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ABSTRACT 

M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - a-D-

m a n n o p y r a n o s i d e was a l l o w e d t o r e a c t w i t h c a r b o n monoxide 

and m e t h a n o l i n t h e p r e s e n c e o f d i c o b a l t o c t a c a r b o n y l a t 

e l e v a t e d t e m p e r a t u r e s . and p r e s s u r e s . The r e s u l t i n g p r o d u c t 

m i x t u r e c o n t a i n e d u n r e a c t e d e p o x i d e , m e t h y l 3-0-methyl-ct -

D - a l t r o p y r a n o s i d e and m e t h y l 4 , 6 - 0 - b e n z y l i d e n e - a-D-

a l t r o p y r a n o s i d e . 

M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - a-D- ... 

m a n n o p y r a n o s i d e was a l l o w e d t o r e a c t w i t h c a r b o n monoxide 

(990 p . s . i . ) and h y d r o g e n (910 p . s . i . ) i n t h e p r e s e n c e 

o f d i c o b a l t o c t a c a r b o n y l a t 1 4 0 ° . The r e s u l t i n g p r o d u c t 

m i x t u r e c o n t a i n e d two p r o d u c t s . The n.m.r. i n d i c a t e d t h a t 

t h e e p o x i d e r i n g had n o t b e e n o p e n e d . I n one p r o d u c t , t h e 

b e n z y l i d e n e r i n g was c o m p l e t e l y removed and i n t h e o t h e r 

component t h e b e n z y l i d e n e r i n g had been p a r t i a l l y a l t e r e d . 

When B r i g l ' s a n h y d r i d e was a l l o w e d . t o r e a c t w i t h 

c a r b o n monoxide (910 p . s . i . ) and h y d r o g e n (990 p . s . i . ) i n 

t h e p r e s e n c e o f d i c o b a l t o c t a c a r b o n y l a t 1 0 6 ° f o r 30 

m i n u t e s , t h e r e s u l t i n g p r o d u c t m i x t u r e c o n t a i n e d one 

m a j o r p r o d u c t and two m i n o r p r o d u c t s . The m i n o r p r o d u c t 

was presumed t o be a s u g a r a n d t h e m a j o r p r o d u c t (75-80%) 

had b e e n c h a r a c t e r i z e d as 2 , 6 - a n h y d r o - D - g l y c e r o - D - g u l o -

h e p t i t o l . 
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HISTORICAL INTRODUCTION 

S y n t h e s i s o f S ugar E p o x i d e s 

S u g a r e p o x i d e s encompass a p a r t i c u l a r g r o u p 

o f a n h y d r o s u g a r s i n w h i c h a l i n k a g e o f t h e e t h y l e n e 

o x i d e t y p e i s f o u n d . 

The e a r l i e s t r e f e r e n c e f o r t h e p r e p a r a t i o n o f 

a s u g a r e p o x i d e was an i n t e r m e d i a t e p o s t u l a t e d by F i s c h e r ^ " 

i n h i s p r e p a r a t i o n o f m e t h y l e p i - g l u c o s a m i n i d e ( m e t h y l - 3 -

amino-3-deoxy-/3 - D - a l t r o s i d e ) . The p o s t u l a t e d i n t e r m e d i a t e 

was m e t h y l 2, 3-anhydro- (3 - D - m a n n o p y r a n o s i d e . 

The f i r s t example o f a s u g a r e p o x i d e was g i v e n 
2 

by B r i g l i n 1921. He f o u n d t h a t when t e t r a - O - a c e t y l - y Q - D 

g l u c o p y r a n o s i d e was t r e a t e d w i t h p h o s p h o r u s p e n t a c h l o r i d e 

3 , 4 , 6 - t r i - 0 - a c e t y l - 2 - 0 - t r i c h l o r o a c e t y l - / 3 - D - g l u c o - p y r a n o s y l 

c h l o r i d e (1) was f o r m e d . C a r e f u l t r e a t m e n t o f t h i s compound 

w i t h ammonia removed o n l y t h e O - t r i c h l o r o a c e t y l g r o u p f o r m ­

i n g ,3 , 4, 6 - t r i - 0 - a c e t y l - / S - D - g l u c o p y r a n ' o s y l c h l o r i d e (2) and 

on f u r t h e r m i l d t r e a t m e n t w i t h ammonia t h i s was c o n v e r t e d 

i n t o 3 , 4 , 6 - t r i - 0 - a c e t y l - l , 2 - a n h y d r o - Q - D - g l u c o p y r a n o s e ( 3 ) . 

T h i s compound i s a v a l u a b l e s y n t h e t i c i n t e r m e d i a t e . I t 

r e a c t s w i t h m e t h a n o l t o g i v e m e t h y l 3 , 4 , 6 - t r i - 0 - a c e t y l - / 3 - D 

g l u c o p y r a n o s i d e and t h e 2 - 0 - t o s y l d e r i v a t i v e (4) was 

i m p o r t a n t i n e s t a b l i s h i n g t h e c h e m i s t r y o f t h e 2 , 3 - e p o x i d e s . 
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CHOAc 2 

OAc 

CH OAc 2 

OAc 

CH OAc 2 

,OAc 
AcO 

OCOCCI. 
(I) (2) (3) 

CH OAc 2 

OTs 

3 

H e l f e r i c h and M u l l e r i s o l a t e d a c r y s t a l l i n e 

m e t h y l a n h y d r o - (3 - D - h e x o s i d e a f t e r t r e a t i n g m e t h y l 2,3,6-

t r i - O - a c e t y l - 4 - O - t o s y l - j S - D - g l u c o p y r a n o s i d e (5) w i t h 

sodium m e t h o x i d e ; t h i s p r o d u c t was shown by M u l l e r t o 

be m e t h y l 3,4-anhydro-/3 — D - g a l a c t o s i d e ( 6 ) . An a n h y d r o 

s u g a r was o b t a i n e d f r o m m e t h y l 4 , 6 - d i - 0 - m e t h y l - 2 , 3 - d i - 0 -

t o s y l - a - D - g l u c o p y r a n o s i d e (7) and u n d e r t h e a l k a l i n e 

c o n d i t i o n s some m e t h y l 4 , 6 - d i - 0 - m e t h y 1 - a - D - a l t r o s i d e (8) 

was a l s o produced.. 

CH OAc 2 
0 

.OAc 
OMe 

OTs' 
OAc 

(5) 

CH OH 2 

CH OMe 2 

,0Me 

(6) 

0H/| (8) 
OMe 

CH OMe I 2 
•a 

0Me\ 
,OTs 

OMe 

OTs 
(7) 
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The manner i n w h i c h t h e s e r e a c t i o n s were 

p r o c e e d i n g was now b e c o m i n g a p p a r e n t and R o b e r t s o n and 
4 

G r i f f i t h showed t h a t t h e p r o d u c t s o b t a i n e d f r o m 

m e t h y l 3 - 0 - b e n z o y l - 4 , 6 - 0 b e n z y l i d e n e - 2 - 0 - t o s y l - a -D 

g l u c o p y r a n o s i d e C.9) and m e t h y l 2 - 0 - b e n z o y l - 4 , 6 - 0 -

b e n z y l i d e n e - 3 - 0 - t o s y l - a - D g l u c o p y r a n o s i d e CIO), by 

t r e a t m e n t w i t h s o d i u m m e t h o x i d e were m e t h y l 2 , 3 - a n h y d r o -

4 , 6 - 0 - b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e (11) and a -D-

a l l o p y r a n o s i d e (12) r e s p e c t i v e l y . 

I n a l l t h e s e r e a c t i o n s 'the f o r m a t i o n o f an 

a n h y d r o r i n g 'has b een a c c o m p a n i e d by i n v e r s i o n o f c o n f i g u r a ­

t i o n a t t h e c a r b o n atom t o w h i c h t h e s u l f o n o x y g r o u p was 

a t t a c h e d . I n t h e a l k a l i n e medium t h e a n i o n o f t h e v i c i n a l 

t r a n s - h y d r o x y l g r o u p c a n d i s p l a c e t h e p - t o l u e n e s u l f o n o x y 

g r o u p t o f o r m t h e e p o x i d e . • 



o 
Z" 1 

-H OR' 
i SJ - c — c-

o 

c / \ c . 
1 J OTS 

HOR 

OTS 

The S t e r e o c h e m i s t r y o f E p o x i d e F o r m a t i o n 

The Haworth r i n g f o r m u l a e show c o n f i g u r a t i o n a l 

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

d i f f e r e n t r e a c t i v i t i e s . o r t h e r e a s o n why a r e a c t i o n f o l l o w s 

a p a r t i c u l a r c o u r s e . I t was n o t u n t i l t h e i n t r o d u c t i o n 

o f c o n f o r m a t i o n a l a n a l y s i s t h a t i n t r a - m o l e c u l a r i n t e r a c t i o n s 

became a p p a r e n t a n d an e x p l a n a t i o n c o u l d be g i v e n f o r s u c h 

b e h a v i o u r . 

I n t h e b a s e c a t a l y s e d f o r m a t i o n o f an e p o x i d e 

f r o m a t r a n s 1 , 2 - d i o l m o n o - 0 - p _ - t o l u e n e s u l f o n a t e , t h e 

i n t r a - m o l e c u l a r SN2 t y p e p r o c e s s i n a s i x membered r i n g 

r e q u i r e s t h e two g r o u p s t o be i n t h e d i a x i a l p o s i t i o n . 

T h e e n t e r i n g and d e p a r t i n g a n i o n and t h e c a r b o n atoms t o 

w h i c h t h e y a r e a t t a c h e d a r e t h e n b e l i e v e d t o be c o - p l a n a r 

and t h i s p e r m i t s maximum p a r t i c i p a t i o n . 

T h i s c o n d i t i o n i s f o u n d i n 1,6-anhydro-2-0-methane 

s u l f o n y l - j3 -D g a l a c a t o s e (13) and 1, 6 - a n h y d r o - 4 - 0 - t o s y l - ^ g -D-
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mannose (14) and they are e a s i l y converted into 2,3"* (15) 
6 

and the 3,4 -taloepoxxde (16) by mild a l k a l i . 

CH- 0 CH- -0 
2 2 

OTs 
(14) (16) 

The majority of p-toluene s u l f o n y l groups v i c i n a l 

to a trans hydroxyl group are, however, 'in d i - e q u a t o r i a l 

position, as for example i n the 2-(9) and the 3-0-tosyl 

derivatives 110). which are smoothly converted into the 

manno (11) and allo-epoxides (12). The ease with which 

these compounds react suggests s t r u c t u r a l modification 

before epoxide formation. 
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H H 
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I n a m o n o c y c l i c s y s t e m t h e d i - e q u a t o r i a l g r o u p s 

can p a s s i n t o t h e d i a x i a l p o s i t i o n by a change i n c o n ­

f o r m a t i o n o f t h e r i n g f r o m C l t o IC b u t i n t h e b i c y c l i c 

compounds (9)( and (10) t h e t r a n s f u s e d b i c y c l i c s y s t e m 

c o n t a i n i n g 4 , 6 - O - b e n z y l i d e n e g r o u p shows r i g i d i t y i n t h e 

c h a i r f o r m o f t h e s u g a r r i n g . C a r b o n -2 on t h e o t h e r hand, 

c a n move t o g i v e t h e b o a t f o r m (9a) w i t h o u t d i s t u r b i n g 

t h e p o i n t o f r i n g f i s s i o n a n d t h e two g r o u p s a t C-2 and 
7 

C-3 a r e now c o - p l a n a r and m a p o s i t i o n t o r e a c t 

0Ts ! 



A n o t h e r method o f s u g a r e p o x i d e p r e p a r a t i o n i s 

t h e d e a m i n a t i o n by n i t r o u s a c i d o f an amino deoxy g r o u p 

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

H 

Nil N=N + N-2 2 

R e a c t i o n s o f S u g a r E p o x i d e s 

A n h y d r o s u g a r s o f t h e e t h y l e n e o x i d e t y p e a r e 

w i d e l y u t i l i z e d i n the. s y n t h e t i c c h e m i s t r y o f s u g a r s . 

The e t h y l e n e o x i d e r i n g i s v e r y r e a c t i v e and i s s p l i t 

by a number o f a l k a l i n e , and a c i d r e a g e n t s w i t h t h e - f o r m a ­

t i o n o f t h e most v a r i e d d e r i v a t i v e s . 

S u g a r e p o x i d e s u n d e r g o a d d i t i o n by an a c i d . 

The e p o x i d e o x y g e n r e m a i n s on one c a r b o n atom and t h e 

a t t a c k i n g s p e c i e s on t h e o t h e r . 

M i l l s ^ a f i r s t s u g g e s t e d t h e a p p l i c a b i l i t y t o 

s u g a r e p o x i d e s o f F u r s t and P l a t t n e r ' s r u l e t h a t s t e r o i d 

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

T h i s i n f a c t c a n be d e m o n s t r a t e d o n l y w i t h r i g i d s y s t e m s 

s i n c e f l e x i b l e s y s t e m s m i g h t i n t r a c o n v e r t . 

Peat** has d e s c r i b e d t h e s t e r e o c h e m i s t r y r i n g 

o p e n i n g by n u c l e o p h i l i c r e a g e n t s . I t i s o n l y n e c e s s a r y 
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t o add t h a t w i t h a c i d i c r e a g e n t s t h e same r e a c t i o n o c c u r s 

b u t i s f a s t e r b e c a u s e p r o t o n a t i o n o f e p o x i d e f a c i l i t a t e s 

t h e movements o f e l e c t r o n s . I n t h e e a r l y work, t h e 

r e a c t i o n s were n e a r l y a l l w i t h a l k a l i n e r e a g e n t s , and 

t h e p r o d u c t s were s u g a r d e r i v a t i v e s w h i c h c o u l d be e a s i l y 

c h a r a c t e r i z e d . 

X may be OH, RO, NH 3, RS, H e t c . 

Y may be C l , Br,- (RO) 2.PO e t c . 

The Oxo R e a c t i o n 

The word "oxo" w h i c h o r i g i n a t e s f r o m t h e German 

t e r m " O x i e r u n g " meaning k e t o n i z a t i o n a p p l i e s t o t h e 

c a t a l y t i c a d d i t i o n o f c a r b o n monoxide and h y d r o g e n t o an 

o l e f i n (and more r e c e n t l y t o o l e f i n o x i d e s o r e p o x i d e s ) . 

The i n i t i a l p r o d u c t s a r e a l d e h y d e s w i t h one c a r b o n more 

t h a n t h e o r i g i n a l o l e f i n . 



9 -

The s t o i c h i o m e t r y o f a l d e h y d e f o r m a t i o n i s as 

shown i n e q u a t i o n 3_. 

R.CH = CH.R + H 2 + CO—*-R.CH 2.CHR.CHO 3_. 

T h i s r e a c t i o n i s o f t e n r e f e r r e d t o as h y d r o -

f o r m y l a t i o n ^ b e i n g f o r m a l l y e q u i v a l e n t t o t h e a d d i t i o n 

o f h y d r o g e n and a . f o r m y l g r o u p a t e i t h e r e nd o f t h e 

d o u b l e bond. A l c o h o l f o r m a t i o n i n . t h e oxo r e a c t i o n 

( e q u a t i o n 4) r e s u l t s f r o m t h e f u r t h e r r e d u c t i o n o f 

a l d e h y d e f o r m e d by t h e h y d r o f o r m y l a t i o n r e a c t i o n . 

R.CH 2.CHR.CHO + H 2 R.CH 2 .CHR.CH 2OH 4. 

H i s t o r i c a l l y , t h e oxo r e a c t i o n d e v e l o p e d f r o m 

t h e w e l l known p r o c e s s f o r h y d r o c a r b o n s y n t h e s i s d i s c o v e r e d 

b y F i s c h e r and T r o p s c h ^ ^ i n w h i c h h y d r o g e n and c a r b o n 

monoxide a t m o d e r a t e p r e s s u r e was p a s s e d o v e r an i r o n 

c a t a l y s t . I t was o b s e r v e d t h a t s m a l l amounts o f o x y g e n 

c o n t a i n i n g p r o d u c t s were o f t e n f o r m e d and i n 1929 S m i t h , 

Hawk and Golden'*""'" o b t a i n e d an i n c r e a s e d y i e l d o f o x y g e n a t e d 

m a t e r i a l when e t h y l e n e was a d d e d t o c a r b o n m o n o x i d e -

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

u n d e r F i s c h e r - T r o p s c h c o n d i t i o n s . C r e d i t f o r t h e d e v e l o p ­

ment o f t h e oxo r e a c t i o n a s a c o m m e r c i a l p r o c e s s g o e s l a r g e l y 

t o R o e l e n and c o w o r k e r s o f Ruh r c h e m i e A . G . i n Germany b e f o r e 
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and d u r i n g W o r l d War I I I 2 . By c h a n g i n g t h e c o n d i t i o n s 

o f t h e F i s c h e r - T r o p s c h s y n t h e s i s u s i n g a h i g h e r p r e s s u r e 

a n d a l o w e r t e m p e r a t u r e t h e r e a c t i o n o f e t h y l e n e w i t h 

w a t e r g a s ( e q u a l volumes o f c a r b o n monoxide and h y d r o g e n ^ 

. w as made.to y i e l d a p r o d u c t c o n s i s t i n g o f p r o p i o n a l d e h y d e 

t o g e t h e r w i t h some d i e t h y l k e t o n e , no h y d r o c a r b o n b e i n g 

f o r m e d . F o l l o w i n g W o r l d War I I t h e oxo s y n t h e s i s a t t r a c t e d 

w i d e i n t e r e s t , i n p a r t i c u l a r b e c a u s e o f i t s w i d e r a n g e o f 

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

and a l c o h o l s . I n g e n e r a l , t e m p e r a t u r e s between 7 5 ° and 

2 0 0 ° and p r e s s u r e s , o f s y n t h e s i s gas f r o m 100 t o 300 

a t m o s p h e r e s a r e em p l o y e d , - h i g h e r t e m p e r a t u r e s b e i n g u s e d 

when a l c o h o l s r a t h e r t h a n a l d e h y d e s a r e t h e d e s i r e d 

p r o d u c t s . 

I n s t e p w i t h t h e c o m m e r c i a l d e v e l o p m e n t o f t h e 

oxo p r o c e s s , much f u n d a m e n t a l work h a s been c a r r i e d o u t 

on t h i s and r e l a t e d r e a c t i o n s c a t a l y s e d by t h e m e t a l 

c a r b o n y l s , and t h e i r c h e m i s t r y has b e e n w e l l r e v i e w e d 

f r o m t i m e t o t i m e D e s p i t e t h e a c c u m u l a t i o n o f 

. a c o n s i d e r a b l e amount o f k n o w l e d g e o f t h e s e r e a c t i o n s , 

many o f t h e f i n e r p o i n t s o f t h e complex mechanisms a r e 

s t i l l n o t known w i t h c e r t a i n t y . 

A b r i e f s u r v e y w i l l be made o f c u r r e n t v i e w s 

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

w h i c h i t p l a y s i n t h e c o n v e r s i o n o f o l e f i n s t o a l d e h y d e s , 

and a l d e h y d e s t o a l c o h o l s . 
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N a t u r e o f t h e C a t a l y s t 

. . I n t h e e a r l y s t a g e s o f d e v e l o p m e n t o f t h e Oxo 

S n y t h e s i s i n G e r m a n y ' t h e . c a t a l y s t u s e d was t h e c o n v e n t i o n a l 

F i s c h e r - T r o p s c h c a t a l y s t , c o n s i s t i n g o f a m i x t u r e o f 

m e t a l l i c c o b a l t and k i e s e l g u r , t o g e t h e r w i t h . s m a l l amounts 

o f t h o r i u m a n d manganese o x i d e s . I t became e v i d e n t t o 

.Roelen and c o w o r k e r s t h a t a l l ' t h e components o f t h e 

F i s c h e r - T r o p s c h c a t a l y s t , w i t h .the e x c e p t i o n o f c o b a l t 

were s u p e r f l u o u s , . a n d t h a t t h e a c t i v e c a t a l y s t was p r o b a b l y 

a s o l u b l e c a r b o n y l o f c o b a l t f o r m e d by t h e i n s i t u r e a c t i o n 

o f t h e m e t a l w i t h s y n t h e s e s g a s . T h i s was c o n f i r m e d by 

s u b s e q u e n t i n v e s t i g a t i o n s o f t h e r e a c t i o n on a l a b o r a t o r y 

s c a l e . A d k i n s and K r e s k 1 5 who i n t r o d u c e d t h e u s e o f 

p r e f o r m e d d i c o b a l t o c t a c a r b o n y l as c a t a l y s t , d e m o n s t r a t e d , 

t h a t t h e h y d r o f o r m y l a t i o n r e a c t i o n was i n s e n s i t i v e t o 

s u l f u r p o i s o n i n g . The f a c t t h a t t h e oxo r e a c t i o n i s 

c a t a l y s e d by a c o b a l t c a r b o n y l c o n t r i b u t e s t o t h e c o m m e r c i a l 

i m p o r t a n c e o f t h e p r o c e s s s i n c e t h e f o r m i n w h i c h c o b a l t 

i s a d d e d i s n o t i m p o r t a n t , as w o u l d b e . t h e c a s e w i t h a 

c o n v e n t i o n a l s o l i d p h a s e c a t a l y s t . I n p r a c t i c e c r u d e 

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

o f t e n u s e d . . 

The d i v a l e n t c o b a l t o u s i o n i s f i r s t r e d u c e d t o 

t h e m e t a l by h y d r o g e n 

H 2 — 2 H + + 2e , C o + + + 2e *~ 2C Q 
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and the metal then reacts with carbon monoxide to form 

dicobalt octacarbonyl 

' 2Co + 8C0 Co 2CCO) 8 

Hence the presence of both carbon monoxide and hydrogen 

are required to convert cobalt s a l t s to the carbonyl. 

A considerable amount of evidence has accumulated 

which indicates that the cobalt hydrotetracarbonyl, HCo(CO) 4 

.rather than dicobalt octacarbonyl r i s e f f e c t i v e i n i n i t i a t i n g 

the oxo reaction. The hydrotetracarbonyl i s formed by the 

reaction of hydrogen with d i c o b a l t octacarbonyl. 

Co 2(CO) 8 + H 2 *̂ 2 HCo(CO) 4 5. 

This step i s thus of fundamental importance i n 

that i t involves the a c t i v a t i o n of molecular hydrogen which 

is. transferred from the gas. to. the l i q u i d phase. Orchin and 
16 

coworkers have shown that the hydrotetracarbonyl i s present 

under oxo conditions i n the absence of o l e f i n , but when 

o l e f i n i s present no .cobalt hydrotetracarbonyl i s detectable 

(as the cobalt tetracarbonyl anion ( 0 0 ( 0 0 ) 4 ) ) u n t i l 

hydroformylation of the o l e f i n i s complete, when an 

appreciable amount of the hydrotetracarbonyl again appears 

i n the reaction mixture. 



Mechanism o f t h e Oxo R e a c t i o n 

E v i d e n c e f o r t h e m echanism o f t h e oxo r e a c t i o n 

as c a r r i e d o u t u n d e r c o n d i t i o n s o f h i g h t e m p e r a t u r e and 

• p r e s s u r e i s l a r g e l y s p e c u l a t i v e and i s b a s e d on t h e 

r e s u l t s on r e a c t i o n s b e t w e e n o l e f i n s a n d . c o b a l t h y d r o t e t r a -

c a r b o n y l a t a t m o s p h e r i c p r e s s u r e and t e m p e r a t u r e . E a r l y 

m e c h a n i s t i c t h e o r i e s 1 8 d i d . n o t t a k e i n t o a c c o u n t t h e 

now w e l l p r o v e n i n t e r m e d i a c y o f c o b a l t h y d r o t e t r a c a r b o n y l 

and no l o n g e r . a p p e a r t o be r e l e v a n t . An e a r l y f i n d i n g o f 

i m p o r t a n c e was t h a t t h e r a t e o f h y d r o f o r m y l a t i o n v a r i e d 

i n v e r s e l y w i t h i n c r e a s e i n p a r t i a l p r e s s u r e o f c a r b o n 

monoxide a t c o n s t a n t h y d r o g e n p r e s s u r e . 

. T h e . s t o i c h i o m e t r y o f t h e r e a c t i o n o f o l e f i n s 

w i t h c o b a l t h y d r o t e t r a c a r b o n y l and c a r b o n monoxide a t 

room t e m p e r a t u r e was i n v e s t i g a t e d by O r c h i n and c o w o r k e r s ^ 

and w i t h a m o d e r a t e e x c e s s o f o l e f i n (1-pentene) u n d e r 1 

a t m o s p h e r e o f c a r b o n m o n oxide was f o u n d t o be 

.2 H C o ( C O ) 4 + CO + o l e f i n * - C o 2 ( C O ) 8 + a l d e h y d e 

The r e a c t i o n o f o l e f i n s w i t h c o b a l t h y d r o t e t r a c a r b o n y l a t 

room t e m p e r a t u r e and b e l o w was f u r t h e r e x p l o r e d by Heck and 

B r e s l o w ^ / o n whose work . c u r r e n t v i e w s r e g a r d i n g t h e 

mechanisms o f t h e oxo r e a c t i o n , s e p a r a t e l y d i s c u s s e d b e l o w 

f o r h y d r o f o r m y l a t i o n and h y d r o g e n a t i o n s a r e l a r g e l y b a s e d . 
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(a) H y d r o f o r m y l a t i o n 

S u b s e q u e n t t o t h e g e n e r a t i o n o f c o b a l t h y d r o ­

t e t r a c a r b o n y l by t h e h y d r o g e n o l y s i s o f d i c o b a l t o c t a c a r b o n y l 

( e q u a t i o n 5) t h e c o n v e r s i o n o f o l e f i n s t o a l d e h y d e s i s 

r e g a r d e d as p r o c e e d i n g i n t h r e e d i s t i n c t s t a g e s : 

1. F o r m a t i o n o f a TT -complex, between o l e f i n 

and c o b a l t h y d r o c a r b o n y l , w h i c h r e a r r a n g e s so t h a t a 

c a r b o n - m e t a l sigma bond i s f o r m e d . , 

2. I n s e r t i o n o f c a r b o n m o n oxide between m e t a l 

and c a r b o n , and 

3. H y d r o g e n o l y s i s o f t h e r e s u l t i n g complex t o 

g i v e an a l d e h y d e . 
21 

1.. Heck and .Breslow c o n s i d e r t h a t t h i s f i r s t s t a g e 

i n v o l v e s a t l e a s t t h r e e d i s t i n c t s t e p s as f o l l o w s : 

H C o ( C O ) 4 — ° - H C o ( C O ) 3 + CO 7. 

R . C H — C H . R + H C o ( C O ) 3 e» 

R.CH 2CHR.Co(CO)3 + CO — RCH 2.CHR.Co(CO)4 9 . 

T h e i r v i e w t h a t c o b a l t h y d r o t r i c a r b o n y l , r a t h e r t h a n t h e 

h y d r o t e t r a c a r b o n y l , i s t h e r e a c t i v e s p e c i e s i s b a s e d on t h e 

e v i d e n c e t h a t t h e f o r m a t i o n o f a l k y l c o b a l t t e t r a c a r b o n y l s 

i s i n h i b i t e d by c a r b o n m o n o x i d e , more f u n d a m e n t a l l y i n i t i a l 

R.CH = CHR 
:•, J 
HCo(CO) 

•RCH .CHR.Co(CO) 
2 . 3 

3 J 
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c o m p l e x i n g . w i t h o l e f i n w o u l d p r e s u m a b l y r e q u i r e t h e 

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

2. Heck and B r e s l o w 2 2 f o u n d t h a t m e t h y l c o b a l t t e t r a -

c a r b o n y l a b s o r b e d e x a c t l y one mo l e o f c a r b o n monoxide t o 

g i v e a p r o d u c t w i t h a s t r o n g bond i n t h e i n f r a r e d a t 

1728 cm-1 a s s i g n e d t o t h e a c y l c o b a l t l i n k a g e R.CO.Co. 

RCH 2.CHR.Co (CO) 4 r ~ ^ R.CH 2CHR.CO.Co CCO) RCH 2 . CHR. CO . Co. CCO) 

10. 

3. The r e a c t i o n o f a c e t y l c o b a l t t e t r a c a r b o n y l . w i t h 

c o b a l t h y d r o t e t r a c a r b o n y l u n d e r room t e m p e r a t u r e c o n d i t i o n s 

a f f o r d e d a c e t a l d e h y d e and d i c o b a l t o c t a c a r b o n y l i n good 

y i e l d . 

CH3CO.C0 (CO) 4 .+ H C o ( C O ) 4 P> CH3CHO + C o 2 ( C O ) 8 11. 

.•(b) H y d r o g e n a t i o n 

A scheme w h i c h i s a n a l o g o u s t o t h a t d e s c r i b e d 
23 

above f o r h y d r o f o r m y l a t i o n h as b e e n p r o p o s e d by Marko 

f o r s u b s e q u e n t h y d r o g e n a t i o n o f a l d e h y d e s t o a l c o h o l u n d e r 

oxo c o n d i t i o n s ( e q u a t i o n 4 ) . C o - o r d i n a t e l y u n s a t u r a t e d 

c a r b o n y l s a r e c o n s i d e r e d t o be t h e r e a c t i v e i n t e r m e d i a t e s 
• 1 - H 

R.CHO + H C o ( C 0 ) 3 - R-C = 0 
1 

' H C o ( C 0 ) ~ 

—,R.CH 20.Co (CO) 3 

12, 

R . C H 2 0 . C o ( C 0 ) 3 + H 2—*-R.CH 20H + H C o ( C 0 ) 3 

Uco 

R.CH 20.Co (CO) 4 1_3. 



A p p l i c a t i o n t o C a r b o h y d r a t e C h e m i s t r y 

The oxo r e a c t i o n was f i r s t a p p l i e d t o u n s a t u r a t e d 

24 

c a r b o h y d r a t e s by R o s e n t h a l and Read who s y n t h e s i s e d a 

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

3 , 4 , 6 - t r i - O - a c e t y l - D - g a l a c t a l . • 

R o s e n t h a l and A b s o n - , /' i 0 have a l s o shown 

3 , 4 - d i - O - a c e t y l - D - x y l a l t o r e a c t i n a s i m i l a r manner and 

a l s o t o f o r m t h e a l d e h y d o - a n h y d r o - x y l o h e x o s e and l y x o h e x o s e 

as w e l l as h e x i t o l s i f r e a c t i o n c o n d i t i o n s a r e c a r e f u l l y 

c o n t r o l l e d . 
27 

R o s e n t h a l a n d K o c h have a l s o p r e p a r e d . a n h y d r o 

h e x i t o l s f r o m t h e h y d r o f o r m y l a t i o n o f 3 , 4 - d i - O - a c e t y l - D -

a r a b i n a l 

A p p l i c a t i o n s o f Oxo R e a c t i o n t o E p o x i d e s 

Eisenmann^S and c o w o r k e r s have s t u d i e d t h e e f f e c t 

o f m o d i f i e d oxo r e a c t i o n s on p r o p y l e n e o x i d e . T h e y have 

f o u n d t h a t p r o p y l e n e . o x i d e r e a c t s w i t h c a r b o n monoxide 

and m e t h a n o l i n a t e m p e r a t u r e r a n g e f r o m 1 1 0 ° t o 1 9 0 ° C. 

and a p r e s s u r e r a n g e f r o m 800 t o 1,000 p . s . i . w i t h d i c o b a l t 

o c t a c a r b o n y l as c a t a l y s t m e t h y l 5̂ - h y d r o x y - b u t y r a t e i n 

y i e l d s v a r y i n g f r o m 20% t o 40% w i t h m i n o r y i e l d s o f t h e 

1-methoxy and 2-methoxy p r o p a n o l s . 
/ ° \ C 0 2 ( C O ) 8 OH 

CH VCH — CH? + CO + CHoOH 1» CH^ - CH-CHnCOOCH-, 14. 
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They have f u r t h e r found t h a t i n the absence o f - c a r b o n 

monoxide i n methanol s o l u t i o n , c o b a l t o c t a c a r b o n y l 

c a t a l y t i c a l l y r earranges epoxides to ketones. 

Thus propylene o x i d e r e a c t s a t room temperature 

to g i v e a 70% y i e l d of acetone. 

Presumably c o b a l t c a r b o n y l Cc(Co(CO)4 ) 2 formed 

by the d i s p r o p o r t i o n a t i o n of C o 2 ( C O ) 8 i s r e a c t i n g with 

epoxide to form the anion of 2-hydroxy e t h y l c o b a l t c a r b o n y l 

and then a h y d r i d e s h i f t forms the ketone w i t h e l i m i n a t i o n 

of c o b a l t c a r b o n y l anion. 
n O R / \ ' - I I ^ 

R-CH—CHR + Co(CO) 4 — s . R — c — C^-Co (CO) 4 

\S I 
H H 
0 ¥ _ 

..' R — C — C H 2 , R + Co (CO) ^ 

L e n e l 2 ^ has noted t h a t unsymmetrical epoxides, 

undergo the oxo r e a c t i o n w i t h d i c o b a l t o c t a c a r b o n y l to g i v e 

mixtures of h y d r o f o r m y l a t e d products at 100° and a t 100 

atmospheres p r e s s u r e . 

Heck 3° has.been a b l e to i s o l a t e @ -hydroxy-acyl 

c o b a l t t e t r a c a r b o n y I s as t h e i r ( t r i p h e n y l phosphine) 

d e r i v a t i v e s from the r e a c t i o n s of carbon monoxide and c o b a l t 

h y d r o c a r b o n y l with e t h y l e n e , propylene and cyclohexene 

oxides at 0° C. 

E2c/—^CH2 + H C o ( C O ) 4 - c » H O C H 2 C H 2 C o ( C O ) 4 .15. 
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HOCH 2.CH 2.Co (CO) 4 + CO s> HOCH 2 . C H 2 . COCo (CO) 4 16. 

HOCH 2.CH 2.CO.Co(CO)4 + P ( C g H 5 ) 3 ^ 

HOCH 2.CH 2.COCo(CO) 3 P ( C 6 H 5 ) 3 + CO 17. 

He has been a b l e t o d e m o n s t r a t e t h a t e s t e r s a r e f o r m e d by . 

t h e r e a c t i o n s o f e p o x i d e s w i t h c a r b o n monoxide and a l c o h o l 

u s i n g s o d i u m c o b a l t c a r b o n y l a s t h e c a t a l y s t . 

A N a C o ( C O ) d 

H 2 C - C H 2 +• CO + CH 3OH HOCH 2.CH 2.COOCH 3 55% 18. 

/ ° \ N a C o ( C O ) 4 

CH^>-CH CHn + CO + CHoOH 
• • J z J OH 

' C H 3 CH -CH 2.COOCH 3 19. 

Yokokawa, Watanbe and Ta g e g a m i have a p p l i e d t h e c l a s s i c a l 

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

o c t a c a r b o n y l i n t o l u e n e w i t h r e a c t i o n t e m p e r a t u r e s o f 80° C. 

and 150-160 a t m o s p h e r e s o f c a r b o n m o n oxide and h y d r o g e n . 

They have i s o l a t e d P - h y d r o x y - p r o p i o n a l d e h y d e and (3 -

h y d r o x y b u t y r a l d e h y d e , r e s p e c t i v e l y . 

F u r t h e r work on a c c e l e r a t i o n and i n h i b i t i o n o f 

t h e h y d r o f o r m y l a t i o n o f e p o x i d e s has been p e r f o r m e d by 
31 32 

t h e s e w o r k e r s ' * The compounds e t h y l a l c o h o l , n-

b u t y l a l c o h o l , e t h y l e n e , c h l o r o h y d r i n , a c e t o n e , p r omote 

t h e c a r b o n y l a t i o n o f e p o x i d e . 



Or c h i n .. and coworkers have reported that the 
major product r e s u l t i n g from, the s t o i c h i o m e t r i c hydro- . 
f o r m y l a t i o n of cyclohexene oxide i s not the expected 2-
hydro-cyclohexane carboxaldehyde but i t s dimer.. The 
i m p l i c a t i o n s of the above work for'. the'mechanism of the 
hydrof o r m y l a t i o n r e a c t i o n are under study. 

.OH 
.0-

< 
0 

OH 
34 ' : .-Recently Rosenthal and. Kan "have a p p l i e d a 

modified oxo r e a c t i o n . t o 5,6-anhydro-l,2-0-isopropylidene 
- a-D-glucofuranose (1) to y i e l d 6-deoxy-l,2-0-
i s o p r o p y l i d e n e - a -D-gluco-heptodiald e - l , 4-f uranose-3', 7-
pyranose (d)- " . ' ' 

CO H 2 HO-C 

(I) (2)+ (3) (4) 
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DISCUSSION 

R e a c t i o n o f M e t h y l 2 , 3 - A n h y d r o - 4 , 6 - O - b e n z y l i d e n e - a -D-

mannopyranoside w i t h c a r b o n m o noxide and m e t h a n o l . 

UJ S y n t h e s i s o f M e t h y l 2, 3-Anhydro-4,6-O-benzylidene-.a -D-
3 5 : — s . 

m a n n o p y r a n o s i d e , 

CH OH 
2 

d>CH0 
, Z n C |

2 ^ N 0 H 

0CH 3 

OCH 
(I) (II) 

pTsCI ^ OCH 
Jr ' • 

pyridine 
' <£CH 

'OCH-

(III) 

OCH. 

OTS 

NaOCH 3 

CH-OH 
1/2 hour 

OCH 

<£CH 

OCH. 

M e t h y l - a - £ - g l u c o p y r a n o s i d e was f i r s t c o n v e r t e d i n t o m e t h y l 

4 , 6 - O - b o n z y l i d e n e - a - D - g l u c o p y r a n o s i d e CD b y t h e a c t i o n o f 

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

The b e n z y l i d e n e g r o u p i s s t a b l e t o b a s e s b u t 

r e a d i l y c l e a v e d by a c i d s or c a t a l y t i c a l l y b y h y d r o g e n . 

I n o r d e r to f o r m 2,3-epoxides, t h e 4 , 6 - p o s l t i o n s o f t h e 
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s u g a r m o l e c u l e were f i r s t b l o c k e d by t h e . b e n z y l i d e n e 

g r o u p . 

In t h e s e c o n d s t e p , t h e b e n z y l i d e n e - d e r i v a t i v e 

CI) was c o n v e r t e d i n t o 2.-0-tosyI d e r i v a t i v e ( I I ) by p r e ­

f e r e n t i a l t o s y l a t i o n u s i n g e q u i m o l a r m i x t u r e o f p - t o l u e n e -

s u l f o n y l c h l o r i d e and s u b s t r a t e i n p y r i d i n e a t 0 ° . 

In t h e l a s t s t e p . o f t h e s y n t h e s i s t h e 2 - O - t o s y l 

d e r i v a t i v e ( I I ) was t r e a t e d w i t h s o d i u m m e t h o x i d e i n 

m e t h a n o l t o a f f o r d m e t h y l 2 , 3 - a n h y d r o - 4 , 6 - O - b e n z y l i d e n e - a -

D - m a n n o p y r a n o s i d e ( I I I ) . The e p o x i d e r i n g i s r e a d i l y f o r m e d 

t h r o u g h t h e d i s p l a c e m e n t o f a t o s y l e s t e r f u n c t i o n by a 

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

s o d i u m m e t h o x i d e i n m e t h a n o l s o l u t i o n . I f t h e c o n d i t i o n s 

o f t r e a t m e n t w i t h a l k a l i a r e made somewhat more d r a s t i c , 

t h e e p o x i d e i s a t t a c k e d i n t u r n by t h e m e t h o x i d e i o n . 

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 c c u r s w i t h r i n g o p e n i n g t o g i v e 

m e t h y l 4, 6 - 0 - b e n z y l i d e n e - 3 - 0 - m e t h y l - a - p _ - a l t r o p y r a n o s i d e . 

R e a c t i o n o f M e t h y l 2 , 3 -anhydro-4 , 6 - O - b e n z y l i d e n e - < _ -D-

m a n n o p y r a n o s i d e w i t h C a r b o n M o n o x i d e and M e t h a n o l i n t h e  

p r e s e n c e o f D i c o b a l t O c t a c a r b o n y l . 

The o b j e c t i v e o f t h e f i r s t p a r t o f t h e i n v e s t i g a ­

t i o n was t o a p p l y a m o d i f i e d oxo r e a c t i o n t o m e t h y l 2,3-

a n h y d r o - 4 , 6 - O - b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e ( I I I ) . 

In t h e f i r s t s e t o f e x p e r i m e n t s t h e s u b s t r a t e 
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was r e a c t e d w i t h c a r b o n m o n oxide and m e t h a n o l as shown 

b e l o w . 

I n t h e s e c o n d s e t o f c o n d i t i o n s ( t o be d i s c u s s e d 

s u b s e q u e n t l y ) c a r b o n monoxide and h y d r o g e n were u s e d . 

I n b o t h c a s e s . d i c o b a l t . o c t a c a r b o n y l was u s e d as 

c a t a l y s t . I t was hoped t o p r o d u c e a b r a n c h e d - . c h a i n e s t e r 

(IV) o r b r a n c h e d - c h a i n s u g a r (V) as i l l u s t r a t e d b e low. 

• . . When m e t h y l 2, 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - oe -p_-

m a n n o p y r a n o s i d e was r e a c t e d .with 1920 p . s . i . c a r b o n monoxide 

(measured a t room t e m p e r a t u r e ) and m e t h a n o l f o r two h o u r s , 

a m i x t u r e o f t h r e e m a j o r components (shown below) were 

o b t a i n e d w h i c h were s e p a r a t e d by column c h r o m a t o g r a p h y 

u s i n g a l u m i n a as a b s o r b e n t and b e n z e n e - i s o p r o p a n o l (96: 4 ) 
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as d e v e l o p e r and were c o n f i r m e d by T.L.C. as subsequently, 

d e s c r i b e d . 

(Ill) (III) 

OCH 3 OH 
(VI) (VII) 

I n t h e f i r s t two e x p e r i m e n t s 15% o f .the m a t e r i a l 

i s o l a t e d from t h e p r o d u c t m i x t u r e was c h a r a c t e r i z e d as 

u n r e a c t e d e p o x i d e ( I I I ) by d i r e c t c o m p a r i s o n w i t h t h e 

s t a r t i n g m a t e r i a l (m.p., mi x e d m.p., i d e n t i c a l I.R. and 

n.m.r.). 

T h i s demonstrates t h a t t h e s u b s t r a t e i s p a r t i a l l y 

r e s i s t a n t t o the r e a c t i o n c o n d i t i o n s . Compound (VI) was 

c h a r a c t e r i z e d as meth y l 3-0-methyl-a - D - a l t r o p y r a n o s i d e by 

- d i r e c t c o m parison w i t h an a u t h e n t i c sample o f m e t h y l 3-0-

m e t h y l - a - D - a l t r o p y r a n o s i d e 4 p r e p a r e d a c c o r d i n g t o the 



p r o c e d u r e o f R o b e r t s o n a n d G r i f f i t h (same £ Cf _ _̂  and 

n.m.r. and I . R . ) . 

Th e p r e s e n c e o f . c o m p o u n d (VI) i n d i c a t e s t h a t 

t h e r e has b e e n a c i d c a t a l y z e d m e t h a n o l y s i s o f t h e s u b s t r a t e . 

P r e s u m a b l y t h e c a t a l y s t , d i c o b a l t o c t a c a r b o n y l o r H.Co(CO)^, 

( w h i c h c o u l d be p r o d u c e d i n s i t u d u r i n g t h e r e a c t i o n ) was 

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

In o r d e r t o t e s t t h i s h y p o t h e s i s , t h e s u b s t r a t e was a l l o w e d 

.to r e a c t w i t h c a r b o n m o n o x i d e and m e t h a n o l i n t h e a b s e n c e 

of c a t a l y s t u n d e r t h e same c o n d i t i o n s o f t e m p e r a t u r e and 

p r e s s u r e a s u s e d i n t h e f i r s t e x p e r i m e n t . No m e t h a n o l y s i s 

-took p l a c e a s e v i d e n c e d by t h e f a c t t h a t t h e s t a r t i n g 

m a t e r i a l was r e c o v e r e d q u a n t i t a t i v e l y . 

'•'. . A c i d c a t a l y s e d h y d r o l y s i s o f e p o x i d e s p r e s u m a b l y 

f o l l o w s -SN1'" _ , c a r b o n i u m i o n m e c h a n i s m ^ and may be 

r e p r e s e n t e d as f o l l o w s : 

O o' 
H + 

v\ + /\ 
,>C—— C< + H '- r-B»- >C C< f a s t e q u i l i b r i u m 

H+ 
O 

+ 
>C C< E=» > c — : — C <T s l o w r a t e d e t e r m i n i n g 

OH 
OH 

- ' • • • . 1 

>C C< + ROH c=->c c < :•+ H 

I I 
OH OR 

R — .CH-j f a s t c o n c l u d i n g s t e p s 

( 
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The c l e a v i n g o f t h e b e n z y l i d e n e g r o u p t o f o r m 

. s u b s t a n c e (VI) m i g h t be due t o t h e a b s t r a c t i o n o f t h e 

p r o t o n by t h e c a t a l y s t f r o m t h e s o l v e n t ( m e t h a n o l ) and 

t h i s c l e a v a g e m i g h t be a c c o u n t e d f o r by c a t a l y t i c 

, h y d r o g e n o l y s i s . 

Compound ( V I I ) was c h a r a c t e r i z e d as m e t h y l 4,6-

..O-benzylidene-a - D - a l t r o p y r a n o s i d e by d i r e c t c o m p a r i s o n 

.(m.p., m i x e d m.p., i d e n t i c a l n.m.r. and i d e n t i c a l I.R.) 

w i t h an a u t h e n t i c s a m p l e 3 7 - The p r e s e n c e . o f component 

( V I I ) i n d i c a t e d t h a t t h e r e seemed t o be some h y d r o l y s i s 

w h i c h o p e n e d t h e e p o x i d e w i t h Walden i n v e r s i o n a t C-2. 

I n e x p e r i m e n t (4) ( T a b l e I ) t h e same s u b s t r a t e 

was a g a i n r e a c t e d w i t h c a r b o n m o noxide and m e t h a n o l a t a 

h i g h e r t e m p e r a t u r e (210°) and p r e s s u r e (3,000 p . s . i . ) f o r 

a p e r i o d o f 8 h o u r s . Under t h e s e d r a s t i c c o n d i t i o n s no 

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

p r o d u c t c o n s i s t e d o f i n t r a c t a b l e m a t e r i a l w h i c h c o u l d n o t 

b e . s e p a r a t e d by T.L.C. 

R e a c t i o n o f M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - a - D - 

m a n n o p y r a n o s i d e w i t h C a r b o n M o n o x i d e and H y d r o g e n . 

When m e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - G -D-

m a n n o p y r a n o s i d e was a l l o w e d t o r e a c t w i t h 990 p . s . i . o f 

c a r b o n m o n oxide and 910 p . s . i . o f h y d r o g e n (measured a t 

room t e m p e r a t u r e ) a t a t e m p e r a t u r e o f 1 4 0 ° for 5 h o u r s i n 
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t h e p r e s e n c e o f pr e f o r m e d d i c o b a l t o c t a c a r b o n y l as 

c a t a l y s t o n l y two components w h i c h were s e p a r a t e d by 

G.L.C. were o b t a i n e d as shown below: 

( I X ) 

Compound ( V I I I ) was c h a r a c t e r i z e d .as m e t h y l 2,3-anhydro-a ~ 

D-mannopyranoside by d i r e c t c o m p a r i s o n w i t h an a u t h e n t i c 

s a m p l e 3 ^ (m.p.-,. mixed m.p. and i d e n t i c a l n.m.r. J . 

T h i s d e m o n s t r a t e s t h a t t h e e p o x i d e r i n g had not 

been opened b u t t h e r e had been c a t a l y t i c h y d r o g e n a t i o n o f 

the b e n z y l i d e n e group o r h y d r o l y s i s o f t h e b l o c k i n g group. 

An a t t e m p t was made t o c h a r a c t e r i z e compound ( I X ) . 

N.M.R. i n d i c a t e d t h a t t h e e p o x i d e hydrogens (H(2) a n < ^ H ( 3 ) ^ 

were s t i l l i n t a c t and thus t h e e p o x i d e r i n g had not been 

opened. There had been p a r t i a l r e d u c t i o n o f b e n z y l i d e n e 

r i n g as i n d i c a t e d by a s i n g l e t 2.1f e q u a l t o 5 p r o t o n s 

and a s s i g n e d t o p h e n y l g r o u p . 

An a t t e m p t was made t o c h a r a c t e r i z e (IX) by 

comparing i t s R F on T.L.C. w i t h R F's o f a m i x t u r e o f t h e 
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mono-O-benzyl e t h e r s o b t a i n e d b y t h e m o n o . b e n z y l a t i o n o f 

compound ( V I I ) . Compound (IX) had t h e same Rp'as one o f 

t h e components o f t h e l a t t e r m i x t u r e . 

T h i s d e m o n s t r a t e s t h a t e p o x i d e r i n g had n o t b een 

o p e n e d and b e n z y l i d e n e g r o u p has b een p a r t i a l l y r e d u c e d . 

The f a c t . t h a t h y d r o f o r m y l a t i o n d i d n o t t a k e p l a c e 

i n t h e above e x p e r i m e n t may be a c c o u n t e d f o r .by an e x a m i n a ­

t i o n o f t h e s t e r e o c h e m i s t r y o f m e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 -

b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e 

H 
P h l \ 

N
0 _ 0 . 0 

OMe 
I f we examine t h e m o d e l o f t h e s u b s t r a t e we s e e 

t h a t i n o r d e r t o have a W a l d e n i n v e r s i o n a t C-3 t h e C 0 C C O I 4 -

a n i o n s h o u l d a t t a c k o p p o s i t e t o t h e o x y g e n t o have a 

t r a n s d i a x i a l r i n g o p e n i n g . From t h e m o d e l we c a n v i s u a l i z e 

more c l e a r l y t h a t a - O C H 3 which, r o t a t e s must h i n d e r t h e 

a t t a c k a t t h e " r e a c t i v e p o s i t i o n " ( t e m p e r a t u r e 190°). , S i n c e 

t h e a - m e t h y l g r o u p p r o t e c t s C-3 t h e c h a n c e s o f h a v i n g a 

h y d r o f o r m y l a t i o n i s s m a l l . 

Hughes and S p e a k m a n 3 ^ have s t u d i e d t h e b e n z o a t e 

d i s p l a c e m e n t r e a c t i o n o f two 1 , 2 , 4 , 6 - t e t r a - 0 - b e n z o y 1 - 3 - 0 -

t o l u e n e p - s o l f o n y l 0 -and P - D - g l u c o p y r a n o s e s ( X ) . 
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H,OR R = PhCO 

a = C7 anomer 

b = ft anomer 

R e a c t i o n .of t h e /3 -anomer w i t h s o d i u m b e n z o a t e 

i n d i m e t h y l formamide gave a s i n g l e c r y s t a l l i n e p r o d u c t , 

namely, 1 , 2 , 3 , 4 , 6 - p e n t a - 0 - b e n z o y l - a - D - a l l o p y r a n o s e . 

CH 20Bz 
~°\OBz 

OBz' 
OBz OBz 

. (XI) 
On d e - b e n z o y l a t i o n t h e p e n t a b e n z o a t e CXI.) g a y e 

D - a l l o s e i d e n t i f i e d by c o m p a r i s o n w i t h a n . a u t h e n t i c s a m p l e . 

. T h e . i s o l a t i o n o f a s i n g l e . p e n t a b e n z o a t e s u g g e s t s 

a s t r a i g h t f o r w a r d S N 2 d i s p l a c e m e n t w i t h o u t n e i g h b o u r i n g 

g r o u p a s s i s t a n c e w i t h t h e Walden i n v e r s i o n a t 3 p o s i t i o n . 

By c o n t r a s t t h e a -anomer f a i l e d t o u n d e r g o t h e 

d i s p l a c e m e n t r e a c t i o n . The a x i a l b e n z o a t e g r o u p a t p o s i t i o n 

1 i n t h e a -anomer p r o b a b l y h i n d e r s t h e a p p r o a c h o f b e n z o a t e 

i o n t o p o s i t i o n 3. A s i m i l a r r e a s o n may a c c o u n t f o r t h e 

l a c k o f r e a c t i v i t y o f m e t h y l 2 , 3 - a n h y d r o - 4 , 6 - O - b e n z y l i d e n e 

o - D - m a n n o p y r a n o s i d e . , 
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R e a c t i o n o f 1;2-anhydro-a - r ^ - g l u c o p y r a n o s e t r i a c e t a t e 

( B r i g l ' s a n h y d r i d e ) w i t h c a r b o n monoxide and h y d r o g e n  

i n t h e p r e s e n c e o f D i c o b a l t O c t a c a r b o n y l . 

( i ) S y n t h e s i s o f 1,2-anhydro-a - D - g l u c o p y r a n o s e t r i a c e t a t e 

( B r i g l ' s a n h y d r i d e ) 4 0 ' 4 1 . 

A v e r y i m p o r t a n t s u b s t a n c e i n t h e c h e m i s t r y o f 

s u g a r s y n t h e s i s i s 1, 2-anhydro-3 , 4 , 6 - t r i - O - a c e t y l - a -p_-

g l u c o p y r a n o s e f i r s t p r e p a r e d by B r i g l by a s e q u e n c e o f 

r e a c t i o n s f r o m p e n t a - O - a c e t y l - P - D - g l u c o p y r a n o s e ( X I I ) . 

The a c t i o n o f p h o s p h o r u s p e n t a c h l o r i d e upon (XII) gave 

r i s e t o 2 - 0 - t r i c h l o r o a c e t y l - 3 , 4 , 6 - t r i - 0 - a c e t y l - f t - D -

g l u c o p y r a n o s y l c h l o r i d e ' ( X I I I ) w h i c h on a m m o n o l y s i s i n 

e t h e r a t 0° C gave 3 , 4 , 6 - t r i - O - a c e t y l - / 3 - D - g l u c o p y r a n o s y 1 

c h l o r i d e ( X I V ) . F u r t h e r t r e a t m e n t w i t h ammonia i n b e n z e n e 

c o n v e r t e d t h i s d e r i v a t i v e - i n t o 1,2-anhydro-3,4,6-tri-O-

a c e t y l - a - D - g l u c o p y r a n o s e (XV) ( B r i g l ' s a n h y d r i d e ) . 

CH OAc CH OAc CH OAc 
2 2 2 

A c O ^ H/H A c o Y C  H/» E t h e r A c o Y C Y» 
H OAc H OCOCCL H K l l l OH 3 NH 3 

(Xll) (XIII) .Benzene (xiv) 

(XV) 
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.3,4,6-tri-0-acetyl-2-0-trichloroacetyl-^Q -D-

glucopyranosyl chloride (XIII) was obtained from ft -D-

glucopyranose penta.acetate (XII) by the action of 

phosphorus pentachloride. 

The conversion of compound (XII) into (XIII) 

presents two s t r i k i n g points: 

(i) Phosphorus pentachloride appears to react by 

two d i f f e r e n t mechanisms. 

F i r s t replacement.of the 1-acetyl group by 

chlorine yielded phosphorus oxychloride and acetylchloride 

as by-products. Secondly, only the 2-O-acetyl group 

appears to be attacked. The l a t t e r f a c t may be related 

to the configuration at C(2)« 

The halogen i n p o s i t i o n 1 may also favour 

substitution by i t s -I effect,, although t h i s involves the 

assumption that the reaction at the 1-position precedes 

ch l o r i n a t i o n . . . . 

. Chlorination by phosphorus pentachloride should 

lead to phosphorus,trichloride as another product and 

thi s was Isolated i n good y i e l d from the reaction mixture. 

The phosphorus pentachloride as such has no chlo r i n a t i n g 

action, this presumably arises by d i s s o c i a t i o n PCI5 ——=-

PCI3 + C l 2 which according to Smith and Lombard occurs 

to appreciable extent under the reaction conditions used 

i n the present work. The action of chlorine on the acetoxy 
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group i s catalysed by acid c h l o r i d e s . The i s o l a t i o n of 

phosphorus t r i c h l o r i d e favours this hypothesis and i t 

has been found that -D-glucopyranose penta-acetate 

i s unaffected by the t r i c h l o r i d e . The properties of 

3 , 4 , 6 - t r i - 0 - a c e t y l - 2 - 0 - t r i c h l o r o a c e t y l - f t -D-glucopyranosyl 

chloride ( X I I I ) are e x t r a o r d i n a r i l y advantageous for 

synthesis. 

The chlorine atom at C-l of ( X I I I ) i s not very 

reactive whereas the more reactive t r i c h l o r o a c e t y l group 

at C-2 can be removed r a p i d l y by the careful action of 

ammonia i n an e t h e r i a l s o l u t i o n affording compound ( X I V ) . 

I t i s important to follow c a r e f u l l y B r i g l ' s detailed 

experimental procedure for the conversion of ( X I I I ) into 

( X I V ) outlined i n his o r i g i n a l paper rather than the 

method outlined i n r e f e r e n c e 4 1 i f pure compound ( X I V ) i s 

to be obtained from compound ( X I I I ) . 

By further ammonolysis of compound ( X I V ) , i t 

i s converted into 3 , 4 , 6 - t r i - 0 - a c e t y l - l , 2-a.nhydro- <?-D-

glucopyranose ( X V ) . 

The ethylene oxide ring i n B r i g l ' s anhydride 

i s readily cleaved as exemplified by the immediate 

reaction of ( X V ) with water at room temperature to afford 

3 , 4 , 6 - t r i - O - a c e t y l - a D-glucopyranose. Substance ( X V ) 

also reacts readily with methanol to form a methyl glycoside 

with simultaneous Walden inversion at C-l as shown below. 
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(XV) (XVI) 0 H 

H y d r o f o r m y l a t i o n o f 1 , 2 - a n h y d r o - 3 , 4 , 6 - t r i - 0 - a c e t y l - Q - D -

g l u c o p y r a n o s e . 

B r i g l ' s a n h y d r i d e (XV) was a l l o w e d t o r e a c t w i t h 

c a r b o n m o n o x i d e (900 p . s . i . ) and h y d r o g e n .(990 p . s . i . ) i n 

t h e p r e s e n c e o f d i c o b a l t - o c t a c a r b o n y l a t 1 0 0 - 1 1 0 ° f o r 30 

m i n u t e s . The p r o d u c t c o n s i s t e d o f two m a i n components as 

e v i d e n c e d by T.L.C. u s i n g s i l i c a g e l as a b s o r b e n t and 

b e n z e n e - a c e t o n e (9:1) as d e v e l o p e r . . S o d i u m b o r o h y d r i d e 

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

p r o d u c t ( X V I I ) ( p a p e r c h r o m a t o g r a p h y using -• w a t e r -

s a t u r a t e d b u t a n o l c o n t a i n i n g 5% e t h a n o l as d e v e l o p e r ) . 

R e a c e t y l a t i o n o f t h e r e d u c e d . p r o d u c t ( X V I I ) g a v e e s s e n t i a l l y 

one s u b s t a n c e ( X V I I I ) ( T . L . C . and V.P.C..'). 

D i r e c t c o m p a r i s o n o f compound ( X V I I I ) w i t h an 

a u t h e n t i c sample o f 1, 3 , 4 , 5 , 7 - p e n t a - O - a c e t y l - 2 , 6 - a n h y d r o -

. D - g l y c e r o - D - g u l o - h e p t i t o l 4 2 showed b o t h compounds t o be 

t h e same ( i d e n t i c a l n.m.r. and no d e p r e s s i o n i n m i x e d m.p.). 
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C H 2 0 A C 

AcO ,OAc 

(XV) 

+ C 0 + H 2
 C ° ^ ( C 0 ) e , 

2 110° 

Sugar -f 

(XX) 

CH2OH 
,CH OH 2 

CH OAc 

OAcN 
,OAc 

CH OH 2 

Na BH4 
CH 3OH 

CH OH 2 
.CH OH 2 

(XIX) A c 2 0 - Py r id ine (XVII) 

v CH 2 OAc 

,OAc 

"°\CH OAc 2 

OAc 

De-O-acetylation of the product, mixture w i t h 
sodium methoxide i n methanol a f f o r d e d a mixture of 
compounds. P r e p a r a t i v e paper chromatographic separation 
of t h i s mixture (using water-saturated 1-butanol plus 5% 
ethanol as developer) gave one- slow moving zone ( p o s i t i v e 
t e s t w i t h 2,4-dinitrophenyl-hydrazine) i n 17% y i e l d and 
one d i f f u s e "zone which was sectioned i n t o two zones. The 
middle zone (XIX) i s o l a t e d i n 50% y i e l d was d i r e c t l y 
compared w i t h an au t h e n t i c sample of 2,6-anhydro-D-glycero 
D - g u l o - h e p t i t o l 4 ^ ' a n d shown to be the same ( s i m i l a r n.m.r. 
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m.p. and i d e n t i c a l R p ' s ) . The f a s t e r m o ving segment o f 

t h e d i f f u s e zone a l s o had a s i m i l a r n.m.r. t o t h a t o f 

compound (XIX) b u t was n o t c r y s t a l l i n e . . P a p e r chroma­

t o g r a p h i c s e p a r a t i o n o f t h e l a t t e r u s i n g e t h y l a c e t a t e -

a c e t i c a c i d - w a t e r - f o r m i c a c i d as d e v e l o p e r showed t h a t 

t h i s segment c o n t a i n e d a b o u t 5% o f a t h i r d component 

b u t was m a i n l y ( X I X ) . S u b s t a n c e (XX) a p p e a r e d t o be a 

s u g a r p r e c u r s o r o f t h e h e p t i t o l as e v i d e n c e d by t h e 

f a c t t h a t s o d i u m b o r o h y d r i d e . r e d u c t i o n o f . s u b s t a n c e (XX) 

g a v e a compound w i t h t h e ,same R F as s u b s t a n c e ( X I X ) . 

A p o s s i b l e mechanism f o r . t h e f o r m a t i o n o f 

compound ( X V I I ) , i s as f o l l o w s . I n t h e f i r s t s t e p i t i s 

s u g g e s t e d t h a t p r o t o n a t i o n o f t h e e p o x i d e t a k e s p l a c e 

f o l l o w e d by c o b a l t t e t r a c a r b o n y l a n i o n a t t a c k on C - l t o 

a f f o r d t h e i n t e r m e d i a t e (XXI).. C a r b o n monoxide i n s e r t i o n 

b etween c a r b o n -1 and c o b a l t m i g h t t h e n be e n v i s a g e d t o 

a f f o r d t h e a c y l d e r i v a t i v e ( X X I I ) . R e d u c t i o n w i t h h y d r o g e n 

c o b a l t t e t r a c a r b o n y l m i g h t t h e n be e x p e c t e d t o a f f o r d t h e 

a n h y d r o h e p t i t o l ( X V I I ) . o -
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EXPERIMENTAL 

GENERAL CONSIDERATIONS " 

H y d r o f o r m y l a t i o n a p p a r a t u s 

T h e h i g h p r e s s u r e h y d r o f o r m y l a t i o n . a n d h y d r o x y , 

m e t h y l a t i o n r e a c t i o n s u s i n g c a r b o n m o n o x i d e and h y d r o g e n 

w e r e c a r r i e d o u t i n an Amino M i c r o S e r i e s a u t o c l a v e ' 

(2-9/16" o u t s i d e d i a m e t e r ) made o f manganese s t e e l . T h i s 

r e a c t o r i s s o l d by t h e A m e r i c a n I n s t r u m e n t Company I n c . , 

S i l v e r S p r i n g , M a r y l a n d , U.S.A. 

I n f r a r e d S p e c t r a 

. . A l l i n f r a r e d s p e c t r a s were m e a s u r e d on P e r k i n s 

E l m e r . M o d e l 21 and M o d e l 137 ( s o d i u m c h l o r i d e ) s p e c t r o ­

p h o t o m e t e r 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 a 

N u c l e a r M a g n e t i c r e s o n a n c e s p e c t r a were d e t e r m i n e d 
6 

a t 60 x 10 H 2 on a v a r i a n A 60 s p e c t r o m e t e r and a t 100 x 

10^ H 2 on a v a r i a n HA-100 s p e c t r o m e t e r . 

Gas L i q u i d P a r t i t i o n C h r o m a t o g r a p h y 

Gas l i q u i d p a r t i t i o n c h r o m a t o g r a p h y s e p a r a t i o n s 

were e f f e c t e d on A e r o g r a p h , M o d e l A-700 an d M o d e l A-1520 

i n s t r u m e n t s s o l d by V a r i a n A s s o c i a t e s , P a l o A l t o , C a l i f o r n i a , 

U.S.A. D e t e c t o r s were o f t h e t h e r m a l c o n d u c t i v i t y t y p e and 

t h e c a r r i e r gas was h e l i u m . 

P a p e r C h r o m a t o g r a p h y 

A l l p a p e r c h r o m a t o g r a p h y was d e s c e n d i n g . The 



s o l v e n t s y s t e m was 1 - b u t a n o l s a t u r a t e d w i t h w a t e r a t 0 ° 

or w a t e r s a t u r a t e d (room t e m p e r a t u r e ) 1 - b u t a n o l c o n t a i n i n g 

5% e t h a n o l . The a d d i t i o n o f e t h a n o l p r e v e n t s s e p a r a t i o n 

of w a t e r f r o m t h e s o l v e n t m i x t u r e i n c a s e t h e chroma-

t o g r a m . i s r u n a t a t e m p e r a t u r e l o w e r t h a n t h a t 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 s o l v e n t s . R e p o r t e d R F v a l u e s a r e 

w i t h r e f e r e n c e t o t h i s s o l v e n t s y s t e m u n l e s s o t h e r w i s e 

i n d i c a t e d . P o l y o l s were d e t e c t e d w i t h a s o d i u m p e r i o d a t e 
44 

s c h i f f r e a g e n t 

T h i n L a y e r C h r o m a t o g r a p h y 

T h i n l a y e r c h r o m a t o g r a p h y was on p l a t e s o f 

s i l i c a g e l G and a l u m i n a ( a c c o r d i n g t o S t a h l ) c o n t a i n i n g 

13% c a l c i u m . s u l f a t e as a b i n d e r . Zones were l o c a t e d by 

s p r a y i n g w i t h c o n c e n t r a t e d s u l f u r i c a c i d , c o n t a i n i n g 5% 

c o n c e n t r a t e d n i t r i c a c i d f o l l o w e d by h e a t i n g t o 1 3 0 ° C. 

C a t a l y s t 

D i c o b a l t o c t a c a r b o n y l was o b t a i n e d f r o m A l p h a 

I n o r g a n i c s I n c . , B e v e r l y , Mass., U.S.A. 

M e l t i n g P o i n t s • 

A l l m e l t i n g p o i n t s were u n c o r r e c t e d and were 

t a k e n o n t h e M i c r o s c o p e H e a t i n g S t a g e , m a n u f a c t u r e d by 

L e i t z A.G., W e t z l a r , Germany. 

E l e m e n t a l A n a l y s i s 

E l e m e n t a l a n a l y s e s were p e r f o r m e d i n t h e M i c r o -

a n a l y t i c a l L a b o r a t o r y , D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y 

of B r i t i s h C o l u m b i a , V a n c o u v e r , Canada. 
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P r e p a r a t i o n . o f M e t h y l 4 , 6 - 0 - b e n z y l i d e n e - a - D - g l u c o p y r a n o s i d e 

M e t h y l 4 , 6 - 0 - b e n z y l i d e n e - a - D - g l u c o p y r a n o s i d e 

was p r e p a r e d u s i n g a m o d i f i c a t i o n o f t h e p r o c e d u r e d e s c r i b e d 
? 7 

by R i c h t m y e r . . . . 

. A m i x t u r e o f 120 g o f m e t h y l - a - D - g l u c o p y r a n o s i d e , 

90 g o f f r e s h l y f u s e d and p o w d e r e d z i n c c h l o r i d e ( a n h y d r o u s ) 

and 300 ml o f b e n z a l d e h y d e ( r e a g e n t g r a d e ) was s h a k e n i n a 

g l a s s b o t t l e f o r 16 h o u r s . 

The m i x t u r e was p o u r e d s l o w l y w i t h s t i r r i n g i n t o 

2.5 l i t r e s o f c o l d w a t e r . The m a t e r i a l was i n o c u l a t e d w i t h 

s e e d c r y s t a l s and the. m i x t u r e was r e f r i g e r a t e d o v e r n i g h t . 

P e t r o l e u m e t h e r was -then s t i r r e d 5 h o u r s w i t h t h e m i x t u r e 

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

s e p a r a t e d on a B u c h n e r f u n n e l , washed t w i c e w i t h 2 0 ml o f 

c o l d w a t e r , t w i c e w i t h 20.0 ml o f p e t r o l e u m e t h e r ( 3 5 - 6 0 ° ) , 

and a g a i n w i t h 200 ml o f c o l d w a t e r . The p r o d u c t was d r i e d 

o v e r n i g h t i n t h e a i r and t h e n i n a vacuum o v e n a t 7 0 ° ; 

y i e l d o f t h e c r u d e b e n z y l i d e n e compound s a t i s f a c t o r y f o r 

t h e n e x t s t e p 128 g (70%) m.p. 1 6 1 - 1 6 3 ° . 

M e t h y l - 4 , 6 - 0 - b e n z y l I d e n e - a - - D - g l u c o p y r a n o s i d e 

was p u r i f i e d by r e c r y s t a l l i z a t i o n f r o m c h l o r o f o r m - p e t r o l e u m 

e t h e r (30-60°) n e e d l e s m.p. 1 6 2 - 1 6 4 ° ; l i t e r a t u r e m.p. 1 6 2 - 1 6 4 ° . 

P r e p a r a t i o n o f M e t h y l 4 , 6 - 0 - b e n z y l i d e n e - 2 - 0 _ - p _ - t o l y l s u l f o n y l 

Q - D - g l u c o p y r a n o s i d e . . 

M e t h y l 4 - 6 - O - b e n z y l i d e n e - a - D - g l u c o p y r a n o s i d e was 



d i s s o l v e d i n d r y p y r i d i n e and t h e m i x t u r e was c o o l e d i n 

an i c e b a t h and r a p i d l y s t i r r e d w h i l e a s o l u t i o n o f p _ - t o l u e n e -

s o l f o n y l c h l o r i d e (25 g) a l s o d i s s o l v e d i n d r y p y r i d i n e 

(80 ml) was added o v e r a p e r i o d . o f 30 m i n u t e s . The s o l u t i o n 

.was a l l o w e d t o s t a n d 24 h o u r s a t room t e m p e r a t u r e and was 

•then s h a k e n w i t h a m i x t u r e of. 200 ml o f w a t e r . a n d 200 ml 

o f b e n z e n e . The b e n z e n e l a y e r was.removed and t h e aqueous 

l a y e r ..was e x t r a c t e d a g a i n w i t h a f u r t h e r 50 m l o f b e n z e n e . 

The e x t r a c t s were com b i n e d and washed w i t h 5% 

h y d r o c h l o r i c a c i d , w i t h s o d i u m - h y d r o g e n c a r b o n a t e s o l u t i o n 

and f i n a l l y w i t h water.. The b e n z e n e e x t r a c t was d r i e d o v e r 

magnesium s u l f a t e and e v a p o r a t e d t o d r y n e s s . The r e s i d u e 

was d i s s o l v e d i n ' h o t e t h a n o l and f r o m t h i s s o l u t i o n , m e t h y l -

4 , 6 - 0 - b e n z y l i d e n e - 2 - 0 - p _ - t o l y I s u l f o n y l - a - D - g l u c o p y r a n o s i d e 

s e p a r a t e d ; y i e l d . 21 g, m.p. 153-154; l i t e r a t u r e m.p. 152-153. 

P r e p a r a t i o n o f M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - O - b e n z y l i d e n e - a -D-. 

4 5 
m a n n o p y r a n o s i d e 

M e t h y l 4 , 6 - O - b e n z y l i d e n e 2 - O - t o l y l s u l f o n y l - a -D-

g l u c o p y r a n o s i d e (5 g) was d i s s o l v e d i n m e t h a n o l (0°C, 125 

ml) c o n t a i n i n g . s o d i u m (2.9 g) and t h e s o l u t i o n was t h e n 

r e f l u x e d f o r 30 m i n u t e s - A f t e r c o o l i n g and d i l u t i o n w i t h 

w a t e r , l o n g n e e d l e s (2.25 g) m.p. 1 4 7 - 1 5 0 ° s e p a r a t e d 

r e c r y s t a l l i z a t i o n f r o m a q u e o u s m e t h a n o l r a i s e d t h e m.p. 

t o 1 4 9 - 1 5 1 ° . 
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The above compound was v e r i f i e d b y m i x e d m e l t i n g 

p o i n t w i t h an a u t h e n t i c s a mple o b t a i n e d , f r o m D r . L. D. 

H a l l , ( D e p a r t m e n t o f C h e m i s t r y , U.B.C.) w h i c h gave no 

m e l t i n g p o i n t d e p r e s s i o n and a l s o v e r i f i e d by an n.m.r. • 

s p e c t r u m 

F o u r s e p a r a t e oxo r u n s were p e r f o r m e d on t h e 

above s u g a r e p o x i d e , u s i n g d i c o b a l t o c t a c a r b o n y l as a 

c a t a l y s t . 

The p r o c e d u r e f o r c a r r y i n g o u t t h e oxo r u n was 

b a s e d on t h e work o f R o s e n t h a l 2 4 and A d k i n s 4 6 - The whole 

work i s d e s c r i b e d i n . T a b l e s I and II...... 

R e a c t i o n o f M e t h y l 2 , 3 - a n h y d r o 4 , 6 - 0 - b e n z y l i d e n e - a -D-

m a n n o p y r a n o s i d e w i t h C a r b o n monoxide and M e t h a n o l i n t h e  

p r e s e n c e o f D i c o b a l t O c t a c a r b o n y l . - ' 

To a m i x t u r e o f m e t h y l 2,3-anhydro 4,6-0-

b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e (3 g) i n d r y , p u r i f i e d 

b e n z e n e (14 m l ) , a n h y d r o u s m e t h a n o l (9.5 ml) c o n t a i n e d i n 

a 300 ml s h a k e r bomb was adde d d i c o b a l t o c t a c a r b o n y l (0.5 g) . 

A f t e r f l u s h i n g t h e bomb w i t h c a r b o n monoxide, c a r b o n monoxide 

(19 2 0 p . s . i . ) was add e d and t h e r e a c t a n t s h e a t e d w i t h 

r o c k i n g a t 1 9 0 ° f o r 2 h o u r s . An o b s e r v e d p r e s s u r e drop, 

o f 40 p . s . i . a t 2 6° was n o t e d . The bomb was t h e n c o o l e d 

o v e r n i g h t and t h e g a s e s were v e n t e d . 

The r e a c t i o n p r o d u c t c o n s i s t e d o f a d a r k brown 

s o l u t i o n . 
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H a l f t h e p r o d u c t m i x t u r e was h e a t e d a t 80° f o r 

20 m i n u t e s t o decompose t h e c a t a l y s t . The o x o p r o d u c t 

was e v a p o r a t e d on t h e f l a s h e v a p o r a t o r . The r e s i d u e 

was d i s s o l v e d i n c h l o r o f o r m . The p r o d u c t was d e c o l o r i z e d 

by t r e a t m e n t 'with D a r c o A c t i v e c h a r c o a l and was e v a p o r a t e d . 

The h y d r o f o r m y l a t i q n m i x t u r e o f t h e f i r s t h a l f gave a 

t o t a l w e i g h t o f 1.10 g. ... 

I n a l l s u b s e q u e n t d i s c u s s i o n s u n l e s s o t h e r w i s e 

s p e c i f i e d a l l t h i n l a y e r c h r o m a t o g r a p h y work was p e r f o r m e d 

on s i l i c a and a l u m i n a (0.10 cm) p l a t e s ( 2 V x . 7 y ) w h i c h 

were r u n i n b e n z e n e - i s o p r o p a n o l (96:4) and were d e v e l o p e d 

u s i n g s u l f u r i c a c i d - n i t r i c a c i d s p r a y and h e a t . . 

A T.L.C. p l a t e ( s i l i c a ) was p r e p a r e d by s p o t t i n g 

s i d e by s i d e ., 

( i ) The i n i t i a l e p o x i d e s u g a r 

( i i ) Oxo p r o d u c t s o l u b l e i n c h l o r o f o r m 

1. 2 

V e r y Heavy S p o t T h r e e M a j o r S p o t s 

R p = .92 "(i) Heavy S p o t R F = .92 
( i i ) Heavy S p o t R F = .64 
( i i i ) V e r y Heavy S p o t 

Rp = .26 

The oxo p r o d u c t was s e p a r a t e d i n t o s l i g h t l y 

i m p u re f r a c t i o n s by c o l u m n chromatography.. Oxo p r o d u c t 

(0.8 g) was a d d e d t o t h e t o p o f a l u m i n a c o l u m n (17.5 x 

3.4 cm. d i a m e t e r ) by d i s s o l v i n g i t i n a m i x t u r e o f 4 ml 
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o f i s o p r o p a n o l and c h l o r o f o r m ( 1 : 1 ) . The f o l l o w i n g 

m i x t u r e (200 ml) o f b e n z e n e - i s o p r o p a n o l (96:4) was added 

and t h e f r a c t i o n s were c o l l e c t e d . 

C h a r a c t e r i z a t i o n o f F r a c t i o n I ( M e t h y l 2 , 3 - a n h y d r o 4,6-

O - b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e ) . 

F r a c t i o n I (0.80 g) 

( i ) R F = .92 .. 

( i i ) C r y s t a l l i n e , m . p . .= 1 4 5 - 1 4 7 ° 

( i i i ) M i x e d m.p. w i t h M e t h y l 2 , 3 - a n h y d r o 4,6-0-

b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e = 14 6-147° 

( i v ) same I.R. as t h e a u t h e n t i c s a m ple 

(v) N.M.R. 

H 2 H 3 H 4 H 5 H 6 Meth.ine 0 C H 3 B e n z y l i d e n e 

5.14 6.56 6.88 5.77 6.25 6.36 4.51 6.60 4.51. 

J l , 2 = 0 J2,3=4.0 J3.,4=P J4,5=5 

The compound h a d a n i d e n t i c a l n.m.r. s p e c t r u m t o 

t h a t o f a u t h e n t i c sample o f m e t h y l 2 , 3 - a n h y d r o 4,6-0-

b e n z y l i d e n e - a - D - m a n n o p y r a n o s i d e . 

F r a c t i o n I I (.154 g) ( M e t h y l 3-0-methyl-°.'-D-altropyranoside) 

( i ) R F = .26 

. ( i i ) S y r u p 

( i i i ) ( a ) 2 ° + 142 i n c h l o r o f o r m (C = 2.45) 
D 

15 
L i t e r a t u r e ( a ) D + 140.3 (C = 2.45) 
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The compound had an i d e n t i c a l n.m.r. t o t h a t 

. o f a u t h e n t i c sample o f m e t h y l 3-0_-methyl-a - D - a l t r o p y r a n o s i d e . 4  

F r a c t i o n I I I (.183 g) 

. Two s p o t s R F = .26 

On T.L.C. ( S i l i c a ) = . .56 

D e v e l o p e r i s o p r o p a n o l and b e nzene (4:96) 

• - M i x t u r e - no c o n c l u s i o n c o u l d be drawn. 

F r a c t i o n IV (.160 g) 

( M e t h y l 4 , 6 - O - b e n z y l i d e n e - a - D - a l t r o p y r a n o s i d e ) 

( i ) R F = .64 

( i i ) M.P = 166-169° 

M i x e d m.p. w i t h a u t h e n t i c sample = 167-169° 

Rp-' ( a u t h e n t i c s a m p l e ) = .64 

The compound ha d an i d e n t i c a l n.m.r.. t o t h a t o f 

a u t h e n t i c s a m ple o f m e t h y l 4 , 6 - O - b e n z y l i d e n e - a - D - a l t r o p y r a n o s i d e . 
3 7 

S y n t h e s i s o f M e t h y l 4 , 6 - O - b e n z y l i d e n e - c t - D - a l t r o p y r a n o s i d e 

A s o l u t i o n o f 1.30 g o f p o t a s s i u m h y d r o x i d e i n 

35 ml o f w a t e r was b o i l e d w i t h 1 g o f m e t h y l 2,3-anhydro-4,6-

. O - b e n z y l i d e n e - c r - D - a l l o p y r a n o s i d e f o r 48 hours.. The s o l u t i o n 

was c o o l e d and. f i l t e r e d . t o remove any u n d i s s o l v e d s t a r t i n g 

m a t e r i a l and t h e n p a r t i a l l y n e u t r a l i z e d w i t h 3 ml o f 6N 

s u l f u r i c a c i d . 

The aqueous s o l u t i o n was e x t r a c t e d s u c c e s s i v e l y 

w i t h 5 m l , 2.5 m l , 1.5 ml and 1.5 ml o f d i c h l o r o e t h a n e and 
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t h e c o m b i n e d e x t r a c t s were washed w i t h 5 ml o f w a t e r . 

The l a y e r s were s e p a r a t e d : c a r e f u l l y . T h e . d i c h l o r o e t h a n e 

l a y e r was d r i e d w i t h g r a n u l a r c a l c i u m c h l o r i d e , , w h i l e 

t h e aqueous l a y e r was r e t u r n e d t o . t h e m a i n aqueous s o l u t i o n . 

T h i s aqueous s o l u t i o n was e x t r a c t e d 8 t i m e s w i t h 1 . 5 ml 

p o r t i o n s o f d i c h l o r o e t h a n e , t h e c o m b i n e d e x t r a c t s were 

washed w i t h 2 ml o f w a t e r a n d t h e l a y e r s were s e p a r a t e d 

c a r e f u l l y . 

The d i c h l o r o e t h a n e e x t r a c t was d r i e d o v e r 

c a l c i u m c h l o r i d e and t h e w a t e r l a y e r was r e t u r n e d t o t h e 

m a i n aqueous s o l u t i o n . The p r o c e s s was r e p e a t e d . F i n a l l y 

t h e m a i n aqueous s o l u t i o n was e x t r a c t e d 1 5 t i m e s w i t h 4 ml 

p o r t i o n s o f d i c h l o r o e t h a n e and t h e d i c h l o r o e t h a n e e x t r a c t s 

were c o m b i n e d and saved,, w i t h o u t b e i n g washed t o be u s e d i n 

m a k i n g t h e f i r s t . e x t r a c t o f a s u c c e e d i n g r u n . 

The d r i e d d i c h l o r o e t h a n e e x t r a c t s were t r e a t e d 

w i t h a s m a l l amount o f d e c o l o r i z i n g c a r b o n , f i l t e r e d and 

c o n c e n t r a t e d u n d e r r e d u c e d p r e s s u r e t o a t h i n s y r u p . E t h e r 

and p e t r o l e u m e t h e r . w e r e a d d e d and t h e p r o d u c t (1 g) was 

s e p a r a t e d i n c r y s t a l l i n e f o r m . The m a t e r i a l was r e c r y s t a l l i z e d 

f r o m m e t h a n o l y i e l d ( . 8 g) m.p. 1 6 8 - 1 7 0 ° ; t h e l i t e r a t u r e 

m.p. o f m e t h y l 4 , 6 - 0 - b e n z y l i d e n e - a - D - a l t r o p y r a n o s i d e i s 

1 6 9 - 1 7 0 ° . 
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S y n t h e s i s o f M e t h y l 4 , 6 - O - b e n z y l i d e n e 3-O-methyl-a -D-

a l t r o p y r a n o s i d e 4 

M e t h y l 2 , 3-anhydro-4 , 6 - O - b e n z y l i d e n e - a -p_-

m a n n o p y r a n o s i d e (1 g.) , m.p. 14 6-147°, was h e a t e d i n a 

s e a l e d t u b e w i t h m e t h y l a l c o h o l (20 ml) c o n t a i n i n g s o d ium 

( 1 g) f o r 24 h o u r s a t 1 0 0 ° . . 

A f t e r c o o l i n g and d i l u t i o n w i t h w a t e r , t h e 

: m i x t u r e was e x t r a c t e d . f o u r t i m e s w i t h c h l o r o f o r m . The 

.combined e x t r a c t was d r i e d o v e r s o d i u m s u l f a t e and . 

e v a p o r a t e d t o dryness.. A c l e a n y e l l o w g l a s s (0.7 g) w h i c h 

. c r y s t a l l i z e d s p o n t a n e o u s l y was o b t a i n e d . I t was c r y s t a l l i z e d 

f r o m aqueous e t h y l a l c o h o l ( y i e l d 7 0 % ) , m.p. 1 2 9 - 1 3 0 ° , 

l i t e r a t u r e m.p. 1 3 0 - 1 3 1 ° • 

P a r t i a l H y d r o l y s i s o f m e t h y l 4 , 6 - O - b e n z y l i d e n e - 3 - O - m e t h y l - a -D 

a l t r o p y r a n o s i d e 

M e t h y l 4 , 6 - O - b e n z y l i d e n e 3 - O - m e t h y l - a ' - D - a l t r o s i d e 

( 1 g ) , m.p. 133°/ was d i s s o l v e d i n a m i x t u r e o f a c e t o n e 

(66 m l ) , w a t e r (29 ml) and N- h y d r o c h l o r i c a c i d (5 ml) and 

t h e s o l u t i o n was b o i l e d u n t i l o f c o n s t a n t r o t a t i o n (2 h o u r s ) 
2 0 ° 

( a ) = + i 4 9 o , 
D 

A f t e r n e u t r a l i z a t i o n w i t h b a r i u m c a r b o n a t e and 

f i l t r a t i o n t h e a c e t o n e was e v a p o r a t e d . The aqueous s o l u t i o n 

was e x t r a c t e d w i t h c h l o r o f o r m t o r e m o v e . b e n z a l d e h y d e and 

e v a p o r a t e d t o d r y n e s s . The r e s i d u e was e x t r a c t e d t h r e e 

t i m e s w i t h b o i l i n g a c e t o n e . The combined e x t r a c t s were 
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. e v a p o r a t e d t o d r y n e s s . The p r o d u c t m e t h y l 3 - 0 - m e t h y l - a -

D - a l t r o p y r a n o s i d e was o b t a i n e d as a s y r u p w h i c h c o u l d n o t 

be c r y s t a l l i z e d . 

P r o d u c t D e t e r m i n a t i o n by T h i n L a y e r C h r o m a t o g r a p h y 

T h r e e p r e p a r a t i v e s i l i c a c o n t a i n i n g 1% p h o s p h o r 

(0.25 cm t h i c k n e s s ) p l a t e s ( 7 V x Ih") were p r e p a r e d and 

t h e p r o d u c t . (0.070 g) i n m e t h a n o l s o l u t i o n was l i n e d e q u a l l y 

on e a c h p l a t e . The p l a t e s were r u n i n s t a n d a r d b e n z e n e -

i s o p r o p a n o l ( 7 5 : 2 5 ) . Bands on t h e p l a t e s were i d e n t i f i e d 

u n d e r U.V. 

' The bands c o n t a i n i n g t h e m a j o r p r o d u c t s were 

i d e n t i f i e d and c a r e f u l l y s c r a p e d f r o m t h e p l a t e s . The 

s i l i c a was washed s e v e r a l t i m e s w i t h c h l o r o f o r m and t h e 

p r o d u c t was i s o l a t e d by e v a p o r a t i o n o f t h e c h l o r o f o r m s o l v e n t 

The f i r s t zone ( Z l ) (.010 g) was c r y s t a l l i n e , 

m.p. 1 4 5 - 1 4 7 ° , Rp = .92. T h i s zone was c o n f i r m e d as s t a r t i n g 

m a t e r i a l ( m e t h y l 4 , 6 - 0 - b e n z y l i d e n e - 2 , 3 - a n h y d r o - a -D-manno­

p y r a n o s i d e ) by m i x e d m e l t i n g p o i n t ( 1 4 5 - 1 4 6 ° ) . The.compound 

had an i d e n t i c a l n.m.r. and I.R. as t h a t o f s t a r t i n g m a t e r i a l 

C h a r a c t e r i z a t i o n o f Zone I I 

The Zone I I (.017 g) was c h a r a c t e r i z e d as m e t h y l 

4 , 6 - 0 - b e n z y l i d e n e - a - D - a l t r o p y r a n o s i d e . 

. . m.p. = 1 6 9 - 1 7 0 ° 

m i x e d m.p. w i t h a u t h e n t i c sample = 1 6 8 - 1 7 0 ° 
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The compound, h a d an i d e n t i c a l n.m.r. and I.R. t o 

t h a t o f a u t h e n t i c s a mple. 

C h a r a c t e r i z a t i o n o f Zone I I I (.027 g) 

( M e t h y l 3 - O - m e t h y l - a - D - a l t r o p y r a n o s i d e ) . 

T h i s compound was c o n f i r m e d by t h e d i r e c t c o m p a r i s o n 

w i t h t h e a u t h e n t i c sample • 

... • • ( i ) R F = .26 " . 

( i i ) Rp ( a u t h e n t i c sample) = .26 

( i i i ) (.a )^° = 1 4 0 ° i n c h l o r o f o r m (C = 2.45) 
20 

( i v ) ( a ) D = 1 4 2 ° i n c h l o r o f o r m (C = 2 . 4 5 ) 

I t had e x a c t l y s i m i l a r n.m.r. t o t h a t o f a u t h e n t i c 

s a m p l e . 

Two more m o d i f i e d oxo r e a c t i o n s were c a r r i e d o u t 

on d i f f e r e n t c o n d i t i o n s a s shown i n T a b l e I and were f o l l o w e d 

e x a c t l y t h e same p r o c e d u r e as p r e v i o u s l y . 
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TABLE I 

R e a c t i o n o f M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - a -D-

m a n n o p y r a n o s i d e * w i t h c a r b o n monoxide and m e t h a n o l 

I n i t i a l 
E x p e r i - C O M e t h a n o l Time C02(CO)8 
ment P r e s s u r e v o l Temp. i n wt 
No. i n p . s . i . i n ml °C H o u r s i n g P r o d u c t Y i e l d 

1 1920 9.5 . 190 2 0.5 U n r e a c t e d 
e p o x i d e 14% 

M e t h y l 3-0-
m e t h y l - a -D-
a l t r o p y r a n o s i d e 30% 

- M e t h y l 4,6-0-
b e n z y l i d e n e - a -

. D - a l t r o p y r a n o ­
s i d e 2 6% 

2 2960 20 190 3 0.5 same 

3 3000 0.6 210 8 0.6 no m a j o r p r o d u c t . 
P r o d u c t decomposed. 

3 g o f s u b s t r a t e u s e d i n e a c h e x p e r i m e n t . 
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TABLE I I 

R e a c t i o n o f M e t h y l 2 , 3 - a n h y d r o 4 , 6 - 0 - b e n z y l i d e n e - a -D-

m a n n o p y r a n o s i d e w i t h c a r b o n m o noxide and h y d r o g e n . 

I n i t i a l I n i t i a l 
E x p e r i - CO H 2 

ment P r e s s u r e P r e s s u r e 
No. i n p . s . i . i n p . s . i . 

T ime 

Hou r s C 0 2 ( C 0 )'8 P r o d u c t Y i e l d 

990 140 0.5 g. M e t h y l 2,3-
a n h y d r o - a -D-
mannopyranos~ide 40% 

M e t h y l 2,3-
a n h y d r o 6-0-
b e n z y l - a -D~ 
m a n n o p y r a n o s i d e 45% (: 



. R e a c t i o n o f M e t h y l 2 , 3 - a n h y d r o 4 , 6 - O - b e n z y l i d e n e - _ -D-

m a n n o p y r a n o s i d e w i t h C a r b o n monoxide and H y d r o g e n i n t h e  

p r e s e n c e o f D i c o b a l t O c t a c a r b o n y l . 

To a m i x t u r e o f m e t h y l 2,3-anhydro 4 , 6 - O - b e n z y l i d e n e 

C - D - m a n n o p y r a n o s i d e (3.35 g) i n d r y p u r i f i e d b e n z e n e (15 ml) 

- c o n t a i n e d i n a 300 ml s h a k e r bomb was added d i c o b a l t o c t a ­

c a r b o n y l (.5 g ) . A f t e r f l u s h i n g t h e bomb w i t h c a r b o n 

monoxide, c a r b o n monoxide (990 p . s . i . ) and h y d r o g e n (910 p . s . i 

were added and t h e r e a c t a n t s h e a t e d w i t h r o c k i n g a t 1 4 0 ° f o r 

5 hours.. The. bomb was t h e n c o o l e d o v e r n i g h t ( p r e s s u r e d r o p 

o f 180 p . s . i . ) and t h e g a s e s were v e n t e d . The r e a c t i o n 

m i x t u r e c o n s i s t e d o f a d a r k brown s o l u t i o n . 

H a l f t h e p r o d u c t m i x t u r e was h e a t e d a t 80° f o r 

20 m i n u t e s t o decompose c a t a l y s t . The s o l v e n t f r o m t h e oxo 

p r o d u c t was e v a p o r a t e d on a f l a s h e v a p o r a t o r . The r e s i d u e 

was d i s s o l v e d i n c h l o r o f o r m . The p r o d u c t was d e c o l o r i z e d 

by. t r e a t m e n t w i t h D a r c o A c t i v e C h a r c o a l and t h e s o l v e n t 

was e v a p o r a t e d . The h y d r o f o r m y l a t i o n m i x t u r e o f t h e f i r s t 

h a l f g ave a t o t a l w e i g h t o f 1.5 g. 

An n.m.r. s p e c t r u m was o b t a i n e d on a smear o f t h e 

oxo p r o d u c t . . . . 

T h i n l a y e r c h r o m a t o g r a p h y work was p e r f o r m e d on 

s i l i c a and a l u m i n a (0.10 cm) p l a t e s ( 2 V x lh") .which were . 

r u n i n b e n z e n e - i s o p r o p a n o l (82:18) and were d e v e l o p e d u s i n g 
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s u l f u r i c a c i d - n i t r i c a c i d s p r a y and h e a t . 

A T.L.C. p l a t e was p r e p a r e d by s p o t t i n g s i d e by 

s i d e 

( i ) t h e i n i t i a l s u g a r e p o x i d e 

( i i ) m e t h a n o l s o l u b l e oxo p r o d u c t 

1 2 

V e r y Heavy S p o t Two Heavy S p o t s 

Rp = .92 R F = .2 8 

R F = .72. 

P r e p a r a t i o n o f 2 , 4 - D i n i t r o p h e n y l h y d r a z o n e d e r i v a t i v e s o f  

Oxo P r o d u c t . 

An amount o f 10 0 mg o f t h e oxo p r o d u c t was 

d i s s o l v e d i n 2 m l o f e t h a n o l c o n t a i n i n g 1 d r o p o f a c e t i c 

a c i d and t h e s o l u t i o n was h e a t e d t o t h e b o i l i n g p o i n t on 

a steam b a t h . To t h i s was a d d e d p o r t i o n w i s e a h o t s a t u r a t e d 

s o l u t i o n o f 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e i n e t h a n o l u n t i l 

t h e o r a n g e c o l o u r i m p a r t e d t o t h e s o l u t i o n no l o n g e r f a d e d 

t o y e l l o w . On d i l u t i n g w i t h w a t e r t o t u r b i d i t y and 

s t a n d i n g i n t h e r e f r i g e r a t o r , a y e l l o w , s o l i d s e p a r a t e d 

w h i c h was c o l l e c t e d by f i l t r a t i o n m.p. 2 3 5 - 2 3 7 ° . The m.p. 

o f a u t h e n t i c 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e d e r i v a t i v e o f 

p u r e b e n z a l d e h y d e by t h e same p r o c e d u r e as above was 235-

2 3 8 ° , m i x e d m.p.; 2 3 8 - 2 4 0 ° . 



. T . L . C . was p e r f o r m e d on s i l i c a (.10 cm) p l a t e s 

• ( 2 V x 7 V ) i n c h l o r o f o r m . B o t h 2,4 d i n i t r o p h e n y l h y d r a z o n e 

d e r i v a t i v e s g ave i d e n t i c a l Rp = .43. 

G a s - L i q u i d C h r o m a t o g r a p h y o f 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 (TMS) 

of t h e Oxo P r o d u c t 4 7 

The f o r m a t i o n o f t h e TMS d e r i v a t i v e i n p y r i d i n e . 

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

t o o k p l a c e v e r y r a p i d l y a t room t e m p e r a t u r e . 

100 mg o f oxo p r o d u c t was t r e a t e d w i t h 10 ml o f 

a n h y d r o u s p y r i d i n e ( k e p t o v e r KOH p e l l e t s ) , 2 ml o f h e x a ­

m e t h y l d i s i l a z a n e and 1 ml o f t r i m e t h y l c h l o r o s i l a n e . The 

r e a c t i o n was c a r r i e d o u t i n a . p l a s t i c s t o p p e r e d . f l a s k . The 

m i x t u r e was s h a k e n v i g o r o u s l y f o r a b o u t 30 s e c o n d s and was 

t h e n a l l o w e d t o s t a n d f o r 5 m i n u t e s o r l o n g e r a t room 

t e m p e r a t u r e p r i o r t o c h r o m a t o g r a p h y . 

The a c c u r a t e l y m e a s u r e d a l i q u o t drawn i n t o a 

H a m i l t o n s y r i n g e , was i n j e c t e d i n t o t h e c h r o m a t o g r a p h . 

E a c h i n j e c t i o n c o n s i s t e d o f a b o u t 1 ml o f s o l u t i o n . The 

column w h i c h was made up o f c o p p e r t u b e ( 1 2 1 x 3/8") was 

p a c k e d w i t h c h r o m o s o r b W ( m a n u f a c t u r e d by F and M) c a r r y i n g 

10% (wt) s i l i c o n gum r u b b e r SE-52 ( m a n u f a c t u r e d by F and M 

S c i e n t i f i c , Avondale,. Penn., U.S.A.) and o p e r a t e d a t 2 5 0 ° . 

•The c a r r i e r g a s was h e l i u m , d e t e c t o r t e m p e r a t u r e 3 1 0 ° , i n j e c t e d 

t e m p e r a t u r e 2 6 0 ° , f i l a m e n t c u r r e n t 150 mA. 



- 53 -

The gas c h r o m a t o g r a p h was an A e r o g r a p h A-700 

i n s t r u m e n t u s i n g t h e r m a l c o n d u c t i v i t y d e t e c t o r s . Two 

m a j o r z o n e s were i s o l a t e d . I n b o t h c a s e s t h e l o s s due 

t o a e r o s o l f o r m a t i o n was c o n s i d e r a b l e . 

Zone A ( M e t h y l 2 , 3 - a n h y d r o - G -D-mannopyranoside) 

R e t e n t i o n t i m e = 39 m i n u t e s 

Amount = 20 mg 

T h i s zone was c o l l e c t e d as a l i g h t y e l l o w s y r u p w h i c h 

c r y s t a l l i z e d o v e r n i g h t , m.p. 7 7 - 7 9 ° , m i x e d m.p. o f Zone A 

w i t h an a u t h e n t i c s a m p l e , 7 8 - 7 9 ° . 

I t had an i d e n t i c a l n.m.r. t o t h a t o f an a u t h e n t i c 

sample o f m e t h y l 2 , 3 - a n h y d r o -Q -D-mannopyranoside.. 

Zone B 

R e t e n t i o n t i m e = 19 m i n u t e s . 

I t was o b t a i n e d as a s y r u p w h i c h c o u l d n o t be c r y s t a l l i z e d . 

An a t t e m p t was made t o c h a r a c t e r i z e by c o m p a r i n g 

i t s Rp on T.L.C.. w i t h t h e Rp 1 s o f a m i x t u r e o f mono-O-benzyl 

e t h e r s o b t a i n e d by t h e m o n o b e n z o y l a t i o n o f t h e zone A. Zone B 

had t h e same Rp as t h a t o f one o f t h e components o f t h e 

l a t t e r m i x t u r e . I n o r d e r t o s t u d y t h e e f f e c t o f oxo r e a c t i o n 

on b e n z y l i d e n e group,, t h e oxo. p r o d u c t a l i q u o t (10 ml) was 

i n j e c t e d i n t o c h r o m a t o g r a p h . E a c h i n j e c t i o n c o n s i s t e d o f 

a b o u t 1 ml o f s o l u t i o n . T h r e e zones were o b t a i n e d and were 

c h a r a c t e r i z e d as b e n z e n e , b e n z a l d e h y d e and t o l u e n e . The. zones 

were c o n f i r m e d by c o m p a r i n g t h e r e t e n t i o n t i m e s w i t h 

a u t h e n t i c s a m p l e s . 
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S y n t h e s i s o f M e t h y l 2 , 3 - a n h y d r o - a - D - m a n n o p y r a n o s i d e 

M e t h y l 2 , 3 - a n h y d r o - 4 , 6 - 0 - b e n z y l i d e n e - a -D-

m a n n o p y r a n o s i d e (5.0 g) was h e a t e d w i t h m e t h a n o l (30 ml) 

and .01N s u l f u r i c a c i d (100 ml), u n d e r r e f l u x u n t i l a l l 

t h e s o l i d h a d d i s s o l v e d ( o n e - h a l f h o u r ) . M e t h a n o l was 

removed by d i s t i l l a t i o n and t h e r e m a i n i n g s o l u t i o n 

e x t r a c t e d w i t h b e n z e n e . The aqueous l a y e r was n e u t r a l i z e d 

w i t h b a r i u m c a r b o n a t e and t h e f i l t r a t e e v a p o r a t e d t o 

d r y n e s s . The s y r u p was d i s s o l v e d i n e t h a n o l and e t h y l 

a c e t a t e (100 ml o f each) and f i l t e r e d t h r o u g h n e u t r a l 

a l u m i n a (20 g) w h i c h was washed w i t h 20 0 ml o f t h e same 

- s o l v e n t . The c o m b i n e d f i l t r a t e s were e v a p o r a t e d t o a 

s y r u p , w h i c h c r y s t a l l i z e d from, c h l o r o f o r m , l i g h t p e t r o l e u m , 

t o g i v e t h e m e t h y l 2 , 3 - a n h y d r o — Q - D - m a n n o p y r a n o s i d e (2.90 g, 

87% y i e l d ) m.p. 8 1 - 8 2 ° . 
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.. • • EXPERIMENTAL SECTION B 

S y n t h e s i s o f 1/2-anhydro- G - p _ - g l u c o p y r a n o s e t r i a c e t a t e 

' ( B r i g l ' s a n h y d r i d e ) 4 0 , 4 1 

P r e p a r a t i o n o f fi - D - g l u c o p y r a n o s e p e n t a - a c e t a t e 

A s u s p e n s i o n o f 50 g o f a n h y d r o u s s o d i u m a c e t a t e 

i n 70 ml o f a c e t i c a n h y d r i d e i n a 2 l i t e r , r o u n d b o t t o m e d 

f l a s k was h e a t e d o v e r a f l a m e t o t h e b o i l i n g p o i n t i n an 

e f f i c i e n t fume hood.. A b o u t 3 g o f a n h y d r o u s CL-D-glucopyranose 

f r o m a 100 g s u p p l y was a d d e d and t h e f l a s k w i t h o u t s h a k i n g 

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

o n . t h e b o t t o m . I n i t i a t i o n o f t h e r e a c t i o n was i n d i c a t e d 

b y c o n t i n u e d b o i l i n g a f t e r r e m o v a l o f t h e f l a m e , t h e 

f l a s k was p l a c e d on a c o r k r i n g and t h e f l a m e was e x t i n g u i s h e d . 

The r e m a i n d e r o f t h e s u g a r was t h e n a d d e d . i n s m a l l p o r t i o n s 

a t a r a t e w h i c h m a i n t a i n e d t h e b o i l i n g t e m p e r a t u r e o f t h e 

m i x t u r e . . The f l a s k was g e n t l y s h a k e n . 

• • A f t e r t h e a d d i t i o n o f a l l t h e s u g a r and a f t e r 

t h e r e a c t i o n had s u b s i d e d , t h e s o l u t i o n was b r o u g h t t o a 

. f u l l b o i l . I t was t h e n c o o l e d and p o u r e d w i t h s t i r r i n g 

o n t o 2 l i t e r s o f c r a c k e d i c e . A f t e r s t a n d i n g 3 h o u r s w i t h 

o c c a s i o n a l s t i r r i n g , t h e c r y s t a l l i n e m a t e r i a l was f i l t e r e d 

w i t h s u c t i o n and washed w i t h c o l d w a t e r . Y i e l d 169 g ( 7 4 % ) . 

P u r i f i c a t i o n was e f f e c t e d by r e c r y s t a l l i z a t i o n 

f r o m 1 l i t e r o f h o t 95% e t h a n o l f o l l o w e d by f i l t r a t i o n w i t h 

d e c o l o r i z i n g c a r b o n . The p r o d u c t was f i l t e r e d as s o o n as 



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

t o room t e m p e r a t u r e . F u r t h e r r e c r y s t a l l i z a t i o n i n t h e 

same manner p r o d u c e d p u r e J3 - D - g l u c o p y r a n o s e p e n t a - a c e t a t e 

m.p. 1 3 0 - 1 3 2 ° . 

P r e p a r a t i o n o f 3 , 4 , 6 - t r i - 0 - a c e t y 1 - 2 - 0 - t r i c h l o r o a c e t y l - / ? -

D - g l u c o p y r a n o s y l c h l o r i d e 

P u r e f i n e l y p owdered, d r y /? - D - g l u c o p y r a n o s e 

p e n t a - a c e t a t e (78 g) was m i x e d t h o r o u g h l y w i t n 177 g o f 

powdered p h o s p h o r u s p e n t a c h l o r i d e i n a 500 ml r o u n d 

b o t t o m e d f l a s k e q u i p p e d w i t h a r e f l u x c o n d e n s e r . 

F o r t y m l . o f c a r b o n t e t r a c h l o r i d e was added and 

t h e r e a c t i o n m i x t u r e was p r o t e c t e d f r o m a t m o s p h e r i c 

m o i s t u r e . w i t h a t u b e c o n t a i n i n g c a l c i u m c h l o r i d e . The 

m i x t u r e was h e a l t e d i n a fume, hood on a steam b a t h f o r a b o u t 

30 m i n u t e s , t h e m i x t u r e became p a r t i a l l y l i q u i d and v o l a t i l e 

components began t o r e f l u x w i t h t h e e v o l u t i o n o f h y d r o g e n 

c h l o r i d e . A t t h e end o f t h e r e a c t i o n p e r i o d , a c l e a r 

y e l l o w i s h s o l u t i o n w a s , o b t a i n e d . The s o l u t i o n was e v a p o r a t e d 

u n d e r r e d u c e d p r e s s u r e (water a s p i r a t o r ) u n t i l t h e b a t h 

t e m p e r a t u r e had r i s e n t o a b o u t 8 5 ° . The t h i c k s y r u p was 

d i s s o l v e d i n 160 ml o f d r y e t h e r and c o o l e d o v e r n i g h t a t 

- 1 0 ° . The c r y s t a l l i n e p r e c i p i t a t e was c o l l e c t e d on a 

B'uchner f u n n e l , p r e s s e d t o a f i r m c a k e . a n d washed f i r s t 

w i t h 20 ml o f c o l d m e t h a n o l and t h e n w i t h 20 ml o f c o l d 
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d r y e t h e r y i e l d , 36 g (38%) o f c r u d e p r o d u c t m.p. 131-

138°.. The compound was s u f f i c i e n t l y p u r e a f t e r two 

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 t o be u s e d i n t h e f o l l o w i n g 

p r e p a r a t i o n ; m.p. 1 4 0 - 1 4 2 ° . 

P r e p a r a t i o n o f 3, 4 , 6-Tri-O-acetyl- ( B - D - g l u c o p y r a n o s y l 

c h l o r i d e . 

A n h y d r o u s e t h e r (200 ml) c o n t a i n e d i n a 500 ml 

e r l e n m e y e r f l a s k was s a t u r a t e d w i t h d r y ammonia a t room 

t e m p e r a t u r e . The s o l u t i o n was c o o l e d t o 0°C and 10 g o f 

f i n e l y powdered, dry. 3 , 4 , 6 - t r i - 0 - a c e t y l - 2 - 0 - t r i c h l o r o -

a c e t y l - (3 - D - g l u c o p y r a n o s y l c h l o r i d e was a d d e d . The 

m i x t u r e was s h a k e n v i g o r o u s l y t o b r i n g a b o u t s o l u t i o n as 

r a p i d l y as p o s s i b l e . . A l m o s t i m m e d i a t e l y a f t e r s o l u t i o n 

was c o m p l e t e , t h e p r o d u c t b e g a n t o c r y s t a l l i z e . The 

s o l u t i o n was c o o l e d t o 0° f o r 5 m i n u t e s b e f o r e c o l l e c t i n g 

t h e p r e c i p i t a t e w h i c h was washed w i t h e t h e r . 

3 , 4 , 6 - t r i - 0 - a c e t y l - / 3 - D - g l u c o p y r a n o s y l c h l o r i d e 

i s d r i e d u n d e r r e d u c e d p r e s s u r e o v e r p h o s p h o r u s p e n t a o x i d e 

and p o t a s s i u m h y d r o x i d e ; y i e l d , 6.0 g (93%) m.p. 1 5 6 - 1 5 8 ° 

[ a + 2 8 ( C l c h l o r o f o r m ) 

P r e p a r a t i o n o f 1 , 2 - a n h y d r o - Q - D - g l u c o p y r a n o s e t r i a c e t a t e 

D r y and f i n e l y p o w d ered 3 , 4 , 6 - t r i - 0 - a c e t y l - {3 -p_-

g l u c o p y r a n o s y l c h l o r i d e (10 g) was added t o 50 ml o f 

d r y b e n z e n e c o n t a i n e d i n a 3 - n e c k e d 150 ml f l a s k e q u i p p e d 

w i t h a s t i r r e r ( s e a l e d s h a f t ) a g a s - i n l e t t u b e w h i c h e x t e n d e d 
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t o n e a r t h e b o t t o m o f t h e f l a s k and a d r y i n g t u b e w h i c h 

was f i l l e d w i t h c r u s h e d p o t a s s i u m h y d r o x i d e p e l l e t s . A 

.stream o f d r y ammonia, was p a s s e d t h r o u g h .the s t i r r e d 

. s o l u t i o n f o r 3 -hours a t room t e m p e r a t u r e . The p r e c i p i t a t e d 

ammonium c h l o r i d e was removed b y ' f i l t r a t i o n and t h e f i l t r a t e 

was e v a p o r a t e d t o a b o u t 20. m l . The s o l u t i o n was p a s s e d 

r a p i d l y t h r o u g h a bed o f d r y s i l i c i c a c i d w h i c h was p r e ­

p a r e d by p o u r i n g a s l u r r y o f 5 g o f d r y s i l i c i c a c i d i n 

a b o u t 10 ml o f benzene, i n t o a 2 cm ( a p p r o x i m a t e d i a m e t e r ) 

c h r o m a t o g r a p h i c t u b e . The b e d was washed w i t h 50 ml o f 

d r y b e n z e n e and t h e t o t a l e l u a t e was e v a p o r a t e d u n d e r 

r e d u c e d p r e s s u r e t o a t h i c k o i l . D r y p e t r o l e u m e t h e r 

•(20 ml) was added and on r u b b i n g w i t h . a g l a s s r o d , t h e 

p r o d u c t was soon c r y s t a l l i z e d . Y i e l d 6.5-7.0 g o f 1,2-

a n h y d r o - C ! - D - g l u c o p y r a n o s e t r i a c e t a t e m.p. 4 9 - 5 4 ° . M a t e r i a l 

w h i c h m e l t e d a t 55-56° c o u l d be o b t a i n e d by r e c r y s t a l l i z a t i o n 

f r o m t h r e e p a r t s o f e t h e r s and one p a r t o f low b o i l i n g •• 

p e t r o l e u m e t h e r . 

An i m p r o v e d s y n t h e s i s o f 3 , 4 , 6 - t r i - O - a c e t y l - l , 2 - a n h y d r o - CL -
• 

D - g l u c o p y r a n o s e ( B r i g l ' s a n h y d r i d e ) 

C r u d e 3 , 4 , 6 - t r i - O - a c e t y l - / 3 - D - g l u c o p y r a n o s y l _' 

c h l o r i d e , (7.4 g ) , m.p. 1 3 0 - 1 3 3 ° , was s u s p e n d e d i n 60 ml 

o f d r y b e n z e n e and • 2 ml o f d i e t h y l a m i n e by s h a k i n g f o r a 

h a l f h o u r . The s o l u t i o n was f i l t e r e d t h r o u g h a b ed o f 5 g 

o f d r y s i l i c i c a c i d and t h e f i l t r a t e was e v a p o r a t e d t o a 



s y r u p , 1.43 g.. The s y r u p r a p i d l y c r y s t a l l i z e d f r o m e t h e r 

S k e l l y s o l v e B and 1.3 g o f " B r i g l ' s A n h y d r i d e " , m.p.-. 

56 . 5 - 5 7 ° was o b t a i n e d . The p r e c i p i t a t e on t h e s i l i c i c 

a c i d b e d was c o l l e c t e d and r e a c t e d f u r t h e r i n 60 ml o f 

benzene and 5 ml o f d i e t h y l a m i n e f o r one h o u r . As above, 

4.49 g o f t h e s y r u p was o b t a i n e d w h i c h d e p o s i t e d 3.22 g 

o f c r y s t a l l s , m.p. 5 5 - 5 6 ° f r o m e t h e r . S k e l l y s o l v e B. The 

" t o t a l y i e l d o f " B r i g l ' s A n h y d r i d e " was 70%. 

R e a c t i o n o f 1,2-an h y d r o - CL-D-glucopyranose t r i a c e t a t e 

( B r i g l ' s a n h y d r i d e ) w i t h C a r b o n monoxide and H y d r o g e n i n  

t h e p r e s e n c e o f D i c o b a l t O c t a c a r b o n y l . 

To a m i x t u r e o f 1 , 2 - a n h y d r o - Q - D - g l u c o p y r a n o s e 

(1.20 g) i n d r y p u r i f i e d b e n z e n e (10.ml) c o n t a i n e d i n a 

300 ml s h a k e r bomb was adde d d i c o b a l t o c t a c a r b o n y l (.5 g ) . 

A f t e r f l u s h i n g t h e bomb w i t h c a r b o n m onoxide, c a r b o n 

monoxide (910 p . s . i . ) and h y d r o g e n (990 p . s . i . ) were 

added and t h e r e a c t a n t s h e a t e d w i t h r o c k i n g a t 1 0 6 ° f o r 

a h a l f h o u r . The bomb was t h e n c o o l e d and t h e g a s e s 

were v e n t e d . The r e a c t i o n m i x t u r e c o n s i s t e d o f a d a r k 

brown s o l u t i o n . 

A p p r o x i m a t e l y h a l f t h e p r o d u c t m i x t u r e was removed 

f r o m t h e bomb and t h e n p l a c e d on a f l o r i s i l c o n t i n u o u s 

f l o w c h r o m a t o g r a p h y c o l u m n (17.5 x 3.4 cm d i a m ) . The 

c a t a l y s t was e l u t e d w i t h p e t r o l e u m e t h e r ( 3 0 - 6 0 ° ) . When 

t h e e l u a t e was no l o n g e r c o l o u r e d t h e h y d r o f o r m y r a t i o n ' . 
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p r o d u c t s were e l u t e d u s i n g a b e n z e n e - m e t h a n o l ( 9 8 : 2 ) 

m i x t u r e . .The c o l o u r l e s s e l u a t e was c o l l e c t e d i n t a r e d 

f l a s k (100 ml) and t h e s o l v e n t was removed by e v a p o r a t i o n . 

The p r o d u c t was a s y r u p y m a t e r i a l (.447 g) w h i c h 

was s o l u b l e i n . m e t h a n o l . 

. A . t h i n l a y e r c h r o m a t o g r a p h y , work was p e r f o r m e d 

on s i l i c a (0.10 cm) p l a t e s ( 2 V x Ih") u s i n g b e n z e n e -

a c e t o n e (91:9) as d e v e l o p e r and s u l f u r i c a c i d - n i t r i c a c i d 

s p r a y and h e a t as d e t e c t o r . 

• T h e r e were t h r e e z o n e s h a v i n g R F ' s o f .30, .36, 

.38 on T.L.C. one o f w h i c h was m a j o r and o t h e r two m i n o r . 

. An amount o f 0..70 g o f t h e oxo p r o d u c t was 

a c e t y l a t e d w i t h a c e t i c a n h y d r i d e and p y r i d i n e as u s u a l . 

T.L.C. o f t h e a c e t y l a t e d oxo p r o d u c t gave one s p o t R F = .64. 

I t had an n.m.r. w h i c h was a l m o s t s i m i l a r t o t h a t o f an 

a u t h e n t i c s a m p l e 4 2 o f 1 , 3 , 4 , 5 , 7 - p e n t a - O - a c e t y 1 - 2 , 6 - a n h y d r o -

D - g l y c e r o - D - g u l o - h e p t i t o l . 

P r e p a r a t i o n o f 2 , 4 - D i n i t r o p h e n y l h y d r a z o n e d e r i v a t i v e o f  

oxo p r o d u c t . 4 ^ 

An amount o f .015 g o f t h e oxo p r o d u c t was 

d i s s o l v e d i n 2 m l m e t h a n o l c o n t a i n i n g one d r o p o f a c e t i c 

a c i d and t h e s o l u t i o n was h e a t e d t o b o i l i n g p o i n t on a 

steam b a t h . To t h i s was a d d e d p o r t i o n w i s e a h o t s a t u r a t e d 

s o l u t i o n o f 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e i n e t h a n o l u n t i l 

t h e o r a n g e c o l o u r i m p a r t e d t o t h e s o l u t i o n no l o n g e r f a d e d 
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t o y e l l o w . . On d i l u t i o n w i t h w a t e r and s t a n d i n g i n t h e 

r e f r i g e r a t o r d e p o s i t e d a y e l l o w s o l i d w h i c h was a c c i d e n t a l l y 

l o s t . 

Gas L i q u i d P a r t i t i o n C h r o m a t o g r a p h i c s e p a r a t i o n o f t h e  

a c e t y l a t e d p o l y o l s d e r i v e d f r o m t h e oxo p r o d u c t . 

The o x o ' p r o d u c t , (200 mg) was. r e d u c e d w i t h sodium 

b o r o h y d r i d e (200 m g ) . i n methanol. (20 m l ) . A f t e r two h o u r s 

t h e r e a c t i o n . m i x t u r e was f i l t e r e d , d i l u t e d w i t h w a t e r 

(20 ml)' and d e i o n i z e d w i t h a m b e r l i t e IR 120H i o n exchange 

r e s i n . E v a p o r a t i o n o f t h e s o l v e n t y i e l d e d a c r y s t a l l i n e 

mass f r o m w h i c h m e t h a n o l (20 ml) was e v a p o r a t e d f i v e t i m e s 

t o . removed b o r a t e e s t e r s . . Removal o f t h e s o l v e n t gave a-

l i g h t brown s y r u p (40 mg) w h i c h was a c e t y l a t e d w i t h a c e t i c 

a n h y d r i d e (1 ml) and p y r i d i n e (1 ml) as u s u a l . To t h e 

s y r u p a c e t a t e m i x t u r e was a d d e d a n h y d r o u s e t h e r . C r y s t a l s 

(40 mg) were i s o l a t e d , m.p. 9 0 - 9 2 ° . 

The compound was compared w i t h a u t h e n t i c sample 

o f 1 , 3 , 4 , 5 , 7 - p e n t a - 0 - a c e t y l - 2 , 6 - a n h y d r o - D - g l y c e r o - D - g u l o -

h e p t i t o l and was shown t o h a v e i d e n t i c a l p.m.r., i n f r a r e d 

, s p e c t r a . a n d no d e p r e s s i o n i n m i x e d m e l t i n g p o i n t ( 9 0 - 9 2 ° ) . 

The c r y s t a l s were d i s s o l v e d i n a n h y d r o u s e t h e r 

and were i n j e c t e d i n t o G.L.C. a p p a r a t u s as e t h y l e t h e r 

s o l u t i o n . The column w h i c h was made up o f c o p p e r t u b e 

( 1 2 1 x 3/8") was p a c k e d w i t h c h r o m o s o r b W ( m a n u f a c t u r e d 

by F and M S c i e n t i f i c , A v o n d a l e , Penn., U.S.A.) and o p e r a t e d 
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a t 2 8 0 ° . The c a r r i e r gas was h e l i u m . ( 2 0 0 ml/min) , 

d e t e c t o r t e m p e r a t u r e 3 1 5 ° , i n j e c t o r t e m p e r a t u r e 290°« 

• The g a s c h r o m a t o g r a p h was an A-700 i n s t r u m e n t 

u s i n g t h e r m a l c o n d u c t i v i t y d e t e c t o r s . One s h a r p m a j o r 

.peak ( a t l e a s t 95%) was o b s e r v e d a t r e t e n t i o n t i m e 23 

m i n u t e s and t r a c e s o f two o t h e r s u b s t a n c e s . . 

The compound f r o m t h e m a i n zone was compared 

w i t h a n a u t h e n t i c sample o f 1 , 3 , 4 , 5 , 7 - p e n t a - 0 - a c e t y l - 2 , 6 -

a n h y d r o - D - g l y c e r o - D - g u l o - h e p t i t o l and shown t o have t h e 

. same r e t e n t i o n t i m e o f 23 m i n u t e s . 

P r o d u c t D e t e r m i n a t i o n by P a p e r C h r o m a t o g r a p h y 

The oxo p r o d u c t (3 00 mg) was d e - O - a c e t y l a t e d by 

d i s s o l v i n g t h e oxo p r o d u c t i n 10 ml o f a n h y d r o u s m e t h a n o l 

and t h e n a d d i n g 1-2 m l o f 2 N - 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 

and l e a v i n g t h e m i x t u r e a t . 5 ° o v e r n i g h t . C a r b o n d i o x i d e 

was b u b b l e d t h r o u g h t h e c o l d s o l u t i o n f o r 0.5 h o u r s t o 

d e s t r o y t h e s o d i u m m e t h o x i d e m e t h a n o l and m e t h y l , a c e t a t e 

were removed by c o n c e n t r a t i o n u n d e r r e d u c e d p r e s s u r e and 

the. r e s i d u a l s y r u p was d i s s o l v e d i n w a t e r and d e i o n i z e d by 

p a s s a g e t h r o u g h A m b e r l i t e IR-120. The s o l u t i o n was c o n ­

c e n t r a t e d u n d e r r e d u c e d p r e s s u r e t o a f a i r l y t h i c k s y r u p 

(125 mg). 

The s y r u p was d i s s o l v e d i n a s m a l l volume o f 

m e t h a n o l (3 m l ) , was a p p l i e d e q u a l l y t o f o u r s h e e t s (57 x 

46 cms) o f Whatman No. 1 f i l t e r p a p e r , p r e p a r e d f o r d e s c e n d i n g 
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c h r o m a t o g r a p h y c a b i n e t s a t u r a t e d w i t h e l u e n t v a p o u r s 

f o r 6 h o u r s . D e v e l o p e r u s e d was w a t e r - s a t u r a t e d b u t a n o l 

w i t h 5% e t h a n o l f o r 6 h o u r s ^ A f t e r e q u i l i b r a t i o n and 

d e v e l o p m e n t f o r 6 0 h o u r s , t h e t h r e e zones were l o c a t e d 

by s p r a y i n g t e s t s , s t r i p s , c u t f r o m e a c h sheet., w i t h 

aqueous sodium p e r i o d a t e - s c h i f f r e a g e n t and s e p a r a t e l y 

e x t r a c t e d w i t h h o t aqueous m e t h a n o l (1:1 V/V) t o a f f o r d 

F r a c t i o n I (0.015 g) 17% R p. = .15.. , 

Zone I I was d i f f u s e d and was s e c t i o n e d i n t o 

two f r a c t i o n s 

F r a c t i o n I I (.038 g.) R F = .18 

F r a c t i o n I I I (.026 g) R F = .20 

C h a r a c t e r i z a t i o n o f F r a c t i o n I I 

( 2 , 6 - a n h y d r o - D - g l y c e r o - D - g u l o - h e p t i t o l ) 

The compound was o b t a i n e d as a s y r u p w h i c h 

c r y s t a l l i z e d on s t a n d i n g , m.p. 2 0 3 - 2 0 5 ° - The r e p o r t e d 

m.p. o f 2 , 6 - a n h y d r o - D - g l y c e r o - D - g u l o - h e p t i t o l i s 2 0 4 - 2 0 5 ° . 

M i x e d m.p. o f f r a c t i o n I I w i t h a u t h e n t i c 2,6-

a n h y d r o - D - g l y c e r o - D - g u l o - h e p t i t o l was 20 3 - 2 0 5 ° . 

F r a c t i o n I I had an i d e n t i c a l n.m.r. t o t h a t o f 

t h e a u t h e n t i c sample. ( F i g . I ) . 

F r a c t i o n I ' (.015 g) 

was o b t a i n e d as a s y r u p w h i c h c o u l d n o t be 

c r y s t a l l i z e d . 
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. R e d u c t i o n o f F r a c t i o n I w i t h s o d i u m b o r o h y d r i d e 

g a v e F r a c t i o n I I w h i c h was c h a r a c t e r i z e d by p a p e r 

c h r o m a t o g r a m w i t h i d e n t i c a l R F o f t h e component, m.p. 

2 0 3 - 2 0 4 ° ; ( F i g . I I ) . 

F r a c t i o n I I I was a g a i n s u b j e c t e d t o p a p e r 

c h r o m a t o g r a p h y u s i n g e t h y l a c e t a t e a c e t i c a c i d - w a t e r -

f o r m i c a c i d (18:3:4:1) as d e v e l o p e r . . I t c o n s i s t e d o f 

m a i n l y F r a c t i o n (II.) and a t r a c e ( l e s s t h a n 5%) o f a 

t h i r d component w h i c h was n o t c h a r a c t e r i z e d . The c o m b i n e d 

y i e l d o f F r a c t i o n ( I I ) was 75-80%. ; .. ': „ -' 
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F i g . 1 - N u c l e a r 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 a t 60 mc o f 2 , 6 - a n h y d r o - D - g l y c e r o - D -
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Figure II - NuclearMagnetic Resonance Spectrum at 100 mc of 2,6-anhydro-D^-glycero-D-
gulo-aldehydo-D-heptose. (Fraction I) 


