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ABSTRACT

P a r t  I , The c o m p lex in g  of  m o ly h d a te  o r  t u n g s f a t e  i o n  

w i t h  p o ly h y d ro x y  compounds has  b ee n  s t u d i e d  w i t h  a  v iew  

t o  u t i l i z i n g  t h e  com plexes  f o r  t h e  s e p a r a t i o n  of  p o l y 

h y d ro x y  compounds. The s e p a r a t i o n  o f  a  l a r g e  number of  

p o ly h y d ro x y  compounds by  methods s u c h  a s  a n i o n  exchange  

c h ro m a to g ra p h y ,  p a p e r  c h r o m a to g ra p h y , c e l l u l o s e  column 

ch ro m a to g ra p h y  and t h i n - l a y e r  c l i ro m a to g ra p h y ,  has  b ee n  

d e s c r i b e d .  I t  h as  b ee n  shown t h a t  com plex  fo rm in g  p o l y o l s  

p o s s e s s i n g  f o u r  a d j a c e n t  h y d r o x y l  g ro u p s  can  be s e p a r a t e d  

on m o ly b d a te  o r  t u n g s t a t e  fo rm s  o f  a n io n - e x c h a n g e  r e s i n  

f rom  t h e  p o l y o l s  w h ich  e i t h e r  do n o t  fo rm  a  com plex  o r  

com plex  due t o  t h e  p r e s e n c e  o f  1 , 2 , 3 ~ c i s , c i s  t r i o l  s y s t e m .  

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

l a t t e r  t y p e  on t h e  m o ly b d a te  o r  t u n g s t a t e  fo rm  o f  r e s i n ' h a s  

b e e n  d i c u s s e d . .

The c h ro m a to g ra p h y  on p a p e r  p a r t i a l l y  im p r e g n a te d  

w i t h  t u n g s t a t e  h as  d i v i d e d  t h e  p o l y o l s  i n t o  n o n -c o m p le x in g  

p o l y o l s ,  complex fo rm in g  p o l y o l s  p o s s e s s i n g  t h r e e  a d j a c e n t  

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

group* The t e c h n i q u e  o f  c h ro m a to g ra p h y  on p a p e r  w h o l ly  

im p r e g n a te d  w i t h  t u n g s t a t e  h a s ,  i n  a d d i t i o n  t o  t h e  

s e p a r a t i o n  o f  a  wide v a r i e t y  o f  s u b s t a n c e s ,  f u r t h e r  a f f o r d e d  

a  means o f  s t u d y i n g  t h e  s t r u c t u r e  o f  t h e  compounds.



1 1

S t r u c t u r e s  f o r  t h e  p o l y o l - t u n g s t a t e  co m p le x e s  h a v e  b e e n  

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

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

The mode o f  com plex  f o r m a t i o n  o f  D - g a l a c t o s e  h a s  

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

f o r m a t i o n  o f  D - g a l a c t o s e - t u n g s t a t e  com lex  h a s  b e e n  

p r o p o s e d .

P a r t  I I . The p r e p a r a t i o n  o f  p h e n y l b o r o n a t e s  o f  some

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

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

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

i n v e s t i g a t e d .  I t  h a s  b e e n  sho im  t h a t  r i b i t o l  and  x y l i t o l  

fo rm  1 , 3 : 2 ,4—b i s p h e n y l b o r o n a t e s  and  1 - d e o x y - L - g a l a c t i t o l  

f o rm s  3 , 3 : 4 - , 6 - b i s p h e n y l b o r o n a t e .  The f o r m a t i o n  o f  

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

a l d e h y d e s  and  k e t o n e s  w i t h  p o l y o l s .
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c o n c l u s i o n  o f  t h e  p r e s e n t  work.

A



V
C O N T E N T S

Page

PART I :  IvIOI'YBDATE MH) TUI'TUSTATE COieLEXES OP POLYOLS

A. INTRODUCTION 1

B. RESULTS AI\D DISCUSSION 10

1 . S e p a r a t i o n  o f  P o l y o l s  on M olybda te  o r  
T u n g s t a t e  Forms o f  A n io n -ex ch a n g e  10 
r e s i n s .

2 .  C l irom atography of  P o l y o l s  on C e l l u l o s e  28
Im p re g n a te d  w i t h  M olybda te  o r  T u n g s t a t e

( a )  P a r t i a l l y  I m p re g n a te d  F i l t e r  32 
P a p e r

(b )  7 /ho l ly  I m p re g n a te d  C e l l u l o s e  41

( i )  W holly  I m p re g n a te d  F i l t e r  41 
P a p e r

( i i )  \7ho l ly  I m p re g n a te d  C e l l u l o s e  86  
Powder

3. T h i n - l a y e r  C hrom atography  of  P o l y o l s  89
i n  P r e s e n c e  o f  T u n g s t a t e

4 .  Complex F o rm a t io n  o f  D - g a l a c t o s e  w i t h  90 
M olybda te  and T u n g s t a t e .

PART I I :  PHEDTYL30R0NATE:)0F SOEIE PENTITOLS 98

A. INTRODUCTION 99

B. RESULTS AND DISCUSSION 106

1 . P r e p a r a t i o n  o f  B i s  p h en y lb  o r o n a t  e s 106
o f  some A c y c l i c  P e n t i t o l .



V I

Page

2. L o c a t i o n  o f  U n s u b s t i t u t e d  h y d r o x y l  108
G-roup i n  B i s  pheny l b  o r o n a t  e s o f  
some A c y c l i c  P e n t i t o l s .

( a )  P e r i o d a t e  o x i d a t i o n  o f  p h e n y l  
c a rb a m a te s  d e r i v e d  f rom

( i )  R i b i t o l ,  X y l i t o l  and 
L - L y x i t o l .

( i i )  1 - D e o x y - L - g a l a c t i t o l  114

(b)  L o c a t i o n  o f  u n s u b s t i t u t e d  117 
h y d r o x y l  g ro u p  i n  L - l y x i t o l
b i s  p h en y lb  o r o n a t  e . “

3o A ss ignm ent  o f  R ing  S t r u c t u r e s  120
o f  P h e n y l b o r o n a t e s .

EXPERIMENTAL 139



A. INTRODUCTION

Polyhydroxy-com pounds  a r e  known t o  fo rm  com plexes
1

w i t h  i o n s  of  s e v e r a l  i n o r g a n i c  o x y - a c i d s ,  e . g .  b o r a t e ,  

[B (0 H )^ ]“ , g e r m a n a t e , ^ ’ ^ [U e(O H )^]^" ,  s t a n n a t e , ^

[Sn(OH)g]^ '” , a n t i m o n a t e , ^  [ 8 b ( 0 H ) ^ ] " ,  t e l l u r a t e , ^  [T e O ^ ] ,^ “
6 *5 7 2 7p e r i o d a t e ,  [ 1 0 ^]  , d i m o l y b d a te ,  [ 1/1020^ ]  ~9 and d i t u n g s t a t e ,

P—[W2O7 ] These i o n s ,  e x c e p t  t h e  d im o ly b d a te  and

d i t u n g s t a t e ,  a r e  t h e m s e lv e s  t h e  r e s u l t  o f  c o - o r d i n a t i o n ,  e . g .

B ( O H ) j  + OH® -----------  Cb ( O H ) ^ ] “

2 _
A lth o u g h  t h e  no rm a l  m o ly b d a te ,  MoO^ and t u n g s t a t e  i o n s ,

2 —WÔ  have i n  t h e i r  an h y d ro u s  s a l t s ,  e . g .  Ag2MoO^ and
O Q

CaWO^, r e s p e c t i v e l y ,  a  t e t r a h e d r a l  symmetry, i n  t h e i r
10known p o l y a c i d s  molybdenum and t u n g s t e n  a r e  6 - c o - o r d i n a t e d  .

I t  i s  l i k e l y  t h a t  t h e  d im o ly b d a te  and d i t u n g s t a t e  io n s  fo rm  

aquo com plexes  i n  w h ich  two w a t e r  m o le c u l e s  a ro u n d  each  

c e n t r a l  a tom co m p le te  i t s  6 - c o - o r d i n a t i o n .

[MOgO^y.^HgO]^" [WgO^.LHgO]^"

Thus ,  t h e  f o r m a t i o n  o f  com plexes  b e tw e en  p o ly h y d r o x y -  

compounds can  be  f o r m u l a t e d  as  t h e  r e p l a c e m e n t  o f  a t  l e a s t  

two l i g a n d s  o f  t h e  a n i o n s  by  oxygen atoms o f  t h e  p o ly h y d ro x y  

compound, e . g .  ( I ) , ( I I )  and  ( I I I ) .
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W ith  t h e  e x c e p t i o n  o f  t h e  com plexes  fo rm ed  f rom

p e r i o d a t e ,  w h ich  a r e  i n t e r m e d i a t e s  i n  t h e  g l y c o l

c l e a v a g e  r e a c t i o n , ^  su ch  com plexes  fo rm  t h e  b a s i s  o f

e l e c t r o p h o r e s i s  o f  f o r m a l l y  n e u t r a l  p o ly h y d ro x y  compounds

The complex  f o r m a t i o n  w i t h  m o ly b d a te  and t u n g s t a t e

t a k e s  p l a c e  a t  pH v a l u e s  be low  t h o s e  o f  s o l u t i o n s
2 — 2 —c o n t a i n i n g  t h e  n o rm a l  i o n s  (MoO^ "  o r  WÔ  " )  o n l y ,  i . e .

pH £ a .  9 .^ ^ ’ C o n s e q u e n t ly ,  e l e c t r o p h o r e s i s  i n  m o ly b d a te

o r  t u n g s t a t e  s o l u t i o n s  h a s  b e e n  c a r r i e d  o u t  a t  pH _ca. 5

where  im m edia te  f o r m a t i o n  o f  s t a b l e  com plexes  o c c u r s .

M easurement o f  e l e c t r o p h o r e t i c  m o b i l i t i e s  and o p t i c a l

r o t a t o r y  power,  and t h e  r e s u l t s  o f  p e r i o d a t e  o x i d a t i o n  o f

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

o f  m o ly b d a te  o r  t u n g s t a t e ,  h a s  r e v e a l e d  t h a t  com plex
1 ^—16

f o rm in g  p o l y o l s  f a l l  i n t o  two c l a s s e s :

11



( a )  P o l y o l s  f o rm in g  com plexes  i n  w h ich  IJ/P = 1 

(M = Mo o r  W; P = p o l y o l )

These  compounds p o s s e s s  i n  t h e i r  more f a v o u r a b l e  

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

p o s i t i o n  a p p r o x i m a t i n g  t o  t h a t  d e p i c t e d  i n  IV.

OH
OH

(IV)

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

w h ich  p o s s e s s  a  c i s - c i s - 1 , 2 , 3 - t r i o l  s y s t e m ,  e . g .  

a - D - g u l 0p y r a n 0 se  ( 7 ) ,  u - D - e r y t h r o f u r a n o s e  (VI)  and 

e p i - i n o s i t o l  ( V I I ) .

OH OH
C HpH

OH
OHOH

HO
OH

(V)
OH OH

(V I )

OH

HO
OH

O H ,

(VII)



S i m i l a r l y ,  a c y c l i c  p o l y o l s  w h ich  p o a s e s s  a  1 , 2 , 3 ( a , a T )

- ( V I I I )  o r  1 , 2 , 3  ( û T , a r ) - t r i o l  s y s t e m  (IX )  ( B a r k e r  and
17Bourne  n o m e n c l a t u r e ) w i l l  fo rm  t h i s  t y p e  o f  complex*

The h y d r o x y l  g ro u p s  o f  ( I X ) ,  when t h e  c a rb o n  c h a i n  i s  i n  

t h e  p l a n a r  z i g - z a g  c o n f o r m a t i o n ,  a r e  i n  t h e  same r e l a t i v e  

d i s p o s i t i o n  a s  t h o s e  o f  ( I V ) ,  where a s  t h o s e  o f  ( V I I I )  can

CH^OH

HO
HO

OH

OH

O H

( V I I I )  (IX)

be b r o u g h t ,  w i t h o u t  d i s t o r t i o n  o f  t h e  c a rb o n  c h a i n ,  i n t o  

t h i s  s p a t i a l  a r r a n g e m e n t .  T hus ,  t h e  î - 0 - s u b s t i t u t e d  

L - g u l i t o l s  f a l l  i n t o  t h i s  c l a s s .  T a k in g  i n t o  a c c o u n t  t h e
—  O 0  rj
0 - 0  d i s t a n c e s  i n  m o ly b d a te  (2 .59A )  and t u n g s t a t e  ( 2 .5 6 A ) ,  

(X) has  b ee n  s u g g e s t e d  a s  t h e  s t r u c t u r e  ( p a r t i a l )  o f  

m o ly b d a te  and t u n g s t a t e  com plexes  o f  p o l y o l s  p o s s e s s i n g  

t h e  above s t r u c t u r a l  f e a t u r e s .

(X)

/
o

- A

M = Mo o r  W



(b )  P o l y o l s  f o rm in g  com plexes  i n  w h ich  M/P = 2 .

These  a r e  t h e  a c y c l i c  p o l y o l s  p o s s e s s i n g  a t  l e a s t  

f o u r  a d j a c e n t  h y d r o x y l  g r o u p s ,  i r r e s p e c t i v e  o f  t h e  con

f i g u r a t i o n  a t  a s y m m et r ic  c a rb o n  a to m s .  S t r u c t u r e s  X I -  

XIV have  b ee n  p o s t u l a t e d  f o r  t h e i r  m o ly b d a te  and t u n g s t a t e  

c o m p le x e s .  T hese  a r e  t h u s  p ro d u ced  f ro m  1 , 2 , 3 i h - t e t r i t o l s ,  

t h e  2 , 5 - d i o l  g ro u p s  o f  w h ich  have  e i t h e r  e r y t h r o  (XI and 

X I I )  o r  t h r e o  ( X I I I  and XIV) c o n f i g u r a t i o n s .

The c o m p le x - fo rm in g  p r o p e r t i e s  o f  p o l y o l s  have  b e e n  

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

o f  t h e  work d e s c r i b e d  i n  P a r t  I  i s  t o  i n v e s t i g a t e  ( a )  t h e  

u s e  o f  m o ly b d a te  o r  t u n g s t a t e  fo rm s  o f  a n i o n  exchange  r e s i n s  

f o r  t h e  s e p a r a t i o n  o f  p o l y o l s  and (b )  t h e  c h r o m a to g r a p h ic  

b e h a v i o u r  o f  p o l y o l s  u s i n g  p a p e r  ( o r  c e l l u l o s e  powder)  

im p r e g n a te d  w i t h  m o ly b d a te  o r  t u n g s t a t e .  I t  i s  t h u s  

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

o f  p o l y o l s ,  o t h e r  t h a n  e l e c t r o p h o r e s i s ,  i n  v/hich com plexes  

o f  t h e  t y p e s  m e n t io n e d  above a r e  em ployed .

Khym and Zill*^® d e v e lo p e d  a  m ethod f o r  t h e  s e p a r a t i o n  

o f  p o ly h y d ro x y  compounds on t h e  b o r a t e  form  o f  a  s t r o n g l y  

b a s i c  a n i o n  exchange  r e s i n .  The t e c h n i q u e  c o n s i s t  i n  

e l u t i n g  m i x t u r e s  o f  p o l y o l s  f rom  a  column o f  r e s i n
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(Dowex-1 ) by  means o f  aqueous  s o l u t i o n s  o f  b o r i c  a c i d  o r  

sod ium b o r a t e .  Those p o l y o l s  w h ich  r e a c t  s t r o n g l y  w i t h  

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

more s t r o n g l y  s o r p e d  by  t h e  r e s i n  t h a n  t h o s e  p o l y o l s  w h ich  

complex w eak ly  w i t h  b o r a t e  i o n s .
r

1AB a r k e r ,  Bourne  and T h ea n d e r   ̂ r e p o r t e d  t h e  s e p a r a t i o n  

o f  b o r a t e  com plexes  o f  s u g a r s  on c h a r c o a l  co lum ns .  S in c e  

t h e  b o r a t e - c a r b o h y d r a t e  com plexes  assume some o f  t h e  

c h a r a c t e r i s t i c s  o f  i n o r g a n i c  s a l t s ,  t h e y  moved more r e a d i l y  

clown t h e  column t h a n  t h e  p a r e n t  c a r b o h y d r a t e s .  The 

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

t h e i r  e a s e  o f  e l u t i o n  f rom  t h e  co lu m n s .

P a p e r  c h ro m a to g ra p h y  o f  p o l y o l s  u s i n g  s o l v e n t s  con

t a i n i n g  e i t h e r  b o r i c  a c i d  o r  b o r a t e s  h a s  b e e n  r e p o r t e d
20—2 3by s e v e r a l  w o r k e r s .  "  The compounds formed w i t h  b o r i c  

a c i d ,  i . e .  a t  a c i d i c  pE v a l u e s ,  a r e  n e u t r a l  e s t e r s ,  e . g .  

(XV),

1
— C —

B -O H  

- C ------
1

(XV)



8

w h erea s  t h o s e  form ed u n d e r  a l k a l i n e  c o n d i t i o n s  a r e

a n i o n i c  com plexes  ( l ) .  Thus ,  compounds w i t h  s t r u c t u r e

(X̂ /*) had  h i g h e r  v a l u e s  i n  s o l v e n t s  w i t h  a  s t a t i o n a r y

aqueous  phase  t h a n  t h o s e  w i t h  s t r u c t u r e  ( l ) .  E . g . ,

D - g l u c i t o l  had 2 . 2  (movement w i th  r e s p e c t  t o  D - g l u c o s e )

u s i n g  a  s o l v e n t  c o n t a i n i n g  b o r i c  a c i d  and a c e t i c  a c i d ,

w h e rea s  u s i n g  a  s o l v e n t  c o n t a i n i n g  b o r i c  a c i d  and p y r i d i n e ,
2 3i . e .  b o r a t e  i o n s ,  i t  had  ^ 0 . 3 .

Use o f  t h i s  phenomenon was made by  r e p l a c i n g  b o r i c  

a c i d  i n  a c i d i c  s o l v e n t s  by  b e n z e n e b o r o n ic  a c i d .  The 

r e p l a c e m e n t  o f  t h e  h y d r o x y l  g roup  o f  (XV) by  a  p h e n y l  g roup  

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

and h as  r e s u l t e d  i n  an i n c r e a s e  i n  R^ v a l u e s .
— Ur

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

most commonly u s e d  s u p p o r t  f o r  t h e  e l e c t r o l y t e ,  i . e .  

s o l u t i o n s  c o n t a i n i n g  i o n s  o r  i n o r g a n i c  o x y - a c i d s ,  i s  

f i l t e r  p a p e r .  A l th o u g h  t h i s  t e c h n i q u e  h a s  made i t  

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

o f  h i t h e r t o  u n r e s o l v e b l e  m i x t u r e s ,  t h e  s c a l e  r e s t r i c t s  

i t s  u s e  e s s e n t i a l l y  a s  an  a n a l y t i c a l  m e thod .  F o r  p r e 

p a r a t i v e  p u r p o s e s  e i t h e r  s e v e r a l  r u n s  have  t o  be p e r fo rm e d  

o r  a p p a r a t u s e s  w i t h  " f i l t e r  p a p e r  c u r t a i n s "  o r  columns 

have  t o  be em ployed .  However, s u c h  equ ipm en t  i s  c o s t l y .



T hus ,  t h e  aim o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  e x t e n d  

t h e  u s e  o f  m o ly b d a te  and t u n g s t a t e  com plexes  o f  p o l y o l s  

t o  a  p r e p a r a t i v e  s c a l e  by m ethods o t h e r  t h a n  e l e c t r o 

p h o r e s i s .  At t h e  same t im e  i t  was hoped t h a t  s u c h  

m e thods  would p r o v i d e  i n f o r m a t i o n  e s s e n t i a l  f o r  a  d e e p e r  

u n d e r s t a n d i n g  o f  t h e  p r o p e r t i e s  o f  t h e s e  co m p lex es .
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B. RESULTS AKD DISCUSSION

S e p a r a t i o n  o f  P o l y o l s  on M o ly b d a te  o r  T u n g s t a t e  Forms 

o f  A nion-Bxchange R e s i n s .

I n  t h e  l i g h t  o f  t h e  d a t a  a v a i l a b l e  f o r  t h e  com plex

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

m o ly b d a te  o r  t u n g s t a t e , ^  i t  was d e c id e d  t o  s e e

w h e th e r  t h e  com plexes  c o u l d  be  u s e d  f o r  t h e  s e p a r a t i o n  o f

c e r t a i n  p o l y o l s  on i o n - e x c h a n g e  r e s i n s .

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

com plexes  a r e  a n i o n i c ,  i t  was l i k e l y  t h a t  t h e y  would be
25a d s o r b e d  on t h e  a n io n - e x c h a n g e  r e s i n s .  Ward o b s e rv e d  

t h e  a d s o r b t i o n  o f  D - m a n n i to l  on t h e  m o ly b d a te  fo rm  o f  

a  r e s i n  ( L e - a c i d i t e  F F ) ,  b u t  made no f u r t h e r  a t t e m p t  t o  

u t i l i z e  t h i s  e f f e c t .

A m i x t u r e  o f  L - g l u c o s e  and L - g l u c i t o l  was s e l e c t e d ,  

t h e s e  compounds b e i n g  exam ples  o f  n o n -c o m p le x in g  and 

r e l a t i v e l y  s t r o n g  co m p lex in g  p o l y o l s .  The optimum 

c o n d i t i o n s  f o r  t h e  s e p a r a t i o n  had f i r s t  t o  be  a s c e r t a i n e d .  

Consden and S t a n i e r  s t u d i e d  t h e  e f f e c t  o f  pH o f  b o r a t e  

s o l u t i o n  on t h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  a  few p o l y o l s  

and o b t a i n e d  t h e  r e s u l t s  shown i n  T a b le  1. Such m e a s u re 

m en ts  p e r m i t  t h e  s e l e c t i o n  o f  a  pH r a n g e  i n  which  c e r t a i n  

s u g a r s  can  be s e p a r a t e d  e f f e c t i v e l y .  The m ost  e f f e c t i v e  

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

T a b le  13€

M o b i l i t i e s  ( c m . ^ / v .  s e c .  x  10^) a t  20^ 
i n  b o r a t e  a t  v a r i o u s  pH v a l u e s . _________

pH pH pH pH pH
7 . 0 8 . 0 8 . 6 9 . 2 9 . 7

F r u c t o s e 8 , 2 9 . 7 1 1 .4 1 2 .5 13.1

S o rb o s e 8 . 7 1 0 .4 1 2 . 2 14.1 1 4 .3

G lu c o s e 2 . 4 6 . 5 1 1 .4 1 4 .5 1 4 .6

G a l a c t o s e 2 . 6 5 . 8 9 . 6 1 3 .0 13 .1

Mannose 2 . 6 4 . 9 7 . 8 9 . 8 1 0 . 1

P â b o s e 7 . 0 9 .1 1 0 . 2 1 0 .9 1 1 . 0

A r a b i n o s e 3 . 2 6 . 5 1 0 .3 1 3 .3 1 3 .9

Ehamnose 1 . 3 2 . 4 4 . 4 7 .1 7 . 8

C e l l o b i o s e 0 . 5 0 . 5 1 .5 3 . 3 4 . 5

K D a t a  due t o  Consden and  S t a n i e r ,  r e f . 2 6 .

15 15t u n g s t a t e  s o l u t i o n s  h a s  b e e n  fo u n d  t o  o c c u r  a t  pH c a .  5* ’

I n  E x p t .  2 ( a )  t h e  c h l o r i d e  fo rm  o f  A m b e r l i t e  r e s i n  

IEA-400^^^ was c o n v e r t e d  i n t o  t h e  m o ly b d a te  fo rm  by  

e l u t i n g  w i t h  so d iu m  m o ly b d a te  s o l u t i o n  o f  pH 5 .  A f t e r  

p l a c i n g  t h e  L - g l u c o s e ,  D - g l u c i t o l  m i x t u r e  on t h e  co lum n, 

t h e  column was e l u t e d  v / i t h  w a t e r .  From t h e  a n a l y s i s  o f

( i )  A m b e r l i t e  IEA-400 was u s e d ,  u n l e s s  o t h e r w i s e  s t a t e d .
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t h e  e f f l u e n t ,  i t  was o b s e r v e d  t h a t  t h e r e  was some e f f e c t

o f  c o m p le x in g  due t o  v/hich D - g l u c i t o l  was e l u t e d  o f f  t h e

t h e  column c o m p a r a t i v e l y  s l o w e r  t h a n  D - g l u c o s e .  The

m o ly b d a te  o r  b o r a t e  i o n s  c a n n o t  e f f e c t i v e l y  r e p l a c e  c h l o r i d e
27i o n s  f ro m  r e s i n s .  T h e r e f o r e ,  t h e  non r e t e n t i o n  o f  

D - g l u c i t o l  on t h e  column was p r e s u m a b ly  due t o  t h e  

i n c o m p l e t e  c o n v e r s i o n  o f  t h e  r e s i n  i n t o  t h e  m o ly b d a te  

fo rm .

When t h e  m o ly b d a te  f o rm  o f  r e s i n  was p r e p a r e d  f ro m  

t h e  f r e e  b a s e  fo rm  (m ethod  2 ) ,  a  p a r t  o f  t h e  D - g l u c i t o l  

was a d s o r b e d  on t h e  column and  d e s o r b e d  on d eco m p o s in g  t h e  

com plex  w i t h  a l k a l i  ( E x p t .  2 ( b ) . The i n c o m p l e t e  

s e p a r a t i o n  o f  D - g l u c o s e  f ro m  D - g l u c i t o l  made i t  n e c e s s a r y  

t o  f i n d  o u t  t h e  pH a t  w h ich  maximum a d s o r b t i o n  w i l l  o c c u r  

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

m o ly b d a te  fo rm  o f  r e s i n .  The m o ly b d a te  fo rm  o f  t h e  r e s i n  

was a c i d i f i e d  t o  d i f f e r e n t  pH v a l u e s  ( E x p t .  3)» D - g l u c i t o l  

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

T a b le  14 shows t h a t  maximum a d s o r b t i o n  had  o c c u r r e d  a t  

pH 5.  E x p t8 . 4 ( a )  and 4 ( b )  show t h a t  5 m l .  o f  t h i s  r e s i n  

c a n  a d s o r b  a b o u t  6 mg. o f  D - g l u c i t o l .

An a t t e m p t  t o  a d s o r b  t h e  p r e f o r m e d  D - g l u c i t o l - m o l y b d a t e  

com plex  on t h e  m o ly b d a te  fo rm  o f  r e s i n  [ Z x p t s .  5 ( a )  and 5 (b )]
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showed th a , t  t h e  m o ly b d a te  fo rm  o f  t h e  r e s i n  c a n n o t  f u r t h e r  

r e a c t  w i t h  t h e  a n i o n i c  co m p lex .  T h i s  i n d i c a t e s  t h a t  

i o n i z e a b l e  s i t e s  o f  t h e  com plex  do n o t  ex c h an g e  w i t h  t h e  

m o ly b d a te  a t t a c h e d  t o  t h e  r e s i n .

I t  was o b s e r v e d  f ro m  t h e  E x p t .  & (b)  ( T a b le  16) t h a t  

r e - a d j u s t m e n t  o f  t h e  pH, a f t e r  a d d i t i o n ,  o f  D - g l u c i t o l  h a s  

im p ro v ed  t h e  a d s o r b t i o n  o f  D - g l u c i t o l ,  i . e .  i f  t h e  c o n d i t i o n s  

u s e d  a r e  t h o s e  when pH o f  t h e  column i s  a d j u s t e d  a f t e r  

a d d i n g  t h e  p o l y o l ,  a  b e t t e r  s e p a r a t i o n  may r e s u l t .  I n  

E x p t .  2 ( c ) ,  T a b le  12, where  t h e  pH o f  t h e  e f f l u e n t  was 

lo w e re d  by  w a s h in g  t h e  column w i t h  an  e x c e s s  o f  w a t e r ,  o n l y  

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

p o l y o l  a l t e r s  t h e  pH o f  t h e  m o ly b d a te  s o l u t i o n , a  

s i m i l a r  e f f e c t  on t h e  m o ly b d a te  f o rm  o f  r e s i n  s h o u l d  o c c u r .  

T h i s  c o u l d  r e s u l t  i n  t h e  d e c o m p o s i t i o n  o f  t h e  co m p lex .

I n  o r d e r  t o  a v o i d  t h e  above  m e n t io n e d  s h o r t c o m i n g s ,  an  

a q u e o u s  s o l u t i o n  c o n t a i n i n g  D - g l u c o s e  and  D - g l u c i t o l  was 

a d d ed  t o  m o ly b d a te  f o rm  o f  r e s i n  ( E x p t .  2 ( d ) ,  T a b le  1 3 ) ,  

p r e v i o u s l y  m a i n t a i n e d  a t  pH 5* The column was e l u t e d  w i t h  

d i l u t e  sod ium  m o ly b d a te  s o l u t i o n  o f  pH 5 . 0 ,  t o  k e e p  t h e  pH 

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

t r a c e s  o f  D - g l u c i t o l  h av e  b e e n  e l u t e d  o f f  t h e  co lum n,  o n l y  

i n  t h e  f i r s t  f r a c t i o n .  T h i s  was overcome when D - g l u c o s e  

and D - g l u c i t o l  v/ere d i s s o l v e d  i n  d i l u t e  sod ium  m o ly b d a t e .
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When t h i s  s o l u t i o n  was added  t o  t h e  column ( E x p t .  6 ( a ) ,

T a b le  17) a  c l e a r  s e p a r a t i o n  o f  D - g l u c o s e  f ro m  D - g l u c i t o l  

was a c h i e v e d .  By a n a l o g y  w i th  t h e  b o r a t e  fo rm  o f  r e s i n s
18co lum ns D - g l u c i t o l  s h o u l d  h av e  b e e n  d e s o r b e d  on f u r t h e r  

e l u t i o n  o f  t h e  column v / i th  t h e  same e l u a n t  ( m o ly b d a t e )  

b u t  i t  was o b s e r v e d  t h a t  D - g l u c i t o l  had  b e e n  a d s o r b e d  

s t r o n g l y  and  f u r t h e r  e l u t i o n  w i t h  d i l u t e  m o ly b d a te  c o u l d  

n o t  d e s o r b  i t .

The s t r o n g  a d s o r b t i o n  o f  D - g l u c i t o l  v;as f u r t h e r  e v i d e n t

f ro m  i t s  n o n - d e s o r b t i o n  e v e n  on d i l u t i o n ,  i . e .  on e l u t i n g

t h e  column w i t h  w a t e r .

T h e re  c o u l d  have  b e e n  a  p o s s i b i l i t y  o f  d i s p l a c i n g  t h e

m o ly b d a te  f ro m  t h e  r e s i n  by  i n t r o d u c i n g  o t h e r  a n i o n s ,  e . g .

p h o s p h a t e ,  a r s e n i t e ,  t a r t r a t e  o r  s u l p h a t e  v/hich have  a
27

s t r o n g e r  a f f i n i t y  f o r  t h e  r e s i n  t h a n  m o ly b d a t e ,  b u t  t a k i n g  

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

s e q u e n t  r e m o v a l  t h i s  was n o t  a t t e m p t e d .  S t r o n g  m o ly b d a te  

s o l u t i o n s  v/ere a l s o  n o t  u s e d .

On e l u t i n g  t h e  column w i t h  d i l u t e  sod ium  h y d r o x i d e  

( E x p t s .  2 ( d ) ,  and  6 ( a ) ) ,  t h e  D - g l u c i t o l - m o l y b d a t e  was 

decom posed  when t h e  pH o f  t h e  column r e a c h e d  9 . 2  -  0 .1  

( t h e  f r a c t i o n s  i n  w h ich  D - g l u c i t o l  f i r s t  a p p e a r e d  had 

pH 9 . 2  ± 0 . 1 ) .
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F i g .  1  S e p a r a t i o n  o f  D - g l u c o s e  f ro m  D - g l u c i t o l  
on m o l y b d a t e  fbrm o f  r e s i m  E x p t .  6 ( b )

0 .1%  NaOH-W a te r
100

* 5 0

On

1 0  11  1 2 »  17

F r a c t i o n  (5 0  m l . )
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T h i s  i s  t h e  pH a t  w h ich  m o ly b d a te  e x i s t s  a s  i t s  n o n -
P«. 1 0

c o m p le x in g ,  n o rm a l  i o n  MoC^

P i g .  1 shows t h e  c o m p le t e  r e s o l u t i o n  o f  D - g l u c o s e  f ro m  

D - g l u c i t o l .  Almost  a l l  (94-^) D - g l u c o s e  was e l u t e d  f ro m  

t h e  column w i t h  a  s m a l l  volume ( 5 0  m l . )  o f  t h e  e l u a t e .  

D -G - lu c i to l  was d e s o r b e d  w i t h  d i l u t e  so d iu m  h y d r o x i d e  

s o l u t i o n .

Chs e l e c t r o p h o r e s i s  o f  t h e  f r a c t i o n s  ( E x p t .  6 ( a )  e l u t e d  

w i t h  a l k a l i  ( c o n t a i n i n g  D - g l u c i t o l )  a  s p o t  moving f a s t e r  

t h a n  D - g l u c i t o l  (M 1 .2  -  1 .3 )  was a l s o  d e t e c t e d .  I t  was 

t h o u g h t  t h a t  t h i s  f a s t  s ^ o t  c o u l d  be  due t o  t h e  e f f e c t  o f  

r e s i n  on D - g l u c o s e  o r  D - g l u c i t o l .  However,  i t  was fo u n d  

( E x p t s .  7 and 8 ) t h a t  t h e  r e s i n  h a s  no e f f e c t  on a n y  o f  

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

F u r t h e r  i n v e s t i g a t i o n s  r e v e a l e d  t h a t  t h e  f a s t  moving s ^ o t  

( d e t e c t e d  i n  E x p t .  6 ( a )  was due t o  c a r b o n  d i o x i d e  a d s o r b e d  

by  t h e  a l k a l i .

S i m i l a r l y ,  D - g l u c o s e  and D - g l u c i t o l  were  q u a n t  i t a t  i v e l y  

s e p a r a t e d  on t h e  t u n g s t a t e  fo rm  o f  t h e  r e s i n  ( E x p t .  9 ( a ) ,  

P i g .  2 ) .

D u r i n g  t h e  c o u r s e  o f  s t u d i e s  on t h e  s e p a r a t i o n  o f  

p o l y o l s  on m o ly b d a te  and t u n g s t a t e  fo rm  o f  r e s i n s ,  i t  was 

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

- ( a )

40
(b )

>s

>
0

GC 2 0
oVp

10
D - g l u c o s e D -g l u c i t o l

1 2  3 4 5  6  18 19 20 21 22 23 24 23 26 2?

F r a c t i o n  ( 5 0  m l . )
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e q u i l i b r a t e  on t h e  r e s i n ,  t h e  c o m p le x - fo r m in g  p o l y o l s  

becomô more s t r o n g l y  a d s o r b e d .  The non  oomplexed p o l y o l  

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

d i l u t e  m o ly b d a te  o r  t u n g s t a t e  s o l u t i o n  ( P i g s .  3 and 4 ) .

S i n c e  t h e  com plexes  a r e  decomposed a t  low  pH v a l u e s  

an  a t t e m p t  was made t o  d e s o r b  t h e  oomplexed D - m a n n i t o l  

f ro m  t h e  m o ly b d a te  fo rm  o f  t h e  r e s i n  w i t h  d i l u t e  a c i d  

( E x p t .  1 2 ) .  I t  was n o t i c e d  t h a t  t h e r e  was no e f f e c t  

u n t i l  t h e  pH o f  t h e  e f f l u e n t  r e a c h e d  2 . 6 .  The d e s o r b t i o n  

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

pH w here  m axim al c h a n g e s  i n  o p t i c a l  r o t a t i o n  o c c u r  (pH 

c a . 2 )^ ^  i s  n o t  e s s e n t i a l  f o r  t h e  a d s o r b t i o n  o f  D - m a n n i t o l  

on t h e  m o ly b d a te  f o rm  o f  r e s i n *

The 10 c o n f o r m a t i o n  o f  P -D -m annopyranose  fo rm s  

co m p le x e s  w i t h  m o ly b d a te  and t u n g s t a t e ,  t h e  p a r t i a l  

s t r u c t u r e s  o f  w h ich  i s  (X ) .  T h e i r  f o r m a t i o n  i s  an  e q u i l i 

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

e l u t i o n  o f  D-mannose f rom  t h e  m o ly b d a te  fo rm s  o f  t h e  r e s i n  

( E x p t .  1 2 ) .  m e r e a s  D - g l u c i t o l  and D - m a n n i t o l  w h ich  fo rm  

co m p lex  o f  t h e  t y p e s  (XI -  XIV) i n  q u a n t i t a t i v e  r e a c t i o n s ,  

a r e  s t r o n g l y  s o r b e d  b y  t h e  r e s i n —m o ly b d a te ,  L—mannose i s  

s l o w l y  e l u t e d  w i t h  w a te r*
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P i g .  3 S e p a r a t i o n  o f  D -g lu co se  from D - g l u c i t o l  on 
m olybda te  form “~of r e s i n  (ExptT 6 (c)). 
i )  P o l a r i m e t r i c .  

i i )  P e r i o d a t e / c h r o m o t r o p i c  a c i d  method.

‘Water   0 . 1% NaOH50.

1 2 0 -

( i i )
D - g l u c i t o ]1 0 . D -g lu c o se

13 14 15

F r a c t i o n  (25 m l . )
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F i g .  4- S e p a r a t i o n  o f  D -g lu co se  f rom ^ g l u c i t o l  on 
t u n g s t a t e  form ~of  r e s i n  (E x p t .  9(b)].

4 0

o

q :
o

10

' ( r

D-GLOCOSE
.1   ^

4- 0.1%N40H

ClGLUCITOL
J____ L

3 4  5 7 10 11 12 13 14
Fraction (50 ml.)
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M a l t  i t  o l  ( 3 ~ 0 - c i - D ~ g l u c o p y r a n o s y l - L - g u l i t o l )  fo rm s  t h e

same t y p e  o f  co m p lex es  (Z)  a s  does  D-mannose ,  b u t  t h e

r e a c t i o n  i s ,  a t  l e a s t  w i t h  m o ly b d a te ,  q u a n t i t a t i v e »

However ,  c o n d i t i o n s  c o u l d  n o t  be  fo u n d  t o  a d s o r b  m a l t i t o l

on e i t h e r  m o ly b d a te  o r  t u n g s t a t e  fo rm s  o f  r e s i n s .  On t h e

o t h e r  hand  i s o m a l t i t o l  ( l - 0 - û - D - g i u c o p y r a n o s y l ~ L - g u l i t o l )

and  i n d e e d  t h e  r e d u c t i o n  p r o d u c t s  o f  i s o m a l t o s e  hom ologues

w ere  a l l  s t r o n g l y  a d s o r b e d  on t h e  r e s i n  m o ly b d a te  [ E x p t s .

1 8 - 1 9 ] .  One d i f f e r e n c e  b e tw e e n  t h e  co m plexes  o f  m a l t i t o l

and i s o m a l t i t o l  i s  t h e i r  m o l e c u l a r  s i z e .  I f  t h e  c a r b o n

a tom s  o f  t h e  h e x i t o l  p o r t i o n  o f  m a l t i t o l  a r e  a r r a n g e d  i n

a  p l a n a r  z i g - z a g  c o n f o r m a t i o n ,  i t s  m o ly b d a te  o r  t u n g s t a t e

com plex  w i l l  h ave  s t r u c t u r e  ( Z V i ) .  Those  o f  i s o m a l t i t o l  
h av e  s t r u c t u r e  Z V II .

S i n c e  t h e  i o n i s a b l e  s i t e s  o f  ( Z V I ) ! a r e  i n  t h e  c e n t r e

o f  t h e  m o le c u l e  i t  i s  p o s s i b l e  t h a t  t h e  two ends  o f  (ZVi)  

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

The c o m p lex e s  o f  i s o m a l t i t o l  ( Z V I l )  and  t h e  r e d u c t i o n  

p r o d u c t s  o f  t h e  i s o m a l t o s e  hom ologues  h a v e ,  h o w ev e r ,  t h e  

s h a p e  o f  a  r o d  w i t h  i o n i s a b l e  s i t e s  on one en d ,  w h ich  would 

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

m o d e ls  show t h a t  ( a )  r o t a t i o n  a ro u n d  t h e  Mo-O-Mo bonds  o r

( b )  u n i o n  o f  t h e  two Mo atoms t h r o u g h  o t h e r  oxygen  a tom s 

w i l l  n o t  r e d u c e  t h e  volume o f  t h e  com plex  o f  m a l t i t o l  t o  a  

r a n g e  a p p r o x i m a t i n g  t h e  volume o f  t h e  i s o m a l t i t o l  com plex .
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P i g .  5 S e p a r a t i o n  o f  m a l t i t o l  from D - g l u c i t o l  
on m olybda te  fprm o f  r e s i n  [Exp t . I 5].
i )  P h e n o l / s u l p p r i c  a c i d  method. 

i i ) P e r i o d a t e / c h r o m o t r o p i c  a c i d  method.

1*/ a t e r

40

20

10
Oil

M a l t i t o l

Fraction (25  ml.)
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P -^ -M an n o p y ran o s e  fo rm s  t h e  same t y p e  o f  com plex  

( X V II I )  a s  does  m a l t i t o l ,  I . e .  (X ) .  However,  - i t s  

p y r a n o s e  p o r t i o n s  ca n  e a s i l y  be  e x r a n g e d  t h a t  t h e  v o l im e  

o f  ( X V I I I ) i s  n o t  v e r y  much d i f f e r e n t  f ro m  t h a t  o f  t h e  

co m p lex  p o r t i o n  o f  (JCVII).

OH
H O — M  — ?C R O H

(X V III )

A l l  i s o m a l t o d e x t r i n o l s  ( r e d u c e d  i s o m a l t o s e  h o m o lo g u e s )  

w ere  d e s o r b e d  f ro m  t h e  r e s i n  m o ly b d a te  when t h e  pH o f  t h e  

e f f l u e n t  had r e a c h e d  e i t h e r  9 ( w i t h  d i l u t e  a l k a l i )  o r  c a . 3  

( w i t h  d i l u t e  a c i d ) .  The com plexes  o f  t h e  v a r i o u s  

i s o m a l t o d e x t r i n o l s  have  b e e n  shown t o  h ave  i d e n t i c a l
7

s t a b i l i t i e s  and  c h a r g e s .  S in c e  t h e  m ethod  o f  d e s o r b t i o n  

i n v o l v e s  t h e  d e c o m p o s i t i o n  o f  t h e  c o m p le x e s ,  t h e  above  

b e h a v i o u r  was t h u s  t o  be  e x p e c t e d .

An a t t e m p t  was a l s o  made ( E x p t .  10) t o  s e p a r a t e  

D - g a l a c t o s e  f ro m  g a l a c t i t o l  a c c o r d i n g  t o  p r o c e d u r e  d e s c r i b e d  

f o r  t h e  s e p a r a t i o n  o f  D - g l u c o s e  f ro m  D—g l u e i t o l  ( E x p t .  6 ( b ) .
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F i g .  6  S e p a r a t i o n  o f  D - g l u c i t o l  f rom  m a l t i t o l  on 
t u n g s t a t e  form o f  r e s i n  ( E x p t .  14-).

4-0

4-0

X.
U 30
§on

20 '

10

-0 .005M Na^WQ^

M a l t i t o l
i------1-----

■O.lN-NaOH

1 I .1
D - g l u c i t o l

J _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ I ■— 4 .

1 2  5 4- 5 6  7 8  9 14 1 5  16 1 ?  18 19

F r a c t i o n  (25 m l , )
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^ —( j a l a c t o se  h a s  b ee n  r e p o r t e d  n o t  t o  com plex  w i t h

m o ly b d a te ^  j * 38 t u n g s t a t e . ^^ A l th o u g h  m ost  o f  t h e

L - g a l a c t o s e  was e l u t e d  f rom  t h e  column w i t h  t h e  f i r s t

500 m l .  ( E x p t .  1 0 ) ,  t h e  r e m a i n i n g  q u a n t i t y  r e q u i r e d  a

l a r g e  amount o f  t h e  e l u e n t  f o r  d e s o r b t i o n .  T h i s  b e h a v i o u r

o f  D - g a l a c t o s e  i n d i c a t e d  some c o m p le x in g  due t o  w h ich  t h e

e l u t i o n  r a t e  o f  t h e  D - g a l a c t o s e  d e c r e a s e d  ( s e e  p^ CfO )

P o l a r i m e t r i c  e s t i m a t i o n  o f  D - g a l a c t o s e  i n  t h e  c o n c e n t r a t e d

e l u a t e  gave  t o o  h i g h  r e s u l t s .  T h i s  a l s o  i n d i c a t e d  t h a t

co m p lex  f o r m a t i o n  does  o c c u r ,  s i n c e  t h e  o p t i c a l  r o t a t i o n  o f
1 «

c o m p le x in g  p o l y o l s  i s  a f f e c t e d  by  t h e  p r e s e n c e  o f  m o l y b d a t e ;

I n  a  f u r t h e r  a t t e m p t  t o  s e p a r a t e  D - g a l a c t o s e  f ro m  

g a l a c t i t o l  on a t u n g s t a t e  fo rm  o f  r e s i n  column ( E x p t .  1 1 ) ,  

a  s i m i l a r  e f f e c t  was o b s e r v e d .  However,  s e p a r a t i o n  was 

q u a n t i t a t i v e  ( P i g .  7 ) .

F u r t h e r  i n v e s t i g a t i o n s  on t h e  com plex  f o r m a t i o n  o f  

D - g a l a c t o s e  w i t h  m o ly b d a te  and t u n g s t a t e  a r e  r e p o r t e d  on 

p ag e  (̂ 0 .

The c o n c l u s i o n s  drawn f ro m  t h e  above  e x p e r i m e n t s  may 

b e  su m m a r ised  a s  f o l l o w s :  The m e thods  o f  c h r o m a to g ra p h y

on m o ly b d a te  o r  t u n g s t a t e  fo rm s o f  a n i o n - e x c h a n g e  r e s i n s  

a f f o r d  t h e  s e p a r a t i o n  o f  p o l y o l s  fo rm in g  com plexes  i n  w h ic h  

M/p = 2 [ i . e .  (X I -X IV )]  f ro m  p o l y o l s  w h ich  e i t h e r  do n o t  

co m p lex  o r  fo rm  com plexes  i n  w h ich  lli/'F = 1 [ i . e .  (X f ro m
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P i g .  7 S e p a r a t i o n  o f  ‘D - g a l a c t o s e  f rom g a l a c t i t o l  
on t u n g s t a t e ;  form o f  r e s i n  [Expt .1  j
i ) P h e n o l / s u l p h u r i c  a c i d  method,

i i ) P e r i o d a t e / c h r o m o t r o p i c  a c i d  method.

O.lN-NaOH'

100- .

(13)

3 .5321
E l u t e ( l i t r e )
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i n t r o d u c t i o n ^ ] .  S e p a r a t i o n  o f  n em b ers  o f  e a c h  g r o u p  i s  

ho w ev e r  n o t  p o s s i b l e .  Exam ples  o f  compounds o f  e a c h  

g r o u p  a r e  shown i n  T a b le  2 .

T a b le  2

P o l y o l s  f o r m i n g  
co m p le x e s  w i t h  
M/'P = 2 .

P o l y o l s  f o r m in g  
com plexes  w i t h  
M/P = 1 .

H o n -c o m p le x in g
p o l y o l s

D - g l u c i t o l D-mannose D - g l u c o s e

D - m a n n i t o l D - g a l a c t o s e M a l to s e

G-al a c t  i t o l M a l t i t o l I s o m a l t o s e

I s o m a l t i t o l

2 . O h ro m ato g rap h y  o f  p o l y o l s  on c e l l u l o s e  im p r e g n a t e d  w i t h  

m o ly b d a te  o r  t u n g s t a t e .

C l i rom atog raphy  ca n  b e  d e f i n e d  a s  a  d e v i c e  f o r  t h e  

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

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

i n d i v i d u a l  s o l u t e  t h r o u g h  t h e  p o r o u s  medium u n d e r  t h e  

i n f l u e n c e  o f  a  moving s o l v e n t .  The w a t e r  ( h e l d  on p a p e r )  

fo rm s  t h e  s t a t i o n a r y  p h a s e .  C o n t in u o u s  f l o w  o f  t h e  

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

s u b j e c t s  i t  t o  ^ n u m e ra b le  p a r t i t i o n  b e tw e e n  t h e  two p h a s e s .  

The com ponen ts  o f  t h e  s o l u t e ,  h a v i n g  d i f f e r e n t  s o l u b i l i t i e s  

i n  t h e  two p h a s e s ,  t h e r e f o r e  m i g r a t e  a t  d i f f e r e n t  r a t e s .
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T hus ,  t h e  p r o c e s s  i s  a  c o n t i n u o u s  l i q u i d  -  l i q u i d  e x t r a c t i o n .

The r a t e s  o f  m i g r a t i o n  a r e  m e a su re d  a s  Rp v a l u e s  w h e re ,

R = d i s t a n c e  moved hy  t h e  compound
^  d i s t a n c e  moved hy  t h e  l i q u i d  f r o n t

28Hanet and I s h e rw o o d  c o n s i d e r  t h e  s t a t i o n a r y  p h a s e  a s  

a  w a t e r  " c e l l u l o s e  c o m p le x " .  A s u b s t a n c e  i n  s o l u t i o n  

w i l l  b e  h e l d  more o r  l e s s  s t r o n g l y  i n  t h i s  com plex

d e p e n d i n g  on i t s  h y d r o p h i l l i c  p r o p e r t i e s .
2 q

I sh e rw o o d  and Je rm yn  have  made a  d e t a i l e d  s t u d y  o f  

t h e  r e l a t i o n  b e t w e e n  t h e  s u g a r  s t r u c t u r e s  and  t h e i r  Rp 

v a l u e s .  They h av e  shown t h a t  f o r  a  l a r g e  number o f  

a q u e o u s  s o l v e n t s  a  s t r a i g h t  l i n e  g r a p h  i s  o b t a i n e d  f ro m  a  

p l o t  o f  l o g  l ( l / S p )  -  1 ] a g a i n s t  - l o g  IT, where  IT i s  t h e  

mole  f r a c t i o n  o f  w a t e r .  They h av e  a l s o  shown t h a t  ( a )  

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

a t  C^2 ) 3,nd r e s u l t  i n  h i g h e r  Rp v a l u e s  t h a n  t h o s e

h a v i n g  t r a n s  h y d r o x y l s  a t  t h e  same p o s i t i o n ,  ( b )  f u r a n o s e s  

h a v e  h i g h e r  Rp v a l u e s  t h a n  t h o s e  w i t h  a  p y r a n o s e  r i n g  and 

( c )  t h e  t r a n s f e r  o f  a  h y d r o x y l  g ro u p  f ro m  above t o  be lo w  

t h e  s u g a r  r i n g  ( i n  H ow ar th  p e r s p e c t i v e  f o r m u l a )  c h a n g e s  

t h e  R„ v a l u e  i n  t h e  same d i r e c t i o n ,  i f  t h e  h y d r o x y l  g ro u p- P
i s  s i t u a t e d  a t  C^g) '^ ( i f ) ’ o p p o s i t e  d i r e c t i o n

i f  i t  i s  a t  C^2 )* S i m i l a r  s t u d i e s  h av e  a l s o  b e e n  made 

b y  J a g e r  and Rame1^0 who showed t h a t  t h e  Rp v a l u e s  o f  t h e
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s u g a r s  i n c r e a s e  w i t h  t h e  i n c r e a s e  i n  number o f  a x i a l  

h y d r o x y l  g r o u p s .

P a p e r  c h r o m a to g ra p h y  o f  o r g a n i c  s u b s t a n c e s  i n  t h e  

p r e s e n c e  o f  c o m p le x in g  a g e n t s  h a s  b e e n  d e s c r i b e d  by  s e v e r a l  

w o r k e r s ^ ^  I t  i s  o f t e n  p o s s i b l e  t o  c o r r e l a t e  t h e

a f f i n i t y  o f  c e r t a i n  p o ly h y d r o x y  compounds f o r  c o m p le x in g  

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

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

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

n e u t r a l  e s t e r s  o r  a n i o n i c  c o m p le x e s ) .  T h i s  h a s  b e e n  

b r i e f l y  r e f e r r e d  t o  on p .  7  •

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

c o m p le x e s  a r e  a n i o n i c ,  i t  was e x p e c t e d  t h a t  t h e i r  v a l u e s  

would  be  m a rk e d ly  l o w e r  t h a n  t h o s e  o f  t h e  p a r e n t  p o l y o l s «

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

r a t e s  o f  a  compound d u r i n g  c h ro m a to g ra p h y  on p a p e r  ( o r  

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

The e l e c t r o p h o r e t i c  m o b i l i t y  o f  a  compound i s  a  m e a su re  o f  

f r i c t i o n a l  r e s i s t a n c e  t o  m o t io n  u n d e r  t h e  i n f l u e n c e  o f  an  

e l e c t r i c  f i e l d  and m ust  be  r e l a t e d  t o  i t s  e f f e c t i v e  s u r f a c e  

a r e a .  Hence e l e c t r o p h o r e s i s  i n  m o ly b d a te  o r  t u n g s t a t e  

s o l u t i o n s  d i d  n o t  s e p a r a t e  s e v e r a l  compounds, e . g .  D - g l u c i t o l ,  

D - m a n n i t o l  and  g a l a c t i t o l ,  a s  t h e i r  com plexes  have  i d e n t i c a l
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c h a r g e s  and s t a b i l i t i e s  and a p p r o x i m a t e l y  t h e  same s u r f a c e  

a r e a .  M i g r a t i o n  r a t e s  d u r i n g  c h r o m a to g ra p h y  on c e l l u l o s e  

a r e  on t h e  o t h e r  h a n d ,  r e l a t e d  t o  p a r t i t i o n  c o e f f i c i e n t s  

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

compound. I t  h a s  b e e n  r e p o r t e d ,  e . g .  t h a t  i n  t h e  s e r i e s  

o f  a l d o p y r a n o s e s  a  change  o f  a  h y d r o x y l  g ro u p  f ro m  an  

a x i a l  t o  an  e q u a t o r i a l  p o s i t i o n  c a u s e s  a  r e d u c t i o n  i n  

v a l u e  ( c f .  Rp ( i n  e t h y l ;  a c e t a t e ,  p y r i d i n ^ w a t e r ,  

o f  D-glucose i s  0 .1 9 5  and  t h a t  o f  D-mannose i s  0 . 2 4 ) ? ^

T h i s  s u g g e s t e d  t o  t h e  a u t h o r s  t h a t  e q u a t o r i a l  h y d r o x y l  

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

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

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

I t  was t h u s  e x p e c t e d  t h a t  f u r t h e r  r e s o l u t i o n  m ig h t  be 

a c h i e v e d  by  c h ro m a to g ra p h y  on c e l l u l o s e  i n  t h e  p r e s e n c e  o f  

m o ly b d a te  o r  t u n g s t a t e .  As t h e s e  r e a g e n t s  a r e ,  u n l i k e  

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

s o l v e n t  s y s t e m s  i t  was n e c e s s a r y  t o  im p r e g n a t e  t h e  c e l l u l o s e  

w i t h  m o ly b d a te  o r  t u n g s t a t e  s o l u t i o n s  a d j u s t e d  t o  d e s i r a b l e  

oH v a l u e s .



5 2

a .  C l i rom atography  on c e l l u l o s e  p a r t i a l l y  im p r e g n a te d

w i t h  m o ly b d a te  on t u n g s t a t e .
31Angus p e r f o rm e d  e x p e r i m e n t s  w i t h  a  few  p o l y o l s  when 

an  a r e a  a ro u n d  t h e  b a s e  l i n e  o f  c h r o m a t o g r a p h i c  p a p e r  was 

im p r e g n a t e d  w i t h  t u n g s t a t e  s o l u t i o n  (pH 5 ) .  He r e l a t e d  

t h e  Hp v a l u e s  d e t e r m i n e d  u n d e r  t h e s e  c o n d i t i o n s  w i t h  t h e  

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

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

I t  was t h u s  d e c i d e d  t o  im p r e g n a t e  t h e  a r e a  a ro u n d  t h e  

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

o f  pH 5,  i . e .  a  v a l u e  s u i t a b l e  f o r  e l e c t r o p h o r e s i s .

T a b le  26 ( E x p t . 20)  i n d i c a t e d  t h a t  t h e  s e p a r a t i o n  o f  

r e d u c i n g  s u g a r s  f ro m  t h e i r  r e d u c t i o n  p r o d u c t s  m ig h t  be  

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

u n d e s i r a b l e .  I n  v ie w  o f  t h e  r e p o r t e d  e f f e c t  o f  t h e  

p r e s e n c e  o f  b o r i c  a c i d  o r  b o r a t e  i o n s  on t h e  Ep v a l u e s  o f  

p o l y o l s , i t  was r e a s o n a b l e  t o  f i n d  o u t  a  s u i t a b l e  pH 

( i f  any )  f o r  t h e  f o r m a t i o n  o f  s t a b l e  and c h r o m â to g r a p h i c a l l y  

s e p a r a b l e  p o l y o l  co m plexes  o f  m o ly b d a te .

C h ro m a to g ra p h y  o f  a  few  p o l y o l s  was p e r f o rm e d  on p a p e r  

p a r t i a l l y  i m p r e g n a t e d  w i t h  sod ium  m o ly b d a te  s o l u t i o n s  o f  

d i f f e r e n t  pH v a l u e s .  I t  was fo u n d  ( E x p t .  2 1 ,  T a b le  27)  

th a . t  a t  a l m o s t  a l l  t h e  pH v a l u e s  t h e  i m p r e g n a te d  a r e a  e i t h e r  

ex p a n d ed  c o n s i d e r a b l y  o r  t h e  p o l y o l s  gave  two s p o t s .  The 

s l o w e r  s p o t  was i n s i d e  t h e  expanded  m o ly b d a te  a r e a  and  t h e
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f a s t e r  s p o t  was s l i g h t l y  s l o w e r  t h a n  t h e  f r e e  p o l y o l .

S uch  e f f e c t s  a r e  c l e a r l y  u n d e s i r a b l e  i f  s e p a r a t i o n s  on a  

l a r g e  s c a l e  s h o u l d  be a t t e m p t e d .

When sod ium  m o ly b d a te  was r e p l a c e d  b y  sod ium  t u n g s t a t e ,  

i t  was o b s e r v e d  ( E x p t .  2 2 ( a )  T a b le  28)  t h a t  no s e c o n d  

s p o t  was fo rm ed  a t  any  o f  t h e  pH v a l u e s .  M o reo v e r ,  t h e r e  

was a l s o  no e f f e c t  on t h e  t u n g s t a t e  i m p r e g n a te d  a r e a .  The 

b e s t  r e s u l t s  were  o b t a i n e d  when t h e  t u n g s t a t e  s o l u t i o n  u s e d  

f o r  i m p r e g n a t i o n  was a d j u s t e d  t o  pH 6 .

C o n s e q u e n t l y ,  t h e  c h r o m a t o g r a p h i c  m i g r a t i o n  r a t e s  o f  a  

l a r g e  number  o f  p o l y o l s  were d e t e r m i n e d  u s i n g  a  t u n g s t a t e  

s o l u t i o n  a d j u s t e d  t o  pH 6 f o r  i m p r e g n a t i o n  o f  t h e  a r e a  

a ro u n d  t h e  b a s e  l i n e  o f  t h e  p a p e r .  S o l v e n t  ( a )  was u s e d  

f o r  i r r i g a t i o n .  M i g r a t i o n  r a t e s  were  e x p r e s s e d  r e l a t i v e  

t o  t h e  movement o f  D - g l u c o s e  s p o t t e d  o u t s i d e  t h e  i m p r e g n a te d  

a r e a ,  t h u s
D i s t a n c e  t r a v e l l e d  by  compound s p o t t e d  w i t h i n  

 ̂ _ t h e  i m p r e g n a te d  a r e a  ( a ) ____________________________

^ D i s t a n c e  t r a v e l l e d  by  D - g l u c o s e  s p o t t e d
o u t s i d e  t h e  i m p r e g n a te d  a r e a

i n d i c a t e s  t h a t  t h e  p a p e r  i s  p a r t i a l l y  ( p )  

i m p r e g n a t e d  w i t h  t u n g s t a t e  (W).

As c o n t r o l  t h e  ^  v a l u e s  were  d e t e r m i n e d .

D i s t a n c e  t r a v e l l e d  by  compound (b )
R =

a  D i s t a n c e  t r a v e l l e d  b y  D - g l u c o s e
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u s i n g  t h e  same s o l v e n t  b u t  n o n - i m p r e g n a t e d  p a p e r .  The 

r e s u l t s  a r e  shown i n  T a b le s  3 -5  • T h ese  show t h a t  t h e  

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

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

m i g r a t i o n  r a t e s  a r e  t h e  r a t i o s  o f  a / b  o f  t h e  above  e q u a t i o n s ,  

when m e a s u re d  u n d e r  s t a n d a r d  c o n d i t i o n s ,  t h u s

« ( » p )  -  a  -

‘  Ë6

T a b l e s  3 -5  show t h a t  Q(W^) v a l u e s  r a n g e  f rom  0 . 1 - 1 . 0 .
"“P

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

s o l u t i o n  [M_(W)] a r e  g i v e n  f o r  c o m p a r i s o n .“■“S —
As m e n t io n e d  ab o v e ,  p o l y o l s  can  be  d i v i d e d  i n t o  t h r e e  

g r o u p s  ;

( a )  a c y c l i c  compounds p o s s e s s i n g  f o u r  a d j a c e n t  

h y d r o x y l  g ro u p s  and f o r m in g  com plexes  i n  w hich  

W/P = 2 ,  i . e .  (X I -X IV ) .

(b )  compounds w h ich  p o s s e s s  t h r e e  h y d r o x y l  g ro u p s  i n  

a  s p a t i a l  d i s p o s i t i o n  a p p r o x i m a t i n g  t h a t  o f  ( IV )  

and f o r m i n g  com plexes  i n  w h ich  W/P = 1, i . e .  (X ) .

( c )  non  c o m p le x in g  compounds,  w h ich  do n o t  p o s s e s s  

t h e  above s t r u c t u r a l  f e a t u r e s .

The compounds exam ined  a r e  a c c o r d i n g l y  g ro u p ed  i n  T a b le s

3 - 5 .
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I t  c a n  be s e e n  t h a t  Q ( ^ )  o f ^ t h r e e  g ro u p s  o f  compounds

a r e  o f  t h e  f o l l o w i n g  r a n g e s :

g r o u p  a ;  Q(W ) ^  0 .2 7  
P

g r o u p  bs Q(W ) = ç a .  0 . 3 - 0 . 9

g r o u p  Ç: Q(W ) >  0 . 9
•P 

P

T a b le  3

Q(Wp) v a l u e s  o f  P o l y o l  o f  g r o u p  a  

- î ( lp )  <  0 .2 7
/6

Compound & C p ) % Q(Wp) Mg(W)

R i b i t o l 0 . 3 8 1 .3 7 0 . 2 1 1 .0 3

h - A r a b i n i t o l 0 . 2 3 1 .3 5 0 . 1 7 1 .0 4

X y l i t o l 0 . 3 0 1 .1 5 0 . 2 6 1 .0 4

A l l i t o l 0 . 2 1 1 .1 9 0 . 1 7 0.97®

D - A l t r i t o l 0 . 2 0 1 .1 3 0 .1 7 0.97®

1- D e o x y - D - a l t r i t o l 0 . 3 4 1 .8 5 0 . 1 8 1 . 0 0 ®

D -G - lu c i to l 0 . 1 3 1 .0 3 0 . 1 3 1 . 0 0

1 - D e o x y - D - g l u c i t o l 0 . 3 6 1 .7 4 0 . 2 0 1 ,0 3

G a l a c t i t o l 0 . 1 4 1 . 0 8 0 . 1 1 1 . 0 0

1-De o x y - L - g a l a c t  i t  o l 0 .3 3 1 .9 6 0 .1 7 1 .0 3

1- 0 - m e t h y l - D - g u l i t  o l 0 .3 5 1 . 6 6 0 . 2 1 0 .8 9

2 - D e o x y - D - a r a b i n o - h e x i t o l 0 . 3 6 1 .6 0 0 . 2 0 1 . 0 0

2 -De o x y - D - l y x o - h e x i t  o l 0 .41 2 .0 3 0 , 2 1 0 . 6 1 ®

2 - D e o x y - D - r i b o - h e x i t o l 0 . 3 3 2 . 1 0 0 .1 6 0.57®

L - I d i t o l 0 . 2 1 1 . 0 0 0 . 2 1 1 . 0 0
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D - M a n n i to l 0 ,1 3 1 . 1 0 0 . 1 2 1 . 0 0

1 - D e o x y - L - m a n n i to l 0 . 2 1 2 . 1 0 0 . 1 2 1 . 0

1 , 5 - D i d e o x y - L - m a n n i t o l 0 .3 9 1 .5 0 .2 6 0 .9 5

1- D e o x y - ^ - t a l X i t o l 0 . 3 6 1.76 0 . 2 0 0 . 9 4

E x c e p t i o n s  :

E r y t b r i t o l 0 . 8 8 1 .7 2 0 .7 6 0 . 9 0

L - t h r e i t o l 1 . 5 6 1 .7 2 0 .9 0 0 .2 4

T h i s  shows t h a t  t h e  m i g r a t i o n  r a t e s  o f  t h e  non  c o m p le x in g  

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

p r e s e n c e  o f  t u n g s t a t e .  Thus t h i s  b e h a v i o u r  i s  co m p lem en ta ry

t o  t h a t  d u r i n g  e l e c t r o p h o r e s i s  when t h e i r  M (V/) = 0 .—8 —
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  com plexes  fo rm ed  by  

compounds o f  g ro u p  a  a r e  more s t a b l e  t h a n  t h o s e  fo rm ed  by  

compounds o f  g ro u p  b .  The l a t t e r  a r e  a l m o s t  a lw a y s  fo rm ed

by  an  e q u i l i b r i u m  r e a c t i o n . 15 I t  i s  t h u s  n o t  s u r p r i s i n g

t h a t  t h e  Q(W^) o f  t h e s e  compounds f a l l  b e tw e e n  t h o s e  o f  

g ro u p  a  and  £ .  T h e re  a r e  some e x c e p t i o n s  t o  t h e s e  r u l e s :  

E x c e p t i o n s  i n  g ro u p  a :  e r y t b r i t o l

L -th r e i t o l

g e n t i o b i i t o i  = o S r J

m e l i b i i t o l  [CXÇ)C/J =

I t  i s  p o s s i b l e  t h a t  t h e  r e l a t i v e l y  f r e e  r o t a t i o n  a ro u n d  t h e  

t e r m i n a l  0 - 0  bonds  i n  e r y t b r i t o l  and L - t h r e i t o l  c a u s e s  t h e
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co m p lex  f o r m a t i o n  t o  be  an  e q u i l i b r i u m  r e a c t i o n .  Thus 

t h e  Q(W)p) v a l u e s  o f  t h e s e  compounds a r e  t h o s e  o f  g r o u p  b_.

T a b le  k

QCWp) V a lu e s  o f  P o l y o l s  o f  g ro u p  b 

Q(Wp) = 0 .3  ~ 0 .9

Compound : s C p ) & Q(Wp) Mg(W)

D - E r y t h r o s e 1.76 -  2 .5 2 .3 0 .7 6 -1 .0 8 0 .2 -1

D -R ib o se 1.4  -  1 .7 1.66 0 .87 0 .2

D - G a l a c t o s e 0.75 0 .90 0 .83 0-pI . I

D -G ulose 0.98 1 .3 0.75 1.1

D-LIamiose 0 .69 -  1 .2 1.28 0 .5 4 - 1 .0 1.1

D - G l y o e r o - D - a l l o -
h e p t o s e

0.28 0 .83 0 .3 4 0 .48

D - G l y c e r o - D - g u l o -
h e p t o s e

0 .23 0.80 0 .29 0.98

D-G1 VC e r 0 -D-m anno-  
h e p t o s e

0.59® 1.1 0 .53 1.0

D -G lyc  ê r o - L - g l u c  o -  

h e p t o s e

0 .60 0 .74 0 .83

D - A r a b i n o - h e x u l ose 1,1 1.27 0 .87 0.25

D - L y x o - h e x u l ose 0 .34 1.23 0 .90 1.1

L-xyho- h e x u l o se 0.96 1.19 0.88 0 .2

D - G l u c o - h e p t u l c s e 1.06 1.1 0.96



3 8

L - & a . l a c t o - h e p t u l o s e 0 - 0 . 5 0 .91 0 - 0 . 5 5

D -M a n u o -h e p tu lo s e 0 . 5 4 1 . 0 0 . 5 4

M a l t i t o l  ( a _ l  —> k) 0 .2 5 0 . 4 3 0 . 5 8 0 . 1 7

C e l l o b i i t o l  (P - 1  —» k) 0 .2 4 0 .4 2 0 . 5 7 0 . 1 0

L a c t i t o l  (P -1  —» Zj.) 0 . 1 8 0 .41 0 . 4 4 0 . 1 0

E x c e p t i o n s :

D-Lyxose 0 . 9 5 - 1 . 4 6 1 .4 6 0 . 9 6 —1 . 0 1 .0 4

6 -De oxy - l~m annos  e 2.4® 2 .2 6 1 .0 6 1 . 1®

The o b s e r v e d  b e h a v i o u r  o f  g e n t i o b i i t o l  and m e l i b i i t o l  i s  

n o t  u n d e r s t o o d .

E x c e p t i o n s  i n  g ro u p  b ; D - l y x o s e

6 -De oxy-L-manno s e 

The c o n f o r m a t i o n s  o f  E - l y x o s e  and 6 -deoxy~L-m annose  v ^ i c h  

c o u l d  com plex  w i t h  t u n g s t a t e  a r e  (XIX) and (XX), r e s p e c t i v e l y .  

I t  i s  l i k e l y  t h a t  t h e s e  a r e  n o t  e a s i l y  a d a p t e d  and h en c e  t h e

. oH OH

W  %
oH OH OH

( X I 2 )  ( X X )

D - l y x o s e  and  6 - d e o x y -L -m a n n o se  b e h a v e  a s  n o n - c o m p le x in g  

compoundsc
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T/hereas e l e c t r o p h o r e s i s  i n  t u n g s t a t e  s o l u t i o n  can  

d i s t i n g u i s h  b e tw e e n  c o m p le x in g  and n o n - c o m p le x in g  compounds, 

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

a lw a y s  p o s s i b l e  by  t h a t  method ( c f .  M^CW) o f  D - g u l o s e  and 

D - g l u c i t o l ) . However,  t h e  method j u s t  d e s c r i b e d ,  i . e .  

d e t e r m i n a t i o n  o f  Q(W^) v a l u e s ,  d e t e c t s  t h e  s t r u c t u r a l  

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

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

and r e l a t e d  compounds.

T a b l e s  4 and 5 a l s o  shov/ f ro m  a  p r a c t i c a l  p o i n t  o f  

v i e w ,  t h a t  i t  i s  now p o s s i b l e  t o  s e p a r a t e  com ponen ts  o f  

h i t h e r t o  u n r e s o l v a b l e  m i x t u r e s .  I t  i s  t h o u g h t  t h a t  l a r g e  

s c a l e  s e p a r a t i o n  c a n  b e  p e r f o rm e d  on co lum ns o f  c e l l u l o s e  

p o w der ,  an  u p p e r  p o r t i o n  o f  v/hich i s  im p r e g n a te d  w i t h  

t u n g s t a t e .
T a b le  3

Q(W^) v a l u e s  o f  p o l y o l s  o f  g ro u p  £

Q(Wj) >  0 . 9 0

Compound R ( I p ) % Q(Wp) Ms

G-ly c e r  a i d  ehyd e 2 .7 0 2 .6 2 1 .0 6 0

L - A r a b in o s e 1 .3 3 1 .3 5 1 . 0 0 0

D -X y lo se 1 .3 9 1 . 4 8 0 . 9 4 0

2 - D e o x y - D - a r a b i n o - h e x o s e 1 . 8 0 1 . 8 8 1 . 0 0 0

2 - D e o x y -D - ly x o -h e  x o se 2 .0 3 1 .9 4 1 .0 5 0
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2 -Deox.y-D- r i l i o - h e x o s e  2 . 2 4

2 - 0 - m e t h y l - D - g a l a c t o s e  1 . 8 8

6 - D e o x y - L - g a l a c t o s e  1 .9 0

1 . 6 - A r th y d r o - D - g a l a c to s e  2 .4 0

D -G lu c o se  0 .9 8sas

2 - 0 - m e t h y l - D - g l u c o s e  1 . 8 4

3 -0 _ -m e th y l -D -g lu co  se  1 .78

A -O - m e t h y l -D - g lu c o s e  1 .9 0

6 - D e o x y -D - g lu c o s e  1 . 8 4

M e t h y l - c i - i - g i u c o s i d e  2.08

M e t h y l - P - D - g l u c o s i d e  1 .9 0

2 . 3 . 4 . 6 - t e t r a - O - m e t h y l  2 .3 0
- D -g lu c o s e  
-  -of-
M e th y l^ D -m an n o s id e  2 . 1 0

N l g e r i t o l  ( <̂ -1 —  ̂ 3 ) 0 .5 0

l a m i n a r i b i i t o l  (P- 1  —  ̂ 3) 0 . 5 7

2 .34 0 .96 0

1.86 1.00 0

1.85 1.06 0

2.41 1.00 0

1.00 0.98 0

1.86 1.00 0

1.75 1.00 0

1,86 1.00 0

1.94 1.00 0

1.94 1.07 0

1.86 1.04 0

2 .20 1,04 0

2 .07 1,00 0

0 .5 4 0.91 0

0 .63 0.89 0
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bo V/ h o l l y  i m p r e g n a te d  c e l l u l o s e ,

i ) Chr o m a to g r a p h y  o f  p o l y o l s  on f i l t e r  p a p e r  w h o l ly  

i m p re g n a te d  w i t h  sod ium  t u n g s t a t e .

C h ro m a to g rap h y  o f  p o l y o l s  on p a r t i a l l y  i m p r e g n a te d  

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

( s e e  p .  J i T ) .  The compounds o f  g ro u p  a  and b h av e  shown 

c o n s i d e r a b l e  v a r i a t i o n  i n  t h e i r  Q(W^) v a l u e s *  The 

v a r i a t i o n  i n  t h e  Q(W^) v a l u e s  o f  t h e  compounds o f  g ro u p  

b c o u l d  be due e i t h e r  t o  t h e  compounds h a v i n g  ( i )  i d e n t i c a l  

r a t e  o f  m i g r a t i o n  w h i l e  s t i l l  w i t h i n  t h e  im p r e g n a te d  a r e a ,  

b u t  d i f f e r e n t  r a t e s  o f  m i g r a t i o n  when p a s s e d  o u t  i n t o  

u n i m p r e g n a te d  a r e a ;  o r  ( i i )  d i f f e r e n t  m i g r a t i o n  r a t e s  

w i t h i n  and  o u t s i d e  t h e  i m p r e g n a te d  a r e a .  On t h e  o t h e r  

hand  t h e  compounds o f  g ro u p  a w h ich  fo rm  com plexes  o f

t h e  t y p e  (%I -  XIV) have  a l s o  shown some v a r i a t i o n  i n

Q(^p) v a l u e s  w h i l e  s t i l l  i n s i d e  t h e  im p r e g n a te d  a r e a .

T h i s  b e h a v i o u r  s u g g e s t s  t h a t  t h e  m a j o r i t y  o f  co m p lex -  

f o r m i n g  compounds e x h i b i t  d i f f e r e n t  r a t e s  o f  m i g r a t i o n  on 

com ing  i n  c o n t a c t  w i t h  t u n g s t a t e .  B u t  t h e  v a r i a t i o n  i n  

t h e i r  Q(l7 ) c  0 . 3  ( w i t h i n  g ro u p )  i s  n o t  s u f f i c i e n t  f o r  t h e—p
s t u d y  o f  t h e  s t r u c t u r e s  o f  t h e  co m p lex es  and d i f f e r e n t i a t i o n

c o u l d  n o t  be  made b e tw e e n  t h e  s t a b l e  and c o m p a r a t i v e l y  l e s s

s t a b l e  c o m p le x e s .  I n  o r d e r  t o  exam ine t h e  t r u e  e f f e c t  o f  

t h e  p r e s e n c e  o f  t u n g s t a t e  on t h e  m i g r a t i o n  r a t e s ,  i . e .
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when t h e  compound a r e  a lw ay s  i n  c o n t a c t  w i t h  t u n g s t a t e ,

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

M oreove r  s i n c e ,  i f  t h e  same s o l v e n t  and pH i s  u s e d  f o r

t h e  i r r i g a t i o n  o f  t h e  w h o l ly  im p r e g n a te d  p a p e r ,  t h e

r a n g e  o f  m i g r a t i o n  v a l u e s  would s t i l l  he  t h e  same, i t

was a l s o  e s s e n t i a l  t o  v a r y  t h e  pH and t h e  s o l v e n t .

I t ' ^ s  r h a t  com plexes  a r e  fo rm ed  a t  a l l  t h e
1 3v a l u e s  b e tw e e n  pH 1 - 8  and  t h a t  a t  v a l u e s  above pH 6 ,

u n s t a b l e  i n t e r m e d i a t e  com plexes  a r e  fo rm ed  w h ic h  a r e
1 4s l o w l y  c o n v e r t e d  i n t o  s t a b l e  co m p le x e s .  Whereas 

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

s o l u t i o n s  o f  pH 5 i s  b a s e d  on t h e  f a c t  t h a t  a t  £ a .  pH 5 

s t a b l e  com plexes  a r e  fo rm ed  i m m e d i a t e l y .  Im m ed ia te  

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

l i k e  e l e c t r o p h o r e s i s ,  where  compounds a r e  s p o t t e d  on d r y  

p a p e r  and s u b j e c t e d  t o  an  e l e c t r i c  f i e l d  soon  a f t e r  s o a k i n g  

t h e  p a p e r  i n  t h e  e l e c t r o l ^ ' t e .

F o r m a t io n  o f  p o l y o l - t u n g s t a t e  com plexes  a t  pH 8 . 0  

was c o n f i r m e d  by  e l e c t r o p h o r e s i s .  None o f  t h e  p o l y o l s  

showed an y  s i g n s  of  m i g r a t i o n  i n  s o l u t i o n  (pH 8 ) o f  

m o ly b d a te  o r  t u n g s t a t e .  However,  when p o l y o l s  were mixed 

w i t h  t u n g s t a t e  s o l u t i o n  o f  pH 8 and exam ined  by  e l e c t r o 

p h o r e s i s  a f t e r  s t a n d i n g  o v e r n i g h t ,  i t  was o b s e r v e d  t h a t  

c o m p le x - f o r m in g  p o l y o l s  m i g r a t e d  to w a r d s  t h e  a n o d e .
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T h i s  showed t h a t  com plex  f o r m a t i o n  t a k e s  p l a c e  a l s o  a t  

pB. 8 , h u t  on s t a n d i n g  only*  T h is  a l l o w s  t h e  v a r i a t i o n  

i n  pH, f o r  t h e  p a p e r  c h ro m a to g ra p h y ,  w h ich  i n  c o n t r a s t  

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

fo rm ed  u n s t a b l e  i n t e r m e d i a t e s  w i l l  g e t  s u f f i c i e n t  t im e  f o r  

c o n v e r s i o n  i n t o  s t a b l e  com plexes  « Thus p a p e r  c h ro m a to g ra p h y  

o f  a  few  p o l y o l s  was p e r fo rm e d  on p a p e r  w h o l ly  i m p r e g n a te d  

w i t h  so d iu m  t u n g s t a t e  s o l u t i o n  o f  v a r y i n g  pH. V a r y in g  

s o l v e n t  s y s t e m s  ( 'Expt .  23 ,  T ab le  29) were  a l s o  used*

I t  was fo u n d  t h a t  p a p e r  i m p r e g n a te d  w i t h  (Y//V) 

sod ium  t u n g s t a t e  d i h y d r a t e ,  a c i d i f i e d  t o  pH 8 . 0  i  0 ,1  and 

d r i e d  a t  room t e m p e r a t u r e  o v e r n i g h t  o r  a t  70~80^C f o r  

30  m in .  and t h e  s o l v e n t  ( e )  a r e  t h e  m ost  s u i t a b l e  c o n d i t i o n s  

f o r  t h e  s t u d y  o f  t u n g s t a t e - p o l y o l  c o m p le x e s .  Thus t h e  

a v a i l a b l e  p o l y o l s  were  exam ined  u n d e r  t h e s e  c o n d i t i o n s .

S i n c e  t h e  Q(Y/ ) v a l u e  o f  D -g lu o o s e  i n  common w i t h  a l l  n o n -  

c o m p le x in g  p o l y o l s  ( g ro u p  o,  t a b l e  5 ) i s  c a .  1 , i t  was 

r e a s o n a b l e  t o  assume t h a t  p r e s e n c e  o f  t u n g s t a t e  h as  no 

e f f e c t  on t h e  m i g r a t i o n  r a t e s  o f  t h e s e  compounds. T h i s  

was c o n f i r m e d  by  c h ro m a to g ra p h y  o f  a  few  p o l y o l s  on p a p e r  

im p r e g n a t e d  w i t h  s a l t  s o l u t i o n s ,  s u c h  a s  sod ium  c a r b o n a t e  

o r  sod ium  p h o s p h a t e ,  when t h e i r  m o b i l i t i e s  were n o t  

a f f e c t e d  by  t h e  p r e s e n c e  o f  t h e s e  s a l t s .  T hus ,  t h e  

m i g r a t i o n  r a t e s  o f  t h e  p o l y o l s  on p a p e r  w h o l ly  i m p r e g n a t e d
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w i t h  t u n g s t a t e  [R ^(W )] ,  and on u n - i m p r e g n a t e d  p a p e r  [ R ^ ] ,

were  e x p r e s s e d  r e l a t i v e  t o  I - g l u o o s e ,  w here  ~

D i s t a n c e  t r a v e l l e d  by  t h e  compound on p a p e r
^  (-\y) ~ im p r e g n a te d  w i t h  t u n g s t a t e ______________________

D i s t a n c e  t r a v e l l e d  by  D - g l u c o s e  on t h e  same 
p a p e r

(W) i n d i c a t e  t h a t  t h e  p a p e r  i s  w h o l l y  i m p r e g n a te d  

w i t h  t u n g s t a t e  and

D i s t a n c e  t r a v e l l e d  by  t h e  compound on
R _  u n im p r e g n a te d  p a p e r ______________________________

G"
D i s t a n c e  t r a v e l l e d  by  D - g l u c o s e  on t h e  same 
p a p e r

The r e l a t i v e  e f f e c t s  on t h e  m i g r a t i o n  r a t e s ,  i . e .  t h e  r a t i o  

o f  t h e  r a t e s  o f  m i g r a t i o n  o f  p o l y o l s  on im p r e g n a te d  p a p e r  

and on t h e  c o n t r o l  p a p e r  ( b o t h  r e l a t i v e  t o  D - g l u c o s e )  i s  

Q(W) =

&

P o l y o l s  o f  g ro u p  c ,  i . e .  F o n -c o m p le x in g  p o l y o l s  ( s e e  p .  39 ) 

The r e s u l t s  ( T a b le  6 ) show t h a t  a l l  t h e  n o n - c o m p le x in g  

p o l y o l s  have  Q(W) v a l u e s  = 1  o r  > 1.  The i n c r e a s e  i n  t h e  

m i g r a t i o n  r a t e s  i . e .  Q(W) ^ 1 o f  t h e s e  compounds seems t o  be 

due  t o  an  e f f e c t  s i m i l a r  t o  s a l t i n g  o u t ,  w hich  r e s u l t e d  i n  

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

i n c r e a s e  o f  t h e i r  s o l u b i l i t y  i n  t h e  m o b i l e  o r g a n i c  p h a s e .
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Thus Q(¥) = 1 1 i s  co m p lem en ta ry  t o  Q ( ¥ ^ ) > 0 , 9  o r

^ ( W )  = 0 .

P o l y o l s  o f  g ro u p  b ( s e e  p .  ) *

I t  c a n  be s e e n  f rom T a b le  7 t h a t  Q(W) v a l u e s  o f  t h e  

compounds f o r m in g  t h e  com plexes  o f  t y p e  (X) i . e .  g ro u p  b 

( p .  37 ) a r e  b e tw e e n  0 . 5  -  0 . 9 .  The v a r i a t i o n  i n  Q(W) 

v a l u e s  c o u l d  be due t o  t h e  s p a t i a l  d i s p o s i t i o n  o f  t h e  

h y d r o x y l  g r o u p s  w h ich  a r e  n o t  i n v o l v e d  i n  com plex  f o r m a t i o n .

T a b le  6 

Compounds o f  g ro u p C
15

Compound S o Q(W)

G l y c e r a l d e h y d e  1 . 13 -  1 .9 1 . 7 2 0 . 6 7 - 1 . 1 0

L - A r a b in o s e 1 .3 0 1 .1 9 1 .0 9 0

D -X y lo se 1 .6 0 1 .4 3 1 . 1 2 0

D -G lu c o se 1 . 0 0 1 . 0 0 1 . 0 0
(M arker )

0

2 -De o x y -D -a ra b  i n o - h e x o  se 1 .7 7 1 .7 0 1 .04 0

2- D e o x y - D - ly x o - h e x o s e 1 .7 0 1 .4 4 1 . 1 8 0

2-De 0 x y - D - r i b o - h e x o s e 1 .9 4 1 .9 5 1 . 0 0 0

6 -De 0 x y - D - g l u c o s e 2 . 4 0 1 . 6 1 1 .49 0

2- ^ - m e t h y l - D - g l u c o s e 2 .4 6 1 . 6 1 1 .5 2 0

3 - 0 - m e t h y l - D - g l u c  o se 2 .7 0 1 . 6 6 1 .6 2 0

M e th y l - c ^ - D - g lu c o s id e 2 .4 2 1 .5 7 1 .5 4 0

M e t h y l - P - D - g l u c o s i d e 2 . 5 2 1 . 5 8 1 . 6 1 0

2 -O -m e th y l -D fg L ^ a c t  ose 2 .0 6 1.51
•

1 .4 0 0
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6 -D eo x y - L - g a l a c t  o s e 1 .4 2 1 . 3 8 1 .0 6 0

1 , 6 - a n h y d r o - D - g a l a c t o s e 1 .95 1 .79 1 .0 9 0

Met hy  1 -  ct-L-mann o s i  d e 2 .5 5 1 .7 9 1 .4 2 0

K o j i b i o s e  ( a  1 —  ̂ 2 ) 0 .4 6 0 .4 4 1 .0 4 0

S o p h o ro s e  (P 1 —^ 2 ) 0 . 6 3 0 .5 9 1 .0 7 0

L a m i n a r i b i o s e  (P 1 —> 3 ) 0 .7 0 0 .5 8 1 .0 3 0

M a lt  o se  (ci 1 A ) 0 .5 5 0 .5 4 1 . 0 1 0

G l y c e r o l 2 .3 8 1 .9 5 1 . 2 2 0

3 - 0 -m e t  h y 1 - L - g l u o i t o l 2 . 6 8 1 .65 1 .6 2 0

L a m i n a r lb  i i t o l 0 .6 5 0 .6 5 1 . 0 0 0

S c y l l o - i n o s i t o l 0 .2 9 0 .2 9 1 . 0 0 0

( + ) - l n o s i t o l 0 .5 7 0 . 4 7 1 . 2 0 0

M u c o - i n o s i t o l 0 . 7 2 0 . 7 3 0 .9 8 0

T a b le  7

Compounds o f  g ro u p b

Compounds & ( E ) & Q(W) I s  ( I )

D - E r y t h r o s e 1 . 1 2 2 . 0 8 0 .5 5 1 . 1

D -Lyxose 1.30® 1 ,4 9 0 .8 7 1 .0 4

D -H ibose 1.44® 1 . 5 6 0.92® 0 . 2 0

D - G a l a c t o s e 0 . 6 6 0 .9 2 0 .7 3 0 - 1 . 1
( a t  pH 8 )

D-Mannose 0 .91 1 .1 9 0 .7 6 1 . 1 0

D -G ulose 0 . 6 6 1 . 0 6 0 .6 2 1 . 1 0



D - G l y c e r o - D - a l l o - h e p t o s e 0 .4 4 0 .8 5 0 . 5 2
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0.43®

D - G l y c e r o - D - g u l o - h e p t o s e 0 .5 6 0 .5 8 0 .6 4 0 . 9 8 ®

D - G l y c e r o ~ L - g l u c o - h e p t o s e 0 . 5 3 0 .7 2 0 .7 4 0

D -G ly c e r o -L - m a n n o - h e p t o s e 0 .4 4 0 .9 5 0 . 4 6 1 . 0 0

D - G l y c e r o - I i - g a l a c t o - h e p t o s e 0 - 0 .5 1 0 . 6 8 0.75® 0.94®

D -A r a b in o - h e  x u l ose 0 .1 9 1 .0 8 0.17® 0 .2 5

D - ly x o -h e :{ u lo s e O . O o - l .0® 1 .3 4 0 . 0 4 - 0 . 7 4 1 . 1 0 ®

L -x y 1 o - h e x u l o s e 0 . 0 6 - 1 . 0 1 .3 4 0 . 0 4 - 0 . 7 4 0 . 2 0

L - G a l a c t o - h e p t u l o s e 0-0 .50® 0.91 0-0 .55® —

D-Glue 0 - h e  p t u l o s e 0-0 .54® 0 .9 6 0 - 0 . 5 6 ® —

D-Mann o - h e p t u l o s e 0 .6 2 0 .9 5 0 . 6 1 —

D - A l l o - h e p t u l o s e 0 . 3 7 1 .1 7 0.31 —

L e u c r o s e 0 -0 .33® 0 .5 4 0 .6 0 0 . 4

I s o m a l t a l o s e 0 .1 9 0 .6 3 0 .3 0 0.70®

A l l o - i n o s i t o l 0 .31 0 .6 2 0 . 5 0 0 . 0 8

M y o - i n o s i t o l 0 .1 9 0 . 6 0 0 .31 0

E p i - i n o s i t o l 0 . 2 3 0 . 3 8 0 .6 0 1 . 0 0

M a lt  i t  o l  (ci-1 —  ̂ 4) 0 . 1 3 0 . 6 1 0 . 2 1 0 .1 7

C e l l o b i i t o l  (P -1  —> 4 ) 0 . 2 1 0 .5 0 0 . 4 2 0 . 1 0

L a c t i t o l  ( P -1  —̂  4 ) 0 . 1 4 0 .4 2 0 .3 3 0 • 68

P o l y o l s  o f  g ro u p  a  ( s e e  p .  3b")*

C h ro m a to g rap h y  o f  p o l y o l s  f o rm in g  com plexes  o f  t h e  t y p e  

(XI-XIY) h a s  a l s o  s h o r n  ( T a b l e s  8 and 9) improvem ent i n  t h e i r
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m i g r a t i o n  r a t e s  on p ap e r  w ho l ly  im p reg n a ted  w i th  sodium 

t u n g s t a t e  s o l u t i o n .  I t  can  be seen  t h a t  E^(W) v a l u e s
— Lr —

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

hydroxyl g roups  a r e  a  f r a c t i o n  of  t h e i r  ^  v a l u e s .
16Angus, Bourne and Weigel have r e l a t e d  th e  e l e c t r o 

p h o r e t i c  m o b i l i t i e s  and th u s  t h e  s t a b i l i t i e s  of  t h e  

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

g r o u p s ,  to  t h e  s i z e s  of  t h e  s u b s t i t u e n t s  a t  Eg and ( i n  

p o s t u l a t e d  s t r u c t u r e s ,  XI-XIV). They have shown t h a t  t h e  

compounds o f  i d e n t i c a l  m o le c u la r  s i z e  h av in g  hydrogen  atoms 

a t  Eg 8,nd fo r)  ( i n  t h e  complex) have h i g h e r  ^  v a l u e s  t h a n  

t h o s e  p o s s e s s in g ,  ca rb o n  a tom s.  D -m an n i to l  can  form two 

complexes i . e .  ( ] [XI) , i n v o l v i n g  h y d ro x y l  groups  a t   ̂ -  

^ (4 )  (X}ŒI) i n v o l v i n g  h y d ro x y l  g roups  a t  ^ (5 )*

i7
C " O H H— C '\ /

(XXI) (X X II)
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The complex (XXI) has two a d j a c e n t  h y d ro x y l  g roups  

( a t  and , v/hile t h e r e  i s  no su ch  g l y c o l  i n  complex 

( 30CII) o Thus,  p a r t i a l  p e r i o d a t e  o x i d a t i o n  of  (XXI) w i l l  

y i e l d  D - a r a h in o s e ,  whereas  (XXII) w i l l  r em ain  u n a f f e c t e d .

The f o r m a t io n  of  B - a r a b i n o s e  from t h e  D -m ann i to l  complex 

and t h u s  t h e  p r e f e r e n t i a l  f o r m a t io n  o r  c o m p a ra t iv e ly  g r e a t e r  

s t a b i l i t y  o f  (XXI) has  been  conf i rm ed  by Angus, Bourne and 

W e i g e l . T h e y  a l s o  s t u d i e d  t h e  p a r t i a l  p e r i o d a t e  

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

c o n f i rm ed  t h e  ty p e  of  complex formed p r e f e r e n t i a l l y  o r  

c o m p a r a t i v e l y  s t a b l e  complex, e . g .  th e  g a l a c t i t o l  complex 

was n o t  a f f e c t e d  by th e  o x id a n t  showing th e  f o r m a t i o n  of  

(XXIV), r a t h e r  t h a n  (X3CIII).

/-N— M —OCR|) H -
—M — OO —M— O

\
HO HC— C» f C - C H O H
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The co n f i rm ed  s t r u c t u r e s  o f  t h e  p o l y o l  com plexes ,  

e .go jD-mannitol-complex (XXI) and g a l a c t i t o l - c o m p l e x

(XXIV) have o n ly  hydrogen  atoms a t  Eg sind E^ p o s i t i o n s  

w h i l e  t h e  u n s t a b l e  com plexes ,  e . g .  (XXII) and (X X II I ) 

have l a r g e r  g roups  ( # p p p i 4 M M H )  a t  one o r  b o t h  of 

t h e s e  p o s i t i o n s .  C l e a r l y  t h e  p r e s e n c e  of  s u b s t i t u e n t s  

o t h e r  t h a n  hydrogen  atom a t  E^ a n d / o r  E^ i n t r o d u c e s  a 

f a c t o r  o f  i n s t a b i l i t y .

P ap e r  chrom atography  o f  p o l y o l s  which p o s s e s s  f o u r  

h y d ro x y l  g roups and can  form o n ly  one ty p e  o f  complex, 

e . g .  1- d e o x y - p e n t i t o l s  and (OAdeoxy-hex i to ls , show t h a t  

where IL(W) v a l u e s  o f  th e  compounds d e c r e a s e  due t o  

p r e s e n c e  o f  l a r g e r  g roups  a t  Eg and E^, t h e  Q(W) v a l u e s  

i n c r e a s e  ( s e e  T ab le  9 ) .  Thus,  t h e  e l e c t r o p h o r e t i c  

b e h a v i o u r ,  i . e .  lev/ LP ( v a l u e s ) ,  i s  t h e  r e v e r s e  o f  t h e"“ S
c h ro m a to g ra p h ic  m i g r a t i o n ,  i . e .  h ig h  Q(W) v a l u e s .

I d e n t i c a l  e l e c t r o p h o r e t i c  m o b i l i t i e s  of  p e n t i t o l s ,  

D -m a n n i to l ,  D - g l u c i t o l ,  L - i d i t c l  and g a l a c t i t o l  LMg(Mo or  

W) = c a .  1 ] show t h a t  t h e  e f f e c t  o f  o t h e r  s t r u c t u r a l  

f e a t u r e s ,  e . g .  h y d ro x y l  g roups  no t  in v o lv e d  i n  t h e  complex 

f o r m a t i o n  o r  s u b s t i t u e n t s  a t  E^ a n d / o r  R^, can n o t  be 

d e t e c t e d  by t h i s  method. Thus, t h e  s t a b i l i t y  o f  t h e  

complexes i s  m a in ly  governed  by th e  s i z e s  o f  t h e  s u b s t i t u e n t s
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a t  Eg o S in ce  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  of

t h e  i o n i c  s p e c i e s  a r e  m a in ly  based  on th e  i o n i c  c h a rg e ,  

m o l e c u l a r  s i z e  and s t a b i l i t y ,  t h e  complexes of  i d e n t i c a l  

m o l e c u l a r  s i z e ,  i o n i c  cha rge  and s t a b i l i t y  canno t  be 

e x p e c te d  to  m ig r a t e  d i f f e r e n t l y  on e l e c t r o p h o r e s i s .

On th e  o t h e r  hand m i g r a t i o n  on p a p e r  i s  governed  by 

t h e  p a r t i t i o n  ( o r  a d s o r b t i o n )  c o - e f f i c i e n t  o f  t h e  compounds. 

Suppose two complexes (X and Y) o f  i d e n t i c a l  m o le c u l a r  s i z e  

and i d e n t i c a l  s u b s t i t u e n t s  a t  Eg ^.nd E^ have d i f f e r e n t  

Q(W) v a l u e s .  The d i f f e r e n c e  i n  p ap e r  ch ro m a to g ra p h ic

Complex X : Eg = H Complex Y: E9 = K

E^ = CEgOH E:  ̂ = CHgOH

m o b i l i t i e s  of  X and Y co u ld  o h ly  be due t o  ( i )  d i f f e r e n t  

p a r t i t i o n  c o e f f i c i e n t  o r  ( i i )  some o t h e r  s t a b i l i t y  o r  

i n s t a b i l i t y  f a c t o r s ,  which cannot  be r e v e a l e d  by e l e c t r o 

p h o r e s i s  ( s e e  b e lo w ) .

The proved s t r u c t u r e s  o f  t h e  complexes o f  D -m ann i to l  

(X]{I) and g a l a c t i t o l  (ZCCIV) a r e  of  t h e  same ty p e ,  i . e .  ( X I ) . 

These two complexes have i d e n t i c a l  s u b s t i t u e n t s  a t  Eg and E^, 

i . e .  a hyd rogen  atom; t h e  s u b s t i t u e n t s  a t  o t h e r  p o s i t i o n s ,  

e . g .

D -m a n n i to l  complex: = H; E^ = C^^^HgOH

Q - a l a c t i t o l  complex: E^ = C^^^HpOH, R^ =
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a r e  a l s o  more o r  l e s s  t h e  same, and hence have th e  same 

Mg v a l u e s ,  bu t  they  have e x h ib i t e d  d i f f e r e n t  Q(W) v a l u e s ,  

which c l e a r l y  i n d i c a t e  t h a t  some f a c t o r s  ( s t a b i l i t y  o r  

i n s t a b i l i t y )  o th e r  th a n  th o se  d i s c u s s e d  above a re  a l s o  

in v o lv e d  f o r  th e  e x h i b i t e d  paper  chromatographic  b eh a v io u r  

o f  t h e  p o l y o l s .  In  t h e  case  of  p e n t i t o l s  two s t r u c t u r e s  

a r e  p o s s i b l e  depending on th e  v i c i n a l  t e t r i t o l s ,  i  o e .

C ^ l ) -  o r  0 ^2 )"" ^ ( 5 ) i^ 'volved i n  t h e  complex formationo

The two complexes of  r i b i t o l  a re  gv' and and th o s e  

formed w i th  x y l i t o l  a re  XXVII and XXVIII. S ince t h e s e  

complexes d i f f e r  on ly  i n  t h a t  th e y  a re  m i r ro r  images,  

on ly  XXV and XXVII w i l l  be c o n s id e re d .

O o.

CHOH .î/, . r(

O

i C  - H

^  (R^) -  - CHOH

(XXV) (XXVI)

(R3)
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H

(^3 )
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( < % )
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(XXVII) (XXVIII)

The two p o s s i b l e  complexes of  g - a r a b i n i t o l  a re  XXIX and XXX,

OH

%

< “ i ' V ' H

/Î /
H R

CH Oh( R j )

(XXX)
As s t a t e d  above, t h e  p re se n ce  of  l a r g e  s u b s t i t u e n t s  a t  

Rg Sind ( o r )  R^ makes t h e  complexes u n s t a b l e .  T h e r e f o r e , 

t h e  c o m p a ra t iv e ly  more s t a b l e  complex of  g - a r a b i n i t o l  w i l l  

be XXÎX. Thus, th e  complexes of  D - a r a b i n i t o l  (XXIX)
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and x y l i t o l  ZD/I I  have i d e n t i c a l  s u b s t i t u e n t s  a t  R2 and 

while  R - r i h i t o l  complex (ZD/) has 0^^^ a t  R^. The

h ig h e r  Q(W) value of (XXV) ( among th e  th r e e )  i s  under-  

s ta n d ah le  due to  th e  presence of th e  l a rg e  group a t

hu t  th e  d i f f e r e n c e  in  Q(W) va lues  of XD/II and ZCIX 

having  i d e n t i c a l  s u b s t i t u e n t s  a t  R^ and R^ in d i c a t e  t h a t
«C- y

t h i s  could be due to  o th e r  s u b s t i t u e n t s ,  y. . . ,

l i k e  D -a ra b in i t  o l , each 1-d e o x y -h e x i to l  can form two 

complexes; th u s ,  the  two p o s s ib le  complexes of 1-deoxy-1-  

g u i i t o l  a re  XXXI and XX3CII.

0 ~  M

\ m ĉ  c

( R ^ H — C j.

OH

(XXXI)

HO—

OH

HC-C
OhHO

H
( R , )

(XXXII)

The com para t ive ly  more s t a b l e  complex w i l l  be t h a t  having 

sm a l le r  groups a t  Rp end R^ , i . e .  XXXII. S im i l a r ly  the
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I

com para t ive ly  moro s t a b l e  complex of  1 -d e o x y -3 -g lu c i to l  i s  

XJLXIV, out of  th e  two p o s s i b i l i t i e s ,  i . e .  XiïïIIÏ  mid lOXIV.

HO /

.V
- R ( R h

• c
H

H
( R a )

(XXXIII)

HO^

V
H

p U  

H H

(^3) (^2)  ( ^ )

(XXXIV)

The analogous p o s s ib le  complexes of o th e r  1 -d eo x y -h ex i to l s  

a re  as below:

1 - c le o x y - I ) - ta l i to l  XXXV and-XXXVI

—MO —-M —'\
(Ru H ^ C J .

O'—' M“ Q
HO- \  \

- H  (R. )

( R ^ ) H - C 3

CHOH,CH.
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HO—-1̂
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' 7 ^

/
1C —CH

(XXXVII)

\  OH

° x \  --------1 ,  /  \ o H

/ s \  o

H
\ -

H
. .  (

(XXXVIII) -

l -D eoxy-D-m annito l  XXXIX and XL

' m - O0 —'H ^

( Rfy) H — C ^ 5^-CH

( ^ )

(XXXIX)

- o n K „ L r .  . ( ^ 3 )  è - L H(R^)

yH*— C )" 

\ CH,

(XL)
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1 - D e o x y - D - a l t r i t o l  XLI and XLII

57

/
î C — 1 
y  L'\|

iCHOH

(XLII)

1 - I d i t o l

HO"T r

( R i J  H - 0 - ^

O O H
^ c ^ h c n p H

H/
H  /  “

(XLIII)

„ °N

y  \  /
0 / 1

- ,  ' /
HOKC— CL

(R,) C<k)
(XLI?)
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Out o f  t h e s e  complexes t h e  ]gC{VI, X r / I I I ,  XL and ZLII

can' be e l i m i n a t e d  ov/in^ t o  t h e  p r e s e n c e  of  co m p arâ t i v e l y  

l a r g e r  g roups  a t  and ( o r )  ' I t  •can be se en  t h a t

t h e  p r e s e n c e  of  a  l a r g e  group a t  sind ( o r )  has  a

c o n s i d e r a b l e  e f f e c t  on t h e  15 (ïï) v a l u e s  as w e l l  as on t h e  

Q(W) v a l u e s .  C l e a r l y  t h e  p re s e n c e  of a l a r g e  group  a t  

^2 and ( o r )  (among t h e  compounds o f  i d e n t i c a l  m o le c u l a r  

s i z e )  which has  r e s u l t e d  i n  d e c re a s e d  Ih (W) v a l u e s  and 

i n c r e a s e d  Q(W) v a l u e s ,  i s  an i n s t a b i l i t y  f a c t o r .  But t h e  

d i f f e r e n c e  i n  t h e  Q(ïï) v a l u e s  of p o ly o l s  h a v in g  i d e n t i c a l  

s u b s t i t u e n t s  (among th e  group)  a t  Bg and B^, e . g .  U X l l  

and ZXXIV o r  XXXIV and XXXVII o r  XXXIX canno t  be e x p l a in e d  

on t h e  b a s i s  o f  s u b s t i t u e n t s  a t  ^2 ^.nd o n ly .  L - I d i t o l  

can form complexes X LIIIand  XLIV.

B o th  X LIII  and XLIV p o s s e s s  i d e n t i c a l  s u b s t i t u e n t s  a t  

B2 and B^, i . e .  hydrogen  a tom s.  ITo ev id en ce  i s  a v a i l a b l e  

f o r  t h e  co m p ara t iv e  s t a b i l i t y  o f  e i t h e r  XLIII  o r  XLIV. 

However t h e  lo w e s t  ( among h e x i t o l s )  Q(_W) v a lu e  (0 .1 3 )  of  

L - i d i t c l  i n d i c a t e s  t h e  co m p a râ t i v e l y  g r e a t e r  s t a b i l i t y  of 

t h e  L - i d i t o l  complex (XLIII  o r  XLIV) th a n  t h a t  o f  t h e  o t h e r  

h e x i t o l s .  D - g l u c i t o l  can form t h r e e  co m p lex es , i . e .

XLV -  JCLVII.

The s t r u c t u r e  XLVI can  be e l i m i n a t e d  due t o  p r e s e n c e  

o f  0^^^ a t  B ^ . P a r t i a l  p e r i o d a t e  o x i d a t i o n  of t h e
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/ ° U o „
V   Ç f , /  H _

^ \ o  7 /0"

(XLV)

/
H 

( R j j

OH

( R w

lOa L-Lyxose

No e f f e c t  ^

( N .  V

(XLVI)

O—  M —

/
( R ^ H - C ‘ Î C —C—CH.OH 

/  >H

^  D-Arabinose

(.R j; ( R j )
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(XLVIII)
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(XLIX)

(R,)H-C6 3 C ---H (f/?g

(I.)
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^ “g lu c i to l -co m p le x  has been shovm*̂  to  g ive ,  L - lyxose ,  

D - g l u c i t o l  and D -a rab inose ,  thus  showing the  fo rm at ion  

of a l l  the  t h r e e  complexes. The Q(W) of D - g l u c i to l  

(Go 15) i n d i c a t e s  t h a t  D - g l u c i to l  complex i s  com para t ive ly  

l e s s  s t a b l e  th an  t h a t  of L - i d i t o l .  The corresponding  

complexes of g s i l a o t i t o l ,  L -m annito l ,  L - a l t r i t o l  and 

D - a l / i t o l  a re ;  (XZIII, JU Y  p. ); (3ZI, X-îII, p.  k S ) ;

(XLVIII, XLIX, L) and (LI, L II )  r e s p e c t i v e l y .

HO

Or

\ /1 /
iRuH —Ĉ f- ’■ f -H (R / )

CHOf/HO HC*
CH OH

The s t a b l e  or  p r e f e r e n t i a l l y  formed complexes of 

g a l a c t i t o l  (ICCIV), D-mannitol (lOII), D - a l t r i t o l  (XLIS) and 

D - a l l i t o l  (LI) have been proved by Angus, Bourne and 

Weigel The lower ^ ( W )  v a lues  and a l so  h ig h e r  Q(W)
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v a l u e s  o f  XLIX and LI show th e  i n s t a b i l i t y  i n t r o d u c e d  

by th e  l a r g e  s u b s t i t u e n t s  p r e s e n t  a t  Eg ^3  th e  

two complexes r e s p e c t i v e l y .  But t h e  o t h e r  f o u r  h e x i t o l  

complexes p o s s e s s i n g  i d e n t i c a l  s u b s t i t u e n t s  a t  R%

have e x h i b i t e d  d i f f e r e n t  Q(W) v a l u e s  a s  i n  t h e  ca se  of  

p e n t i t o l s  and 1- d e o x y - h e x i t o l s , which i n d i c a t e  t h a t  t h e r e  

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

c h ro m a to g ra p h ic  b e h a v io u r  o f  t h e  p o l y o l s  p o s s e s s i n g  more 

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

c o n s i d e r  t h e  p o s i t i o n  o f  s u b s t i t u e n t s  a t  R  ̂ and R^.

The d iag ram s d i s c u s s e d  above r e v e a l  t h a t  f o r  each  

g roup  o f  compounds h av in g  t h e  same m o le c u l a r  s i z e ,  t h e  

Q(W) v a l u e s  a r e  low when a ca rb o n  atom a t  R  ̂ o r  R^ has  

t h e  f o l l o w i n g  c o n f i g u r a t i o n :
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Y/hen ca rbon  atoms l i n k e d  by bonds marked w i th  t h i c k  l i n e s  

a r e  a r r a n g e d  in  t h e  p l a n a r  z i g - z a g  c o n fo rm a t io n ,  t h e  

0'%y^Q7i y of t h e  segments marked tZj a r e  i n  a  s p a t i a l

d i s p o s i t i o n  i d e n t i c a l  w i th  IV, i . e .

H Q / '

B
In  such a case  th e  hydroxy l  groups i n  A and B a r e  a l r e a d y  

i n  such  a  p o s i t i o n  t h a t  t h e y  cou ld  r e a c t  w i th  6 - c o - o r d i n a t e d  

t u n g s t a t e ,  by e l i m i n a t i o n  o f  w a te r ,  e . g .

1 /

/ bond formed 
by e l i m i n a t i o n  
of  wat e r

H 

C

v^hich i s  comparable  to  t h e  e l i m i n a t i o n  of w a te r  as  i n  th e  

f o r m a t i o n  of n J  When and a r e  -CHgOH g ro u p s ,  th e  

h y d ro x y l  group o f  -CHgOH would n o rm a l ly  ex ten d  t h e  p l a n a r  

z i g - z a g  co n fo rm a t io n  of t h e  ca rbon  c h a in ,  i . e .
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In  t h i s  c a se  t h e  h y d ro x y l  group o f  t h e  -'CHgOE i s  away 

from th e  t u n g s t a t e ,  b u t  r o t a t i o n  of  -OHgOE around  t h e  

t e r m i n a l  C-C bond by 120^ would b r i n g  th e  h y d ro x y l  

group  i n  th e  same p o s i t i o n  as  i n  A o r  B, ioS .

HO

OH

D

%
H H

D,
which w i l l  now be i n  a  p o s i t i o n  t o  r e a c t  w i th  6-coV 

- o r d i n a t e d  t u n g s t a t e .  The Q(W) a r e

dependen t  t o  some e x t e n t  on t h e  r e l a t i v e l y  g r e a t e r  

a b i l i t y  o f  a s u i t a b l y  d i s p o s e d  s e c o n d a ry  h y d ro x y l  group 

th a n  o f  a p r im ary  hyd ro x y l  group  t o  form a t r i d e n t a t e  

complex. To a l lo w  f o r  t h e  r o t a t i o n  of  t h e  p r im ary  

h y d ro x y l  g roup ,  an e n t r o p y  te rm  HT I n  l / f  has  t o  be added 

t o  t h e  f r e e  en e rg y  change in v o lv e d  i n  t h e  f o r m a t io n  o f  

t r i d e n t a t e  D. Th is  co u ld  make D l e s s  s e n s i t i v e  t o  a

f = Fraction of the molecules may'’have the the oxygen atoms 
of the primary hydroxyl groups in a position suitable for the tridentate formation.
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t r i d e n t a t e  f o r m a t i o n  t h a n  C l e a r l y  t h e  a b i l i t y  t o

fo rm  a  t r i d e n t a t e  i s  a  s t a b i l i t y  f a c t o r .  The c o m p a r i s o n  

o f  t h e  Q(W) v a l u e s  o f  D ^ - g l u c i t o l . and g a l a c t i t o l  show t h a t  

t h e  e f f e c t  o f  one -CHOH ( l a )  on t h e  s t a b i l i t y ,  i . e .  

d e c r e a s e  i n  Q(W) v a l u e  i s  g r e a t e r  t h a n  t h a t  due t o  two 

-0 H 2 0 H (2 p ) .  T h u s ,  t h e  most  s t a b l e  s t r u c t u r e  o f  t h e  

p o l y o l s  ( w i t h i n  g ro u p )  c o n t a i n i n g  more t h a n  f o u r  h y d r o x y l  

g r o u p s  ca n  be  s e l e c t e d  ( i )  by  e l i m i n a t i n g  t h e  s t r u c t u r e  

h a v i n g  l a r g e  Eg Gind ( o r )  ( i i )  by  s e l e c t i n g  t h e  

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

s e c o n d a r y  h y d r o x y l  g ro u p  and ( i i i )  t h e  s t r u c t u r e  w h ich  

ca n  fo rm  a  t r i d e n t a t e  due  t o  one p r i m a r y  h y d r o x y l  (p )  o r  

2 p r i m a r y  h y d r o x y l  g r o u p s  ( 2 p ) . T a b l e  8 shows t h e  

s k e l e t o n  s t r u c t u r e s  o f  t h e  co m p le x e s  fo rm ed  w i t h  p e n t i t o l s  

1- d e o x y - h e x i t o l s  and h e x i t o l s  ( a l r e a d y  d i s c u s s e d  a b o v e ) .  

Numbers o f  t h e  s t r u c t u r e s  c o r r e s p o n d  t o  t h a t  on p .  ^ and 

t h o s e  i n  T a b le  9 ,

Ta b l e  8 . S k e l e t o n  s t r u c t u r e s  o f  t u n g s t a t e  c o m p lex es  o f  

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

( i )  F o r  c l a r i t y  s e v e r a l  a to m s  h ave  b e e n  o m i t t e d .

( i i )  S k e l e t o n  s t r u c t u r e s  o f  p o s s i b l e  c o m p le x e s ,  i . e .  2 , 3  

d i o l  g r o u p i n g  i s  c i s  (XI o r  X I I ) o r  t r a n s  ( X I I I  o r  XIV), 

Shown a r e  ( a )  number o f  0 a tom s o f  p o l y o l  (b )  s u b s t i t u e n t s
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Eg and o f  XI-XIV, i . e .  H, -CEgOH o r  CH(OH).CHgOH.

( c )  s u b s t i t u e n t  R^ a n d / o r  R̂  ̂ when t h e y  c o n t a i n  C a t o m ( s )

(d )  s t e r e o c h e m i s t r y  o f  0 a tom  o r  R^ and  R^ ( i f  p r e s e n t )  

X i i i )  Eemaan p r o j e c t i o n  a l o n g  R  ̂ -  Ĉ  and  R^ -  C^ o f  

tKl-KiVj)  when R^ o r  R^ c o n t a i n  a  h y d r o x y l  g r o u p .

The d i s p o s i t i o n  o f  a tom s ( o r  g r o u p  o f  a to m s )  Ut . s h o r n

when: ( a )  R^ o r  R^ c o n t a i n  two c a r b o n  a to m s .  The v ie w

i s  t h a t  when C^g^ , C^^  ̂ and  t h o s e  o f  R ^ , o r  , C^^^ and

t h o s e  o f  R^ a r e  i n  a  p l a n a r  z i g - z a g  c o n f o r m a t i o n ,  
when

(bT*. o r  i s  a  p r i m a r y  h y d r o x y l  g r o u p  t h e  oxygen  o f  

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

a t t a c h m e n t  ( i . e .  r o t a t i o n  b y  120^ f ro m  i t s  o t h e r w i s e  

u s u a l  p r e f e r r e d  c o n f o r m a t i o n  ( c )  bond fo rm ed  b y  e l i m i n a t i o n  

o f  w a t e r  i s  shov/n b y  b r o k e n  l i n e s  ( ----------- ) .  K. U )

T a b l e  9 shows t h e  m os t  s t a b l e  s t r u c t u r e s  o f  p o l y o l s  

s e l e c t e d  on t h e  b a s i s  o f  t h e  above  m e n t io n e d  c h o i c e s ,  

w i t h  t h e i r  B^(W) and ^ ( W )  v a l u e s .  The s t r u c t u r e s  o f  

t e t r i t o l s ,  1 - d e o x y ~ p e n t i t o l s  and  1 , 6 - d i d e o x y - h e x i t o l s  a r e  

a l s o  i n c l u d e d  f o r  c o m p a r i s o n .

T e t r i t o l s .

The c o m p lex es  o f  L - t h r e i t o l  ( L I I l )  and  e r y t b r i t o l  

(LIY) a r e  o f  t h e  t r a n s  and c i s  t y p e  i . e .  X I I I  and XI 

r e s p e c t i v e l y .  B o t h  ( L I I I )  and (LIY) p o s s e s s  i d e n t i c a l  

s u b s t i t u e n t s  a t  and  i . e .  h y d ro g e n  a to m s .
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niable 8

Compound

X y l i t o l

4

I n s t a b i l i t y  S t a b i l i t y  
f a c t o r s , i . e .  f a c t o r s  
ca rb o n  atoms a= -CHOH 
-at '  RoUnd/or p= -ÔHbOH
%

(XXVII)
D - A r a b i n i t o l

5
C

H ( 5 )

9

1P

66

Q(W)

014-

Q.^8

R i b i t o l

%  %
( X X V }

0 .58
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o  X)~-u/__-

H H(XXXI)

<Rji
;. ,HC H OH

(X]{XII)

0 ( 1 )

67

0 . 1 9

l - P e o x y - P - K l u c i t o l

;— c
i 1

HC

C(6)

l a 0 . 3 1
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l -D e o x y -D- t a l / l t o l

68

CH

H

(XXXVI) 
l - D e o x y - L - g ; a l a c t i t o  1

^ 0  
.2 3C— c

Cg-Ci

(R^H.

(XXXVIIÏ) / /

HÛHC CH

0 .  45

0 . 5 4



1-Deoxy- D - m a ^ i t o l

(XXXIX) w

H

r  H OH(R3 ) («2 )

(:CL)

l~D eox7 ~ D ~ a l t r i t o l

i. i

69

CijCg

0 . 5 5

"s A  Cg-Ci
'6 }

C^2)

(XLII)

(R3} m ? )

%  -  0 . 7 9

(XLI)



L - I d i t o l

’ o

( ^ )  H

(XL.III)
>D‘- G l u c i t o l

\ i ;

o o

H
m

'(XLVI) \  /

^ ^  H \ 1 A S ^

( V H
-ass.'

4

(XLV) := WJ:---------0

<
H H" 

( ^ 3 )  (1^2)

2n

^.a

1.

70

0 . 1 3

0 . 1 5

( a v ï i )
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G a l a c t i t o l

71

(XXIII)

C5 -C6

(A ;)  («3)  "  "

(XXIV)
D^M annito l

—W— Q

/ Y 1

- C
6

Ci,C5

0 . 3 9

0 . 4 4
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D-Æltritol

(R3 )

(XLVIII)

5 4
6 3 :

H G

(L)

D-AIIitol

C^rCg

0 ,

72

0.4-5

4 3'
5 2;

( ^ 3 ) (R^)

(LI)

3
4 1

/ 5 H

C y
6 - f R 3 )

Ci .Cg

°5 "^6 0 .6 1
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S i n c e  no o t h e r  s t a b i l i t y  o r  i n s t a b i l i t y  f a c t o r s  a r e  

i n v o l v e d ,  t h e  Q(W) v a l u e s  w ere  e x p e c t e d  t o  be  more o r  

l e s s  t h e  same, b u t  i n  f a c t  t h e  compounds h av e  e x h i b i t e d  

d i f f e r e n t  ) ( W) v a l u e s  *

1- D e o x y - p e n t i t o l s .

L ik e  t e t r i t o l s ,  t h e s e  c a n  a l s o  fo rm  o n l y  one co m p lex .

C o m p ar i so n  o f  t h e  Q(W) v a l u e s  and M^(W) v a l u e s  o f  t h e— —s —

1 - d e o x y - L - x y l i t o l  com plex  (LV) and t h e  1 - d e o x y - L - l y x i t o l  

co m p lex  (L V I I )  show t h a t  ( L V I I ) ,  h a v i n g  9,t h a s

l o w e r  M^(W) v a l u e  and  h i g h e r  Q(W) v a l u e  t h a n  t h o s e  o f  

(LY),  w h ic h  h a s  o n l y  h y d r o g e n  a tom s a.t Eg and  I n  t h e

c a s e  o f  b o t h  t h e  1 - d e o x y - D - x y ] . i t o l  co m p lex  (LY) and t h e  

1 - d e o x y - L - a r a b i n i t o l  com plex  ( J .Y I) ,  t h e  s u b s t i t u e n t s  a t  

R<j, Eg,  E j  and R^ a r e  i d e n t i c a l .  T h e r e f o r e ,  t h e  

e x p e c t e d  Q(W) v a l u e s  w ould  b e  more o r  l e s s  t h e  sam e.  

However ,  t h e y  h av e  e x h i b i t e d  d i f f e r e n t  Q(W) v a l u e s .

The o n l y  d i f f e r e n c e  i n  LY and  LYI i s  t h a t ,  t h e s e  a r e  t r a n s  

t y p e  XIV and  o i s  t y p e  X I I  r e s p e c t i v e l y .  T h i s  i s  s i m i l a r  

t o  t h e  d i f f e r e n c e  b o t h  i n  Q(W) and  t h e  t y p e s  o f  s t r u c t u r e s  

e n c o u n t e r e d  i n  t h e  c a s e  o f  t h e  t e t r i t o l  c o m p le x e s ,  i . e .  

L I I I  and LIY ( s e e  a b o v e ) .
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Table 9

Compound

L ^ T h r e i t o l  Q(W)=0.32

& (M )

0.4-7

HO— M O

(R^) H—

" ( y /

( L I I I )  (R3)

2 g

1.4-6

74

& ( w )
15

0.24-

E r y t h r i t o l  Q(W)= 0 .9 3

°  \  / ° : -

\ t N

1.4-3

(^l)H — ^ H(R4)

( % )  ( R3 )
■ ( I I V )

1 . 5 7 0 . 9 0
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H O
/

(R,J H— c ' ^ ,  H
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1 - D e o x y - D - x y l i t o l  , O. 5 1  I . 9 0  0 . 8 2
Q(W) = 0 . 2 7

OH _

HO^ y /

■ .  I / ' '  " \

H (LV)

1 - D e o x y - ü - a r a b i n i t o l  - 0 .9 6  1 . 9 6  1 . 0 9
O Q(E) = 0 . 4 9

r ° \  X  \  r .
O — N4 —̂  i-f— M'— O

H —C'
^H y

(LVI)

l - D e o x y - 2 - l y x l t o l  1 . 2 5  1 . 9 5  0 . 6 5 ®
■Q(W) = 0 .6 4

OH __

° \  X °

C x v j j )
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o — .M—

\V  V  c —IH -  ^
, «  _ '
C )) (LIX)

'" “ " ' X X
/ ’

H y  s ^ Ĉ h)

%

76

1,5-Lideoxy-galactitol I .33 2 . 2  1 .0 9
Q(W) = 0.51

( R ,J H C - C  

H (Rjj
(L V I I I )

1 , 5 - D i d e o x y - D - a l t r i t o l  1 .9 7  2 . 0 2  I . 0 5
Q(W) = 0 . 9 7

O ' C  Cf Q

1 ,6 - B i d e o x y - L - m a n n i t o l  1 . 3 - 2 . 2  2 . 0 8  0.95®
HO  QCvv) = o . 6 - / . o

° x '
HO - M
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X y l i t o l

CH

h o - K

0 . 1 6

O

/
OH

H
\Î  I

C — C — H

n

(XXVII)

H / \ H

(«4 )

D - a r a b i n i t o l 0 . 6 0

/  °  \  r .
o  —

" O  ' "  \ ° \

H

'M ““O

(S). S i
H

R i b i t o l 0 .7 3

1 . 1 7 1 . 0 4

1 . 2 4 1 . 0 3

1 . 2 6 1 . 0 4

/  \  Q

f t î
\ ,  X K R i 1

1^ 3 ;
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1-Deoxy-L-gulitol 0 .5 2

( R i )

(ZOCII)
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1.66 0 .9 8

l - D e o x y - 2 - g l u c l t o l

•O ,

0 .4-7

HO /  \ \

o rÇ . -

(R%)
(XXXIV)

1 - D e o x y - ^ - t a l i t o l
O

H o

0 . 74 -

O
HO

O

0 “/C

hJ /

0 “ M ~  O

(XXXVZ) .

1 . 5 0.98

1.64- 0 . 9 ^
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l-Deoxy-L-galactitol 0 . 8 9

7 9

1.64- 1 .0 3

O —M — O

( y ~

( ^ 4 )  IR 3 )
'' '  (XXXVII)

c & o /  -w
( R  1)

1-Deoxy-D-mannitol
O

0 . 94 -

O » -  M

h o /  \ \

,0H

O ' - M — O

/  /  \0HW Z
P  H

<:r o -h - c é JçL | ^ _ c h

^1̂ 3 ) OH

(XL) ^

j 'S

1-Deoxy-D-altritol

( . /
\ ù / h  

H -  C S  ̂ /

, 'CHOH
C ?3 )"

CH ? ( /? ,)

vfXI-X̂

1 . 7 2 1.00

1 . 6 4 1.00
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L - I d i t o l

_  oH

H O  —  M

0.13 1.00 1.00

O.

(R O

(ZLIII)

D - G l u c i t o l

cRy

0.15

\  /O "
— M — O

(XLVII)
G a l a c t i t o l

1.01 1.00

1 . 0 4 1.00

HO. ,0H
\

M K./

■C— H  ( R ^ )CRf) » - ç ~ c \

( R j  ( R g )
(XXIV)
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8 1

D-Mannitol 0.4-9 1 . 1 2 1.00

ho 
~o-

/ '
H O  \  \

o c

( R , )  H — C'  * f C ~ C — CHjOH
v /  i

( R i )  ( R i )
(XZI)

OH

(RH)

D - A l t r i t o l 0 .4 6

(R i ,)  h - c ^ K) ( W
(ZLIX)

D - A l i t o l

O

HO'
'J  ° "

H o

k v .
\ f i  % \ V

H— &  1 C — H CR, )  

. ; « \ hoh H

1 .0 3 0 .9 7 '

1 .0 3 0 .9 7
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I t  i s  t h e r e f o r e ,  r e a s o n a b l e  t o  assum e t h a t  t h e  

c o m p a r a t i v e l y  l o w e r  Q(W) v a l u e s  o f  L I I I  t h a n  LIV and 

L7 t h a n  LVI c o u l d  o n l y  be  d u e  t o  g r e a t e r  a f f i n i t y  o f  

t h e  t r a n s  t y p e  o f  co m p le x ,  i . e .  ( L I I I  = X I I I )  and  

(LV = XIV) f o r  t h e  s t a t i o n a r y  w a t e r  p h a s e  o f  t h e  s o l v e n t  

s y s t e m ,  t h a n  o f  c i s  t y p e  c o m p le x e s ,  i . e .  (LIV = X I)  and 

(LVI = X I I ) .

1 , 6 - L i d e o x y - h e x i t o l s .

The s e q u e n c e  o f  Q(W) and M^(W) v a l u e s  o f  1 , 6 - d i d e o x y -  

h e x i t o l s  c l e a r l y  show t h e  e f f e c t  o f  s u b s t i t u e n t s  a t  Hg 

and  R^, on t h e  m i g r a t i o n  r a t e s ,  e . g .  t h e  1 , 6 - d i d e o x y -  

g a l a c t i t o l  com plex  ( L V I I I ) ,  h a v i n g  b o t h  Rg and  R^ a s  

h y d r o g e n  a to m s  h a s  t h e  l o w e s t  Q(W) and  t h e  h i g h e s t  K„(W)  

v a l u e  ( a m o n g . th e  t h r e e ) « The c o m p a r a t i v e l y  h i g h e r  Q(W) 

v a l u e  an d  l o w e r  M„(W) v a l u e  o f  1 , 6 - d i d e o x y - D - a l t r i t o l  

(LIX) t h a n  1 , 6 - d i d e o x y - g a l a c t i t o l  ( L V I I I )  i s  c l e a r l y  due 

t o  t h e  -CHj g ro u p  a t  R j .  S i m i l a r l y  t h e  1 , 6 - d i d e o x y - L -  

m a n n i t o l  com plex  (LX) w h ic h  h a s  t h e  h i g h e s t  Q(W) v a l u e  

and  l o w e s t  I»L(W) v a l u e  (among t h e  g r o u p ) ,  p o s s e s s e s  b o t h  

Eg and R j  a s  The s e q u e n c e  o f  Q(W) v a l u e s  o f  L V I I I >

LIX > LX i s  due  t o  t h e  p r e s e n c e  o f  n o n e ,  one and two 

l a r g e  s u b s t i t u e n t s  a t  Eg a n d / o r  R j  r e s p e c t i v e l y .
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P e n t i t o i s .

The s e q u e n c e  o f  Q(W) v a l u e s  o f  t h e  t h r e e  p e n t i t o l s  

i s  L ~ r i b i t o l >  D - ' a r a h i n i t o l >  x y l i t o l .  The o f

t h e  x y l i t o l - c o m p l e x  (XXVII) and t h e  P - a r a b i n i t o l  com plex  

(XXIX) fo rm  t r i d e n t a t e s .  % e r e a s  r i b i t o l - c o m p l e x  (XXV) 

fo rm s  no s u c h  t r i d e n t a t e ,  i t  a l s o  p o s s e s s e s  a  l a r g e  g r o u p ,  

i . e .  0^^^ a t  and h e n c e  i s  t h e k o s t  u n s t a b l e  among t h e  

p e n t i t o l  c o m p le x e s .  The d i f f e r e n c e  i n  t h e  Q(W) v a l u e s  

o f  x y l i t o l  and D - a r a b i n i t o l  w h ich  p o s s e s s e s  i d e n t i c a l  

s t a b i l i t y  f a c t o r s  i n  t h e i r  co m p lex es  XXVII and  XXIX, h e r e  

a g a i n  shows t h e  d i f f e r e n t  a f f i n i t y  o f  t r a n s - t y p e  com plex  

XXVII ( = X I I I )  f o r  t h e  s t a t i o n a r y  p h a s e  o f  t h e  s o l v e n t  

s y s t e m  t h a n  t h a t  o f  c i s  t y p e  com plex  XXIX ( = X I I ) .

1- l e o x y - h e x i t o l s .

The s e l e c t e d  c o m p le x e s  o f  1- d e o x y - D - a l t r i t o l  ( X L I ) ,

1 - d e o x y - D - m a n n i to 1 (XL) and 1 - d e o x y - L - g a l a c t i t o l  (XXXVIl) 

a r e  o f  t h e  c i s  t y p e  ( i . e .  X I I ) .  The h i g h e r  Q(W) v a l u e s  

o f  XXXVII and  XL show t h e  c o m p a r a t i v e  s t a b i l i t y  ( i . e .  lo w  

Q(W) o f  XXXVIl, w h ich  c l e a r l y  i n d i c a t e  t h a t  a  t r i d e n t a t e  

h a s  f o rm e d .  The l - d e o x y - L - t a l i t o l  com plex  (XXXVI) ca n  

g i v e  a  t r i d e n t a t e  l i k e  1 - d e o x y - L - g a l a c t i t o l  com plex  

(][XXVII) . I t  h a s  a  g ro u p  a t  R g ) t h e r e f o r e  t h e

e x p e c t e d  Q(W) v a l u e  w ould  be  h i g h e r  t h a n  t h a t  o f  XXXVIl 

b u t  i t s  Q(W) v a l u e  was i n  f a c t  l e s s  t h a n  t h e  Q(W) v a l u e



o f  XXXVIl, sh o w in g  t h e  e x c e p t i o n a l  b e h a v i o u r  o f  

1 - d e o x y - D - t a l / i t o l  com plex  ( XXXVI). The d i f f e r e n c e  i n

t h e  Q(W) v a l u e s  o f  t h e  co m p lex es  o f  1- d e o x y - D - g l u c i t o l  

(XXXIV) and 1 - d e o x y - L - g a l a c t i t o l  ( XXXVI) shows t h a t  t h e  

s t a b i l i t y  e f f e c t  due t o  one -CHOH ( a s  i n  XXXIV) i s  

g r e a t e r  t h a n  t h a t  due  t o  -OHgOH ( a s  i n  XXXVIl,..

H e x i t o l s .

I n  common w i t h  a l l  t h e  p o l y o l s  d i s c u s s e d  a b o v e ,  t h e  

s e q u e n c e  o f  Q(W) v a l u e s  o f  t h e  s i x  h e x i t o l s  c l e a r l y  shows 

t h e  e f f e c t  o f  t h e  f o l l o w i n g :  ( i )  s i z e s  o f  Eg a*nd/or E^;

( i i )  t r i d e n t a t e  fo rm e d  due t o  -CHgOH o r  -CHOH and a l s o

( i i i )  t h e  t y p e  o f  s t r u c t u r e  ( i . e .  X I ,  X I I  o r  X I I I ,  XIV),  

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

c o m p le x ,  e . g .

The D - a l l i t o l  com plex  ( H I )  w h ic h  h a s  e x h i b i t e d  t h e  h i g h e s t  

Q(W) v a l u e  (among t h e  s i x  h e x i t o l s ) ,  h a s  a t  E^

and p o s s e s s e s  no o t h e r  s t a b i l i t y  f a c t o r s .  The c o m p a r a t i v e l y  

h i g h e r  s t a b i l i t y  o f  t h e  D - a l t r i t o l  com plex  (XLIX) t h a n  

L I I  i s  i n  a g r e e m e n t  w i t h  t h e  f a c t  t h a t  i t  h a s  o n l y  one 

c a r b o n  a tom  a t  E^ and  t h a t  a  t r i d e n t a t e  i s  fo rm ed  w i t h  

-C^^j^EgOH. The g a l a c t i t o l  com plex  (XXIV) and  D - m a n n i t o l  

com plex  (][XI) a r e  o f  t h e  same t y p e  and  s t a b i l i t y  ( s e e  p .  ) .

The c o m p a r a t i v e  lo w  Q(W) o f  (XXIV) c l e a r l y  shows t h a t  two
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t r i d e n t a t e s  h av e  fo rm ed  ( 2 p ) ,  w h i l e  t h e r e  i s  no 

p o s s i b i l i t y  o f  a  t r i d e n t a t e  f o r m a t i o n  i n  (X X I) .  Out 

o f  t h e  two r e m a i n i n g  p o s s i b i l i t i e s  o f  t h e  c o m p a r a t i v e  

s t a b l e  co m p le x e s  o f  D - g l u c i t o l ,  i . e .  XIV and  XLVII 

( s e e  p .  ) ,  b o t h  h a v e  i d e n t i c a l  s u b s t i t u e n t s  a t  Eg and  

R j ,  i . e .  h y d r o g e n  a tom s e x c e p t  w i t h  t h e  d i f f e r e n c e  t h a t , 

t h e s e  a r e  o f  t h e  t r a n s  t y p e  (XLV = X I I I )  and c i s  t y p e  

(XLVII = X I I )  and t h a t  XLVII h a s  fo rm ed  a  t r i d e n t a t e  

w i t h  a  -C K O H (la ) ,  t h u s  t h e  m o s t  s t a b l e  s t r u c t u r e  o f  

£ - g l u c i t o l ^ i s  XLVII.  I n  XXIV two t r i c h e n t  a t  e s  a r e  fo rm ed  

due t o  2 p ,  t h e  low  Q(W) v a l u e  o f  XLVII v/here one t r i d e n t a t e  

i s  fo rm e d  due t o  one -CHOH(la) show t h a t ,  one -CHOH(la) 

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

t r i d e n t a t e s  fo rm ed  due  t o  two -CH2 CH(2 p ) ,  t h u s  t h e  m os t  

s t a b l e  com plex  o f  L - i d i t o l ,  o u t  o f  XLIV and X L I I I ,  w h ic h  

w h ic h  c a n  g i v e  t r i d e n t a t e s  w i t h  tv;o -CH2 d i ( 2 p)  and  one 

-CHOH r e s p e c t i v e l y ,  w i l l  be  X L I I I .  C o m p ar iso n  o f  t h e  

L - i d i t o l  com plex  ( X L I I I )  w i t h  t h a t  o f  L - g l u c i t o l  ( XLVII) 

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

= Rg = = H, = CH(OH).CHgOH and  a  t r i d e n t a t e

fo rm e d  due t o  a  -CHOH, e x c e p t  w i t h  t h e  d i f f e r e n c e  t h a t  

X L I I I  i s  a  t r a n s  t y p e  com plex  (X L I I )  and  XLVII i s  a  c i s  

t y p e  com plex  ( X I I ) ,  w h ic h  e x p l a i n s  t h e  l o w e r  Q(W) o f  X L I I I



S é

t h a n  XLVII« I t  i s  t h e r e f o r e  p r e d i c t e d  t h a t  p a r t i a l  

p e r i o d a t e  o x i d a t i o n  o f  t h e  L - i d i t o l  com plex  w i l l  y i e l d  

D - x y l o s e  a s  a  m a j o r  co m p o n en t .  An o b j e c t i o n  c o u l d  be  

r a i s e d  a t  t h i s  p o i n t  t h a t  s i n c e  a  t r i d e n t a t e  i s  fo rm ed  

i n  X L I I I  and a l s o  i n  XLVII, t h e r e  s h o u l d  be  no e f f e c t  

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

e s t e r  f o r m a t i o n ,  b y  e l i m i n a t i o n  o f  w a t e r  and  i s  an  

e q u i l i b r i u m  r e a c t i o n .  The r e a c t i o n  w i t h  p e r i o d a t e  w i l l  

s h i f t  t h e  e q u i l i b r i u m ,  i . e .  b r e a l i a g e  of  t h e  t r i d e n t a t e  

fo rm e d  and  h e n c e  t h e  c l e a v a g e  o f  -CHOH -  CHgOH b o n d .

C o n c l u s i o n .

Prom t h e  above  r e s u l t s  i t  i s  c o n c l u d e d  t h a t ,  t h e  w ide  

r a n g e  o f  Q(W) v a l u e s  ( c a .  0 . 1 - 1 . 0 )  e x h i b i t e d  b y  t h e  p o l y o l s  

f o r m i n g  c o m p lex e s  o f  t h e  t y p e s  X I-XIV, h a s  i n d e e d  r e s o l v e d  

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

d e t e r m i n a t i o n  o f  Q(W) v a l u e s ,  i s  a n  i m p o r t a n t  a n a l y t i c  

t o o l .  T h i s  c a n  a l s o  be  u s e d  f o r  t h e  s e p a r a t i o n  o f  

p o l y o l s  on a  p r e p a r a t i v e  s c a l e  ( s e e  *

i i )  C h ro m a to g ra p h y  o f  P o l y o l s  on Vft io l ly  ^ .mpregnated

C e l l u l o s e  P o w d e r .

S e p a r a t i o n  o f  m o n o s a c c h a r i d e s  on a  c e l l u l o s e  column 

was f i r s t  d e s c r i b e d  b y  Hough e t . a l . ^ ^  i n  1948 .  C e l l u l o s e
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co lum ns  h ave  e s s e n t i a l l y  t h e  same g e n e r a l  b e h a v i o u r  a s  

p a p e r  s t r i p s .  T h e r e f o r e  i t  was c o n s i d e r e d  t h a t  i f  a  

co lumn i s  p r e p a r e d  l i k e  t h a t  o f  t u n g s t a t e  im p r e g n a t e d  

p a p e r  ( E x p t .  2 3 ( b , ) ,  i t  may be u s e f u l  f o r  t h e  macro  

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

S e p a r a t i o n  o f  D- m a n n i t o l , D -g l u o i t o l  and  D- g l u c o s e .

A m i x t u r e  o f  D - g l u c o s e ,  D - m a m i i t o l  and  D - g l u c i t o l  

h a s  b e e n  s e p a r a t e d  on c e l l u l o s e  pow der  im p r e g n a t e d  w i t h  

so d iu m  t u n g s t a t e  ( E x p t s .  24 and 2 5 ) .  P i g . 8 shows t h e i r  

r a t e  o f  e l u t i o n .  I t  was o b s e r v e d  t h a t  a l l  t h e  t h r e e  

p o l y o l s  s e p a r a t e d  on t h e  above  m e n t io n e d  column c o n t a i n e d  

some e l u t e d  t u n g s t a t e .  The p o l y o l s  w ere  i s o l a t e d  i n  

p u r e  s t a t e  b y  p a s s i n g  t h r o u g h  u l t r a s o r b / 1 2 0 /2 4 0 ^ E x p t . 2 5 ) .  

P r e p a r a t i v e  sem i  m ic ro  s e p a r a t i o n  o f  D- g l u c o s e  f ro m  

D - g a l a c t o s e .
= ----------------- 6 0 (̂17

I t  c a n  be  s e e n  f ro m  T ab le s  % t h a t  t h e  d i f f e r e n c e  i n

m i g r a t i o n  r a t e s  o f  D - g l u c o s e  and  D - g a l a c t o s e ,  i . e .  R^(W)

1 and  0o66 r e s p e c t i v e l y ,  i s  r e a s o n a b l e  en o u g h  t o  g i v e  

c o m p le t e  r e s o l u t i o n  o f  t h e  two i s o m e r s .  I t  h a s  a l r e a d y  

b e e n  shown ( E x p n s .  24 and  25) t h a t  a  c e l l u l o s e  column 

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

t u n g s t a t e  i m p r e g n a t e d  p a p e r .  T h e r e f o r e  W orth  and P r id h a m  

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

and  D - g a l a c t o s e ,  o b t a i n e d  f ro m  a  t o b a c c o  p e c t i n  h y d r o l y s a t e ,
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u s i n g  a  c e l l u l o s e  column im p r e g n a t e d  w i t h  t u n g s t a t e  and 

s o l v e n t  C^) .

3o T h i n - l a y e r  c h r o m a to g r a p h y  o f  t u n g s t a t e - p o l y o l  c o m p l e x e s . 

T h i n - l a y e r  c h r o m a to g r a p h y  was i n t r o d u c e d  by  S t a h l  

i n  1961 a s  a  p r o c e d u r e  f o r  a n a l y t i c a l  a d s o r b t i o n  

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  h a s  c o n s i d e r a b l e  

a d v a n t a g e s  o v e r  p a p e r  c h r o m a to g r a p h y  and  i s  g a i n i n g  

i m p o r t a n c e  f o r  t h e  s e p a r a t i o n  o f  a  l a r g e  num ber  o f  o r g a n i c  

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

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

s e p a r a t i o n s ,  h i g h  s e n s i t i v i t y  and  g r e a t  s p e e d .  Many 

s e p a r a t i o n s  w h ich  r e q u i r e  s e v e r a l  h o u r s  on p a p e r  c a n  be 

a c c o m p l i s h e d  i n  a  fev/ m i n u t e s  on a  s u i t a b l e  l a y e r .

Use o f  s p e c i a l l y  p r e p a r e d  s i l i c a - g e l  l a y e r s |  t r e a t e d  

w i t h  b o r i c  acid"^^ so d iu m  b i s u l p h i t e ^ " ^  h ave  r e c e n t l y  b e e n  

r e p o r t e d  f o r  t h e  s e p a r a t i o n  o f  s u g a r s .
36T h i n - l a y e r  c h r o m a to g r a p h y  o f  s u g a r s  on c e l l u l o s e

37and m i c r o - c r y s t a l l i n e  c e l l u l o s e  h ave  s h o r a  t h e  

a .d v a n tag e  o f  t h e s e  l a y e r s ,  7/hen t h e s e  l a y e r s  were  

i m p r e g n a t e d  w i t h  so d iu m  t u n g s t a t e  (pH 8 ) ,  t h e  r e s u l t s  

v/ere s i m i l a r  t o  t h o s e  o b t a i n e d  b y  c h r o m a to g r a p h y  on 

i m p r e g n a t e d  f i l t e r  p a p e r  ( E x ÿ t s .  2 6 - 2 8 ) .
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4 .  Complex f o r m a t i o n  of  D- g a l a c t o s e  w i t h  m o ly o d a te  and

t u n g s t a t e .

D -G -a lac to se  h a s  b e e n  r e p o r t e d  by  two l a b o r a t o r i e s ' ^  3; 38
I

n o t  t o  com plex  w i t h  r n o ly b d a te .  S i n c e  t h e  above  r e s u l t s  

( p . i ^ )  a r e  i n  a p p a r e n t  c o n f l i c t  w i t h  t h e s e  r e p o r t s ,  i t  

was n e c e s s a r y  t o  i n v e s t i g a t e  f u r t h e r  t h e  e f f e c t  o f  

rn o ly b d a te  on D - g a l a c t o s e .

I n  t h e  p r e s e n c e  o f  an  e q u i m o l a r  q u a n t i t y  o f  rn o ly b d a te  

t h e r e  was no a p p r e c i a b l e  change  i n  t h e  r o t a t i o n  o f  

D - g a l a c t o s e  a t  pH 3,  b u t  on a d d i t i o n  o f  e x c e s s  r a t i o

1 0 : 1 )  o f  rn o ly b d a te  ( E x p t .  29? T a b le  31)?  a  c o n s i d e r a b l e  

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

i n d i c a t e d  t h a t  c o m p le x in g  h a s  o c c u r r e d .  S tu d y  o f  t h e  

e f f e c t  o f  pTI on t h e  r o t a t i o n  o f  D - g a l a c t o s e  i n  t h e  p r e s e n c e  

o f  e x c e s s  ( 1 0 :1  m o l . )  so d iu m  m o ly b d a te  ( E x p t .  30 ,  D i g . 9) 

r e v e a l e d  t h a t  t h e r e  i s  a  s t e a d y  f a l l  and  r i s e  i n  t h e  

r o t a t i o n  o f  D - g a l a c t o s e  on t h e  a d d i t i o n  o f  a c i d  o r  a l k a l i  

r e s p e c t i v e l y .  A minimum s p e c i f i c  r o t a t i o n  (+ 3 9 . 5 ^ )  

was r e c o r d e d  a t  pH 5 . 5  and a  maximum (+ 9 9 . 0 ^ )  a t  pH 9 . 2 ,  

w h i l e  t h e  s p e c i f i c  r o t a t i o n  o f  D - g a l a c t o s e  ( o n l y )  was 

u n a f f e c t e d  b y  a c i d  o r  a l k a l i .

The c o m p o s i t i o n  o f  t h e  D - g a l a c t o s e - m o l y b d a t e  com plex  

fo rm e d  a t  pE 5 .5  was d e t e r m i n e d  b y  J o V s  ’’c o n t i n u o u s  

v a r i a t i o n ”m e t h o d . 39 ( E x p t .  3 1 ) .  T h i s  c o n s i s t s  o f
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Bieasureinent o f  o p t i c a l  r o t a t i o n  o f  ( a ) ,  s o l u t i o n s  o f  

i d e n t i c a l  vo lum es  c o n t a i n i n g  s u c h  v a r y i n g  q u a n t i t i e s  

o f  h - g a l a c t o s e  and sod ium  m o l y b d a t e ,  Ea2MoC^, t h a t  

t h e i r  com bined m o la r  c o n c e n t r a t i o n  i s  c o n s t a n t  ( *

and  ( b )  s o l u t i o n s  p r e p a r e d  a s  above  b u t  o m i t t i n g  so d iu m  

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

r o t a t i o n s  i . e .  A  a = ' Q-oainst  t h e  mole f r a c t i o n

o f  s o d iu m  m o ly b d a te  ( P i g s .  10a  and  10b) shows a  maximum 

a t  a  mole f r a c t i o n  o f  0 . 5 .  T hus ,  i n  t h e  D - g a l a c t o s e -  

m o ly b d a te  com plex  fo rm ed  a t  pE 5 . 5 ,  Mo/P = 1.

7/hen t h e  same m e a s u re m e n ts  w ere  p e r f o r m e d  a t  pH 9 . 2  

t h e  m a g n i t u d e s  o f  ^  were  t o o  s m a l l  f o r  any  c o n c l u s i o n  

t o  be  d raw n .

T h e o r e t i c a l l y ,  P - g a l a c t o s e  c a n  e x i s t  i n  i t s  a l d e h y d e ,  

f u r a n o s e ,  p y r a n ose  o r  s e p t a n o s e  f o r m s . None o f  t h e  

c o n f o r m a t i o n s  o f  i t s  p y r a n o s e  o r  s e p t a n o s e  fo rm s  p o s s e s s e s  

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

f o r  co m p lex  f o r m a t i o n .  The p o s s i b i l i t y  o f  com plex  

f o r m a t i o n  i n v o l v i n g  t h e  a l d e h y d o  fo rm  o f  D - g a l a c t o s e  c a n  

be  e l i m i n a t e d  f o r  t h e  f o l l o w i n g  r e a s o n s ;  ( a )  i f  t h e  

a l d e h y d o  fo rm  w ere  i n v o l v e d  a l l  t h e  a l d o p e n t o s e s  and a l d o -  

h e x o s e s  s h o u l d  fo rm  c o m p le x e s ,  s i n c e  t h e y  p o s s e s s  a t  l e a s t

ÜCrrtÆ.
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P i g .  10(15)
0 . 2

1.0
Mole f r a c t i o n  ( jnoîybdâte)

0.1 0 .9
Mole f r a c t i o n ( m o l y b d a t e )

1.0



f o u r  a d j a c e n t  h y d r o x y l  g r o u p s ;  ( b )  co m p lex  f o r m a t i o n  i s  

n o t  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  t h e  a ld e h y d o  fo rm s  i n  

a q u e o u s  s o l u t i o n s  a s  can  be  s e e n  f ro m  T a b le  10 and ( c )  

s i n c e  t h e  a l d e h y d o  fo rm  o f  1 - g a l a c t o s e  p o s s e s s e s  f i v e  

a d j a c e n t  h y d r ô x y l  g r o u p s  ( i . e .  i n  com plex  E o / g a l a c t o s e  = 2) 

and an  ci, a i  ( 1 , 2 , 3 ) - t r i o l  s y s t e m  on and

( i . e .  i n  com plex  l ! o / g a l a c t o s e  =1 ) .  T& I T o / g a l a c t o s e  r a t i o  

i n t e r m e d i a t e  b e tw e e n  1 and  2 would  be  e x p e c t e d  i f  i t  would 

fo rm  t h e  com plex  w h e r e a s  i n  f a c t  t h e  r a t i o  i s  1.

T a b le  10

P e r c e n t  o f  s u g a r s  p r e s e n t  a s  a l d e h y d o  fo rm  i n  0 .2 5 H  

s o l u t i o n s  a t  pH 7 and 25^ and c o m p le x in g  a b i l i t y .

S u g a r p  01 s u g a r 40 Complex f o r m a t i o n
a s  a l d e h y d o  fo rm

1 - g l u c o s e 0 .0 2 4 Hone

1 -m a n n o se 0 .0 6 4 e a s y

1 - g a l a c t o s e 0 .0 8 2 r e l u c t a n t

1 - x y l o s e 0 . 1 7 none

1 - a r a b i n o s e 0 . 2 4 none

1 - l y x o s e 0 . 4 0 e a s y

l - r i b o s e 8 . 5  (0.11,1) e a s y
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On t h e  o t h e r  h a n d , ’ t h e  h y d r o x y l  g r o u p s  on G
( 1 ) ,

^2 ) and o f  c i - D - g a l a c t o f u r e n o s e -  ( L Z I ) ,  a r e  i n  a

OH

H

H

( U l )

s p a t i a l  d i s p o s i t i o n  c l o s e l y  r e s e m b l i n g  t h a t  o f  ( IT )  

when ^ ( 4 ) ’ ^ ( 5 )  ^ ( 5 )  ^  p l a n a r  z i g - s a g

c o n f o r m a t i o n ,  a l t e r n a t i v e l y  r o t a t i o n  a ro u n d  t h e  bo»d 

b e t w e e n  and 0 ^ woul d  b r i n g  t h e  h y d r o x y l  g r o u p  on

( 1 ) ’ ^ ( 2 )  ° ( 6 )0 / .  \ a n d  i n t o  a  s p a t i a l  d i s p o s i t i o n  a s  shom i

i n  L X II .

OH
HC OH

%

CL-itlO
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5 -B e o x y -P -B -x ^ l_ o h e x o fu ra n o s e  ( 5 -D e o x y -P -B - g l u c o -

f u r a n o s e )  w h ich  c a n n o t  e x i s t  i n  a  p y r a n o s e  fo rm  co m p lex e s
15w i t h  m o ly b d a te  and t u n g s t a t e ,  and  a  c o n f o r m a t i o n  s u c h  

a s  ( l i X I I I )  h a s  b e e n  s u g g e s t e d  a s  t h a t  i n v o l v e d  i n  com plex

OH
OH

O H

( L X I I I )
f o r m a t i o n .  T h u s ,  t h e  P - i s o m e r  o f  3 - g l u c o f u r a n o s e  

(LXIY o r  L]rf) m ig h t  h a v e  b e e n  e x p e c t e d  t o  co m p lex  w i t h  

m o l y b d a t e  o r  t u n g s t a t e ,  b u t  no e v i d e n c e  f o r  t h i s  h a s  b e e n  

o b t a i n e d •

OH
;h , o h

^ HO
HO H^-

OH

(LXIV) (LXV)

I t  i s  p o s s i b l e  t h a t  B - g l u c o s e  a d o p t s  t h e  f u r a n o s e  fo rm
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even more reluctantly than does n-galactose because
and the hydroxyl group on are cis related and are
t h u s  i n  c l o s e  p r o x i m i t y ,  w h e re a s  t h e  same g ro u p s  o f  

3 - g a l a c t o f u r a n o s e  a r e  t r a n s  r e l a t e d .

The f a i l u r e  o f  o t h e r  v /o rkers^  1 5 , 3 8  d e t e c t  

co m p lex  f o r m a t i o n  w i t h  D - g a l a c t o s e  may b e  due t o  a  t im e  

f a c t o r .  TTormally e l e c t r o p h o r e s i s  i s  c a r r i e d  o u t  

i m m e d i a t e l y  a f t e r  t h e  compound h a s  become i n  c o n t a c t  

w i t h  t h e  e l e c t r o l y t e .  However D - g a l a c t o s e  had  M^(Ho) = 

0 - 1 . 1 ,  when i t  was f i r s t  d i s s o l v e d  i n  m o ly b d a te  s o l u t i o n  

(pH 8)  and t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  f o r  18 h rs .  b e f o r e  

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

P f a e n y l b o r o n a t e s  o f  some P e n t i t o l s



qq

A. INTRODUCTION

P h e n y lb o r o n ic  a c i d  fo rm s c y c l i c

e s t e r s  w i t h  p o ly h y d ro x y  compounds. I t  can  be removed from 

t h e  p o ly h y d ro x y  compounds u n d e r  v e r y  m i ld  c o n d i t i o n ^  and
iiLf

h e n c e  i s  an  a t t r a c t i v e  p r o t e c t i n g  a g e n t . I n  195^ K u i v i l a  

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

d i o l s  and. p o l y o l s . The p h e n y lb  o r o n a t  e s o f  D -m a n n i to l  and 

j ) - g l u c i t o l  p r e p a r e d  by them were fo u n d  t o  be t r i s p h e n y l -  

b o r o n a t e s .  They s u g g e s t e d  s t r u c t u r e s  ( I  o r  I I )  f o r  t h e  

D -m a n n i to l  t r i s p h e n y l b o r o n a t e , w i th o u t  t a k i n g  t h e  s p a t i a l  

c o n f i g u r a t i o n  o f , D - ^ s n n i t o l  i n t o  c o n s i d e r a t i o n .

<!ho ye-n
C H O ^  9 HO
CHO^-PK ÇHO ^ - P h

( I )  ( I I I
HiTS u g i h a r a  and Bowman r e p o r t e d  t h e  p r e p a r a t i o n  o f  

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

D -m a n n i to l  CgHgq,(CgH^B) ^ b u t  made no a t t e m p t  t o  e l u c i d a t e  

t h e  s t r u c t u r e  o f  these, '{compounds. Among t h e  o t h e r  

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

2 , 5 - d i o l ( I I I ) , b u ta n e  l , 3 - d i o l ( I V )  and b u ta n e  l , 4 - d i o l ( V ) .



CH,

0

0
^ B - P h

CH
3

( I I I )

CHgO
\
/

B -Ph

CHj

( IV )

ICO
CHgO

\
CHg

(V)

.B-Ph

C y c l i c  p h e n y l b o r o n a t e s  a r e  fo rm e d  w i t h  c i s  a n d  t r a n s  

c y c l o p e n t a n e  1 , 2 - d i o l .  I t  h a s  b e e n  f o u n d  t h a t  t h e  

p h e n y I b o r o n a t e  fo rm e d  w i t h  c y c l o p e n t a n e  c i s - 1 ^ 2 - d i o l  i s  

a  f iv e - m e m b e r e d  r i n g  ( V I ) , w h e r e a s  t h a t  fo rm e d  w i t h  t h e  

c o r r e s p o n d i n g  t r a n s  d i o l  i s  a  s e v e n -m e m b e re d  r i n g  ( V I I ) .  

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

h e x a n e - 1 , 2 - d i o l  a r e  f o u n d  t o  b e  com posed  o f  f i v e -  ( V I I I )  

a n d  s e v e n  m em bered  r i n g s  (IX ) ' r e s p e c t i v e l y .

CE

(V I)

CH2

( V I I )

0

B /
Ph

H ^ 0 ,\

( V I I I )

B -Ph

Ph

(IX )



1 0 1

Hi
P e r r i e r  was a b l e  t o  p r e p a r e  m e th y - o t - D - g lu c o p y r a n o s i d e  

‘- ^ , 6 - p h e n y l b o r o n a t e  (X) a n d  m e th y l - ^ - D - m a n n o p y r a n 6 s i d e  

- 2 , 3 6 # 4 p h e n y lb o ro n a te  (X I )  when t h e  c o r r e s p o n d i n g  

g l u c o s i d e s  w e re  m ix ed  i n  t h e  m o la r  p r o p o r t i o n  o f  1 a n d  

2^ r e s p e c t i v e l y .

P h— B

0sOH

P h -  B'

OMe

2 Ph

OMe

(X) (X I)
The a d d i t i o n  o f  2 m o l .  o f  p h e n y l b o r o n i c  a c i d  t o  

m e th y l ' - o i - D - g lu c o s id e  g a v e  an  am o rp h o u s  m i x t u r e .  M ix in g  

i n  a  m o la r  p r o p o r t i o n  o f  5 : 1  g a v e  m e th y l-^ r f -B -g lu c o p y ra n o -  

s i d e - 2 , 5 ( d i p h e n y l b o r o n a t e ) , 4 , 6 - p h e n y l b o r o n a t e  ( X I I ) .

.0 - OH

Ph-B

OMe

( X I I )



loX

7̂
W olfrom  a n d  Solras h a v e  p r e p a r e d  c r y s t a l l i n e  b i s - p h e n y l -  

b o r o n a t e s  f ro m  t h e  p e n t o s e s  an d  6 - d e o x y - h e x o s e s  b u t  

g a v e  no  i n d i c a t i o n  o f  t h e  d e t a i l e d  s t r u c t u r e  o f  t h e  

d e r i v e d  com poundso

P i n c h  a n d  L o c k h a r t  a t t e m p t e d  t o  s t u d y  t h e  r a t e  o f  

f o r m a t i o n  o f  4^W-and s ix -m e m b e re d  p h e n y l b o r o n a t e s  o f  some 

1 , 2 -  a n d  l , 3 - d i o l s , b u t  w ere  u n a b l e  t o  m e a s u re  t h e  r a t e  

o f  r e a c t i o n  d u e  t o  t h e  v e r y  f a s t  r a t e  o f  e s t e r ,  f o r m a t i o n .  

H ow ever t h e y  w ere  a b l e  t o  p r e p a r e  l i q u i d  p h e n y l b o r o n a t e s  

o f  a  few  d i o l s .  They t r e a t e d  t h e  p h e n y l b o r o n a t e s  w i t h  

o r g a n i c  a m in e s  a n d  o b t a i n e d  c r y s t a l l i n e  a d d i t i o n  ( 1 : 1 )  

c o m p le x e s .  They f o u n d  t h a t  t h e  am ino  c o m p le x e s  o f  f i v e -  

m em bered  c y c l i c  p h e n y l b o r o n a t e s  a r e  f o rm e d  a t  room  

t e m p e r a t u r e  w h i l e  s ix -m e m b e re d  c y c l i c  p h e n y l b o r o n a t e s  

g a v e  t h e  c o m p le x  on c o o l i n g  t o  -80^. They  h a v e  a l s o  shown 

t h a t  t h e  am ino  c o m p le x e s  o f  f iv e - m e m b e r e d  p h e n y l b o r o n a t e s  

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

am ino  c o m p le x e s  o f  s ix -m e m b e re d  p h e n y l b o r o n a t e s .

Bow ie a n d  H u s g ra v e  p r e p a r e d  c y c l i c  p h e n y l b o r o n a t e s  

o f  v a r i a o s  1 , 2 - , 1 , 3 -  a n d  1 ,4 —d i o l s  w h ic h  w e re  co m posed  

o f  f i v e -  , s i x -  ^ d  se v e n -m e m b e re d  r i n g s  r e s p e c t i v e l y .

T hey  e x p o s e d  t h e  p h e n y l b o r o n a t e s  t o  m o i s t  a i r  an d  

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

f iv e - m e m b e r e d  c y c l i c  p h e n y b o r o n a t e s  p o s s e s s  c o n s i d e r a b l e
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r i n g  s t r a i n  an d  a r e  h y d r o l y s e d  r a p i d l y ,  s ix -m e m b e r e d  

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

t h e r e f o r e ,  t a k e  up  w a t e r  s l o w l y .  I n  t h e  c a s e  o f  s e v e n  

-m em b ered  c y c l i c  p h e n y l b o r o n a t e s , t h e  r i n g  i s  much m ore 

f l e x i b l e  t h a n  t h e  c o r r e s p o n d i n g  s ix -m e m b e re d  r i n g s . The 

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

t o  h y d r o l y s i s .
50R e c e n t l y  R e r r i e r  e t .  a l <  p r e p a r e d  p h e n y l b o r o n a t e s  

o f  - D - x y l o p y r a n o s i d e  ( X I I I )  an d  ^ - B - x y l o p y r a n o s i d e  (XIV)

OH

OMe

0 0 0. 0

( X I I I ) (XIV)
I n f r a r e d  s t u d i e s  o f  ( X I I I  a n d  XIV) h a v e  shov/n 

t h a t  X I I I  was f r e e  f ro m  h y d r o g e n  b o n d i n g , w h i l e  XIV g a v e
• I

a n  a b s o r p t i o n  p e a k  a t  3625  cm. s h o w in g  t h a t  t h e  a x i a l  

o x y g e n  a tom  a t  C^^was i n t r a m o l e c u l a r l y  h y d r o g e n  b o n d e d  t o

' . th e  a x i a l  o x y g e n  a t  0 ( 3 ) '

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

b o r o n a t e s  f o rm e d  w i t h  a c y c l i c  p o l y o l s  was n o t  a t t e m p t e d
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u n t i l  r e c e n t l y .  B o u r n e ,L e e s  a n d  W e ig e f^  p r e p a r e d  p h e n y l b - ■ 

o r o n a t e s  o f  g l y c e r o l , e r j | b h r i t o l , g - a r a b i n i t o l  a n d  a  few  

h e x i t o l s  b y  K u i v i l a ' s  m e th o d .  T hey  a l s o  p r e p a r e d  

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

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

o b t a i n e d  f ro m  g l y c e r o l  was f o u n d  t o  b e  t h e  1 , 2 - p h e n y l -  

b o r o n i c  e s t e r  (XV). _0 — GHg
■ OH

—  0 ' ^
Ph OH

GHgOH '^O^CHg

(XV) (XVI)

I n  c o n t r a s t  t o  a  t r i s p h e n y l b o r o n a t e  o f  g a l a c t i t o l
51

o b t a i n e d  b y  S u g i h a r a  a n d  Bowman, B o u r n e , e t . a l .  o b t a i n e d  

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

o f  g a l a c t i t o l  b i s p h e n y l b o r o n a t e  a s  1 , 5 : 4 - , 6 - b i s p h e n y l b o r -  

o n a t e  (X V I) .  B o u r n e ,L e e s  a n d  W e ig e l  a l s o  p r e p a r e d  

D - m a n n i to l  t r i s p h e n y l b o r o n a t e  a n d  D - g l u c o s e  b i s p h e n y l 

b o r o n a t e  , b u t  h a v e  g i v e n  no  s u g g e s t i o n  a b o u t  t h e  s t r u c t u r e  

o f  t h e s e  co m p o u n d s .

I t  h a s  b e e n  m e n t io n e d  a b o v e  t h a t  p h e n y l b o r o n i c  a c i d  

r e a c t s  w i t h  p o l y h y d r o x y  com pounds t o  fo rm  f i v e -  , s i x -  

a n d  i n  some c a s e s  s e v e n -m e m b e re d  c y c l i c  e s t e r s .  T h e r e f o r e  

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



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

p h e n y l b o r o n i c  e s t e r s .  S i n c e  m o n o p h e n y lb o r o n a te s  c o u l d  

n o t  b e  o b t a i n e d  f ro m  h e x i t o l s ,  t h e  p o l y o l s  p o s s e s s i n g  

f i v e  h y d r o x y l  g r o u p s , e . g .  p e n t i t o l s  an d  1 - d e o x y - h e x i t o l s  

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

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

p h e n y l b o r o n a t e s .

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

o n a t e s  fo rm e d  w i t h  p e n t i t o l s ,  p a r t i a l l y  s u b s t i t u t e d  

p e n t i t o l s  a n d  1 - d e o x y - h e x i t o l s  w i l l  make a  c o m p a r i s o n  

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

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

k e t o n e s  fo rm e d  w i t h  p o l y o l s .
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B. DISCUSSION

1 .  P r e p a r a t i o n  o f  E i s n l i e n y lb o r o n a t e s  o f  some A c y c l io  P e n t i t o l s  

i  ) Prom r i b i t o l , ,  x y l i t o l  and  L - l y x i t o l

][Jhen aq u e o u s  s o l u t i o n  o f  r i b i t o l ,  x y l i t o l  o r  L - l y x 

i t o l  w ere m ixed  w i th  m e th a n o l i c  s o l u t i o n s  o f  p h e n y l 

b o r o n ic  a c i d ,  w h i te  p r e c i p i t a t e s  w ere  o b t a i n e d  ( E p t s .  33^^35) • 

The p r e c i p i t a t e s  gave  c r y s t a l l i n e  p r o d u c t s  (A^B and  C) 

on r e c r y s t a l l i z a t i o n .  I n  e a c h  c a s e  a n a l y s i s  f i g u r e s  w ere 

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

H
CH,0 ' CH^o' GH^O

H H 1
H — - 0 H — 0 H— -  0

H — — 0 I 2Ph.B  0 -  H "2PhB H — — 0 ^

H ~ — 0 H ----- -  0 0 — -  H

(CH^O _ CSĤ Ô

A B 0

The i n f r a r e d  s p e c t ru m  o f  A,B and  C v/hen exam ined  a s  a

m u l l  w i th  n u j o l  e x h i b i t e d  an  a b s o r p t i o n  p e a k  a t  3^00 cm. 

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

1600 cm. f o r  p h e n y l  g ro u p .

-1
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i i) From 1-deoxy-L-galactitol

When an  aq u e o u s  s o l u t i o n  o f  1 - d e o x y - L - g a l a c t i t o l  

was m ixed  w i t h  a  m e th a n o l i c  s o l u t i o n  o f  p h e n y lb o r o n ic  

a c i d  ( i n  1 : 2  m o la r  r a t i o ) ,  a  w h i te  p r e c i p i t a t e  was 

o b ta in e d ^  Which gave a  c r y s t a l l i n e  s o l i d  on r e c r y s t a l l 

i z a t i o n  (Expto^5jé ) •  I t  h a d  m .p .  113-114® w i th  

a n a l y s i s  f i g u r e s  c o r r e c t  f o r  018220^2^5  , i . e .  1 -d e o x y  

- L - g a l a c t i t o l  b i s p h e n y l b o r o n a t e  D.

CH_
3

0 — —  H

TT 1 o

O ...I TT

c;«2 °

•H

2PhB-

D

The i n f r a r e d  s p e c t ru m  o f  t h e  compound D,

when exam ined  i n  t h e  fo rm  o f  m u ll  w i t h  n u j o l

e x h i b i t e d  a b s o r p t i o n  a t  34-00 cm^ ( h y d r o x y l  g ro u p )  
—1an d  a t  1600  cm, ( p h e n y l  g r o u p ) .
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2 .  L o c a t io n  o f  U n s u b s t i t u t e d  H y d ro x y l g ro u p  i n  

B i s p h e n y lb o r o n a t e s  o f  some p e n t i t o l s

a )  P e r i o d a t e  o x i d a t i o n  o f  p h e n y lc a r b a m a te s  d e r i v e d  from  
b i s p h e n y l b o r o n a t e s  O'f ( i )  r i b i t o l , x y l i t o l  and  L - l y x i t o l

I t  was c o n c e iv e d  t h a t  t h e  f r e e  h y d ro x y l  g ro u p  

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

b y  s u b s t i t u t i n g  i t s  h y d ro g e n  by  a  p h e n y lc a rb a m o y l  

g r o u p , f o l l o w e d  by  t h e  r e m o v a l  o f  t h e  p h e n y lb o r o n a te  

g ro u p  and  s u b s e q u e n t  p e r i o d a t e  o x i d a t i o n  o f  t h e  

m o n o -O -p h e n y lc a rb a m a te s  t h u s  o b t a i n e d .  A c c o rd in g ly  

a  p o r t i o n  o f  e a c h  o f  t h e  t h r e e  p h e n y lc a r b a m a te s  A^B and  

C was r e f l u x e d  i n  b e n z e n e  w i t h  p h e n y l  i s o c y a n a t e  

( E x p t s .  3 7 ,3 8  and  3^)*  The d e r i v e d  c r y s t a l l i n e  s o l i d s  

E ,G ^ d  H gave  a n a l y s i s  f i g u r e s  c o r r e c t  f o r

^24  ^25  ^ 2  N  ̂0  ̂ m o n o -0 -p h e n y lc a rb a m o y  1 p e n t i t o l  

b i s p h e n y l b o r o n a t e .  The m o n o -0 -p h e n y lc a rb a m o y l  r i b i t o l  

b i s p h e n y l b o r o n a t e  P , m o n o -O -p h e n y lca rb a m o y l x y l i t o l  

'b i s p h e n y l b o r o n a t e  G ,an d  m o n o - O -p h e n y lc a rb a m o y l - L - ly x i -
w

t o i  b i s p h e n y l b o r o n a t e  H, showed no a b s o r p t i o n  i n  t h e  

h y d r o x y l  r e g i o n  o f  t h e i r  i n f r a r e d  s p e c t ru m  show ing  

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

I t  i s  known t h a t  when p h e n y l b o r o n a t e s  a r e  

d i s s o l v e d  i n  aq u e o u s  o r g a n i c  s o l v e n t s , h y d r o l y s i s  o f
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t h e  c y c l i c  e s t e r  o c c u r s , l e a v i n g  i n  s o l u t i o n  t h e  p o l y o l
51and  p h e n y l b o r o n ic  a c i d .  I t - w a s  d e c id e d  t o  o x i d i z e  t h e  

compounds P,G and  H w i t h o u t  rem o v a l  o f  p h e n y lb o r o n ic  

a c i d .  The o x i d a t i o n s  w ere  c a r r i e d  o u t  i n  25% aq u e o u s

0

u — —  0

— ---- 0

u— —  0

>-CONH.Ph

>2PhB

C E ^O

H

0

0

0

^2PhB

CH^O

-CO.NH.Ph CH^O

G

0

-CŒTEPh

0 i> 2Ph6

CH^O

G H

d io x a n e  ( E x p t . . The p e r i o d a t e  u p ta k e  was e s t i m a t e d

by  t h e  a r s e n i t e  m ethod  and  t h e  fo rm a ld e h y d e  p ro d u c e d
n7

by  c h r o m o t r o p ic  a c i d  m e th o d . Page 1 1 0  show t h e  e x p e c 

t e d  am ount o f  p e r i o d a t e  consum ed by  p e n t i t o l  p h e n y l c a 

r b a m a te s  and  t h e  fo rm a ld e h y d e  l i b e r a t e d .  The mono-0 

- p h e n y l c ^ a m o y l  r i b i t o l  b i s p h e n y l b o r o n a t e  P consum ed 

4o47 m o l.  ( E x p t .  44CA.), o f  p e r i o d a t e  o v e r  a  p e r i o d  o f  

24 h o u r s .  T h is  h i g h e r  c o n s u m p tio n  o f  p e r i o d a t e  by  

t h e  compound P made i t  n e c e s s a r y  t o  f i n d  o u t  t h e  

r e a s o n  f o r  t h i s  o v e r - c o n s u m p t io n .  Consequently  

p h e n y l b o r o n ic  a n h y d r id e  and  r i b i t o l  b i s p h e n y l b o r o n a t e  

w ere  s u b j e c t e d  t o  p e r i o d a t e  o x i d a t i o n  u n d e r  t h e



1 1 0

s t r u c t u r e Mol. 10^ M ol. 
consum ed HCO^H

Mol. ECHO

P o r  G o r  E

CE^O-R
- CE
-  CE
- CE

CE^OE

CE^O-R 
-CE

EO-
 ----  CE
CE^OE

CEgO-R
- CE
- CE

EO-
CE^OE

CEgOE CE^OE

CE EO
OE -4- OE ED

GE20E CE^OE

CE^OE 
. 04R
-OE

CEgOE

GE^OE
OE
OR RO- 
OE

GE^OE
-O E

CE^OE GE^OE

GE^OE 
- OE 
- O R

OE EO'
GEgOE

0

R =z -GONE.Pb
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i d e n t i c a l  c o n d i t i o n s .  P h e n y lb o r o n ic  a n h y d r id e  cc^sumed

0 .2 2  mole o f  p e r i o d a t e  p e r  mole o f  p h e n y lb o r o n ic  a c i d
(

and  r i b i t o l  b i s p h e n y l b o r o n a t e  consum ed 4 . 8  m ol. o f  

p e r i o d a t e .  However, when p e r i o d a t e  o x i d a t i o n  was 

peaei o d a t o  oad^Èation -̂ was c a r r i e d  o u t  i n  t h e  p r e s e n c e  

o f  sod ium  b i c a r b o n a t e  ( E x p t .  49 (t> ), t h e  m o n o -O -p h e n y l-  

c a r b a m o y l - x y l i t o l - b i s p h e n y l b o r o n a t e  G and  m ono-O -phen- 

y l c a r b a m o y l - L - l y x i t o l  b i s p h e n y l b o r o n a t e  H consum ed 

5 . 0 3  and  3 . 2 3  m o l.  p e r i o d a t e  r e s p e c t i v e l y .  I t  was 

t h o u g h t  t h a t  t h e  o v e r - c o n s u m p t io n  o f  p e r i o d a t e  i n  t h e  

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

F and  t h a t  e n c o u n te r e d  by p o u r n e ,L e e s  and  W eige l on
îi

t h e  p e r i o d a t e  o x i d a t i o n  o f  g l y c e r o l  1 , 2 - p h e n y lb o r o n a t e  

c o u ld  b e  due t h e  h y d r o l y s i s  o f  t h e  p h e n y Ic a rb a m o y l  

g ro u p ,  b u t  a  p r a c t i c a l l y  n e g l i g i b l e  am ount o f  p e r i o d a t e
CO

was consum ed by  e t h y l c  a r b  am at e ' , w h ich

i n d i c a t e d  t h a t  t h e  p h e n y lc a rb a m o y l  g ro u p  was n o t  

h y d r o l y s e d  u n d e r  t h e s e  c o n d i t i o n s ,  lifhen p e r i o d a t e  

o x i d a t i o n  was c a r r i e d  o u t  u s i n g  aq u e o u s  d im e th y fo rm am id e  

a s  a  s o l v e n t  (E x p t .  4^(c-) i n s t e a d  o f  d io x a n e ,  t h e  am ount 

o f  p e r i o d a t e  consum ed by  t h e  m o n o -O -p h e n y lca rb am o y l
r

- x y l i t o l - b i s p h e n y l b o r o n a t e  G and  m o no-O -pheny lcabam oy l 

- L - l y x i t o l  b i s p h e n y l b o r o n a t e  H,was 3#01 and  3*14 m o l . . 

r e s p e c t i v e l y ( T a b l e  . C l e a r l y  d io x a n e  was r e s p o n s i b l e  

f o r  t h e  e r r o n e o u s  r e s u l t s .
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The c o s u m p tio n  o f  c a .  3 m o l.  o f  p e r i o d a t e  by  t h e  t h r e e  

p e n t i t o l  d e r i v a t i v e s ,  i . e .  E, G, and  H and  t h e  f o r m a t i o n  o f  

cap 1 m o l.  o f  fo rm a ld e h y d e  (T a b le  38) r e v e a l e d  t h a t  t h e s e  

co m p o u n d s^ p o sse ss  f o u r  a d j a c e n t  h y d r o x y l  g ro u p s  and  t h a t  

t h e  ph eny1 c a r b  amoy1 g ro u p  i s  a t  a  t e r m i n a l  p o s i t i o n .  T h u s , 

t h e  p h e n y lc a r b a m a te s  ? ,  G and  H o b t a i n e d  v i a  t h e  p e n t i t o l -  

b i s p h e n y l b o r o n a t e s  ca n  b e  r e p r e s e n t e d  a s  5 -0 -p h e n y lc a rb a m o y l  

- D L - r i b i t o l  b i s p h e n y l b o r o n a t e  ( X V I I I ) , 3 -D -p h e n y lc a rb a m o y l

- D L - x y l i t o l  b i s p h e n y l b o r o n a t e  (XIX) and  5 -Q -p h en y 1 c a r b  amoy1
)

- ^ - l y x i t o l  b i s p h e n y l b o r o n a t e  (XX a )  o r  1 - 0 - p h e n y I c  a r b  amoy1 

- ^ l y x i t o l  b i s p h e n y l b o r o n a t e  (XXI a) . l o r  (XX a )  and  (XXTa) 

s e e  p .  1 1 8 .

H

H

H

0

0

0

2PhB

H^COCONHFA

H ^ C -O

H 0

0 H

H------ 0

2PhB

H^COCONHPA

(X V III )  (XIX)

As m e n t io n e d  above t h e  p h e n y l b o r o n a t e s  o f  many p o l y o l s  

.a re  e a s i l y  h y d r o l y s e d  ev en  d u r i n g  c h ro m a to g ra p h y  w i t h  

a  w a te r  c o n t a i n i n g  s o l v e n t ,  e g 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 te r  ( 9 : 2 : 2 ) .  I n  t h i s  s o l v e n t  t h e  p h e n y lb o r o n ic  a c i d  w h ich  

ca n  be  d e t e c t e d  u n d e r  U.V. l i g h t ,  moves a lm o s t  w i th
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t h e  s o l v e n t  f r o n t  and  c a n  be  e a s i l y  s e p a r a t e d  f rom  t h e  

p o ly h y d ro x y  com pounds. H ow ever, t h i s  was fo u n d  u n s u i t a b l e  

f o r  t h e  i s o l a t i o n  o f  m o n o -O -p h e n y lca rb am o y l p e n t i t o l s  

s i n c e  t h e i r  v a l u e s  i n  s e v e r a l  c h r o m a to g r a p h ic  s o l v e n t  

s y s te m s  w ere  c l o s e  t o  t h e  R^ v a l u e s  o f  p h e n y lb o r o n ic  

a c i d .  R e r r i e r  h a s  d e v e lo p e d  a  m ethod  f o r  t h e  re m o v a l  

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

r e a c t i o n .  A c c o rd in g ly  t h e  s o l u t i o n s  o f  m ono-O -pheny- 

ca rbam oy1 b i s p h e n y l b o r o n a t e d  i n  a c e to n e  w ere t r e a t e d  

w i th  p r o p a n e - 1 , 3 - d i o l .  The p r o p a n e - 1 , 5 - d i o l p h e n y l b o r o n a t e  

p ro d u c e d  was e x t r a c t e d  w i th  p e t r o le u m  e t h e r .  E ach  

p e n t i t o l  g ave  a c r y s t a l l i n e  s o l i d ,  i . e .  a

m o n o -O -p h e n y lc a rb a m a te  ( E x p t s .  3 9 ,4 0  and  4 1 ) .

B a sed  on t h e  e v id e n c e  o f  p e r i o d a t e  o x i d a t i o n  

(T a b le  3 8 )  t h e y  a r e  t h u s ,  5 -0 -p h e n y lc a rb a m o y l-D L -# - r ib i to l  

(X X I I ) , 5 - 0 - n h e n y lc a r b a m o y l - D L - x y l i t o l  (X X III )  and  

5 - Q - p h e n y l c a r b a m o y l - L - l y x i t o l  (XXIV) o r  1 - 0 - p h e n y l -  

c a r b a m o y l - L - l y x i t o l  (XXV).

H ^ C O H

H

H

H

OH

OH

OH

Hg cocom .Ph

H^ C — Ok

H

HO

H

OH

H

OH

H^COCOim.Ph

(X X II) (X X III)
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ii) 1-deoxy-L-galactitol

A p o r t i o n  .'of t h e  1 - d e o x y - L - g a l a c t i t o l  b i s p h e 

n y l b o r o n a t e  D, was r e f l u x e d  w i th  p h e n y l  i s o c y a n a t e  i n

b e n z e n e  ( E x p t .  44 ) and  a  c r y s t a l l i n e  s o l i d  I ,  m .p .  1 3 5 -1 3 6  

was o b t a i n e d .  E lem entalj^ gav e  f i g u r e s  (C 2/H ^B j^N O ^), 

c o r r e c t  f o r  m o n o - O - p h e n y l c a r b a m o y l - l - d e o x y - I ^ g a l a c t i t o l  

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

g ro u p  i n  i t s  IR  s p e c t ru m  i n d i c a t e d  t h e  c o m p le te  

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

o

CH.

0
H

H

0

H

0
0

CH^O j

-CONHPA

> 2PhB

P a p e r  c h ro m a to g ra p h y  o f  I ,  i n  s o l v e n t  (e) gave  a  compound 

(R ^ 4 .7 )  and  a  compound c o r r e s p o n d i n g  t o  p h e n y lb o r o n ic  

a c i d  (Rj, 0 . 9 8 ) ( b o th  v i s i b l e  u n d e r  U.V. l i g h t ) .

The a p p e a r a n c e  o f  a  s e p a r a t e  s p o t  f o r  p h e n y lb o r o n ic  

a c i d  show t h e  h y d r o l y s i s  o f  I .  C h ro m a to g rap h y  o f  t h e

compound I ,  on paper, w h o l ly  im p r e g n a te d  w i th  t u n g s t a t e
%
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g a v e  a  compound a t  Q (¥) = 0 . 7 6 .  The Q (W )4 1  and  M^(¥) 

= 0 . 2 - 0 . 6 7  shows t h a t  t h e  h y d r o l y s i s  p r o d u c t  o f  t h e  

compound I  fo rm s  a  com plex  w i t h  t u n g s t a t e  and  t h a t  

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

g r o u p s .  The p o s s i b l e  s t r u c t u r e s  f o r  t h e  1 -d e o x y -L
CL

- g a l a c t i t o l  m onocarbaig te  p ro d u c e d  on t h e  h y d r o l y s i s

o f  t h e  compound I  a re . shown on p .  1 1 6 . D i s t i n c t i o n

b e tw e e n  t h e s e  s t r u c t u r e s  was made by  t h e  p e r i o d a t e

o x i d a t i o n I 1 - d e o x y  m o n o - O - p h e n y lc a r b a m o y l - L - g a l a c t i t o l

b i s p h e n y l b o r o n a t e , I .  The p e r i o d a t e  u p ta k e  was
76

e s t i m a t e d  by  t h e  a r s e n i t e  m ethod  and  t h e  f o r m a t io n

o f  fo rm a ld e h y d e  was c o n f i r m e d  by  m aking  t h e  d im edone 

d e r i v a t i v e .  The c o n s u m p tio n  o f  5 .0 8  m o l. (T a b le  3 8 )  

p e r i o d a t e  and  l i b e r a t i o n  o f  fo rm a ld e h y d e  shows t h a t  

t h e  compound I  i s  i n f a c t  1 - d e o x y ,2 - 0 - p h e n y lc a r b a m o y l  

- L - g a l a c t i t o l  b i s p h e n y l b o r o n a t e  (XXyQ.

%
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L o c a t io n  o f  u n s u b s t i t u t e d  p r im a r y  h y d r o x y l  ^ r oup 
i n  L - l y x i t o l  b i s p h e n y l b o r o n a t e

The e v id e n c e  p r e s e n t e d  above show t h a t  one o f  t h e  

p r im a r y  h y d r o x y l  g ro u p  o f  t h e  L - l y x i t o l  b i s p h e n y l b o r o n a t e  

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

Due t o  t h e  asym m etry  o f  L - l y x i t o l  t h e  b i s p h e n y l b o r o n a t e  

c o u ld  be  e i t h e r  (XX) o r (X X I) .  A d i s t i n c t i o n  b e tw e e n  

(XX) and  (XXI) c o u ld  be  made by  c o n v e r t i n g  t h e i r  p r im a r y  

h y d r o x y l  g ro u p  i n t o  a  c a r b o x y l  g r o u p .  H ow ever, s i n c e  t h e  

p h e n y l b o r o n a t e  g ro u p  i s  e a s i l y  rem oved  by  h y d r o l y s i s  ( c f .  

a d d i t i o n  o f  w a te r  t o  d io x a n e  s o l u t i o n  o f  p e n t i t o l  p h e n y -  

I b o r o n a t e s ) ,  i t  was d e c id e d  t o  o x i d i z e  t h e  p h e n y lc a rb a m -  

a t e  (XXIV) o r  (XXV) o b t a i n e d  v i a  t h e  b i s p h e n y l b o r o n a t e ^ i E j j j ^ »

The p h e n y lc a r b a m a te  (XXIV) w ould  g i v e ,  on o x i d a t i o n  

and  s u b s e q u e n t  h y d r o l y s i s  L - l y x o n ic  a c i d  (X X V II), w h e rea s  

(XXV) w ould  g iv e  L - a r a b o n i c  a c i d  (XXVII a ) .

The h y d r o l y s i s  o f  m d n o - O - p h e n y lc a r b a m o y l - L - ly x i to l  

b i s p h e n y l b o r o n a t e  (XX a )  o r  (XXI a )  t o  g iv e  t h e  p h e n y l c a r 

bam ate  was e f f e c t e d  b y  d i s s o l u t i o n  i n  aq u e o u s  a c e t o n e .

The p h e n y lc a r b a m a te  was t h e n  o x i d i z e d  i n  s i t u  w i t h  oxygen 

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

a  m ethod  d e v e lo p e d  by  B a r k e r , B ourne and  F le e tw o o d .

(E x p e r im e n t  4-7).
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P a p e r  c h ro m a to g ra p h y  and  e l e c t r o p h e r e t i c  a n a l y s i s  o f  t h e

r e a c t i o n  m ix tu r e  r e v e a l e d , i n  a d d i t i o n  t o . . t h e  p h e n y l b o r o n ic
2

a c i d  and  0 - p h h n ;^ c a rb a m o y l~ L - ly x i to l , t h e  p r e s e n c e  o f  an  

a c i d i c  co m p o n en t. The l a t t e r  was v i s i b l e  u n d e r  U . V . l i g h t  

( a s  a r e  a l l  p h e n y l  c a r b a m a te s )  and  was p re s u m a b ly  (x<k/) o r  

(XXVà^ I t  was rem oved from  t h e  r e a c t i o n  m ix tu r e  by p r e p a r a 

t i v e  c h ro m a to g ra p h y .  The a c i d i c  com ponent was t r e a t e d  w i th  

sodium  m e th o x id e  i n  m e th a n o l  t o  rem ove t h e  p h e n y lc a rb a m o y l  

grou;^;'and t h e  p r o d u c t  was c o n v e r t e d  i n t o  a c r y s t a l l i n e  

s a l t .  The m e l t i n g  p o i n t  o f  t h e  p o ta s s iu m  s a l t (1 6 2 ^ )  showed 

no d e p r e s s i o n  on a d m ix tu r e  w i th  a u t h e n t i c  p o t% s iu m - B - ly x o n a te , 

w h e re a s  i t  showed a  d e p r e s s i o n  i n  m .p . on a d m ix tu r e  w i th  

p o t a s s i u m - L - a r a b o n a t e .  I t  was t h u s  p o t a s s i u m - L - l y x o n a t e .

The p h e n y l b o r o n a t e  o b t a i n e d  from  L - l y x i t o l  was t h u s  (XX). 
of

The y ie ld jf  p o t a s s i u m - L - l y x o n a t e  r e p r e s e n t s  a c a .  19% 

c o n v e r s i o n  o f  ( [ )  i n t o  (KXVII).

I n  t h e  g ro u p  o f  c y c l i c  a c e t a l s ^ t h e  p o l y o l s   ̂

a s s ig n m e n t  o f  r i n g  s t r u c t u r e  h a s  b e e n  made i n t e r  a l i a , from  

a  s tu d y  o f  ( a )  t h e  i n t e r m e d i a t e  p r o d u c t s  fo rm ed  d u r i n g  

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

- p r o d u c t s ' ’ o f  p a r t i a l  h y d r o l y s i s  o f  t h e  p o l y a c e t a l s .  A l l  

a t t e m p t s  t o  o b t a i n  s i m i l a r l y  t h e  m o n o p h e n y lb o ro n a te s  w ere 

u n s u c c e s s f u l .  I t  was t h u s  d e c id e d  t o  i n v e s t i g a t e  t h e  

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

m e t h o d , i . e .  i n f r a r e d  s p e c t r o s c o p y .
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3 . A ssignm ent o f  R ing S t r u c t u r e s  o f  P h e n y lb o r o n a te s .

I n f r a r e d  s p e c t r o s c o p y  h as  b een  a  v a l u a b le  t o o l  f o r

many y e a r s  i n  h e l p i n g  to  r e c o g n i s e  t h e  p r e s e n c e  of

s t r u c t u r a l  u n i t s  i n  compounds and in  many c a s e s  i t  h as

p roved  p o s s i b l e  t o  c o r r e l a t e ,  ’’g ro u p ” v i b r a t i o n  f r e q u e n c i e s

w i th  t h e  p o s i t i o n  o f  th e  g roup  in  t h e  m o le c u le .  These

c o r r e l a t i o n s  have b een  b a s e d  t o  a  g r e a t  e x t e n t  on

e x p e r im e n ta l  o b s e r v a t i o n s ,  th o u g h  t h e o r e t i c a l  c a l c u l a t i o n s

o f  th e  f r e q u e n c i e s  a t  w hich  th e  band  o cc u r  a r e  p o s s i b l e

f o r  v e r y  s im p le  m o le c u le s .  A g r e a t  d e a l  o f  work a lo n g

t h e s e  l i n e s  h as  been  p u b l i s h e d  and a  co m p reh en s iv e  s u rv e y
52h as  b e e n  g iv e n  by B a lla m y .

55B a lla m y , e t . a l  have s t u d i e d  th e  i n f r a r e d  s p e c t r a

o f  b o ro n  compound and have made c e r t a i n  f r e q u e n c y

a s s ig n m e n ts  f o r ,  e . g .  B -0 , B-N and .B -C  b o n d s .  They

have a l s o  s t u d i e d  th e  IR s p e c t r a  o f  B - a r y l  compounds and
— 1

have a s s ig n e d  f r e q u e n c i e s  f o r  B-Ph a t  1280-1250 cm.

No p a r t i c u l a r  f r e q u e n c i e s  have so f a r  b een  d e s c r ib e d  f o r  

th e  f i v e -  o r  s ix -m em bered  p h e n y lb o ro n a te  r i n g s .  On th e  

o t h e r  hand much in f o r m a t i o n  i s  a v a i l a b l e  a b o u t  th e  i n t e r -  

and i n t r a - m o l e c u l a r  h y d ro g en  b o n d in g  o c c u r r in g  in
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o a r b o c y c l i c  and a c y c l i c  d i o l s .  The i n t e r m o l e c u l a r  

h y d ro g en  b o n d in g  i s  c r i t i c a l l y  de-pendent on th e  

c o n c e n t r a t i o n  o f  th e  d i o l  and can be d e t e c t e d  in  

c o n c e n t r a t e d  s o l u t i o n s  ( o r  as  n u j o l  m u ll )  a t  c a .  34-00 cm. 

I t  becomes n e g l i g i b l e  i n  s o l u t i o n s  i n  c a rb o n  t e t r a -  

c h j .o r id e  w hich a r e  l e s s  th a n  0.005M w i th  r e s p e c t  t o  th e  

d i o l .  I n f r a r e d  s p e c t r a  o f  c e r t a i n  d i o l s  exam ined 

u n d e r  t h e s e  c o n d i t i o n s ,  i . e .  d i l u t e  s o l u t i o n s  has  shown 

two a b s o r p t i o n  b a n d s .  The h ig h  f r e q u e n c y  band a t  

c a . 3630 cm.*" has  b een  a s s ig n e d  to  t h e  f r e e  h y d ro x y l
 H

g ro u p  and th e  low f r e q u e n c y  band  a t  c a .  3580 cm. 

t o  t h e  i n t r a m o l e c u l a r l y  h y d ro g en  oended h y d ro x y l  g r o u p .
( c o n t i n u e d  on p .  122)
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A p a r a l l e l  i n c r e a s e  i n  a r i t h / m e t i c a l  d i f f e r e n c e  b e tw een  

t h e s e  two f r e q u e n c y  bands  f r e e  OH*—V b o n d e d  OH) 

o c c u r s ,  a s  th e  r i n g  form ed by t h e  i n t r a m o l e c u l a r  hy d ro g en  

bond i n c r e a s e s  from  f i v e  t o  se v e n  membered r i n g s .

F re q u e n c ie s  ( i n  p a r e n t h e s i s )  be lo w  have b een  

a s s ig n e d  to  th o s e  i n t r a m o l e c u l a r  h y d rogen  bonds which 

may o c c u r  i n  d i o l s  and l e a d  t o  th e  fo rm a t io n  o f  f i v e -  

(3606  -  10 c m T ^ ) , s i x - (3560  -  5 cmT^) and  s e v e n - ( c a .  3484cm.

membered r i n g s  a s  d e p i c t e d  i n  XXVIII, JJIX  and XXX 

r e s p e c t i v e l y  (bond form ed by h y d ro g en  b o n d in g  i s  shov/n 

a s  b ro k e n  l i n e ) .

R • R

/  \  /"  \
A— fs A— A A— A

( 2 2 V I I I )  (XXIX) (XXE)

I t  was c o n c e iv e d  t h a t  an  i n v e s t i g a t i o n  o f  t h e  ty p e  o f

i n t r a m o l e c u l a r  h y d ro g en  b o n d in g  o c c u r r in g  i n  t h e

b i s p h e n y lb o r o n a t e s  o f  p e n t i t o l s  ( p o s s e s s i n g  one

u n s u b s t i t u t e d  h y d ro x y l  g roup ) m igh t s i m i l a r l y  make a

d e t a i l e d  a s s ig n m e n t  o f  t h e i r  r i n g  s t r u c t u r e s  p o s s i b l e .
51B o u rn e , Lees and W eigel s t u d i e d  th e  IR s p e c t r a  of



(XI/)

g l y c e r o l  1 ,2 -p h e n y lb o ro n a 1 :e (a n d  g a l a c t i t o l  1 , 3 : 4 , 6 -  

b i s p h e n y lb o r o n a te  (XVI) p .  ) .  Prom t h e  co m p le te  

a b se n c e  o f  i n t r a m o l e c u l a r  h y d ro g en  b o n d in g  i n  g a l a c t i t o l  

1 , 3 : 4 , 6 - b i s p h e n y l b o r o n a t e  w hich  would be e x p e c te d  in  

s t r u c t u r e  (XXXI) t h e y  co n c lu d ed  t h a t  th e  oxygenjfO^g) 

a r e  i n s t e a d  c o - o r d i n a t e d  w i th  t h e  c o r r e s p o n d in g  

b o ro n  atom  a s  sh o v /n 'in  XXXII.

Ph
\

B.

Ph
Ph

( X X X I I )

G -ly c e ro l-1 ,2 - p h e n y lb o r o n a te  e x h i b i t e d  a b s o r p t i o n  a t  
—13630 cm. c o r r e s p o n d in g  t o  a  f r e e  h y d ro x y l  g ro u p  and a t  

3597 cm.  ̂ c o r r e s p o n d in g  t o  a  bonded h y d ro x y l  g roup  (/xxiw) 

fo rm in g  a  f i v e  membered r i n g .  The r a t i o  o f  t h e  i n t e n s i t i e s  

( 1 :2 )  o f  t h e s e  two bands  s u g g e s te d  t o  th e  a u th o r s  t h a t  th e  

s m a l l  amount o f  a b s o r p t i o n  f o r  th e  f r e e  h y d ro x y l  g ro u p ,  may



124

be due t o  ( a )  t h e  r i n g  s t r a i n  i n h e r e n t . i n  fo rm in g  th e  

h y d ro g en  bond from  th e  e x t r a n n u l a r  p r im a ry  h y d ro x y l  

g ro u p  o r  (b )  c o - o r d i n a t i o n  o f  the . oxygen atom  o f  t h e  

p r im a ry  h y d ro x y l  g roup  w i th  th e  b o ro n  atom . S in c e  i n  

compound f o rm u la te d  as  XXXIlt-^ b o ro n  c o u ld  n o t  a d a p t  a  

r e g u l a r  t e t r a h e d r a l  sym m etry, i t j m o r e  l i k e l y  t h a t  t h e  

s m a l l e r  amount o f  f r e e  h y d ro x y l  a b o s r p t i o n  i s  due to  

r e a s o n  ( a )  above r a t h e r  t h a n  r e a s o n  ( b ) .

H

-  B" / C - '  ^ 9  ; c  , H

7-0 
\

yrv
" C  0  o'_________< 0 ——  0I / 0 f

A f u r t h e r  p o s s i b i l i t y  o f  r i n g  f o rm a t io n  would be a  hyd rogen

bond l e a d i n g  t o  s i x  membered r i n g  as  shov/n in  (XXXV).
— *1The a b s e n c e  of a b s o r p t i o n  a t  c a .  3561 cm ." c o r r e s p o n d in g  

t o  h y d ro g en  bond fo rm in g  a  s i x  membered r i n g  i n d i c a t e s  

t h a t  t h i s  r i n g  i s  n o t  fo rm ed . P re su m ab ly  th e  lo n e  p a i r  o f
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e l e c t r o n s  on th e  c o r r e s p o n d in g  oxygen atom p o i n t  away 

from  t h e  r i n g  and a r e  th u s  n o t  a v a i l a b l e  t o  t h e  h y d rogen  

atom  o f  t h e  h y d ro x y l  g ro u p .

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

b o r o n a te s  in  T ab le  37 w ere d e te rm in e d  f o r  d i l u t e  s o l u t i o n s  

( iC 0.005M) in  d ry  c a rb o n  t e t r a c h l o r i d e .

T ab le  37

A b s o rp t io n  cm.V VUl LtllU.
bonded h y d ro x y l g ro u p

F re e  0-H 5-membered r i n g  6-membered r i n g
3625- 10 3606 ± 14 3560 = 5

G ly c e ro l  1 ,2 -p h e n y l  
b o r o n a te

3630(1 ) 3597(2 ) -

G a l a c t i t o l  1 , 3 : 4 , 6 -  
b i s p h e n y lb  o r o n a t  e

3630 - -

^ - H i b i t o l - b i s -  
pE eny lb  o ro n a t  e

3 6 0 8 (1 .5 ) 3562(1 )

DL-Xy1 i t o l - b i s -  
■pîie n y lb o r o n a te

3 6 3 5 (1 .3 ) 3609(1 ) -

L - L y x i t o l - b i s -  
p h e n y lb o ro n a t  e

3 626(1 ) 3611(1-1) —

1- B e o x y - L - g a l a c t i t o l  
b i s  ph en y lb  o ro n a t  e

3608(4 ) 3 5 6 0 ( f  )

F ig u r e s  i n  p a r e n t h e s i s  r e f e r  t o  t h e  r a t i o  o f  t h e  i n t e n s i t i e s  

o b s e rv e d .

I t  i s  known t h a t  p h e n y lb o ro n ic  a c id  r e a c t s  w i th  p o ly o l s  t o
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fo rm  f ive-m em bered  c y c l i c  e s t e r s  ( c f .  g l y c e r o l )  a s  v /e ll  

a s  s ix -m em bered  c y c l i c  e s t e r s  ( c f .  g a l a c t i t o l ) .

T h e r e f o r e ,  t h e  p o s s i b l e  f i v e -  and s ix -m em bered  r i n g  

m o d i f i c a t i o n s  b a s e d  on th e  e v id e n c e  d e s c r ib e d  above a r e  

t h o s e  shown on p .  . I f  p h e n y lb o ro n a te s  o f  p e n t i t o l s  

w ere f iv e -m em b ered  e s t e r s ,  i . e .  (3GG0/I), (XKDCVIII), (XL) 

and (X L I I ) ,  t h e i r  p a t t e r n  o f  a b s o r p t i o n  be tw een  3500-
«I

3600 cm. s h o u ld  be t h a t  o f  g l y c e r o l  1 ,2 - p h e n y lb o r o n a te .  

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

seven-m em bered  r i n g  ( ^ .  3484 cm .” ^) m ig h t be e x p e c te d .  

However, o n ly  th e  L - l y x i t o l  d e r i v a t i v e  conform ed t o  t h i s  

e x p e c t a t i o n .  The f iv e -m em b ered  p h e n y lb o ro n a te s  o f  o t h e r  

p e n t i t o l s ,  i . e .  r i b i t o l ,  x y l i t o l  and 1 - d e o x y - L - g a l a c t i t o l  

ca n  be e l i m i n a t e d .  T hus, th e  p h e n y lb o ro n a te s  o f  r i b i t o l ,  

x y l i t o l  and 1 - d e o x y - L - g a l a c t i t o l  a r e  s ix -m em bered  c y c l i c  

e s t e r s  (XXXVII), (X][XIX) and (X L II I )  r e s p e c t i v e l y .

L L - R ib i to l  1 , 3 :2 ,4 - b i s 'p h e n y lb o r o n a te  (X3CXVII).

When r i n g  j u n c t i o n  i n  two s ix -m em bered  f u s e d  r i n g  i s  

t r a n s , o n ly  one c o n fo rm a t io n  i n  w hich b o th  r i n g s  a r e  i n  a  

c h a i r  fo rm , i s  p o s s i b l e .  T hus, t h e  r i b i t o l  1 , 3 : 2 , 4 - b i s -  

p h e n y lb o ro n a te  w hich  p o s s e s s e s  two t r a n s  fu s e d  r i n g s  i s  

(XLIVjL).
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/

B

XLIVa

The t y p e  o f  i n t r a m o l e c u l a r  b o n d in g  which  can  o c c u r  

i n  XLIVa i s  shov/n i n  XLIVb and XLIVC> i . e .  i n v o l v i n g  

f i v e -  and s ix -m em bered  r i n g s .

(X L  1 /  & )

H

( X L i / c  ;

P i

The p a t t e r n  o f  Hi a b s o r p t i o n  e n c o u n te r e d  (T a b le  3 7 ) ,  i s  

i n  ag reem en t  w i t h  t h i s  s t r u c t u r e .  C o n v e rs io n  o f  t h e  

two r i n g s  o f  XLIVa i n t o  b o a t  fo rm  v/ould n o t  a l t e r  t h e  

r e l a t i v e  d i s p o s i t i o n  of  t h e  atoms in v o l v e d  i n  i n t r a 

m o l e c u l a r  hyd rogen  b o n d in g .  However, t h e  c h a i r  c o n f o r m a t io n s  

a r e  more l i k e l y  t h a n  t h e  b o a t  c o n f o r m a t i o n s .
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D L - X y l i t o l  1 , 3 : 2 , 4 - b i s p h e n y l b o r o n a t e  (XXŒX).

T h i s  compound c o n t a i n s  two c i s  f u s e d  r i n g s .  With 

c i s  r i n g  f u s i o n  two c o n f o r m a t io n s  w i t h  b o t h  r i n g s  i n  a  

c h a i r  form a r e  p o s s i b l e .  These have b e e n  d e n o te d  as  

" O - i n s i d e "  and " H - i n s i d e "  fo rm s .  Fo rm ulae  XLVa and XL'^/Io- 

r e p r e s e n t  t h e  " 0 - i n s i d e "  and " H - i n s i d e "  c o n f o r m a t i o n s  o f  

D L - x y l i t o l  1 , 3 : 2 , 4 - b i s p h e n y l b o r o n a t e .  Follotwing M il l ' s  

a rgum ent  f o r  t h e  a n a lo g o u s  c y c l i c  a c e t a l s ,  i t  would be 

e x p e c te d  t h a t  s t r u c t u r e  XLVa ( O - i n s i d e )  would be more s t a b l e  

t h a n  XXVIa ( H - i n s i d e ) .  The i n t r a m o l e c u l a r  h y d ro g en  bonds 

w hich  can  o c c u r  i n  XLVa i s  shovm i n  s t r u c t u r e  XLVb and 

XLVo, i n v o l v i n g  a  f i v e -  and s ix -m em bered  r i n g  r e s p e c t i v e l y .  

However, t h e  o b se rv e d  p a t t e r n  o f  a b s o r p t i o n  i n  which t h e r e  

i s  no a b s o r p t i o n  a t  t h e  freq^uency c o r r e s p o n d i n g  t o  a  s i x -  

membered r i n g , ‘ i s  n o t  i n  ag reem en t  w i t h  t h e s e  s t r u c t u r e s .

I n t r a m o l e c u l a r  hy d ro g en  b o n d in g  i n v o l v i n g  f i v e -  and 

s ix -m em bered  r i n g s  m igh t  a l s o  o c c u r  i n  " H - i n s i d e "  (XLVia) 

c o n f o r m a t i o n  a s  shown i n  XLVIb and XLVic. However, i n  

XLVic t h e  oxygen atom o f  t h e  p r im a r y  h y d r o x y l  g roup  i s  i n  

su c h  a  c l o s e  p r o x i m i t y  t o  t h e  s t r o n g l y  e l e c t r o p h i l i c  b o ro n  

atom t h a t  t h e  c o - o r d i n a t i o n  r e a c t i o n  w i l l  compete w i t h  t h e  

f o r m a t i o n  o f  i n t r a m o l e c u l a r  hydrogen  b o n d in g .  S in c e  t h e
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c o - o r d i n a t i n g  e l e c t r o n  p a i r  o f  an oxygen atom i s  n o t  

d i r e c t l y  in v o lv e d  i n  t h e  f o r m a t i o n  o f  an 0-H h an d ,  t h e  

i n f l u e n c e  o f  t h i s  t y p e  of  c o - o r d i n a t i o n  on t h e  0-H 

s t r e t c h i n g  f r e q u e n c y  would he  sm a l l*  Thus ,  t h e  co 

o r d i n a t i o n  o f  t h e  oxygen atom of  t h e  h y d roxym ethy l  g roup  

w i t h  h o ro n  atom would l e a v e  a  f r e e  h y d r o x y l  g ro u p ,  which  

was in d e e d  r e v e a l e d  hy t h e  i n f r a r e d  s p e c t ru m  o f  t h e  

D L - x y l i t o l  h i s p h e n y l h o r o n a t e .  A f r e e  h y d ro x y l  a b s o r p t i o n  

may how ever,  he  due t o  t h e  r i n g  s t r a i n  i n h e r e n t  i n  fo rm in g  

a  h y d r o h o n d  o f  t h e  t y p e  shown i n  s t r u c t u r e  XLVIh, 

which  i s  a n a lo g o u s  t o  t h a t  o c c u r r i n g  i n  g l y c e r o l  1 , 2 - p h e n y l -  

h o r o n a t e  (XXXIV). I n  su c h  an  e v e n t  t h e  r a t i o  o f  

i n t e n s i t i e s  o f  a b s o r p t i o n  a t  3655 and 3609 cm<.” *̂ would he 

e x p e c t e d  t o  he o^*1 :2  ( o f .  g l y c e r o l  1 , 2 - p h e n y l b o r o n a t e ) .

The o b s e rv e d  r a t i o  was i n  f a c t  1 . 3 : 1 .  I t  i s  t h u s  co n c lu d ed  

t h a t  D L - x y l i t o l  1 ^ 3 : 2 , ^ - h i s p h e n y l h o r o n a t e  a d a p t s  t h e

" H - i n s i d e "  c o n f o r m a t i o n  and t h a t  i n  a  l a r g e  number o f  
oyyj f̂i o f â ü

m o le c u le s  th e ^ h y d ro x y m e th y l  g roup  c o - o r d i n a t e s  w i t h  t h e  

h o ro n  atom o f  t h e  1 , 3 - p h e n y l h o r o n a t e  r i n g  (XLVII) .

S i m i l a r  ty p e  o f  i n t e r n a l  c o - o r d i n a t i o n  i s  known t o  o c c u r  i n  

many h o ro n  compounds, which  a f f e c t s  t h e  p r o p e r t i e s  o f  such  

compounds, e . g .  e x c e p t i o n a l  s t a b i l i t y  o f ,  2-am ino  e t h y l  

d i p h e n y l  h o r i n a t e  and 2 - e t h o x y  c a r h o n y l - 1 - m e t h y l v i n y l  

d i - n - h u t y l - h o r i n a t e  t o  h y d r o l y s i s  and s t o r a g e  have been
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e x p l a i n e d  by p o s t u l a t i n g  i n t e r n a l  c o - o r d i n a t i o n  be tw een

b o ro n  and an e l e c t r o n  d o n a t i n g  atom, i . e .  n i t r o g e n  atom

and oxygen atom i n  X IV I I I  and XLIX r e s p e c t i v e l y .  ^ 9 , 6 0

I t  i s  l i k e l y ,  t h a t  t h e  en e rg y  d i f f e r e n c e  b e tw een  t h e

" O - i n s i d e "  and " H - i n s i d e "  c o n f o r m a t i o n s  i n  l a r g e l y  overcome

by t h e  e n e rg y  o f  c o - o r d i n a t i o n .  The s t r u c t u r e  XLVII i s

com parab le  t o  t h e  s t r u c t u r e s  p o s t u l a t e d  by  Angyal and 
62

McHugh f o r  t h e  b o r a t e  com plexes  o f  i n o s i t o l s  e . g .  L.

1 -L eoxy-L - g a l a c t  i t o l  3 ,5  ; 4 , 6  -b  i  s pheny l b  o ro  n a t  e (XLIll) .

T h i s  c o n t a i n s  two c i s  f u s e d  r i n g s  and may t h u s  a d a p t  

c o n f o r m a t i o n s  L i a  o r  L l l a .  The IR sp e c t ru m  o f  t h i s  compound i 

r e v e a l e d  in t ra rao  l e  c u l a r  h y d ro g en  b o n d in g  i n v o l v i n g  f i v e -  

and s ix -m em bered  r i n g s .  The " O - i n s i d e "  c o n f o r m a t i o n  L i a  

can  g iv e  r i s e  t o  hyd rogen  b o n d in g  i n v o l v i n g  o n l y  a  f i v e -  

membered r i n g  a s  shown i n  L ib ,  w hereas  t h e  " H - i n s i d e "  

c o n f o r m a t i o n  L l l a  can  g iv e  r i s e  t o  hydrogen  b o n d in g  

i n v o l v i n g  b o t h  f i v e -  and s ix -m em bered  r i n g s  as  shown i n  

L l l b  and L I I c  r e s p e c t i v e l y .

I t  i s  t h u s  c o n c lu d e d  t h a t  t h e  c o n f o r m a t i o n  a d a p te d  

by  t h i s  compound i s  L l l a .

L- L y x i t o l  b i s p h e n y l b o r o n a t e  (XL o r  X L I ) .

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

m o n o - 0 - p h e n y l c a r b a m o y l - L - l y » i t o l  and i t s  c o n v e r s i o n  i n t o  

L - l y x o n i c  a c i d  ( s e e  p . l i s ) , iwo p o s s i b l e  s t r u c t u r e s  o f
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L - l y x i t o l  b i s p h e n y l b o r o n a t e '  a r e  XL and XLI (shov/n on 

p*127)* U n l ik e  t h e  p h e n y l b o r o n a t e s  d i s c u s s e d  above ,

t h e  p a t t e r n  o f  IR a b s o r p t i o n  e x h i b i t e d  by t h i s  compound
-1  ^b e tw e en  3500 -  3600 cm. was s i m i l a r  t o  t h a t g l y c e r o l

1 , 2 - p h e n y l b o r o n a t e ,  i . e .  i t  p o s s e s s e s  a  f r e e  h y d ro x y l  

g roup  and an i n t r a m o l e c u l a r l y  h y d ro g en  bonded h y d r o x y l  

g roup  f o rm in g  a  f iv e -m em b ered  r i n g .  The i n t e n s i t i e s  o f  

a b s o r p t i o n  a t  t h e  c o r r e s p o n d i n g  f r e q u e n c i e s  a r e  c a .  1 : 1 . 1 .  

The t y p e  of  i n t r a m o l e c u l a r  h yd rogen  b o n d in g  p o s s i b l e  i n  

t h e  two tfms f u s e d  r i n g  s (L I I14  o f  1 , 3 : 2 , 4 - b i s p h e n y l b o r o n a t e  

a r e  t h o s e  shown by s t r u c t u r e s  ( L l l l h )  and  ( L I I I  c) .

CH,2Ph GH^OH Ph Ph,

Ph Ph Ph

( L I I I  a ) ( L l l l b ) ( L I I I  c^

The f a c t  t h a t  t h e  compound d id  n o t  a b s o rb  a t  a f r e q u e n c y  

( c a .  3562 cm ."  ) c o r r e s p o n d i n g  t o  h y d ro g en  b o n d in g  

i n v o l v i n g  a  s ix -m em bered  r i n g  as  e x p e c t e d  f rom  t h e  

s t r u c t u r e  L I I I c ,  co u ld  s u g g e s t  t h a t  t h e  s t r u c t u r e  i s  

XL, i . e .  L - l y « i t o l  1 , 2 : 3 , 4 - b i s p h e n y l b o r o n a t e .  However,
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t h e  b o ro n  atom o f  2 , ^ - p h e n y l b o r o n a t e  r i n g  i n  ( L l l l b )  

m igh t  e x e r t  s u f f i c i e n t  a t t r a c t i o n  o f  t h e  h y d ro x y m eth y l  

g ro u p  t o  p r e v e n t  i t s  r o t a t i o n  t o  a  p o s i t i o n  s u i t a b l e  

f o r  t h e  f o r m a t i o n  o f  s t r u c t u r e  L I I I c .  I n  su c h  an e v e n t  

t h e  e x p e c te d  f r e q u e n c i e s  o f  a b s o r p t i o n  and t h e  r a t i o  o f  

a b s o r p t i o n  c o u ld  be t h o s e  found  e x p e r i m e n t a l l y  (T a b le  3 7 ) .  

However, f u r t h e r  i n v e s t i g a t i o n s  a r e  n e c e s s a r y  t o  

d i s t i n g u i s h  b e tw e en  s t r u c t u r e  XL and XLI f o r  t h e  L - l y x i t o l  

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

G arbohydraté"  c h e m i s t r y  i s  e s p e c i a l l y  r i c h  i n  examples  

o f  f i v e - o r  s ix -m em bered  r i n g s  f u s e d  t o  a n o t h e r  f i v e -  o r  

s ix -m em bered  r i n g s .  P o r  example a ld e h y d e s  r e a c t  w i t h  

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

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

t h e  p o l y h y d ^ r i c  a l c o h o l  i s  a m a jo r  f a c t o r  g o v e r n in g  t h e  

c o u r s e  o f  a c e t a l  f o r m a t i o n .  B a r k e r  and Bourne have 

examined a l a r g e  number o f  a c e t a l s  and k e t a l s  and have 

co m p i led  c e r t a i n  r u l e s ,  c o n c e r n in g  t h e  p r e f e r r e d  h y d r o x y l  

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

and k e t o n e s .  They have s t a t e d  t h a t  when a ld e h y d e s  r e a c t  

w i th  p o l y o l s ,  t h e  f i r s t  p r e f e r e n c e  i s  f o r  a  pO ( B a r k e r  and
17

Bourne n o m e n c l a t u r e ) .  The second  p r e f e r e n c e  i s  f o r  a. 

a r r a n g e m e n t  and t h e  t h i r d  p r e f e r e n c e  i s  f o r  an 0—, PT- o r
■6r»

S T -  a r r a n g e m e n t . I n  t h e  c a s e  o f  m ethy] |A t ion ,  a  P T - r in g
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t a k e s  p r e c e d e n c e  o v e r  an o r  XT r i n g .

Comparison o f  t h e  p e n t i t o l  b i s  phen y lb  o r o n a t  e s w i th  

t h e  a n a lo g o u s  known examples  o f  a c e t a l s  r e v e a l  t h a t  t h e  

b i s p h e n y l b o r o n a t e s  o f  r i b i t o l ,  x y l i t o l  and 1 -d e o x y -  

g a l a c t i t o l  comply w i t h  t h e s e  r u l e s .

The B L - r i b i t o l  d e r i v a t i v e s  (XXICVII) c o n s i s t  o f  one 

PO and a  P r i n g .  I n  f a c t ,  w i t h  t h i s  compound no o t h e r  

p o s s i b i l i t i e s  f o r  s ix -m em bered  r i n g  f o r m a t i o n  e x i s t .

I t  would be e x p e c t e d ,  by  a n a lo g y  v / i th  1 , 3 : 2 , 4 - d i m e t h y l e n e -  

B L - r i b i t o l  t h a t  t h e  PC r i n g  i s  more s t a b l e  t h a n  P r i n g ,  

and i f  i t  were p o s s i b l e  t o  i s o l a t e  t h e  m o n o -p h e n y lb o ro n a te ,  

t h i s  would most l i k e l y  be t h e  2 : k - p h e n y l b o r o n a t e .

The same s i t u a t i o n  e x i s t s  w i t h  t h e  x y l i t o l  d e r i v a t i v e  

(ZXXIX) where a PC and p r i n g  a r e  a l s o  fo rm ed ,  a n a l o g o u s l y  

t o  2 , 4 : 3 , 5  d im e th y le n e  D L - x y l i t o l .

The b i s _ ;h e n y lb o r o n a te  formed w i t h  1 -d eo x y -L -

g a l a c t i t o l  ( iQjllT") n ee d s  f u r t h e r  e x p l a n a t i o n .  I f  t h e  

P r i n g  i s  formed f i r s t ,  be tw een  t h e  oxygen a tom s a t  

and C^^^, t h e r e  a r e  two f u r t h e r  p o s s i b i l i t i e s  f o r  r i n g  

f o r m a t i o n ,  i . e .  e i t h e r  an  «IT-  r i n g  i n v o l v i n g  oxygen atom 

a t  C^2 ) î:Ld C^^^ o r  pT i n v o l v i n g  oxygen atoms a t  C^^) sind 

By s t r i c t  a n a lo g y  w i t h  t h e  a c e t a l s ,  an  T - r i n g  

( 5 -membered) would be e x p e c t e d .  However t h e  s ix-m em bered  

pT r i n g  i s  i n  f a c t  fo rm ed .  I t  i s  w o r th  n o t i n g  t h a t  B a rk e r
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^3
and Bourne m e n t io n ed  t h a t  p T - r i n g  f o r m a t i o n  t a k e s

p r e c e d e n c e  o v e r  uT- i n  m e th y le n e  r i n g  f o r m a t i o n .

The s t r u c t u r e  o f  L - l y x i t o l  d e r i v a t i v e  c a n n o t  be 

d e r i v e d  c o m p l e t e l y  f rom t h e  i n f r a r e d  sp e c t ru m  ( s e e  p . 133) 

However XLI i n v o l v e s  a  P -  and a  pT- r i n g ,  w hereas  XL 

i n v o l v e s  ci- and c^T- r i n g s .  By a n a lo g y  w i t h  t h e  a c e t a l s ,  

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

s t r u c t u r e  XLI i s  more l i k e l y .
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G en e ra l  Methods

E l e c t r o p h o r e s i s »

E l e c t r o p h o r e s i s  was c a r r i e d  out on 10 cm. wide

, s t r i p s  o f  T/liatman ITo.3 p a p e r ,  u s i n g  " S h a n d o n ' s " , h ig h

v o l t a g e  e l e c t r o p h o r e s i s  a p p a r a t u s ,  w hich  was c a p a b le  o f

p r o d u c in g  a  p o t e n t i a l  d i f f e r e n c e  o f  up t o  10 ,000  V.

M o b i l i t i e s  a r e  e x p r e s s e d  as  IL v a l u e s ,  i . e .

M = True d i s t a n c e  t r a v e l l e d  b y t h e  compound 
—8

True d i s t a n c e  t r a v e l l e d  by B - g l u c i t o l  

E l e c t r o l y t e s  u s e d .

Mo l y b d a t e : ^ A q u e o u s  sodium m o ly b d a te  d i h y d r a t e  

( 1 »5/  ̂ W/y ) a c i d i f i e d  t o  pH 5 .0  w i th  d i l u t e  s u l p h u r i c  a c i d .

T u n g s t a t e : ^^ Aqueous sodium t u n g s t a t e  d i h y d r a t e  

(2̂ /5 W/V) a c i d i f i e d  t o  pH 5 .0  as  above .

P a p e r  c h ro m â to g r a p h y .

P a p e r  c h ro m a to g rap h y  was c a r r i e d  ou t  on 7,l i a tman No. 1 

o r  N o .3 p a p e r  by  t h e  d e s c e n d i n g  method.

P a p e r  Ohroma t o g r a p h y  on p a p e r  (4)  p a r t i a l l y  and (Ü) w h o l ly  

im p reg n a te d  w i th  sodium m olybda te  or  sodium t u n g s t a t e  

s o l u t i o n .

( i )  An a r e a  of  1x3 cm. (3 cm. above and 1 cm. below  

t h e  b a s e  l i n e )  was im p re g n a ted  ( a s  shown below) w i t h  sodium 

m o ly b d a te  o r  sodium t u n g s t a t e  s o l u t i o n  of  d e s i r e d  pH and
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cm. Base  l i n e

I m p r e g n a te d  a r e a

c o n c e n t r a t i o n  as  m en t io n ed  i n  t h e  t e x t ,  w i t h  t h e  h e l p

of  a  0 * 0 #  j e t  t u b e .  The p a p e r  was dr ied ,  a t  room

t e m p e r a t u r e  and t h e  im p re g n a te d  a r e a  was o u t l i n e d  i n
/

p e n c i l  u n d e r  u l t r a  v i o l e t  l i g h t .

P o l y o l s  t o  be examined were s p o t t e d  v / i t h in  t h e  

im p re g n a te d  a r e a .  D-G-lucose ( o r  m a rk e r )  was a p p l i e d  

o u t s i d e  t h e  im p re g n a te d  a r e a .  A c o n t r o l  was run  in  t h e  

same t a n k  on u n im p re g n a te d  p a p e r .

( i i )  The p a p e r  was d ipped  in  m o ly b d a te  o r  t u n g s t a t e  

s o l u t i o n  o f  d e s i r e d  c o n c e n t r a t i o n  and pH ( a s  shown i n  t h e  

t e x t )  b l o t t e d  i n  f o l d s  o f  f i l t e r  p a p e r  and d r i e d .
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S o l v e n t s

( a )  n - B u t a n o l ,  e t h a n o l ,  w a t e r  ( 4 : 1 : 5 ) ,  o r g a n i c  p h a s e .

(h )  A ce to n e ,  n - h u t a n o l ,  w a te r  ( 5 : 4 : 3 ) .

( c )  A ce to n e ,  n - b u t a n o l ,  w a te r  ( 4 : 4 : 2 ) .

(d )  A ce to n e ,  n - b u t a n o l , w a te r  ( 5 : 4 : 2 . 5 ) .

( e )  A ce to n e ,  n - b u t a n o l ,  wa.ter ( 5 : 3 : 2 ) .

( f )  P y r i d i n e ,  e t h y l  a c e t a t e ,  w a t e r ,  a c i t i c  a c i d  

( 5 : 5 : 1 : 3 ) .

(g)  n - B u t a n o l ,  p y r i d i n e ,  w a t e r  ( 1 0 : 4 : 3 ) .

S p ra y  r e a g e n t s  f o r  d e t e c t i n g  t h e  compounds.

( i )  S i l v e r  n i t r a t e / s o d i u m  h y d r o x i d e .

( i i )  Aqueous an i f i in e  o x a l a t e . ^ "

( i i i )  B ro m o c re so l  g r e e n .

P o l a r i m e t r y .

The r o t a t i o n s  v/ere m easured  i n  2 o r  4 dm. t u b e s  a t  

t h e  w a v e le n g th  of m e rc u ry  l i g h t  o r  a t  t h e  w a v e le n g th  o f  

sodium l i g h t .

U l t r a v i o l e t  a b s o r p t i o n  m e a s u re m e n ts .

T hese  were made on one o f  t h e  f o l l o w i n g  a p p a r a t u s  as  

m en t io n e d  i n  t h e  t e x t .

( i )  Unicam SP 500 s p e c t r o p h o t o m e t e r ,

( i i )  H i l g e r  S p ek k e r  a b s o r p t i o m e t e r .

T h i n - l a y e r  p l a t e s  (TLP).

P l a t e s  f o r  t h e  t h i n - l a y e r  c h ro m a to g rap h y  were p r e p a r e d



u s i n g  " '^ i n d o i / s "  b a s i c  o u t f i t  N o .2805.

D e t e c t i o n  o f  compound,s on T IP .

Compound on K i e s e l g e l  p l a t e s  were d e t e c t e d  by

s t a n d i n g  t h e  p l a t e s  i n  i o d i n e  v a p o u r .  Compounds on
6^

t h e  c e l l u l o s e  and A v ic e l  l a y e r s  were d e t e c t e d  by t h e  

s p r a y  r e a g e n t s  m e n t io n e d  above u n d e r  p a p e r  c h ro m a to g ra p h y .

E xper im en t  1 . P r e p a r a t i o n  o f  t h e  m o ly b d a te  fo rm  o f  a n io n

e x c h a n g e r .

Nethod  1 : A m b e r l i t e  IRA-400 (C l" )  was s l u r r i e d  i n t o  a

g l a s s  column ( 1 . 4  cm. d i a . ) t o  a  h e i g h t  o f  40 cm. and

a l lo w e d  t o  s e t t l e  u n d e r  g r a v i t y .  A f t e r  th o r o u g h  w ash ing

w i t h  w a te r  t h e  a n io n  e x c h a n g e r  was c o n v e r t e d  i n t o  t h e

m o lybda te  form by p a s s i n g  sodium m oly b d a te  d i h y d r a t e

( 4 ^ ,  W/V), pH o f  w h ich  was p r e v i o u s l y  a d j u s t e d  t o  5 .0  w i th

A m b e r l i t e  I R -1 20(1-1"^), u n t i l  t h e  amount o f  m o lybda te  i n  th e
iv

e f f l u e n t  was t h e  same as  t h a t  o f  i n f l u e n t ,  A w a t e r  wash 

removed e x c e s s  o f  m o ly b d a te  f rom  t h e  column.

Method 2 ; A m b e r l i t e  IRA-400  (01” ) was c o n v e r t e d  i n t o  f r e e  

b a s e  form by e l u t i n g  w i t h  aqueous  sodium h y d ro x id e  (2N) 

u n t i l  t h e  w ash ings  gave a n e g a t i v e  t e s t  f o r  c h l o r i d e  io n  

( c a . 3 bed v o lu m e s ) .  The column was t h e n  washed w i th  

w a t e r  t o  remove e x c e s s  a l k a l i . Sodium m o ly b d a te  d i h y d r a t e  

(4/';, V//V) was p a s s e d  t i i ro u g h  t h e  column u n t i l  t h e  

s a t u r a t i o n  p o i n t a i )  was r e a c h e d .  E lu e n t  was r e p l a c e d  w i th



sodium m o l y b d a t e , d i h y d r a t e  [0 .005N , pH 5) a d j u s t e d  w i t h  

IR-'120(H’‘")] u n t i l  t h e  pH o f  t h e  e f f l u e n t  r e a c h e d  5 . 0 - 0 . 1 ,  

Method 3 : F re e  b a s e  form  o f  t h e  r e s i n ,  p r e p a r e d  a c c o r d i n g

t o  method 2, was packed  i n t o  a  g l a s s  column ( a s  above)  

and c o n v e r t e d  i n t o  t h e  m olybdate ,  fo rm  by  p a s s i n g  kji sodium 

m o ly b d a te  d i h y d r a t e  (W/V) u n t i l  s a t u r a t i o n  p o i n t w a s  

r e a c h e d .  The column was t h e n  washed w i t h  l a r g e  e x c e s s  of  

w a t e r  u n t i l  t h e  pH o f  t h e  w ash in g s  r e a c h e d  t o  t h e  pH of  

wat é r  ( 5 . 5 ) .

( i )  P o ta s s iu m  t h i o c y a n a t e  sp.ot t e s t .

E x p e r im e n t  2 ( a )  S e p a r a t i o n  ( a t t e m p t e d )  o f  D- g l u c o s e  f rom
D-g l u c i t o l .

The m o lybda te  fo rm  o f  r e s i n  (50 m l . )  p r e p a r e d  as  i n  

method 1, was packed  i n t o  a- g l a s s  column ( 1 . 4  cm. d i a . ) 

and v/ashed w i th  w a t e r  (50 m l .  ) t o  remove f r e e  m o ly b d a te .

A s o l u t i o n  c o n t a i n i n g  D -g lu c o s e  (15 mg.) and D - g l u c i t o l  

(15 m g . ) ' i n  w a t e r  (15 m l . ) was p l a c e d  on th e  t o p  o f  t h e  

column which  was t h e n  e l u t e d  w i t h  w a t e r .  F r a c t i o n s  (10 m l . )  

w ere  c o l l e c t e d  on an a u t o m a t i c  f r a c t i o n  c o l l e c t o r .  Each 

f r a c t i o n  was examined by p a p e r  e l e c t r o p h o r e s i s  i n  m olybda te  

s o l u t i o n ,  which  r e v e a l e d  t h a t  b o t h  D - g l u e ose and D - g l u c i t o l  

were e l u t e d  a t  t h e  same r a t e .  The f i r s t  tv/o f r a c t i o n s  were 

c o m p a r a t i v e l y  r i c h  i n  D -g lu c o s e  c o n t e n t .



IW4
E xper im en t  2 (b )  A t t e m p te d s e p a r a t i o n  o f  D- g l u c o s e  f rom

D- g l u c i t o l  on m o ly b d a te  form  o f  r e s i n .

The m o lybda te  fo rm  o f  r e s i n  p r e p a r e d  a c c o r d i n g  t o  

method 2,  was packed i n  a  column w i t h  an i n s i d e  d i a m e t e r  

o f  1 .4  cm. t o  a  h e i g h t  o f  40 cm. A s o l u t i o n  c o n t a i n i n g  

D -g lu c o s e  (1 2 ,5  mg.) and D - g l u c i t o l  ( 1 2 .5  mg.)  i n  w a t e r  

( 1 2 .5  mlo) was added t o  t h e  column, w hich  was t h e n  e l u t e d  

w i t h  w a t e r .  F r a c t i o n s  (10 m l . ) were c o l l e c t e d  and 

examined by e l e c t r o p h o r e s i s  i n  m o ly b d a te  s o l u t i o n .

A f t e r  none o f  t h e  added p o l y o l  co u ld  be d e t e c t e d ,  t h e  

e l u e n t  was t h e n  r e p l a c e d  by  0 . IN sodium  h y d r o x id e ,  f r a c t i o n s  

were c o l l e c t e d  and examined as  above .  E l e c t r o p h o r e s i s  

r e v e a l e d  an in c o m p le te  s e p a r a t i o n .  The r e s u l t s  a r e  shown 

i n  T ab le  11.

T ab le  11

F r a c t i o n
(10 m lo )

1-10

11-15

16-70

71-78

E l u t e

Water

*P o l y o l
d e t e c t e d

1 , 2

I n t e n s i t y  o f  s p o t s  
( v i s u a l ) ,

d ense  s | io t  f o r  1, 
t r a c e s  of 2 .

0 .1N NaOH 2 o n ly d ense  s | io t  i n  
f r a c t i o n  7 1 -7 4 ,  
t r a c e s  i n  7 5 -7 8 .

* 1. D - g l u c o s e ,  2 .  D - g l u c i t o l .
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E xper im en t  2 ( c ) . A t t e m p te d s e p a r a t i o n  of  D -g lu c o s e  f rom
D- g l u c i t o l  on m o ly b d a te  form o f  r e s i n  column

M olybdate  form of  r e s i n  p r e p a r e d  a c c o r d i n g  t o  method 3 

v/as packed  i n  a  g l a s s  column ( 1 . 4  cm.,  d i a . )  up t o  a  h e i g h t  

o f  32 cm. washed w i t h  w a te r  (250 m l . ) .  A s o l u t i o n  

c o n t a i n i n g  D -g lu c o s e  (10 mg.) and D - g l u c i t o l  (10 mg.) i n  

w a te r  (5 m l . )  was p l a c e d  on t h e  column. F r a c t i o n s  (50 m l . )  

were c o l l e c t e d  by  e l u t i n g  w i t h  w a te r  a t  a  f lo w  r a t e  o f  2 - 2 .5  

m l . , p e r  m in u te  and were examined by e l e c t r o p h o r e s i s  i n  

m o ly b d a te  s o l u t i o n .

F r a c t i o n  1 showed t h e  p r e s e n c e  o f  o n ly  D -g lu c o s e  w h i le  

t h e r e  was a  t r a c e  o f  D - g l u c i t o l  i n  t h e  2nd. f r a c t i o n .

R e s t  o f  D - g l u c i t o l  came o u t  o f  t h e  column c o m p a r a t i v e l y  

s l o w l y ,  i . e .  i n  f r a c t i o n s  3 -1 0 .  The r e s u l t s  a r e  shoTO 

i n  T ab le  12.

T ab le  12

F r a c t i o n  E l u t e  Volume P o l y o l  Remarks
(50 mlo) t o t a l  ( m l . )  d e t e c t e d

1 Water  50 g l u c o s e  D -g lu c o s e  -r

2 ” 100 D -g lu c o s e  t r a c e s  o f
— D - g l u c i t o l

3 -10  ” 500 D - g l u c i t o l  D - g l u c i t o l
o n ly .  •
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E xper im en t  2 (d )  A t tem p ted  s e p a r a t i o n  o f  D- g l u c o se  f rom
D- g l u c i t o l  on m o lybda te  form o f . r e s i n .

A s o l u t i o n  c o n t a i n i n g  D -g lu c o s e  (10 m g .)and  D - g l u c i t o l  

(10 mg.)  i n  w a te r  (10 m l . ) was p l a c e d  on t h e  t o p  of  a  

m o ly b d a te  form  of  r e s i n  column ( 1 . 4  x 3 2 .0  cm.) p r e p a r e d  

a c c o r d i n g  t o  method 2 .  The column was t h e n  e l u t e d  w i t h  

sodium m olybda te  s o l u t i o n  (0.005M, pH 5 . 0 ) .  F r a c t i o n s  

(50 m l . )  were c o l l e c t e d  on an a u t o m a t i c  f r a c t i o n  c o l l e c t o r  

and were examined by  e l e c t r o p h o r e s i s  i n  m o lybda te  s o l u t i o n ,  

u n t i l  no more D -g lu c o s e  co u ld  be d e t e c t e d  i n  t h e  e f f l u e n t .  

El.uent was t h e n  changed  t o  w a te r  and f i n a l l y  t o  0 . 1ÿ̂  

sodium h y d r o x i d e .  F r a c t i o n s  (50 m l . )  were c o l l e c t e d  and 

examined as  above .  The r e s u l t s  a r e  shown i n  T ab le  13.

T ab le  13

E lu e n tF r a c t i o n  
(50 m l . )

1

2

3-8

9-11

12-17

18-20

21

Na^ MoO^ 
(0.005M)

P o l y o l
d e t e c t e d
D -g lu c o s e

Remarks

D - g l u c i t o l  i n  
t r a c e s .

w a te r

NaOH (0 .1 / ; )

D - g l u c i t o l

I?

Bu lk  i n  19 and 20 

t r a c e s .
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Ex p e r im e n t  3 . E f f e c t  o f  pH on a d s o r b t i o n  o f  E- g l u c l t o l ,
on m o ly b d a te  fo rm  of  r e s i n .

A l i q u o t s  (5 m l . )  o f  t h o r o u g h l y  washed A m b e r l i t e  

IRA-400( OH ) were  p l a c e d  i n  d i f f e r e n t  b e a k e r s .  Sodium 

m o ly b d a te  d i h y d r a t e  (kfp, 20 m l . )  was added t o  e a ch  and 

t h e  s u p e r n a t a n t s  were a c i d i f i e d  t o  pH v a l u e s  be tw een

2 - 7 .  The whole was a l lo w e d  t o  s t a n d  f o r  2 h o u r s .

The r e s i n  was f i l t e r e d  and washed w i t h  w a t e r .  D - g l u c i t o l  

(1 mg.)  was added t o  e a ch  a f t e r  s u s p e n d in g  t h e  r e s i n  i n  

w a te r  (5 m l . ) .  The s o l u t i o n s  were sh a k en  and t h e  s u p e r 

n a t a n t s  examined e l e c t r o p h o r e t i c a l l y  i n  m o lybda te  s o l u t i o n .  

R e s u l t s  a r e  g iv e n  i n  T ab le  14.

T ab le  14

i 0 o pH Spot  i n t e n s i t y

1 2 . 0 d en se

2 3 .0 tt

3 4 . 0 m odera te

4 5 .0 v e r y  f a i n t

5 6 .3 m o d e ra te

5 7 .0 dense

E x p er im en t  4 ( a ) . C a p a c i ty  ( a p p r o x i m a t e ) o f  t h e  m o lybda te
form  o f  r e s i n  f o r  t h e  a d s o r b t i o n  o f  
D- g l u c i t o l .

A l i q u o t s  (5 mlo) of  t h e  m o lybda te  form of  r e s i n  

(method 2) was su sp en d ed  i n  w a te r  (5 m l . ) .  D - g l u c i t o l



m s

(2 -1 0  mgo ) i n  w a te r  ( 1 m l . )  was added t o  e a c h .  The 

s u p e r n a t a n t  was examined e l e c t r o p h o r e t i c a l l y  i n  m o lybda te  

s o l u t i o n .  R e s u l t s  a r e  g iv e n  i n  t a b l e  15.

T ab le  15

Ho. pH ( o r i g i n a l ) D - g l u c i t o l  
added (mg.)

s p o t  i n t e n s i t y  
( v i s u a l )

1 5 2 f a i n t

2 tt 4 It

3 It 6 medium

4 It > 8 dense

5 It 10 dense

E x p er im e n t  4 (b )  A pprox im ate c a p a c i t y  o f  t h e m o ly b d a te  form
o f  r e s i n  f o r t h e  a d s o r b t i o n of  D - g l u c i t o l .

E x p e r im e n ta l  p r o c e d u r e  was t h e  same as  i n  E x p t .  

e x c e p t  t h a t  pH o f  t h e  s u p e r n a t a n t s  was r e a d j u s t e d  w i t h  

2 N - s u l p h u r i c  a c i d  a f t e r  t h e  a d d i t i o n  o f  D - g l u c i t o l .  

R e s u l t s  a r e  shown i n  T ab le  16.

T ab le  16
pH ( o r i g i n a l )Ho

1
2
3
4
5

5 .0
5 .0
5 .0
5 .0
5 .0

D - g l u c i t o l  pH a f t e r  s p o t
added (mg.)  a d d in g  i n t e n s i t y

D - g l u c i t o l  ( v i s u a l )
( r e a d j u s t e d )

2 5 . 0
4 5.1
6 5 .0  V .  f a i n t
8 5 .0  dense
10 5 . 0  ”
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E x p er im en t  5 ( a )  A d s o r b t io n  and d es o r b t i o n  o f  p re fo rm e d
D- g l u c i t o l / m o l y b d a t e  complex on m o lybda te  
fo rm  o f  r e s i n .

D -G - lu c i to l /m o ly b d a te  complex was p r e p a r e d  by d i s s o l v i n g  

sodium m o ly b d a te  d i h y d r a t e  and D - g l u c i t o l  i n  t h e  m o la r  r a t i o  

o f  2 : 1 .  The pH was a d j u s t e d  t o  2 .0  w i t h  2 H - s u lp h u r i c  a c i d .

Above s o l u t i o n  (10 m l . )  c o n t a i n i n g  40 mg. o f  

D - g l u c i t o l  was p l a c e d  on a  column ( 1 . 4  cm. d i a . )  packed  w i t h  

m o ly b d a te  fo rm  o f  r e s i n  (40 m l . ) ,  p r e p a r e d  a c c o r d i n g  t o  

method 2,  which was t h e n  e l u t e d  w i t h  w a t e r .  Washings were 

c o l l e c t e d  and examined by  e l e c t r o p h o r e s i s ,  i n  m o lybda te  

s o l u t i o n  which  r e v e a l e d  t h a t  t h e  D - g l u c i t o l - m o l y b d a t e  

complex had b ee n  e l u t e d  w i t h  w a t e r .

E xper im en t  5 ( b ) . A d s o r b t io n  and d e s o r b t i o n  o f  p re fo rm ed
D- g l u c i t o l / m o l y b d a t e  complex on m o lybda te  
form  o f  r e s i n .

A l l  t h e  e x p e r i m e n t a l  p r o c e d u r e  was t h e  same as  i n

E x p t . /  e x c e p t  t h a t  t h e  pH was a d j u s t e d  t o  5 . 0 .  The
iTc

r e s u l t s  were t h e  same as  i n  E x p t .  7  i . e .  t h e  p re fo rm ed  

complex c o u ld  n o t  be r e t a i n e d  by th e  r e s i n .

E x p e r im en t  6 ( a )  S e p a r a t i o n  o f  D-g l u c ose  f rom D- g l u c i t o l
u s i n g  m o ly b d a te  fo rm  of  a n io n  ex c h a n g e r

A s o l u t i o n  (5 m l . ) c o n t a i n i n g  D -g lu c o s e  (10 mg.)

and D - g l u c i t o l  (10 mg.)  i n  sodium m oly b d a te  d i h y d r a t e

(0 .005M ),  o f  pH 5 [ a d j u s t e d  w i t h  IR-120(H"^) ] ,  was p l a c e d  on
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on a  m o ly b d a te  fo rm  o f  r e s i n  column ( 1 . 4  x  32 cm.,  

method 2 ) ,  The column was t h e n  e l u t e d  w i t h  sodium 

m o ly b d a te  d i h y d r a t e  (0.005M) s o l u t i o n  o f  pH 5 [ a d j u s t e d  

w i t h  A m b e r l i t e  IR-12C(H'^)J, f o l l o w e d  by w a t e r  and O.lÿb 

sod ium h y d r o x i d e .  F r a c t i o n s  (50 m l . )  were  c o l l e c t e d  

and examined by  e l e c t r o p h o r e s i s  i n  m o ly b d a te  s o l u t i o n .

A f a s t  moving s p o t  (H, = 1 .2  -  1 .3 )  was a l s o  d e t e c t e d  

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

T ab le  17.

T ab le  17

S l u t 6 P o ly o l  RemarksF r a c t i o n  
(50 m l . )

P o ly o l
d e t e c t e d

1 Ha2Mo0^2H20

(0.005M) D -g lu c o s e

3—8

9-11

12-17

18-20

Wat e r  

0 . 1 /.-NaOH

n i l

A s p o t  Mg 1 . 2 - 1 . 3

D - g l u c i t o l t t .

E x p er im en t  6 (b )  S e p a r a t i o n  of  D-g l u c o s e  f rom  D- g l u c i t o l

on m o lybda te  form o f  r e s i n .

A l l  t h e  e x p e r i m e n t a l  p r o c e d u r e  was t h e  same as  i n  

E x p t .  6 ( a ) , e x c e p t  t h a t  t h e  e l u t i o n  was f o l lo w e d  

q u a n t i t a t i v e l y .  The r e s u l t s  a r e  shown be low  and a l s o  i n

F i g . 1 .



X

F r a c t i o n

1

2-8

9-12

13-17

18

19

20

E lu e n t

0.005M
Ha2Mo0^

Water

O.IH-NaOH

P o l y o l

D -g lu c o s e

D - g l u c i t o l

io r e c o v e r y  

34 .00^^^

3 0 .0

5 2 .0

9 . 0

( i i )

T o t a l
r e c o v e r y

9 4 .0

9 1 .0

)

( i )  E s t im a te d  p o l a r i m e t r i c a l l y  b a s e d  on of  D - g l u c o s e ,

u s i n g  w a v e le n g th  o f  sodium l i g h t .

( i i )  E s t im a te d  by p e r i o d a t e / c h r o m o t r o p i c  a c i d  m ethod ,  

a f t e r  d e i o n i z i n g  w i t h  %R-120(H"^) and IRA-400 (OH” ) 

on S^eldcer u s i n g  f i l t e r  N o .606.

E xper im en t  6 ( c ) . S e p a r a t i o n  o f  D -g lu c o s e  f rom  D - g l u c i t o l
on m o lybda te  form  o f  r e s i n .

The m o lybda te  form of  r e s i n  p r e p a r e d  as  i n  method 3,

was packed  i n  a  g l a s s  column ( 1 . 4  x 32 c m . ) .

A s o l u t i o n  c o n t a i n i n g  D -g lu c o se  (40 m g . ) and

D - g l u c i t o l  (40 mg.)  i n  w a te r  ( c a .  5 m l . )  was added t o  t h e

column. The p o l y o l  s o l u t i o n  was pushed  i n  by  f l o w i n g  t h e

column ( c a .  0 .5  m l . / m i n ) , t h e  column was t h e n  a l lo w ed  to

s t a n d  f o r  s i x  h o u r s .  The column was t h e n  e l u t e d  w i t h  w a te r



F r a c t i o n s  (25 m l . )  were c o l l e c t e d  and were examined by 

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

D -g lu c o s e  had been  e l u t e d ,  t h e  e l u e n t  was changed  t o  

d i l u t e  a l k a l i  ( O . lÿb NaOH). F r a c t i o n s  were c o l l e c t e d  and 

examined a s  above .  D -g lu c o s e  was e s t i m a t e d  p o l a r i m e t r i c a l l y  

(I'Ta l i g h t ,  1 = 2) D - g l u c i t o l  c o n t a i n i n g  f r a c t i o n s  were 

d e i o n i z e d  and e s t i m a t e d  as  i n  E x p t . 6 ( b ) .  The r e s u l t s  a r e

shown i n  T ab le  18 and a l s o  i n  F i g .  3.

T ab le  18

F r a c t i o n  
(25 m l . )

1

2

3

4

5

6

7-12

13

14

15

E l u t e

w a te r

P o l y o l
d e t e c t e d

D -g lu c o s e

0.1:^ NAOH

ff D - » l u c i t o l

r e c o v e r y  Ja

1 b . p  

13.5 

3 1 .7

18.0 

7 . 3 j

:  I
22.5)

92.5?;

4 6 . 2 j 90^ 

21.3)
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S x p er im en t  7 .  E f f e c t  o f  a n io n  e x c h a n g e r  on D -g lu c o s e

and D- g l u c i t o l o

A l i q u o t s  (5 m l . )  o f  c h l o r i d e ,  m o lybda te  and h y d ro x y l  

fo rm  o f  A m b e r l i t e  IRA-400 were p l a c e d  i n  s i x  d i f f e r e n t  

b e a k e r s ,  D-G-lucose o r  D - g l u c i t o l  ( c a .  5 m g . ) . ,  was 

added t o  ea c h .  The s u s p e n s i o n s  were sh ak en  and th e  s u p e r 

n a t a n t s  were examined by e l e c t r o p h o r e s i s  i n  m o lybda te  

s o l u t i o n .  I n  ea ch  c a s e  o n ly  t h e  added m a t e r i a l  was 

d e t e c t e d .

E xp er im en t  8 . Optimum pH f o r  t h e  d e s o r b t i o n  o f  D - g l u c i t o l
from  t h e  m o lybda te  f orm o f  r e s i n .

A s o l u t i o n  c o n t a i n i n g  D - g l u c i t o l  (10 mg.) i n  w a t e r  

was p l a c e d  on a  m o lybda te  form  o f  r e s i n  column ( 1 . 4  x 32 cm.) 

p r e p a r e d  a c c o r d i n g  t o  method 2 .  The column was e l u t e d  w i t h  

w a te r  (5 m l . )  and t h e  r e s i n  was removed from  t h e  column i n t o  

a  b e a k e r .  The r e s i n  was t h e n  d i v i d e d  i n t o  f i v e  e q u a i  

p o r t i o n s  (10 m l . ) .  Y/ater (5 m l . )  was added t o  ea ch  and t h e  

pH o f  t h e  s u p e r n a t a n t s  v/as a d j u s t e d  t o  v a l u e s  b e tw een  c a .  6 

and 11 w i t h  2N-sodium h y d r o x i d e .  A f t e r  s t a n d i n g  (2 h r . ) 

t h e  s u p e r n a t a n t s  were examined by  e l e c t r o p h o r e s i s  in  

m o ly b d a te  s o l u t i o n .  The r e s u l t s  a r e  shov/n i n  t a b l e  19.

T ab le  19

No. pH I n t e n s i t y  o f  s p o t
( v i s u a l )

1 6 .8  v e r y  f a i n t .
2 7 . 8  "
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(T a b le  19 c o n t i n u e d )

3

4

8 .4

9 . 3

10.2

11 .0

v e r y  f a i n t  

D e n s e ■s p o t

E x p e r im en t  9 ( a )  S e p a r a t i o n  o f  D- g l u c o s e  f rom  D- g l u c i t o l
u s i n g  t u n g s t a t e  form o f  a n io n  e x c h a n g e r

T u n g s t a t e  form  o f  r e s i n  was p r e p a r e d  a c c o r d i n g  t o  

method 2 u s i n g  sodium t u n g s t a t e  d i h y d r a t e .  The r e s i n  was 

packed  i n  a  g l a s s  column w i t h  an i n s i d e  d i a m e t e r  o f  1 .8  cm. 

t o  a  h e i g h t  o f  65 cm. A f t e r  w ash ing  w i th  w a t e r ,  t h e  

column was th e n  e l u t e d  w i th  sodium t u n g s t a t e  d i h y d r a t e  

(0.005M) a c i d i f i e d  t o  pH 6 .0  w i t h  A m b e r l i t e  IR-120(H"^).

A s o l u t i o n  ( c a .  8 m l . )  c o n t a i n i n g  D -g lu c o s e  (80 mg.)  

and D - g l u c i t o l  (80 mg.) i n  sodium t u n g s t a t e  (0.005M, pH 6 . 0 )  

v/as p l a c e d  on t h e  column, which  was t h e n  e l u t e d  w i t h  sodium 

t u n g s t a t e  (0.005M, pH 6 . 0 ) .  F r a c t i o n s  (50 m l . )  were 

c o l l e c t e d  and examined by  e l e c t r o p h o r e s i s  i n  t u n g s t a t e  

s o l u t i o n .  The r e s u l t s  a r e  shown i n  T a b le  20 and i n  F i g . 2.

T ab le  20

P o l y o lF r a c t i o n  
(50 m l . )

1

2

3

4

E l u t e

0.005M

NagWO^

D -g lu c o s e ( i )

7» r e c o v e r y

2 1 . 0  )

3 5 .8 7  j

15 .00  ) 86.87?;

12 .00  )

3.00



(Table 20 continued)
6

7-18

19

20 

21 

22

23

24

25

26 

27

iîa^WO^ 

0.1K IlaOH

(1)
D -g lu c o s e

D - g l u c i t o l

f

( i )

t r a c e s

86.0ÿ4

aà
( i )  D -g lu c o s e  and D - g l u c i t o l  were e s t i m a t e d / i n  E x p t .  6 (b )

E x p e r im en t  9 (b )  S e p a r a t i o n  o f  D- g l u c o s e  f rom D- g l u c i t o l
on t u n g s t a t e  fo rm  o f  r e s i n .

E x p e r im e n ta l  p r o c e d u r e  was e x a c t l y  t h e  same as  i n  

E x p t .  6 ( c )  e x c e p t  t h a t  t u n g s t a t e  form  o f  r e s i n  and e l e c t r o 

p h o r e s i s  i n  t u n g s t a t e  s o l u t i o n  was em ployed.  The r e s u l t s  

a r e  shown i n  T ab le  21 F'")- 4 .
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Table 21

F r a c t i o n

1
2
3
4
5
6 ,7
8 - 10 '

11
12

13
14

E lu en t

w a te r

P o ly o l
( d e t e c t e d )

D -g lucose
ft
II
If
II

( i ) '

Recovery  io

1 6 . 6  )
36.66 j
30.00 )93.3y
10.00 j
t r a c e s )

NaOH
D - g l u c i t o l ( i i ) 19.1

35 .0
16.6
6 . 6

^7.3?;

( i )  p o l a r i m e t r i c

( i i )  p e r i o d a t e / o h r o m o t r o p i c  a c id /S p e k k e r  f i l t e r  N o .606.

E xperim ent 10 . S e p a r a t i o n  of  S - g a l a c t o s e  from g a l a c t i t o l
u s in g  molybdate  form of r e s i n .

The m olybdate  form of r e s i n  (300 m l . )  p r e p a re d

a c c o r d in g  t o  method 2, was packed in  a  column ( 2 .7  cm. d i a . ) .

A f t e r  lo w e r in g  th e  pH o f  t h e  e f f l u e n t  ( s e e  method 2) t o  5 .0 ,

a s o l u t i o n  c o n t a i n i n g  D - g a l a c to s e  (300 mg.) and g a l a c t i t o l

(300 m g .) in  sodium molybdate  (0.005M, pH 5 .0 )  was added to

t h e  column which was th e n  e l u t e d  w i th  0.005M sodium molybdate

(pH 5 . 0 ) .  F r a c t i o n s  (300 m l . )  were c o l l e c t e d  and examined

by e l e c t r o p h o r e s i s ,  in  m olybdate  s o l u t i o n .  I t  was n o t i c e d  t h a t

D - g a l a c to s e  came out  o f  th e  column v e ry  s lo w ly  (28 f r a c t i o n s ) .

F r a c t i o n s  c o n t a i n i n g  D -g a la o to s e  were ev ap o ra ted  to  a sm a l l
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volume ( 250  m l . )  and e s t im a te d  p o l a r i m e t r i c a l l y  a t  

w av e len g th  o f  sodium l i g h t .  The r e c o v e ry  o f  

D - g a l a c to s e  (151.33^0 based  on [^]-Q of  D - g a l a c to s e  v/as 

found t o  be v e ry  h ig h .

A f t e r  a l l  t h e  D - g a l a c to s e  has  been  washed out of 

column, t h e  e l u e n t  was r e p l a c e d  by sodium hydrox ide  

(O0IN) .  F r a c t i o n s  (300 m l . )  were c o l l e c t e d  and 

examined as  above. G a l a c t i t o l  d e so rb ed  when th e  pH 

of  th e  e f f l u e n t  r e a c h e d  9oO. The f r a c t i o n s  c o n t a i n i n g  

g a l a c t i t o l  were combined t o g e t h e r  and were d e io n iz e d  by 

s u c c e s s i v e  t r e a t m e n t  w i th  IH-120(H"^) and IRA-400( OH” )  ̂^^ 

and e s t i m a t e d  by p e r i o d a t e  ch rom otrop ic  and method 

( r e c o v e r y  85?0 • The d e io n iz e d  s o l u t i o n  c o n t a i n i n g  

g a l a c t i t o l  v/as e v a p o ra te d  to  a  sy rup  and c h a r a c t e r i s e d  

as  g a l a c t i t o l  h e x a c e t a t e ,  m.p. and mixed m.p.  168^0.

( i )  For  removal of  molybdate  o r  t u n g s t a t e  from

th e  s o l u t i o n s  c o n t a i n i n g  complex fo rm ing  p o l y o l s ,  

i t  i s  n e c e s s a r y  to  add s u f f i c i e n t  IRA-400(OH” ) 

t o  make t h e  s o l u t i o n  a l k a l i n e .

Exper iment 11. S e p a r a t i o n  of D - g a l a c to s e  from g a l a c t i t o l
on t u n g s t a t e  form of r e s i n .

The t u n g s t a t e  form of r e s i n  (300 m l . ) was p re p a re d  

a c c o rd in g  t o  method 2, u s in g  sodium t u n g s t a t e  d i h y d r a t e  (4>0 

The r e s i n  was packed i n  a  g l a s s  column ( 2 .7  cm., d i a . ) .



The column was e l u t e d  w i th  sodium t u n g s t a t e  d ih y d r a t e  

(0 .005M), a c i d i f i e d  to  pH 5 .5  u n t i l  t h e  pH of th e  

e f f l u e n t  re ac h e d  5 .5  -  0 . 2 .  A s o l u t i o n  (30 m l . )  

c o n t a i n i n g  D - g a l a c to s e  (300 mg.) and g a l a c t i t o l  (300 mg.) 

i n  sodium t u n g s t a t e  d i h y d r a t e  (0.005M) o f  pH 5 . 5 ,  was 

p la c e d  on t h e  column. The column was th e n  e l u t e d  w i th  

t u n g s t a t e  s o l u t i o n  (0.C05M, pH 5 . 0 ) .

F r a c t i o n s  (500 m l . )  were c o l l e c t e d  and examined by 

e l e c t r o p h o r e s i s  in  t u n g s t a t e  s o l u t i o n .  A f t e r  no more 

D - g a l a c to s e  cou ld  be d e t e c t e d  e l e c t r o p h o r e t i c a l l y ,  e l u e n t  

was r e p l a c e d  w i th  0 . 1N-sodium h y d ro x id e .  F r a c t i o n s  

(250 m l . )  were c o l l e c t e d  and examined by t u n g s t a t e  e l e c t r o 

p h o r e s i s .  D - g a la o to s e  and g a l a c t i t o l  were d e i o n iz e d  and 

were e s t i m a t e d  as  i n  e x p t . 6 ( b ) .  The r e s u l t s  a r e  shown in  

Table  22 and F i g .  7 .

Tab le  22

F r a c t i o n  
(500 m l . )

1

2

3

4

5

6

7

8

E luen t

0.005M

NagWO^

P o ly o l
( d e t e c t e d )

D -g a l a c to s e

r e c o v e r y

33.33 

3 .33  

1.66

1.00  )9 3 .9 6 ^

2 .66  

0.66  

0 o 66

0 .66

)



Table 22 (continued).

9 0.005M

10-12 0^1N NaOH
(250 m l . ) —

13 "

14 "

15 ”

16 “

D - g a l a c to s e

G a l a c t i t o l 25 .0

4 7 .33

3 .33

2 .00

77.66y.

Experim ent 12 . S e p a r a t i o n  of  D-mannose from D- m a n n i to l
on molybdate  form o f  r e s i n .

A s o l u t i o n  (2 m l . )  c o n t a i n i n g  D-mannose (50 mg.) and 

D -m ann i to l  (30 mg.)  in  w a te r  was p la c e d  on a  molybdate  form 

o f  r e s i n  column (1.4 '  x 32 cm.) p r e p a re d  as i n  method 3.

The column was a l low ed  t o  s ta n d  f o r  4 -5  hours  and was th en  

e l u t e d  w i th  w a te r .  F r a c t i o n s  (25 m l . )  were c o l l e c t e d  and 

examined as  i n  E xp t .  6.  Water washed out o n ly  D-mannose 

from th e  column. A f t e r  a l l  t h e  D-mannose had been  e l u t e d ,  

d i l u t e  h y d r o c h l o r i c  a c id  of  pH 2 .5  ( p r e p a r e d  by dropwise  

a d d i t i o n  of 0 . 1 N -h y d ro ch lo r ic  a c i d  t o  w a te r )  was passed  

th r o u g h  t h e  column. D -m ann i to l  deso rbed  when t h e  pH of 

t h e  e f f l u e n t  re a c h ed  ca .  2 .6 0 .  The r e s u l t s  a r e  shown i n  

T ab le  23.
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Table 23
Ruent

wat e r

d i l . I i e i

F r a c t i o n

1-26 

27 

28-34

35

36 "

37 "

38 "

N.E. n o t  e s t im a t e d .

P o ly o l
( d e t e c t e d )

D-mannose

r e c o v e r y  p  

98 .78

D -m ann i to l N.E.

Bulk ,  ÎT.E. 

N.S.

N.E.

Experiment 13. A ttem pted  s e p a r a t i o n  o f  m a l to se  from

m a l t i t o l  on t u n g s t a t e  form of  r e s i n .

A column ( 1 .4  c m . d i a . )  c o n t a i n i n g  t u n g s t a t e  form 

o f  r e s i n  was p r e p a re d  a c c o rd in g  t o  E x p t . 9 ( a ) .

A s o l u t i o n  c o n t a i n i n g  m a l to se  (45 mg.) and m a l t i t o i  

(45 mg.) i n  t u n g s t a t e  s o l u t i o n  (10 m l . )  o f  pH 5 .0  

^ a d j u s t e d  as  i n  Expt.  9 (a)Jv /as  added to  t h e  column. The

column was th e n  e l u t e d  w i th  sodium t u n g s t a t e  s o l u t i o n  

(0.005M, pH 5oO).

F r a c t i o n s  (25 m l . )  were c o l l e c t e d  and examined by 

e l e c t r o p h o r e s i s  i n  t u n g s t a t e  s o l u t i o n .  Both  m a l to se  and 

m a l t i t o l  were p r e s e n t  in  f r a c t i o n s  ( 1 - 8 ) .  Changing of 

t h e  e l u e n t  to  0.1H NaOH showed t h a t  no m alt  i t  o l  v/as 

adso rbed  on th e  r e s i n .
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e x p e r im en t  14. S e p a r a t i o n  of  D-g l u c i t o l  from m a l t i t o l
on a  t u n g s t a t e  form of r e s i n  colunm

A column ( 1 ,4  x 32) c o n t a i n i n g  t u n g s t a t e  form of

r e s i n  was p re p a re d  as i n  S x p t .  9 ( a ) .  A s o l u t i o n

c o n t a i n i n g  D - g l u c i t o l  (31 m lg . )  and m a l t i t o l  (31 mg.)

i n  sodium t u n g s t a t e  (0.005M, pH 5, 3 m l . )  was added t o

th e  column. The column was th e n  e l u t e d  w i th  t u n g s t a t e

s o l u t i o n  and O .IF -sod ium  h y d ro x id e  s u c c e s s i v e l y  as in

E x p t . 10. F r a c t i o n s  (25 m l . )  were c o l l e c t e d  and

examined by e l e c t r o p h o r e s i s  i n  t u n g s t a t e  s o l u t i o n .

F r a c t i o n s  c o n t a i n i n g  th e  s e p a r a t e d  p o l y o l s  were d e io n iz e d

as i n  Expt .  10. The m a l t i t o l  was e s t im a te d  by phenol
A

s u l p h u r i c  a c id  c o l o r i m e t r i c  method and D - g l u c i t o l  v/as 

e s t i m a t e d  as  i n  Expt,  10. The r e s u l t s  a r e  shown i n  

Table  24 and i n  F i g , 6.

Table  24

F r a c t i o n  E lu e n t  P o l y o l ^ r e c o v e r y

1 0.005M 3.20

2 " " 7 .75  j T o t a l :

3 " " 15.00 19 5 . 60?»

If. " " 42 .18

5 " " 21 .87

6 " " 5 .60



T ab le  24 ( c o n t in u e d )

7 — — —

8 -  14 0.1K NaOH

15 " D - g l u c i t o l ^ 32. 80 )

16 " " 36.75
T o ta l

17 ” ” 7 .60 8 8 .1 5 /
18 " " 8 .5 0  '

19 " " 2 .50

20 ’* "

( i )  P o ly o l  d e t e c t e d .

( i i )  E s t im a te d  by phenol/H^SO^ method on Unicam SP.500 

a t  490 mjU
i i '

( i i i )  P e r i o d a t e / c h r o m o t r o p i c  a c i d  m ethod /Spekker  f i l t e r  No.606.

Experiment 15 . S e p a r a t i o n  of  D- g l u c i t o l  from m a l t i t o l  on
molybdate  form of  r e s i n .

A colunm ( 1 .4  c m .d i a . )  c o n t a i n i n g  molybdate form of

r e s i n  (40 m l . ) was p r e p a re d  a c c o rd in g  t o  method 3 and

washed w i th  l a r g e  ex c ess  of w a te r  u n t i l  pH of  t h e  washings

r e a c h e d  t h a t  of w a te r  ( 5 .5  -  0 . 1 ) .  A s o l u t i o n  c o n t a i n i n g

D - g l u c i t o l  (31 mg.) and m a l t i t o l  (31 m g . ) i n  w a te r  (5 m l . )

was added to  th e  column and was a l low ed  to  f low  a t  th e

r a t e  o f  ca .  0 .5  m l . / m in .  i n  o r d e r  t o  p u s h - in  t h e  sample

s o l u t i o n  i n t o  t h e  c o lu m n ^ a f te r  which t h e  column was a l low ed

t o  s t a n d  f o r  4-5 h o u r s .  The column was th e n  e l u t e d  w i th
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wat e r . F r a c t i o n s  (25 m l . )  were c o l l e c t e d  and examined

by e l e c t r o p h o r e s i s  i n  molybdate s o l u t i o n .  A f t e r  a l l  

t h e  m a l t i t o l  had been  e l u t e d ,  t h e  e l u e n t  was r e p l a c e d  

by 0 . 1N-sodium h y d ro x id e .  F r a c t i o n s  were c o l l e c t e d  and 

examined as  above. The s e p a r a t e d  p o ly o l s  were d e io n iz e d  

and e s t im a te d  as  in  Expt.  10. The r e s u l t s  a r e  shown in  

Tab le  25, and i n  F i g .  5.

F r a c t i o n

1

2

5

4

5

6 

»f

8-10
11-16

16

17

18

19

20

Table  25

E lu e n t

w a te r

O.IH-NaOH
II

II

P o ly o l

M a l t i t o l

D - g l u c i t o l

r e c o v e r y  ÿo 

6 .10  )

4 1 .9oj

1 7 . 3 o | j o t a l  =
7 .25  185.49%

6 .2 9  j 

3 .35 )

3 .30

36.1 )

4 2 .7 4 )
)

1.65 ) 

1.45 

1 .3  )

T o t a l  = 
83.3.4%
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Experiment 16 . Attempt to  adso rb  m a l t i t o l  complex on
v a r i o u s  an io n -exchange  r e s i n s .

Anion exchange r e s i n s  such as A m b er l i te  IRA-400,

IR-45 ,  D e - a c i d i t e  FF.3RA-61 and D e - a c i d i t e  PF.SRA-69

were c o n v e r t e d  i n t o  m olybdate  o r  t u n g s t a t e  form a c c o r d in g

t o  method 3,  and u s in g  t h e  e x p e r im e n ta l  p ro ced u re  d e s c r ib e d

f o r  t h e  s e p a r a t i o n  o f  D -g lucose  from D - g l u c i t o l  (E x p ts .  £C0

6 ( b ) .  S e v e r a l  a t t e m p t s  were made t o  adso rb  m a l t i t o l .

I t  was n o t i c e d  t h a t  nône of  t h e  above m entioned  r e s i n s  in

m olybdate  o r  t u n g s t a t e  form cou ld  r e t a i n  m a l t i t o l .

Experiment  17. A d s o rb t io n  of I so m a l t i t o l  on D e - a c i d i t e
FF/SRA-61 m olybdate  f o rm .

D e - a c i d i t e  FF/SRA-61 (Cl"") was c o n v e r t e d  i n t o  molybdate  

form a c c o r d in g  t o  method 2 and packed i n t o  a  column 

( 1 . 4  X 32 cm .) .  A s o l u t i o n  c o n t a i n i n g  i s o m a l t i t o l  

(27 mg.)  i n  sodium molybdate  (0 .005M), o f  pH 5 (5 m l . )  

was added to  th e  column. The column was a l low ed  t o  s ta n d  

o v e r n ig h t  and was t h e n  e l u t e d  w i th  sodium molybdate  

(0.005M) a c i d i f i e d  to  pH 5 w i th  A m b er l i te  IR-120 (H"^). 

F r a c t i o n s  (100 m l . ) were c o l l e c t e d  and examined by e l e c t r o 

p h o r e s i s  i n  m olybdate  s o l u t i o n .  No i s o m a l t i t o l  desorbed  

on e l u t i o n  w i t h  m olybdate  s o l u t i o n .  On r e p l a c i n g  th e  

e l u e n t  t o  O.IN-sodium h y d ro x id e ,  i s o m a l t i t o l  deso rbed  

from th e  r e s i n ,  when t h e  pH o f  t h e  e f f l u e n t  r each ed  9 . 0 .
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E x p e r im e n t  1 8 . A d s o r p t i o n  of  i s o m a l t i t o l  on A m b e r l i t e
IRA-400 m o ly b d a te  f o r m .

I s o m a l t i t o l  (30  m g.)  d i s s o l v e d  i n  aq ueous  sod ium

m o ly b d a te  (0.005M) o f  pH 5 ( c a .  5 m l . )  was added t o  a

column c o n t a i n i n g  m o ly b d a te  form  o f  A m b e r l i t e  IHA-400

(40 m l . )  p r e p a r e d  a c c o r d i n g  t o  method 2 .  R e s t  o f  t h e

p r o c e d u r e  was t h e  same a s  i n  E x p t .  17. R e s u l t s  were

t h e  same as  i n  E x p t .  1 7 . i «e . i s o m a l t i t o l  was a d s o r b e d

by t h e  r e s i n  and d e s o rb e d  on e l u t i n g  t h e  column w ith .

a l k a l i .

E x p e r im e n t  19 ( a ) . A t te m p te d  f r a c t i o n a t i o n  o f  r e d u c e d
o l i g o s a c c h a r i d e s  o f  i s o m a l t o s e  s e r i e s  
on m o ly b d a te  fo rm  o f  r e s i n  co lu m n .

M o ly b d a te  fo rm  o f  r e s i n  (250 m l . )  p r e p a r e d  a s  i n

method 3,  was p acked  i n t o  a  column ( 2 . 7  c m . , d i a . ) .

An aq ueous  s o l u t i o n  c o n t a i n i n g  D - g l u c i t o l  and i s o m a l t o d e x -

t r i n o l s ,  t h e  whole o b t a i n e d  f rom  t h e  a c i d  h y d r o l y s i s  and
rj, / \

s u b s e q u e n t  b o r o h y d r i d e  r e d u c t i o n  o f  d e x t r a n »  (310  m g .)  was

added  t o  t h e  column and was a l lo w e d  to  s t a n d  o v e r n i g i i t .

The column was t h e n  e l u t e d  w i t h  d i l u t e  sod ium  h y d r o x id e  

o f  pH v a l u e s  6^5 ,  7 . 5 ,  9 and 10 ( p r e p a r e d  by  d ro p w ise  

a d d i t i o n  o f  O.IH-NaOH t o  w a t e r ) ,  and f i n a l l y  w i t h  0 . IN 

sod ium  h y d ro x id e o  F r a c t i o n s  (250 m l . )  were c o l l e c t e d  

and exam ined  by  e l e c t r o p h o r e s i s  i n  m o ly b d a te  s o l u t i o n .

I t  was o b s e rv e d  t h a t  a l l  t h e  p o l y o l s  had a d s o r b e d  on t h e
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r e s i n  and were d e s o r b e d  t o g e t h e r ,  when t h e  pH o f  t h e  

e f f l u e n t  r e a c h e d  9 . 0 .

E x p e r im e n t  1 9 (b )  A t te m p te d  f r a c t i o n a t i o n  o f  i s o m a l t o -
d e x t r i n o l s  on a  m o ly b d a te  fo rm  o f  r e s i n  
c^olumn by l o w e r i n g  t h e  pH.

A m o ly b d a te  fo rm  o f  r e s i n  column ( 1 . 4  x 32 cm.)  was

p r e p a r e d  a c c o r d i n g  t o  method 3 .  An aq u eo u s  s o l u t i o n

(5 m l . )  c o n t a i n i n g  D - g l u c i t o l  and i s o m a l t o d e x t r i n o l s

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

b o r o h y d r i d e  r e d u c t i o n  o f  d e x t r a n  (40 mg.)  was added  t o  

t h e  colum n. The column was a l l o w e d  t o  s t a n d  o v e r n i g h t ,  

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

o f  pH v a l u e s  b e tw e e n  5 .5  -  1 .5  ( a d j u s t e d  by  a d d i n g  0 .1N  HCl 

t o  w a t e r ) .  F r a c t i o n s  (50 m l . )  were  c o l l e c t e d  and examined 

a s  i n  E x p t .  1 9 ( a ) .  I t  was o b s e r v e d  t h a t  a l l  t h e  p o l y o l s  

d e s o r b e d  when t h e  pH o f  t h e  e f f l u e n t  r e a c h e d  3 .

E x p e r im e n t  2 0 . C hrom atog raphy  of  p o l y o l s  on p a p e r  p a r t i a l l y
im p r e g n a te d  w i t h  sod ium  m o l y b d a t e .

Whatman c h ro m a to g ra p h y  p a p e r  N o . l  was im p r e g n a te d  a l o n g

t h e  b a s e  l i n e  ( a s  shown on page l^o ) w i t h  sod ium  m o ly b d a te

d i h y d r a t e  ( 1 . 5 /  W/V) a c i d i f i e d  (pH 5 . 0 )  w i t h  2 N - s u l p h u r i c

a c i d .  P a p e r s  were  d r i e d  i n  a i r  a t  room t e m p e r a t u r e  and

t h e  m o ly b d a te  im p r e g n a te d  a r e a  was o u t l i n e d  i n  p e n c i l  u n d e r

u l t r a v i o l e t  l i g h t .  The p o l y o l s  w ere  s p o t t e d  w i t h i n  t h e
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im p r e g n a te d  a r e a  u s i n g  D - g l u e ose  a s  m a rk e r  o u t s i d e  t h e  

im p r e g n a te d  a r e a  and were i r r i g a t e d  i n  s o l v e n t  ( a ) .  

S e p a r a t e  ch rom atogram s were r u n  on u n im p r e g n a te d  p a p e r  

a s  a  c o n t r o l .  The ch rom atogram s were d r i e d  i n  a i r  and 

t h e  m o ly h d a te  b o u n d a ry  r e - m a r k e d  ( a s  a b o v e ) .  The p o l y o l s  

were  d e t e c t e d  w i t h  s p r a y  ( i ) .  The r e s u l t s  a r e  shown i n  

T a b le  2 ^ .

Compound

D-G-lucose

D -G - lu c i to l

D - G - a l a c t i t o l

D -G-a lac tose

T a b le  26

&
1.0

1.0

1.08

0 .9 4

0 . 9

0 . 2  ( e l o n g a t e d )  

0 .1 9  ( e l o n g a t e d )  

0 . 8 0  ( e l o n g a t e d )

Y/idth o f  o r i g i n a l  m o ly b d a te  im p r e g n a te d  a r e a  = 4 cm.

W id th  o f  m o ly b d a te  a r e a  a f t e r  i r r i g a t i o n  = 8 cm.
D i s t a n c e  m i g r a t e d  by  compound on u n im p r e g n a te d  p a p e r  

^  ~ D i s t a n c e  m i g r a t e d  by  D - g l u c o s e  on t h e  same p a p e r

•R -  D i s t a n c e  t r a v e l l e d  by  t h e  compound, s p o t t e d  i n  t h e
— 4- /   m o ly b d a te  a r e a ___________

D i s t a n c e  t r a v e l l e d  by  g - g l u c o s e  s p o t t e d  o u t s i d e  
t h e  im p r e g n a te d  a r e a

E x p e r im e n t  2 1 . E f f e c t  o f  pH o f  t h e  m o ly b d a te  s o l u t i o n  on t h e
pa p e r  c h r o m a to g r a p h ic  m o b i l i t i e s  o f  p o ly h y d ro x y  
compounds.

Sodium m o ly b d a te  s o l u t i o n s  (5 ^  W/V) a d j u s t e d  to pH

v a l u e s  b e tw e en  2 - 9 . 1  were  u s e d  f o r  i m p r e g n a t i n g  t h e  p a p e r .
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R e s t  o f  t h e  e x p e r i m e n t a l  p r o c e d u r e  was t h e  same a s  i n  E xp t  
2 0 .  The r e s u l t s  a r e  shown i n  T a b le  27

T a b le  27

pH Width  o f  i m p r e g n a te d 1 g (Mo)

( i ) ( i i )
D -M an n i to l D - G l u c i t o l  G a l a c t i t o l

2 . 0 4 . 0 1 5 . 4 1 .2 9 0 .9 7 1 . 3 2
3 . 0 5 . 4 4 . 5 0 . 8 4 , 0 . 5 5 * 0 . 4 9 , 0 . 4 7 * 0 . 5 7 , 0 . 8 4 *
ê .O 3 . 5 . 4 . 5 0 . 4 4 , 0 . 7 5 * 0 . 3 1 , 0 . 5 ! l 0 . 2 4 - 0 . § 3 ,
5 . 0 4 . 0 5 . 5 0 . 2 - 0 . 3 0 . 2 0 . 2  0 .7 5
6 . 0 4 . 0 5 . 6 0 . 2 t ' ‘ 0 . 2 ^ : . , : C,.. .-,0.2®
7 . 2 4 . 0 5 .1 0 . 2 , 0 . 7 5 * 0 . 2 , 0 . 9 4 * 0 . 7 4  0 .2 *
8 . 0 4 . 0 4 . 7 0 . 3 1 , 0 . 7 ^ 0 . 3 7 , 0 . i 0 . 2 8 , 0 . 7 ?
I m p re g n a te d  a r e a  ( i )  o r i g n a l  ( i i )  a f t e r  i r r i g a t i o n

e l o n g a t e d  s p o t two s p o t s

E x p e r im e n t  2 2 ( a )  E f f e c t  o f  pH on t h e  m o b i l i t i e s  o f  p o l y o l s ,
on p a p e r  p a r t i a l l y  i m p r e g n a te d  papeæ 
sodium t u n g s t a t e .

An a r e a  ( a s  shown on p. /^o) was i m p r e g n a t e d  on 
Whatman Noo 1 ch ro m a to g ra p h y  p a p e r  w i t h  sodium t u n g s t a t e  * 
s o l u t i o n  (5%,W/V), a c i d i f i e d  ;nw ith  2 N - s u l p h u r i c  a c i d  t o  

/pH v a l u e s  b e tw e e n  3 • 9 - 7 » 8 .  R e s t  o f  t h e  e x p e r i m e n t a l  
p r o c e d u r e  was t h e  same a s  i n  E x p t .  2 0 .  The r e s u l t s  a r e  shown 
i n  T ab le  2 8 .

T a b le  28

pH E f f e c t  on
i m p r e g n a te d  s n e a

3 . 9

5 . 0

6 .0  —

7 . 8  expanded

- D - g l u c i t o l
D -M an n i to l

0 . 22*

_ 0 . 2 4  

0.15  

0 .2 7

D - G l u c i t o l

0 .22^

0 . 2 4

0.13

0 .2 3

G a l a c t i t o l

0 . 2 z f

0 . 2 4

0 .15

0 .2 7



E D i s t a n c e  t r a v e l l e d  by  t h e  compound 
—D - g l u c i t o l  = s p o t t e d  w i t h i n  im p re g n a te d  a r e a

D i s t a n c e  t r a v e l l e d  by D - g l u c i t o l  
s p o t t e d  o u t s i d e  t h e  im p re g n a te d  a r e a

E xper im en t  2 2 (b )  Chro m a to g rap h y  o f  p o l y o l s  on p a p e r
p a r t i a l l y  im p re g n a te d  w i t h  sodium 
T u n g s t a t e  s o l u t i o n  o f  pH 6>0«

E x p e r im e n ta l  p r o c e d u r e  was t h e  same as  i n  E x p t .  2 2 ( a ) ,  

e x c e p t  t h a t  p a p e r s  were im p re g n a te d  w i t h  5^ sodium t u n g s t a t e  

s o l u t i o n  o f  pH 6 . 0 .  The r e s u l t s  a r e  shown i n  T a b le s  J - i T

Ex p e r im e n t  2 5 ( a ) . Chromatography o f  p o ly h y d ro x y  compounds
on p a p e r  w h o l ly  im p re g n a te d  w i t h  sodium 
t u n g s t a t e  s o l u t i o n  (5 ^ ,  pH 8) T n  
d i f f e r e n t  s o l v e n t s  s y s t e m s .

Y/holly im p re g n a te d  p a p e r s  were p r e p a r e d  ( a s  shown 

on p .  /V^), p o l y o l s  s p o t t e d  and t h e  p a p e r s  were d e v e lo p e d  

f o r  18-24  h o u r s  d ep en d in g  on t h e  sp e ed  o f  t h e  s o l v e n t  

s y s te m .  The f o l l o w i n g  s o l v e n t  c o m p o s i t i o n s  gave e l o n g a t e d  

s t r e a k s  e x t e n d i n g  f rom  b a s e  l i n e  o r  no s e p a r a t i o n .

3 o l v e n t  c o m p o s i t i o n  Remarks

A c e to n e ,  n - b u t a n o l ,  w a te r  ( 7 : 2 : 1 )  No m i g r a t i o n

A ce to n e ,  e t h y l  a c e t a t e ,  w a t e r  ( 5 : 4 : 2 )  E lo n g a t e d  s t r e a k s

A ce to n e ,  e t h y l  a c e t a t e ,  w a t e r  ( 5 : 4 : 3 )

A c e to n e ,  e t h y l  a c e t a t e ,  w a t e r  ( 5 : 4 : 1 )

A c e to n e ,  e t h y l  a c e t a t e ,  w a t e r  ( 6 : 2 : 2 )

A c e to n e ,  e t h y l  a c e t a t e ,  w a te r  ( 4 : 5 : 3 )

A ce to n e ,  e t h y l  a c e t a t e ,  w a te r  ( l : 1 : l )
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N o te :  o t h e r  s o l v e n t  sy s tem s  su c h  as  e t h y l  a c e t a t e ,

a c e t i c  a c i d ,  w a te r  ( 9 : 2 : 2 ) ,  n - h u t a n o l ,  e t h a n o l ,  w a te r  

( 4 0 : 1 1 : 1 9 ) ,  e t h y l  a c e t a t e ,  a c e t i c  a c i d ,  f o rm ic  a c i d ,  

w a te r  ( 1 8 : 3 : 1 : 4 )  were a l s o  t r i e d  b u t  r e s u l t s  were 

n e i t h e r  u s e f u l  n o r  r e p r o d u c i b l e .  R e s u l t s  w i t h  some 

o t h e r  s o l v e n t s  a r e  g iv e n  i n  T ab le  29 .

Tab le  29

S o lv e n t  System
Compound (b) c) (d) .  . ( e l

&  Es(W) R.—VT & S(}(W)

D -g lu c o se 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0

D - G l u c i t o l — 0 ,1 6 0 . 9 O.lB 1 .0 0 .1 5 1 .08 0 .1 5

D -m a n n i to l — 0 .5 1 .0 0 .21 1 .0 0 .5 8 1 .0 0 .4 9

G a l a c t i t o l 0 .4 3 1 .0 0 .21 1 .0 0 .4 6 1 .04 0.41

X y l i t o l 1 .1 7  0 .37- 1 . 1 8 0 . 3 - 0 .2 8 - 0 .1 6

L - A r a b i n i t o l 1 .25 1 .25 — 1.25 0 .8 2 — 0 .6

Exper im en t  2 3 ( b ) . G h r  o mat o g rap h y  of  p o ly h y d ro x y  compounds,
on p a p e r  w h o l ly  im p re g n a te d  w i th  t u n g s t a t e  
s o l u t i o n .

Twenty f i v e  c e n t i m e t e r  wide s t r i p s  o f  Whatman No.1 

p a p e r  were d ip p e d  i n  sodium t u n g s t a t e  d i h y d r a t e  (5/^ W/V) 

a d j u s t e d  t o  pH 8 .0  -  0 .1  ( w i th  d i l .  s u l p h u r i c  a c i d ) ,  and 

d r i e d  a t  room t e m p e r a t u r e  ( o v e r n i g h t )  a f t e r  b l o t t i n g  i n  

f o l d s  o f  f i l t e r  p a p e r .
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P o l y o l s  were s p o t t e d  i n  t h e  u s u a l  manner and t h e  

ciiromatograms were i r r i g a t e d  i n  s o l v e n t  ( e )  o v e r n i g h t .

P o l y o l s  v/ere d e t e c t e d  w i t h  s p r a y  ( i ) .  S e p a r a t e  

chromatograms were a l s o  r u n  i n  t h e  same t a n k  as  a  c o n t r o l  

on u n t r e a t e d  ch ro m a to g ra p h y  p a p e r .  The r e s u l t s  a r e  

sho^/vn i n  T a b le s  6 - 9 .

E xper im en t  2 4 . Column ch rom a tog raphy  o f  p o l y o l s  on
t u n g s t a t e  im p rég n â t  ed o e l l u l o s e l

( i ) P r e p a r a t i o n  of  t u n g s t a t e  im p re g n a te d  c e l l u l o s e .

B .D.H. c e l l u l o s e  powder (200 g . ) was suspended  i n

sodium t u n g s t a t e  d i h y d r a t e  (10^4, W/V, 1 .5 / t . )  a c i d i f i e d  t o  

pH 8 ( w i t h  d i l .  s u l p h u r i c  a c i d ) .  The s u s p e n s io n  was 

mixed w e l l  i n  an e l e c t r i c a l  b l e n d e r  (10 m in . )  and was 

a l lo w e d  t o  s t a n d  ( o v e r n i g h t ) .  The c e l l u l o s e  was t h e n  

f i l t e r e d  u n d e r  s u c t i o n  and p r e s s e d  i n  f o l d s  o f  t h i c k  f i l t e r  

p a p e r  t o  remove maximum p o s s i b l e  m o i s t u r e .  The c e l l u l o s e  

was t h e n  d r i e d  a t  room t e m p e r a t u r e  (2 d a y s ) .

( i i )  P a c k in g  o f  column.

Above p r e p a r e d  d ry  c e l l u l o s e  was s l u r r i e d  w i th  f r e s h l y  

p r e p a r e d  s o l v e n t  (_e ) .  The s l u r r y  was mixed w e l l  i n  an 

e l e c t r i c a l  b l e n d e r  and poured  i n t o  a  g l a s s  column ( 1 . 8  cm.i^o..) 

c o n t a i n i n g  some s o l v e n t  ( e ) . A f t e r  t h e  c e l l u l o s e  had 

s e t t l e d  u n d e r  g r a v i ty ^  i t  was p r e s s e d  w i t h  a  g l a s s  ro d  

f l a t e n e d  a t  t h e  end and t h u s  a  column h e i g h t  o f  52 cm. 

was a t t a i n e d .
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( i i i )  P r e p a r a t i o n  o f  p o l y o l  s a m p le .

An aqueous s o l u t i o n  ( c a .  1 m l . )  c o n t a i n i n g  D -g lu c o s e  

(100 m g . ) ,  D - g l u c i t o l  (102 mg.)  and D -m a n n i to l  ( 9 8 .6  mg.)  

was added t o  above p r e p a r e d  d ry  c e l l u l o s e  ( £ a .  2 g , ) which  

was t h e n  e v a c u a te d  i n  a vacuum d e s i c c a t o r  o v e r  c a lc iu m  

c h l o r i d e  (5 -6  h r . )  and p l a c e d  on t h e  column a f t e r  making 

a  t h i n  s l u r r y  w i t h  t h e  s o l v e n t  ( e ) .

( i v )  E l u t i o n .

The column was th e n  e l u t e d  w i th  t h e  same s o l v e n t  a t  

a  sp eed  o f  £ a .  0 .5  m l . / m i n .  and f r a c t i o n s  (5 m l . ) ,  were 

c o l l e c t e d  on an a u t o m a t i c  f r a c t i o n  c o l l e c t o r .  Each 

f r a c t i o n  was examined by ch ro m a to g rap h y  on p a p e r  w h o l ly  

im p reg n a te d  w i t h  t u n g s t a t e  [ E x p t . 23bJ .  On t h e  b a s i s

o f  t h e  c h ro m â t0g r a p h i c  o b s e r v a t i o n s  ab o u t  t h e  p o l y o l  c o n t e n t s  

o f  each  f r a c t i o n ,  t h e  f r a c t i o n s  were combined t o g e t h e r  t o  

g iv e  s e p a r a t e  l o t s  o f  t h e  d i f f e r e n t  p o l y o l s .

A f t e r  a l l  t h e  D -m a n n i to l  had b ee n  e l u t e d  o f f  t h e  

column a s t a g e  was r e a c h e d  when o n ly  D - g l u c i t o l  a p p e a re d  

i n  t h e  e l u a t e .  At t h i s  s t a g e  s o l v e n t  c o m p o s i t i o n  was 

changed t o  a c e t o n e :  n J o u t a n o l ;  w a te r  ( 5 : 3 : 7 ) ,  i n  o r d e r  t o  

i n c r e a s e  t h e  e l u t i o n  r a t e  of  D - g l u c i t o l .  S e p a r a t e  l o t s  

o f  D - g l u c o s e ,  D -m a n n i to l  and D - g l u c i t o l  t h u s  o b t a i n e d  were 

e v a p o r a t e d  t o  a s y r u p ,  t a k e n  up i n  w a te r  and e s t i m a t e d  as  

d e s c r i b e d  below:
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(v )  E s t i m a t i o n  o f  D -£ lu c o s e :

D -g lu co se  was e s t i m a t e d  p o l a r i m e t r i c a l l y  u s i n g  2 dm. 

t u b e  and a m ercu ry  l i g h t  p o l a r i m e t e r .

( v i )  E s t i m a t i o n  o f  D -m an n i to l  and,. D-g l u c i t o l f ^ ^

To t h e  c o n c e n t r a t e s  c o n t a i n i n g  D -m a n n i to l  o r  

D - g l u c i t o l ,  s o l i d  sodium t u n g s t a t e  d i h y d r a t e  ( c a .  100 mg.) 

was added ,  were a c i d i f i e d  w i t h  2 N - s u lp h u r i c  a c i d  t o  pH 

5 .5  and 5 .0  r e s p e c t i v e l y ,  volume made up (25  m l . )  and 

r o t a t i o n  m easured  as  above ( v ) .  The r e s u l t s  a r e  sh o rn  

i n  T ab le  30 a l s o  i n  D ig .  8 .

T ab le  30

F r a c t i o n  

1 —24

36-40
41-45
46-50
51-56
57-59

60-71
72-80
81-90
91-100
101-110
111-125
126-200
201-300
301-400

T o t a l  volume

0 - 1 2 0  m l.  
120-180 
180-205 
205-230 
230-255 
255-285 
285-300

300-355 
355-400 
400-450 
450-500  
500-550 
550-625 

525-1 l i t .

R ecove ry  (^ )  S o l u t e

31 .4
14 .6
2 6 .3
17.1
12.1 
t r a c e s

54 .0
9.1
8.1 
5 .8  
12 .9  
3 .2  
n i l
2 2 . 0

D-Gluoose
f f

If

II

II

D -Glucose  and
D -m a n n i to l
D -m a n n i to l

1 l i t . - 1 . 5  l i t .
1 . 5 % l i t . ( i . e .  500 m l.  57 .7  
5 : 3 : 7 )

No s o l u t e  
D - g l u c i t o l
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I s  on 
u l o s e  and

E xper im en t  2 5 . Column ch rom a tog raphy  o f  po lyo
t u n g s t a t e  im p reg n a te d  c e l l u l o s ______
i s o l a t i o n  o f  p o l y o l s .

( i )  A t u n g s t a t e  im p reg n a ted  c e l l u l o s e  column

(5 X 70 cm .) was p r e p a r e d  a c c o r d i n g  t o  p ro c e d u re  o u t l i n e d

i n  E x p t .  24. An aqueous s o l u t i o n  (5 m l . )  c o n t a i n i n g

D -g lu c o s e  (0 .9 9  g . ) D -m an n i to l  ( 1 . 0  g . )  and D - g l u c i t o l

( 0 .9 9 5  g . )  mixed w i t h  im p re g n a ted  c e l l u l o s e  ( £ a .  10 g . )

and t r e a t e d  a s  i n  E xp t .  24, was added t o  column. The

column was t h e n  e l u t e d  w i t h  f r e s h l y  p r e p a r e d  s o l v e n t  ( e ) .

F r a c t i o n s  (50 m l . )  were c o l l e c t e d  and examined as  i n  
E x p t .  24. E l u t i o n  d a t a  b a s e d  on c h ro m a to g ra p h ic  r e s u l t s

i s  g iv e n  h e r e u n d e r .

F r a c t i o n s  
(50 m l . )

1-65

66-86

87-104

105-165

166-268

269-271

272-283

S o lv e n t

( e )

II

P o ly o l  d e t e c t e d

D -g lu c o se  (A)

D -m a n n i to l  (B)

5 : 3 : 7
II D - g l u c i t o l  (6)  

b u lk  i n  278.

X A ce to n e :  n - b u t a n o l ;  w a t e r ,  5 : 3 : 7
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( i i )  I s o l a t i o n  o f  D- g l u c o s e .

A c h a r c o a l  column ( 2 .6  x  20 cm.) c o n t a i n i n g  a c i d  

washed U l t r a s o r b  S . d .  120/240 was p r e p a r e c f ^  The column 

was washed w i th  e t h a n o l  ( 2 5 0 ,m l . )  and t h e  a l c o h o l  was 

removed by w ash ing  w i th  e x c e s s  o f  w a t e r .  F r a c t i o n s  

c o n t a i n i n g  D -g lu co se  ( s e e  A above)  were c o n c e n t r a t e d  t o  

a  s m a l l  volume u n d e r  r e d u c e d  p r e s s u r e  a t  40° and added 

t o  t h e  column. The column was v/ashed v/ i th  w a t e r  u n t i l  

w ash ings  were f r e e  f rom t u n g s t a t e  (KSCW/Sn0 l 2 s p o t  t e s t ) .  

E l u t e  was t h e n  r e p l a c e d  by  aqueous e t h a n o l  ( 2 . 5 ^  V/V) 

u n t i l  f r e e  from D -g lu c o se  ( p h e n o l / s u l p h u r i c  a c i d  t e s t , 

c a .  800 m l . ) .  The e l u a t e  was t h e n  c o n c e n t r a t e d  t o  a  s m a l l  

volume u n d e r  r e d u c e d  p r e s s u r e  and was f r e e z e  d r i e d .  T h is  

was f u r t h e r  d r i e d  o v e r  phosphorous  p e n t o x i d e ,  i n  a  vacuum 

d e s i c c a t o r  to  c o n s t a n t  v /e ight ( 0 .9 6 9  g .  97 .9 ' / )*

( i i i )  I s o l a t i o n  o f  D -m a n n i to l .

Acid  washed U l t r a s o r b  S.C.  120/240 as  p r e p a r e d  above 

v/as packed  i n t o  a  s i n t e r e d  g l a s s  f u n n e l  (7 x 10 c m . ) .  

F r a c t i o n  (S ,  above)  was made a l k a l i n e  w i t h  2N-sodium 

h y d r o x id e  t o  pH 9 .2  and p l a c e d  on t h e  c h a r c o a l  c o n t a i n i n g  

f u n n e l  a f t e r  s t a n d i n g  o v e r n ig h t  which  was t h e n  washed w i t h  

w a te r  u n t i l  w ash ings  were f r e e  f rom t u n g s t a t e .

D -m a n n i to l  was t h e n  d e so rb e d  by  e l u t i n g  w i th  aqueous e t h a n o l  

(2 .5/^;  750 m l . ) .  The w ash ings  c o n t a i n i n g  D -m a n n i to l  were 

e v a p o r a t e d  t o  d r y n e s s ,  t a k e n  up i n  w a te r  ( c a .  5 m l . ) made



a l k a l i n e  t o  pH 9 .2  and r e - e l u t e d  t h r o u g h  t h e  same t o  

o b t a i n  pu re  D -m a n n i to l ,  which  was t h e n  c o n c e n t r a t e d  

and c r y s t a l l i z e d  f rom e t h a n o l  ( w t . ,  0 .9 4 4  mg.,  9 4 .3 / '0 ,  

m .p .  155°.

( i v )  I s o l a t i o n  o f  D- g l u c i t o l .

F r a c t i o n s  (6 ,  above)  c o n t a i n i n g  D - g l u c i t o l  were 

e v a p o r a t e d  t o  s m a l l  volume and p a s s e d  th r o u g h  c h a r c o a l  

( t w i c e ,  a s  i n  ( i i i )  a b o v e ) .  The t u n g s t a t e  f r e e  D - g l u c i t o l  

was f r e e z e  d r i e d  and t h e  sy ru p  o b t a i n e d  was d r i e d  o v e r  

p h ospho rus  p e n t o x id e  u n d e r  vacuum t o  c o n s t a n t  w e ig h t  

(0 .91  g . ,  8 1 . 2/ ) .

E xper im en t  2 6 . T h i n - l a y e r  ch ro m a to g rap h y  o f  po ly h y d ro x y
compounds on c e l l u l o s e  (0 0 -4 1 )  l a y e r s .

Miatman c e l l u l o s e  powder No. 00-41 (20 g . ) was s l u r r i e d

w i t h  w a te r  (90 m l . ) .  A f t e r  m ix in g  i n  an  e l e c t r i c a l  b l e n d e r

(2 m in . )  l a y e r s  (250 pm) were s p r e a d  on g l a s s  p l a t e s .  The

p l a t e s  were d r i e d  i n  an h o t  a i r  oven (80°C) f o r  30 min .
cu

and s t o r e d  i n '  d e s i c c a t i n g  box c o n t a i n i n g  s i l i c a  g e l .

P o l y o l  s o l u t i o n s  (5 -1 0  p g . )  v/ere s p o t t e d  a s  u s u a l .  P l a t e s  

were d ev e lo p e d  i n  s e p a r a t e  t a n k s  c o n t a i n i n g  s o l v e n t  (e )  and 

(g )  f o r  30 and 45 m in . ,  r e s p e c t i v e l y .  S o lv e n t s  were 

e v a p o r a t e d  a t  room t e m p e r a t u r e  and p o l y o l s  were d e t e c t e d  

w i th  s p r a y  ( i i ) .  The r e s u l t s  a r e  g iv e n  i n  T ab le  31.
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Tab le 31

( e )

Rp s o l v e n t

( f )

0 .4 8 0 .2 7

0 .5 4 0 .2 9

0 .4 3 0 .1 7

0 .4 8 0 .1 9

0 .3 7 0 .1 4

Compound

L - a r a b i n o s e  

D -x y lo se  

D -g lu c o s e  

D-mannose 

D - g a l a c t o s e

E xper im en t  2 7 . T h i n - l a y e r  ch ro m a to g rap h y  o f  p o ly o l s  on
l a y e r s  o f  c e l l u l o s e ,  im p reg n a ted  w i th  
sodium t u n g s t a t e l

T h i n - l a y e r  p l a t e s  o f  Y/hatman c e l l u l o s e  CG-41 were 

p r e p a r e d  (E x p t .  26) and s p ra y e d  e v e n ly  w i t h  sodium 

t u n g s t a t e  d i h y d r a t e  ( 5 /  pH 8 ) .  The p l a t e s  were r e - d r i e d  

i n  a  h o t  a i r  oven (80°C) f o r  20 min.  P o l y o l s  were s p o t t e d  

and t h e  p l a t e s  were d ev e lo p ed  i n  s o l v e n t  ( e ) and s o l v e n t  ( f ) .  

\7hen t h e  s o l v e n t  f r o n t  had r e a c h e d  t o  ab o u t  13 cm. t h e  

p l a t e s  were removed from t h e  t a n k s  and t h e  s o l v e n t  

e v a p o r a t e d  i n  a i r .

Spot  were d e t e c t e d  w i t h  s p r a y  ( à ) . A f t e r  t h e  s p o t s  

had d e v e lo p e d ,  t h e  p l a t e s  were d ip p ed  c a r e f u l l y  in  sodium 

t h i o s u l p h a t e  s o l u t i o n  ( 2 . 5 / )  t o  g e t  perm anen t  brown s p o t s  

on w h i te  b ac k g ro u n d .  The r e s u l t s  a r e  shown i n  T ab le  32.
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Table 32
Compound

D -g lu c o s e

D - g l u c i t o l

G a l a c t i t o l

D -m a n n i to l

R i b i t o l

D - a r a b i n i t o l

X y l i t o l

S o l v e n t  (e )  

0 .2 6  

0.05  

0 .1 2  

0 . 1 6  

0.36  

' 0 .3 2  

0 .2 3

S o lv e n t  ( f )  

0 

0 

0 

0 

0 

0 

0

E xper im en t  2 8 . T h i n - l a y e r  cb ro m a to g rap h y  o f  p o l y o l s  on
l a y e r s  o f  a v i c e l .

( i )  A v ic e l  (8 gm .) was made i n t o  s l u r r y  w i t h  w a te r  

(32 m l . ) ,  was b le n d e d  i n  an  e l e c t r i c a l  b l e n d e r  (2 -3  m i n . ) .  

L a y e r s  (0 .2 5  mm.) were s p r e a d  on g l a s s  p l a t e s .  The p l a t e s  

were d r i e d  i n  an h o t  a i r  oven (80°C) f o r  30 min.  and s t o r e d  

i n  a  d e s i c c a t i n g  box  o v e r  s i l i c a  g e l .

( i i )  A v ic e l  (7 g .  ) was s l u r r i e d  v / i th  sodium t u n g s t a t e  

d i h y d r a t e  ( 5 / ,  20 m l . )  a c i d i f i e d  t o  pH 8 .  The l a y e r s  

were p r e p a r e d  and d r i e d  as  above .

P o l y o l s  were s p o t t e d  on t h e  p l a t e s  as  u s u a l  and t h e  

p l a t e s  were d ev e lo p ed  i n  s o l v e n t  ( e )  f o r  c a .  45 min. The 

s o l v e n t  was e v a p o r a t e d  a t  room t e m p e r a t u r e  and t h e  p o l y o l s  

were d e t e c t e d  w i th  s p r a y  ( i ) .  The p l a t e s  were f i n a l l y  

d ip p e d  i n  sodium t h i o s u l p h a t e  s o l u t i o n  ( 2 . 5 / )  t o  g e t



/ 7 9

p e rm anen t  brown s p o t s  on w h i t e  b a c k g ro u n d ,  

a r e  shown i n  T a b le  33.

T a b le  33

The r e s u l t s

Compound R-m( c o n t r o l s )  
( i )

R - ( t u n g s t a t e )  
( i i )

K p d )

D -g lu c o s e 0 .3 2 0 .2 8 —

D - g l u c i t o l 0 .3 2 0 .0 6 5 0 .2 0

D - m a n n i to l 0 .3 3 0 .1 5 0 .4 5

G a l a c t i t o l 0 .31 0 .1 3 0 .3 9

L - a r a b i n i t ô l - 0 .3 3 —

X y l i t o l — 0 .1 7 __

E x p er im en t  29 E f f e c t  o f  t h e  p r e s e n c e  o f  sodium m o ly b d a te  
on t h e  s p e c i f i c  r o t a t i o n  o f  D- g a l a c t o s e .

A s o l u t i o n  o f  D - g a l a c t o s e  (3 .7 2 3 2  g . )  i n  w a t e r  (200 m l . )  

was p r e p a r e d  and a  p o r t i o n  (50 m l . )  o f  t h i s  s o l u t i o n  was 

d i l u t e d  t o  100 m l . ,  ( s o l u t i o n  a ) .  To a n o t h e r  p o r t i o n  

(50 m l . )  sodium m o ly b d a te  d i h y d r a t e  (10 g . ) was added and 

t h e  whole a c i d i f i e d  (pH 5 .0 )  w i t h  2 N - s u l p h u r i c  a c i d  and 

t h e  volume made up (100 m l . , s o l u t i o n  b )  w i t h  w a t e r .

R o t a t i o n s  o f  t h e s e  s o l u t i o n s  m easu red  a t  t h e  w a v e le n g th  

o f  sod ium  l i g h t ,  u s i n g  1 dm. p o l a r i m e t r i c  t u b e .  The 

r e s u l t s  a r e  g iv e n  i n  T ab le  34.



(Sa

S o l u t i o n

( a )

(b)

Table 34
P o l a r i m e t r i c

( r e a d i n g )

0 . 7 7 °

0 . 5 1 °

S p e c i f i c  r o t a t i o n  
b a s e d  on D - g a l a c t o s e

8 2 .8 3 °

5 4 .7 9 °

E x p e r im en t  3 0 . E f f e c t  o f  pH on t h e  r o t a t i o n  o f
D- , - ; a la c to s e  i n  t h e  p r e s e n c e  o f  a  l a r g e  
amount o f  sod ium  molyb d a t e .

D -G a la c to s e  ( 5 .0 0 1 8  g . ) and sodium  m o ly b d a te  d i h y d r a t e  

( 6 6 . 4  g . )  were d i s s o l v e d  i n  w a t e r  (500 m l . ) .

The pH o f  t h e  a l i q u o t s  (25 m l . )  was a d j u s t e d  t o  v a l u e s  

b e tw e e n  2 .6  -  11 .2  by  a d d i t i o n  o f  s u l p h u r i c  a c i d  o r  sodium 

h y d r o x i d e  (2H ) .  The volume o f  ea c h  was made t o  50 m l.

The o p t i c a l  r o t a t i o n  was m easu red  im m e d ia t e l y .  The 

r e s u l t s  a r e  g iv e n  i n  T a b le  35 and E i g .  9 .

T a b le  35

pH

2.6
3 .5
4 . 5  
5 .2  

5-.9
6 .5  
7 .1
7 . 6  
8 ,0  
8 .5  
9 . 0

S p e c i f i c  r o t a t i o n  = 1
D-ga:
7 2 .0 '

b a s e d  on D - g a l a c t o s e  
~  ,0

68.0  
6 0 .0 '  
4 2 .0 '  
58 . 0 ' 
6 0 .0  
7 4 .0 '  
84.0 
84 . 0° 
85 . 0° 
9 6 . 0°

0

o
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T a b le  35 ( c o n t i n u e d )

9.6  92 . 0°

10.6 6 8 .0°
11.2 66.0 0

E x p er im en t  3 1 . E f f e c t  o f  r e l a t i v e  c o n c e n t r a t i o n  o f
D- g a l a c t o s e  and m o ly b d a te  on t h e  o p t i c a l  
r o t a t i o n  o f  D- g a l a c t o s e ,

( a )  D i f f e r e n t  vo lum es (2 m l ,  -  20 m l . )  o f  

e q u i l i b r a t e d  D - g a l a c t o s e  s o l u t i o n  ( 0 . 2  M) were  mixed 

w i t h  v a r y i n g  volumes ( 2 0  m l ,  -  2 m l . ) o f  sodium m o ly b d a te  

s o l u t i o n  ( 0 . 2  M). The r e s u l t i n g  s o l u t i o n s  a d j u s t e d  t o  

pH 5 .5  -  0 ,1  w i t h  2 H - s u l p h u r i c  a c i d  and made up t o  25 ml.  

O p t i c a l  r o t a t i o n  ( ^Q._Mo  ̂ m easu red  i n  0 ,5  dm. t u b e  on 

a  m e rc u ry  l i g h t  p o l a r i m e t e r ,

(b )  S o l u t i o n s  c o n t a i n i n g  t h e  same amount,  ( a s  above)  

o f  D - g a l a c t o s e  were made up  t o  25 m l .  and o p t i c a l  r o t a t i o n  

( CL̂ ) was m e asu red .

The d i f f e r e n c e  i n  o p t i c a l  r o t a t i o n  i , e ,

Aci = [ ( a ^  -  h a s  b e e n  p l o t t e d  a g a i n s t  mole

f r a c t i o n  i n  F i g .  10(4^  ̂ t h e  r e s u l t s  a r e  a l s o  shown i n  T a b le  36

T ab le  3 6 ,

Molft f r a c t i o n  %  %  ^  ^
m o ly b d a te  ^

0 0  .1.34°
0,1  , 1.1  —

0 . 2  1 .0 7 °
0 . 3  0 . 9 4 °  0 . 8 0 ° 0 .1 4
0 . 4  0 . 8 0 ° 0 .6 3 °  0 .1 7
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( T a b le  36 c o n t i n u e d )

'0 . 5  0 . 6 7 °  0 . 4 9 °  0 . 1 8

0 . 6  -  0 . 3 5 °

0 . 7  0 . 4 0 °  0 . 2 7 °  0 . 1 3

0 . 9  0 . 1 4 °  0 . 0 8 ° 0 .0 6

E x p e r im e n t  3 2 . P r e p a r a t i o n  o f  p h e n y l b o r o n i c  a c i d . ~ 

T e t r a p h e n y l  t i n  ( 2 0 0  g . )  was p l a c e d  i n  a  t h r e e  

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

and a  d r o p p i n g  f u n n e l .  The f l a s k  was c o o l e d  i n  a  d r y  

i c e - a c e t o n e  b a t h  f o r  15 m in .  B oron  t r i c h l o r i d e  (240  g . )  

c o o l e d  a s  above  was added  d ro p w is e  w i t h  c o n t i n u o u s  s t i r r i n g .  

A f t e r  a l l  t h e  b o r o n  t r i c h l o r i d e  had b ee n  ad d ed  t h e  r e a c t i o n  

m i x t u r e  was f u r t h e r  s t i r r e d  f o r  15 m i n u t e s .  The b a t h  was 

t h e n  removed and t h e  c o n t e n t s  were  a l l o w e d  t o  r e f l u x  a t  

room t e m p e r a t u r e .  A f t e r  t h e  v i g o r o u s  r e a c t i o n  was o v e r ,  

t h e  c o n t e n t s  were  r e f l u x e d  o v e r  m o d e ra te  h e a t  f o r  2 h o u r s .  

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

n a t a n t  was d e c a n t e d  i n t o  a  d i s t i l l a t i o n  f l a s k ,  w h ich  was 

t h e n  d i s t i l l e d  and t h e  f r a c t i o n  d i s t i l l i n g  b e tw e e n  168-176°C 

was c o l l e c t e d  and was r e d i s t i l l e d ,  ( c a .  236  g . ) .

P h e n y lb o r o n  d i c h l o r i d e  p r e p a r e d  above (236 g . )  was 

d i l u t e d  w i t h  c a rb o n  t e t r a c h l o r i d e  ( 1 5 0  m l . )  and was c o o le d  

( -8 0 ° C )  a s  a b o v e .  T h is  was t h e n  added  d ro p w is e  t o  i c e  c o ld
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w a t e r  ( 2 . %  o v e r  a  p e r i o d  o f  45 m i n u t e s .  The c a r b o n  

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

was c r y s t a l l i z e d  f rom  h o t  w a t e r .  The p r o d u c t  was 

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

( 1 1 5 .5  g . ) o  I t  had  m .p .  217°C.

E x p e r im e n t  5 5 . P r e p a r a t i o n  o f  r i b i t o l  b i s p h e n y l b o r o n a t e .

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

( 4 .1  g . ; 1 m o l .  = 3 m ol .  p h e n y l b o r o n i c  a c i d )  i n  m e th a n o l  

( 2 0  m l . )  was added  t o  an  aq u eo u s  s o l u t i o n  ( 2 0  m l . )  

c o n t a i n i n g  r i b i t o l  (2 g . ) .  The r e s u l t i n g  s o l u t i o n  was 

s h a k e n  w e l l  and a l l o w e d  t o  s t a n d  f o r  30 min .  The w h i t e  

p r e c i p i t a t e  fo rm ed  was f i l t e r e d  and washed v / i th  c o l d  m e th a n o l  

and was d r i e d  ^  v a c u o . R e c r y s t a l l i z a t i o n  f ro m  d r y  hexane  

a f f o r d e d  r i b i t o l  b i s p h e n y l b o r o n a t e  ( 4 . 2 5  g .  9 2 / ) ,  m .p .  

1 0 0 -1 0 1 ° .  (Pound :  0 , 6 3 . 6 6 / ;  H , 5 . 9 3 / ;  3 , 6 . 6 6 /  r e q u i r e d

f o r  H , 5 . 6 / ;  B , 6 . 6 7 / ) .

E x p e r im e n t  3 4 . P r e p a r a t i o n  o f  x y l i t o l  b i s p h e n y l b o r o n a t e .

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

( 4 . 1  g . , 1 mol = 3 m ol.  p h e n y l b o r o n i c  a c i d )  i n  m e th a n o l  

( 2 0  m l . )  was added  t o  x y l i t o l  ( 2 . 0  g .  1 m o l . )  i n  w a t e r .

The p r e c i p i t a t e  o b t a i n e d  was f i l t e r e d  and washed w i t h  

c o l d  m e th a n o l .  R e c r y s t a l l i z a t i o n  f ro m  b e n z e n e - h e x a n e  gave 

a  c r y s t a l l i n e  s o l i d  ( 4 . 0 6  g« 9 5 .3 /^ ) .  I t  had  m .p .  9 3 -9 4 °  

(Po u n d :  0 , 6 3 . 0 7 / ;  H ,5 . 5 7 / ;  B , 6 . 6 l / .  ^17^18®2^5
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0 , 6 3 . 0 3 / ,  H, 5 . 6 / ;  3 , 6 . 6 7 / ) .

Exper im en t  3 5 * P r e p a r a t i o n  o f  L- l y x i t o l  b i s p h e n y l b o r o n a t e .

P h e n y lb o ro n ic  a n h y d r id e  (4 .1  g . , 1 mol.  = 3 mol.  

p h e n y lb o ro n ic  a c i d )  i n  m e thano l  ( 2 0  m l . )  was added t o  a 

s o l u t i o n  c o n t a i n i n g  L - l y x i t o l  ( 2  g . , 1 m o l . )  i n  w a te r  

(20 m l . ) .  The w h i te  p r e c i p i t a t e  p roduced  was f i l t e r e d  

and washed w i t h  c o ld  m e th a n o l .  R e c r y s t a l l i s a t i o n  from 

a  d ry  b en zen e -h ex an e  m ix tu re  a f f o r d e d  L - l y x i t o l  b i s p h e n y l -  

b o r o n a t e  ( 3J45 g . , 77.5°/»), m .p.  113-115°C. Pound: 0 ,63.25/»  

H , 5 . 5 9 / ,  B , 6 . 7 2 .  0 , 6 3 . 0 3 :  H ,5 . 6 ,

2 , 6 . 6%/).

Exper im ent  3 6 . P r e p a r a t i o n  o f  mono-O-phenylcatoamoyl-
r i b i t o l  b i s  pheny lb  o r o n a t e .

The r i b i t o l  b i s p h e n y l b o r o n a t e  ( 1 .3 5  g . )  was d i s s o l v e d

i n  d ry  benzene  (15 m l . ) .  P heny l  i s o c y a n a t e  ( 0 .5  ml.  1 m o l . )

was added and t h e  s o l u t i o n  was r e f l u x e d  o v e r n i g h t . The

r e a c t i o n  m ix tu re  d e p o s i t e d  v/hite  n e e d l e s  on c o o l i n g .

The p ro d u c t  was f i l t e r e d  and washed v /i th  d ry  h ex an e .

R e c r y s t a l l i z a t i o n  from d ry  benzene  ( h o t )  gave mono-O-phenyl-

carbamoy1 - r i b i 1 0 1 - b i 8p h e n y lb o ro n a te  ( 1 . 3  g* 73 / )  m.p.  197 -

198° .  (Pound: 0 , 6 4 . 9 8 / ;  H ,5 .4 5 ;  N , 3 . 4 8 /  -Ph, 53*8%.

O24H23B2NO6 - r e q u i r e s  0 , 6 5 . 0 5 / ;  H , 5 . 2 3 / ,  N , 3 . 1 6 / ;  -P h ,  5 a . l 4 / ) %

Experiment 3 7 . P r e p a r a t i o n  of  mono-O-p h e n y lc a rb am o y l
x y l i t o l  b i s p h e n y l b o r o n a t e .

To a s o l u t i o n  c o n t a i n i n g  x y l i t o l  b i s p h e n y l b o r o n a t e
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( 2 . 1  g . )  i n  d r y  b e n z e n e  ( 25  m l . ) ,  p h e n y l  i s o c y a n a t e  

( 0 . 8  m l . ) was added  and t h e  r e s u l t i n g  s o l u t i o n  was 

r e î l u x e d  o v e r n i g h t .  The n e e d l e s  s e p a r a t e d  on c o o l i n g  

were r e c r y s t a l l i z e d  f rom  d ry  b e n z e n e .  The p r o d u c t  

( 1 . 8  g . ,  8 1 . 1/ )  had  m .p .  1 9 9 -2 0 0 ° .  (Found:  0 , 5 5 . 0 5 / ;

H , 5 . 2 1 / ;  N , 2 . 9 4 / ;  - P h , r e q u i r e s  0 , 6 5 . 0 5 / ;

H, 5 . 2 3 / ;  1 1 , 3 . 1 6 / ; - P h ,  5 2 , 1 4 / ) .

E x p e r im e n t  5 8 . P r e p a r a t i o n  o f  mono-O- p h e n y l c a r b a m o y l -
L—x y l i t o l  b i s p h e n y l b o r o n a t e .

The L - l y x i t o l  b i s p h e n y l b o r o n a t e  ( 3 . 5  g . )  was d i s s o l v e d  

i n  d r y  b e n z e n e  (50  m l . ) .  P h e n y l  i s o c y a n a t e  (2 m l . , 1 m o l . )  

was added  and t h e  s o l u t i o n  was r e f l u x e d  f o r  18 h o u r s .  The 

r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d  t o  h a l f  t h e  volume u n d e r  

r e d u c e d  p r e s s u r e  and d r y  h exane  (15 m l . )  was a d d e d .  The 

s o l i d  p ro d u c e d  was f i l t e r e d  and washed w i t h  d r y  h e x a n e .

R e c r y s t a l l i z a t i o n  f rom  a  b e n z e n e - h e x a n e  m i x t u r e  a f f o r d e d  

mono- 0 -p h e n y 1 c a r b  amoy1- L - a r a b  i n i t  o1 b i s p h e n y l b o r o n a t e  

( 3 .1  g . ,  6 9 . 3 / ) ,  m .p .  1 2 9 - 1 3 0 ° 0 , (Found:  0 , 6 5 . 08 / ;

H , 5 . 1 7 / ;  N , 3 . 0 6 / ;  - P h ^  Og^Hg^BgNOg r e q u i r e s  0 , 6 5 . 0 5 / ;

H , 5 . 2 3 / ;  N , 3 . 1 6 / ;  - P h ,  M-lV/.).

E x p e r im e n t  3 9 . P r e p a r a t i o n  o f  mono-O- p h e n y lc a r b a m o y l
-L - l y x i t o l .

The m o n o - O - p h e n y l c a r b m o y l - L - l y x i t o l  b i s p h e n y l b o r o n a t e  

(5 g . ) was d i s s o l v e d  i n  a c e t o n e  ( 1 0 0  m l . )  and p r o p a n e - 1 , 3 -  

d i o l  ( 1 . 6  g . , 2 m o l . )  was added  w h ich  soon  d e p o s i t e d  a  w h i t e



precipitateo The solvent was removed under reduced
p r e s s u r e  a t  40° and t h e  r e s i d u e  was r e p e a t e d l y  e x t r a c t e d  

w i th  p e t ro le u m  e t h e r  ( b . p .  60 - 8 0 ° )  u n t i l  f r e e  from b o ro n  

( f la m e  t e s t ) .  The r e s i d u e  on r e c r y s t a l l i s a t i o n  from  

m e th an o l  gave mono-0 - p h e n y l c a r b a m o y l - L - l y x i t o l  ( 2 .1  g . ,

65.4^.)  m .p .  178-180°C. (Pound: 0 , 5 2 . 9 9 / ,  H , 6 . 2 6 / ;  N , 5 . 1 9 /

C.j2H. r̂^N0 g r e q u i r e s  0 , 5 3 . 1 2 / ;  H , 6 . 3 l / ;  N , 5 . 1 6 / ) .

E xper im en t  4 0 .  P r e p a r a t i o n  o f  m ono-O-phenylcarbamoyl
- D L - r i b i t o l .

The m ono-£ -phenyl  c a r b a m o y l - r i b i t o l  b i s p h e n y l b o r o n a t e  

( 10 5  mg.)  was d i s s o l v e d  i n  a c e to n e  ( 3 . 5  m l . )  c o n t a i n i n g  

p r o p a n e - 1 , 3 ~ d io l  (36 mg. 2 m o l . ) .  The a c e to n e  was removed 

u n d e r  r e d u c e d  p r e s s u r e  a t  4 0 ° .  The r e s i d u e  was d i s s o l v e d  

i n  a c e t o n e  ( 1m l . ) and was c r y s t a l l i z e d  from l i g h t  p e t ro le u m  

(35 mg. 5 4 / )  m .p .  119-120° .  (Found: 0 , 5 2 . 4 6 / ;  H , 6 . 2 6 / ;

N , 5 . 3 8 / .  0 .̂ 2E.^^N0 ^ r e q u i r e s  0 , 5 3 . 1 2 / ;  H , 6 . 3 2 / ;  N , 5 . 1 6 / .

E xper im en t  4 1 . P r e p a r a t i o n  o f  mono-O- p h e n y l c a r b a m o y l - x y l i t o l .

To a s o l u t i o n  c o n t a i n i n g  m o n o -O -p h e n y lc a rb a m o y l -x y l i to l  

b i s p h e n y l b o r o n a t e  (1 g . )  i n  a c e to n e  (5  m l . ) ,  p ropane  1 , 3-  

d i o l  ( 0 .3 5  m l.  2 m o l . )  was added .  The s o l u t i o n  was warmed 

on a  w a te r  b a t h  ( c a .  2 m i n . ) .  The s o l v e n t  was removed and 

t h e  r e s i d u e  was e x t r a c t e d  w i th  e t h e r ,  u n t i l  f r e e  f rom b o ro n   ̂

( f l a m e  t e s t ) .  The r e s i d u e  was r e c r y s t a l l i z e d  from e t h a n o l ,  

(Found: 0 , 5 3 . 3 5 / ;  H , 6 . 4 4 / ;  N ,5 . 2 9 / .  r e q u i r e s
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0 , 5 3 . 1 2 / ;  H , 6 . 3 2 / ;  N , 5 . 1 6 / ) .

E x p e r im e n t  4 2 . P r e p a r a t i o n  o f  e t l i y l - N - p I i e n y l c a r b a m a t e .

P h e n y l  i s o c y a n a t e  (5 m l . )  was added  t o  d r y  e t h a n o l  

(5 m l . )  and t h e  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  

10 m in .  The s o l v e n t  was rem oved ,  f i n a l  t r a c e s  o f  

u n - r e a c t e d  p h e n y l  i s o c y a n a t e  were  e l i m i n a t e d  a t  0 .1  mm. 

and t h e  r e s i d u e  was r e c r y s t a l l i z e d  f ro m  l i g h t  p e t r o l e u m .

I t  had  m .p .  50°0 ;  t h e  y i e l d  was 6 . 7  g .  ( 9 7 / ) .

E x p e r im e n t  4 3 . P r e p a r a t i o n  o f  1- d e o x y -L - g a l a c t . i t o l
b i  s pheny l"b o r  o n a t  e .

A s o l u t i o n  (5 m l . )  c o n t a i n i n g  p h e n y l b o r o n i c  a c i d  

(730  mg. 2 m o l . )  i n  m e th a n o l  was added  t o  a  s o l u t i o n  

c o n t a i n i n g  1 - d e o x y - L - g a l a c t i t o l  (500 mg. 1 m o l . )  i n  w a t e r  

(5 m l . ) .  The p r e c i p i t a t e  was f i l t e r e d  a f t e r  s t a n d i n g  

(1 h r . )  and  washed w i t h  c o l d  m e th a n o l  ( c a .  10 m l . ) .  The 

p r e c i p i t a t e  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  u n d e r  vacuum 

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

S h i n i n g  n e e d l e s  ( 0 . 8 5  g .  8 4 . 1 / )  had  m .p .  113-114^0  

(Po u n d :  0 , 6 3 . 9 4 / ;  H , 6 . 1 1 / ;  B , 6 . 2 3 / .  ^18^20^2^5

r e q u i r e s  0 , 6 3 . 9 6 / ;  H , 5 . 9 6 / ;  3 , 6 . 3 4 / ) .

E x p e r im e n t  4 4 . P r e p a r a t i o n  o f  mono-O- p h e n y l c a r b a m o y l -
- 1 - d e o x y -L - g a l a c t i t o l  b i s p h e n y l b o r o n a t e .

To a  s o l u t i o n  c o n t a i n i n g  1 - d e o x y - L - g a l a c t i t o l

b i s p h e n y l b o r o n a t e  (350 mg.)  i n  d r y  b e n z e n e  (15 m l . )  p h e n y l

i s o c y a n a t e  ( 0 . 2  m l . ,  1 m o l . )  was added  and t h e  s o l u t i o n
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was " r e f lu x e d  o v e r n i g h t .  The s o l v e n t  was removed u n d e r  

r e d u c e d  p r e s s u r e ,  b en zen e  ( 1 0  m l . )  was added and was 

r e - e v a p o r a t e d  as  b e f o r e .  The p r o d u c t  was s t o r e d  o v e r  

s u l p h u r i c  a c i d  i n  vacuo  t o  remove f i n a l  t r a c e s  of  

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

r e c r y s t a l l i z e d  f rom  b e n z e n e - p e t r o l e u m  e t h e r  ( 1 00 - 12 0° ) .

The p r o d u c t  (330 m g . , 7 5 . 1 4 / )  had m .p .  1 3 5 -1 3 6 ° ,

(Pound:  0 , 6 5 . 7 5 / ;  H , 5 . 5 6 / ;  N , 3 . 2 6 /  -P k » 3 3 > 1 8 /) .

O25 H25S 2NO6 r e q u i r e s  0 , 6 5 . 6 9 / ;  H , 5 . 5 l / ;  N , '3 .0 6 / ;  -P h ,  52 . .14/ ,

E x p e r im en t  4 5 . P r e p a r a t i o n  o f  3- 0 - m e t h y l -D- g l u c i t o l

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

A s o l u t i o n  c o n t a i n i n g  3 - 0 - m e t h y l - D - g l u c i t o l  (520 mg.)  

i n  w a t e r  ( 5  m l . )  was added t o  a  s o l u t i o n  c o n t a i n i n g  

p h e n y l b o r o n ic  a c i d  ( 6 5 0  mg. ) i n  m e th a n o l  (5 nil. ) .  On 

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

The p r e c i p i t a t e  was washed w i t h  c o l d  m e th a n o l  and d r i e d  

o v e r  c a lc iu m  c h l o r i d e  i n  v ac u o .  R e c r y s t a l l i z a t i o n  from  

b e n z e n e -h e x a n e  a f f o r d e d  a c r y s t a l l i n e  s o l i d  ( 8 8 O mg. 9 0 . 7 / )  

m .p .  14(1? (Pound: 0 , 6 2 . 0 / ;  H ,6 . 0 4 / ;  3 , 5 . 5 5 / .

^ 19^ 22^ 2^6 0 , 6 2 . 0 / ;  H , 6 . 0 2 / ;  3 , 5 . 8 8 / ) .
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E x p e r im e n t  4 6 . P r e p a r a t i o n  o f  mono- O - p h e n y l  c a rb a m o y l
-3 -0 - m e t h y l -D- g l u c i t o l  b i s p h e n y l b o r o n a t e .

To a  s o l u t i o n  (10  m l . )  c o n t a i n i n g  3 - 0 - m e t h y l - D -  

g l u c i t o l  b i s p h e n y l b o r o n a t e  (336 m g.)  i n  d r y  b e n z e n e ,  

p h e n y l  i s o c y a n a t e  ( 0 . 5  m l . )  was a d d e d .  The s o l u t i o n  

was r e f l u x e d  ( o v e r n i g h t ) ,  and f i l t e r e d  h o t .  A f t e r  

s t a n d i n g  1 h r . , i n  t h e  c o l d ,  i n  a  w e l l  s t o p p e r e d  f l a s k ,  

w h i t e  c r y s t a l s  s e p a r a t e d  f rom  t h e  f i l t r a t e .  The p r o d u c t  

v/as r e c r y s t a l l i z e d  f rom  d r y  b e n z e n e ,  had  m .p .  2 2 1 ° ,  

y i e l d  290 mg. ( 6 6 / ) .  (Pound :  0 , 6 4 . 3 6 / ;  H , 5 . 4 5 / ;

N , 2 . 7 8 / .  OggHgyBgNOg r e q u i r e s  0 , 6 4 . 1 / ,  H , 5 . 5 8 / ;  N , 2 . 8 7 / ) .

E x p e r im e n t  4 7 . C a t a l y t i c  o x i d a t i o n  o f  phe ny1 c a rb  amat e
o b t a i n e d f ro m  h - l y x i t o l  b i s p h e n y l b o r o n a t e 
(XXa o r  XXIa77"^

( i )  P r e p a r a t i o n  o f  c a t a l y s t .

P l a t i n u m  o x id e  (Adams c a t a l y s t ) ,  1g. was s u s p e n d e d  

i n  aq u eo u s  a c e t o n e  ( 5 0 / ,  50 m l . ) .  A c o n t i n u o u s  s t r e a m  

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

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

was o b t a i n e d  (4 -5  h r s . ) .  The f l a s k  c o n t a i n i n g  t h e  

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

e v a c u a t e d  r e p e a t e d l y  t o  remove h y d r o g e n .

( i i )  O x i d a t i o n .''^̂

P l a t i n u m  c a t a l y s t  ( £ a .  100 m g .)  was su s p e n d e d  i n  a 

s o l u t i o n  (40 m l . )  c o n t a i n i n g  m o n o - 0 -p h e n y lc a rb a m o y l - L -



1 ^0

l y x i t o l  b i s p h e n y l b o r o n a t e  (500 mg.) i n  5 0 /  aqueous  a c e t o n e .

A c o n t in u o u s  s t r e a m  o f  oxygen was p e r c o l a t e d  t h r o u g h  th e  

s u s p e n s i o n .  The s o l u t i o n  was h e a t e d  t o  30 -  0 . 2 °  and 

was m a in t a in e d  a t  t h i s  t e m p e r a t u r e .  Sodium b i c a r b o n a t e  

( 1 / )  s o l u t i o n  was added d ropw ise  t o  m a i n t a i n  t h e  pH of  

t h e  r e a c t i o n  m ix tu r e  between  8 .5  -  0 . 1 ,  t h u s  a  t o t a l  o f  

c a . 9 m l.  had been  added when pH o f  t h e  s o l u t i o n  became 

c o n s t a n t .

Samples were w ithdraw n a t  i n t e r v a l s  and examined by 

p a p e r  ch rom atography  i n  s o l v e n t  which  r e v e a l e d ,  i n  

a d d i t i o n  t o  p h e n y lb o ro n ic  a c i d  and 0 - p h en y lca rb a m o y l-L -  

l y x i t o l ,  t h e  p r e s e n c e  o f  a  compound a t  0 . 2 3  which  was 

v i s i b l e  u n d e r  Ü.Y. l i g h t .  O x id a t io n  was s to p p e d  a f t e r  

15 h r . , t h e  c a t a l y s t  was f i l t e r e d  and v/ashed w i th  w a t e r .

The f i l t r a t e  and t h e  washfngs  were d e i o n i z e d  w i th  A m b e r l i t e  

IR-120(H ’̂ ) and c o n c e n t r a t e d  t o  a  s y r u p .  The s low  m i g r a t i n g  

component (R^ 0 .2 3 )  was s e p a r a t e d  from th e  r e a c t i o n  m ix tu re  

by  p r e p a r a t i v e  ch rom a tog raphy  i n  s o l v e n t  (^} and c o n c e n t r a t e d  

t o  a s y ru p  ( c a .  116 mg.)  p a p e r  e l e c t r o p h o r e s i s  i n  p h o sp h a te  

showed i t  to^^a s i n g l e  component Acid ~ '^ •0) .  The

s y ru p  was d i s s o l v e d  i n  m e th an o l  (10 m l . ) ,  a  s m a l l  p i e c e  o f  

m e t a l l i c  sodium was added and th e  s o l u t i o n  h e a t e d  on w a te r  

b a t h  ( c a .  30 m in ) .  A f t e r  s t a n d i n g  o v e r n i g h t ,  w a te r  (5 m l . )  

was added and m e th an o l  was removed u n d e r  r e d u ce d  p r e s s u r e .

The r e s u l t i n g  s o l u t i o n  was d e i o n i z e d  w i th  A m b e r l i t e  IR120(H"^)



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  s y r u p  

( 3 4 . 5  m g . ) .  P a p e r  c i i ro m a to g ra p h y  o f  t h i s  s y r u p  i n

s o l v e n t  ( g  ) and s p r a y  r e a g e n t  (•* ')  gave  a  y e l l o w  s p o t

a t  Hp 0 . 1 8 ,  w h ich  v/as i n v i s i b l e  u n d e r  U.V. l i g h t .

The s y r u p  was d i s s o l v e d  i n  a  m i x t u r e  o f  v /a te r  ( c a .

0 .1  m l . )  and m e th a n o l  ( c a .  0 . 2  m l . ) ,  4 /  m e t h a n o l i c

p o t a s s i u m  h y d r o x i d e  was added  d ro p w is e  w i t h  s h a k i n g

u n t i l  no more p r e c i p i t a t e  was fo rm e d .  The p r e c i p i t a t e

was f i l t e r e d ,  d i s s o l v e d  i n  w a t e r ,  d e c o l o u r i z e d  w i t h

c h a r c o a l  and r e c r y s t a l l i z e d  a s  above  (4 3 .1  m g . ) .  I t  had

m .p .  162° .  T h e re  was no d e p r e s s i o n  i n  i t s  m .p .  on
o 75

a d m i x t u r e  w i t h  a u t h e n t i c  p o t  a s  s i u m - D - ly x o n a t  e (m .p .  166) 

w h e re a s  i t  showed d e p r e s s i o n  i n  m .p .  on a d m ix tu r e  w i t h  

p o t a s s i u m - L - a r a b o n a t  e .

E x p e r im e n t  4 8 . E s t i m a t i o n  o f  -Ph-B  and - P h  i n  p h e n y l -
b o r o n a t e s  and p h e n y l - c a r b a m o y l  p h e n y l 
b o r o n a t  e s .

P h e n y l b o r o n i c  a n h y d r i d e  ( 1 0 2 .5  m g.)  was d i s s o l v e d  i n  

5 0 /  (V/V) aq u eo u s  m e th a n o l  ( 1 .2 5  1 . ) .  1» A l i q u o t s  ( 1 - 1 0  m l . )  

o f  t h i s  s o l u t i o n  were  d i l u t e d  t o  100 m l .  w i t h  aq ueous  

m e th a n o l  ( 5 0 / ,  V / V . ) .  The a b s o r p t i o n  o f  t h e s e  s t a n d a r d  

s o l u t i o n s  was m e asu red  a t  219 mju on a  u n i  cam SP-500 

u l t r a v i o l e t  a b s o r p t i o m e t e r .



The o p t i c a l  d e n s i t y  o f  t h e  s o l u t i o n  was a s  f o l l o w s :

Volume t a k e n  
(m l .  )

1

1 .5  

2 . 0  

3 . 0

4 . 5

5 .5

8 . 5  

1 0 . 0

Volume made up 
(m l .  )

100

O p t i c a l  d e n s i t y

0 .0 7 5

0 .1 1 5

0 .1 4 7

0 .2 2 6

0 .3 3 3

0 .4 0

0 .6 4

0 . 7 3

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

u s e d  a s  a  s t a n d a r d  g r a p h  f o r  t h e  e s t i m a t i o n  o f  Ph-B 

and ~Ph g r o u p .

E x p e r im e n t  4 9 . P e r i o d a t e  o x i d a t i o n  o f  p h e n y l b o r o n a t e s
and mono- O - p h e n y l c a r b a m o y l - p h e n y l b o r o n a t e s

( a )  The p e r i o d a t e  o x i d a t i o n  was c a r r i e d  o u t  a c c o r d i n g  t o

t h e  p r o c e d u r e  d e s c r i b e d  i n  r e f .

Known w e i g h t s  were d i s s o l v e d  i n  d io x a n  (25  m l . )  and

w a t e r  (25  m l . )  and a  s o l u t i o n  o f  sod ium  m e t a p e r i o d a t e

(10  m l .  0 .25N ) was a d d e d .  The volume was made up t o

100 m l .  w i t h  w a t e r .

A l i q u o t s  (10  m l . )  were w i th d ra w n  a t  i n t e r v a l s  t o

w h ich  w a t e r  ( c a .  20 m l . ) ,  s a t u r a t e d  sod ium  b i c a r b o n a t e



% a .

F i g .  11 S t a n d a r d  g r a p h  f o r  t h e  e s t i m a t i o n  o f  PhB- 
an d  P h -  g r o u p  ( E x p t .  4-8)

0.6

fO
is
-A.

0 . 5  -

0 .2

0.1 0 . 2  0 . 3  0.4- 0 . 5  0 . 6  0 . 7 0.8 0.9 1.0
- m g .  PhB(OH)2 /  100  ml
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s o l u t i o n  ( c a .  4 - 6  m l . ) ,  p o t a s s i u m  i o d i d e  s o l u t i o n  

(20)4, m l . )  and  s t a n d a r d  sod ium  a r s e n i t e  (0 .1 N )  were  

a d d e d .  A f t e r  15 m in u t e s  t h e  e x c e s s  o f  a r s e n i t e  v/as 

e s t i m a t e d  by  t i t r a t i o n  v / i th  s t a n d a r d  i o d i n e  (O .IN )  

s o l u t i o n  u s i n g  p o t a s s i u m  s t a r c h  g l y c o l l a t e  (1)4, 1 m l . )  

a s  i n d i c a t i o n . '

(b )  A l l  t h e  e x p e r i m e n t a l  p r o c e d u r e  was t h e  same as  

above  e x c e p t  t h a t  sod ium  b i c a r b o n a t e  (0.11? £ a .  4 - 8  m l . )  

was added  t o  t h e  r e a c t i o n  m i x t u r e  b e f o r e  a d d i n g  sod ium  

m e t a p e r i o d a t e .

( c )  A l l  t h e  e x p e r i m e n t a l  p r o c e d u r e  was t h e  same a s  i n

( a )  above  e x c e p t  t h a t  compounds were d i s s o l v e d  i n  

d im e th y l f o r m a m id e  i n s t e a d  o f  d i o x a n e .  The r e s u l t s  a r e  

shov/n i n  T a b l e . *5?

7lf
E x p e r im e n t  5 0 . P r e p a r a t i o n  o f  1 , 5 - b e n x y l i d e n e -L - a r a b i n i t o l .

L - a r a b i n i t o l  (15 g . )  was su s p e n d e d  i n  b e n z a ld e h y d e  

(20  m l . )  and a  r a p i d  s t r e a m  o f  d r y 'h y d r o g e n  c h l o r i d e  

( p r o d u c e d  by t h e  a c t i o n  o f  c o n c .  h y d r o c h l o r i c  a c i d  on 

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

u n t i l  a l l  t h e  a r a b i n i t o l  was d i s s o l v e d  ( 2 . 5  h r . ) .  The 

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

The s o l i d  mass was t h e n  b r o k e n  and k e p t  f o r  48 h r .  i n  a  

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

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 ) .  The p r o d u c t  was t h e n



s u c c e s s i v e l y  t r i t u r a t e d  w i t h  e t h e r ,  d i l u t e  sodium  

h y d ro g e n  c a r b o n a t e  and w a t e r .  R e c r y s t a l l i z a t i o n  f ro m  

e t h a n o l  a f f o r d e d ,  1 , 3 - b e n z y l i d e n e - L - a r a b i n i t o l  ( 8 . 9  g .  3 7 . 6 ^ )  

m .p .  1 4 8 -1 5 0 °C ) .

E x p e r im e n t  5 1 . P r e p a r a t i o n  o f  1 , 5 - b e n x 7 l i d e n e ~L~ a r a b i n i t o l
m o n o p h e n y lb o r o n a t e .

A s o l u t i o n  o f  p h e n y l b o r o n i c  a n h y d r i d e  ( 0 . 7  g .  0 .3 3  m o l .=

1 m o l .  p h e n y l b o r o n i c  a c i d )  i n  m e th a n o l  (10 m l . )  was added  

t o  a  s o l u t i o n  o f  1 , 3 - b e n x y l i d e n e - L - a r a b i n i t o l  (1 g . ) i n  

h o t  w a t e r .  The r e s u l t i n g  s o l u t i o n  was sha l ien  w e l l  and 

was a l l o w e d  t o  s t a n d  o v e r n i g h t .  The p r e c i p i t a t e  was 

f i l t e r e d  and washed w i t h  c o l d  w a t e r .  R e c r y s t a l l i z a t i o n

f ro m  b e n z e n e - h e x a n e  ( d r y )  a f f o r d e d  1 , 3 - b e n z y l i d e n e - P -  

• a r a b i n i t o l  m o n o p h e n y lb o ro n a te  ( 1 . 4  g . , 93 .33 /4 ) ,  m .p .  131^.  

(Found :  0 , 6 6 . 4 6 ^ ;  E , 6 . 0 2 ^ .  r e c ^ u i r e s  0 , 6 6 . 2 8 ^ ;

H , 5 . 8 7 ) 4 ) .

E x p e r im e n t  52 .  A t te m p te d  p r e p a r a t i o n o f  r i b i to l - r n o n o p h e n y l -
Üo r o n a t e .

P h e n y l b o r o n i c  a n h y d r i d e  (340  mg. 0 . 3 3  m ol .  = 1 m ol .  

p h e n y l b o r o n i c  a c i d ) ,  i n  b e n z e n e  ( 1 2 . 5  m l . )  was added  t o  

r i b i t o l  (500  mg. 1 m o l . ) .  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  and was h e a t e d  t o  40 C. A t h i c k  w h i t e  

p r e c i p i t a t e  was o b t a i n e d .  The p r e c i p i t a t e  was d i s s o l v e d  

i n  d r y  b e n z e n e  and was f i l t e r e d  ( r e s i d u e  c a .  240 m g . ,  r i b i t o l ) .
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The f i l t r a t e  d e p o s i t e d  a  c r y s t a l l i n e  s o l i d  on t h e  

d ro p w is e  a d d i t i o n  o f  h e x a n e .  I t  had  m .p .  93 -99  and 

showed no d e p r e s s i o n  i n  m .p .  on a d m i x t u r e  w i t h  r i b i t o l  

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

E x p e r im e n t  5 3 . A t t e m p te d  p r e p a r a t i o n  o f  t r i -O- p h e n y l
c a r b a m o y l - r i b i t o l  m o n o - p h e n y l b o r o n a t e .

P h e n y l b o r o n i c  a n h y d r i d e  ( 1 .0 3 9  g .  0 .3 3  m o l .  = 1 m ol .  

p h e n y l b o r o n i c  a c i d )  i n  d r y  b e n z e n e  ( 4 . 0  m l . )  was added  t o  

a  s o l u t i o n  c o n t a i n i n g  r i b i t o l  ( 1 .5 2  g .  1 m o l . ) i n  d r y  

d i o x a n e  (75  m l . ) .  The r e s u l t i n g  s o l u t i o n  was r e f l u x e d  

u n d e r  a  Dean and S t a r k  head  o v e r n i g h t .  The s o l v e n t s  

( c a .  80 m l . )  were  d i s t i l l e d  o f f  and p h e n y l  i s o c y a n a t e  

( 3 . 8  m l . )  was ad ded .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  

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

The r e s u l t i n g  s o l i d  was t r i t u r a t e d  w i t h  d r y  hexane  t o  remove 

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

o b t a i n e d  was i n s o l u b l e  i n  b e n z e n e ,  p e t r o l e u m  e t h e r  and 

l i g r o i n ,  had m .p .  210 -215^0 . '

R e p e a t e d  a t t e m p t s  were  made t o  p r e p a r e  m onopheny l

b o r o n a t e  f rom  p e n t i t o l s ,  b u t  a l l  were  u n s u c c e s s f u l .
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E x p e r im e n t  5 4 . E s t im a t i o n  o f  f o rm a ld e h y d e  by  c h r o m o t r o p i c
a c i d .

E r y t h r i t o l  ( 6 . 4 7  m g.)  was d i s s o l v e d ,  i n  w a t e r  and

e x c e s s  sodium  m e t a p e r i o d a t e  ( ^ . 4 2  m g.)  was a d d e d .  The

s o l u t i o n  was a d j u s t e d  t o  100 m l .  w i t h  w a t e r .  A f t e r

s t a n d i n g  ( i n  d a r k )  f o r  c a .  2 h o u r s  p o r t i o n s  o f  t h i s

s o l u t i o n  were d i l u t e d  t o  make s t a n d a r d  s o l u t i o n s  o f  v a r y i n g

c o n c e n t r a t i o n s .  To 1 m l .  o f  e a ch  s o l u t i o n  20)4 sodium

s u l p h i t e  (0 .1  m l . ) ,  w a t e r  (1 m l . )  and c h r o m o t r o p i c  a c i d

r e a g e n t  ( 8 . 4  m l . )  was added  and w ere  h e a t e d  on b o i l i n g

w a t e r  b a t h  f o r  15 m in .  The t u b e s  w ere  c o o l e d  t o  room

t e m p e r a t u r e  and h a l f  s a t u r a t e d  t h i o u r e a  ( 0 . 5  m l . )  was added
0

t o  e a c h .  The a b s o r p t i o n  a t  5700A was m e asu red  a g a i n s t  a  

b l a n l ï  c o n t a i n i n g  c h r o m o t r o p i c  a c i d  r e a g e n t . The f o l l o w i n g  

v a l u e s  were  o b t a i n e d .

'C o n c e n t r a t i o n  EOEO/fCg. m l .  A b s o r p t i o n  a t  5700A

1 5 .9  0 .0 9 5
3 1 .8  0 .1 7 8
6 3 .5  0 .3 6 0
7 9 .5  0 .4 4 2
9 5 . 4  0 .5 4 5

P o r t i o n s  (1 m l . )  o f  t h e  r e a c t i o n  m i x t u r e  ( E x p t .  49)

were t r e a t e d  w i t h  c h r o m o t r o p i c  a c i d  and a b s o r p t i o n s

m e a s u re d  a s  d e s c r i b e d  a b o v e .  R e s u l t s  a r e  shown i n  T ab le  38 .
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Table 38

Compound Method P e r i o d a t e  
consumed 

( m o l . )

Eormalde!  
p r o d u c e d  

( m o l . )
P h e n y l b o r o n i c  a n h y d r i d e a 0 .2 2 x 3 -

R i b i t o l  b i s p h e n y l b o r o n -  
a t e a 4 . 8 -

tr b 4 . 1 8 1 . 9

If c 4 . 0 6 1 . 8 3

M ono-O-pheny1 c a r b  a m o y l -  
r i b i t o l  b i s p h e n y l b o r o n a t e a 4 . 4 7 -

II 1 3 . 0 3 0 . 9 3

11 c 3 . 0 3 1 . 0 1

M o n o -O -o h e n y lc a rb a m o y l
r i b i t o l c 2 . 9 1 0 . 9 0

L - l y x i t o l  b i s n h e n y l b o r o -  • 
h a t e b 4 . 3 3 2 . 2 1

M o n o -O -p h e n y lc a rb a m o y l -L  
- l y x i t o l  b i s p h e n y l b o r o n a t e b 3 . 2 3 1 . 0 5

II c 3 . 0 1 0 . 9 7

M o n o -O -p h e n y lc a rb a m o y l -L  
- l y x i t o l  . 0 3 . 1 4 0 . 8 8

X y l i t o l  b i s p h e n y l b o r o n a t e b 3 . 6 8 1 . 6 9
M o n o -O -p h e n y lc a rb a m o y l  
- x y l i t o l  b i s p h e n y l b o r o n a t e c 3 . 1 3 1 . 0 1

M o n o - O -p h e n y lc a rb a m o y l ,
1 - d e o x y - L - g a l a c t i t o l b i s -
p h e n y l b o r o n a t e

c 3 . 0 8 -

E t h y l  c a r b a m a t e a 0 . 2 9 -

If b 0 . 1 2
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E x p e r i m e n t  53* I n f r a r e d  s p e c t r o s c o p y .

( a )  The i n f r a r e d  s p e c t r a  i n  t h e  h y d r o x y l  

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

i n  T a b l e  37 w ere  d e t e r m i n e d  f o r  O.OO5 M s o l u t i o n s  i n  

d r y  c a r b o n  t e t r a c h l o r i d e  b y  u s i n g  a  Unicam S P -1 0 0  

S p e c t r o p h o t o m e t e r  and  4  cm. c e l l s .  C o l l a b o r a t i o n  o f  

D r .  D. S t e e l  d u r i n g  t h i s  e x p e r i m e n t  i s  g r e a t l y  

a c k n o w le d g e d .

( b )  The IE  s p e c t r a  o f  a l l  t h e  o t h e r  compounds 

m e n t i o n e d  i n  t h e  t e s t  w ere  o b t a i n e d  u s i n g  a  P e r k i n  

E lm e r  I n f r a c o r d  s p e c t r o p h o t o m e t e r .  The s a m p le s  u s e d  w ere  

i n  t h e  fo rm  o f  a  m u l l  w i t h  n u j o l .
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