i n e , t h e r a t e i n t h e f o r m e r b e i n g s o m e w h a t f a s t e r . B o t h 
a l i p h a t i c a n d u n s u b s t i t u t e d a r o m a t i c e s t e r s m i g r a t e a t t h e same 
r a t e . T h e m e s i t o a t e d e r i v a t i v e i s s t a b l e u n d e r t h e s e c o n d i t i o n s . 
S i g n i f i c a n t l y , a l t h o u g h m i g r a t i o n r e a d i l y o c c u r r e d a t 7 6 ° i n m e t h 
a n o l a n d p y r i d i n e , n o a c y l m i g r a t i o n w a s o b s e r v e d i n t h e p r e s e n c e 
o f 8 . 0 m o l e % a c e t i c a c i d a t 7 6 ° a f t e r 24 h o u r s . R e a c t i o n r a t e s 
i n b o t h t e f l o n a s w e l l a s q u a r t z nmr t u b e s w e r e t h e same a s t h o s e 
o b s e r v e d i n p y r e x , i n d i c a t i n g t h a t a c t i v e s i t e s i n t h e g l a s s w e r e 
n o t r e s p o n s i b l e f o r c a t a l y z i n g t h i s p r o c e s s . 

Summary 

T h e s t e r e o s e l e c t i v i t
c o n t r o l l e d b y a l t e r i n g t h
b l o c k i n g b e n z y l e t h e r g r o u p s w e r e r e m o v e d b y h y d r o g e n o l y s i s t o 
p r o d u c e b o t h s t a b l e 1 - a a n d l - β g l u c o s y l e s t e r s d e r i v e d f r o m 
s a t u r a t e d c a r b o x y l i c a c i d s . T B G a n d i t s s a l t T B G ~ L i w e r e f o u n d 
b y n m r t o b e a n e q u i l i b r i u m m i x t u r e o f b o t h α a n d β - a n o m e r i c 
f o r m s . A m e c h a n i s m c o n c e r n i n g t h e s t e r e o c h e m i c a l c o n t r o l o f 
TBG L i a c y l a t i o n i s d i s c u s s e d i n t e r m s o f i n t e r a n d i n t r a 
m o l e c u l a r l y s o l v a t e d t r a n s i t i o n s t a t e s . G l u c o s y l e s t e r s o f 
u n s a t u r a t e d c a r b o x y l i c a c i d s w e r e p r e p a r e d t h r o u g h t h e a c y l a t i o n 
o f 4 , 6 - 0 - b e n z y l i d i n e - l - 0 - s o d i o g l u c o p y r a n o s e . S t e r e o s e l e c t i v i t y 
o f a c y l a t i o n d r o p p e d o f f w i t h a n i n c r e a s e i n t h e d e g r e e o f u n s a t u -
r a t i o n i n t h e a c y l a t i n g a g e n t . A c y l a t i o n o f b o t h 1 - 0 - l i t h i u m a n d 
s o d i u m s a l t s o f 4 , 6 - 0 - b e n z y l i d i n e g l u c o s e g e n e r a t e d i n h o m o g e n e o u s 
s o l u t i o n y i e l d e d m i x t u r e s o f 1 - a - a n d 0 - g l u c o s y l e s t e r s a n d a c y l 
m i g r a t i o n p r o d u c t s . T h e s t a b i l i t y , k i n e t i c s , a n d p r o d u c t s o f 
a c y l m i g r a t i o n o f Ι - α - g l u c o s y l e s t e r s w e r e e x a m i n e d . 

A c k n o w l e d g m e n t 

We t h a n k J . J . U n r u h f o r h i s a b l e a s s i s t a n c e . 220 MHz n m r 
s p e c t r a w e r e t a k e n a t t h e M i d d l e A t l a n t i c R e g i o n a l NMR f a c i l i t y 
w h i c h i s s u p p o r t e d b y N I H g r a n t R R 5 4 2 a t t h e U n i v e r s i t y o f 
P e n n s y l v a n i a . 
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Preparation and Characterization of 1,6-Anhydro-3,4-

dideoxy-β-D-glycero-hex-3-enopyranos-2-ulose 

FRED SHAFIZADEH and PETER P. S. CHIN 
Wood Chemistry Laboratory, University of Montana, Missoula, Mont. 59801 

Pyrolysis of carbohydrates results in transglycosylation 
(1,2), dehydration (3)
reactions (4). These reaction
which can be used as intermediates for synthesis of carbohydrate 
derivatives. 

1,6-Anhydro-3,4-dideoxy-β-D-glycero-hex-3-enopyranos-2-ulose 
(levoglucosenone) has recently teen detected in several labora
tories (5-8) from the pyrolysis of cellulose containing an acidic 
catalyst and has been assigned the structures, namely 1,5-anhy
dro-2,3-deoxy-β-D-pent-2-eno-furanose (a) and cis-4,5-epoxy-2-
pentenal (b) as well as the levoglucosenone structure (c) shown 
in Figure 1. The correct structure of this compound was con
firmed in our laboratory by making crystalline derivatives (8), 
and by investigating the reaction of the isolated compound. 

These investigations revealed that levoglucosenone can be 
produced in comparable yields from the pyrolysis of various 
materials, such as acid-treated starch and waste papers, in 
addition to pure cellulose (Table I). These yields were deter
mined by pyrolysis gas chromatography of small samples, using a 
pyrolysis temperature of 350°. The crude pyrolyzate contained, 
in addition to levoglucosenone, 2-furaldehyde as the major im
purity. It was also found that levoglucosenone is unstable at 
high temperatures and could further pyrolyze, especially in the 
presence of zinc chloride (8). 

In previous studies, levoglucosenone was purified by pre
parative gas chromatography, which was a time consuming method 
only suitable for small-scale preparation. In the current in
vestigation, the following procedure was developed for a larger 
scale preparation. Waste Kraft paper bags were shredded, 
treated with dilute phosphoric acid and dried. Eight-gram 
batches of the treated paper containing 5% phosphoric acid were 
pyrolyzed under nitrogen in a tube furnace. To minimize the ex
cessive decomposition of the products on the hot furnace tube, a 
reduced temperature of 275° was used. After 208 g of the raw 
material was pyrolyzed, the accumulated pyrolyzate was extracted 
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H 

Figure 1. Structures of (a) l,5-anhydro-2,3-deoxy-fi-O-pent-2-enofuranose; (b) cis-
4,5-epoxy-2-pentenal; and (c) l}6-anhydro-3f4-diaeoxy^-O-glycero-hex-3-enopyra-

nos-2-ulose

TABLE I. YIELDS OF LEVOGLUCOSENONE FROM THE PYROLYSIS OF DIF
FERENT MATERIALS AT 3 5 0 o a . 

Material Neat (%) 5% H 3 P 0 4 - t r e a t e d (%) 

Ce l lu lose 1.2 11.1 

Starch 0.3 9.0 

News-print with ink T * 9.1 

Kraf t shopping bags Τ 10.2 

Determined by pyrolyz ing 5 mg samples and d i r e c t l y analyzing 
the v o l a t i l e s by GLC. 

Τ = trace amount. 
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with chloroforrn and the chloroform solution was dried, filtered 
and evaporated. The gas-liquid chromatography (GLC) analysis of 
this mixture gave chromatogram A in Figure 2, showing the levo
glucosenone and 2-furaldehyde as the major components with the 
ratio of 4:1, respectively. 

2-Furaldehyde and other aldehydo impurities were removed 
from the pyrolyzate by reaction with 5,5-dimethyl-l,3-cyclo-
hexane-dione (dimethone) in 50% aqueous ethanol solution at 
100°. Upon cooling, the bismethone derivatives of aldehydo 
compounds precipitated from the solution and were removed by f i l 
tration. Ethanol was removed from the f i l trate under vacuum and 
the remaining aqueous solution was again extracted with chloro
form, dried, filtered, and evaporated. The resulting mixture 
gave chromatogram Β in Figure 2, which shows the complete re
moval of 2-furaldehyde along with other aldehydo impurities. 
This aldehyde-free pyrolyzate was then vacuum disti l led at 1.5 
mm Hg. The fraction collected between 55-60° as shown in chroma
togram C in Figure 2, contained 96% levoglucosenone, pure enough 
for synthetic purposes. The yield of purified product weighed 
6.8 g, amounting to an overall yield of 3.3% based on the weight 
of waste paper. 26 

The product was a light-yellow colored liquid with [a] D -
458°, compared with the -460° reported before (7). This product 
was further characterized as the crystalline 2,4-dinitrophenyl-
hydrazone (DNPH) reported before (8) and semicarbazone which is 
a new derivative. 

Levoglucosenone possesses an interesting α,3-unsaturated 
keto structure, which can be used to synthesize branched-chain, 
keto and amino sugar derivatives. In this study, we have ex
plored some of these possibilities. Table II shows some of the 
derivatives prepared by modifying the functional groups of this 
compound. 

Selective reduction of the keto group by lithium aluminum 
hydride in ether gave a mixture containing 84% of 1,6-anhydro-
3,4-dideo^-e-D-erythro-hex-3-enopyranose (d) and 8% of its C-2 
epimer. The major product formed in 75% yield, and was charac
terized by its 3,5-dinitrobenzoate derivative. The nuclear mag
netic resonance (NMR) spectrum of this compound showed that there 
was no spin-spin coupling between the CI and C2 protons, con
firming the assigned configuration. 

The second derivative was prepared by hydrogénation of the 
double bond using Pd/BaSÛ4 as a catalyst. This gave 1,6-anhydro-
3,4-dideoxy-6-D-giycero-hexopyranos-2-ulose (e) as an oil in 85% 
yield. This compound was characterized by i€s DNPH derivative. 

The reduction of both keto and double bond functional groups 
gave 1,6-anhydro-3,4-dideoxy-3-D-erythro-hexopyranose (f) as an 
o i l , that was characterized by Its 3,5-dinitrobenzoate derivative. 
The same product-, 3,5-dinitrobenzoate derivative, was obtained 
by both hydrogénation of d or reduction of e; indicating that the 
saturation of the double bond on the sugar ring did not change 
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c 

Figure 2. Gas-liquid chromato-
grams of (A) crude prolyzate; (B) 
crude pyrolyzate after removing 
aldehydo impurities; and (C) final 
product. Peak a is 2-furaldehyde 

and peak b is levoglucosenone. 5 0 82 114 146 178 2li> I S O T H E R M A L 
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the stereospecific nature of the lithium aluminum hydride reac
tion and also confirming the assigned configuration. The former 
reaction gave 84% yield and the latter reaction gave 70% yield 
of the major product and 7% of the corresponding isomer. 

In addition to modifying the functional groups of levoglu
cosenone, different branched-chain sugar derivatives could also 
be prepared by the reaction of levoglucosenone with Grignard re
agent under controlled conditions as shown in Table III . 

At room temperature, levoglucosenone reacted with methylmag-
nesium iodide to give mainly the 1,2 addition product, 1,6-
anhydro-3,4-dideo)^"2-c-methyl^-p-erythro-hex-3-enopyranose (g) 
in 56% yield. The reaction mixture also contained 6% of the C-2 
epimer and 6% of the 1,4-addition product. The major product was 
separated by column chromatography (CC), reduced by hydrogénation 
to 1,6-anhydro-3,4-dideoxy-2-c-methyl -3 -D-erythro-hexopyranose 
(h), and characterized as the 3,5-dinitrobenzoate derivative. 

At -78° and in th
phosphine) copper (I)], however, the reaction of levoglucosenone 
with methyl magnesium iodide gave mainly the 1,4-addition product, 
1,6-anhydro-3,4-dideoxy-4-c-methyl-6 -D-erythro-hexopyranos-2-
ulose, (i) in 64% yield. This compound was characterized as the 
DNPH derivative. The configuration of compound 2 was assigned 
by ΝMR spectroscopy which showed that there was no spin-spin 
coupling between the C4 and C5 protons. 

The reaction of e with methylmagnesium iodide at room temp
erature was not stereospecific. It gave nearly equal amounts 
of compound h and 1,6-anhydro-3,4-dideoxy-2-c-methyl-β-J-threo-
hexopyranose"(j) as an oi l which could not be clearly separated 
by CC. However, these two compounds were characterized by their 
3,5-dinitrobenzoate derivatives from the early and late fractions. 

The configurations of compounds g,h and j were determined 
by NMR spectroscopy with the aid of europium III [Eu (fod)o] 
shift reagent. The NMR of the product mixture containing h and 
j in CDClj shown in spectrum A in Figure 3, contains two equal 
sized hydroxyl signals at 2.5 and 2.8 ppm due to the equal con
centrations of the two compounds. There was only one sharp 
signal at 5 ppm for the anomeric protons. In order to increase 
the concentration of one of the two isomers, compound g was hy-
drogenated to h and added to the solution. This increased the 
size of the hydroxy! signal at 2.5 ppm as shown in spectrum Β 
in Figure 3. Upon gradual addition of Eu (fod)3, as shown in 
spectra C and D, the larger hydroxyl signal at 2.5 ppm shifted 
significantly to a lower field while the other one remained re
latively unchanged. Also, the common signal for the anomeric 
protons at 5 ppm was gradually separated into two peaks. The 
peak which shifted to a lower field was larger in size than the 
one remaining relatively unchanged. Therefore, the isomer pre
pared by hydrogénation of compound g should have the structure 
h that contains the more accessible~hydroxyl group. 
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J 1 1 • ' ' ' ' I I I 

6 5 4 8 2 1 O P P M 6 5 4 8 2 1 0 P P M 

Figure 3. Gradual change in nmr spectra; (A) Grignard reaction products of com
pound e; (B) after adding the hydrogénation product of compound e; (C) after add

ing Eu(fod)s; and (D)at the end of the addition of Eu(fod)s 
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Formation and Conversion of Phenylhydrazones and 

Osazones of Carbohydrates 

HELMUT SIMON and ADOLF KRAUS 
Technische Universität München, Organisch-Chemisches Institut, 
D-8000 Munich, West Germany 

Since their discovery b  E  Fische  (1,2)  phenylhydrazone
and sugar osazones hav
different reasons (3-7)

a) At first, the hydrazones and osazones were used for the 
identification and to some extent, the estimation and separation 
of saccharides. 

b) Then, chemists were interested in the mechanism of osa
zone formation and the structure of phenylhydrazones and osazones. 

c) Later, chemists wanted to know why the reaction between 
phenylhydrazine and sugars usually stopped at the bishydrazone 
stage, and why disubstituted hydrazines such as N-methyl-N-phe
nylhydrazine could "oxidize" sugars beyond the bishydrazone level 
as shown by Chapman et al. (8,9). It was also interesting to know 
why the formation of osazones from different monosaccharides pro
ceeded in such widely varied yields and rates. 

d) Sugar osazones have been used as starting materials for 
numerous interesting heterocycles (10-13). 

We have carried out some work in area "b", especially on the 
mechanism of osazone formation and in areas "c" and "d". 

For a long time efforts to solve problems "b" and "c" did 
not lead to decisive results for two reasons. Chemists have often 
tried to get information about the structure of phenylosazones or 
phenylhydrazones from their reaction products and it was not 
realized that certain isomers present only in small concentra
tions in the equilibrium mixture could be the reacting species. 
Although the structures of some hydrazones and osazones in the 
crystalline state are well known (4), the structures of most of 
the species present in solution are not. This means that many of 
the kinetically controlled intermediates and the products of the 
reactions of aldoses and ketoses with phenyl hydrazine are not 
known. Further, our knowledge of the reaction mechanism was ham
pered by our not knowing for certain what al l the reactions 
taking place are. This does not mean that we do not know what the 
predominant forms are, but rather that the starting materials for 
certain reactions could be present in concentrations not detect-
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able by the physico-chemical methods available. Further, the 
occurance of a given reaction does not prove the presence of only 
one structure. For more details see a review by Mester et al. 
(14) and a paper by Blair et al. (15) on the structure of phenyl
hydrazones of different hexoses. 

The structure of osazones has been discussed in detail. A 
careful analysis of a l l the available information suggests that 
the structure originally proposed by Fieser and Fieser (16) is 
still valid (17,18). It explains reasonably well why the two 
phenylhydrazone groups of osazones behave differently in most of 
their reactions. These structures, however, do not explain satis
factorily why the reaction of saccharides with phenyl hydrazines 
stops at the second carbon atom. 

We (7,19) and others (20,21) studied a series of model 
compounds and reactions of phenylhydrazones of a-hydroxyaldehydes, 
α-hydroxyketones and monoses as well as reactions of osazones 
under the influence of aci
more insight into the behaviour of sugar phenylhydrazones and 
osazones under the conditions of their formation. 
Phenylhydrazones 

The problems of formation of peroxides and the equilibrium 
between different isomers are of current interest. The mutarota-
tion of 3,4,5,6-tetra-O-benzoyl-JD-glucose phenylhydrazone pre
viously attributed (22) to a phenyl hydrazone^ phenylazo tauto-
merism has been shown to be due to the formation of a phenylazo-
hydroperoxide equilibrium (23)* Further, phenylhydrazones under 
the influence of acids and "bases exist in equilibrium with differ-
ent isomers (24) and may react in different ways, as can be seen 
in Figure 1. "For simplicity the equilibria between the different 
cyclic and acyclic isomers which may exist for sugar derivatives 
were omitted (for a discussion of these forms see ref. 25). 
Usually form 1 is by far the most predominant form but tïïere are 
examples such as that of D-xylo-4,5,6-trihydroxy-2-oxo-l,3-bis 
(phenylhydrazono)-cyclohexane where both forms 1 and 4 are known 

In such cases where X = OH 6 is an intermediate in a rather 
general reaction which in the f i e l d of carbohydrates has been 
f irst described by Amadari (27). It may be summarized by the 
following tautomerizations: 

(26). 

H H 
R — C — C R 
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Usually the equilibrium in this reaction is shifted towards the 
side of the α-amino carbonyl compound. Like many other reactions 
in the field of carbohydrate chemistry this rearrangement can be 
catalyzed by acids, bases, by compounds containing activated 
methylene groups such as ethyl malonate and by the addition com
pounds of amines with Lewis acids (28). In the case of hydrazino 
derivatives a form such as 6a has not been isolated yet. The 
reason may be that this form'is in equilibrium with form 6 which 
is able to react irreversibly to give the α-ketoimine Z- An ana
logous elimination will be discussed later. We have studied the 
exchange of carbon-bound hydrogen atoms of the phenylhydrazones 
of aldehydes and ketones in ethanol-potassium hydroxide as well 
as in dilute mineral acid solutions under a strictly oxygen free 
atmosphere (24,29,30). Our results can be summerized as follows: 

Reactions of Hydrazones in Dilute Alkaline Solution. Based 
on the positions of hydroge
ed phenylhydrazones we could conclude that^tructures 1,4 and 6 
are formed reversibly in cases where X = R = H. The hydrazone1 

azo hydrazine-tautomerism behaves differently when R1 = CH3 or 
X = OH. When X-OH two elimination reactions ( l - * 5 and g-> 
Z) take place. When R1 = CH3 the azo form 4 cannot be formeS and 
consequently no hydrogen exchange can be oBserved (24). With the 
phenylhydrazones of glycol aldehyde 9a and 2-hydroxy-cyclohexanone 
§b (Figure 2) as model compounds ancTthe phenylhydrazones of 
mannose and glucose in 0.12 m KOH in ethanol labeled with tritium 
in the OH-group the following was observed (30): Within 15 min at 
80° 10.3 % of the hydrogen atom attached to "C l̂ of glycol aldehyde 
phenylhydrazone was exchanged with protons of the medium. This 
can be explained by an equilibrium between 1 ^ 4 . Acetaldehyde 
phenylhydrazone shows hydrogen exchange at C-l and C-2 in a ratio 
of 1.0 : 1.7 (30). This probably occurs via 1^ 2^-Ç and 1^ | 
respectively. Tn contrast to acetaldehyde phenylRydrazone and 
other aldehyde phenylhydrazones with no OH-group in the 2-posi-
tion there is no exchange at C-2 of the phenylhydrazones of gly-
colaldehyde (3a), mannose and 2-hydroxy-cyclohexanone (9b). That 
means that the~"hydroxy group at C-2 prevents the equilibrium 
1^6. The reason is very probably the fast consecutive reaction 
|-*Z- In agreement with this conclusion, we observed that aniline 
was eliminated during the reaction. The ratio of exchange rates 
at C-l of the phenylhydrazones of acetaldehyde, glycol aldehyde 
and mannose were found to be 1.0 : 3.5 : 7.0. 2-Hydroxy-cyclo-
hexanone phenylhydrazone exchanged in 120 min 22.5 % of its 
hydrogen atoms presumably at C-6, and was finally transformed 
to phenylhydrazono-cyclohexene ]2§ via 9^—»lia —H2. This cor
responds to in the general Figure I."Glycolaldehyde 
phenylhydrazone however eliminated some aniline presumably via 

Aldose phenylhydrazones 13 show some additional reactions 
and yield other products, sucFas N-phenyl-pyrazole 1§ which is 
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formed under strictly identical conditions in yields of 35 % from 
mannose phenylhydrazone and in 20 % from glucose phenylhydrazone. 
The reaction sequence may be represented according to Figure 3. 
Intermediate 1| which corresponds to compound 5 in Figure 1 is 
l-phenylazo-D-arabino-3,4,5,6-tetraacetoxyhexene-(l) which is 
formed from 13 in pyridine-aceticanhydride according to Wolfrom 
et a l . (31,32). The formation of such alkene-azoaryl structures 
TuTsTeen also observed by Caglioti e_t al_. (33). They described 
the formation of 1-phenyl azo-cyclohexene-(iy~ll from 2-acetoxy-
cyclohexanone phenylhydrazone by treating this"with lithium-
hydride in benzene and the 1.4-addition of phenyl hydrazine to the 
alkene-azoaryl system discussed later. 

Reactions of Hydrazones in Dilute Acid Solutions. The 
elimination of aniline is an important reaction of a-hydroxyalde-
hydes in acetic acid-methanol as can be seen from Table I. 
Table I Aniline Elimination from Phenylhydrazones and 

Formation of Bis(phenylhydrazones) During 6 h 
Heating in CH30H-CH3C00H (1:1) at 40° 

Starting Material Aniline/Mole Bisphenylhydrazone/ 

Glycol aldehyde- n Λ 9 n 9 o 
phenyl hydrazone U e " 
Glucosephenyl- Q.23 0.07 
hydrazone 
Mannosephenyl- 0 1 8 0 0 3 

hydrazone 
2-Deoxy-2-phenylhydrazi no-
glycolaldehyde phenyl- 0.63 0.44 
hydrazone 
Besides aniline, bis(phenylhydrazones) are formed. However, there 
is no stoichiometric relationship between aniline and osazone 
formation. This aniline elimination is comparable to the amine 
elimination which occurs during the formation of nitrogen con
taining reductones from N-glycosides (34,35). 
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H-Y 
c — 

C=0 

II 
+ HNC 

17 18 
When Υ = Ν we have an amine elimination from the l-amino-3-hyd-
roxy-azaallyl system and when Y = CH we observe the amine e l i 
mination from the l-amino-3-hydroxy-allyl system. Erythrose re
acts with an amine such as N-methyl-benzylamine to give the N-
containing reductone 23 in 45 % yield (Figure 4). [1-' 4C]Erythro
se forms this reductone with 97 % of the carbon-14 in the methyl 
group and 3 % in the amino methylene group (34). A reasonable 
explanation of this woul
the Amadori product 2Q which enolizes to 21· This can eliminate 
in two directions. If the amine is eliminated C-l of the ery
throse becomes the methyl group in 22· If the OH-group is e l i 
minated C-4 of the erythrose becomes the methyl group in 24. The 
ratio is about 30 : 1 in favor of the amine elimination. TRe fast 
elimination of a structure such as 21 with Υ = Ν can also be seen 
from the fact that [3-3H]-l-deoxy-lzBenzylamino-D-fructose does 
not lose 3H even when 50 % of the starting material has reacted 
via amine elimination (34). That means that the step correspond
ing to 2Q-> 21 is irreversible since i t is followed by a fast 
eliminaÏTon." 

Another important reaction is the formation of alkene-
azoaryl systems such as 5 which can lead to addition products. 
Heating hydrazone 9£ witR 0.02 η hydrochloric acid in methanol 
for a few minutes Teads quantitatively to phenylhydrazone 1Q§ 
as shown in Figure 2 (30). Very probably 11 is the interme3Tate 
since 1Q§ is formed from 11 about three times faster than from 
9J2 under identical conditions. We studied this phenomenon with 
several model compounds (36-38) but also with carbohydrate deri
vatives (19,39). The isomerization 9£-» 12a occurs in acid as 
well as in basic solutions. In acidic an3 Basic media a competi
tion exists also between the addition of nucleophiles of the type 
HX and the isomerization to a Δ^-enephenyl-hydrazone such as 
12a. In acidic media the isomerization §b->12a with different 
suBstituents Y in the para position of tRe pRenylhydrazine resi 
due shows a strong dependence on Y. The reaction rate constants 
(sec χ 10"5) for the conversion l l - > 12a are shown for differ-
ent Y groups in Figure 2. In 0.55 η HC1 tetrahydrofuran at 25° 
the rates are as follows (37): -NO? = 1.7; -CO0C2H5 = 22; Η = 
507; CHo = 1810; OCH3 = 2SW. The Tatter value was calculated by 
using the Hammett equation. In acidic media the group Y has only 
l i t t l e influence on the rate of addition of compounds such as 
methanol. Besides alcohols the alkene-azoaryl system adds sodium 
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hydrogen sulf ite , acetic acid and compounds with activated C-H 
bonds. Examples are diethyl malonate, malonodinitril, 2-acetamino-
diethyl malonate, ethyl cyanoacetate etc. (38). Overend et a l . 
(40-42) have used arylazo-glycenosides for preparative work in 
the carbohydrate field taking advantage of the 1,4-additions that 
occured in a highly stereoselective fashion. We found that 1-
phenylazo-3,4,5,6-tetra-0-acetyl-Q-arabino-transhexene-(1) adds 
methanol, acetic acid or 2,4-dinitrothiophenol. Only in the lat 
ter case was i t possible to isolate the expected glucose and 
mannose derivative (39). 
Phenylosazones 

Some of the reactions which are observed with the phenyl
hydrazones of sugars occur also with the bis(phenylhydrazones). 
However, the presence of two phenylhydrazone groups in the latter 
compounds causes osazone
zones in most of their reactions. 

Reactions of Bis(hydrazones)in Dilute Alkaline Solution. In 
s 1ightly alkaline media the hydrogen atoms bound to carbon ex-
change with protons of the medium to varying degrees (Figure 5) 
(29). In the case of glucose phenylosazone this exchange occurs 
rriiTnly at C-l and to a small extent at C-3 as can be seen in 
Table II. 

Table II Hydrogen Exchange*̂  of Osazones (29). 
Substance 30 min. 60 min. 90 min. 
Glucose phenylosazone 45.0 b ) 51.8 b ) 60.4 b ) 

2-Phenyl-l ,2,3-triazole- 4 1 Q 4 8 4 5 5 e 5 

(4)-carboxylic acid L ' 
Glyoxal bis(phenyl- _ _ 56.7d^ 
hydrazone) 
Methylglyoxal bis(phenyl- _ _ 28.0 
hydrazone) 
Glucose methyl phenylosazone - - "1-0 
Sly 
iyd 
a) 

Glyoxal bis (methyl phenyl- -, Q 

hydrazone) 
Conditions: 0.1 m Κ0Η in ethanol, 80 under nitrogen. The 
molar radioactivity of C9H c03H corresponds to 100 %. 

b ) ^ o 
'Measured in form of the phenylosotriazole. 

^Obtained from the phenylosotriazole by periodate treatment. 
The difference of the molar specific radioactivity of phenyl
osotriazole and 2-phenyl-l,2,3-triazole-(4)-carboxylic acid 
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gives the tritium content at C-3 of the glucose phenylosazone. 
d h n order to compare this value with the other compounds i t has 

to be divided by two. 
This reaction corresponds to a similar tautomerism observed with 
α-hydroxy-phenylhydrazones. Methyl phenylosazones show no exchange 
since the step l-> 4 and 2| — ^ 2 4 (See Figures 1 and 5) cannot 
occur (29). After treatment of glucosazone in 0.1 η KOH-ethanol 
at 800 f j u r products UZ,2|,30,32) could be identified (See 
Figure 5). Besides glyoxaT bTs(pRenylhydrazone) and 2,4-dihydroxy-
butyric acid, 3,6-anhydro-D-ribo-hexulose phenylosazone was formed 
with a yield of about 5 %.~This product was often called "Diels* 
anhydro-osazone" (43) unt i l , finally i t was shown to be 3,6-an-
hydro-Q-ribo-hexulose phenylosazone by El Khadem et al_. (44). The 
fourth product was chromatographically very similarly to |7 and 
was tentatively identified as 3,6-anhydro-glucosazone. The'splitt-
ing of the osazones to glyoxalbis(phenylhydrazon
described by Diels et al . (43). Under identical conditions the 
ratio of glyoxal BTs(piïenyThydrazone) formation from the osazones 
of glucose, arabinose and xylose was 6.6 : 1.0 : 1.2. 

Also the formation of Percival's dianhydro-osazone 2S and the 
dianhydro-osazones containing pyrazole rings such as |8 can be ex
plained by the general formulation §-» § or 11-* 12a. Compound 3| 
was obtained by deacetylation of osazone acetates with sodium 
hydroxide in dilute acetone (45). The correct structure was sug
gested by Henseke et a l . (46) and confirmed by El Kahdem et al_. 
(47). The pyrazole~"3erivat-ive 2§ was discovered by El Kahïïêm et 
aT7 (48,49) by acetyl ating glucosazone with acetic anhydride ."Tie 
oFtained~The analogue of |§ from 3,4,5-tri-0-acetyl arabinose or 
xylose osazone by heating them with pyridine in ethanol (19). We 
propose for their formation the mechanism shown in FigureT. 
Like the key intermediates § or 8, the dianhydro-osazones are 
formed in acid as well as in basic solution. They are formed be
cause the 0-acetyl group is a good leaving group and wil l readily 
lead to an alkene-azophenyl system. 

Reactions of Osazones in Acidic Solution. In contrast to the 
bis(phenylhydrazones) derived from α-hydroxy-carbonyl compounds 
such as glycol aldehyde or 2-hydroxycyclohexanone, the bis(phenyl -
hydrazones) of sugars are not end products under the conditions 
of their formation. Furthermore several side reactions occur dur
ing their formation. The relative rates of the different side re
actions and of the consecutive reactions after the osazones are 
formed depend heavily on such conditions as acid concentration, 
solvent, the presence of aromatic amines, the temperature and to 
a great extent on the hydrazine derivative used. Examples of such 
reactions are given in Figure 7 and 8 as well as in Table II. The 
latter gives also some information about the question why alkyl-
phenylhydrazines, and not phenyl hydrazines react with carbohydra
tes to give polyhydrazones. Mesoxalaldehyde-1,3-bis(phenyl-
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hydrazone)40 could be used to form a t r i s(phenylhydrazone) of a 
triose (43)7 However, bis(hydrazone)4Q reacts at elevated tempera
tures un3êr conditions of osazone formation very fast to give the 
pyrazole 42 (50). After 24 h at 20° the t r i s(phenylhydrazone) 41 
is obtainêâ from 4 0 together with 30 % of the pyrazole 42· On ÎRe 
other hand under tfiese conditions the unchanged triose osazone 
(43) is s t i l l present to the extent of 30 % even after 32 days 
reaction. It takes 120 h at 50° in methanol/acetic acid for the 
triose osazone 43 to disappear completely. During this time 0.9 
mole of aniline'Ts formed per mole osazone. That means that the 
consecutive reactions leading from 4Q or 41 to other products 
are much faster than the formation ôf 4Q or 41· On the other 
hand dihydroxy acetone reacts rapidly'with methyl phenyl hydrazine 
at room temperature according to Chapman ejb a l . (8,9) to give 
the t r i s(methylphenyl hydrozone) an analogue of 41. 

Under the conditions of their formation (methanol or ethanol 
as solvent, acetic acid
sugars may undergo at least four different consecutive reactions 
(50). These are shown in Figure 9. 

a) In the case of tetrose or pentose osazones via the e l i 
mination 4 4 4 § the solvent alcohol may be added to 45 to give 
products corresponding to 4ë and 4Z- However, hexose osazones 
perform an intramolecular addition reaction to anhydro-osazones 
11 + 29. 

B) The carbon chain may undergo a dealdolization between C-3 
and C-4 to give 48 and 42 (44-» 4§ + 49) or 

c) a splitting betwêen'C-2 and C-3 (44-> 5Q-»3Q + 49) could 
occur and give glyoxal bis (phenyl hydrazone)" (3Q). 

d) Aniline is eliminated (44-» §1 —>§g).~ 
Only reaction d leads to an intermediate which would be able to 
react further with phenylhydrazine to give a t r i s(phenylhydrazone) 
and reactions a and c should not be possible with bis(methylphe
nyl hydrazones ). 

Addition of alcohols to the intermediate alkene-azoaryl com
pound 4jjj is very probable because [3-3H]phenylglucosazone is con
verted to 2Z and ZÎ without any loss of tritium. That means that 
enolizatiofis between C-2 and C-3 can be excluded (19). This 
mechanism explains also the observation of Diels et aK (43) that 
alkyl phenyl osazones of glucose can not be convertêïï to anTiydro-
osazones. The anhydro-osazones 27 and 29 are obtained from glucose 
phenylosazone in a ratio 3 : 2."This ralio corresponds to the 
thermodynamic equilibrium. Under the conditions of its formation 
pure 2Z is converted again to a 3 : 2 mixture of Zl and £|. This 
result contradicts the rule that in anhydro-osazones the carbon 
atom in position three always seeks to acquire the configuration 
of the subsequent carbon not involved in ring formation (5J). 
Consequently starting with 8 hexose phenylosazones there could 
be 8 anhydro-osazones of the Diels type and not only 4 as pre
dicted (51). In the case of pentose-phenylosazones, 4§a and 4Z| 
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are formed. Heating Q-arabinosephenylosazone in a solution of 
ethanol or isopropanol with a trace of sulfuric acid leads to 
mixtures corresponding to 4|a and 47a with a yield of about 80 %. 
The mixtures can be separated by thin layer or column chromato
graphy. These products are identical with those erroneously de
scribed by Diels et al (43) as anhydro-osazones containing 
crystal alcohol. T F iTso these compounds are formed via an e l i 
mination-addition mechanism one could expect again a reversible 
conversion from 4§§ to |Zi under the conditions of their forma
tion. That is the case. The configuration of 4§a was determined 
by preparing its osotriazole and comparing the fully 0-methyla-
ted product with that of the osotriazole of D-arabinose phenyl-
osazone after O-methylation (]9). Unlike the anhydro-osazone 
formation which yields two isomers with glucose phenylosazone we 
could detect only one dehydroosazone. This product was f irst de
scribed by Diels et aK (52) who obtained i t by oxidation of glu
cosazone in alkaline solutio
53) i t is a dehydro-allose osazone §Ζ· We have evidence that 
âTkene-azophenyl intermediates play an important role in its for
mation and transformations (19,39). We were interested to see 
how the inversion at C-3 occurs. We found that [3-3H]glucose 
phenylosazone lost no tritium during its conversion to §Z (19). 
This means that no enolization took place during the inversion 
of the configuration at C-3. Therefore, we suggest again an e l i 
mination-addition mechanism via a bis(phenylhydrazone) of struc
ture §3 which would give an alkene-azophenyl intermediate 55 
which Ts converted to §§. The latter is in equilibrium with §Z 
(Figure 10). If this is correct i t should be possible to get 
other elimination-addition products as well. We could show that 
heating of 5Z in 0.03 η H2S04/methanol leads to an 0-methyl-
product whicfi probably is best described by structure 5§. Chroma
tographic runs in 7 different solvent systems always showed only 
one reaction product. 

We measured CD spectra from 18 different phenylhydrazones, 
phenylosazones and their derivatives which were obtained during 
these studies. In every case the sign of the Cotton effect de
pended upon the configuration of that carbon atom which follows 
the chromophore (19). Mester et a l . (51) observed a positive 
Cotton effect in tKe region of̂ 2"3u-30TTnm or 340 nm for osazones 
and osotriazoles respectively in those derivatives having the 
0H-group or the linkage to a cyclic ether on the right in the 
Fischer projection. This rule can now be expanded to 3-0 methyl-
derivatives of phenylosazones and osotriazoles. 

The Key Reaction of the Osazone Formation and the Differ
ences Between Phenylhydrazine and Methyl phenyl hydrazine. 

Phenylhydrazones of α-hydroxy carbonyl compounds eliminate ani-
line under conditions of osazone formation at a rate comparable 
with that observed during osazone formation (35). Therefore, i t 
is reasonable to assume that the elimination 7T-*§ ->7) i s 
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usually the key reaction in osazone formation. Unlike other sug
gested mechanisms, this elimination reaction can be proved and 
measured. The formation of an intermediate § with a side equilib
rium to §a can be made detected by the incorporating hydrogen 
isotopes from the medium when the osazone formation is conducted 
in labeled water/alcohol (54) . But since 6§ is the product of a 
side equilibrium the amount of proton excRange at C-l of glucose 
during osazone formation varies widely with the conditions (55). 
Hydrogen exchange via 1# 4 cannot be excluded, but i t shoulcTbe 
rather low in solutions with weak acids. In special cases another 
elimination may occur. Osazone formation of 2-methoxycyclo-hexa-
none runs slower than that of 2-hydroxycyclohexanone. Presumably 
an elimination 1Q-»11 takes place followed by addition of phenyl-
hydrazine according to Caglioti et a l . (33). This addition product 
can then eliminate aniline. Anotïïêr elimination takes place during 
the formation of 3-deoxy-bis-(benzoylhydrazones) in the presence 
of p-toluidine. This reactio
(56) . In this special case two moles of benzoyl hydrazine ?RbuTd 
be sufficient to transform the sugar to the osazone according to 
the following mechanism: 

R <r 
HC 

HO—CH 
~ D 

NHNHCOCgHg 
OH 

R 
I NH 
I 

HC-NHNHC06H5 

C-OH i 

I 

R 

HC=N-NHCOCcH 
c = o 

ι 2 

R 

6 n 5 HC=N-NHCOCgH5 

C=N-NHC0C6H5 

CH0 

k 

In any case one should no longer talk about oxidation with respect 
to osazone formation, since there is no oxidising agent. 

What is now the difference between phenylosazones and methyl-
phenylosazones? The main difference is not the stability of the 
former due to chelation. There are two other significant differ
ences: 1) As shown above there are at least two consecutive reac
tions which can prevent osazone formation from continuing and in 
volving the third and subsequent carbon atoms. 2) The N-N bond of 
a α-hydroxymethylphenylhydrazone is broken much faster than that 
of a α-hydroxyphenylhydrazone and the same is true for the two 
different kinds of osazones. We studied aniline and N-methyl ani
line elimination from the corresponding hydrazones of a-hydroxy-
cyclohexanone. 

CH30H/CH3C00H 
=N-NC6H5 » H N R C 6 H 5 

I 
OH 
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In the case of R = CHo the amine elimination was about 100 times 
faster than with R = H. A factor of about 10 was found for the 
elimination of N-methylaninine compared to that of aniline from 
glucose methyl phenylosazone and glucose phenylosazone (57). 

Many details of the osazone formation remain unexplained. 
For instance, what are the reasons for the significant differen
ces in the rate of osazone formation from glucose and mannose? 
Figure 8 shows this and other observations which cannot be readi
ly interpreted. We find that the rate of osazone formation from 
glucose at 40° is at least one order of magnitude higher that 
that of mannose. Glucosazone formation conducted at 70° stops 
after about 1 h with a yield of about 35 %. There is no doubt 
that there is no glucose left at this point. The reaction at 40° 
continues even after 6 h and the yield surpasses that obtained in 
the reaction conducted at 70°. The importance of steric details 
can be seen from our studies with (1R)[1- H]D-fructose and (IS) 
[1- H]Q-fructose (58). Th
were converted into the phenylosazones under a variety of condi
tions. The ratio of the radioactivities in the osazones produced 
from the two forms was always about 3:2. That means the pro R and 
pro S hydrogen atom at C-l of the fructose are different in this 
reaction. This discrimination between the two hydrogen atoms can 
be best interpreted i f either a furanose or a pyranose derivative 
of the phenylhydrazone is f i rst formed and that this undergoes 
elimination. Furthermore, a primary kinetic isotope effect has 
been observed proving that the C-H bond splitting is rate deter
mining. 

Acknowledgment 
We thank Deutsche Forschungsgemeinschaft and Fonds der Chemi-

schen Industrie for the financial support of this work and the 
N.S.F. for stipend to cover travel expenses. 
Literature cited 

1. Fischer, E. , Ber.dtsch.chem.Ges.(1884) 17, 579. 
2. Fischer, E. , Ber.dtsch.chem.Ges.(1887) 20, 821. 
3. Percival, E.G.V., Adv.Carbohyd.Chem.(1978) 3, 23. 
4. Mester, L . , Angew.Chem.(1965) 77, 580; Int.Ed. 4, 574. 
5. El Khadem, H. , Adv.Carbohyd.Chem.(1965) 20, 139. 
6. Mester, L . , "Derives hydraziniques des glucides" 

Hermann, Paris(1967). 
7. Simon, H., Kraus, Α., Topics in Current Chemistry (1970) 14, 

430. 
8. Chapman, O.L., Welstead, J r . , W.J., Murphy, T . J . , King, R.W., 

J.Amer.Chem.Soc.(1964) 86, 732. 
9. Chapman, O.L., Welstead, Jr., W.J., Murphy, T . J . , King, R.W., 

J.Amer.Chem.Soc.(1967) 89, 7005. 
10. El Khadem, H., Adv.Carbohyd.Chem.(1963) 18, 99. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



11. SIMON AND KRAUS Phenylhydrazones and Osazones 205 

11. El Khadem, H., Adv.Carbohyd.Chem.(1970) 25, 351. 
12. Tronchet, J .M.J . , Jotterand, Α., Helv.Chim.Acta(1971) 54, 

1131. 
13. El Khadem, H.S., Swartz, D.L., Carbohyd.Res.(1973) 30, 400. 
14. Mester, L . , Vass, G., Tetrahedron Letters(1968) 5191. 
15. Blair , H.S., Roberts, G.A.F., J.Chem.Soc.(C) (1967) 2425. 
16. Fieser, L .F . , Fieser, M., Organic Chemistry(1944), 

Heath and Co., Boston. 
17. Buckingham, J., Tetrahedron Letters(1970) 951. 
18. Mester, L . , El Khadem, H. , Horton, D., J.Chem.Soc.(C) (1970) 

2567. 
19. Kraus, Α., Simon, H. , Chem.Ber.(1972) 105, 954. 
20. Dyong, I . , Bertram, H.P., Chem.Ber.(1973) 106, 1743. 
21. Dyong, I . , Bertram, H.P., Chem.Ber.(1973) 106, 2654 and 

literature cited therein
22. Micheel, F . , Dijong
23. Buckingham, J., Guthrie
24. Simon, H., Moldenhauer, W., Chem.Ber.(1967) 100,1949 and 

literature cited therein. 
25. Chilton, W.S., J.Org.Chem.(1968) 33, 4459. 
26. Fatiadi, A.J., Isbell, H.S., Carbohyd.Res.(1967) 5, 302. 
27. Hodge, J .E . , Adv.Carbohyd.Chem.(1955) 10, 169. 
28. Yoshimura, J., Funabashi, M., Simon, H. , Carbohyd.Res.(1969) 

11, 276 and literature cited therein. 
29. Simon, H. , Moldenhauer, W., Chem.Ber.(1967) 100, 3121. 
30. Simon, H. , Moldenhauer, W., Chem.Ber.(1968) 101, 2124. 
31. Wolfrom, M.L., Thompson, Α., Lineback, D.R., J.Org.Chem. 

(1962) 27, 2563. 
32. Wolfrom, M.L., Fraenkel, G., Lineback, D.R., Komitzky, Jr., F. 

J.Org.Chem.(1964) 29, 457. 
33. Caglioti, L . , Rosini, G., Rossi, F . , J.Amer.Chem.Soc.(1966) 

88, 3865. 
34. Simon, H. , Heubach, G., Chem.Ber.(1965) 98, 3703. 
35. Simon, H. , Heubach, G., Wacker, H. , Chem.Ber.(1967) 100, 3106. 
36. Brodka, S., Simon, H., Chem.Ber.(1969) 102, 3647. 
37. Simon, H., Brodka, S., Tetrahedron Letters(1969) 57, 4991. 
38. Brodka, S., Simon, H. , Liebigs Ann.Chem.(1971) 745, 193. 
39. Kraus, Α., Dr.rer.nat.thesis (1972) Techn.Univ.Munich. 
40. Collins, P.M., Gardiner, D., Kumar, S., Overend, W.G., 

Chem.Commun.(1970) 1433. 
41. Collins, P.M., Hurford, J.R., Overend, W.G., J.Chem.Soc. 

Perkin I (1975) 2178 and literature cited therein. 
42. Collins, P.M., Overend, W.G., Racz, V.M., Carbohyd.Res.(1975) 

45, 127. 
43. Diels, O., Meyer, R., Onnen, O., Liebigs Ann.Chem.(1936) 525, 

94. 
44. El Khadem, H., Schreier, E. , Stöhr, G., Hardegger, E . , 

Helv.Chim.Acta (1952) 35, 993. 
45. Percival, E.G.V., J.Chem.Soc.(1936) 1770; (1938) 1384. 
46. Henseke, G., Müller, U . , Badicke, G., Chem.Ber.(1958) 91,2270. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



206 SYNTHETIC METHODS FOR CARBOHYDRATES 

47. El Khadem, H., Abdel Rahman, M.M.A., J.Org.Chem.(1966) 31, 
1178. 

48. El Khadem, H., Mohammed-Ali, M.M., J.Chem.Soc.(1963) 4929. 
49. El Khadem, H., El-Shafei, Z.M., Mohammed-Ali, M.M., 

J.Org.Chem. (1964) 29, 1565. 
50. Simon, H., Moldenhauer, W., Kraus, Α., Chem.Ber.(1969) 102, 

2777. 
51. Mester, L. , El Khadem, H., Vass, G., Tetrahedron Letters 

(1969) 47, 4135. 
52. Diels, O., Cluss, E., Stephan, H.J., König, R., Ber.dtsch. 

chem.Ges.(1938) 71, 1189. 
53. Mester, L. , Moczar, E., Chem. and Ind.(1962) 554. 
54. Weygand, F., Simon, H., Klebe, J.F., Chem.Ber.(1958) 91, 

1567. 
55. Simon, H., Keil, K.D., Weygand, F., Chem.Ber.(1962) 95, 17. 
56. El Khadem, H., Horton

Carbohyd.Res.(1972
57. Simon, H., Moldenhauer, W., Chem.Ber.(1969) 102, 1191. 
58. Simon, H., Dorrer, H.D., Trebst, Α., Chem.Ber.(1963) 96, 

1285. 

In Synthetic Methods for Carbohydrates; El Khadem, H.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



12 

Synthesis of Polyhydroxyalkyl Heterocycles 

F. GARCIA GONZALEZ and J. FERNANDEZ-BOLAÑOS 
Universidad de Sevilla, Spain 

F. J. LOPEZ APARICIO 
Universidad de Granada, Spain 

Aldoses and ketoses reac  wit  β-dicarbonyl compounds giving 
polyhydroxyalkylfurans of type I and II. This reaction has been 
generalized by García González (1) who showed that the condensa
tion product of D-glucose with ethyl acetoacetate was 3-ethoxy
carbonyl-2-methyl-5-(D-arabinotetrahydroxybutyl)furan (I, R1 = Me; 
R2 = OEt) (2,3). 

The reaction was originally carried out by heating the reac-
tants with zinc chloride in a non aqueous medium, however it was 
also shown that the reaction occurs in aqueous alcohol at room 
temperature in the presence of metallic salts or hydrochloric 
acid and even without the addition of any specific catalyst (4). 
The condensation reaction has been achieved with various dicarbo-
nyl compounds and different sugars since carbon atoms 1 and 2 
from the sugar become integrated in the heterocycle the value of 
n in the polyhydroxyalkyl substituent depends on the sugar chain 
length. 5-D-arabinotetrahydroxybutyl- and 5-D-lyxotetrahydroxy-
butyl-furans were obtained from D-glucose (2-8) and D-galactose 
respectively (9,10). The nature of substituents R1 and R2 depends 
on the dicarbonyl compound. Furans having R1 = Me, Et, n-Pr, i-Bu, 
Ph or CH2-COOEt and R2 = OEt, OMe or Me have been prepared. 

The pentoses, D-xylose, D- and L-arabinose and D-ribose have 
been reacted with ethyl acetoacetate and diethyl 3-oxoglutarate 
to give trihydroxypropylfurans (9,11-14) with D-threo and D- (or 
L-) erythro configurations. 

In the same way, the D-glycero-D-gulo-heptose and the D-gly

207 
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cero-D-gluco-heptose were reacted with ethyl (methyl) acetoacetate 
and 2,4-pentanedione (acetylacetone) giving pentahydroxypentyl
furans. The reactions have been performed (15,16) in aqueous alco
holic solution at 50° during 15 days, and the isolation of the 
condensation products has been made by chromatography on cellulose 
columns or by fractional crystalization. 

D-Fructose and L-Sorbose reacted with ethyl acetoacetate and 
propionylacetate giving 4-tetrahydroxybutylfurans (II, n = 3). The 
isolation was effected by extraction of the products of the reac
tion with ethyl acetate (17). The acetylation of the polyhydroxy
furans was also studied (18). The structure of the condensation 
products was established by oxidation with periodic acid or sodium 
metaperiodate. They gave formadehyde, formic acid and 5- (or 4-) 
formylfurans which could be transformed into other furan deriva
tives by the usual synthetic methods. In a previous review (1) 
the furan derivatives hav  bee  tabulated

Polyhydroxyalkylpyrroles• 

The reaction of 2-amino-2-deoxyaldoses and 1-amino-1-deoxy 
ketoses, and their l\[-alkyl and N-aryl derivatives, with /3-dicar-
bonyl compounds was found to give pyrrole derivatives of type III 
and IV. Pauli and Ludwig (J9) found that when 2-amino-2-deoxy-D-

HC C-CO-R3 CHoOH-iCHOH)n-C C-CO-R3 
II II II II 

CH20H-(CH0H)n-C C-R2 HC C-R2 

(III) R1 (IV) R1 

glucose was heated with an excess of j i -dicarbonyl compounds such 
as ethyl acetoacetate or 2,4-pentanedione, give condensation 
products that were given the structure of ethyl 2-methyl-5-{D-ara-
bino-tetrahydroxybutyl)-pyrrole-3-carboxylate ( i l l , R2 = Me, 
Ri = H, R3 = OEt) and 3-acetyl-2-methyl-5-P-arabino-tetrahydroxy-
butyl-pyrrole ( i l l , R/j = H, R2 = Me, R3 = Me J ! 

This reaction has been generalized by Garcia Gonzalez, Gomez 
Sanchez and coworkers (20) by varying the aminoaldoses and the 
j3 -dicarbonyl compounds. The reaction was conducted in aqueous 
acetone solution at neutral pH and room temperature. By reacting 
2-amino-2-deoxy-:D ĝlucose and its N âlkyl derivatives several 
5-(D,-arabinotetrahydroxybutyl)pyrroles have been obtained having 
Ri = H, Me, Et, n-Pr, η-Bu or CH2Ph; R2 = Me, Et, n-Pr, H or 
CH2C00Et and R3 = OEt, SEt, Me or Ph (21-36). Their structures 
have been established by degradative oxidations, preparation of 
derivatives and ultraviolet and infrared absortion spectroscopy. 
Similarly pyrroles of type IV have been obtained by reacting of 
1-amino-l-deoxy-D f̂ructose and 1-alkyl (aryl)-amino-1-deoxy-D^ 
fructoses with β -dicarbonyl compounds. Depending on this last 
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compound the radicals introduced in the furan where as follows: 
R/| = H, η-Bu, CH 2C00Et, CH^Hs, p-CH 3C6H 4, P-CH3UC5H4 or p-
C2H5UC6H4; R 2 = Me, H or CH 2C00Et and R 3 = OEt, SEt, C 6H 5 or Me 

(26 , 2 8 , 3 6 , 3 9 ) . 
More recently the synthesis of polyhydroxyalkyl.pyrroles has 

been extended to trihydroxypropyl and pentahydroxypentyl pyrroles. 
The 2-methyl -3-ethoxycarbonyl -5-fD-erythrotrihydroxypropyl)pyrrole 
(III, Ri = H, R 2 = Me, R3 = OEt, η = 2 j has been prepared by reac
ting the epimeric pair of 2-amino-2-deoxy-D-arabinose and 2-amino-
2-deoxy-Dj-ribose with ethyl acetoacetate ( 4 ϋ ) . 

The 1-benzyl -2-methyl -3-ethoxycarbonyl -4-L-erythrotrihydroxy-
propyl and the 1-n-propyl(1-n-butyl, 1-benzyl)-2-methyl—3-ethoxy-
carbonyl -4-D-threotrihydroxypropylpyrroles have been obtained by 
reacting the corresponding 1-alkylamino-1-deoxypentuloses with 
ethyl acetoacetate (40). The 2-methyl-3-ethoxycarbonyl-5-D-galac-
tofP-gluco, D-mannol-pentahydroxypentyl-pyrrole
reacting the 2-amino-2-deoxy-D-glycero-j_-manno-heptose
deoxy-D^glycero-D-gulo-heptose or 2-amino-2-deoxy-D-glycero-D rtalo 
-heptose with ethyl acetoacetate ( 4 l J . 

The structure of a l l these polyhydroxyalkyl pyrroles have been 
established by oxidative degradation with sodium metaperiodate and 
oxidation of the corresponding pyrrole aldehydes, as well as by 
polarimetry and UV and IR spectroscopy. 

Polyhydroxyalkylpyrroles have been also obtained by reaction 
of glycosylamines with β -dicarbonyl compounds. Thus β -JD-Gluco-
pyranosylamine ( v ) , N-n-butyl-D-glucosylamine and several ̂ N-aryl-
D-glucosylamines were found to react with ethyl acetoacetate and 
2,4-pentanedione i n methanol containing c a t a l y t i c amounts of 
piperidine giving ethyl 2-methyl -4-fD-arabinotetrahydroxybutyl) 
pyrrole -3-carboxylate (Via), 3-ac et yl-2-meth yl - 4 -(D-arabi no te t r a -
hydroxybutyl) pyrrole (Vlb) and N-substituted pyrroles (27 36)• 

CH20H 

CH2OH C \ _ _ r ' H 

CH 3C0CH 2C0R ^ J ° M \ 

(VII) 

CH 20H- Γ CHOH ) q-C C-CO-R 
II II ' 

H C X N / C - C H 3 

Via, R = OEt ή 

b, R = Me 

In a similar way, D r " ^ r u c ' t o s y l a m i n e ( V I I l ) i J^-ethyl-ID-fructosyl 
amine and N^-benzyl-D-fructosylamine reacted with ethyl acetoace-
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tate and 2 #4—pentanedione giving ethyl 2-methyl-5-fD-arabinotetra-
hydroxybutyl)pyrrole-S-carboxylate (iXa), 3-acetyl-2-methyl-5-(D-
arabinotetrahydroxybutyl)pyrrole (iXb) and the corresponding N-
substituted pyrroles (27,36). 

\ ^ Ν Η 2 + CH3C0CH2C0-R CH3 

(VIII) OH 

, II 
CH 20H-(CH0H)3-C Y 
IXa, R = GEt 

b, R = Me 

The yields of pyrrole compounds produced i n these reactions 
was found to depend on the glycosylamine used, and varied from 
3-5°/o for D-glucosylamine and i t s N-alkyl derivatives, to 10-30°/o 
for the l^-alkyl -D^-fructosylamines. The yields r e f l e c t the a b i l i t y 
of the glycosylamines to undergo the Amadori rearrangement [20) 
and support the prediction (27) that an Amadori rearrangement i s 
involved i n these reactions. When the reaction of glycosylamines 
withy3 —dicarbonyl compounds i s carried out under milder condi
tions the J\[-glycosyl derivatives of β -amino-Od 9β -unsaturated 
esters or ketones (VIl) may be isolated. Ethyl 3-(β -glycopyrano-
sylamino)crotonates have been obtained (42) by allowing the 
glycosylamines of the common aldohexoses~XD-glucose, ^-galactose, 
D-mannose and ^L- rhamnose) to react with ethyl acetoacetate for 
several days. 

The structure of these compounds was determined by chemical 
and spectroscopic (UV, IR and PMR) methods. The amino and ethoxy-
carbonyl groups of the enamine portion were found to be i n c i s 
configuration and intramoleculary bonded. The pyranose ring sizes 
and anomeric configuration [β - 4 g - for the rhamnose derivative and 
/ 3 - D - for the remaining compounds) were assigned for the 0-acetyl 
derivatives on the basis of the chemical s h i f t s and the observed 
coupling constants. The same pyranose structures and anomeric con
figurations have been proposed for the parent compounds after 
considering the chemical s h i f t s and coupling constants of the 
anomeric protons (42,43). 

Other intermediate products of the reaction of glycosylamines 
with β> -dicarbonyl compounds are the ^N-glycosyl derivatives of 
Ρ-amino- oc9/i -unsaturated ketones obtained by reaction of aldo-
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sylamines with 2,4-pentanedione, 1-phenyl-1,3-butanedione and 
benzoylacetaldehyde (45). 

The reaction of ketohexosylamines with ethyl acetoacetate and 
2,4-pentanedione proceeds (42,44) readily to y i e l d the correspon
ding 5-tetrahydroxybutylpyrroles instead of the _N-ketohexosyl de
riv a t i v e s of type X. 

In the reaction of 2-amino-2-deoxy-D-glucose with 2,4-pentane 
dione an intermediate, 2-deoxy-2-[2-(4-oxo-2-pentenyl)aminoJ-D-
glucose has been isolated (32). The y i e l d was high when the reac
tion was performed i n anhydro basic media. This enamine cyclized 
readily into the 5-arabinotetrahydroxybutylpyrrole when i t was 
kept i n aqueous solution at room temperature for several days. 
The 2-amino-2-deoxy-D^glucose also reacted (34) with benzoylacet
aldehyde and 1-phenyl-1,3-butanedione i n methanol i n the presence 
of triethylamine yielding 2-deoxy-2-[l-(3-oxo-3-phenyl-1-propenyl) 
amino3-D-glucose and 2-deoxy-2-£l-methyl-1(3-oxo-3-phenyl-1-prop
enyl)aminoj -β-glucose
high y i e l d by merely treating an aqueous solution of the amino su 
gar with benzoylacetaldehyde at room temperature. The structure 
of these compounds has been stablished by studying their chemical 
and spectroscopic properties (45). Heating of these enamines i n 
aqueous ethanol, or a mixture of triethylamine and methanol, 
resulted i n cy c l i s a t i o n to the tetrahydroxybutylpyrroles (45). 
Another enamine, 2-deoxy-2-£( 1,2-dimethoxycarbonylvinyl)aminoJ-D-
glucose (Xl) has been obtained (46) i n almost quantitative y i e l d 
by reaction of 2-amino-2-deoxy- ̂ 3-Q-glucopyranose with the dime
thyl acetylenedicarboxilate. Heating the adduct (Xl) with water, 
or s l i g h t l y basic solution, afforded 3-methoxycarbonyl-5-(D-ara-
binotetrahydroxybutyl)-2-pyrrole carboxylic acid (XIl). 

Η ρ OH HC C-C00CH3 

II II 
CH30H-(CHGH)3-e C-CQOH 

NH X N 
I ή 

D-̂ OOC-Ĉ H-COOCHa XII 
XI 

Polydydroxyalkyl-1,5,6,7-tetrahydroindol-4-ones. 
The reaction of amino-sugars with fh -dicarbonyl compounds has 

been also extended to cyclohexane-1,3-diones (47,48). The primary 
products of the reaction of 2-amino-2-deoxy -y5-Sr9l U C DPy r a n o s e 

with cyclohexane-1,3-diones i n aqueous solution at room tempera
ture are enamine (XIIl), which c y c l i z e spontaneously to give 1,5, 
6,7-tetrahydro-2-(D-arabino-tetrahydroxybutyl)indol-4-ones (Xiv), 
Both products are obtained as mixtures that can be separated by 
frac t i o n a l c r y s t a l i z a t i o n or by chromatography on a cellulose 
column (yields 25-40%). 
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X l l l a , R1 R 0 = H 
b, R1 = H, R 2 = Me 

HOCH 
I 

HCOH 
I 

HCOH 
I 
CH 2 0H 

Xla, R1 = R 2 = H 
b, R/j =H, R 2 = Me 
c, R/| = R 2 = Me 

Similary, the 1-amino-1-deoxy-D-fructose reacts (48) with 
cyclohexane -1,3-diones to give enamines XV and tetrahydroxybutyl-
tetrahydroindolones XVI  Ketose enamines XV are more stable than 
the isomeric aldose derivative
yields (ca. 70%). In addition
stable than their homologous compounds XHIb and XVb. Apparently 
the introduction of a methyl group into the enamine system 
increases the s u s s e p t i b i l i t y to c y c l i z a t i o n . The f a i l u r e to 
obtain enamines similar to XIII and XV derived from dimedone may 
be attributed to this fact. Also, the reaction of 1-benzylamino-
1-deoxy-D-fructose with cyclohexane -1,3-dione gave only compound 
XVId, and no intermediate could be isolated or detected chromato-
graphically. 

CHn-NH-^X 

c=o 
I 

HOCH 
I 

HCOH 
I 

HCOH 
I 
CH 2 0H 

XVa, R1 = R 2 = Η 
b, R/, = H. R 2 = Me 

C H 2 0 H - ( C H 0 H ) 3 ^ 

XVIa, R1 = R 2 = R 3 = Η 
b, R/j = R 3 = H, Rd = Me 
c # R/, = R 2 = Me, R 3 = Η 

d f R/j = R 2 = H, R 3 = CH 2Ph 

Enamines XIII and XV c y c l i z e to tetrahydroxybutylindol - 4 -
ones XIV and XVI i n high yields by heating i n water. In the case 
of the 2-amino-2-deoxy-D-glucose derivative small amounts (ca. 
9°/o) of 1 ,5 ,6 ,7-tetrahydroindol - 4-ones which lacked the polyol 
chain were also obtained at a neutral pH. I f the reaction was 
performed at pH 9 -10 the y i e l d of these secondary products 
increased up to 30%. The other enamines XV cyclized without 
loosing the tetrahydroxybutyl chain. A l l structures have been 
stablished by degradative oxidations and UV, IR and NMR spectros
copy. 
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Reaction mechanisms: 

During the reaction of yj-dicarbonylcompounds with aldoses and 
with 2-amino-(2-alkylamino or 2-arylamino)-2-deoxyaldoses two 
molecules of water are eliminated and a heteroaromatic pentacycle, 
furan or pyrrole, i s formed. Although this analogy may lead one to 
suggest a similar reaction mechanism for both reactions, i t must 
be kept i n mind that replacing an amino group by a hydroxyl group 
may produce enough change i n r e a c t i v i t y to lead to a different 
reaction route. In agreement with this i s the fact that i n the 
case of 2-amino-(or 2-alkylamino)-2-deoxyaldoses, i t has been 
possible to i s o l a t e the intermediate 2-enamines, which can be 
transformed into the polyhydroxyalkyl-pyrroles (45,46), but i n the 
case of aldose derivatives no similar intermediates have been 
detected. 

The formation of polyhydroxyalkylfurans
tigation of reaction mechanism has been carried out for the con
densation of aldoses and y î-dicarbonyl compounds. One d i f f i c u l t y 
i s the deep structural change that i s involved in the reaction 
which affectes a multitude of bonds. This suggests that the reac
tion does not proceed by a concerted process and that several 
reaction intermediates are formed which have not been detected at 
present. The complexity of the problem can be seen i f we r e a l i z e 
that the two reactants can exist i n several interconvertible forms. 
Thus the sugar may exist i n aldehydic (even solvated), anomeric 
and enediolic forms, and the dicarbonylcompound i n the keto- and 
enol-forms. The participation of enediolic forms can cer t a i n l y 
be discarded since the reaction of D-glucose with ^/3-dicarbonyl 
compounds yields 5-polyhydroxyalkylfurans I while D-fructose 
yields the isomer with the polyhydroxyalkylated substituent in 
position-4, I I , XVII (J7). 

The reaction i s possible, not only with aldohexoses and aldo-
pentoses, which can exist as pyranoses or furanoses, but also with 
D-glyceraldehyde in which the hemiacetal forms are less stable 
(15]_. In addition, the reaction has been carried out with simple 
ûtf-hydroxyaldehydes or ot-hydroxyketones f15)[17). 

CH=0 HC C-COOEt 
I + CH3C0CH2CG0Et ^ || || 
CH20H HC C-CH3 

In the case of hydroxyketones the participation of a c y c l i c 
form i s not very probable owing to the higher s t a b i l i t y of the 
ketonic carbonyl group. 

It i s therefore reasonable to suppose that the free aldehydic 
form of the aldose i s taking part i n the reaction. It may be 
supposed that this form, i n the presence of an active methylene 
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group, can undergo an a l d o l i c type addition as the f i r s t step A) 
in the reaction: 

CH=G CH 2C0R 2 CH(0H)-CH-C0R2 

HC-OH C0R 3 pV > HC-OH CO-R3 
A/| R/| (XVII) 

fast V 
C H ( G H ) — C - C 0 R 2 C H ( U H ) — C H - C 0 R 2 

I H nC) fast I I 
R1 0 \ R1 • ^ 0 H 

À H C C - C G F 
(XIX) f a s t D ) X H C C _ C 0 R 2 (XVIII) 

v 0 ' 
(XX) 

Step A) i s similar to other nucleophylic attacks on the car-
bonyl form of monosaccharides and resembles closely the f i r s t step 
in Knoevenagel type reactions of aldehydes with active methylene 
groups. I t i s probably reversible and slower than the subsequent 
steps: B) formation of the hemiacetal; C): formation of the conju
gated système 0 - C = C - C = 0 , and D): aromatization. None the 
intermedias i n this hypothetic scheme has been detected. Never
theless, a simil a r reaction with a previous blocked hydroxyl i n 
C-2 has been studied (49), to eliminate step Β and subsequent 
steps. O-Isopropylidene-D-glyceraldehyde was reacted with ethyl 
acetoacetate (or with 2,4-pentanedione) yielding the unsaturated 
products XXIIa and XXIIb. With ethyl acetoacetate the aldol type 
product XXI could be isolated, which corresponds to intermediate 
XVII i n the reaction of the unprotected D-Glyceraldehyde. 

When the protecting group was removed i n XXI by acid h y d r o l i -
s i s , the furan derivative XXV was readily formed. This result de-
mostrates the great tendency of the aldol type product XXIII to 
c y c l i 2 e to a furan by a double dehydration. The hydrolysis of the 
isopropylidene group appears to be much slower than the cyclation. 
The gradual fading of the PMR signals corresponding to product 
XXI can be observed (5ϋ) at the time, several new signals appear 
belonging to acetone and to the furan compound XXV. No other 
signals were observed that could be ascribed to the hypothetic 
intermedia XVIII and XIX. When the Hydrolysis was carried out in 
the presence of periodate ions two molecules of oxidant were 
consumed and one mole of formic acid was formed, as expected from 
an intermediate such as XXIII (50). The addition A' without the 
use of any catalyst can be observed by PMR. It appears to be a 
reversible process. In our early experiments (49) we found that 
on acid hydrolysis compound XXII do not give furan derivatives. 
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CH=0 CHoCOR 

! + ι 
CH(OH)-CHCOR CH= =C—COR 

H C — 0 
t ν Ip 

C0CH3 H C — 0 COCH: 

C H 2 0 C H 2 0 
XXI 

HC- -C-COR 

H 0 H 2 C - C x ^ . C - C H 3 

0 XXV 
COR 
I 

CH3CO-CH 
I 
CHo 
I * 
CO 
I 
CH20H 

CH(0H)-CHC0R 
I I 

HC-OH COCH3 
I 
CH20H χ χ ι Ι Ι 

HC—0 COCH3 
I > 
CH 2 0 

« XXIIa, R=Me 
J C H 3 b, R=OEt 

CH 
II 
c—0 

R-CO-C-

XXVIII 

H 2 0 

R-CO-O 

CH 2 

Il I 

CH 2 0 

XXIV 

> 

C H < v - C v . C 
3 χ ο ' 

XXVII 

C - C H 3 

C H 2 C-CO-R 

However by using PMR technique i t i s possible to observe that struc
tures XXII are sensitive to acids in the absence of water ( 5 l J . 
The oC , ̂ -double bond migrates to the y 3 , 7f -position at the same 
time that optical a c t i v i t y disappears and the enol XXIV can be 
observed. In acidic conditions XXIV readily cyclizes bo give the 
spyro dihydrofuran XXVI, without losing i t s isopropylidene group. 
With longer reaction time or with stronger acids, such as t r i -
fluoroacetic, the dioxolane group i s broken producing the dioxan 
derivative XXVII which seems to be very stable (50 ,51 ) 

By removing the isopropylidene group i n aqueous media the 
tricarbonyl compound XXVIII i s formed (50). The structure nf this 
l a s t type of compound has been proved i n the case of R = OMe, by 
degradation to l e v u l i n i c acid by periodic oxidation and hydrlysis. 

Aldol type addition and Knoevenagel condensation. The use of 
aldehydo-sugar derivatives and y3-dicarbonyl compounds to carry 
out addition and Knoevenagel type condensation has been i n v e s t i 
gated by several investigators. As mentioned above, Knoevenagel 
type compounds have been isolated with O-isopropylidene-D^-glyceral 
dehyde and aldehyde sugars (49,50,52,53*7. Di-O-isopropylidene-
pentoses have been also used. 

When a free carboxyl group i s present i n the methylene active 
compound the reaction can take the form of a Varley-Doebner pro-
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cess (i) or even that of a single decarboxylation without e l i m i 
nation of water ( i i ) as i n the following example: 

CH=0 + C H 2 - R C H = C H - R C H ( U H ) - C H ( O H ) - R 

The trans isomers of th
r a l l y isolated. Only i n the case R = CN both, the c i s and trans 
isomers separated. 

The unsaturated derivatives type XXVIII can be hydroxylated 
by U.SG4 to XXIX. If the R group i s a carboxyl group (obtained by 
using malonic acid) i t s reduction by H^BNa allows the synthesis 
of aldoses (55). Similarly, the hydroxylation i n a compound of 
type XXIX having R = COCH3, can be used to synthesise 5,6-0-iso-
propylidene-1-deoxy-D-fructose and 5,6-0-isopropylideRe-l-deoxy-D 

A similar set of reactions has been performed with trans-5,6-
0-isopropylidene-1-methyl-3,4-dideoxy-D r-glycerohex-3-enulose 
(XXVIIIb, R = CH3OCH2CO) obtained from 0 _ i s o p r o p y i i d e n e - D - g l y c e r -
aldehyde and ^ -methoxy-acetoacetic acid. 1-Methoxy-^-fructose 
and 1-methoxy-D-sorbose were prepared, as well as their correspon 
ding 5,6-O-isopropylidene derivatives (56). 

The r e l a t i v e y i e l d of reaction ( i ) and ( i i ) depends on the 
catalyst used. Pyridine/piperidine favors the second process more 
than diethylamine i n toluene. 

The hydroxylation of XXVIII seems to be stereoselective. 
The use of ot -methyl-acetoacetic acid, i n a similar form, pro 

duces the two expected products XXXI and XXXII corresponding to 
XXVIII and XXX with a methyl group i n the position 3 (57). 

sorbose. 

C(CH 3)C0CH 3 CH(CH3)-C0CH3 

CH CH,OH 

HC—0, HC—0, 

CH20 
(XXXI) (XXXII) 

In reaction ( i i ) a pair of diastereomers i s formed i n the 
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case of XXX (R = CH3GCH2CO) these are: S . o - O - i s o p r o p y l i d e n e - l - O -
methyl-3-deoxy-D-erythrohexenulose and i t s isomer having the 
threo configuration. When R = CH3CO only the erythro isomer was 
isolated. In compounds of type XXXII the stereochemistry at C-3 
and C-4 of both diatereomers has not yet been studied. 

Polyhydroxyalkylpyrimidines. 

The synthesis of C-polyhydroxyalkylpyrimidine derivatives can 
have some value i n the synthesis of pseudonucleosides. Different 
types of reactions have been carried out with this objetive i n 
mind, though up to the present i t has been limited to a dihydroxy 
ethyl substituent. O-isopropylidene-D-glyceraldehyde reacts with 
urea and yS-dicarbonyl compounds under the conditions of the 
B i g u i n e l l i reaction. With methyl- or ethyl-acetoacetate the reac
tion i s carried out withou
hydrolysis of the isopropyliden
ri v a t i v e s of 2-hydroxy-4-(D-1,2-dihydroxyethyl]-5-ethoxycarbonyl 
(or methoxycarbonyl)-6 -methyl-3,4-dihydrpyrimidine XXXIII or 
XXXIV have been isolated (50). 

,NH<-
CO 
ι 
NH2 

CHO 
I 

HC—0 
ι > 
CH20 

COCH 3 

CH2-C0R 

^NH 
CO N C-CH3 

NH C-COR 
X C H ' 

ι -
HC—0 

CH20 
XXXIII, R = OEt 
XXXIV, R = OMe 

, N H 

C O C-CH3 
ι II J 

N H ^ C - C O R 
X C H " 

H C - O H 

I 
CH 20H 

XXXV 

With 2,4-pentanedione i t was necessary to add a few drops of 
concentrated hydrochloric acid as a catalyst. 2-Hydroxy-4-(D-1,2-
dihydroxyethyl)-5-methyl-6-acetyl-3,4-dihydropyrimidine XXXV was 
isolated. The isopropylidene group having been hydrolysed i n the 
acidic medium. 

In the second type of synthesis ethyl trans-4,5-0-isopropyl-
idene-4,5-dihydroxy-D-pent-2-enoate XXXVI, described above, and 
urea were used. The reaction product isolated was 4-(O-isopropyl-
idene-D-1,2-dihydroxyethyl)-5,6-dihydro u r a c i l . Acid hydrolysis 
afforded the pyrimidine derivative XXXVII with the free hydroxyls 
groups· 

The O-isopropylidene derivative XXXVIII having a β-ketoester 
group and a polyhydroxyalkyl chain was obtained by the reaction 
of O-isopropylidene-D-glyceraldehyde with methyl diazoacetate. 
It forms a copper s a l t and i t s basic hydrolysis followed by 
decarboxylation produced j0-isopropylidene-3,4-dihydroxybutan-2-
one. These /3-keto-ester XXXVIII has been used i n the third 
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,NH5 

CO ι COOEt 

HC 
I 

HC—0 
I > 
CH20 

XXXVI 

XNH 
CO x CO 
I I 
NH ^CH2 

X CH 
I 

HC—Ο 
ι > 
CH20 

^NH 
CO x c o 
I I 
NH xCH 2 

X CH 
I 

HC-OH 

CH20H 
I 

XXXVII 

method of synthesis f o l l o i n g the scheme: (58) 

N2CH-C00R 
+ 
CH=0 — 

I 

HC—0 

CH 20' 

CH2C00R ι 
C=
ι 

HC—0 

CH20 

XXXVIII 

CH3S-C 
NH<-

NH 

X C * 
i 

H C — Ο 

CH20 

Up to the present no other investigation has been made using 
derivatives of hagher aldoses acording this l i n e . 

Polyhydroxyalkylimidazolines and polyhydroxyalkylimidazoles. 

The study of polyhydroxyalkylimidazoles was i n i t i a t e d by 
Neuberg and Wolff (59) and Steudel (60) f who proposed structure 
XXXIX (R 1 = CH 2- CH = CH 2 f Ph; R 2 = Hj and XL (R 1 = Ph; R 2 = H) 
for the compounds obtained by reacting 2-amino-2-deoxy-D rglucose 
(D-glucosamine) hydrochloride with a l l y l (phenyl) isothiocyana-
tes and phenylisocyanate, respectively. 

Η Η OH 
I > i 

CHoOH-C—C—C—C CH CHoQH-C—C—C—C CH 
' ι I ι ι 1 1 ' I I 

OH OH Η • ' 
R2' N C ^ X

R 1 

0 
XXXIX XL 

Pauly and Ludwig (_19) and Ishifuku ( 6 l J assigned a 2 - t h i o l -
4(5)-tetrahydroxybutylimidazole (XXXIX, R/j = R 2 = H) for the 
condensation product of ̂ -glucosamine hydrochloride with pota
ssium thiocyanate. In a similar way, they proposed (J9) structu
re XL (R/|=R 2 = H) for the compound obtained by reacting this 
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aminosugar with s i l v e r cyanate. 
Later, Garcia Gonzalez, Fernândez-Bolanos and coworkers under

took the study of these compounds (62\ They proved structure 
XXXIX (R/j = R2 = H) for the condensation product of ̂ glucosamine 
hydrochloride with potassium thiocyanate. The t h i o l grcup was re
moved by the use of Raney nickel (63,64) giving 4(5)-Qb-arabino-
tetrahydroxybutylimidazole (XL, R = H"J7 They also protected the 
t h i o l group by alkylation with monochloroacetic acid (63) and 
with benzylchloride (65,66) and obtained 2-carboxymethylthio-4(5)-
D.-arabinotetrahydroxybutylimidazole (XLII, R̂ j = H, R 2 = CH2C00H) 
and 2-benzylthio-4(5)-D-arabinotetrahydroxybutylimidazol (XLII, 
R1 = H; R 2 = PhCH 2). 

HC-

HOCH ι 
HCOH ι 
HCOH ι 

^CH 

CH20H 

H C l / 
II N 

c-
ί 

H O C H 
ν 

H C - O H 
I 

H C - O H 
I 

CH 20H 

R1 

HC-

I 
CH=0 

XLIII 

H C -

I 
CH=0 

XLIV 

XLI XLII 

Periodate oxidation yielded the 5-formylimidazole (XLIII, 
R = H) (64) and 2-benzylthio-5-formylimidazole (XLIV, R = H) 
(66,67) 

The elucidation of the structure of the condensation products 
of D-glucosamine with a l k y l (aryl) isothiocyanates was undertaken 
by similar method. When the compound obtained by reacting D-glu
cosamine with phenylisothiocyanate was desulphurized with Raney 
nickel and then oxidized with periodic acid (68) the consumption 
of oxidant suggested that only two adjacents hydroxyl groups were 
present and not four,as expected for a tetrahydroxybutyl chain. 
This result was explained by a b i c y c l i c pyranoimidazolidine f o r 
mula (XLV, X = S, R = a l k y l , aryl) (68-72) 

XLV 
X = 0, S 

XL VI 
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Similarly, the condensation product of [^-glucosamine with 
phenylisocyanate was formulated (73) as 1-phenyl-4,5-(1,2-[>-gluco-
pyrano)imidazolidin-2-one (XLV, R = Ph; X = • ) . The synthesis of 
similar compounds (XLV, R = a r y l , X = 0, S) starting from 1,3,4,6 
-tetra-O-acetyl^-amino^-deoxy-^-DT-glucopyranose has been achie 
ved (74-7". The l a t t e r was converted into the 2-arylureido or 2-
arylthioureido derivatives, and then deacetylated with ammonia in 
methanol and cyclized. 

Later, however, a furanoid structure (XLVI, R = aryl) for the 
sugar moiety of these compound has been established by PMR and 
periodate oxidation (75) and also by oxidation with lead t e t r a 
acetate (76,77). 

Recently, the structure of 1-alkyl (aryl )-4,5-( 1,2-J^glucofu-
rano)-imidazolidine-2-thiones (XLVI, R = Me, CH2 = CH - 0Η 2, Ph, 
4-ClCsH4, 4-BrC5H4; X = S) has been confirmed by X-ray c r y s t a l l o -
graphic methods. (78-82)

Compounds with th
structure (XLVI, R = Me, Et, CH 3(CH 2) 2, CH3(CH 2) 3, (CH 3) 2CH, 
CH 2 = CH - CH 2 # Ph, 4-CH3C6H4, 4-CH30C6H4, 4-C2H50C6H4, C 1 0H ?) 
can be isomerized (72,83,84) to acy c l i c imidazolinethione XXXIX 
by heating with acetic acid. Some of these compounds have been 
obtained by reacting D-glucosamine with the corresponding a l k y l 
isothiocyanate in ethanol and acetic acid (72). 

The imidazoline derivatives XXXIX have been also obtained by 
reacting 1-alkyl(aryl)amino-1-deoxy-fruetoses with ammonium(pota-
ssium)thiocyanate i n the presence of acids. (7^,85). Similarly, 
the synthesis of 1-alkyl(aryl)-4-D-arabinotetrahydroxybutylimida-
zoline-2-ones (XL, R = a l k y l , aryl) by reaction of 1-alkyl(aryl) 
amino-1-deoxy-jD-frutoses with isocyanic acid has been reported 
(85,87). 

3-Alkyl(aryl)-4-D-arabinotetrahydroxybutylimidazoline-2-
thiones (XXXIX, Rq = H; R 2 = H, Me, Ph, 4-fer-C6H4) have been ob
tained by reaction of 1-amino-1-deoxy-D-fructose with a l k y l ( a r y l ) 
isothiocyanates. The compound having'Ri = Η and R2 = Me has been 
also prepared by reacting 2-deoxy-2-methylamino-D-glucose hydro
chloride with potassium thiocyanate (88). 

The synthesis of 1-aryl-3-alkyl(aryl)-4-D-arabinotetrahydroxy. 
butylimidazoline-2-thiones (XXXIX, R/j = a r y l ; R 2 = a l k y l (aryl)) 
by reaction of 1-arylamino-1-deoxy-D_fructose with alk y l (aryl) 
isothiocyanates have been reported (89). The thione group was 
removed by reductive desulphuration or protected by alkylation 
with benzyl chloride giving the corresponding 1 f 3 ) - a l k y l ( a r y l ) -
4-D-arabinotetrahydroxybutylimidazoles (90 , 9 l J and 2-benzylthio 
derivatives (7Ί,83,88). Oxidative degradation of the polyol chain 
(92) afforded formyl imidazol derivatives (93,94). 

Anhydro-polyhydroxyalkylheterocycles. 

One of the most characteristic chemical properties of the 
polyhydroxyalkylheterocycles i s that they can be easi l y dehydra-
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ted giving C-glycosides of heterocycles. 
A study about this reaction was undertook by Garcia Gonzalez 

and coworkers Q ,95,96) who established the structure of 
2-(1,4-anhydro-tetrahydroxybutyl)furans for the dehydration pro
ducts of 2-(D-arabinotetrahydroxybutyl)furans (I, Ri = CH2C00H, 
Me; R 2 = 0Me7 OEt, OH or Me). 

HC C-C0-R2 * 0 ν HC C-C0-R2 

ψ Η Η (Ι II I H y 1 || Il 
CH 2-C—C—C-C C-R/j CH 2-C—C—C-C C-R η 
J ÙH OH j Ù H Ù H n 

XLVII XLVIII 

Later, Gomez Sanchez and Rodriguez have demostrated the con
figuration at C-1'. An
tetrahydroxybutyl)furan
proceeds preferentialy with inversion of the configuration at C-1' 
yielding the thermodynamically more stable 2-f1,4-anhydro-D-ribo-
tetrahydroxybutyl)furans XLVII and, to a much smoller extent the 
D-arabino isomer XLVIII. An unequivocal proof that supports this 
structure i s the synthesis of XLVIII by reaction of 3,6-anhydro-
D-glucose with acetoacetic esters (98). Oxidation of these anhy-
dro compounds with periodic acid gave dialdehydes which c r y s t a l i -
zed as monohydrates and were formulated as hemialdals (99-101). 

In a similar way, 2-(D-arabinotetrahydroxybutyl)pyrroles 
(III, R1 = H, R 2 = Me, R 3 = Me; R1 = H, R 2 = Me, R 3 = OEt; R1 = 
Et, n-C4H9, R 2 = Me, R 3 = Me) and 3-(D-arabinotetrahydroxytutyl) 
pyrroles (IV, R/| = n-C4Hg, R 2 = Me, R 3 = OEtJ lose a molecule of 
water giving the corresponding 1*,4'-anhydro derivatives IL and 
L (102, 103, 32). 

HC C-C0-R2 H H fj 
H 4 η Ι) || C H 2 - C — Ç — C - C C-C0-R2 

CH 2 - Ç — Ç —C-C C-CH3 I OH ÔH I || |l LÔH OH | N x I 0 JHC C-CH3 

» R1 

R1 

ILa, R/j = H, R 2 = Me 
b, R1 = H, R 2 = OEt L, R1 = n-C 4H g, R2 = OEt 
c, R/| = Et, R 2 = Me 
d, R/j = n-C 4H g, R 2 = Me 

An anhydropentahydroxypentylpyrrole has recently been i s o l a 
ted from the reaction of the 2-amino-2-deoxy-D-glycero-D-gulohep-
tose with ethyl acetoacetate, that has been formulated as 
2-methyl-3-ethoxycarbonyl-5-(oc - or A—D-arabinofuranosyl)py
rrole ' 
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The structure of these compounds are supported by oxidation 
with sodium metaperiodate, polarimetric measurements, UV and IR 
spectroscopy. 

HC C-COOEt 
II II 

HOCHôC) C^ C-CHQ 

V 
OH (LI) 

The 4~D-arabinotetrahydroxybutyl-imidazoline-2-thione can be 
easily dehydrated by heatin
hours under pressure (rv
furanosyl)imidazoline-2-thione (104) LII. 

•H OH 
LII 

Recently, the synthesis of 1-halogenophenyl-4-[Q( -D-erythro-
furanosyl)imidazoline-2-thiones LUI (R = 4-CIC5H4, 4-BrC6H4, 
or 3,4̂ Cl2CgH3) by treatment of the 1-halogenophenyl-4,5-(cis-
1,2-D-glucofuranosyl)imidazolidine-2-thiones XLVI, (X = Sj with 
trifluoroacetic acid has been also reported (105). 

The structures of these compounds have been established by 
preparation of derivatives, oxidative estimation with periodate, 
UV spectroscopy and X-ray crystallografic methods (106,107). 
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Synthesis of Chiral Hydrocarbons from Carbohydrates 

G. LOUIS, G. KNAUEL, F. MICHEEL, and M. PESENACKER 
Organisch-Chemisches Institut der Universität, D 44 Munster, 
Orléans-Ring 23, West Germany 

It was shown in previous communications (1-10), that hexoses 
and pentoses form chira
treated with aromatic hydrocarbon
The course of the reaction was found to depend largely upon the 
nature of the aromatic hydrocarbon and on the ratio of the sugar 
to the aromatic hydrocarbon. Thus, mononuclear aromatic hydro
carbons in the ratio of 1 sugar to 10 aromatic hydrocarbon yield 
monomeric products whereas sugars and polynuclear aromatic hydro
carbons in equal ratios yield highly polymeric compounds which 
are insoluble in all solvents. 

Mononuclear aromatic compounds such as benzene, toluene and 
anisole were found to react with D-glucose, to give f i rs t , 2,5-
anhydro-α- and β-1-aryl-D-sorbitol. The anomeric designations, 
α- and β- were based on rotatory power assigned in an analogous 
manner to glycosides and have not been confirmed. The second 
step in this reaction involves the formation 1-deoxy-1,1-diaryl-
D-sorbitol as shown for the reaction with toluene in figure 1. 

The similar reaction of biphenyl with D-glucose, produced a 
polymer which was soluble enough in pyridine to enable acetyla
tion to the peracetylated polymer of molecular weight of 2.5 x 
106 shown in figure 2. 

As the reaction of sugars with mononuclear aromatic hydro
carbons progresses, a stepwise elimination of oxygen was found to 
take place, leading to a large number of alicyclic aromatic 
hydrocarbons. These may contain 1, 2, 4, or 6 carbon atoms from 
the parent hexose or pentose, as determined from experiments with 
14C and 3H labeled sugars. The determination of the structure of 
these compounds was carried out by chemical methods as well as by 
spectroscopic methods that included i.r., p.m.r., 13C n.m.r., and 
mass spectroscopy. 

The mechanism of formation of triarylmethane, 1,1-diaryl-
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Figure 1 
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R=CH 3:m.p.2U-215°C 
M D *3A.2°(CH 3 OH) 
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ethane and 1,2,2-triarylethane having in their molecule one and 
two carbon atoms originating from the sugar chain will not be 
treated here. Instead, the formation of the anthracene deriva
tives shown in figure 3 w i l l be discussed briefly. It was possi
ble by using 14C-l-D-glucose to show that C-l of this sugar be
comes C-9 or C-10 of anthracene. It should be noted, however, 
that 25$ of the carbon atoms in these two positions originated 
from the non-radioactive carbon atoms of the degraded sugar chain. 
The fate of carbon atom 2-6 of the sugar chain is not clear at 
this time. 

By far, the most interesting products of the reactions of 
sugar with aromatic hydrocarbons are the many chiral hydrocarbons 
that are formed after 5 to 30 minutes of reaction time. Isola
tion of the intermediate
tion of their structure
formation. Thus, l , 2-dideoxy-l , 2 ,2-triarylhexitol shown in f i g 
ure k was found to originate from l-deoxy-l ,2-diaryl hexitol by 
migration by one of the aryl residues through a phenonium ion and 
the introduction of a third aryl residue at C-l (using CeHs -
1 4C He). 

This migration causes inversion of configuration at C-2 and 
glucose was found to yield a mannitol derivative and mannose to 
afford a sorbitol derivative as shown for the formation of the 
mannitol derivative (figure 5 ) . 

The next step in this reaction sequence is the ring closure 
between C-3 of the hexitol residue and one of the aryl residue on 
C-l to give an indane derivative. The latter was found to have 
the three residues attached to the five membered ring in the 
trans-configurâtion shown in figure 6 . 

The next reaction step is the splitting of the trihydroxy 
side chain to a 2 ,3-diaryl hydrindane derivative shown in figure 
7 by a mechanism which has not been explained. 

After long studies we could show that this reaction does not 
proceed through a splitting by hydrogen fluoride or water because 
no fluorine containing product or glycerol were produced. A 1 -
fluoro-D-glycerol would produce D-glyceraldehyde which forms with 
mononuclear aromatic hydrocarbons in liquid hydrogen fluoride 
isochromane derivatives such as the one shown in figure 8 , and 
which are not produced during the formation of the hydrindane 
derivative. We have, therefore, assumed that hydrogénation and 
dehydrogenation play an important role in the formation of these 
hydrocarbons. 

D-fructose behaves in an unexpected manner, and after a short 
reaction period one obtains both the a- and 3-2,5-anhydro-2-
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deoxy-2-tolyl-sorbitol (figure 9) . 
The 3-form was investigated more closely and was found to 

form on further treatment with toluene i n l i q u i d hydrogen 
fluoride a 1,2-ditolyl derivative which was shown by proton 
magnetic resonance to have the t o l y l residue i n a trans d i - a x i a l 
configuration shown i n figure 10, together with the proposed 
mechanism for i t s formation. 

We have suggested i n figure 11 the mechanisms for the forma
tion of the same d i t o l y l derivative from D-mannose. 

Table I shows the p r i n c i p l e hydrocarbons obtained by the 
action of mononuclear aromatic hydrocarbons on sugars in the 
presence of hydrogen fluoride. The c h i r a l c y c l i c hydrocarbons 
obtained from hexoses may contain 3,4 or 6 carbon atoms that 
originate from the suga
the pentose arabinose contai
originating from the sugar molecule are designated i n the formula 
by heavy points. 

In addition to hydrindane the hydrocarbons isolated include 
dihydroazulenes, t e t r a l i n e s , acenaphthenes and combinations of 
these ring systems. I t seems that the te t r a l i n e derivatives are 
formed either d i r e c t l y or through the isomerization of dihydro-
azulene derivatives. 

A p a r t i c u l a r l y interesting compound isolated, was a deep red 
hydrocarbon (^Ηβο, which we have named purpuricene. This com
pound was i d e n t i f i e d as 2,6,12-fluoreno-[9a, 1-a, 9, 9a-b]-benzo-
[e]-azulene (see figure 18). 

The following generalizations may be made concerning the 
hydrocarbons obtained from sugars: 

Azulene derivatives are obtained from D-mannose and D-fruc-
tose but not from D-glucose. 

The main intermediate i n the reaction, when toluene i s used 
as the aromatic hydrocarbon, i s l,5-anhydro-l,2-ditolyl-D-sorbi-
t o l which may be converted according to the scheme shown i n 
figure 12 to an azulene derivative. Although unconfirmed, our 
mechanism shows a course of reaction that w i l l lead to the con
version of 1,2-ditolyl to 1 , 2 , 3 - t r i t o l y l azulene by a ring ex
pansion involving C - l of the sugar chain. I t shows also how the 
s o r b i t o l configuration can allow the formation of the tropylium 
ring (figure 1 3 ) . 

The mass spectra of the azulene derivatives isolated show a 
characteristic fragmentation pattern exemplified by that of the 
azulene derivative shown i n figure 14. 

In addition to the t r i a r y l azulene derivatives discussed 
e a r l i e r , we have obtained 1,2-diarylazulene. Both types of 
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a z u l e n e d e r i v a t i v e s a r e r e a d i l y c o n v e r t e d u p o n d i s s o l u t i o n a n d 
s l i g h t w a r m i n g i n t o t e t r a l i n e d e r i v a t i v e s a s s e e n i n f i g u r e s 15 
a n d 16 a n d o n t h e t o p o f n e x t p a g e . 

B y u s i n g p r o t o n m a g n e t i c s p e c t r o s c o p y i t i s p o s s i b l e t o 
d e t e r m i n e t h e p o s i t i o n o f t h e c o n s t i t u e n t s i n t h e s a t u r a t e d r i n g 
o f 2 , 3 - d i a r y l a n d 1 , 2 , 3 - t r i a r y l t e t r a l i n e d e r i v a t i v e s a n d f r o m 
t h e s e we c o u l d e s t a b l i s h t h e c o n f i g u r a t i o n o f t h e a z u l e n e p r e -
c u r s e r s . 

I n t h e p e n t o s e s e r i e s , D - a n d L - a r a b i n o s e h a v e b e e n s e l e c t e d 
f o r o u r i n v e s t i g a t i o n . I t i s e v i d e n t t h a t r i n g s y s t e m s i n w h i c h 
t h e s i x c a r b o n a t o m s o f h e x o s e s b e c o m e p a r t o f t h e h y d r o c a r b o n 
r i n g c a n n o t b e f o r m e d w i t h p e n t o s e s . A h y d r i n d a n e d e r i v a t i v e 
p o s s e s s i n g a g l y c e r y l s i d e c h a i n a t t a c h e d t o i t s f i v e - m e m b e r e d 
r i n g i n t h e c a s e o f h e x o s e
a t t a c h e d t o i t i n t h e c a s
c a n u p o n r i n g c l o s u r e b y e l i m i n a t i o n o f w a t e r g i v e a h y d r o -
x y t e t r a l i n e d e r i v a t i v e w h i c h c a n l o s e w a t e r a n d f o r m a d o u b l e 
b o n d , p r o b a b l y c o n j u g a t e d w i t h t h e a r o m a t i c r i n g . T h i s i n t e r 
m e d i a t e w o u l d t h e n a d d a n o t h e r a r o m a t i c r i n g o n t h e c a r b o n a t o m 
a d j a c e n t t o t h e r i n g a s s h o w n i n f i g u r e 17. 

T h i s i s e v i d e n t f r o m t h e NMR s p e c t r u m w h i c h s h o w s t h e m e t h y 
l e n e p r o t o n s s h i f t e d t o h i g h e r f i e l d , u n l i k e a b e n z y l g r o u p t h a t 
w o u l d b e e x p e c t e d i f t h e a d d i t i o n t o o k p l a c e o n t h e d o u b l e b o n d 
( f i g u r e 18). 

T h e d e h y d r o g e n a t i o n o f t h e p r e v i o u s p r o d u c t w i t h DDQ i n 
b e n z e n e - m e t h a n o l o r e t h a n o l p r o c e e d s i n a n i n t e r e s t i n g w a y . T h e 
s a t u r a t e d r i n g o f t h e t e t r a l i n e s y s t e m i s d e h y d r o g e n a t e d , t h e 
p r o t o n o n C - l o f t h e f i v e m e m b e r e d r i n g i s r e p l a c e d t h r o u g h a n 
i o n i c t y p e r e a c t i o n w i t h a m e t h o x y o r e t h o x y g r o u p a n d r a c e m i -
z a t i o n o c c u r s . A n a n a l o g o u s r e a c t i o n was o b s e r v e d b y D . W a l k e r 
a n d J . D . H i e b e r t (11), d u r i n g t h e d e h y d r a t i o n o f 2 , 3 - d i m e t h y l -
h y d r i n d a n e , w h e r e 2 , 3 - d i c h l o r o - 4 , 5 - d i c y a n o - l , 4 - d i h y d r o l b e n z e n e 
p r o d u c t was f o u n d t o r e a c t w i t h t h e d e h y d r a t i o n p r o d u c t a s s h o w n 
i n f i g u r e 19. 

A s m e n t i o n e d e a r l i e r , o n e o f t h e m o s t i n t e r e s t i n g c o m p o u n d s 
i s o l a t e d was t h e d e e p r e d h y d r o c a r b o n C ^ I f e o p u r p u r i c e n e t o 
w h i c h we a s s i g n e d t h e h e l i c e n e s t r u c t u r e s h o w n i n f i g u r e 20. 
T h i s c o m p o u n d was o b t a i n e d b y t h e r e a c t i o n o f t o l u e n e i n h y d r o g e n 
f l u o r i d e o n D - m a n n o s e , D - g l u c o s e a n d D - f r u c t o s e b u t p r o b a b l y n o t 
w i t h D - g a l a c t o s e . I t s p r o t o n m a g n e t i c r e s o n a n c e s p e c t r u m s h o w e d 
o n l y t h e 3 x 3 = 9 m e t h y l p r o t o n s o f t h e t o l y l r e s i d u e s a n d t h e 
a r o m a t i c p r o t o n s . T h e v e r y h i g h s p e c i f i c r o t a t i o n (-1260 i n 
b e n z e n e a n d m o r e t h a n - 3 O O O i n n i t r o b e n z e n e ) i s c h a r a c t e r i s t i c 
o f h a l o c e n e s . T h e m o l e c u l e i s i n t h e f o r m e d h a l i x i n w h i c h t h e 
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Figure 11 
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C-atoms 
of sugar WD ara: ali. Η mol-

weight yield (Vo) 

D-glucose 
toluene 3 -44.0 3.6 

CH3 

D-mannose 
toluene 4 • 7.0 12:14 326 76 

R1
 R1 

R2 

R"=P. R=H: 
D-mannose 
benzene 

4 -2.1 19:5 360 20 

R1
 R1 

R2 

D-mannose 
toluene u •29.1 11:15 326 

R^P.R^H: 
D-mannose u -158.1 19:5 360 35 

F?=T. R^CHj 
D-mannose 
toluene 

u -37.0 
•18.9 1517 416 45 

x ^ ^x 

CH3 

o-glucose 
o-xylene 6 -41.0 10:20 390 0.2 

D-mannose 
benzene 6 •129.5 23:7 462 1.2 

C27 H20 
D-mannose 
toluene 6 -1260 11:9 344 1.5 

D-arabinose 
benzene 5 -840 18:6 372 3.5 

CH3 

Figure 12 
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R=H: not isolated R=H: not isolated 
R = C H 3 : [ « U 7 ° ( b e n z e n e ) R=CH 3: m.p. 156-157 °C v i m , r o VI 

D MD*29.1°(benzene) rigwe lb 
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R=H: WD-2.1°(benzene) 
R=CHj:M„*18° (benzene) 

R=H:m.p.fl2°
WD

R=CH3:m.p.183°C 
M 0 - 3 7 ° (benzene) 

R=CH3: m.p.189-191 °C 
[*JD*18.9°(benzene) 

Figure 16 

Figure 17 
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p r o t o n s o f r i n g A a n d r i n g Ε c a n n o t b e a c c o m m o d a t e d i n o n e ρ l a n e . 
T h e i n t e n s e c o l o r a t i o n o f p u r p u r i c e n e i s p r o b a b l y d u e t o a z u l e n e 
s y s t e m p r e s e n t i n t h e m o l e c u l e . 

. ο 
U p o n h e a t i n g i n n i t r o b e n z e n e t o 1 4 0 p u r p u r i c e n e i s r a c e -

m i z e d . H o w e v e r , i t was n o t p o s s i b l e t o f o l l o w t h e r a c e m i z a t i o n 
t o i t s u l t i m a t e c o m p l e t i o n b e c a u s e o f t h e e x t r e m e d a r k c o l o r 
a t i o n o f t h e s o l u t i o n . T h e a z u l e n e s y s t e m c o n t a i n s t h r e e r e 
a c t i v e d o u b l e b o n d s . T h u s , i t c a n f o r m 3 e p o x y g r o u p s w i t h 3 · 
c h l o r o p e r b e n z o i c a c i d . U p o n c a t a l y t i c h y d r o g é n a t i o n , i t y i e l d s 
f i r s t a c o l o r l e s s d i h y d r o d e r i v a t i v e , Cp 7Hg>p w h i c h may b e 
s e p a r a t e d b y c o l u m n c h r o m a t o g r a p h y , f r o m t h e t e t r a - a n d h e x a h y d r o 
p r o d u c t s . T h e d i h y d r o p r o d u c t c a n b e c o n v e r t e d i n t o p u r p u r i c e n e 
b y d e h y d r o g e n a t i o n w i t h D D Q . T h e p r o d u c t o b t a i n e d i s , h o w e v e r , 
r a c e m i c . T h i s was a t t r i b u t e d t o t h e f a c t t h a t t h e d i s a p p e a r a n c e 
o f t h e d o u b l e b o n d i n t h e f i v e - m e m b e r e d r i n g C e l i m i n a t e d t h e 
s t e r i c h i n d r a n c e t h a t f r e e d t h e m o l e c u l e t o a s s u m e a h e l i c a l 
c h i r a l f o r m . 

T h e f o r m a t i o n o f p u r p u r i c e n e s e e m s t o i n v o l v e a s e r i e s o f 
d e h y d r o g e n a t i o n r e a c t i o n s , p r o b a b l y s i m i l a r t o t h o s e o c c u r r i n g 
d u r i n g t h e s p l i t t i n g o f 1 , 2 - d i h y d r o x y e t h y l a n d 1 , 2 , 3 - t r i h y d r o -
x y p r o p y l s i d e c h a i n m e n t i o n e d e a r l i e r . T h e h y d r o g e n a t o m s n e e d e d 
f o r t h e h y d r o g é n a t i o n s t e p a r e g e n e r a t e d b y t h e d e h y d r o g e n a t i o n s 
o c c u r r i n g d u r i n g t h e f o r m a t i o n o f r i n g C i n p u r p u r i c e n e . R i n g 
c l o s u r e b e t w e e n r i n g Ε a n d F o c c u r s a l s o w i t h a l o s s o f t w o 
h y d r o g e n a t o m s e a c h . 

D i h y d r o p u r p u r i c e n e l o s e s t w o h y d r o g e n a t o m s u p o n k e e p i n g a 
b e n z e n e s o l u t i o n i n a n i n e r t a t m o s p h e r e , t o f o r m p u r p u r i c e n e a n d 
o t h e r u n i d e n t i f i e l d c o m p o u n d s . I t s h o u l d b e n o t e d f u r t h e r t h a t 
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R = C H 3 : m . p . 1 7 6 ° C 

R=C 2 H5:m.p .180°C 

Figure 19 

purpuricene possesses an acidic proton, thus reacts with potassium 
t-butylate in dimethylsuIfoxide giving a dark green salt. This 
is accompanied by an increase in the specific rotation from -k60 
to -6^0 , and upon acidification, purpuricene is obtained un
changed (figure 21)· 

The chiral alicyclic aromatic hydrocarbons described here 
have not been isolated from natural sources, like their alicyclic 
analogs, the terpenes and steroid which are widely distributed 
in nature. Although the mode of formation of alicyclic aromatic 
hydrocarbons bears no relation to the biosynthesis of terpenes 
and steroids, i t might bear some relation to the processes in
volved in the formation of coal from the components of wood 
(cellulose, mannans, xylans and lignin). The presently accepted 
view, is that coal is formed from lignin and that the poly
saccharide components of wood mysteriously disappear. We believe 
that our studies have shown that the carbohydrates of wood may 
play an important role in the coalification. The conditions of 
coal formation are somwhat similar to the condition we described 
for the interaction of carbohydrates and aromatic systems. The 
medium in both is acidic, although in coal formation i t is weaker 
than in the hydrogen fluoride use. However, the temperature is 
much higher and the reaction time is considerably longer. 

Lignin is a macromolecule composed of monomuclear aromatic 
residues linked through three atomic aliphatic residue, Hydroxyl, 
methoxyl, and ether linkages are abundant. We have treated 
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Figure 20 

glucose with lignin obtained from woods, under the conditions 
described earlier for 13C-labelled D-glucose, and obtained lignin 
derivative containing 6-17$ of the radioactivity calculated as a 
D-glucose. The D-glucose residue or their fragments were found 
in the form of the carbon-carbon bound lignins. It is certainly 
possible that the aldoses liberated from polysaccharides would 
link to lignins in an analogous manner. We believe, therefore, 
that our discovery may have a great significance in understanding 
the processes involved in coal coalification. 
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Synthesis of New Sugar Derivatives of Biogenic Amines 

LASZLO MESTER and MADELEINE MESTER 
Institut de Chimie des Substances Naturelles, Centre National de la Recherche 
Scientifique, 91190 Gif sur Yvette, France 

Many spec i f i c roles have been proposed for the 
biogenic amines i n phys io log ica
(1) i s a powerful agen
neurotransmitter and its role i n the in t roduct ion of 
sleep i s we l l es tabl ished. Catecholamines (2,3) are im
portant regulators for many basic b i o l o g i c a l processes 
and involved i n diseases, such as manic depressive psy
chosis , Parkinsonism and es se t i a l hypertension. The po
lyamines (4) spermine, spermidine and putrescine have a 
role i n the bac t e r i a l cell d i v i s i o n and in the growth 
of aminal cells. 

Sugar Derivat ives of Serotonin and of Catecholamines 

In spi te of the impressive number of studies on 
serotonin i n the las t two decades, our knowledge on the 
mode of act ion of this biogenic amine i s highly specula
t ive (5). 

In 1971 we have reported (6) the enzymically cata
lysed incorporat ion of 14C labe l led N-acetyl-neuraminic 
acid into the p l a t e l e t membrane (Figure 1). The higher 
sialic acid content increased the serotonin induced ag
gregation of blood p la t e l e t (7). The incorporat ion of 
N-acetylneuraminic acid accelerated the uptake of sero
tonin by the p la te le t s (8) and also the serotonin cata
lysed transport of potassium ions through the p la t e l e t 
membrane (9). These effects suggest that sialic acid i s 
a component of the primary receptor for serotonin on 
the p la te l e t membrane. 

However, serotonin can react i n other b i o l o g i c a l 
processes i n a di f ferent way. Alivisatos and coworkers 
(10) suggested a Schiff-base type in te rac t ion to explain 
the mode of act ion of serotonin i n the central nervous 
system (Figure 2) . The presence of a Shiff-base s t ruc
ture has been demonstrated by chemical methods. 

240 
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SIALOTRANSFERASE 

(homogenized rat liver) 

of the normal 
sialic acid 

content 

Figure I. Incorporation
membrane using CMP-N-(14C)-acetyl neuraminic acid and rat liver 

sialyltransf erase 

Science 

Figure 2. Mode of action of serotonin in the central nervous system ( 10) 
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T h e S c h i f f - b a s e s t r u c t u r e a d v a n c e d b y A l i v i s a t o s 
t o e x p l a i n t h e m o d e o f a c t i o n o f t h i s b i o g e n i c a m i n e , 
i n c i t e d u s t o i n v e s t i g a t e t h e i n t e r a c t i o n o f r e d u c i n g 
s u g a r s w i t h t h e p r i m a r y a m i n o g r o u p o f s e r o t o n i n ( 1 1 ) 
( F i g u r e 3 ) . 

B e t w e e n a l a r g e n u m b e r o f s u b s t i t u t e d s e r o t o n i n 
d e r i v a t i v e s , p r e p a r e d i n o r d e r t o u n d e r s t a n d t h e r o l e 
o f 5 - H T i n h e a l t h a n d d i s e a s e (J_2^ , o n l y t w o s u g a r 
d e r i v a t i v e s o f s e r o t o n i n (J_3 ,J^4) h a v e s o f a r b e e n r e 
p o r t e d . H o w e v e r , t h e p r e s e n c e o f h y d r o p h i l i c g r o u p s m a y 
h a v e a d e c i s i v e e f f e c t o n t h e t r a n s p o r t a n d m e t a b o l i s m 
o f t h e a m i n e . O n e o f t h e s e s u g a r d e r i v a t i v e s i s t h e 
0 ( 3 - D - g l y c o p y r a n o s y 1 ) - s e r o t o n i n ( 1 ) s h o w i n g a n i n c r e a 
s e d h y d r o s o l u b i l i t y , b u t h a v i n g p r o p e r t i e s v e r y c l o s e 
t o t h e w e l l s t u d i e d g r o u p o f O - e t h e r s o f s e r o t o n i n . T h e 
s e c o n d o n e i s t h e N - g l u c o s i d
i n t e r e s t b e c a u s e o f i t s e a s y h y d r o l y s i s i n t o 5 - H T a n d 
D - g l u c o s e i n a q u e o u s s o l u t i o n e v e n a t r o o m t e m p e r a t u r e . 
T h u s , t h e p r e p a r a t i o n o f a s t a b l e N - s u b s t i t u t e d s u g a r 
d e r i v a t i v e o f s e r o t o n i n i s o f b i o l o g i c i n t e r e s t . 

O n l y v e r y f e w a t t e m p s h a v e b e e n m a d t o p r e p a r e 
(_1J5,JM6) 1 - d e s o x y - 1 - a m i n o - D - f r u c t o s e d e r i v a t i v e s ( A m a d o -
r i c o m p o u n d s ) (J_7) a r i s i n g f r o m s u b s t i t u t e d p h e n y l e t h y -
l a m i n e . T h e p r e p a r a t i o n o f t h i s t y p e o f c o m p o u n d s f r o m 
5 - H T i s r e n d e r e d e v e n m o r e d i f f i c u l t b e c a u s e o f t h e f o r 
m a t i o n o f t e t r a h y d r o - n o r h a r m a n ( 3 ) d e r i v a t i v e s (J_8) . T o 
o v e r c o m e t h e s e d i f f i c u l t i e s , t h e o x a l a t e s a l t o f s e r o -
t o n i n e w a s u s e d f o r t h e r e a c t i o n w i t h s u g a r , t o o b t a i n 
t h e c o r r e s p o n d i n g A m a d o r i c o m p o u n d , t h e 1 - d e s o x y - l -
( 5 - h y d r o x y - t r y p t a m i n o ) - D - f r u e t o s e ( 4 ) . O x a l i c a c i d i s 
o f t e n u s e d t o i s o l a t e A m a d o r i c o m p o u n d s a f t e r t h e r e a c 
t i o n b e t w e e n t h e s u g a r a n d t h e a m i n e . S t a r t i n g w i t h t h e 
o x a l a t e s a l t o f s e r o t o n i n , t h e 1 - d e s o x y - 1 - a m i n o - D - f r u c 
t o s e d e r i v a t i v e i s s t a b i l i z e d i n _ s i t u , p r e v e n t i n g s e r o 
t o n i n f r o m u n d e r g o i n g o t h e r r e a c t i o n s . 

T h e r e s u l t i n g p r o d u c t i s a p a l e y e l l o w m i c r o c r y s -
t a l l i n e p o w d e r , e a s i l y s o l u b l e i n w a t e r , s l o w l y i n 
e t h a n o l , i n s o l u b l e i n e t h y l a c e t i c e s t e r , e t h y l e t h e r 
o r a c e t o n e . T h e o x a l a t e s a l t o f 1 - d e s o x y - 1 - ( 5 - h y d r o x y -
t r y p t a m i n o - ) - D - f r u c t o s e i s s t a b l e i n a q u e o u s s o l u t i o n 
a n d d o e s n o t s h o w m u t a r o t a t i o n . A s f o r a l l A m a d o r i c o m 
p o u n d s p r e p a r e d f r o m D - g l u c o s e , t h e o p t i c a l r o t a t o r y 
p o w e r i s n e g a t i v e ( 19) . N M R s p e c t r u m i n D2O c l e a r l y 
s h o w s t h a t t h e 5 - h y d r o x y - i n d o l e f r a g m e n t o f t h e m o l e c u 
l e , c h a r a c t e r i z e d b y f o u r t y p i c a l p r o t o n s i g n a l s i n t h e 
r e g i o n f r o m 6 . 5 t o 7 . 5 p p m , i s u n c h a n g e d a n d n o t r a c e 
o f a n y o t h e r c o n d e n s e d s y s t e m c o u l d b e d e t e c t e d . C a r b o n -
13 N M R s p e c t r o s c o p y s h o w s t h e A m a d o r i c o m p o u n d t o e x i s t 
i n D2O m a i n l y a s t h e β - p y r a n o s e s t r u c t u r e i n t h e R e e v e s 
1C c o n f o r m a t i o n ( 2 0 ) . T h e s i g n a l o f C - 2 i s l o c a t e d a t 
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DF-5 HT 

Time (Min.) 

Figure 4. Metabolism of serotonin (5-HT) and 
desoxy-fructo-serotonin (DF-5-HT) by rat brain 
MAO expressed by the rate of oxygen uptake in 

conventional Warburg manometric technique 
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9 6 , 3 p p m , t h e C - 3 , C«-4 a n d C - 5 s i g n a l s a p p e a r a s t h r e e 
p e a k s a t 7 0 . 9 , 7 0 . 4 a n d 6 9 . 9 p p m . T h e s i g n a l s a t 6 4 . 8 
a n d 5 3 . 8 p p m c o r r e s p o n d t o t h e C - 6 a n d C - l c a r b o n s r e s 
p e c t i v e l y ( p p m r e l a t i v e t o T M S = 0 ) . ( T a b l e I ) . I n 0 . 1 Ν 
N a O H s o l u t i o n a t p H = 1 1 , 2 4 ° C , 1 - d e s o x y - 1 - ( 5 - h y d r o x y -
t r y p t a m i n o ) - D - f u c t o s e r e d u c e d 1 . 5 m o l e s o f T i l l m a n s 
r e a g e n t ( 2 J _ ) . 

1 - D e s o x y - 1 - ( 5 - m e t h o x y - t r y ρ t a m i n o ) - D - f r u e t o s e h a s 
b e e n p r e p a r e d i n a s i m i l a r w a y a n d c a r b o n - 1 3 N M R s p e c 
t r o s c o p y s h o w s a v e r y s i m i l a r s t r u c t u r e . 

D u e t o t h e i r s t r o n g r e d u c i n g p o w e r a n d h i g h s t a b i 
l i t y , t h e s e n e w s u g a r d e r i v a t i v e s o f s e r o t o n i n s h o w i n 
t e r e s t i n g b i o l o g i c a l p r o p e r t i e s . _ ^ 

A t a f i n a l c o n c e n t r a t i o n o f 1 x 1 0 m o l , 1 - D e s o x y -
1 - ( 5 - h y d r o x y - t r y p t a m i n o ) - D - f r u c t o s e i n d u c e d a n a g g r e g a 
t i o n o f h u m a n p l a t e l e t
p l a t e l e t ) , w h i c h w a s s i m i l a
b y s e r o t o n i n i t s e l f (22) , b u t t h e i n c o r p o r a t i o n o f t h e 
l ^ C l a b e l e d ( s p e c . a c t . 0 . 1 m C / m M ) s u g a r d e r i v a t i v e i n t o 
t h e p l a t e l e t s d u r i n g 1 h o u r o f i n c u b a t i o n (_23) w a s v e r y 
l i m i t e d . 

T e s t e d o n r a t u t e r u s , t h e m i n u s l o g a r i t m i c d o s e 
r e s p o n s e f o r s e r o t o n i n ( 5 - H T ) w a s h i g h e r t h a n f o r 1 - d e -
s o x y - 1 ( 5 - h y d r o x y - t r y p t a m i n o ) - D - f r u c t o s e ( D F - 5 - H T ) . 
H o w e v e r , b o t h a r e i n h i b i t e d b y M e t h y l s e r g i d e , s h o w i n g 
b o t h a c t i v i t i e s t o b e o f t h e s a m e n a t u r e (_24) . 

S e r o t o n i n i s r a p i d l y m e t a b o l i s e d , w h i l e 1 - d e s o x y -
1 ( 5 - h y d r o x y - t r y p t a m i n o ) - D - f r u c t o s e i s o n l y s l o w l y 
o x i d i z e d b y m o n o a m i n e o x i d a s e ( M A O ) . T h i s w a s d e m o n s t r a 
t e d b y t h e r a t e o f u p t a k e o f o x y g e n a t v a r i o u s i n t e r v a l s 
a s a n i n d e x o f m e t a b o l i s m o f r a t b r a i n m i t o c h o n d r i a l M A O , 
u s i n g s e r o t o n i n a n d i t s s u g a r d e r i v a t i v e a s s u b s t r a t e s 
i n c o n v e n t i o n a l W a r b u r g m a n o m e t r i c t e c h n i q u e (2_5) ( F i 
g u r e 4 ) . 

U s i n g v a r i o u s c o n c e n t r a t i o n s o f D F - 5 H T a n d 5 - H T , 
t h e s u b s t r a t e a c t i v i t y c u r v e s s h o w t h a t d e s o x y f r u c t o -
s e r o t o n i n e h a s m u c h l e s s s u b s t r a t e a f f i n i t y t o w a r d s M A O 
t h a n s e r o t o n i n e i t s e l f . W h e n L i n e w e a v e r - B u r k p l o t s w e r e 
d r a w n , t h e M i c h a e l i s c o n s t a n t f o r d e s o x y f r u c t o - s e r o t o n i -
n e w a s f o u n d t o b e t w o a n d h a l f t i m e h i g h e r t h a n f o r 
s e r o t o n i n e ( F i g u r e s 5 a n d 6 ) . 

A n o t h e r f i e l d , w h e r e t h e s y n t h e s i s o f A m a d o r i t y p e 
s u g a r d e r i v a t i v e s i s o f g r e a t b i o l o g i c a l i n t e r e s t , i s 
g i v e n b y t h e c a t e c h ο l a m i n e s . A n e w t y p e o f b i s - ( c a t e c h o 
l a m i n e s ) b e c a m e s a v a i l a b l e t h r o u g h t h e s y n t h e s i s , e l a b o 
r a t e d b y B a r t o n a n d h i s c o w o r k e r s (2_6) f o r t h e a l c a l o ï d e , 
a n d c o u l d b e t r a n s f o r m e d i n s u g a r d e r i v a t i v e s ( F i g u r e 7 ) . 
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SYNTHETIC METHODS FOR CARBOHYDRATES 

H 

R«duciR9 P o v , e f ; * Imole C H 3 C O O H 
(Hylmole amine) • 

4_| measured byTillmans 
reagent 

2 H 

j* · Imole HCI 
0 - - / - 0 Ο 0 . 2 m o l e CH3COOH 

x= 2 3 4

Figure 8. Formation
expressed in reducing power: 1 mol diamine and 2 mol of O-glucose 

boiled for 2 hr in methanol with different concentrations of acid 

N H 2 ( C H 2 ) 3 N H ( C H 2 ) 4 N H ( C H 2 ) 3 N H 2 N H 2 ( C H 2 ) 3 N H ( C H 2 ) 4 N H 2 

Spermine Spermidine 

Reducing power 
(Hyimole amine) 
measured byTillmans 

Figure 9. Formation of Amadori type sugar derivatives from spermine 
and spermidine expressed in reducing power: 1 mol of polyamine and 
2 mol of Ό-glucose heated in methanol with different concentrations of 

acid and for different times 
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H OAc 

Imminium ion Oxonium ion 

Figure 10. Typical ions in the mass spectra of acetylated Ama-
dori type or N-glycosidic sugar derivatives 

Sugar Derivatives of P i - and Polyamines 

Special a t t e n t i o
t i o n of Amadori typ
polyamines, because some antipolyamine antibodies show 
c y t o l i t i c a c t i v i t y (2_7) . The optimal conditions for the 
synthesis of these new sugar d e r i v a t i v e s are shown on 
Figure 8. Di-amines with a long carbon-chain form ea
s i e r Amadori type compounds than di-amines with a short 
carbon-chain. Strongly reducing Amadori type sugar de
r i v a t i v e s were obtained also from the polyamines sper
mine and spermidine (Figure 9) . 

Investigation by Mass Spectrometry 

A rapid mass spectrometric method has been elabo
rated (28) for i n v e s t i g a t i o n of Amadori type sugar deri
v a t i v e s . Mostly a simple a c e t y l a t i o n i s s u f f i c i e n t to 
prepare the samples for a n a l y s i s . Simple Amadori com
pounds are giving an imminium ion, while the correspon
ding N-glycosides gave a t y p i c a l oxonium ion (e/m 331) 
(Figure 10). 
Some t y p i c a l examples are given i n the Table I I . 

Cone lus ion 
The preparation of Amadori type sugar d e r i v a t i v e s 

i s now possible even from complex biogenic amines. Due 
to t h e i r great s t a b i l i t y , high reducing power and i n 
creased h y d r o s o l ubi 1ity , these sugar d e r i v a t i v e s are of 
great b i o l o g i c a l i n t e r e s t . 
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Abs t r a c t 
Amadori type sugar derivatives of s e r o t o n i n , 

5-methoxytryptamine and catecholamines were prepared 
through reaction of the b i o g e n i c amines w i t h a l d o s e s . 
The method of D . H . R . Bar ton ( J .Chem.Soc . , 1975, 579) 
f o r s y n t h e s i s of b i s - ( 2 - a r y l e t h y l ) a m i n e s has been used 
in the p r e p a r a t i o n of sugar derivatives of d i - c a t e c h o -
l amines . The o p t i m a l c o n d i t i o n s f o r the fo rmat ion of N -
g l y c o s i d e s and Amadori type sugar derivatives from the 
b i o g e n i c polyamines : p u t r e s c e i n e , c a d a v e r i n e , spermine 
and spermidine were investigated. Carbon-13 N . M . R . spec
troscopy shows the Amadori compounds to exist in D2O 
mainly as a 3-pyranoside i n the Reeves 1C c o n f o r m a t i o n . 
A mass spec t rometr i e method was e l abora ted for r a p i d 
detection of Amadori compounds
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15 
Studies on the Synthesis of Serologically Active 
Glycolipids 

ROY GIGG 

Laboratory of Lipid and General Chemistry, National Institute for Medical Research, 
Mill Hill, London NW7 1AA. 

Many of the g lyco l ip ids present in mammalian t issues and in 
microorganisms are " fore ign
of inducing the formatio
The immunochemical a c t i v i t y of the g l y c o l i p i d s resides in the 
ol igosaccharide portion and most of this a c t i v i t y (as in other 
antigenic ol igosaccharides) is exhibited by the terminal two or 
three sugars of the molecule(1). 

As isolated 'homogenous' molecules, these re la t i ve ly low 
molecular weight compounds exhibit low antigenic a c t i v i t y whereas 
they are highly act ive as components of the t issues to which they 
belong. The g lyco l ip ids exist in the native state as components 
of the membranes (2) of c e l l s i . e . as part of a macromolecular 
aggregate, and th is macromolecular form is required for the ex
h ib i t ion of immunochemical a c t i v i t y in g l y c o l i p i d s ( 3 ) . 

The presence of an antigen in guinea pig organs which would 
induce an antibody capable of lysing sheep erythrocytes was dem
onstrated by Forssman (4) in 1911 and subsequently i t was shown 
that s imi lar antigens ("Forssman antigens") were present in the 
lipid f ract ions of many other mammalian t issues although i t was 
not unt i l 1971 (5 , 6) that the structure of the Forssman antigen 
(1) was established and the antigenic a c t i v i t y was associated 
with the terminal α-NAcgal (l->3)β-NAcgal (1->3)Gal -port ion of the 
molecule. 
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( V l ) a - G l u c ( l - » 2 ) a - G 1 u c ( H 2 ) a - G l u c ( l ^ 3 ) 1 , 2 - D i - o - a c y l - L - g 1 y c e r o l 

T h e b l o o d g r o u p s u b s t a n c e s o f human e r y t h r o c y t e s a r e g l y c o 
l i p i d s w i t h p e r h a p s a s m a l l c o n t r i b u t i o n f r o m g l y c o p r o t e i n s 
(Z>8) . T h e c l a s s i c a l w o r k (9 J 0 ) on t h e s t r u c t u r e o f t h e i m m u n o -
c h e m i c a l l y a c t i v e p o r t i o n s o f t h e b l o o d g r o u p s u b s t a n c e s was 
c a r r i e d o u t on g l y c o p r o t e i n b l o o d g r o u p a c t i v e s u b s t a n c e s w h i c h 
w e r e r e a d i l y i s o l a t e d a n d p u r i f i e d f r o m b o d y f l u i d s . H o w e v e r t h e 
g l y c o l i p i d t y p e b l o o d g r o u p s u b s t a n c e s p r e s e n t i n t h e e r y t h r o 
c y t e s ( e . g . I I , I I I S- IV) h a v e b e e n shown (8) t o p o s s e s s i d e n t i c a l 
t e r m i n a l o l i g o s a c c h a r i d e p o r t i o n s t o t h o s e o f t h e g l y c o p r o t e i n s 
a n d some o f t h e s e t e r m i n a l d i - a n d t r i s a c c h a r i d e s h a v e b e e n 
s y n t h e s i s e d ( J J ) . 

T h e s t r u c t u r e s o f s e v e r a l g l y c o l i p i d s f r o m m i c r o o r g a n i s m s 
h a v e b e e n e s t a b l i s h e d ( 1 2 - 1 4 ) a n d t h e s e r o l o g i c a l a c t i v i t i e s o f 
some o f t h e s e h a v e b e e n d e m o n s t r a t e d . T h e r e a l i s a t i o n o f t h e 
v a r i e t y o f s t r u c t u r a l ( a n
c a n b e i n c o r p o r a t e d i n t o a t r i s a c c h a r i d e u n i t a n d o f t h e t e n d e n c y 
o f g l y c o l i p i d s t o a s s o c i a t e w i t h o t h e r m e m b r a n o u s s t r u c t u r e s l e d 
t h e a u t h o r ( 1 5 ) t o f o r m u l a t e a h y p o t h e s i s , r e l a t i n g t h e g l y c o 
l i p i d s o f m i c r o o r g a n i s m s w i t h p o s s i b l e î m m u n o p a t h o l o g î c a l 
p h e n o m e n a , w h i c h may be s t a t e d b r i e f l y a s f o l l o w s . 

G l y c o l i p i d s o r i g i n a t i n g f r o m m i c r o o r g a n i s m s i n v a d i n g t h e 
h o s t may become i n s e r t e d i n t o t h e c e l l u l a r m e m b r a n e s o f h o s t 
t i s s u e s . A n t i b o d i e s , r a i s e d a g a i n s t t h e s e " f o r e i g n " g l y c o l i p i d s 
p r e s e n t i n t h e m a c r o m o l e c u l a r e n v i r o n m e n t o f t h e m i c r o o r g a n i s m , 
may t h e n a t t a c k t h e h o s t t i s s u e c o n t a i n i n g t h e " f o r e i g n " g l y c o -
l i p i d l e a d i n g ( i n t h e p r e s e n c e o f c o m p l e m e n t ) t o " i m m u n e l y s i s " 
( 1 6 ) o f t h e h o s t c e l l s i . e . t o a t y p e o f a u t o i m m u n e a t t a c k on t h e 
h o s t t i s s u e s . 

One o f t h e m i c r o o r g a n i s m s f o r w h i c h t h e p r e s e n c e o f s e r o 
l o g i c a l l y a c t i v e g l y c o l i p i d s h a s b e e n e s t a b l i s h e d ( 1 7 - 2 0 ) i s 
M y c o p l a s m a p n e u m o n i a e , t h e c a u s a t i v e a g e n t o f p r i m a r y a t y p i c a l 
p n e u m o n i a . T h e s t r u c t u r e s o f t h e a c t i v e g l y c o l i p i d s h a v e b e e n 
t e n t a t i v e l y r e l a t e d ( 1 9 ) by s e r o l o g i c a l r e a c t i o n s t o t h e g a l a c 
t o s y l d i g l y c e r i d e s o f p l a n t l i p i d s t h e s t r u c t u r e s ( e . g . V) o f 
w h i c h h a v e b e e n e s t a b l i s h e d ( 2 1 - 2 5 ) . T h e s t r u c t u r e s ( e . g . V I ) 
o f g l y c o l i p i d s i s o l a t e d f r o m S t r e p t o c o c c i h a v e b e e n f u l l y 
d e t e r m i n e d ( 2 6 - 2 8 ) a n d t h e s e r o l o g i c a l a c t i v i t i e s o f t h e s e h a v e 
b e e n e s t a b l i s h e d ( 2 9 , 3 0 ) . W i t h some o f t h e s e g l y c o l i p i d s t r u c 
t u r e s e s t a b l i s h e d we c o n s i d e r e d i t p e r t i n e n t t o a t t e m p t t h e i r 
s y n t h e s i s , f i r s t l y t o p r o v e t h a t t h e s e s t r u c t u r e s w e r e i n f a c t 
t h e a c t i v e c o m p o n e n t s a n d s e c o n d l y t o make t h e m a t e r i a l s m o r e 
r e a d i l y a v a i l a b l e f o r t e s t i n g o u r h y p o t h e s i s . 

A t t h e o u t s e t i t was r e a l i s e d t h a t t h e s y n t h e t i c m e t h o d s t o 
p r e p a r e t h e t y p e s o f g l y c o s i d i c l i n k a g e s p r e s e n t i n t h e s e m o l e 
c u l e s w e r e n o t f u l l y e s t a b l i s h e d . In p a r t i c u l a r r o u t e s t o 1 , 2 -
c i s - 1 i n k e d n e u t r a l a n d 2 - a m i n o s u g a r s w e r e n o t a v a i l a b l e w i t h a n y 
d e g r e e o f c e r t a i n t y ( a l t h o u g h t h e m e t h o d s f o r t h e p r e p a r a t i o n o f 
1 . 2 - t r a n s - l i n k e d n e u t r a l a n d 2 - a m i n o - 2 - d e o x y s u g a r s w e r e w e l l 
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documented) and moreover the problem of the p r o t e c t i o n of 
hydro x y l groups had a l s o t o be c o n s i d e r e d . 

We had p r e v i o u s l y i n t r o d u c e d (31-35) the a11 y1 e t h e r p r o 
t e c t i n g group i n t o c a r b o h y d r a t e c h e m i s t r y and had shown i t s 
p a r t i c u l a r v a l u e i n the p r e p a r a t i o n of benzyl e t h e r s o f carb o 
h y d r a t e s . Awareness of e a r l i e r work (36-38) on the p r e v a l e n c e 
of 1,2-cj_s-glycoside f o r m a t i o n when n o n - p a r t i c i p a t i n g groups 
were p r e s e n t on the 2-hydroxyl group, l e d us t o c o n s i d e r (39) 
a general type of o l i g o s a c c h a r i d e s y n t h e s i s u s i n g benzyl e t h e r s 
f o r ' p e r s i s t e n t ' p r o t e c t i o n and a 11 y1 e t h e r s f o r 'temporary' 
p r o t e c t i o n Q f hyd r o x y l groups. I t i s t h e r e f o r e r e l e v a n t a t t h i s 
s t age t o review our development of the a l l y l e t h e r s as p r o t e c t 
ing groups. 
A l l y l Ethers as P r o t e c t i n

In the c o u r s e of s t u d i e s on the chemical s y n t h e s i s (40-42) 
of the p h o s p h o l i p i d s known as the plasmalogens (e.g. VII) i t was 
necessary t o i n v e s t i g a t e new methods f o r the s y n t h e s i s of v i n y l 
e t h e r s . P r i o r t o t h i s work, two papers (42»Μ) n a d appeared 
d e s c r i b i n g the rearrangement of a l l y l e t h e r s ( V I I I ) t o c i s - p r o p -
1-enyl e t h e r s (IX) under b a s i c c o n d i t i o n s and the rearrangement 
was shown (44) t o be p a r t i c u l a r l y r a p i d and q u a n t i t a t i v e w i t h 
potassium t,-butoxide in dimethyl s u l p h o x i d e . For our work on the 
plasmalogens we attempted a s i m i l a r rearrangement w i t h a y-sub-
s t i t u t e d a l l y l e t h e r and as a model compound we chose the hep-
tadec-2-enyl e t h e r ( X ) . We found however, t h a t w i t h potassium' 
t.-butoxide i n dimethyl s u l p h o x i d e , t h i s compound was r a p i d l y de
graded t o heptadecadiene (XI) and i t s isomers. At t h i s time we 
were a l s o i n t e r e s t e d i n the syntheses o f the p h o s p h o l i p i d known 
as p h o s p h a t i d y l i n o s i t o l (45) and of the l o n g - c h a i n s p i n g o l i p i d 
bases, phytosphingosine (46.47) and sphingosine (48,4^) ^ r o m carbo
h y d r a t e p r e c u r s o r s and t h i s work r e q u i r e d the e x t e n s i v e use of 
car b o h y d r a t e p r o t e c t i n g groups. I t o c c u r r e d t o us t h a t the 
ready e l i m i n a t i o n of dienes from γ-substituted a l l y l e t h e r s 
c o u l d form the b a s i s of a new p r o t e c t i n g group and we found (33) 
f o r example, t h a t the r e a d i l y prepared but-2-enyl e t h e r of 1,2:5, 
6-di-0-isopropylîdene-D" g l u c o f u r a n o s e was r a p i d l y c o n v e r t e d i n t o 
1 , 2 : 5 , 6 - d i - 0 - i s o p r o p y l i d e n e - D - g l u c o f u r a n o s e by potassium _t-but-
o x i d e i n dimethyl s u l p h o x i d e at room temperature. At the same 
time we r e a l i s e d t h a t the a l l y l e t h e r i t s e l f was perhaps a 
p o t e n t i a l l y more u s e f u l p r o t e c t i n g group i n the c a r b o h y d r a t e 
s e r i e s than the but-2-enyl group. 

The a l l y l group was s t a b l e t o aqueous a c i d and base and 
was r a p i d l y i s o m e r i s e d t o the p r o p - l - e n y l group w i t h potassium 
t,-butoxide i n dimethyl s u l p h o x i d e w i t h o u t a f f e c t i n g o t h e r con
v e n t i o n a l b a s e - s t a b l e p r o t e c t i n g groups. The p r o p - l - e n y l group 
was s t a b l e t o base but was ve r y a c i d l a b i l e and c o u l d a l s o be 
removed by o x i d a t i o n w i t h a l k a l i n e permanganate, by o z o n o l y s i s 
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f o l l o w e d by a l k a l i n e h y d r o l y s i s (31 .32) or by the a c t i o n o f mer 
c u r i c c h l o r i d e (33) . Thus , both the a l l y l and p r o p - 1 - e n y l groups 
c o u l d be used under the a p p r o p r i a t e c o n d i t i o n s as p r o t e c t i n g 
g r o u p s . 

The i n s t a n t a n e o u s h y d r o l y s i s o f t h e p r o p - l - e n y l group by 
m e r c u r i c c h l o r i d e (33) was p a r t i c u l a r l y u s e f u l s i n c e by the 
a d d i t i o n of m e r c u r i c o x i d e t o t h e r e a c t i o n m i x t u r e the h y d r o l y s i s 
c o u l d be c a r r i e d out under n e u t r a l c o n d i t i o n s thus p r e s e r v i n g 
o t h e r a c i d - l a b i l e p r o t e c t i n g groups in the m o l e c u l e . Moreover 
m e r c u r i c c h l o r i d e was found t o r e a c t o n l y v e r y s l o w l y w i t h a l l y l 
e t h e r s and thus p r o p - l - e n y l groups c o u l d be removed in the 
p r e s e n c e o f a l l y l groups by t h i s method. Amido groups were a l s o 
s t a b l e (33)to the a c t i o n o f p o t a s s i u m _ t - b u t o x i d e in d i m e t h y l 
s u l p h o x i d e and thus the a l l y l e t h e r s c o u l d be used f o r the p r o 
t e c t i o n o f 2 - a c y l a m i n o s u g a r s

Mono p r o p - l - e n y l e t h e r s o f v i c i n a l g l y c o l s a r e a l s o c o n v e r t 
ed i n t o p r o p y l i d e n e a c e t a l s (33) by a c i d c a t a l y s t s and thus t h e 
a l l y l e t h e r s c o u l d be used f o r the p r e p a r a t i o n o f t h i s t y p e o f 
p r o t e c t i n g g r o u p . 

Subsequent work by o t h e r groups has shown that a l l y l 
e t h e r s can be removed by o x i d a t i o n w i t h s e l e n i u m d i o x i d e (50) and 
t h a t the a l l y l group can be i s o m e r i s e d t o the p r o p - l - e n y l group 
by t r i s t r i p h e n y l p h o s p h i n e rhodium c h l o r i d e under c o n d i t i o n s s u f -
f i c e n t l y m i l d t o p r e s e r v e a l k a l î - 1 a b i 1 e groups such as e s t e r s 
( 5 1 ) . A l s o in the p r e s e n c e o f d i e t h y l d i a z o d i c a r b o x y l a t e the 
a l l y l e t h e r g i v e s an a d d i t i o n p r o d u c t which i s a v i n y l e t h e r and 
i s thus r e a d i l y h y d r o l y s e d (j>2, jj£) · We have a l s o shown (54) 
t h a t t h e a c t i o n of N-bromosuccinîmide on a l l y l e t h e r s ( e . g . XII ) 
g i v e s a m i x t u r e of the bromo e t h e r (XI I l) and the s u c c i n i m i d e 
d e r i v a t i v e (XIV) both of which can be h y d r o l y s e d by aqueous base 
r e s u l t i n g i n the removal o f the a l l y l g r o u p . 

Thus v a r i o u s o t h e r methods f o r the removal o f the a l l y l 
group a r e a v a i l a b l e f o r use i n c i r c u m s t a n c e s where the v e r y b a s i c 
c o n d i t i o n s of p o t a s s i u m t_ -butoxide i n d i m e t h y l s u l p h o x i d e a r e not 
a c c e p t a b l e . Some of t h e s e o t h e r methods f o r the removal o f the 
a l l y l group s u f f e r from d i s a d v a n t a g e s e . g . the rhodium c a t a l y s t 
i s e x p e n s i v e , has t o be s e p a r a t e d from the p r o d u c t and does not 
e f f e c t c o m p l e t e i s o m e r i s a t i o n o f the a l l y l g r o u p . 

We have found o n l y a few cases where the s t r o n g l y b a s i c 
c o n d i t i o n s o f p o t a s s i u m t - b u t o x i d e in d i m e t h y l s u l p h o x i d e c a u s e 
o t h e r rearrangements i n t h e c a r b o h y d r a t e m o l e c u l e . The r e a c t i o n 
w i t h the p h e n y l o x a z o l î n e (XV) l e d r a p i d l y (33) to the f o r m a t i o n 
o f the o x a z o l e (XVI) a l t h o u g h the p h e n y l o x a z o l î n e group i n com
pound (XVI I ) was c o n s i d e r a b l y more s t a b l e t o t h e s e c o n d i t i o n s 
and compound (XVIl ) was r e a d i l y c o n v e r t e d (49) i n t o the p r o p - l -
enyl g l y c o s i d e ( X V I l l ) under m i l d c o n d i t i o n s a l t h o u g h i t was 
degraded t o o t h e r p r o d u c t s ( e . g . XIX) under more v i g o r o u s 
c o n d i t i o n s (55) . The o x a z o l i n e group i s however s t a b l e in the 
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p r e s e n c e o f t h e rhodium c a t a l y s t (56) . 
The a l l y l d e r i v a t i v e (XX) of 1 . 2 - 0 - i s o p r o p y l i d e n e - m y o -

i n o s i t o l was a l s o degraded by the a c t i o n o f p o t a s s i u m _ t - b u t o x i d e 
in d i m e t h y l s u l p h o x i d e t o g i v e t h e h y d r o x y h y d r o q u i n o n e d e r i v a t i v e 
(XXIII) . T h i s b e h a v i o u r was a l s o shown by t h e b e n z y l e t h e r 
( X X I ) . Compound (XXIl) was i s o l a t e d as an i n t e r m e d i a t e i n the 
c o n v e r s i o n o f the benzyl e t h e r (XXI) i n t o the a r o m a t i c e t h e r 
(XXIV) (57) . I s o p r o p y l i d e n e groups in p y r a n o s i d e s and f u r a n o -
s i d e s a r e however , s t a b l e t o t h e s e c o n d i t i o n s . 

We have r e c e n t l y (58) o b s e r v e d t h a t the v i c i n a l b i s p r o p - l -
e n y l e t h e r (XXV) i s f u r t h e r degraded by t h e a c t i o n o f p o t a s s i u m 
t . -butoxîde in d i m e t h y l s u l p h o x i d e and the n a t u r e o f the p r o d u c t s 
i s b e i n g i n v e s t i g a t e d . 

Having thus e s t a b l i s h e d the a l l y l and p r c p - l - e n y l groups as 
u s e f u l p r o t e c t i n g group
i n v e s t i g a t e d (34) the
removed much more r a p i d l y than the a l l y l group i s i s o m e r i s e d 
and i t i s t h e r e f o r e p o s s i b l e to remove a b u t - 2 - e n y l group w i t h 
o n l y p a r t i a l î s o m e r i s a t i o n o f an a l l y l group when both a r e 
p r e s e n t in t h e same m o l e c u l e (34). Thus the a l l y l e t h e r (XXVII) 
was o b t a i n e d (59) from the b u t - 2 - e n y l e t h e r (XXVI) i n about 40% 
y i e l d by t h i s p r o c e d u r e . 

One o f t h e main uses t h a t we have found f o r the b u t - 2 -
enyl group i s as a temporary p r o t e c t i n g group d u r i n g the p r e 
p a r a t i o n o f o t h e r a l l y l e t h e r s . Thus the a l l y l g l y c o s i d e 
(XXVIII) gave (£2) the p r o p - 1 - e n y 1 g l y c o s i d e (XXIX) on t r e a t m e n t 

w i t h potassiurn J t -butoxide in d i m e t h y l s u l p h o x i d e . A l l y l a t i o n o f 
compound (XXIX) to g i v e (XXX) and subsequent h y d r o l y s i s o f the 
p r o p - 1 - e n y î group gave 2 - 0 - a l l y l - 3 , 4 , 6 - t r i - 0 - b e n z y l - D - g l u c o p y -
r a n o s e (XXXI ) . 

A f u r t h e r e x t e n s i o n o f t h e use o f a l l y l e t h e r s came when we 
i n v e s t i g a t e d the c o m p a r a t i v e r a t e s o f i s o m e r i s a t ion o f o t h e r 
methyl s u b s t i t u t e d a l l y l e t h e r s . Both 1-methyl-(34) and 2-
m e t h y l a l l y l (33.35) e t h e r s were i s o m e r i s e d a t a c o n s i d e r a b l y 
lower r a t e than the a l l y l e t h e r s by p o t a s s i u m _ t - b u t o x i d e i n 
d i m e t h y l s u l p h o x i d e and t h e 2 - m e t h y l a l 1 y l e t h e r s (35) which a r e 
r e a d i l y p r e p a r e d a r e c o n v e n i e n t p r o t e c t i n g groups i n the p r e s e n c e 
o f b u t - 2 - e n y l groups s i n c e the l a t t e r can be removed c o m p l e t e l y 
(35) w i t h o u t i s o m e r i s a t i o n o f 2-methy1 a l 1yl g r o u p . 

We a l s o showed t h a t the b u t - 2 - e n y l group i s i s o m e r i s e d 
much more s l o w l y than the a l l y l group by the rhodium c a t a l y s t 
and t h i s a l l o w e d (£6, 60) the removal o f the a l l y l group in the 
p r e s e n c e o f t h e b u t - 2 - e n y l g r o u p . Thus t h e a l l y l g a l a c t o p y r a n -
o s i d e d e r i v a t i v e (XXXIl) gave p r e d o m i n a n t l y the p r o p - l - e n y l 
g l y c o s i d e (XXXIV) on t r e a t m e n t w i t h the rhodium c a t a l y s t and 
compound (XXXIV) was then h y d r o l y s e d t o the f r e e sugar (XXXV) 
(60). T h i s t r a n s f o r m a t i o n o f compound (XXXI I) i n t o the p r o p - l -
enyl g l y c o s i d e (XXXIV) was however a c c o m p l i s h e d in h i g h e r y i e l d 
and w i t h fewer b y p r o d u c t s by f i r s t t r e a t i n g compound (XXXI I) w i t h 
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butoxide, to isomerîse the a l l y l group and remove the but-2-enyl 
group, giving the prop- l -enyl glycoside (XXXI Il) which was then 
treated with 'c roty l bromide1 and sodium hydride to give the but-
2-enyl ether (XXXIV) (6l_) . 

In a l l of our early work on the use of potassium Jt-butoxide 
in dimethyl sulphoxide for the rearrangement of a l l y l ethers we 
used laboratory prepared potassium _t-butoxide. Recently this 
material has become commercially ava i lab le in the U.K. and the 
commercial material is considerably more act ive than our own 
preparat ion. A l l y l ethers are rapidly isomerised at 20 by the 
commercial material whereas we routinely used higher temperatures 
in our early work. Many other groups (62-75) have found the a l l y l 
ethers useful as protecting groups in the preparation of carbo
hydrate derivat ives and other compounds. 

1,2-Cis-Glycoside Synthesi
The long standing problem of 1.2-ci s -q lycoside synthesis 

has been f u l l y reviewed (36-38) and at the outset of our work on 
the synthesis of the g lyco l ip ids this was our major concern since 
many of these compounds contained this g lycos id ic l inkage. When 
considering our projected general ol igosaccharide synthesis using 
benzyl ethers for 'pers is tent ' protection and a l l y l ethers for 
'temporary' protection we were encouraged by ear l i e r work which 
showed higher y ie lds of 1 .2 -cis-qlycosides when n o n - p a r t i c i p a t i n g 
groups were present on the 2-posit ion (36-38) and by the work of 
Ishikawa and Fletcher (76).on the re la t i ve rates of reaction of 
f u l l y benzylated a- and β- glycosyl ha l ides . We adopted these 
ideas in our i n i t i a l work and developed (39) simultaneously, a 
s imi lar route to 1.2-ci s-g1ycosi des as that used by Lemieux and 
his co-workers (11.77.78) and termed by him "hal ide catalysed 
glycosidat ion react ions" . However, s ince we intended to use a l l y l 
ethers as protecting groups in the glycosyl ha l ides , we decided 
to avoid using the glycosyl bromides since their preparation could 
lead to problems with the unsaturated centres of the a l l y l groups 
and we therefore concentrated on the reactions of the glycosyl 
ch lo r ides . 

Our other concern at this stage was the f e a s i b i l i t y of using 
perbenzylated intermediates; the degree of s t e r i c hindrance 
that might result from their use and a lso the physical properties 
of the products. Our i n i t i a l experiments (39) were carr ied out 
with f u l l y benzylated glucosyl chlor ides and some of the t r i - 0 -
benzyl ethers of benzyl α -D-ga lactopyranoside . Using d ich loro-
methane as a solvent , tetraethylammonium chlor ide as a chlor ide 
source and t r ie thy l ami ne as a base, to remove the hydrogen 
chlor ide l ibera ted , we showed that the f u l l y benzylated glucosyl 
chlor ide (XXXVI) gave high y ie lds of glycosides when condensed 
with benzyl 2 ,3 ,4 - t r i -0 -benzyl -α-D-galactopyranoside (XXXVIl) and 
the product was moreover c r y s t a l l i n e . N.m.r. spectroscopy of the 
crude disaccharide der ivat ive also showed a high proportion of the 
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1 , 2 - ç i s - g l y c o s i d e (XXXVI I I) (ca 90%) . Using benzyl 3 , ^ , 6 - t r i - 0 -
benzy l -α -D-ga lactopyranoside (XXXIX) as the aglycone (i.e. re 
action with a secondary hydroxy1 group) lower y ie lds (39) of the 
disaccharide were obtained but the 1 . 2 - c i s - q l y c o s i de (XL) was 
present in the same high proportion and the product was again 
c r y s t a l l i n e and therefore could be readi ly separated from the 
small amount of 1 .2 - t rans-q lycos ide present. 

The reactions were conducted at ç_a. 80 to achieve a rea
sonable rate and with dichloromethane as a solvent the reaction 
had to be carr ied out in a sealed tube. We subsequently (79) 
showed that 1 ,2 -dichloroethane was a sui table solvent and thus 
the reaction could be carr ied out in an open f lask and more 
readi ly followed by t . l . c . 

The glycosyl chlor ides are less react ive than the bromides 
in this reaction and w  (79)
ammonium bromide in plac
reaction mixture so that the β-glycosyl bromide can be formed 
d i r e c t l y from the α-glycosyl ch lor ide in the reaction mixture, 
thus avoiding any problems associated with the formation of 
glycosyl bromides by conventional procedures. Igarishi and his 
co-workers (80) have a lso described a procedure for 1 . 2 - c i s -
glycoside synthesis under mild conditions using g lycosylchlor ides 
and s i l v e r perchlorate . We have shown (81) that the condensation 
of 2 , 3 , z f , 6 - t e t r a - 0 - b e n z y l - D - g l u c o s y l ch lor ide (XXXVI) with benzyl 
2 , 3 , k - t r i - 0 - b e n z y 1 - α - D - g a l a c t o p y r a n o s i d e (XXXVI I) under their 
conditions gives a s imi lar y i e l d of the mixture of the 1 . 2 - c i s -
glycoside (XXXVI I I) (ca. 90%) and 1 .2 - t rans-g lycos ide as we 
obtained by the method described above. 

With a successful outcome to our in t ia l experiments on the 
use of the glycosyl chlorides in the synthesis of 1 . 2 - c i s - q l y -
cosides and the demonstration of the s u i t a b i l i t y of the perbenzy-
lated der ivat ives as intermediates, we extended the method by 
incorporating an a l l y l group into the glycosyl c h l o r i d e . When the 
chlor ide derived from 2 , 3 , 4 - t r i - 0 - b e n z y l - 6 - 0 - ( b u t - 2 - e n y 1 ) - D - g a l a c -
topyranose (XXXV) was condensed with the ga lactopyranosîde 
(XXXVII) s imi lar y ie lds of the c r y s t a l l i n e 1 . 2 - c i s - q l y c o s i d e 
(XLI) were obtained (60) thus demonstrating that the a l l y l ethers 
were sui table protecting groups under these condi t ions. The 
action of potassium _t-butoxide in dimethyl sulphoxide on the 
disaccharide der ivat ive (XLI) gave the c r y s t a l l i n e alcohol (XLIl) 
which was sui tably protected for further glycosidat ion reactions 
or for oxidation by methods described previously (82 , 82.), for 
use in the presence of benzyl ethers, to give the corresponding 
uronic acid der ivat ive (XLI I l ) . Several uronic acid containing 
bacter ia l g lyco l ip ids have been described (12-14). 

Many of the g lyco l ip ids in which we were interested contained 
1 .2 -c is -1 inked 2-amino sugars (par t icu lar ly 2-amino-2-deoxy-D-
galactose) and we envisaged a route to these compounds by using 
the 2 - 0 - a l l y l group as a non-part icipant in an otherwise f u l l y 
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b e n z y l a t e d g l y c o s y l h a l i d e . 2-0-A11yl - 3 , 4 , 6-tri-0-benzyl-D-galac-
topyranose was pre p a r e d , as d e s c r i b e d above f o r the c o r r e s p o n d i n g 
g l u c o s e d e r i v a t i v e (XXXI), and was co n v e r t e d i n t o the c h l o r i d e 
(XLIV) which was condensed w i t h the g a l a c t o s i d e (XXXVI I) t o g i v e 
the c r y s t a l l i n e 1 . 2 - c i s - l i n k e d d i s a c c h a r i d e d e r i v a t i v e (XLV). 
Removal of the a l l y l group by potassium _t-butoxide i n dimethyl 
s u l p h o x i d e gave the c r y s t a l l i n e a l c o h o l (XLVI) (84). O x i d a t i o n of 
the f r e e hydroxyl group of compound (XLVI) w i t h a c e t i c a n h y d r i d e -
dimethyl s u l p h o x i d e gave the c r y s t a l l i n e ketone (XLVII) (15). 

2-Keto sugars ( i n the form of t h e i r oximes) have p r e v i o u s l y 
been con v e r t e d i n t o amines by Lemieux and h i s co-workers (8£, 86) 
d u r i n g t h e i r work on the n i t r o s y l c h l o r i d e r o u t e t o 1.2-cis-
g l y c o s i d e s y n t h e s i s . In some cases the c o n v e r s i o n i n t o the amine 
was f a i r l y s t e r e o s p e c i f i c (e.g. the p r e p a r a t i o n of 1.2-cis-
1 inked 2-amino-2-deoxy-D-glucos
( p a r t i c u l a r l y w i t h 2-amino
c o n v e r s i o n was f a r l e s s s t e r e o s p e c i f i c (8£, 86). 

A f u r t h e r r o u t e t o 1 . 2 - c i s - l i n k e d 2-amino-2-deoxy-sugar 
g l y c o s i d e s was envisaged by u s i n g the Ν,N-dibenzyl ami no d e r i v a t i v e 
as a n o n - p a r t i c i p a t i n g group. Thus the f u l l y b e n z y l a t e d d e r i v a 
t i v e (LI) of 2-amino-2-deoxy-D-glucose was prepared (39) from 
the p r o p - l - e n y l g l y c o s i d e ( X L V I I l ) . B e n z y l a t i o n of compound 
(XLVII I) w i t h benzyl c h l o r i d e and sodium h y d r i d e i n t e t r a h y d r o -
f u r a n gave the N_-benzyl benzamido d e r i v a t i v e ( X L I X ) . B e n z y l a t i o n 
under d i f f e r e n t c o n d i t i o n s (15) ( p a r t i c u l a r l y w i t h benzyl c h l o r i d e 
and sodium h y d r i d e i n Ν ,Ν^-dimethy 1 formami de) leads t o c o n s i d e r a b l e 
0-benzylat ion of the benzamido group. Compound (XL IX) was r e a d i l y 
reduced w i t h l i t h i u m aluminium h y d r i d e t o g i v e the N[,N-dibenzyl 
d e r i v a t i v e (L) which on a c i d h y d r o l y s i s gave the f r e e sugar ( L l ) . 

R e c e n t l y , Paulsen and S t e n z e l (87) have shown t h a t the 2-
a z i d o group i s a s u i t a b l e n o n - p a r t i c i p a n t f o r the s y n t h e s i s of 
1 . 2 - c i s - l i n k e d 2-amino-2-deoxy-D-glucose d e r i v a t i v e s and we have 
prepared (54) the c r y s t a l l i n e £-nitrobenzoate o f the a z i d e (LI I l ) 
from the epoxide ( L I l ) f o r i n v e s t i g a t i n g the p r e p a r a t i o n of 1,2-
c i s - 1 i n k e d 2-amino-2-deoxy-D-galactosîdes by t h i s method. 

For the s y n t h e s i s of 1 . 2 - t r a n s - q l y c o s i d e l i n k a g e s , which 
occur i n the g l y c o l i p i d s , both the Koenigs-Knorr and the o r t h o -
e s t e r methods have been w e l l developed (36-38) and the l a t t e r 
method has been used s u c c e s s f u l l y w i t h f u l l y b e n z y l a t e d o r t h o -
e s t e r s (88). The o x a z o l i n e method f o r the s y n t h e s i s o f 1,2-
t r a n s - q l y c o s i des o f 2-acetamido-2-deoxy sugars has a l s o been w e l l 
e s t a b l i s h e d (36-38). These methods of 1 . 2 - t r a n s - g l y c o s i d e 
s y n t h e s i s Should be a p p l i c a b l e i n the presence of a l l y l and benzyl 
e t h e r p r o t e c t i n g groups. 

With a general r o u t e t o o l i g o s a c c h a r i d e s y n t h e s i s thus 
e s t a b l i s h e d i n o u t l i n e , we were i n a p o s i t i o n t o use the methods 
f o r t h e s y n t h e s i s of some of the g l y c o l i p i d s . 
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S y n t h e s i s o f G a l a c t o s y l D î g l y c e r i d e s 

M o n o - ( U V ) a n d d i g a l a c t o s y l d i g l y c e r i d e s ( L V ) w e r e f i r s t 
i s o l a t e d f r o m w h e a t f l o u r l i p i d s (2J_ - 2 3 ) a n d w e r e s u b s e q u e n t l y 
shown t o b e p r e s e n t i n human b r a i n ( 8 9 ) . many p l a n t t i s s u e s 
(Ht l i t ) a n d v a r i o u s m i c r o o r g a n i s m s ( 1 2 - 1 4 ) . S u b s e q u e n t l y t r i -
(V) ( 2 4 , l i ) a n d t e t r a - g a l a c t o s y 1 d i g l y c e r i d e s ( 9 0 ) w e r e a l s o 
i s o l a t e d f r o m p l a n t s . 

( L I V ) B - D - G a l ( l 4 3 ) 1 , 2 - D i - 0 - a c y l - L - g l y c e r o l 

( L V ) « - D - G a l ( l 4 6 ) β -D -Ga l (1*3 ) 1 , 2 - D i - O - a c y l - L - g l y c e r o l 

O u r m a i n i n t e r e s t i n t h i s s e r i e s o f g l y c o l i p i d s was t o t r y 
t o c o n f i r m , by s y n t h e s i s , t h a t t h e s e r o l o g i c a l l y a c t i v e g l y c o 
l i p i d s o f M y c o p l a s m a p n e u m o n i a
a v a i l a b l e b y i s o l a t i o n ( 1 9 ) ) h a d t h e same s t r u c t u r e s a s t h e p l a n t 
g l y c o l i p i d s s i n c e t h e t r i g a l a c t o s y l d i g l y c e r i d e f r a c t i o n f r o m 
s p i n a c h h a d b e e n s h o w n (19 ) t o h a v e s i m i l a r s e r o l o g i c a l a c t i v i t y . 

T h e r o u t e t o t h e t r i g a l a c t o s y l d i g l y c e r i d e u s i n g o u r g e n e r a l 
m e t h o d o f o l i g o s a c c h a r i d e s y n t h e s i s r e q u i r e d t h e p r e p a r a t i o n o f a 
p r o t e c t e d d e r i v a t i v e o f 3 - 0 - ( β - D - g a l a c t o p y r a n o s y l ) - L - g l y c e r o l . 
I t h a s b e e n s h o w n p r e v i o u s l y ( 9 1 - 9 2 ) t h a t c h i r a l i s o p r o p y l i d e n e 
g l y c e r o l i s n o t a s u i t a b l e i n t e r m e d i a t e f o r t h e p r e p a r a t i o n o f 
1 , 2 - t r a j T S - g l y c o s i d e s b y t h e K o e n i n g s - K n o r r p r o c e d u r e b e c a u s e 
o f t h e m i g r a t i o n o f t h e i s o p r o p y l i d e n e g r o u p a n d r a c e m i s a t i o n . 
We t h e r e f o r e c a r r i e d o u t t h e K o e n i g s - K n o r r r e a c t i o n w i t h 1 , 2 -
d i - 0 - b e n z y l - L - g l y c e r o l a n d 2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - D - g a l a c t o p y r a n 
o s y l b r o m i d e a n d t h e p r o d u c t ( L V I ) w a s c o n v e r t e d i n t o t h e i s o 
p r o p y l i d e n e d e r i v a t i v e ( L V I I l ) w h i c h was p u r i f i e d b y r e v e r s i b l e 
c o n v e r s i o n i n t o t h e c r y s t a l l i n e 3 - 0 - ( 2 , 3 , 4 - t r i - 0 - b e n z y l - β - g a l a c t o 
p y r a n o s y l ) - L - g l y c e r o l ( L I X ) ( 6 1 ) . Compound ( L V I I l ) was r e a d i l y 
c o n v e r t e d ( 6 1 ) i n t o a m o n o - g a l a c t o s y 1 d i g l y c e r i d e ( L I V ) a n d i n t o 
a 3 - 0 - ( 6 - 0 - a c y 1 - β - D - g a l a c t o p y r a n o s y l ) - 1 , 2 - d i - 0 - a c y l - L - g l y c e r o l ; 
a c o m p o u n d w h i c h i s f o r m e d by e n z y m i c t r a n s a c y l a t i o n d u r i n g t h e 
i s o l a t i o n o f m o n o - g a l a c t o s y 1 d i g l y c e r i d e s (21, 9 4 ) . 

I t h a s b e e n s h o w n ( 9 5 ) t h a t , i n t h e p r e s e n c e o f r a c e m i c 
i s o p r o p y l i d e n e g l y c e r o l , e n z y m i c t r a n s f e r o f g a l a c t o s e f r o m 
l a c t o s e t o 1 , 2 - 0 - i s o p r o p y l i d e n e - L - g l y c e r o l c a n o c c u r t o g i v e 
t h e 3 , 0 - ( β - D - g a l a c t o p y r a n o s y l ) - l , 2 - 0 - i s o p r o p y l i d e n e - L -
g l y c e r o l ( L V I l ) a n d t h i s e n z y m i c r e a c t i o n m i g h t w e l l p r o v i d e a 
s i m p l e r r o u t e t o t h e d e r i v a t i v e ( L V I I l ) . 

C o n d e n s a t i o n o f t h e c h l o r i d e ( L X } d e r i v e d f r o m t h e g a l a c t o -
p y r a n o s e d e r i v a t i v e ( X X X V ) , w i t h t h e i s o p r o p y l i d e n e d e r i v a t i v e 
( L V I I l ) u n d e r t h e c o n d i t i o n s w h i c h we h a v e e s t a b l i s h e d f o r 
1 . 2 - c i s - g l y c o s i d e s y n t h e s i s g a v e t h e c r y s t a l l i n e d i g a l a c t o s y l 
g l y c e r o l d e r i v a t i v e ( L X l ) w h i c h on t r e a t m e n t w i t h p o t a s s i u m 
. t - b u t o x i d e i n d i m e t h y l s u l p h o x i d e g a v e ( 7 9 ) t h e c r y s t a l l i n e 
a l c o h o l ( L X l I ) w h i c h was t h u s s u i t a b l y s u b s t i t u t e d f o r a f u r t h e r 
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g lycos id ic condensation. Compound (LXlI) was a lso converted (79) 
into a digalactosyl d ig lycer ide (LV) and can a lso be converted 
readi ly into the benzylated digalactosyl glycerol der ivat ive 
(LXIII). 

Vic inal sulphonates are readi ly eliminated on treatment with 
zinc and sodium iodide in ref luxing acetone and thus glycerol 
moieties can be converted into a l l y l groups (61). Conversion of 
compound (LXlI l ) into the a l l y l glycoside (LX1V) by this method 
and subsequent removal of the a l l y l group by the methods described 

above should give a free sugar sui table for conversion (via 
the £ - n i t r o b e n z o a t e ) into the chlor ide (LXV) which could be used 
for the addit ion of a disaccharide moiety in 1 .2 -c is - l inkaqe . 
Thus the condensation of the chlor ide (LXV) with the c r y s t a l l i n e 
intermediate (LXll) should give a der ivat ive su i tab le for the 
preparation of tetragalactosy

A further condensatio
tected digalactosyl glycerol (LXlI) gave the crude tri galactosyl 
glycerol der ivat ive (LXVl) which was converted into the alcohol 
(LXVII). Compound (LXVlI) was pur i f ied by revers ib le conversion 
into the c r y s t a l l i n e t r i s - £ - n i t r o b e n z o a t e of the t r i o l (LXVlI I) 
(96). Compound (LXVlI) was readi ly converted (96) into the t r i -
galactosyl d ig lycer ide (V) but th is compound showed (97) "no 
antigenic a c t i v i t y against either human or rabbit antiserum as 
compared to s imi lar material extracted from spinach", indicat ing 
that the se ro log ica l l y act ive g lyco l ip ids of Mycoplasma pneumoniae 
do not have this structure in the ol igosaccharide por t ion . 
Glucose and galactose containing glycosyl d ig lycer ides have also 
been detected in plant l i p i d s (98. 99) and in Mycoplasma 
pneumoniae (17) and i t is possible that the serological c ross -
reac t iv i t y observed (19) between the t r iga lac tosy l d ig lycer ide 
f ract ion of spinach and Mycoplasma pneumoniae g lyco l ip ids may be 
due to these species of g l y c o l i p i d s . 

Intermediates for the Synthesis of the Forssman and P'»Antigens 

Recently (100) the Ρ - a n t i g e n of human erythrocytes has 
been isolated and character ised. This compound (LXIX) has a 
terminal α-D-gal (l-*4) D-gal linkage and this disaccharide unit 
is a lso present in the Forssman antigen (l) and in several other 
mammalian g lyco l ip ids (\k). 

α-Gal (1*4)8-Gal (}*k)β-NAcg 1 uc(l->3)β-Ga 1 (1*4)G1 uc-Cerami de (LXIX) 

Thg axial 4-hydroxyl group of galactopyranose der ivat ives 
in the C, conformation is very unreactive in glycoside forming 
reactions and thus derivat ives of 1 ,6 -anhydro^-D-galactopyranose, 
where the 4-hydroxyl group of the 1 C ^ conformation is equator ia l , 
have been used (101. 102) for glycosidat ion reactions at this 
p o s i t i o n . The 2 ,3 -di-0-acety1 der ivat ive has been used (101 . 102) 
in these reactions but the ease (103) of acetyl migration in this 
compound, which would probably be enhanced under the basic 
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condit ions of our 1 . 2 - c i s - q l y c o s i d e synthesis , led us to con
sider the synthesis and use of the 1,6-anhydro-2,3-di-0-benzyl 
-β-D-galactopyranose (LXXII l ) . Compound (LXXIII) was prepared 
(54) by four d i f ferent methods, mainly by using a l l y l ethers as 
protecting groups, and was isolated and characterised as the 
crysta l 1 î n e j > - n i t o b e n z o a t e . The most convenient method involved 
a l l y l a t ion ot the epoxide (LXXVl) (J_04, 105). The product was 
hydrolysed with base to give the diol (LXXV)which was benzylated 
and the a l l y l group was subsequently removed to give the 
required dibenzyl ether (LXXII l ) . A further route involving 
both a l l y l and but-2-enyl ethers was the conversion of compound 
(LXX) into the prop- l -enyl ether (LXXl) by the action of potas
sium t_-butoxide in dimethyl sulphoxide. The addit ion of benzyl 
ch lor ide to the reaction medium then gave the dibenzyl ether of 
compound (LXXl) d i r e c t l
l-enyl group gave the require
T r i t y l a t i o n of 1 ,6 -anhydro-2-0-benzy1-β-D-galactopyranose 
(LXXIV) gave the t r i t y l ether (LXXll) which was a lso converted 
into the dibenzyl ether (LXXIII). 

Condensation (54) of the chlor ide (LX) with 1,6-anhydro-2, 
3 -d i -0 -benzy l -β -D -ga lac topyranose (LXXIII) under the condit ions 
which we have developed for 1.2-ci s -g lycosi de synthesis gave 
the crude glycoside (LXXVlI) which was converted into the 
alcohol (LXXVlI I) by the action of potassium _t-butoxide in 
dimethyl sulphoxide. Hydrogenolysîs gave the crude 1,6-anhydro-
li-O- (α-D-gal actopyranosy 1 ) -β -D-ga l actopyranose (LXXIX) . Ace ty la -
tion of compound (LXXIX) and subsequent aceto lys is gave d i r e c t l y 
(54) the c r y s t a l l i n e octaacetate (LXXX) which has been prepared 
previously (102) by a Koenigs-Knorr condensation which gave a 
mixture of the a- and β- linked disaccharides in a ra t io of 4:3. 
Compound (LXXX) is sui tably substituted for conversion into a 
glycosyl hal ide and for addit ion in 1,2- t rans-glycoside linkage 
to a protected der ivat ive of N-acetyl-D-glucosamine to give the 
terminal t r isacchar ide unit of the P'-antigen (LXIX). 

In the Forssman antigen (l) the α-D-gal (l->4) D-gal unit 
is substituted at the 3-posit ion of the non-reducing end by an 
N-acetyl-galactosamine residue and we required a sui tably 
substi tuted der ivat ive to achieve a glycosidat ion reaction at 
this p o s i t i o n . Thus a route to the der ivat ive (LXXXV) has been 
planned. A l l y l a t i o n of the t r i t y l der ivat ive (LXXlI) gave (54) 
the c r y s t a l l i n e a l l y l der ivat ive (LXXXl) which was converted into 
3-0-a 1 1 y l - 1 , 6 - a n h y d r o - 2 , 4 - d i - 0 - b e n z y l - β - D - g a l a c t o p y r a n o s e 
(LXXXlI). Conversion of compound (LXXXll) into (LXXXlIl) and 
condensation with compound (LXXIII) should give the 1 .2 -c i s -
1 inked di sacchari de (L)0(X IV) which could be converted into the 
required der ivat ive (LXXXV). 

In considering the conversion of 1,6-anhydro~B-D-galacto
pyranose der ivat ives [e .g . (LXXXll)] into galactopyranosyl 
chlor ides [e .g . (LXXXlIl)] we recal led our work on the conversion 
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of a l i p h a t i c a c e t a l s i n t o c h l o r o - e t h e r s by the a c t i o n o f a c e t y l 
c h l o r i d e , which we had used in t h e s y n t h e s i s (41.42) o f the 
p i a s m a l o g e n s . When the c r y s t a l 1 ine £ -n î trobenzoate (LXXXVl) was 
t r e a t e d w i t h a c e t y l c h l o r i d e a t 2 0 ° f o r f o u r days i t was c o n v e r t e d 
(54) i n t o the c h l o r i d e (LXXXVll ) which was c h a r a c t e r i s e d by c o n 
v e r s i o n i n t o a known methyl g a l a c t o p y r a n o s i d e . T h i s r e a c t i o n 
which we have termed (54) " c h l o r a c e t o l y s î s " s h o u l d be u s e f u l in 
t h i s s e r i e s o f compounds and we found s u b s e q u e n t l y t h a t a s i m i l a r 
r e a c t i o n c a t a l y s e d by t i t a n i u m t e t r a c h l o r i d e , had p r e v i o u s l y been 
r e p o r t e d (106) . The c o n v e r s i o n o f the a z i d e (LI I l ) i n t o the 
c h l o r i d e (LXXXVlI I ) , by t h i s method, i s under i n v e s t i g a t i o n 
s i n c e t h e l a t t e r compound s h o u l d be a s u i t a b l e i n t e r m e d i a t e f o r 
the s y n t h e s i s o f the α-NAc gal (l->3) NAc gal r e s i d u e p r e s e n t in 
the Forssman a n t i g e n , in view o f t h e work r e p o r t e d by P a u l s e n and 
S t e n z e l (8Z). 

The S e r o l o g i c a l l y A c t i v e G l y c o l i p i d s o f S t r e p t o c o c c i . 

Mono- (LXXXIX) , d i - ( X C l ) and t r i g l u c o s y l d i g l y c e r i d e s (VI) 
have been i s o l a t e d from v a r i o u s S t r e p t o c o c c i ( 1 2 - 1 4 . 2 6 - 2 8 ) . 
More r e c e n t l y p h o s p h o r y l a t e d d e r i v a t i v e s (XC, XCII , X C I I I , XCIV) o f 
these g l y c o l i p i d s were i s o l a t e d and c h a r a c t e r i s e d (107-111) and 
the immunochemical a c t i v i t i e s o f t h e s e compounds have been i n v e s 
t i g a t e d (22 , 10) . 

F o r s y n t h e t i c s t u d i e s in t h i s s e r i e s o f g l y c o l i p i d s we aimed 
f o r an i n t e r m e d i a t e which would be p o t e n t i a l l y u s e f u l f o r the 
s y n t h e s i s o f a l l o f t h e s e n e u t r a l and p h o s p h o r y 1 a t e d g l y c o l i p i d s . 
2 - 0 - A 1 l y l - 3 , 4 - d i - 0 - b e n z y l - D - g l u c o p y r a n o s e (XCV) was t h e r e f o r e 
p r e p a r e d (59) and c o n v e r t e d by way o f the b i s p - n i t r o b e n z o a t e 
i n t o t h e g l u c o s y l c h l o r i d e (XCVI I) ( 5 8 ) . C o n d e n s a t i o n o f com
pound (XCVII) w i t h 1 , 2 - d i - 0 - ( b u t - 2 - e n y l ) - L - g l y c e r o l (XCVI I I) C§8) 
under the c o n d i t i o n s which we have d e s c r i b e d f o r 1 . 2 - c i s -
g l y c o s i d e s y n t h e s i s gave the c r u d e g l u c o s y l g l y c e r o l d e r i v a t i v e 
(XCIX) w h i c h , a f t e r removal o f the a c y l , a l l y l and b u t - 2 - e n y l 
groups by the s t a n d a r d p r o c e d u r e , gave the c r u d e 3 -0 - ( 3 ,4-di -
0 - b e n z y l - α - D - g l u c o p y r a n o s y l ) - L - g l y c e r o l ( C ) . Compound (C) was 
c o n v e r t e d (58) i n t o the c r y s t a l l i n e î s o p r o p y l i d e n e d e r i v a t i v e 
(CI) which has a l s o been c o n v e r t e d (15) i n t o the c r y s t a l l i n e 

monoglucosyl d i g l y c e r i d e (LXXXIX) c o n t a i n i n g o c t a d e c a n o y l groups 
on the g l y c e r o l m o i e t y . 

Our d e s i r e t o o b t a i n a c r y s t a l l i n e d e r i v a t i v e a f t e r the 1 ,2 -
c i s - g l y c o s i d a t i o n r e a c t i o n ( to a l l o w us t o remove t h e smal l 
amount o f 1 . 2 - t r a n s - q l y c o s i d e which i s formed) h a s , i n t h i s c a s e , 
r e s u l t e d i n the l o s s o f t h e b u i l t in d i f f e r e n t i a l p r o t e c t i o n 
which was used on the 2- and 6 - p o s i t i o n s o f the g l u c o s e m o l e c u l e . 
However the 2- and 6 - p o s i t i o n s o f compound (CI) can be r e a d i l y 
d i f f e r e n t i a t e d and p r e s e n t work i s aimed a t c o n v e r t i n g compound 
(CI) i n t o the n e u t r a l and p h o s p h o r y 1 a t e d o l i g o g l u c o s y 1 
d i g l y c e r i d e s . 
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The di rect g lycosidat ion of 1 ,2-0- isopropyl idene-L-glycerol 
is a lso being investigated in this case but we have suspected 
previously (61) that migration of the isopropylidene group occurs 
under the condit ions of our 1 .2 -c is -q lycos idat ion reaction as i t 
does during the Koenigs-Knorr reaction (21,21)· The use of the 
2-methylal lyl der ivat ive (XCVl) is a lso being investigated 
since this should resul t in the d i rect synthesis of the glucosyl 
glycerol der ivat ive (CM) because we have shown (35) that the 
but-2-enyl group can be removed by the action of potassium t.-
butoxide in dimethyl sulphoxide, without ef fect ing the isomeris-
ation of the 2-methylal lyl group. 

Conclusion 

The preparations which we have carr ied out so far along the 
l ines of our proposed genera
benzyl ethers for 'pers is ten t
'temporary' protection have been successful and thus give us 
considerable encouragement for future work. In par t icu lar the 
use of this method in the preparation of 1 .2 -c is - l inked glycosides 
has l e d , in most cases, to c r y s t a l l i n e derivat ives thus allowing 
the p u r i f i c a t i o n of the product from the small amount of 1,2-
trans-isomer formed. The method a lso shows potential for the 
synthesis of amino-sugar and uronic acid containing o l i g o 
saccharides such as occur in many of the g l y c o l i p i d s . The 
preparation of benzyl ethers is readi ly accomplished (112) 
and we have experienced no d i f f i c u l t y in their removal by 
hydrogenolys i s . 
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Ο 53 
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Glycosidation reactions, halide 

ion-catalyzed 93 
Glycosyl 
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chlorides 263 
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Glycosyl (Continued) 
cyanide 91 
esters, physical properties of 167 
halide 92 
pyrimidines 78 
transferases 37 
triflate 97 

frans-Glycosylation 179 
Gram negative bacteria 68 
Grignard reagent 184 
Guanine 86 

H 
Halide(s) 

abstraction, silver-assisted 56 
under the aprotic conditions, 

nucleophilicity of 93 
ion-catalyzed glycosidation 

reactions 9
Halocenes 232 
Helferich conditions 90 
Hemiacetal 134 
Heptadecadiene 255 
Heteratoms 64 

into the sugar rings, introducing .... 133 
Heterocycles, C-glycosides of 221 
Heterocyclic rings attached to 

hydroxyalkyl chains 81 
1-Hexadecanoyl esters 168 
10Hexadecanoyl-D-TBG, stereo

chemical distribution of anomeric 161 
Hexamethylphosphoramide (HMPA) 162 
Hexitols 7 
Hexoses 19 
Hexose ring 1 3 C shifts for a- and 

β-D-glucose 168 
5-HT 242 
Hybrimycins 71 
Hydrazine 146 
Hydrazones in dilute acid soltuions, 

reactions of 192 
Hydrazones in dilute alkaline solution, 

reactions of 191 
Hydrindane 230 
Hydrocarbons, chiral alicyclic 

aromatic 227-239 
Hydrogénation and dehydrogenation 

in the formation of chiral 
hydrocarbons 229 

Hydrogen exchange of osazones 195 
Hydrogen fluoride 227,230 
Hydrolytic cleavage 64 
Hydrosolubility 242 
α-Hydroxyaldehydes 189 
Hydroxyalkyl 

chains, heterocyclic rings attached 
to 81 

furans 85 
imidazoles 81 

Hydroxyalkyl chains (Continued) 
nitriles 87 
oxadiazoles 81 
pyrroles 81 
1,2,3-triazoles 81 

Hydroxyhydroquinone 259 
Hydroxyketones 189,213 
Hydroxylation 216 
Hydroxyl group: primary, secondary, 

and allylic 116 

I 
Iodine 92 
Ionization of amide acetals 44 
Imidazole ring, dipole moment of the 86 
Iminium salt intermediate 48, 52 
Imminium ion 249 
Immunopathological phenomena 254 

C nmr spectrum of 125 
O-Isopropylidene-D-glyceraldehyde .... 214 

Κ 
Kanamycins 116 
Kanamycin A 68 
Kasugamycin 68 
Ketohexosylamines 211 
3-Ketose 30 
Kinetics, anomerization 93 
Knoevenagel condensation 215 
Knovenagel type reactions of 

aldehydes 214 
Koenigs-Knorr reactions 39,90, 271 

L 

Lactim ethers 40 
Lactose 267 
Levoglucosenone 179 
Lewis acid(s) 41,44,191 

-catalyzed formation of glycosides 
and disaccharides 52 

Lignin 238 
Lithium aluminum hydride ...146,181,265 
Lithium hydroxide 30 

M 
Male fertility 134 
D-Mannitol 7 
Mannose 25 

exchange rates at C-l of the 
phenylhydrazones of 191 

rate of osazone formation from 204 
Mechanism of acylation 162 
Mechanism of osazone formation 188 
Mercuric chloride 257 
Mercuric cyanide 90,98 
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α-Methylacetoacetic acid 216 
N-Methyl aniline elimination 203 
Methyl 2,3-O-benzylidene-a-L-

rhamnopyranoside 26 
Methylene chloride—petroleum ether, 

florisil with 166 
4-Methyl ethers 29 
Methyl-a-D-glucopyranoside, 4,6-0-

ethylboranediyl derivative of 7 
Methylmagnesium iodide 184 
N-Methyl-N-phenylhydrazine 188 
Methylsulfonyloxy 133 

(mesyloxy) group, nucleophilic 
displacement of a 135 

Methyl 5-thio-a-D-xylopyranoside 133 
Micromonospora inyoensis 71 
Minosaminomycin 68 
Molecular biology 36 
Monoamine oxidase (MAO) 245 
Monoses 18
Mutamicins 71 
Mutational biosynthesis of amino-

cyclitol glycoside antibiotics 71 
Mutational biosynthesis of neomycin 71 
Mycoplasma pneumoniae 254 

serologically active glycolipids of .. 267 

Ν 
Natural prostaglandines 67 
Neamine 71 
Neomycin "68 

Β . 74 
mutational biosynthesis of 71 
subunits of 71 

Nitrogen 133,179 
heteroatom 64 
in sugars 142,146 

Nuclear magnetic resonance 
of 3,4-0-ethylboranediyl-2-deoxy-

β-D-ribopyranose 10 
of per-O-diethylborylated mono

saccharides 4 
of 3,4,6-triO-acetyl-2-deoxy-2-

phthalimido-D-glucopyranosyl 
compounds, 1 H and 1 3 C 96 

Nucleophilic displacement 133 
of a methylsulfonyloxy (mesyloxy) 

group 135 
of sulfonyloxy groups 135 
of a p-tolylsulfonyloxy group 135 

Nucleophilicity of halides under the 
aprotic conditions 93 

Nucleosides 64 

Ο 
Organoboron compounds 1 
Osazones 

in acidic solution reactions of 197 

Osazones (Continued) 
of arabinose 197 
of carbohydrates 188 
formation 

elimination as the key reaction 
in 200,203 

from glucose, rate of 204 
from mannose, rate of 204 
mechanism of 188 
oxidation with respect to 203 

of glucose 197 
hydrogen exchange of 195 
of xylose 197 

Oxadiazole (R) 83 
Oxalic acid 242 
Oxaprostaglandines 64,67 
Oxetane ring 140 
Oxidation of pyrrole aldehydes 209 
Oxidation in osazone formation 203 

Oxirane rings 138 
Oxonium ion 249 
Oxygen 133 

shielding effect of the negative 
charge on 165 

stepwise elimination of 227 
Ozonolysis 255 

Ρ 

P-antigen of human erythrocytes 269 
Paratose 29 
2,4-Pentanedione 214 
Pentitols 7 
Pentofuranose series 47 
Pentose 19, 207 
Per-O-diethylborylations 3 
Periodate oxidation 215,219 
Peroxides 189 
Phenonium ion 229 
0- Phenylboranediyl-ligand 1 
1- Phenylazo-D-arabino-3,4,5,6-

tetraacetoxyhexene 192 
Phenylosazone 189,195,200 

of acetaldehyde, exchange rates at 
C-lofthe 191 

of carbohydrates 188 
of glycoaldehyde, exchange rates 

at C-l of the 191 
of mannose, exchange rates at 

C-l of the 191 
Phenylisothiocyanate 219 
Phosphatidyl inositol 255 
Phosphorus 133 

in the sugar ring 150 
Phthalimido group 92, 96 
Physical properties of 1-glucosyl 

esters 167 
Phytosphingosine 255 
Piperidine 125 
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Platelets 240 
Plasmalogens 255 
Pneumonia 254 
Polyalcohols 3 
Polyamines 240 

sugar derivatives of di- and 249 
Polyhdroyxy compounds, separation of 16 
Polyhydroxyaikyl 

furans 207,213 
heterocycles 207 
imidazoles 218 
imidazolines 218 
pyrimidines 217 
pyrroles 208 
l,5,6,7-tetrahydroindol-4-ones 211 

Polyunsaturated acid chlorides 173 
Potassium t-butoxide in dimethyl 

sulphoxide 255 
Potassium ions 240 
Prop-l-enyl group 25
Prop-l-enyl glycoside 26
Protecting groups in carbohydrate 

chemistry 22 
Pseudomonas aeruginosa 68 
Pseudonucleosides 217 
Purification of saccharides via 

ethylboron intermediates 15 
Purine 86 

nucleosides, circular dichroism 
(c.d.) of 77 

Purpuricene (C 2 7H 2o) 230,232,237,239 
Pyridazine ring 86 
Pyridine 121 
Pyrimidine 81 

circular dichroism ( c.d. ) of 77 
Pyrolysis 

of carbohydrates 179 
of cellulose containing an acidic 

catalyst 179 
gas chromatography 179 

Pyrrole aldehydes, oxidation of 209 

Reductive desulphuration 220 
Raney nickel 67,219 
R-factor mediated enzymes 68 
L-Rhamnose (6-deoxy-L-

mannose) 13,26,137 
Ribitol 7 
D-Ribofuranose series 56 
Ribostamycin 68 
D-Ribosyl 74 
5-0-D-Ribosyl-2-deoxystreptamine 71 

SN1 attack 125 
SN2 attack 125 

Saccharides 3 
Schiff-base interaction 193,240 
Selenium 133 

dioxide 257 
in the sugar ring 142 

Semicarbazone products 181 
Serologically active glycolipids 253 
Serotinin 240,242 

sugar derivatives of 240,245 
Shielding effect of the negative charge 

of oxygen 165 
Sialic acid 240 
Silver 

benzoate displacement 156 
carbonate 90 
trifluoromethanesulfonate 56,91 

Sisomicin 71 
l-0-Sodio-4,6-0-benzylidine glucose .. 171 
Sodium metaperiodate 222 

Sodium methoxide 67 
Solubility changes in the heterogene

ous acylation reactions 173 
Solvent-dependent equilibration 162 
Solvolysis of the ^-bromide 93 
D-Sorbitol 7 
Spermidine 249 
Spermine 249 
Sphingosine 255 
Spinach 269 
Stability of 1-O-acyl-D-glucopyranose 173 
Starch, acid-treated 179 
Stereochemical distribtuion of ano-

meric 1-O-hexadecanoyl-D-TBG... 161 
Stereochemistry of TBG 162 
Stereoelectronic factors in glycoside 

synthesis 51 
Stereoselective glycosidation 157 
Steric factors in glycoside synthesis .. 51 
Steroids 238 
Streptococci 254 

serologically active glycolipids of .. 273 
Streptomyces fradiae 68, 71 
Sugar(s) 

boronation of free 10 
derivatives of di- and polyamines .. 249 
derivatives of serotonin 240,245 
ring, sulfur in a 133 

Sulfonate ester group in a sugar 
molecule 145 

Sulfonyloxy groups, nucleophilic 
displacement of 135 

Sulfur 133,141 
containing structure, alteration of .. 141 
heteroatom 64 
in a sugar ring 133 

Synthesis of chiral hydrocarbons 
from carbohydrates 227 
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τ 
TBG, stereochemistry of 162 
Terpenes 238 
2,3,4,6-TetraO-benzyl-l-bromo-a-D-

glucopyranose (TBGB) 157 
Tetraethylammonium halides 92 
Tetrahydrofuranoide system 64 
Tetrahydroxybutyl chain 212 
Tetrakis 184 
Tetralines 230 
Ν,Ν-Tetramethylurea 57 
THF-dg 165 
Thiomidazoles 81 
Thin layer chromatography 48 
5-Thio-^-D-fructofuranose 136 
5-Thio-D-glucose 134 
Thiocyanate anion 139 
Thiolacyls 135 
4-Thio-D-ribofuranose 13
Thirane rings 138 
Thymine 78 
O-TMS enol ethers 41 
O-TMS ketene acetals 41 
Toluene 227,230 
p-Tolylsulfonyloxy 133 

nucleophilic displacement of a 
group 135 

Triazole (S) 83 
2,2,2-Trichloroethyl glycoside 97 

Triethylborane 3,15 
Trihydroxyalkane glycerol 4 
2,4,6-Trimethylpyridine (collidine) .. 91 
Tyvelose 29 

U 
Uracil 78 
Unsaturated carboxylic acids 168 
Uridine 5'-( 5-thio-a-D-glucopyrano-

syl)pyrophosphate (UDPTG) .... 134 
Uronic acid 263 

V 
Vicinal sulphonates 269 
Vinyl ethers 255 

W 

Water 215 
Wolff-Kishner reaction 33 
Wood components, formation of coal 

from 238 

X 

Xylose 13,64 
osazones of 197 

Xylitol 7 
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