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A B S T R A C T



A c e ta l  c o n d e n s a t io n s  o f  a  number o f  a ld e h y d e s  w i th  

D - g l u c i t o l  i n  d i l u t e  aq^ueous and non-aq,ueous a c id  m ed ia  have  

been  fo l lo w e d  p o l a r i m e t r i c a l l y .  Those i n v o lv in g  a c e ta ld e h y d e ,  

p ro p io n a ld é h y d e ,  n -  and i s o - b u ty r a ld e h y d e  and b e n za ld e b y d e  

a p p a r e n t l y  p ro ce ed  v i a  a  k i n e t i c a l l y  c o n t r o l l e d  i n t e r m e d i a t e ,  

w i th  a  c o m p a ra t iv e ly  l a r g e  n e g a t iv e  o p t i c a l  r o t a t i o n ,  b e fo r e  

a t t a i n i n g  an  e q u i l i b r i u m  i n  which t h e  2 ,4 -m o n o a c e ta l  i s  t h e  

m a jo r  p r o d u c t é S i m i l a r  b e h a v io u r  h a s  n o t  been  o b se rv ed  w i th  

e i t h e r  fo rm a ld eh y d e  o r  t r i c h l o r o a c e t a l d e h y d e *

F o r  t h e  r e a c t i o n s  o f  D - g l u c i t o l  w i th  n - o u ty r a ld e h y d e  and 

b e n z a ld e h y d e  t h e  i n t e r m e d i a t e  compounds have been  i s o l a t e d ,  

c h a r a c t e r i z e d  and shown t o  be t h e  2 ,3 - £ - o u t y l i d e n e  and 2 , 3 - 0 -  

b e n z y l  id  e n e -D -g lu c  i t  o l s  r e s p e c t i v e l y ,  w hich  were p r e v i o u s ly  

unknown. P ro to n  m ag n e tic  re s o n a n c e  (P:ni) s p e c t r o s c o p i c  

s t u d i e s  have  been  c a r r i e d  o u t  on b o th  compounds and t h e s e  

r e s u l t s ,  t o g e t h e r  w i th  m e l t in g  p o in t  and s p e c i f i c  r o t a t i o n  d a t a ,  

i n d i c a t e d  th e  2 ,3 - £ - o e n z y l id e n e  compound, a s  i s o l a t e d ,  t o  be a 

m ix tu re  o f  d i a s t e r e o i s o m e r s .

Work on th e  h y d r o ly s e s  o f  t h e s e  two a c e t a l a  su g g e s te d  t h a t  

t h e y  a r e  c o n s i d e r a b ly  more l a b i l e  th a n  t h e  c o r r e s p o n d in g  2 , 4 -  

m o n o a c e ta l s .  M oreover, 2 , 3 - 0 - b e n z y l i d e n e - D - g l u c i t o l  was 

h y d ro ly s e d  much more r a p i d l y  th a n  th e  b u t y l i d e n e  compound.



In  n o n -aq u eo u s  m edia, b o th  compounds underw en t r i n g  m ig r a t i o n s  

i n  which t h e  2 ,4 -m o n o a c e ta l s  a p p ea re d  t o  be t h e  p r i n c i p a l  

p r o d u c t s .

The r e a c t i o n s  o f  n^ -bu ty ra ldehyd e  w i t h  v a r i o u s  d e r i v a t i v e s  

o f  D - g l u c i t o l  i n  d i l u t e  aqueous a c id  have been  s t u d i e d  i n  a  

s i m i l a r  m anner, and f o u r  new a c e t a l s  have been  i s o l a t e d  and 

i d e n t i f i e d .  1 - D e o x y - D - g lu c i to l  r e a c t e d  i n  t h e  same way a s
SB

3 - g l u c i t o l ,  fo rm in g  2 , 3 - £ - b u t y l i d e n e - 1 - d e o x y - D - g l u c i t o l  u n d e r  

k i n e t i c  c o n t r o l  w hich  s u b s e q u e n t ly  p a sse d  t o  2 , 4 - 0 - b u t y l i d e n e -  

1 - d e o x y - D - g lu c i t o l .  With 2 - d e o x y - D - g lu c i t o l ,  t h e  k i n e t i c a l l y  

c o n t r o l l e d  p r o d u c t  was 1 ,3 - £ - b u t y l i d e n e - 2 - d e o x y - D - g l u c i t o l .

No k i n e t i c a l l y  c o n t r o l l e d  p ro d u c ts  c o u ld  be  o b se rv ed  w i th  3 - £ -  

m e t h y l - D - g l u c i t o l ,  b u t  th e  m ain p ro d u c t  a p p e a re d  most l i k e l y  

t o  be 2 , 4 - £ - b u t y l i d e n e - 3 - £ - m e t h y l - D - g l u c i t o l .



I N T R O D U C T I O N



The F o rm a tio n  o f  C y c l ic  A c e ta ls

C y c l ic  a c e t a l s  a r e  f i v e ,  s i x  o r  sev en  membered s a t u r a t e d  

h e t e r o c y c l i c  r i n g s  c o n t a i n i n g  oxygen atom s in  p o s i t i o n s  1 and 3 ,  

and a r e  p ro d u c t s  o f  a c i d - c a t a l y s e d  c o n d e n s a t io n s  o f  a ld e h y d e s  

w i th  p o ly h y d r ic  a l c o h o l s .  ( F i g .  i )

OH

+  R .CHO . --------  f  H^O

OH

O

H

The e q u i l i b r i u m  s i t u a t i o n s  o f  many su c h  r e a c t i o n s  a r e  

w e l l  d o c u m e n te d .1 A lth oug h  t h e  v a r i e t y  o f  p o s s i b l e  p ro d u c ts  

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

i t  had lo n g  been  r e c o g n is e d  t h a t  t h e  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  had c o n s i d e r a b le  i n f lu e n c e  on t h e  ty p e  o f  c y c l i c  

a c e t a l  t h a t  was found  i n  t h e  f i n a l  p r o d u c t s .  C e r t a in  r i n g  

form s a p p ea re d  t o  be more f a v o u r a b le  th a n  o t h e r s .

The f i r s t  a t t e m p t  t o  c o r r e l a t e  t h e s e  o b s e r v a t i o n s  was made 
2 3by Ilann and Hudson ’ who drew  up a  s e t  o f  e m p i r i c a l  r u l e s  b a sed  

upon d a t a  a v a i l a b l e  from  t h e  m e th y len e  a c e t a l s  o f  ^ - g l u c i t o l ,  

D -m a n n i to l  and d u l c i t o l .  B a rk e r  and Bourne^ l a t e r  m o d if ie da
and e x te n d e d  t h e s e  r u l e s  t o  c o v e r  d a t a  f o r  b e n z y l id e n e ,  

e th y l i d e n e  and m e th y len e  a c e t a l s  o f  a  wide ra n g e  o f  p o ly h y d r ic



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

n o m e n c la tu re  f o r  d i s t i n g u i s h i n g  th e  d i f f e r e n t  t y p e s  o f  r i n g s .

The Greek l e t t e r s  a ,  P and Ï were u sed  t o  s i g n i f y  th e  

r e l a t i v e  p o s i t i o n s  a lo n g  t h e  c a rb o n  c h a in  o f  t h e  p o ly h y d r ic  

a l c o h o l ,  o f  t h e  two h y d ro x y l  g ro ups  engaged in  c y c l i s a t i o n ,  and 

C and T i n d i c a t e d  th e  r e l a t i v e  c o n f i g u r a t i o n s  ( c i s  o r  t r a n s ) o f  

t h e s e  two g ro u p s  a s  t h e y  a p p e a re d  i n  t h e  u s u a l  F i s c h e r  p r o je c t io n

f o rm u la ,  G and T were n o t  r e q u i r e d
C H ,O H

i f  a  p r im a ry  h y d ro x y l  g rou p  was

H ---------- OH in v o lv e d .  T hus, f o r  exam ple , i n

H O — — H B - g l u c i t o l  ( F i g ,  i i )  a  r i n g  i n v o l v -

 Q|_| in g  h y d ro x y l  g ro u p s  a t  p o s i t i o n s  1

, .  r , and 2 was d e s c r ib e d  a s  an & - r in g ,
H — — OH

 ̂ F i g .  i i  a  2 ,3  r i n g  would be 4 , 5 - ,

1 , 3 - ,  P , 3 , 5 - ,  PT, 2 , 4 - ,  PC e t c .

A c co rd in g  t o  t h e  m o d if ie d  Hann-Hudson r u l e s ,  t h e  o r d e r  o f  

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

a  PC r i n g ,  t h e n  a  P - r i n g ,  fo l lo w e d  by  an &T, pT- o r  ^ T - r in g ,  

The o r d e r  i n  t h e  l a t t e r  g roup  was d ep en d e n t  upon su c h  f a c t o r s  a s  

t h e  n a t u r e  o f  t h e  a ld e h y d e ,  and w h e th e r  p a r t  o f  t h e  p o ly h y d r ic  

a l c o h o l  was a l r e a d y  in v o lv e d  i n  a  r i n g  sy s te m . W ith t h e  a i d  o f  

t h e s e  r u l e s  t h e  p ro d u c ts  o f  a  g iv e n  c o n d e n s a t io n  c o u ld  be p r e 

d i c t e d  w i th  c o n s i d e r a b le  c o n f id e n c e .



î r i l l s  h a s  shown t h a t  t h e  e x i s t e n c e  o f  c y c l i c  a c e t a l s  i n  

an  e q u i l i b r i u m  m ix tu r e ,  i n  c e r t a i n  p r e f e r e n t i a l  r i n g  fo rm s ,  

can  be e x p la in e d  by a p p l i c a t i o n  o f  th e  p r i n c i p l e s  o f  conform 

a t i o n a l  a n a l y s i s ;  t h e  most f a v o u re d  r i n g  fo rm s b e in g  conform 

â t  i o n a l l y  th e  most s t a b l e .

R'

C I S -

F ± g ,  i i i

The f i v e  membered (&-) o r  1 ,3 - d io x o la n e  r i n g  i s  n o t  q u i t e  

p l a n a r .  P ro to n  m ag n e tic  r e s o n a n c e  (P II l)  s p e c t r o s c o p i c  s t u d i e s ^  

have shown t h a t  th e  r i n g  i s  pu ck ered  su c h  t h a t  th e  c i s - ne ig h o o u r-  

i n g  s u b s t i t u e n t s  d e f i n e  a  s m a l l  d i h e d r a l  a n g le .  In  F i g . i i i  

R* and r e p r e s e n t  th e  r e s i d u e s  o f  t h e  p o ly h y d r ic  a l c o h o l  

c h a i n ,  and t h e i r  most f a v o u r a b le  p o s i t i o n s  a r e  i n  a  t r a n s -
5

r e l a t i o n s h i p  i n  w hich  i n t e r a c t i o n  i s  a  minimum. Hence an  

c iT -ring  i s  g e n e r a l l y  e x p e c te d  t o  be more s t a b l e  t h a n  an  o C - r in g .  ' 

S te re o is o m e r is m  i s  p o s s i b l e  a t  t h e  a c e t a l  c a rb o n  a t  ora (Cg) 

p ro v id e d  t h a t ,  i n  t h e  c a se  o f  t h e  t r a n s - r i n g ,  R* and R” a r e  I

d i f f e r e n t .  I
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R

I R"
C I S - t r a n s -  

F i g .  i v

The s i x  membered ( P - ) ,  o r  1 ,3 -d io x a n e  r i n g  ( F l g .  i v )  

p r e f e r e n t i a l l y  a d o p ts  t h e  • c h a i r*  c o n fo rm a t io n .  In  t h e  most 

f a v o u r a b l e  (PC -) r i n g  t h e  r e s i d u e s  E* and R” a r e  i n  e q u a t o r i a l  

p o s i t i o n s ,  w hereas f o r  t h e  a l t e r n a t i v e  (P T -)  r i n g  one r e s i d u e  

m ust be a x i a l  and t h e  o t h e r  e q u a t o r i a l .  T h e o r e t i c a l l y  s t e r e o 

iso m erism  i s  p o s s i b l e  a t  t h e  a c e t a l  c a rb o n  atom  (C^) b u t  i n  

p r a c t i c e  o n ly  one d i a s t e r e o i s o m e r  i s  n o rm a l ly  found s i n c e  a  

second  would r e q u i r e  t h e  s u b s t i t u e n t  R i n  an  u n f a v o u r a b le ,  

a x i a l  p o s i t i o n .

The se v en  membered ( ^ - ) ,  o r  1 ,3 - d io x s p a n  r i n g  i s  f a r  l e s s  

common among t h e  c y c l i c  a c e t a l s  o f  p o ly h y d r ic  s i lco h o ls  th a n  a r e  

t h e  o t h e r  two r i n g s .  I t  i s  by co m p ariso n  a  v a r y  f l e x i b l e  s t r u 

c t u r e  •

One o f  t h e  most u s e f u l  t o o l s  f o r  s tu d y in g  t h e  f o r m a t io n ,  

s t r u c t u r e  and r e a c t i v i t y  o f  c y c l i c  a c e t a l s  i s  p ro to n  m ag n e tic  

r e s o n a n c e  s p e c t r o s c o p y  (B-IIl). 3 a g g e t t  e t  a l .  have  examined



t h e  s p e c t r a  o f  a  g r e a t  many s u b s t i t u t e d  1 ,3 - d io x a n e s  and 1 , 3 -  

d i o x o la n e s ,  and have o b se rv ed  t h a t  t h e  s i g n a l  f o r  th e  p r o to n  

on t h e  a c e t a l  c a rb o n  atom (Cg) o f  2 -p h e n y l  d e r i v a t i v e s  i s  

u n s p l i t  and o c c u r s  i n  a  r e g i o n  o f  t h e  sp e c tru m  w hich  i s  u s u a l l y  

f r e e  from  o t h e r  s i g n a l s •

The m ag n itu d e  o f  t h e  c h e m ic a l  s h i f t  o f  t h i s  s i g n a l  i s  

d e p en d e n t  t o  some e x t e n t  on t h e  p ro x im i ty  o f  th e  p r o to n  t o  

o t h e r  s u b s t i t u e n t s  on t h e  r i n g .  F o r  exam ple , i n  a  s e r i e s  o f

4 - a l l c y l - 2 - p h e n y l - 1 ,3 - d i o x o l a n e s ,  in  ^ - d io x a n  s o l u t i o n s ,  a c e t a l  

p r o to n  s i g n a l s  were fou nd  i n  t h e  r a n g e s  4 .6 2  -  4 .6 7  and 4 .4 6 -  

4 .5 2  and were a s s ig n e d  t o  t h e  iso m ers  ( a )  and (b )  r e s p e c t i v e l y  

( F i g .  v ) .

H H

H
Ph

H

RR
( a )

The d i s p la c e m e n t  o f  t h e  a c e t a l  p r o to n  s i g n a l  t o  lo w e r  f i e l d  i n  

t h e  (b )  iso m ers  was a t t r i b u t e d  t o  d e s h i e l d i n g  a r i s i n g  from  t h e  

e x p a n s io n  o f  th e  e l e c t r o n  c lo u d s  o f  t h e  a c e t a l  p r o to n  and th e

4 - s u b s t i t u e n t  b e c a u se  o f  t h e i r  p r o x im i ty .

B en zy lid e n e  a c e t a l  p r o to n s  on 1 ,3 - d io x o la n e  r i n g s  u s u a l l y  

r e s o n a t e  a t  lo w e r  f i e l d s  t h a n  th o s e  on 1 ,3 - d io x a n e  r i n g s .
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I t  h a s  been  su g g e s te d ^  t h a t  t h i s  may be e x p la in e d  by  t h e  d e 

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

t r o n s  on t h e  a d j a c e n t  oxygen a to m s, which a r e  h e l d ,  i n  t h e  1 , 3 -  

d io x o la n e  r i n g ,  in  o r b i t a l s  e c l i p s e d  w i th  t h e  Gg-h bond*

From c o r r e l a t i o n s  be tw een  s t e r e o c h e m ic a l  e n v iro n m en ts  and 

c h e m ic a l  s h i f t s  o f  a c e t a l  p r o to n  s i g n a l s  r i n g  s i z e s ,  conform 

a t i o n s  and a b s o l u t e  c o n f i g u r a t i o n s  have been  d e te rm in e d  f o r  

many B eazy lld en e^ * ^* ^ ^ * ^^ * ^^  and some F u r f u r y l id e n e ^ ^  a c e t a l s .  

M oreover o b s e r v a t i o n  o f  t h e s e  s i g n a l s  d u r in g  r e a c t i o n s  can  p ro 

v id e  i n f o r m a t io n  c o n c e rn in g  t h e  f o r m a t io n  o r  d e ca y  o f  p a r t i c u l a r  

a c e t a l s . ^ 1 f 1^»15

The c o u r s e  o f  a c id  c a t a l y s e d  a c e t a l a t i o n  o f  p o ly h y d r ic

a l c o h o l s  h a s  r e c e i v e d  c o m p a r a t iv e ly  l i t t l e  s tu d y . Hann and 
2Hudson e n v is a g e d  t h a t  su c h  c o n d e n s a t io n s  would e n t a i l  a  su c c 

e s s i o n  o f  r e a c t i o n s ,  some p e rh a p s  i n  c o m p e t i t i o n ,  and t h a t  a  

s t a t e  o f  r e v e r s i b l e  e g u i l i b r i u m  in  th e  a c i d  r e a c t i o n  m ix tu r e ,  

i n v o lv i n g  a  number o f  a c e t a l s ,  would f i n a l l y  be  a t t a i n e d .

The k i n e t i c  p h ase  o f  t h e  r e a c t i o n  i s  c o n t r o l l e d  by t h e  e n e r g i e s  

o f  a c t i v a t i o n  w hich  can  depend on f a c t o r s  o t h e r  t h a n  t h e  s t a b 

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

P o ly h y d r ic  a l c o h o l s  a r e  assumed t o  p r e f e r e n t i a l l y  a d o p t  a 

p l a n a r  z i g - z a g  c o n fo rm a t io n  o f  th e  c a rb o n  c h a i n , ^^ However,
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i t  I s  n o t  c e r t a i n  t h a t  t h i s  c o n fo rm a tio n  n e c e s s a r i l y  p e r s i s t s  

in  s o l u t i o n .  I n t e r a c t i o n s  w i th  s o l v e n t  m o le c u le s  may c au se  

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

s t a b l e  p r o d u c t s  c o u ld  th u s  be h i n d e r e d .

A consequ en ce  o f  k i n e t i c  c o n t r o l  i s  o f t e n  th e  r a p i d  form 

a t i o n  o f  an  i n t e r m e d i a t e  p ro d u c t  r e q u i r i n g  a  low e n e rg y  o f  

a c t i v a t i o n ,  v/hich t h e n  s lo w ly  p a s s e s  t o  th e  more therm odynam ic

a l l y  s t a b l e  p r o d u c t .

By means o f  KIH s p e c t r o s c o p y ,  A l - J e b o u r y  e t  a l . ^ ^  have 

fo l lo w e d  t h e  b e n z y l i d e n a t i o n  o f  1 , h - a n h y d r o e r y t h r i t o l  in  

n i t r o n e t h a n e  a t  25-30® i n  t h e  p re s e n c e  o f  t o lu e n e - £ - s u lp h o n i c  

a c i d .  They n o t i c e d  t h a t  t h e r e  was a  r a p i d  developm ent o f  an 

a c e t a l  p r o to n  s i g n a l  a t  r e l a t i v e l y  h ig h  f i e l d  fo l lo w e d  by th e  

s lo w  a p p e a ra n c e  o f  a  s i g n a l  a t  lo w e r  f i e l d ,  p a r a l l e l e d  by 

d im in u t io n  i n  i n t e n s i t y  o f  t h e  f i r s t  s i g n a l .  At e q u i l i b r i u m ,  

t h e  i n t e g r a t e d  a r e a s  o f  t h e  two s i g n a l s  were c o m p a rab le .  The 

two s i g n a l s  were a t t r i b u t e d  t o  t h e  iso m ers  o f  t h e  a c e t a l  w i th  

p h e n y l  g ro u p s  in  t h e  endo-  and e x o -p o s i t i o n s  r e s p e c t i v e l y  

( F i g .  Vi).
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The same e f f e c t  was found  t o  talce p la c e  d u r in g  t h e  b e n z y l id e n 

a t i o n  o f  c y o lo h e x an e - o i s - l , 2 - d i o l .  The s e l e c t i v e  f o r m a t io n  

o f  th e  e n d o - iso m e r  r e f l e c t e d  an I n i t i a l  k i n e t i c  c o n t r o l  t h a t  

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

b a r r i e r  r e t a r d e d  t h e  f o r m a t io n  o f  t h e  exo- i s o m e r .

The o p e r a t io n  o f  k i n e t i c  c o n t r o l  h a s  been  d e m o n s tra te d  i n  

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

m e t h y l - u - ^ - g a l a c t o p y r a n o s id e  i n  ]N,g^-dimethylformamide 

where s m a l l  amounts o f  t h e  d i a s t e r e o i s o m e r s  o f  3 f h - £ - b e n z y l id e n e  

d e r i v a t i v e s  were d e t e c t e d .  At e q u i l i b r i u m ,  t h e  o n ly  a p p a re n t  

p ro d u c t  was th e  4 , 6 - a c e t a l ,
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The F i s s i o n  o f  C yo llo  A c e ta ls  

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

th e  a t t a c k  o f  an  e l c c t r o p h i l i c  s p e c i e s  (X) on one o f  t h e  r i n g  

oxygen  a to m s , fo l lo w e d  by  r u p t u r e  o f  t h e  a d j a c e n t  bond w i th  t h e  

a c e t a l  c a rb o n  a tom , t o  fo rm  an oxocarbonium  io n  i n t e r m e d i a t e  

( F i g .  v i i ) .  The oxocarbonium  io n  can  th e n  undergo  f u r t h e r

r e a c t i o n #

X X ®

p; R -I— R -j— ox
— > ! ,c

I \  /  :
I

e  R

H

F i g .  v i i

E l e c t r o p h i l i c  r e a g e n t s  t h a t  have  been  u sed  f o r  t h i s  pu rp o se

in c lu d e  Lewis a c id s  ( e . g .  Boron t r i c h l o r i d e ^ a n d  Aluminium
0

t r i c h l o r i d e ^ ^ * ^ ^ * ^ ^ c a t i o n s  o f  t h e  ty p e  HCO a s  i n  

a c e t o l y s i s ^ ^ * ^ ^ ’ ^ ^* ^ ^ ,  hydroxonium  io n s  a s  i n  h y d r o l y s i s ,  and 

p r o t o n s .

h y d r o l y s i s  o f  t h e  a c e t a l  p ro d u c ts  opposes t h e  a c id  

c a t a l y s e d  c o n d e n s a t io n  o f  a ld e h y d e s  w i th  p o ly h y d r ic  a l c o h o l s .

In  c o n t r a s t  w i th  th e  l a t t e r  r e a c t i o n ,  a c id  c a t a l y s e d  h y d r o ly s e s
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o f  b o th  l i n e a r  and c y c l i c  a c e t a l s  have been  c o n s i d e r a b ly  

e x p lo re d  and a  mechanism ( F i g .  v i i i )  i s  now w e l l  e s t a b l i s h e d ,  

t h e  p r i n c i p a l  e v id e n c e  f o r  w hich  h as  been  rev iew ed  by  F i f e  and 

J a o .2 7

O

OX H )0
f  a s t

H
e  /  
- o

H
-h H , 0

H
0  /  
- O

H

r a t e   ̂

s t e p

OH R

C ^ H

OH R

C ^ H  +  2 H ,0  -

©

OH
0

-f  R.CHO H- H , 0

OH

P i g .  v i i i

The r e a c t i o n  shows s p e c i f i c  a c id  c a t a l y s i s  and th e  r a t e  

d e te r m in in g  s t e p  in v o lv e s  t h e  f o r m a t io n  o f  an  oxocarbonium  io n  

by  th e  u n im o le c u la r  breakdown o f  t h e  p r o to n a t e d  a c e t a l



15

( a n  A-1 m echan ism ). I n  common w i th  t h i s  m echanism  i s  t h e  

marked e f f e c t  o f  t h e  s u b s t i t u e n t  R, on t h e  a c e t a l  c a rb o n  a tom , 

on th e  r e a c t i o n  r a t e .  An e l e c t r o n - d o n a t i n g  g roup  enhances  

t h e  r e a c t i o n  by a s s i s t i n g  p r o t o n a t i o n  and s t a b i l i z i n g  t h e  oxo

carbon ium  io n  t r a n s i t i o n  s t a t e ,  w h i l s t  an  e le c t r o n - v ; i th d r a w in g  

g ro u p  h a s  t h e  o p p o s i t e  e f f e c t .  I f  t h e  s u b s t i t u e n t  can  i n t e r a c t  

w i th  t h e  oxocarbonium  io n  th ro u g h  r e s o n a n c e  th e n  t h e  e f f e c t  on

t h e  r e a c t i o n  r a t e  i s  even more m arked .

H ost o f  t h e  work on t h e  h y d r o l y s i s  o f  c y c l i c  a c e t a l s  h a s

b e en  c a r r i e d  ou t w i th  t h e  more s im p le  s u b s t i t u t e d  1 ,3 -d io x a n e s

and 1 ,3 - d i o x o l a n e s .  Of t h e  h e x i t o l  c y c l i c  a c e t a l s ,  K o c k e t t  
28e t  a l .  have  s t u d i e d  t h e  h y d r o l y s i s  o f  4 , 6 - ^ - e t h y l i d e n e - O -  

g l u c i t o l  i n  aqueous s u l p h u r i c  a c i d ,  by f o l lo w in g  th e  change in

o p t i c a l  r o t a t i o n  o f  t h e  r e a c t i o n  m ix tu re  w i t h  t im e .
20

3y a  s i m i l a r  m ethod , S .R , Harwood i n v e s t i g a t e d  th e  

k i n e t i c s  o f  h y d r o l y s i s  o f  some b u ty l id e n e  and b u t - 2 - e n y l id e n e  

a c e t a l s  o f  D - g l u c i t o l  i n  aqueous h y d r o c h lo r i c  a c i d .  She found  

t h a t  th e  r e a c t i o n s  were o f  f i r s t  o r d e r  w i th  r e s p e c t  t o  t h e  

a c e t a l s ,  and co n c lu d ed  t h a t  t h e  m echanism f o r  th e  2 , 4 - £ - b u t y l i -  

dene a c e t a l  was A-1, s i n c e  t h e  lo g a r i th m  o f  t h e  r a t e  c o n s t a n t  

v a r i e d  l i n e a r l y  w i th  th e  a c i d i t y  f u n c t i o n ,  -  H^, g iv in g  a  l i n e  

o f  u n i t  s l o p e . S o m e w h a t  s u r p r i s i n g l y ,  t h e r e  was l i t t l e
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s i g n i f i c a n t  d i f f e r e n c e  in  th e  r a t e s  o f  h y d r o l y s i s  o f  th e  2 , 4 -  

4 , 6 -  and 3 , 4 - £ - b u t y l i d e n e - B - g l u c i t o l s ,  a s  m igh t have been  

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

( P C> P > UT ) ^ *  However, t h e  u n s a t u r a t e d  2 , 4 - 0 - b u t - 2 *- e n y l i d e n e -  

D - g l u c i t o l  was h y d ro ly s e d  much f a s t e r  t h a n  th e  c o r r e s p o n d in g  

s a t u r a t e d  a c e t a l  a  f a c t  w hich  i s  c o n s i s t e n t  w i th  th e  f o r m a t io n  

o f  a  r e s o n a n c e  s t a b i l i s e d  t r a n s i t i o n  s t a t e .

The r e d u c t i v e  c le a v a g e  o f  1 ,3 - d io x a n e s  and 1 ,3 - d io x o la n e s  

i n  e t h e r  s o l u t i o n  w i th  a lum in ium  c h l o r i d e  and l i t h i u m  alum inium

h y d r id e  h as  been  e x t e n s i v e l y  s t u d i e d  by  L e g g e t t e r  and h i s  c o -
1Q 2 0  21 22w o rk e rs ,  • * * and t h e i r  o b s e r v a t io n s  have i n d i c a t e d  t h a t

t h e  f o r m a t io n  o f  t h e  oxocarbonium  io n  i s  th e  r a t e  c o n t r o l l i n g  

s t a g e .  They have p o in te d  o u t  t h a t  oxocarbonium  io n  f o r m a t io n

r e q u i r e s  t h a t  a  C-O-C g roup  a t t a i n  c o p l a n a r i t y  f o r  optimum

5 -
6

20s t a b i l i s a t i o n .  T h is  i s  more r e a d i l y  a c h ie v e d  i n  th e  1 , 3 -

d io x o la n e  r i n g  b e ca u se  i t  i s  more n e a r l y  com plana r  i n i t i a l l y ,  

t h a n  i s  t h e  1 ,3 -d io x a n e  r i n g  whose i d e a l  c o n fo rm a tio n  a p p ro a c h e s  

t h a t  o f  t h e  c h a i r  fo rm  o f  c y c lo h e x a n e .  On t h i s  b a s i s ,  f i v e  

membered a c e t a l  r i n g s  would be e x p e c te d  t o  c le a v e  more r e a d i l y  

t h a n  s i x  membered r i n g s .

I f  an oxocarbonium  io n  r e c y c l i s e s ,  by r e a c t i n g  w i th  

a n o th e r  h y d ro x y l  g roup  o f  t h e  same p o ly h y d r ic  a l c o h o l ,  t h e  n e t  

r e s u l t  i s  a  r i n g  m i g r a t i o n .  An exam ple o f  t h i s  was d i s c o v e r e d
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31by  Reeves who fo ’und t h a t  In  g l a c i a l  a c e t i c  a c id  3,5-%0- 

b e n z y l id e n e -1  an h y d ro -D -n ia n n ito l  underw ent a  re a r ra n g e m e n t  

t o  t h e  2 ,3 ^ 0 - o e n z y l id e n e  compound (R ig .  i x ) .  Kore r e c e n t l y ,  

A l- J e b o u r y  e t  a l . ^ ^  have shown t h a t  t h i s  r e a c t i o n  a l s o  t a k e s  

p l a c e  a t  25-50® i n  DI.üT c o n ta in i n g  to lu e n e - jQ -s u lp h o n ic  a c i d .

CH,—CH

HO

Ph

CH^OH

H
e X c

OHWl I

CH,OH
F i g .  i x  , _

Owing t o  t h e  c o m p e t i t io n  from  h y d r o l y s i s  and r e s y n t h e s i s

r e a c t i o n s ,  r i n g  m ig r a t io n  in  aqueous a c id  m edia  i s  n o t  o f t e n
32e a s y  t o  d e t e c t .  However, i t  has been  shown t h a t ,  i n  d i l u t e  

aqueous a c e t i c  a c i d ,  2 , l f î 3 , 5 - d i - 0 - f u r f u r y l i d e n e -  and 2 , 4 : 5 , 5 -  

d i - O - b e n z y l i d e n e - g - g l u c i t o l s  r e a r r a n g e  by r i n g  m ig r a t i o n  t o  t h e  

c o r r e s p o n d in g  1 , 5 : 2 , 4 - d i a c e t a l s  (R ig .  x ) .
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CH.OH

R

H
D i l u t e

A c e t i c  A cid

O CHR

H

OH

R

F i g .  X
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C y c l ic  A c e ta ls  o f  D- G l u c i t o l

CH^OH 

- O H

HO
-I-

©
HO

R .C H O

OH

CH;,OH

o t h e r
MONOACETALS

-f POLYACETALS

WATER

OH 

OH

CHiOH
P i g .  x i

When e q u im o la r  q u a n t i t i e s  o f  D - g l u c i t o l  and an  a ld e h y d e

a r e  d i s s o l v e d  t o  form  a c o n c e n t r a t e d  s o l u t i o n  i n  aqueous

s u l p h u r i c  a c i d  (c.3lT) and l e f t  t o  s t a n d  a t  room te m p e r a tu re

f o r  some t im e ,  t h e  p r i n c i p a l  p ro d u c t  o b ta in e d  from  th e  r e a c t i o n

m ix tu re  i s  t h e  2 ,4 -m o n o a c e ta l  (F ig*  x i ) »  F o rm a tio n  o f  t h i s

p a r t i c u l a r  m o n o a c s ta l  i s  p r e d i c t a b l e  s i n c e  i t  i s  a  P O -rlng^
5 20and i s  th e rm o d y n a m ic a l ly  t h e  most s t a b l e * ^ '  The r e a c t i o n

h a s  been  found  t o  be a p p l i c a b l e  t o  f u r f u r a l d é h y d e ,  c r o t o n -

leh 
29

a l d e h y d e , : n ^ b u t y r a l d e h y d e , ^ ^  i s o - b u ty r a ld e h y d e ,  p r o p io n a ld é 

hyde and b e n z a ld e h y d e ,^ ^  and i n  e v e ry  c a s e  t h e  2 ,4 -m o n o a c e ta l  

c r y s t a l l i z e s  o u t  o f  s o l u t i o n ,  th u s  d i s c o u r a g in g  f u r t h e r  conden

s a t i o n  w i th  th e  a ld e h y d e  t o  form  p o l y a c e t a l s *  2 , Et hy l i dene -  

D - g l u c i t o l  c o u ld  n o t  be o b ta in e d  by t h i s  m ethod , p resum ab ly  

due t o  i t s  g r e a t e r  s o l u b i l i t y  i n  th e  r e a c t i o n  m ix tu r e ,  and t h i s
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would p r o b a b ly  a p p ly  a l s o  t o  2 , l4 . -0 -m a th y le n e -B -g lu c i to l .^ '^

The fo rm a t io n  o f  p o l y a c e t a l s  i n  s u b s t a n t i a l  y i e l d  i s  

a s s i s t e d  by th e  rem ova l o f  w a te r  from  th e  system * F o r  exam ple , 

t  r  i - O - f  u r f  u r y l i d e n e , t r  i - ^ - n - b u t y 1 id  e n e - , t  r  i-O - i s o - b u t y l i d e ne 

and t r i - 0 —b u t - 2 —e n y l id e n e —B - g l u c i t o l s ^ ^  have been  p re p a re d  by 

a z e o t r o p i c  d i s t i l l a t i o n  o f  th e  r e a c t a n t s  i n  t h e  p re s e n c e  o f  

to lu e n e - jo - s u lp h o n ic  ac id*

The a fo re m e n t io n e d  r e a c t i o n s  have a l l  in v o lv e d  r e a c t a n t s  

i n  v e r y  h i g h ly  c o n c e n t r a t e d  s o l u t io n s *  There  a r e  few  r e p o r t s  

o f  su ch  r e a c t i o n s  b e in g  co n duc ted  i n  d i l u t e  ( <  M) aqueous 

s o l u t io n s *  t ind e r  t h e s e  c o n d i t i o n s ,  m onoaoe ta l p ro d u c ts  would 

rem a in  i n  s o l u t i o n  and th e  r e v e r s e  r e a c t i o n  sh o u ld  p l a y  an 

im p o r ta n t  r o l e  in  g o v e rn in g  t h e  c o n s t i t u t i o n  o f  t h e  f i n a l  mix

tu r e *  I t  a l s o  seems r e a s o n a b le  t o  assume t h a t  th e  f o rm a t io n  

o f  p o l y a c e t a l s  would be r e t a r d e d  i n  t h e  p r e s e n c e  o f  a  l a r g e  

e x c e s s  o f  w ater*

The s u b j e c t  o f  t h i s  t h e s i s  a r o s e  a s  a  r e s u l t  o f  an
pq

o b s e r v a t i o n  by Dr* S*S* Harwood*  ̂ T ak ing  an e q u im o la r  m ix tu re  

(c.o*1M ) o f  n -b u ty r a ld e h y d e  and D - g l u c i t o l  i n  2H aqueous a c id  

s o l u t i o n  sh e  fo llo w ed»  th e  r e a c t i o n  p o l a r i m e t r i c a l l y ,  a t  30^*

The v a r i a t i o n  i n  t h e  o p t i c a l  r o t a t i o n  o f  t h e  sy s te m  w i th  t im e  

i s  shown below  (Fig* x i i ) *
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I S O100 min.

- 0 3 -

P o l a r i m e t r i c  c u rv e s  o f  s i m i l a r  fo rm  w ere o b ta in e d  in  th e  

p re s e n c e  o f  b o th  h y d r o c h l o r i c  a c i d ,  and s u l p h u r i c  a c id  c a t a l y s t s  

and l a t e r  t h e  same r e s u l t  v;as o b ta in e d  w i th  2 ,5 - d i c h l o r o b e n z e n e -  

s u lp h o n ic  a c i d ,  t h u s  e l i m i n a t i n g  th e  p o s s i b i l i t y  t h a t  t h e  sh ap e  

o f  t h e  c u rv e  was a s s o c i a t e d  w i th  th e  a c i d  r a d i c a l *

h r*  Harwood p o in te d  o u t  t h a t  t h e  r a p i d  a t t a i n m e n t  o f  su c h  

a  minimum, fo l lo w e d  by t h e  i n c r e a s e  t o  t h e  e q u i l i b r i u m  r o t a t i o n ,  

was c h a r a c t e r i s t i c  o f  a  k i n e t i c a l l y  c o n t r o l l e d  f i r s t  s t a ^ e ,  

f o l lo w e d  by a  th e rm o d y n a m ic a l ly  c o n t r o l l e d  second  and f i n a l  

s t a g e *  The k i n e t i c a l l y  c o n t r o l l e d  p ro d u c t  was d e t e c t a b l e  on 

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

F o r  t h e  r e a s o n s  a l r e a d y  o u t l i n e d ,  t h e  f i n a l  r e a c t i o n  mix

t u r e  would be e x p e c te d  t o  c o n t a i n  a  h ig h  p r o p o r t i o n  o f  2 , 4 - 0 -  

b u t y l i d e n e - h - g l u c i t o l  (L<^]^-9*6 i n  w a te r )^ ^ *  At t h e  t im e ,

t h e  o n ly  known compound o f  n - a u ty r a ld e h y d e  and D - g l u c i t o l  h a v in g
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a  l a r g e r  n e g a t i v e  r o t a t i o n  v/as 4 , 6 - £ - o u t y l i d e n e - h - g l u c i t o l .

- 2 6 . 8 °  i n  w a t e r a n d  t h i s  c o u ld  have  a c c o u n te d  f o r  

t h e  r e s u l t s .  I t  was t h e r e f o r e  s u g g e s te d  t h a t  i n i t i a l  a t t a c k

to o k  p l a c e  a t  a  p r im a ry  h y d ro x y l  g ro up  and h en ce  t h e  f o r m a t io n  

o f  t h e  4 ,6 - m o n o a c e ta l  ( P - r i n g ) .  T h is  compound c o u ld  t h e n  

r e a r r a n g e ,  p e rh a p s  by  r i n g  m i g r a t i o n ,  t o  g iv e  t h e  more s t a b l e

2 , 4 -m o n o a c e ta l  ( P C - r i n g ) .  I n  a  scheme o f  t h i s  s o r t  t h e r e  

would be  good r e a s o n  t o  e x p e c t  t h e  f o r m a t io n  o f  t h e  1 , 3-mono

ace  t a l  i n  a lm o s t  e q u i v a l e n t  am oun ts ,  s i n c e  t h e  tv/o p r im a ry  

h y d ro x y l  g ro u p s  o f  h - g l u c i t o l  sh o u ld  show s i m i l a r  r e a c t i v i t y .

T hese  id e a s  p ro v id e d  a  h y p o t h e s i s ,  t h e  v a l i d i t y  o f  w hich  

was now t o  be t e s t e d  by f u r t h e r  i n v e s t i g a t i o n .
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D i s c u s s i o n
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I .  rR2i.iT.iii;h m  i n v e s t i

R e a c t io n  o f  A ldehydes w i th  h - l l u c i t o l  i n  Aqueous Media
?QH aving  r e g a r d  t o  t h e  o b s e r v a t i o n  o f  D r .  S .E .  Harwood  ̂ t h a t  

t h e  r e a c t i o n  o f  a ty r a ld e h y d e  w i th  D - g l u o i t o l  in  aqueous a c i d

a p p e a re d  t o  p ro c e e d  v i a  a  k i n e t i c a l l y  c o n t r o l l e d  i n t e r m e d i a t e ,  

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

o f  a  number o f  a ld e h y d e s  w i th  H r S l u c i t o l  were i n v e s t i g a t e d ,  in  

o r d e r  t o  e s t a b l i s h  w h e th e r  o r  n o t  t h e  phenomenon was g e n e r a l .

n - J u ty r a ld e la y d e ,  a c e t a ld e h y d e ,  p ro p io n a ld é h y d e ,  i s o -  

b u ty r a ld é h y d e ,  fo rm a ld e h y d e ,  b e n za ld eh y d e  and t r i c h l o r o a c e t a l d e -  

hyde were e a c h  a l lo w e d  t o  r e a c t  w i th  e q u im o la r  q u a n t i t i e s  (0 .231:) 

o f  r - g l u c i t o l  in  aqueous h y d r o c h l o r i c  a c i d  a t  23° (H x p t.  1, p . 136). 

The r e a c t i o n s  were fo l lo w e d  p o l a r i m e t r i c a l l y  and t h e  r e s u l t s  have 

been  sum m arized in  Graphs 1 -5  ( p p . 25- 29) •  S in c e  t h i s  work h a s  

o f t e n  in v o lv e d  o p t i c a l  r o t a t i o n  d a t a  o f  b o th  s i g n s ,  t h e  o p t i c a l  

r o t a t i o n  h a s  been  d e s c r i b e d  th ro u g h o u t  a s  i n c r e a s i n g  in  th e  

p o s i t i v e  d i r e c t i o n  and d e c r e a s i n g  in  t h e  n e g a t iv e  d i r e c t i o n ,  i n  

o r d e r  t o  a v o id  c o n f u s io n .

The g ra p h s  i n d i c a t e d  t h a t  n - b u ty r a ld e h y d e  was f a r  from  b e in g  

an i s o l a t e d  c a s e .  A c e ta ld e h y d e ,  p ro p io n a ld é h y d e  and b e n z a ld e 

hyde a l l  p r e s e n te d  s i m i l a r l y  shaped  p o l a r i m e t r i o  c u r v e s ,  a l t h o u g h ,  

i n  t h e  c a s e  o f  b e n z a ld e h y d e ,  was in c lu d e d  to  f a c i l i t a t e  

s o l u b i l i t y .  P o ly m é r i s a t io n  o f  i s o - b u ty ra ld e h y d e  e v e n t u a l l y
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r e n d e r e d  t h a t  s o l u t i o n  o p aq u e ,  so  t h a t  t h e  r e a c t i o n  v/as u n a b le  

t o  be f o l l o w e d  f o r  i t s  f u l l  d u r a t i o n ,  bu t  t h i s  a p p e a re d  a l s o  t o  

conform  t o  t h e  g e n e r a l  p a t t e r n .

Form aldehyde  was an e x c e p t i o n .  O p t i c a l  r o t a t i o n  d i d  

d e c r e a s e  a s  t h e  r e a c t i o n  p r o c e e d e d ,  b u t ,  by com par ison  w i t h  t h e  

o t h e r  r e a c t i o n s ,  t h i s  d e c r e a s e  was v e r y  s lo w .  The c u r v e ,  w i t h  

2IÎ h y d r o c h l o r i c  a c i d ,  showed no s i g n  o f  t u r n i n g  a f t e r  42 d a y s .

^Vlth t r i c h l o r o a c e t a l d e h y d e  i n  1Î h y d r o c h l o r i c  a c i d ,  no 

s i g n i f i c a n t  change i n  o p t i c a l  r o t a t i o n  was o b se rv ed  o v e r  a  

p e r i o d  o f  216 h o u r s  ( s e e  T a a le  13# p . 2/7 ) .  S in c e  a c e t a l  form

a t i o n  i s  l i k e l y  t o  be accompanied  by  some cîmanga i n  r o t a t i o n ,  i t  

must  be c o n c lu d e d  t h a t  t h i s  r e a c t i o n  d i d  n o t  t a k e  p l a c e  u n d e r  

t h e s e  c o n d i t i o n s .  However, t h e  p o s s i b i l i t y  o f  h e m i a c e t a l  form

a t i o n  c a n n o t  be e n t i r e l y  i .gnored .

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

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

hyde and b e n za ldehy d e  s u g g e s t e d  t h a t  t h e s e  r e a c t i o n s  had a  common 

m e c h a n i s t i c  p a t t e r n .  The f a c t  t h a t  fo rm a ld eh y d e  had a  d i f f e r e n t  

t y p e  o f  c u rv e  d i d  n o t  i t s e l f  imply  a  d i f f e r e n c e  i n  median i sm, 

s i n c e  n o t h i n g  was known o f  t h e  r e l a t i v e  o p t i c a l  r o t a t i o n  v a l u e s  

o f  t h e  I n d i v i d u a l  components  i n  t h e  m i x t u r e .

V a r i a t i o n  o f  t h e  a c i d  c o n c e n t r a t i o n  a f f e c t e d  t h e  r e a c t i o n  

r a t e s ,  b u t  t h e  c h a r a c t e r i s t i c  sh a p es  o f  t h e  p o l a r i m e t r i c  c u r v e s  

were m a i n t a i n e d .  ( g ra p h  3 ,  p . 27 ) .
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I t  was n o t  w i th o u t  p o s s i b i l i t y  t h a t  t h e  o b se rv e d  i n t e r 

m e d ia t e  i n  t h e s e  r e a c t i o n s  m igh t  be  a  h e m i a c e t a l .  However, 

change  i n  o p t i c a l  r o t a t i o n  was o n l y  o b se rv e d  on a d d i t i o n  o f  a c i d ,  

and h e m i a c e t a l  f o r m a t i o n  i s  n o r m a l ly  r e g a r d e d  as  b e in g  in d e p e n 

d e n t  o f  a c i d  o r  b a s e .  The work o f  Adkins and d r o d e r i c k ^ ^  h a s  

i n d i c a t e d  t h a t  h e m i a c e t a l s  o f  s i m p l e ,  monohydr ic  a l c o h o l s ,  a r e  

g e n e r a l l y  u n s t a b l e ,  even  i n  t h e  p r e s e n c e  o f  t h e  w a t e r  p roduced  

d u r i n g  a c e t a l  c o n d e n s a t i o n .  The a c c u m u l a t i o n  o f  a  l a r g e  q u a n t i t y  

o f  a  h e m i a c e t a l  i n  t h e s e  c a s e s ,  i n  d i l u t e  aqueous  s o l u t i o n ,  would 

t h e r e f o r e  seem u n l i k e l y .

The r a t e  o f  i n i t i a l  r e a c t i o n  (Graph 1 ,  p .  25 ) a p p e a re d  t o  

i n c r e a s e  i n  t h e  o r d e r ,

LleOIIO <  E t  CHO <  n P r  CIIO

which  i s  t h e  o r d e r  o f  i n c r e a s i n g  e l e c t r o n  d o n a t i n g  power o f  t h e  

a l k y l  g r o u p s .  F u r th e r m o r e  fo r m a ld e h y d e ,  w i t h  no a l k y l  g r o u p s ,  

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

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

N e g l e c t i n g  p o s s i b l e  s t e r i c  e f f e c t s ,  t h e s e  r e s u l t s  would im ply  

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

e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s .

The e x a c t  mechanism f o r  a c e t a l  f o r m a t i o n  has  s t i l l  t o  be
53e l u c i d a t e d ,  bu t  i f ,  as  S e l l  and h i s  cow orkers  s u g g e s t ,  t h e  

r a t e  d e t e r m i n i n g  s t e p  i n v o l v e s  t h e  f o r m a t i o n  o f  an oxocarbonium
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i o n ,  t h e n  t h e  above o b s e r v a t i o n  would l e n d  s u p p o r t  t o  t h i s  i d e a ,  

s i n c e  e l e c t r o n  d o n a t i n g  s u b s t i t u e n t s  would t e n d  t o  s t a b i l i s e  an 

oxocarbon ium  io n  i n t e r m e d i a t e .  ( F i g .  x i i i ) .

OH R

C — H
©

The r e a c t i o n  o f  b e n z a ld e h y d e  w i t h  B - g l u c i t o l  must  be 

e x c lu d e d  from  t h e s e  s p e c u l a t i o n s ,  a s  no a l l o w a n c e  can  be made 

f o r  t h e  e f f e c t s  o f  t h e  d i f f e r e n t  s o l v e n t  s y s te m .  I n  a d d i t i o n ,  

r e s o n a n c e  i n t e r a c t i o n  would be e x p e c te d  b e tw een  an oxocarbonium 

i o n  and t h e  benzene  r i n g .

R e a c t i o n  o f  A ldehydes  w i t h  h - G l u c i t o l  i n  Non-aqueous Media

The e f f e c t  o f  t h e  s o l v e n t  was i n v e s t i g a t e d  i n  E x p t .  2 ( p . l 3 S )  

where  t h e  r e a c t i o n s  o f  n - b u t y r a l d e h y d e  and b e n z a ld e h y d e  w i t h  

h - g l u c i t o l  were co n d u c ted  i n  DLTF c o n t a i n i n g  d i s s o l v e d  h y d ro g en  

c h l o r i d e  (0 .5 % ) .  Graphs 6 & 7 ( p p . 3 3 - 3 4 - )  show t h a t  t h e  c h a r a c t 

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

r e a c t i o n s  i n  aqueous  m edia  was a l s o  common t o  t h e  r e a c t i o n s  i n  

DIT.

O p t i c a l  r o t a t i o n s  o f  t h e  v a r i o u s  components  i n v o lv e d  a r e  n o t
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n e c e s s a r i l y  s t r i c t l y  com parab le  i n  t h e  tvvo m e d ia .  N e v e r t h e l e s s ,

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

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

was much s l o w e r  i n  t h e  n o n -aq u eo us  medium. I t  c o u ld  be t h a t  t h e

seco n d  s t a g e  o f  t h i s  r e a c t i o n  i s  a s s i s t e d  by  t h e  p r e s e n c e  o f  an

e x c e s s  o f  w a t e r .  The same e f f e c t  could  n o t ,  how ever ,  be n o t i c e d

i n  t h e  r e a c t i o n  w i t h  b e n z a ld e h y d e .

I t  would be i n t e r e s t i n g  t o  o b s e r v e  t h e  e f f e c t s ,  on t h e s e  two

r e a c t i o n s ,  o f  t h e  t o t a l  a b se n c e  o f  w a t e r ,  by  rem oving  t h e  w a t e r

t h a t  i s  p roduced  d u r i n g  c o n d e n s a t i o n .  T h is  c o u ld  p r o b a b l y  be

done w i t h  t h e  a i d  o f  m o l e c u l a r  s i e v e s  a s  i n  t h e  s y n t h e s i s  o f  
39e s t e r s .
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Of t h e  t h r e e  a l i p h a t i c ,  s t r a i g h t  c h a i n ,  a ld e h y d e s  i n v e s t i 

g a t e d ,  n - b u t y r a l d e h y d e  was s e l e c t e d  f o r  a  more d e t a i l e d  s t u d y .

The phenomenon was f i r s t  e n c o u n te r e d  w i t h  n - a u t y r a l d e h y d e  and

L - g l u c i t o l ,  and ,  a s  a  r e s u l t  o f  p r e v i o u s  work by  D r ,  D. Lewis
35 35and D r ,  S .D, Harwood, * a  number o f  b u t y l i d e n e - D - g l u c i t o l s  

were r e a d i l y  a v a i l a b l e .  Owing t o  t h e i r  h i g h e r  v o l a t i l i t y ,  

a c e t a l d e h y d e  and p r o p io n a ld é h y d e  were more d i f f i c u l t  t o  w e igh  

a c c u r a t e l y  f o r  q u a n t i t a t i v e  work. Whereas h i g h e r  homologues 

t h a n  n - b u t y r a l d e h y d e  were  v e r y  s p a r i n g l y  s o l u b l e  i n  aqueous  media,

E f f e c t s  o f  D i l u t e  Aqueous Acids  on n - l u t y r a l d e h y d e

The u l t r a - v i o l e t  sp e c t ru m  o f  a  d i l u t e  aqueous  s o l u t i o n  o f  

n - b u t y r a l d e h y d e  showed a  b road  band w i t h  a  maximum a t  a b o u t  23lm/.  

due t o  c a r b o n y l  a b s o r p t i o n .  A ldehydes  a r e  known t o  e x i s t  i n  

a queous  s o l u t i o n  a s  an  e q u i l i b r i u m  be tw een  t h e  c a r b o n y l  and t h e  

h y d r a t e d  f o rm s .

E . cno  + EgO ^  R. CII(CII)2

S i n c e  t h i s  e q u i l i b r i u m  i s  v e r y  r a p i d l y  e s t a b l i s h e d , ^  t h e  amount 

o f  a ld e h y d e  i n  t h e  c a r b o n y l  fo rm ,  which  i s  t h a t  m easured  s p e c t r o -  

m e t r i c a l l y ,  sh o u ld  be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t o t a l  amount 

o f  a ld e h y d e  i n  t h e  sy s te m .  T h is  was con f i rm ed  by t h e  f a c t  t h a t  

t h e  a b s o r p t i o n  a t  23l  m/. o f  an a q u e o u s ,  o r  aqueous  a c i d i c ,  

s o l u t i o n  o f  n - b u t y r a l d e h y d e  obeyed B e e r ' s  Law.
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I t  was n o t i c e d  t h a t  t h e  a b s o r p t i o n  a t  281 m/(. o f  an aqueous 

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

a t i o n  o f  h y d r o c h l o r i c  a c i d .  The e f f e c t  o f  t h e  a c i d  must have  

b e e n  t o  s h i f t  t h e  h y d r a t i o n  e q u i l i b r i u m  t o  t h e  l e f t .  B iusn  and 

Me. Tigue^^ have  o bse rv ed  a  s i m i l a r  e f f e c t  by t h e  a d d i t i o n  o f  

e l e c t r o l y t e s  ( e . g .  sodium c h l o r i d e )  t o  aqueous  s o l u t i o n s  o f  a  

number o f  a l d e h y d e s ,  i n c l u d i n g  n " ^ yr a l d e h y d e , and have a t t r i b 

u t e d  i t  t o  t h e  d e c r e a s e  i n  w a t e r  a c t i v i t y  accompanying t h e  

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

The s p e c t ru m  o f  an aqueous  s o l u t i o n  o f  n - b u t y r a l d e h y d e  

r em a in ed  u n a l t e r e d  a f t e r  t h e  s o l u t i o n  had been  s t a n d i n g  f o r  many 

d a y s .  However, on a d d i t i o n  o f  h y d r o c h l o r i c  a c i d ,  a  new a b s o r p 

t i o n  band a p p e a re d  i n  t h e  sp e c t ru m  a t  238 mju. a f t e r  a  few h o u r s .  

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

o d o u r .  I t  was f e l t ,  t h a t ,  b e f o r e  p r o c e e d i n g  w i t h  t h e  main work, 

t h i s  e f f e c t  sh o u ld  be s t u d i e d  w i t h  a  v iew  t o  d e t e r m i n i n g  i t s  

im p o r t a n c e  a s  a  s i d e  r e a c t i o n ,

V.l i ils t  s t u d y i n g  t h e  a l d o l  c o n d e n s a t i o n  o f  n - b u t y r a l d e h y d e  

w i t h  f o r m a ld e h y d e  i n  aqueous s u l p h u r i c  a c i d ,  M i t s u i  e t  a l . ^ ^  

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

fo rm  2 - e t h y l - 2 - h e z e n a l  ( 2 - e t h y l - 3 - p r o p y l a c r o l e i n ) ,

2 r r .  Clio -----------------  ̂ f r .  Oil = C(ft)CIIO + H^O
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P r e v i o u s  work on t h e  a c i d  c a t a l y s e d  a l d o l  c o n d e n s a t i o n  o f  

n —o u t y r a l d e h y d e ^ ^  in v o lv e d  t h e  u se  o f  c a t i o n  exchange r e s i n s  

a s  c a t a l y s t s  i n  non-aqu eo u s  c o n d i t i o n s .  H e re ,  b o t h  2 - e t h y l - 2 -  

h e x e n a l  and p a r a b u t y r a l d e h y d e  ( a  c y c l i c  t r i m e r )  were p ro d u c e d ,  

d e p e n d in g  on t h e  c o n d i t i o n s .

Vdien a  s o l u t i o n  o f  n - b u t y r a l d e h y d e  i n  2Ii aqueous h y d r o -  

c i i l o r i c  a c i d  was l e f t  f o r  s e v e r a l  d ays  a t  25^ ( P x p t .  3 ,  p .  ) 

an  o i l  s e p a r a t e d  o u t .  T h i s  o i l  r e a d i l y  formed a  2 , 4 - d i n i t r o -  

p h e n y lh y d ra z o n e  d e r i v a t i v e ,  w h ich  i n d i c a t e d  t h a t  i t  was a  

c a r b o n y l  compound.

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

{a much f a s t e r  r e a c t i o n )  ha s  be en  w e l l  e x p l o r e d ,  and 2 - e t h y l - 2 -  

h e x e n a l  i s  known t o  be t h e  c h i e f  p r o d u c t .  An a u t h e n t i c  sample  

was t h e r e f o r e  p r e p a r e d  a c c o r d i n g l y  ( E x p t .  4 ,  p . / l O ) ,  and a  

m i x t u r e  o f  i t s  2 , 4 - d i n i t r o p h e n y l - h y d r a z o n e  d e r i v a t i v e ,  w i t h  t h e  

d e r i v a t i v e ,  m en t ioned  ab o v e ,  from t h e  a c i d  c a t a l y s e d  r e a c t i o n ,  

s u f f e r e d  no d e p r e s s i o n  o f  m e l t i n g  p o i n t .  I t  was t h u s  co n c lu d ed  

t h . i t  2 - e t h y l - 2 - h e x e n a l  was formed s l o w l y  i n  a  s o l u t i o n  o f  

n - o u t y r a l d e h y d e  i n  aqueous h y d r o c h l o r i c  a c i d .

The f o r m a t i o n  o f  t h i s  compound was fo l lo w e d  by m e a su r in g  

t h e  i n c r e a s e  i n  a b s o r p t i o n  a t  233 m/i. o f  s o l u t i o n s  o f  n - b u t y r a l d s -  

hyde i n  N and 2IÎ aqueous h y d r o c h l o r i c  a c i d .  ( E x p t .  3 ,  p& ) .  

H av ing  d e te r m in e d  t h e  m o la r  e x t i n c t i o n  c o e f f i c i e n t  o f
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2 - e t h y l - 2 - h e x e n a l  ( £ 233 1*42 x 10^ i n  2N aqueous  IIGl) , i t  was 

e s t i m a t e d  t h a t ,  a f t e r  163 m in u te s  i n  2H aqueous h y d r o c h l o r i c  

a c i d ,  t h e  c o n c e n t r a t i o n  was 0 .1 6  x S in c e  t h e  i n i t i a l

c o n c e n t r a t i o n  o f  r i - o u ty r a ld e h y d e  was 0.25M, t h i s  r e p r e s e n t e d  a  

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

An i n s p e c t i o n  o f  t h e  s l o p e s  o f  t h e  o p t i c a l  d e n s i t y / t i m e  

c u r v e s  (Graph 8 ,  p .  40 )  f rom  E x p t .  3 ,  s u g g e s t e d  t h a t  t h e  fo rm 

a t i o n  o f  2 - e t h y l - 2 - h e x e n a l  v;as p re c e d e d  by t h a t  o f  an  i n t e r 

m e d ia t e  compound. T h is  compound must  be t h e  h y d r a t e d  fo rm ,  

n - b u t y r a l d o l .  The e x t e n t  o f  i t s  f o r m a t i o n  was n o t  d e t e r m i n e d .  

However,  t h e  d e h y d r a t i o n  s t a g e  i s  k n o m  t o  be f a v o u r e d  u n d e r  

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

p r o d u c t  o n ly  gave t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  o f  

2 - e t h y l - 2 - h e x e n a l .  The a l d o l  p r o b a b l y  a t t a i n e d  a  s m a l l  e q u i l i 

b r iu m  c o n c e n t r a t i o n  d u r i n g  t h e  r e a c t i o n .

From t h e s e  i n v e s t i g a t i o n s  i t  was c o n c lu d e d  t h a t  a l t h o u g h  

n - b u t y r a l d e h y d e  can  undergo  s e l f - c o n d e n s â t io n  i n  d i l u t e  aqueous  

a c i d s ,  t h e  r e a c t i o n  i s  v e r y  s lo w .  I n  any  e v e n t ,  i n  t h e  f o l l o w i n g  

work ,  t h i s  r e a c t i o n  was com pe t ing  a g a i n s t  t h e  much f a s t e r  a c e t a l  

c o n d e n s a t i o n  o f  n - b u t y r a l d e h y d e  w i t h  p o l y h y d r i c  a l c o h o l s .
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I I #  ( i )  r o r r . a t i o n  o f  0- 3 u t y l i d e n e - D- r n . u c i t o l s

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

h - ^ l u c i t o l  (0 .2 5^ 1  i n  aqueous  h y d r o c h l o r i c  a c i d  was most s a t i s 

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

hyde i n  t h e  sy s tem  s p e c t r o p h o t o m e t r i c a l l y .  ( E x p t .  5 ,  p. /4l  ) .

I n  Graph 9 ( p .  41 ) ,  t h e  c o n su m pt ion  o f  n - b u t y r a l d e h y d e  d u r i n g  

t h e  r e a c t i o n  has  b e en  compared w i t h  t h e  c o r r e s p o n d i n g  change i n  

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

b o t h  1.0N and 0.5*î a c i d  m e d ia ,  was a t t a i n e d  r a p i d l y  a f t e r  63-70/ '  

o f  t h e  a ld e h y d e  had r e a c t e d .  Beyond t h i s  s t a g e ,  a ld e h y d e  con

su m p t io n  was much s l o w e r  and an e q u i l i b r i u m  v a l u e  o f  83^ was 

f i n a l l y  r e a c h e d .

B e fo re  any  i n f o r m a t i o n  c o u ld  be g l e a n e d  a b o u t  t h e  v a r i o u s  

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

r e a c t i o n  a t  a  c hosen  s t a g e .  T h is  was a c h i e v e d  by  r a p i d  n e u t r a l 

i s a t i o n  o f  t h e  a c i d  c a t a l y s t  w i t h  aqueous  sodium h y d ro x id e  s o l u 

t i o n  ( E x p t .  6 ,  p .  Iki ) ,  whereupon t h e  o p t i c a l  r o t a t i o n  rem a ined  

c o n s t a n t .  A f i g u r e  f o r  t h i s  r o t a t i o n ,  c a l c u l a t e d  from t h e  

d i l u t i o n ,  a g re e d  c l o s e l y  w i t h  t h e  o b se rv e d  v a l u e .

I n  I x p t .  7 ( p . 143) a l i q u o t s ,  f rom t h e  r e a c t i o n  c o n d u c ted  

i n  H aqueous  h y d r o c h l o r i c  a c i d ,  were removed and n e u t r a l i z e d  

a f t e r  10 m in .  (6 0 ^ )  and 30 m in .  ( 7 1 p ) t  and a t  e q u i l i b r i u m  (89 ,0#  

A f t e r  f r e e z e - d r y i n g  t h e  s a m p le s ,  t h e  o r g a n i c  p o r t i o n s  o f  t h e  

r e s i d u e s  were e x t r a c t e d  i n t o  p y r i d i n e .
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A n a l y s i s  o f  t h e  R e a c t i o n  f i x t u r e s

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

by  means o f  p a p e r  ch ro m a to g ra p h y ,  l a  a l l  t h r e e  s a m p le s ,  t h e  

p r e s e n c e  o f  D - ^ l u c i t o l  and s e v e r a l  o f  i t s  m o n o -O -b u ty l id en e  

a c a t a l s  was i n d i c a t e d ,  and t h e  e q u i l i b r i u m  m ix tu r e  c o n t a i n e d ,  

i n  a d d i t i o n ,  a  t r a c e  o f  m a t e r i a l  w i t h  Rp o f  t h e  same o r d e r  a s  

t h a t  o f  a  d i a c e t a l .  However, t h e s e  chromatograms gave l i t t l e  

i m p r e s s i o n  o f  t h e  e x t e n t s  t o  which t h e  v a r i o u s  components 

o c c u r r e d  i n  t h e  sa m p les  and i t  became o o v iou s  t h a t  a  more s e n s i 

t i v e  a n a l y t i c a l  t e c h n i q u e  would be r e q u i r e d .

F o r  t h i s  r e a s o n  t h e  p o t e n t i a l  o f  g a s - l i q u i d  c h ro m a tog rap hy  

(dLC) v/as i n v e s t i g a t e d .  I n  o r d e r  t o  o b t a i n  s u i t a b l y  v o l a t i l e  

d e r i v a t i v e s  o f  D - g l u c i t o l  and i t s  a c e t a l s ,  t h e y  were c o n v e r t e d  

i n t o  t h e i r  t r i m e t h y l s i l y l  (TL13) e t h e r s ,  a c c o r d i n g  t o  t h e  method 

o f  Sw ee ley  e t  a l . ^ ^  d e r i v a t i v e s  were i d e a l  s i n c e  t h e y  c o u ld  

be s t o r e d  f o r  s e v e r a l  days  i n  d r y  d i e t h y l  e t h e r  s o l u t i o n s  w i t h o u t  

n o t i c e a o l e  d e t e r i o r a t i o n ,  and were c o n v e n i e n t  f o r  u se  on a  m ic ro  

s c a l e .  Of t h e  v a r i o u s  columns a v a i l a b l e ,  by f a r  t h e  most  s a t i s 

f a c t o r y  f o r  t h i s  work was one w i t h  a  s t a t i o n a r y  phase  o f  10/^ 

m- b i s (m -phenoxyphenoxy)benzene  (P IE )  on a  c e l i t e  s u p p o r t .

d e r i v a t i v e s  o f  D - g l u c i t o l  and a l l  i t s  a v a i l a b l e  mono-sts
and d i - O - b u t y l i d e n a  a c e t a l s  were p r e p a r e d  and c h ro m a to g ra p h e d ,  

and t h e  r e t e n t i o n  volumes (RV) were  m easured  r e l a t i v e  t o  t h a t  o f  

D - g l u c i t o l  TTg3. T h is  d a t a  h a s  been  c o l l e c t e d ,  t o g e t h e r  w i t h
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t h a t  f o r  some o t h e r  a c e t a l s  i n  T ab le  19 ( p .2 2 i  ) .  2 , 4 - 0 - B u b y l l -

d e n e - D - g l u c i t o l  v/as w e l l  s e p a r a t e d  f rom  t h e  3 , 4 -  and 4 , 6 - 0 - b u t y -  

l i d e n e - D - g l u c i t o l s ,  which  were j u s t  r e s o l v a b l e .  The 1 , 3 : 2 , 4 -  

d i a c e t a l  had a  v e r y  much g r e a t e r  r e t e n t i o n  volume.

The sam ples  t a k e n  f rom  t h e  r e a c t i o n  m ix t u r e  were l i k e w i s e  

c o n v e r t e d  i n t o  T'gS d e r i v a t i v e s  and examined by GrLC. As was 

e x p e c t e d ,  e a c h  sample  c o n t a i n e d  D - g l u c i t o l ,  and t h e  e q u i l i b r i u m  

sam ple  ( F i g .  x i v )  c o n t a i n e d  some d i a c e t a l ,  bu t  t h e  v a r i a t i o n  i n  

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

t i o n ,  was most  i n t e r e s t i n g .  T h is  v a r i a t i o n  h a s  been  r e p r e s e n t e d  

d i a g r a m a t i c a l l y  i n  F i g .  xv  ( p .  U  ) ,  i n  which  o n l y  t h e  m o n o ac e ta l  

s e c t i o n s  o f  t h e  gas  chromatograms have  b een  shown.

From F i g .  xv  i t  c o u ld  be s e e n  t h a t  t h e  sam ples  t a k e n  i n  t h e  

e a r l y  p a r t  o f  t h e  r e a c t i o n  c o n t a i n e d  a  s m a l l  amount o f  2 , 4 - ^ -  

b u t y l i d e n e - D - g l u c i t o l ,  and a  much l a r g e r  q u a n t i t y  o f  a  s u b s t a n c e  

o f  s l i g h t l y  s m a l l e r  HV which  w i l l  be d e s c r i b e d ,  f o r  c o n v e n ie n c e ,  

a s  Compound A. I n  t h e  e q u i l i b r i u m  m i x t u r e ,  t h e  s i t u a t i o n  was 

r e v e r s e d ,  and t h e  2 ,4 - m o n o a c e t a l  a p p e a re d  t o  be p redom inan t  

A l l  t h r e e  m i x t u r e s  a l s o  c o n t a i n e d  l e s s e r  amounts o f  o t h e r  mono

a c e t a l s  which  were n o t  r e s o l v a b l e .



ôsuodssH :toq.oeq.8Q[

m

■p

45

44 03
O 1:̂

o
0) 0)
U 0

•p -<
X

r ! 52;

a
S

d •t4
o

+» S
ü IfN
d CM ,
0)

P=î 0

05
rH

44 0
O -P

•t4
ü

03 a
<D A 1:̂
!> cb *r4

•H 1 *4
-P AH rO
05 •i4
> *0 r4

44 A
o5 rf

• 0) A
A w

i
ITv -p
CM o5

E4
0

nd
d A
05 <D 0
A ĉJ <
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I s o l a t i o n  o f  Components f rom  t h e  R e a c t i o n  f i x t u r e

The n e x t  s ta-^e was t h e  I s o l a t i o n  o f  t h e  more i m p o r t a n t  

components  o f  t h e s e  r e a c t i o n  m i x t u r e s  * and a t t e n t i o n  was f i r s t  

c o n c e n t r a t e d  on t h e  d i a c e t a l  t h a t  had been  fo un d  t o  be p r e s e n t  

a t  e q u i l i b r i u m ,

A r e a c t i o n  m i x t u r e  v/as a l l o w e d  t o  e q u i l i b r a t e  f o r  t h r e e  

d ay s  ( Z x p t .  8 ,  p . / ( 4 ) ,  and a f t e r  n e u t r a l i z i n g  and f r e e z e - d r y i n * ,  

t h e  o r g a n i c  m a t e r i a l  was e x t r a c t e d  i n t o  warm e t h a n o l  and e v a p o r 

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

c h ro m a to g r a p h y  w i t h  a l u m i n a .  H av ing  t h e  l e a s t  a f f i n i t y  f o r  t h e  

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

and was o b t a i n e d  a s  a  c r y s t a l l i n e  s o l i d ,  w h ic h  v/as shown, by a  

mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n ,  t o  be i d e n t i c a l  t o  a  sam ple  o f  

1 , 3 : 2 , 4 - d i - £ - j a t y l i d e n e - _ £ - g l u c i t o l .

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

was n o t  s u r p r i s i n g ,  s i n c e  i t  would be p r e d i c t e d  t o  be t h e  most 

s t a b l e  d i ^ O - b u t y l l d e n e  a c e t a l  o f  D - g l u o i t o l . ^

\7hen t h e  column was e l u t e d  w i t h  9 0 /  e t h a n o l / w a t e r  a  m i x t u r e  

o f  m o n o a c e t a l s  was o b t a i n e d ,  b u t  n o t  ^ - g l u c i t o l .  Thus a  method 

f o r  a t  l e a s t  a  p a r t i a l  s e p a r a t i o n  o f  t h e s e  compounds had r e v e a l e d  

i t s e l f .

A m i x t u r e ,  r i c h  i n  compound was p r e p a r e d  ( h x p t .  9 ,  p,//^5) 

f rom  t h e  r e a c t i o n  a r r e s t e d  i n  i t s  e a r l y  s t a g e s .  The m i x t u r e  was
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t r a n s f e r r e d ,  i n  e t h a n o l  s o l u t i o n ,  on t o  an  a lu m in a  column and 

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

w a t e r  c o n t e n t .  The f i r s t  s o l i d  m a t e r i a l  t o  be y i e l d e d ,  on e v a 

p o r a t i o n  o f  t h e  f r a c t i o n s ,  a p p e a re d ,  f rom  GLC a n a l y s i s ,  t o  be a  

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

Compound L a t e r  f r a c t i o n s  were i n c r e a s i n g l y  c o n ta m i n a t e d  w i t h

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

c h r o m a t o g r a p h i c  s e p a r a t i o n .  I t  was f o r t u n a t e  t h a t ,  o f  a l l  t h e  

m o n o a c e t a l s  p r e s e n t  i n  t h e  m i x t u r e ,  compound A p r o b a b l y  had  t h e  

l e a s t  a f f i n i t y  f o r  a l u m i n a .

Compound A c o u ld  be r e c r y s t a l l i z e d  f ro m  a  l a r g e  volume o f  

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

l o w e s t  m e l t i n g  p o i n t  r e c o r d e d  was 1 1 1 -1 1 3 ^ ,  and  by  r e p e a t e d  

r e c r y s t a l l i z a t i o n  t h e  m e l t i n g  p o i n t  c o u ld  be r a i s e d  t o  11 7 -1 1 9 ^ ,  

y e t ,  a l l  sp e c im e n s  w i t h i n  t h i s  m e l t i n g  p o i n t  r a n g e  behav ed  

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

a s  a  s i n g l e  s u b s t a n c e .

Thus i t  had b e e n  shown t h a t  t h e  k i n e t i c  p h a se  o f  t h e  r e a c t i o n  

o f  n - b u t y r a l d é h y d e  w i t h  D ^ g l u o i t o l  i n  aqu eo u s  h y d r o c h l o r i c  a c i d  

gave r i s e  t o  a  s u b s t a n t i a l  amount o f  Compound A, w h ich  e l e m e n t a l  

a n a l y s i s  i n d i c a t e d  t o  be a  m o n o - C - b u t y l i d e n e - D - g l u c i t o l .  A 

sam ple  o f  Compound A m .p .  116-113*^ had  a  l a r g e  n e g a t i v e  s p e c i f i c
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r o t a t i o n  1 i n  ^ 2 0 ) ,  which  was r e q u i r e d  t o

e x p l a i n  t h e  o b s e r v e d  minimum i n  t h e  p o l a r i m e t r i c  c u r v e .  I n  t h e  

l a t t e r  s t a g e  o f  t h e  r e a c t i o n  Compound A was r e p l a c e d  by  2 , 4 - 0 -  

b u t y l i d e n e - D - g l u c i t o l ,  t h e  t h e r m o d y n a m i c a l l y  m ost  f a v o u r a b l e  

p r o d u c t . ^
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I I .  ( i l )  s t r u c t u r a l  A n a l y s i s  ar»d C h a r a c t e r i z a t i o n  o f

Compound A

The e v id e n c e  s o  f a r  p r e s e n t e d  h a s  s u g g e s t e d  t h a t  Compound A 

c o u ld  be a  m o n o - O - b u t y l i d e n e ^ J - g l u o i t o l ,  I n  i t s  p h y s i c a l  c h a r 

a c t e r i s t i c s ,  h o w e v e r ,  i t  d i f f e r e d  m a r k e d ly  f rom  t h e  a l r e a d y  known 

i s o m e r s ;  2 , 4 -  , 3 , 4 -  and 4 , G - 0 - o u t y l i d e n e - D - g l u c i t o l . ^ ^

A m o n o - O - o u t y l i d e n e - D - g l u c i t o l  s h o u ld  be d i r e c t l y  h y d r o l y s -  

a b l e  i n  a q ueo u s  a c i d ,  i n t o  i t s  c o m p o n e n t s : -  n - b u t y r a l d e h y d e  and 

h - g l u c i t o l *  I n  £ x p t .  10 ( p . / ^ 7 ) .  Compound _A was h y d r o l y s e d  i n  

aq u eo u s  h y d r o c h l o r i c  a c i d  c o n t a i n i n g  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e .  

The l i b e r a t e d  a ld e h y d e  was im m e d ia t e l y  p r e c i p i t a t e d  a s  i t s  2 , 4 -  

d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e ,  w h ich  was e s t i m a t e d  g r a v i -  

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

f o r  a  m o n o - O - b u t y l i d e n e - D - g l u o i t o l ,  The d e r i v a t i v e  was shown t o  

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

w i t h  an  a u t h e n t i c  sp e c im en  v/as n o t  d e p r e s s e d .

3y h y d r o l y s i s  o f  a n o t h e r  sam ple  o f  Compound A i n  aq u eo u s  

h y d r o c h l o r i c  a c i d ,  t h e  p o l y h y d r i c  a l c o h o l  v/as o b t a i n e d ,  and 

c h a r a c t e r i z e d  a s  i t s  a c e t a t e  d e r i v a t i v e .  T h i s  was shov/n t o  ba 

t h e  h e x a - a c e t a t e  o f  D - g l u c i t o l .

Thus i t  was c o n f i r m e d  t h a t  Compound A r e s u l t e d  f rom  a  con

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

m o l e c u l a r  p r o p o r t i o n s .  A l l  c a l c u l a t i o n s  f o r  t h e  a n a l y s i s  o f
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Compound JV have  been  b a s e d  upon t h e  a s s u m p t io n  o f  a  m ono-0-  

b u t y l i d e n e - 3 - g l u c i t o l  h a v i n g  a  m o l e c u l a r  w e ig h t  o f  2 3 6 ,

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

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

r e a g e n t  c o n t a i n i n g  a c e t i c  a n h y d r i d e  i n  p y r i d i n e .  I n  F x p t ,  11 

( p .  IIS ) a  known w e ig h t  o f  Compound _A was b o i l e d  u n d e r  r e f l u x  w i t h  

t h i s  r e a g e n t ,  and t h e n  t h e  m i x t u r e  was p o u re d  i n t o  w a t e r .  The 

e x c e s s  a c e t i c  a n h y d r i d e  was t i t r a t e d ,  a s  a c e t i c  a c i d ,  a g a i n s t  

s t a n d a r d  a l k a l i ,  and t h e  d i f f e r e n c e  b e tw een  t h i s  t i t r e  and t h a t  

f o r  a  c o n t r o l  s o l u t i o n ,  c o n t a i n i n g  no Compound A, was t a k e n  t o  

be e q u i v a l e n t  t o  t h e  a c e t i c  a n h y d r i d e  u s e d  t o  a c e t y l a t e  t h e  

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

i n  t h e  m o le c u le  was e s t i m a t e d .  The a v e r a g e  f i g u r e ,  3 . 7 1 ,  was 

somewhat s m a l l e r  t h a n  t h a t  f o r  2 , 4 - £ - b u t y l i d e n e - F - g l u c i t o l ,  upon 

w h ich  t h e  method was c h e c k e d ,  b u t  i t  n e v e r t h e l e s s  a p p ro x im a te d  

t o  4 ,  w h ic h  i s  t h e  r e q u i r e m e n t  f o r  a  m o n o - O - b u t y l i d e n e - D - g l u c i t o l .

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

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

F - g l u c i t o l  c h a i n ,  and h e n c e ,  w hich  p a i r  o f  oxygen atoms was 

i n c l u d e d  i n  t h e  a c e t a l  r i n g .

P e r i o d a t e  Oxida t i o n  o f  Compound A;

An aqu eo u s  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  i s  one r e a g e n t  

w h ich  w i l l  s e l e c t i v e l y  c l e a v e  v i c i n a l  d i o l  g ro u p s  i n  p o l y h y d r i c
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a l c o h o l s  by ox ida t ion .**  3y m e a s u r i n g  t h e  c o n su m p t io n  o f  p e r i o d 

a t e  f o r  a  g i v e n  w e ig h t  o f  s a m p le ,  t h e  number  o f  v i c i n a l  d i o l  

g r o u p i n g s  i n  t h e  m o le c u le  c a n  be d e d u c e d .  I f  one o f  a  p a i r  o f  

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

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

s i t u a t e d  i n  t h e  c e n t r e  o f  a  1 , 2 , 3 - t r i o l  s y s t e m ,  i s  c o n v e r t e d  i n t o  

one m o l .  o f  f o r m i c  a c i d .  3 o t h  t h e  fo r m a ld e h y d e  and f o r m i c  a c i d  

may be e s t i m a t e d  q u a n t i t a t i v e l y .  F i n a l l y ,  y e t  more i n f o r m a t i o n  

can  be o b t a i n e d  by  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  t h e  r e s i d u e s  

a f t e r  p e r i o d a t e  o x i d a t i o n .

The u p t a k e  o f  p e r i o d a t e  was d e t e r m i n e d  ( E x p t .  12,  p . 150 ) by  

t h e  s p e c t r o p h o t o m e t r i c  method o f  A s ; . i n a l l  and P e r r i e r . O n e  

m o l .  o f  Compound A r e q u i r e d  two m ol .  o f  o x i d a n t ,  i n d i c a t i n g  t h e  

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

a n d ,  a s  a  r e s u l t  o f  t h e  o x i d a t i o n ,  one m o l .  o f  f o rm a ld e h y d e  and 

one m o l .  o f  f o r m i c  a c i d  were  l i b e r a t e d .  The f o r m a ld e h y d e  was 

d e t e c t e d  and e s t i m a t e d  c o l o u r i m e t r i e a l l y  w i t h  c h r o m o t r o p ic  a c i d  

r e a g e n t ^ ^  ( E x p t .  13 ,  p . / 5 3 ) and f o r m i c  a c i d  was d e t e r m i n e d  by 

t i t r a t i o n  w i t h  s t a n d a r d  a l k a l i  ( E x p t .  14, p .  156) u s i n g  m e t h y l  

r e d  a s  i n d i c a t o r .

T hese  r e s u l t s  c o u ld  o n l y  be e x p l a i n e d  by t h e  p r e s e n c e  i n  t h e  

m o l e c u l e ,  o f  a  1 , 2 , 3 - t r i o l  s y s te m  w h ich  i n c l u d e d  one p r i m a r y  

h y d r o x y l  g r o u p .  Thus t h e  number o f  p o s s i o l e  s t r u c t u r e s  f o r
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Compound A was r e d u c e d  t o  t h e  f o l l o w i n g  f o u r ;  1 , 3 -  , 2 , 3 -  ,

4 , 5 -  o r  4 , 6 - 0 - b ü t y l i d e n e - D - g l u c i t o l .  ( f i g ,  x v i ) .

The r a n g e  o f  p o s s i b l e  s t r u c t u r e s  was n a r ro w ed  s t i l l  f u r t h e r  

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

o f  Compound A (E xp t*  15,  p . 156) .

C . H , /
----U V

II u

U tt

C

—  UM

: h , o h

OH

HO

CHO
L -T h re o se

CH,OH

C H ,0

( i )  P e r i o d a t e  O x id a t io n

( i i )  A c id  H y d r o ly s i s

Y

CHO

OH 

OH

CH^OH
D -E r y th r o s e

P i y .  XVi

A l l  f o u r  s t r u c t u r e s  s h o u ld  g i v e  r i s e  t o  t e t r o s e s  when t h e i r  

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

remove t h e  a c e t a l  r i n g s .  ( F i g .  x v i ) .  I n  t h e  c a s e s  o f  1 , 3 -  o r

2 , 3 - £ - b u t y l i d e n e - F - g l u c i t o l ,  L - t h r e o s e ,  and f rom  4 , 5 -  o r
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4 , 5 - 0 - b u t y l i d e n e - E - g l u o i t o l  E - e r y t h r o s e  s h o u l d  be o b t a i n e d .

A t e t r o s e  was in d e e d  o b t a i n e d ,  when Compound ^  was t r e a t e d  

i n  t h i s  m^mner, and i t  was c h a r a c t e r i z e d  by i t s  p h e r iy lo sa zo n e  

d e r i v a t i v e .  P a p e r  i o n o p h o r e s i s  o f  t h e  t e t r o s e  sæ a p le  i n  

E o ly b d a t e  S u f f e r  i n d i c a t e d  t h a t  i t  c o u ld  n o t  have  been 

^ - e r y t h r o s e ,  and i t s  Es v a l u e  was o f  t h e  same o r d e r  a s  t h a t  

q u o te d  i n  t h e  l i t e r a t u r e  f o r  L - T h r e o s e .^ ^
GLC

The t e t r o s e  sam ple  was a l s o  i d e n t i f i e d  b y / u s i n g  t h e  

n - o i s ( n-phenoxypheaQ xy)  benzene  ( r ? h )  s t a t i o n a r y  p h ase  a t  150^ .  

S t a n d a r d  sa m p le s  o f  D - e r y t a r o s e  and h - t h r e o s e  were a v a i l a b l e ,  

and i t  was fo u nd  t h a t  t r i n i a t h y l s i l y l  ( TE3) d e r i v a t i v e s  o f  

t h e s e  s u g a r s ,  and o f  t h e  s a m p le ,  e a c h  gave  two peak s  o f  v a r y  

s m a l l  r e t e n t i o n  v o lu m e s ,  w hich  were t h o u g h t  t o  be due t o  

a n o m e r ic  f o r m s .  A m i x t u r e  o f  t h e  sam ple  w i t h  D - e r y t h r o s e  

gave t h r e e  p e a k s ,  w h e r e a s ,  when a  m i x t u r e  o f  t h e  sam ple  w i t h  

D - t h r e o s e  was c h r o m a to g r a p h e d ,  t h e  p e ak s  were  e n t i r e l y  s u p e r 

im p o sed .  f ro m  t h i s  i t  v;as c o n c lu d e d  t h a t  t h e  t e t r o s e  was n o t  

D - e r y t h r o s e ,  and must  t h e r e f o r e ,  be h - t h r e o s e .

The f a c t  t h a t  D - e r y t l i r o s e  was n o t  t h e  p r o d u c t  o f  t h e s e  

r e a c t i o n s  e l i m i n a t e d  4 , 5 -  and 4 , 6 - C - b u t y l i d e n e - 3 - g l u c i t o l 3  

a s  p o s s i b l e  i d e n t i t i e s  f o r  Compound A. The 4 , 5 - a c e t a l  would ,  

i n  any  c a s e ,  be an  u n f a v o u r a b l e  s t r u c t u r e  a s  i t  c o n t a i n s  an  

k C - r i n g . ^  A 4 , G - £ - o u t y l i d e n e - £ - g l u c i t o l  was a l r e a d y  known, 

and i t s  p r o p e r t i e s  were q u i t e  d i f f e r e n t  f ro m  t h o s e  o f  Compound 

A.
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l ' é t h y l a t i o n  o f  Compound

So f a r  i t  had  b een  shov/n t h a t  Compound A was e i t h e r  1 , 3 -  

o r  2 , 3 - 0 - o u t y l i d e n e - D ~ ] l u c i t o l .  I n  o r d e r  t o  d i s t i n g u i s h  

b e tw een  t h e s e  two a c e t a l s ,  i t  was d e c i d e d  t o  f u l l y  m s t h y l a t e  

t h e  compound, and t h e n  t o  remove t h e  a c e t a l  r i n ^  by  h y d r o l y s i s ,  

t o  l e a v e  two f r e e  h y d r o x y l  g ro u p s  a t  p o s i t i o n s  1 and 3 o r  2 

and 3 .  ( F i g .  % v i i ) .  Only  i f  t h e  h y d r o x y l  g ro u p s  were  i n  t h e  

2 and 3 p o s i t i o n s  s h o u l d  t h e  r e s u l t i n g  compound be s u b j e c t  t o  

p e r i o d a t e  o x i d a t i o n .

OCH OCHC M
OCHOH

OCHOH
I ' e t h y l a t  io n

OCHOH

HO CHi

HO

H y d r o ly s i s

OCH) 

OCH) 

OCH)

CH.OCH

CH.OCH)CHiOCHCH.OH

H y d r o ly s i sH e t h v l a t i o n

CK O CH

F i g .  x v i l

CH.OH

OCH:

OCH

CH.OCH)
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I n  v iew  o f  t h e  c o m p a r a t i v e  s c a r c i t y  o f  Compound A i t

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

2 , 4 - 0 - b u t y l i d e n 8 - h - g l u c i t o l ,  w hich  c o u ld  be more r e a d i l y  
35p r e p a r e d .  ^ M é t h y l a t i o n  was c a r r i e d  o u t  i n  DriF, w i t h  m e th y l  

i o d i d e  and s i l v e r  o x i d e .  ( I x p t .  15,  and t h e  p r o d u c t ,

a f t e r  vacuum d i s t i l l a t i o n ,  was c o l l e c t e d  a s  a  c l e a r  c o l o u r l e s s  

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

and had  a  m e l t i n g  p o i n t  1 3 -17^  e l e m e n t a l  a n a l y s i s ,  CLC, and 

t h e  i n f r a r e d  s p e c t r u m ,  i n d i c a t e d  t h a t  t h e  compound was v i r t u a l l y  

f u l l y  s u b s t i t u t e d ,  a f t e r  one m é t h y l a t i o n .

F o l l o w i n g  t h e  same p r o c e d u r e .  Compound ^  was m e t h y l a t e d  

( h x p t .  17 ,  p .  159 ) ,  and t h e  c ru d e  p r o d u c t  d i s t i l l e d  t o  y i e l d  a  

c o l o u r l e s s  s y r u p .  T h i s  s y r u p  d i d  n o t  s o l i d i f y  on c o o l i n g  i n  

t h e  d e e p - f r e e z e .  The r e s u l t s  o f  e l e m e n t a l  a n a l y s i s  were a s  

f o r  a  t e t r a - O - m e t h y l  d e r i v a t i v e  o f  a  m o n o - ^ - b u t y l i d e n e - D -  

f t l u c i t o l .

The two m e t h y l a t e d  a c e t a l s  were n e x t  h y d r o l y s e d  by h e a t i n g  

f o r  some h o u r s  w i t h  d i l u t e  agu eo u s  s u l p h u r i c  a c i d  ( E x p t .  1 8 , 

p .  Ul ) .  The p r o d u c t s  were o b t a i n e d  a s  s y r u p s ,  h a v i n g  s i m i l a r  

i n f r a r e d  s p e c t r a ,  and t h e  rem o v a l  o f  t h e  a c e t a l  r i n g s  v/as con 

f i r m e d  by t h e  f a c t  t h a t  t h e  compounds fo rm ed t r i m e t h y l s i l y l  

d e r i v a t i v e s ,  w h ich  gave  s i n g l e  p e ak s  when a n a l y s e d  by GIG.

d o th  h y d r o l y s a t e s  were 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
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( I x p t ,  19# p * m ) f  and a s  e x p e c te d #  t h e  sam ple  p r e p a r e d  f rom  

2 , l f - 0 - o u t y l i d e n e - ' ) - p : l u c i t o l  took up p r a c t i c a l l y  no p e r i o d a t e *  

However# t h a t  o b t a i n e d  f rom  Compound ji r e p a i r e d  a n  a v e r a g e  o f  

0 .9 1  m o l .  o f  p e r i o d a t e #  w h ich  a p p ro x im a te d  t o  one m ol .

The two h y d r o x y l  g ro u p s  m ust  have  b e en  a t t a c h e d  t o  a d j a c 

e n t  c a r b o n  atoms# end so  i t  f o l l o w e d  t h a t  t h e  b u t y l i d e n e  g ro u p  

i n  Compound spanned  t h e  2 and 3 p o s i t i o n s .  (H ig .  x v i i l ) .

C H p H

CH,OH

P r o t o n  M ag n e t ic  Resonance  S p e c t r o s c o p y

The f a c t  t h a t  Compound ^  c o n t a i n e d  a  f ive -m ein h ered  a c e t a l  

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

bon atom C2 # ( P i g .  x i x ) .

C H P H

H  o

Hx \ yC ,H ,

(CH O H \ O H 

CH,OH
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r i l l s ^  h a s  p o i n t e d  o u t  t h a t  d i a s t e r e o i s o m s r a  o f  a  1 j 3 - d i o z o l a n e  

d e r i v a t i v e #  h a v i n g  m u t u a l l y  t r a n s - s u b s t i t u e n t s  i n  p o s i t i o n s  k 

end 5 # a r e  l i k e l y  t o  be o f  c o m p a rab le  therm odynam ic  s t a b i l i t y  

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

v a r i a b l e  m e l t i n g  p o i n t ,  i t  v/as t h e r e f o r e  n o t  im p ro b a b le  t h a t  

Compound was a c t u a l l y  a  m i x t u r e  o f  d i a a t e r e o i o o m e r s #  w hich  

were  so  s i m i l a r  a s  t o  be v i r t u a l l y  i n s e p a r a b l e  by  c h ro m a to 

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

•Vith t h e  hope o f  g a i n i n g  a d d i t i o n a l  i n s i g h t  i n t o  t h e  s t r u c 

t u r e  o f  Compound A# t h e  p r o t o n  ma,ir^etic r e s o n a n c e  ITU s p e c t r u m  

o f  a  s o l u t i o n  i n  d e u t e r a t e d  d i m e t h y l s u l p h o x i d e #  was s t u d i e d  and 

compared w i t h  t h a t  o f  2 # 4 - £ - b u t y l i d e n e - h - g l u c i t o l .  ( T i g .  x x ) .

The two complex  bands a t  t  3 . 3 4  and 9 . 1 0  i n  t h e s e  s p e c t r a #  

d i d  n o t  a p p e a r  i n  t h e  I lh i  s p e c t r a  o f  a n a l o g o u s  b e n z y l i d e n e  com

pounds  ( t o  be d i s c u s s e d  l a t e r ) ,  and s i n c e  t h e i r  i n t e g r a t e d  a r e a s  

ware  e q u i v a l e n t  t o  4  and 3 p r o t o n s  r e s p e c t i v e l y #  t h e  s i g n a l s  

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

The s i g n a l  a t t 9 .1 0  was p r o o a o l y  due  t o  t h e  p r o t o n s  o f  t h e  

t e r m i n a l  m e th y l  g r o u p .  The s h a p e s  o f  t h e s e  two s i g n a l s  were  

c h a r a c t e r i s t i c  o f  a  s y s te m  i n  w h ich  t h e  c o u p l i n g  c o n s t a n t s  a r e  

o f  t h e  same o r d e r  a s  t h e  d i f f e r e n c e  i n  c h e m i c a l  s h i f t .

The s i g n a l  a t  l o w e s t  f i e l d #  i n  t h e  s p e c t r u m  o f  Compound _A# 

a p p e a r e d  t o  be  a  t r i p l e t ,  t  4 . 9 2 # e n c l o s i n g  a n  a r e a  e q u i v a l e n t
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t o  a  s i n g l e  p r o t o n .  As s u c h  a  s i g n a l  c o u ld  a r i s e  t h r o u g h  

c o u p l i n g  o f  a  s i n g l e  p r o t o n  w i t h  p r o t o n s  o f  an  a d j a c e n t  methy

l e n e  g r o u p ,  i t  was a s s i g n e d  t o  t h e  p r o t o n  on O2 ( F i g .  x i x  p . 5 7 ) .  

T h i s  a s s i g n m e n t  was c o n f i r m e d  by r e c o u r s e  t o  t h e  t e c h n i q u e  o f  

d o u b le  r e s o n a n c e .  The a p p l i c a t i o n  o f  a  se c o n d  r a d i o f r e q u e n c y  

f i e l d  a t  t h e  m e th y le n e  r e s o n a n c e s  r 3 . 5 ^  was o b s e r v e d  t o  c o l l a p s e  

t h e  t r i p l e t  s t r u c t u r e  a t  r 4 . 9 2 .  However, i n  t h e  r e v e r s e  

p r o c e d u r e ,  i r r a d i a t i o n  a t  4 . 9 2  d i d  n o t  a p p e a r  t o  have  much 

e f f e c t  on t h e  o b s e r v e d  s t r u c t u r e  o f  t h e  m e th y le n e  m u l t i p l e t ,  

p r o b a b l y  owing t o  i t s  c o m p l e x i t y .

I n  t h e  s p e c t r u m  o f  2 , 4 g 0 - b u t y l i d e n e - ^ - g l u c i t o l  t h e  a c e t a l  

p r o t o n  s i g n a l  a p p e a r e d  a t  h i g h e r  f i e l d ,  and w as ,  i n  f a c t ,  

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

w i t h  t h e  a c e t a l  p r o t o n  s i g n a l s  o f  b e n z y l i d e n e  a c e t a l s , '  where  

t h e  s i g n a l s  f o r  a  s e r i e s  o f  2 - p h e n y l - 1 , 3 - d i c x a n 3  d e r i v a t i v e s ,  

w i t h  e q u a t o r i a l  s u b s t i t u e n t s  a t  t h e  4 and 6 p o s i t i o n s  ( i . e .  

p C - r i n g s ) ,  were found  t o  o c c u r  a t  h i g h e r  f i e l d  t h a n  t h o s e  o f  a  

s e r i e s  o f  4 - a l h y l - 2 - p h e n y l - 1 , 3 - d i o x o l a n e s  ( i . e .  &-r i n g s ) .

T h is  c o u ld  be t a k e n  a s  a  f u r t h e r  i n d i c a t i o n  t h a t  Compound A 

c o n t a i n e d  a  f iv e -m am b ere d  r i n g .

l i a s t e r e o i s o m e r i s m  i n  Compound jV c o u ld  m a n i f e s t  i t s e l f  i n  

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

s t e r e o i s c m e r s  m igh t  e i t h e r  show two c o m p l e t e l y  r e s o l v e d  t r i p 

l e t s ,  o r  a  complex  s i g n a l  o f  t h e  two p a r t i a l l y  s u p e r i m p o s e d .
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The s p e c t r a  o f  s a m p le s  w i t h  m e l t i n g  p o i n t s  111-113^ and 117-118^  

Were t h e r e f o r e  com pared ,  b u t  no s i g n i f i c a n t  d i f f e r e n c e s  were 

d e t e c t a b l e .  I t  a p p e a r e d  t h a t ,  i f  d i a s t e r o i s o m e r i s m  was 

r e s p o n s i b l e  f o r  t h e  v a r i a b l e  m e l t i n g  p o i n t  o f  Compound t h e n  

t h e  i s o m e r s  were so  s i m i l a r  t h a t  t h e i r  a c e t a l  p r o t o n  s i g n a l s  

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

- D e r i v a t i v e g o f  Compound

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

i n  t h e  f o r m a t i o n  o f  t r i p h e n / l m e t h y l  ( t r i t y l )  e t h e r s  o f  p o l y -
50h y d ro x y  compounds ,^  a n d ,  on t h i s  b a s i s .  Compound ^  would be 

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

S e v e r a l  a t t e m p t s  were made t o  p r e p a r e  t h i s  d e r i v a t i v e  ( E x p t .  20 ,  

p . / t 2 ) ,  b u t  t h e  o n l y  c r y s t a l l i n e  m a t e r i a l  t h a t  was i s o l a t e d  was 

some t r i p h e n y l c a r b i n o l ,  w h ich  p re s u m a b ly  r e s u l t e d  f rom  h y d r o l y 

s i s  o f  e x c e s s  t r i p h e n y l c h l o r o m e t h a n e ,  when t h e  r e a c t i o n  m ix t u r e  

was p r e c i p i t a t e d  i n  c o l d  w a t e r .

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

( E x p t .  2 1 ,  p . / n )  w i t h  a  m i x t u r e  o f  a c e t i c  a n h y d r i d e  i n  p y r i d i n e ,  

and a  c r y s t a l l i n e  s u b s t a n c e  was i s o l a t e d  w h ich  was f o u n d ,  f rom  

i n f r a r e d  a n a l y s i s ,  t o  c o n t a i n  no f r e e  h y d r o x y l  g r o u p s .  The 

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

w i t h  t h a t  c a l c u l a t e d  f o r  a  b i s - t r i p h e n y I m e t h y 1 - d i a c e t a t e  

d e r i v a t i v e  o f  Compound and d i f f e r e d  c o n s i d e r a b l y  f rom  t h e
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c a l c u l a t e d  f i g u r e s  f o r  o t h e r  p o s s i b l e  d e r i v a t i v e s .  U n f o r t u n 

a t e l y ,  owing t o  t h e  p o o r  s o l u b i l i t y  o f  t h e  sam ple  i n  a l k a l i n e  

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

r e l i a b l y  e s t i m a t e d .

ho o t h e r  c r y s t a l l i n e  d e r i v a t i v e s  c o u ld  be p r e p a r e d  f rom  

Compound a l t h o u g h  e f f o r t s  were  made t o  fo rm  a  d i b e n z o a t e ,  

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

i n  t h e  ^ p r e p a r a t io n  o f  c r y s t a l l i n e  d e r i v a t i v e s  m ig h t  w e l l  be 

e x p l i c a b l e ,  i f  t h e  sam p le s  o f  Compound em ployed ,  were  

a c t u a l l y  m i x t u r e s  o f  t h e  two d i a s t e r e o i s o m e r s .
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I I .  ( i l l )  F i s s i o n  o f  O - i u t y l l d e n e - D - l l u o l t o l s  

h y d r o l y s i s

S i n c e  Compound A ( 2 , 3 - 0 - 3 u t y l i d e n e - D - g l u c i t o l )  and 2 , 4 - £ -  

b u t y l i d e n e - F - g l u c i t o l  had b e e n  found  t o  be  t h e  most i m p o r t a n t  

p r o d u c t s ,  a r i s i n g  o u t  o f  t h e  k i n e t i c  and therm odynam ic  s t a g e s ,  

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

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

t h e  h y d r o l y t i c  b e h a v i o u r  o f  t h e s e  two a c e t a l s  would p ro ve  

p r o f i t a b l e .

The h y d r o l y s e s  were c o n d u c te d  a t  26^ w i t h  d i l u t e  s o l u t i o n s  

o f  t h e  a c e t a l s  i n  lî a q ueo u s  h y d r o c h l o r i c  a c i d  a n d ,  i n  E x p t .  22 

( p . f h )  were  f o l l o w e d  p o l a r i m e t r i c a l l y .  Graph 10 ( p .  64)  shows 

how t h e  o p t i c a l  r o t a t i o n s  i n  b o t h  r e a c t i o n s  i n c r e a s e d  w i t h  

t im e  and a p p ro a c h e d  a  common v a l u e  a t  e q u i l i b r i u m .

P e r i o d i c a l l y  d u r i n g  t h e s e  r e a c t i o n s  s a m p le s  were t a k e n  and 

a n a l y s e d  g a s  c h r o m a t o g r a p h i c a l l y  a s  TM3 d e r i v a t i v e s .  The 

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

o f  t h e  l i b e r a t e d  n - b u t y r a l d e h y d e  ( E x p t .  23# p*/^7 ) (G rap h  10 

p .  6 4 ) ,  and by t h e s e  means a  p i c t u r e  waa c o n s t r u c t e d  o f  t h e  

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

H y d r o l y s i s  o f  2 , 4 - 0 - b u t y l i d e n e g D - g l u c l t o l  s l o w l y  r e l e a s e d  

D - g l u c i t o l  and n - o u t y r a l d e h y d e ,  and t r a c e s  o f  some o t h e r  mono

a c e t a l s ,  w hich  were p r o b a b l y  fo rm ed  m a i n l y  by r e c o m b i n a t i o n  o f



Hydrolyses of Mo n o -^ B u ty l id en e -D -O lu c ito is  (3*18 x  10 m) } 

in  N Aqueous Hydrochloric Acid at 26V̂ .- :i ; ; il. ■ i
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t h e  h y d r o l y s i s  p r o d u c t s ,  so on  a p p e a r e d  i n  t h e  r e a c t i o n  m i x t u r e ,  

E q u i l i b r i u m  was a t t a i n e d  v/hen kO/j o f  t h e  a c e t a l  had  h y d r o l y s e d  

and t h e  c o m p o s i t i o n  o f  t h e  m i x t u r e  v/as t h e n  s i m i l a r  t o  t h a t  

o b t a i n e d  f rom  r e a c t i n g  ^ - g l u c i t o l  w i t h  n - b u t y r a l d e h y d e  i n  

a q u eo u s  a c i d  ( F i s *  x i v  p . 4 5 ) .

Compound JV, on h y d r o l y s i s ,  p r e s e n t e d  a  most  i n t e r e s t i n g  

s i t u a t i o n ,  w h ich  i s  i l l u s t r a t e d  d i a g r a m m a t i c a l l y  i n  F i g .  x x i .  

I n  t h e  i n i t i a l  r e a c t i o n ,  t h e  a c e t a l  was r a p i d l y  b r o k e n  dovm 

i n t o  i t s  co m p o n e n ts ,  t o  t h e  e x t e n t  o f  66,i and d u r i n g  t h i s  

p e r i o d  v e r y  few  t r a c e s  o f  any  o t h e r  m o n o a c e t a l s  c o u ld  be 

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

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

amount o f  a ld e h y d e  i n  t h e  s y s t e m  d i m i n i s h e d ,  and o t h e r  mono

a c e t a l s  b e g an  t o  a p p e a r  i n  t h e  m i x t u r e .  At e q u i l i b r i u m , o n l y  

3 8 /  o f  t h e  a c e t a l s  was h y d r o l y s e d ,  ar^d t h e  c o m p o s i t i o n  o f  t h i s  

m i x t u r e  was s i m i l a r  t o  t h a t  o b t a i n e d  by  h y d r o l y s i n g  t h e  2 ,4 - ; 0 -  

b u t y l i d e n e - 3 - g l u c i t o l .a*
I t  was r e m a r k a b l e  t h a t  t h e  h y d r o l y s i s  o f  Compound A., l i k e  

i t s  f o r m a t i o n ,  a p p e a r e d  t o  be an  exam ple  o f  a  r e a c t i o n  w h ic h  

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

o t h e r  p r o d u c t  c o u ld  be  d e t e c t e d ,  i n  t h e  i n i t i a l  r e a c t i o n ,  

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

m i g r a t i o n  r e a c t i o n s  a t  t h i s  s t a g e .  Under  therm odynam ic  con

t r o l ,  t h e  s y s te m  s l o w l y  e q u i l i b r a t e d  and came t o  t h e  same f i n a l
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p o s i t i o n  a s  d i d  t h e  h y d r o l y s e d  2 ,4 - - a o n o a c e t a l «

P o l a r i m e t r i c  d a t a  f ro m  t h e  h y d r o l y s i s  o f  2 , 4 - 0 - b u t y l i d e n e -
29

P - T l u c i t o l  h a s  been  a p p l i e d  t o  t h e  f i r s t  o r d e r  k i n e t i c  e q u a t i o n

I n .  («Q -  = k t

)

where  and were  t h e  o b s e r v e d  o p t i c a l  r o t a t i o n s  a t

t i m e s  t  SB 0 , t  a  t  and t  =% ^  r e s p e c t i v e l y .  Good l i n e a r  

^ a p h s  o f  l o g . ( “^ -  ) a g a i n s t  t im e  were o b t a i n e d .

T h i s  work was r e p e a t e d  w i t h  2 , 4 - 0 - o u t y l i d e n e - h - g l u c i t o l  

i n  N and 211 aq u eo u s  h y d r o c h l o r i c  a c i d  a t  26®, and t h e  s i m p le  

f i r s t  o r d e r  e q u a t i o n  v/as fo un d  t o  be obeyed w i t h  r e m a r k a b l e  

p r e c i s i o n .  (G raph  11 ( a )  p .  5 3 ) .

The r e a s o n  f o r  t h i s  was n o t  a l t o g e t h e r  c l e a r ,  s i n c e  t h e  

e q u a t i o n  v/as b a se d  on t h e  a s s u m p t i o n  t h a t  t h e  h y d r o l y s i s  went 

v i r t u a l l y  t o  c o m p l e t i o n ,  w i t h  no r o t a t i o n a l l y  s i g n i f i c a n t  

i n t e r m e d i a t e ,  and t h a t  D - g l u o i t o l  was t h e  e x c l u s i v e  o p t i c a l l y  

a c t i v e  p r o d u c t .  Kov/ever, i t  had b e e n  i n f e r r e d ,  f rom  t h e  

p r e v i o u s  d i s c u s s i o n ,  t h a t  t o  r e p r e s e n t  t h e  s y s te m  a s  -  

ACHTAL ^  D-GLUCITOL + n-3GTYRATd)ZiIY23
ss  —

v/as a  v a s t  o v e r s i m p l i f i c a t i o n  o f  t h e  s i t u a t i o n ,  and t h e  assum p

t i o n ,  t h a t  t h e  e q u i l i b r i u m  f a v o u r e d  t h e  r i g h t  hand s i d e ,  was 

n o t  v a l i d .



P lo t  o f  2 + log(o^t a g a in s t  Time f o r  th e  H y d r o ly s is  in

Aqueous H y d roch lor ic  A cid  a t 26 o f
j  ' !  '  I  '

D -G lu c ito l  and (b )  Compound A."t*'

GRAPH 11
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Tha s p e c i f i c  r o t a t i o n  o f  3 - j l u o i t o l  i n  a q u eo u s  s o l u t i o n s  

i s  s m a l l  0 .5 3  aq u eo u s  ÎIG1), and so  t h e

r o t a t i o n  o f  D - g l u c i t o l  i n  t h e s e  r e a c t i o n  m i x t u r e s  would be 

c l o s e  t o  z e r o .  I t  may,  p e r h a p s ,  be f o r t u i t o u s  t h a t  t h e  r o t a 

t i o n s  due t o  t h e  o t h e r  compounds i n  t h e  m i x t u r e s  were  a l s o  

s m a l l ,  o r  o f  o p p o s i t e  s i ^ s ,  and t h u s  t o  a  c e r t a i n  e x t e n t  s e l f 

c a n c e l l i n g .

P o l a r i m e t r i c  d a t a  f ro m  t h e  h y d r o l y s i s  o f  Compound A was 

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

l i n e a r  law  was l e s s  r i g o u r o u s l y  o b e y e d .  (G raph  1 1 ( b )  p .  62 )

Prom s p e c t r o p h o t o m e t r i c  m e a s u re m e n ts ,  t h e  m o l a r  c o n c e n t r 

a t i o n ,  ( x ) ,  o f  n .* b u ty ra ld e h y d e  i n  t h e  s y s t e m , a t  a n y  t i m e ,  ( t )  

c o u ld  be d e d u c e d ,  and t h i s  was e q u i v a l e n t  t o  t h e  amount o f  

m o n o a c e t a l  h y d r o l y s e d  a f t e r  t im e  ( t ) .  Z h ere  ( a )  r e p r e s e n t e d  

t h e  i n i t i a l  m o la r  c o n c e n t r a t i o n  o f  t h e  a c e t a l ,  t h e n  ( a - x )  was 

t h e  c o n c e n t r a t i o n  o f  a c e t a l  a t  t im e  ( t ) .

F o r  a  s t r a i g h t f o r w a r d  f i r s t  o r d e r  r e a c t i o n .

I n .   a  a  k t
( a - x )

o r  l o g  ( a - x )  = - k t  + l o g  a
2 .3 0 3

The i n i t i a l  s t a g e s  o f  t h e s e  h y d r o l y s e s  were  p r o b a b l y  more 

a c c u r a t e l y  r e p r e s e n t e d  by t h i s  e q u a t i o n ,  s i n c e  a  m easu rem en t
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a t  e q u i l i b r i u m  was n o t  r e q u i r e d ,  a l t h o u g h  d e v i a t i o n s  f rom  

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

r e a c t i o n s *

Graphs o f  l o g  ( a - x )  a g a i n s t  t im e  were  p l o t t e d  w i t h  

s p e c t r o p h o t o m e t r i c  d a t a  f rom  t h e  h y d r o l y s e s  o f  t h e  two b u t y l i -  

d e n e - b - g l u c i t o l s  a n d ,  f ro m  t h e  I n i t i a l  s l o p e s ,  r a t e  c o n s t a n t s ( k )  

were  c a l c u l a t e d *  The r e s u l t s  have  b e en  l i s t e d  i n  t h e  t a b l e  

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

m e t r i c  d a t a *

Pseudo  -  F i r s t  O r d e r  P a t e  C o n s t a n t s  ( k x l O ^ s e c . " ^ )  a t  26^

i ; o r a a l l t y  1 o \  1 o \  ( 2 , t - 0 -
o f  a c i d  (Comoound A) 3 u t y l i d e n e - 0 -

g l u c i t o l *

S p e c t r o p h o t o m e t r i c  1 .0 3  6 . 8  0 . 3

l o l a r i m e t r i c  ” 7 . 4  0 . 5

S p e c t r o p h o t o m e t r i c  2 .0 3  1 .1

P o l a r i m e t r i c  " 2 5 . 9  1 .6

T h e re  v/as some d i f f e r e n c e  b e tw e e n  t h e  f i g u r e s  o b t a i n e d  

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

s p e c t r o p h o t o m e t r i c  d a t a  were  somewhat s m a l l e r .  Ov^ing t o  t h e  

c o m p l e x i t y  o f  t h e s e  r e a c t i o n s ,  w h ich  have  h e r e  b e e n  r e p r e s e n t e d  

a s  o f  s i m p l e  f i r s t  o r d e r ,  t h e  r a t e  c o n s t a n t s  must  be r e g a r d e d  

a s  b e i n g  m e r e ly  a p p r o x i m a t e .
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What n e v e r t h e l e s s  v/aa r e m a r k a b l e  a b o u t  t h e s e  f i g u r e s ,  

was t h e  much g r e a t e r  r a t e  o f  h y d r o l y s i s  o f  Compound when

compared w i t h  t h a t  o f  2 , 4 ^ 0 - o u t y l i d e n e - 2 - g l u c i t o l .  The
20d i f f e r e n c e  i n  r a t e  can  be e x p l a i n e d  f ro m  t h e  t h e o r y  t h a t  t h e

oxoca rbo n ium  i o n  i n t e r m e d i a t e ,  fo rm ed i n  t h e  r a t e - d e t e r m i n i n g

s t e p ,  c a n  be more e a s i l y  a c h i e v e d  f ro m  a  n e a r l y  c o p l a n a r  f i v a -

membered r i n g ,  t h a n  f rom  a  s ix -m em b ered  r i n g ,  w h ic h  i s  i d e a l l y

i n  a  c h a i r  c o n f o r m a t i o n .  However,  3 # 4 - 0 - b u t y l i d e n e - 0 - g l u o i t o l

d o e s  n o t  h y d r o l y s e  much f a s t e r  t h a n  t h e  2 , 4 - i s o m e r ;  The r e l a -
o 2 9

t i v e  r a t e  c o n s t a n t s  a r e  1 , 3 : 1  i n  IÎ h y d r o c h l o r i c  a c i d  a t  3 3 . 6  

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

Compound A ( 2 , 3 - )  and 3 f 4 - £ - b u t y l i d e n e - H - g l u c i t o l ,  w h ich  b o t h  

have  G f - r i n g s ,  i s  n o t  y e t  a p p a r e n t .

King ' ' i g r a t i o n

H a v in g  o b s e r v e d  t h e  b e h a v i o u r  o f  Compound ^  u n d e r . h y d r o l y 

t i c  c o n d i t i o n s ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  i t s  r e a c t i v i t y  

i n  a  n o n - a q u e o u s  a c i d i c  medium. I n  H x p t .  24 (p*i^8) i t  was 

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

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

t i o n  was s e e n  t o  c h a n g e .

P e r i o d i c a l l y ,  s a m p le s  were  t a k e n  f rom  t h e  s y s t e m , a n d  

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

P i g .  x x i i  ( p . 7 2 ) ,  i n d i c a t e d  t h a t  Compound A u n d e rw en t  a  s l o w  

r e a r r a n g e m e n t  t o  o t h e r  m o n o a c e t a l s ,  i n  p a r t i c u l a r  t o  2 ,4 -2 .““
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b u t y l i d e n e - ^ - ^ l u c i t o l f  and no D - . ^ l u c i t o l  was d e t e c t e d  i n  t h e  

m i x t u r e  d u r i n g  t h e  r e a c t i o n #

The p r e c e d i n g  e v id e n c e  h a s  d e m o n s t r a t e d  t h a t ,  i n  t h e  

p r e s e n c e  o f  r e a g e n t s  w h ich  c l e a v e  a c e t a l  r i n g s .  Compound A 

vms c o n s i d e r a b l y  l e s s  s t a b l e  t h a n  2 , 4 - £ - b u t y l i d e n e - 3 - g l u c i t o l  

t o  w hich  i t  t e n d e d  t o  r e v e r t .
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CHfiH

CH,OH

CH.OH

OH

HO

OH

CHiOH

OH

OH

CHiOH

F i g .  x x i i i

Cf t l i e  m o n o - ^ - o e n z y l i d e n e - D - g l u c i t o l s  ( x x i i i )  t h e  2 , 4 -
51a c e t a l  h a s  b een  known f o r  many y e a r s .  L leun ie r  f i r s t  

p r e p a r e d  i t  arou;ad lC9 0 ,  by  t r e a t i n g  D - g l u c i t o l  w i t h  b e n z -  

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

was n o t  u n t i l  1935 t h a t  i t  was c o r r e c t l y  i d e n t i f i e d  b y  von 

Vargha.^"*^^

Up u n t i l  now no o t h e r  m o n o a c e t a l s  had b e e n  s y n t h e s i z e d  by

d i r e c t  a c t i o n  o f  b e n z a ld e h y d e  on D - g l u c i t o l , However, by  
.54h y d r o g e n a t i o n  o f  4 » 6 - £ - b e n z y l i d e n e - H - g l u c o 3 e ,  Sowden p r e p a r e d

554 f 6 - £ - b e n z y l i d e n e - J ) - g l u c i t o l .  î .o re  r e c e n t l y ,  Bonner  e t  a l . ^ ^  

h av e  o b t a i n e d  t h e  3 , 5 - a c e t a l  by p a r t i a l  h y d r o g e n o l y s i s  o f  

2 , 4 s 3 f 5 - d i - j O - b e n z y l i d e n e - D - g l u c i t o l .  The a c e t a l  i t s e l f  was 

i s o l a t e d ,  a f t e r  c h ro m â to g ra p h y  on a lu m i n a ,  i n  t h e  fo rm  o f  a  

g l a s s y  s o l i d ,  b u t  was c h a r a c t e r i z e d  a s  i t s  t e t r a - a c e t a t a .
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I n  t h e  P r o l i m i n a r y  I n v e s t i g a t i o n s  ( I )  i t  had b een  fo u n d  

t h a t  tliQ r e a c t i o n  o f  D - g l u c i t o l  w i t h  b e n z a ld e h y d e  i n  t h e  p r e s 

e n ce  o f  d i l u t e  aq u eo u s  h y d r o c h l o r i c  a c i d ,  l i k e  t h a t  w i t h  

n - b u t y r a l d e h y d e ,  p r o b a b l y  p r o c e e d e d  v i a  a n  i n t e r m e d i a t e  com

pound w i t h  a  r e l a t i v e l y  l a r g e  n e g a t i v e  o p t i c a l  r o t a t i o n .

The o n l y  a d d i t i o n a l  f a c t o r ,  i n  t h e  c a s e  o f  b e n z a ld e h y d e ,  was 

t h e  i n c l u s i o n  o f  DH? i n  t h e  s y s t e m  t o  f a c i l i t a t e  s o l u b i l i t y .  

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

i n  a  s i m i l a r  manner  t o  t h e  r e a c t i o n  w i t h  n - o u t y r a l d e h y d e .
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I I I #  ( i )  F o r m a t io n  o f  0 - l e n z y l i d e n e - B - I l u c i t o l s

The r e a c t i o n  o f  b e n z a ld e h y d e  w i t h  B - g l u c i t o l  was con

d u c t e d  w i t h  e q u i in o l a r  q u a n t i t i e s  (0#25 î) o f  t h e  r e a c t a n t s  i n  

aq u eo u s  1:.T i n  t h e  p r e s e n c e  o f  h y d r o c h l o r i c  a c i d  (G raph  4 p . l s X  

I n  ILxpt# 25 (p * / t9 ) ,  s a m p le s  were talc en i n  t h e  e a r l y  s t a g e s  o f  

t h e  r e a c t i o n ,  when t h e  o p t i c a l  r o t a t i o n  o f  t h e  m i x t u r e  was 

a p p r o a c h i n g  i t s  minimum, and l a t e r ,  when a  s t e a d y  v a l u e  o f  

o p t i c a l  r o t a t i o n  was b e i n g  a t t a i n e d .  From t h e s e  s a m p le s ,

Tl.:3 d e r i v a t i v e s  were  p r e p a r e d  f o r  a n a l y s i s  w i t h  GLC.

A n a l y s i s  o f  t h e  R e a c t i o n  F i x t u r e

The g a s  c h ro m a to g r a p h y  column w i t h  a  p o l y p h e n y l e t h e r  

s t a t i o n a r y  p h a s e ,  w h ic h  had been  so  s u c c e s s f u l l y  employed f o r  

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

owing t o  t h e  e x t r e m e l y  l a r g e  r e t e n t i o n  volumes o f  t h e  mono-£-  

b e n z y l i d e n e  compounds.  Of t h e  columns a v a i l a b l e ,  t h e  b e s t  

one f o r  t h i s  p u r p o s e  had a  m e t h y l s i l i c o n e  s t a t i o n a r y  p h a s e ,  

S E -3 0 ,  on a  s u p p o r t  o f  Gas Chrom P .  and was u se d  a t  175^ .

A sam ple  o f  2 , 4 - £ - o e n z y l i d e n e - £ - g l u c i t o l  TI.I3 d e r i v a t i v e  

gave  a  s i n g l e  peak  w i t h  KV 4 .5 1 *  Vgien t h e  s a m p le s ,  t a k e n  f rom  

t h e  r e a c t i o n  m i x t u r e ,  were  c h r o m a to g r a p h e d ,  i t  c o u ld  be s e e n  

t h a t  t h e y  c o n t a i n e d ,  b e s i d e s  £ - g l u c i t o l ,  a  number o f  compounds 

w i t h  RV*s i n  t h e  r a n g e  3 . 5 - 5 . 0 ,  w h ich  were p re s u m a b ly  mono

a c e t a l s .  U n f o r t u n a t e l y ,  none  were  c o m p l e t e l y  r e s o l v e d .
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I t  w as ,  h o w ever ,  p l a i n  t h a t  i n  t h e  e a r l y  s t a g e s  o f  r e a c t i o n ,  

t h e  most  p r o m in e n t  compound v/as n o t  t h e  2 , 4 - m o n o a c e t a l ,  b u t  

a  compound w i t h  s m a l l e r  2.7 w h ich  h a s  b een  d e s i g n a t e d ,  f o r  t h e

p u r p o s e  o f  t h i s  w ork ,  a s  Compound 3^

The li/i'd s p e c t r a  o f  b e n z y l i d e n e  a c e t a l s  have  b e e n  s t u d i e d
7

e x t e n s i v e l y ,  and i t  h a s  b een  fo u n d  t h a t  t h e  s i g n a l  f o r  t h e  

p r o t o n  on t h e  a c e t a l  c a r b o n  atom i s  u n s p l i t ,  and o c c u r s  i n  

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

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

The riuR s p e c t r u m  o f  2 , 4 g O - J e n z y l i d e n e - D - g l u c i t o l  i n  

d e u t e r a t e d  d i m e t h y l s u l p h o x i d e  was r e c o r d e d  and h a s  b een  

r e p r o d u c e d  i n  F i g .  x x v i  ( p . # 6 ) .  I t  was n o t i c e d  t h a t  a  s i n g l e t ,  

o f  i n t e g r a t e d  a r e a  e q u i v a l e n t  t o  one p r o t o n  o c c u r r e d  a t  T 4 . 3 7 ,  

i n  an  o t h e r w i s e  c o m p l e t e l y  c l e a n  p a r t  o f  t h e  s p e c t r u m ,  and t h i s  

h a s  b e en  a s s i g n e d  t o  t h e  p r o t o n  on t h e  a c e t a l  c a r b o n  a to m .

F o r  s i m i l a r  s o l u t i o n s  o f  t h e  s a m p le s  t a k e n  f rom  t h e  

r e a c t i o n  m i x t u r e ,  I lh l  s p e c t r a  were a l s o  r e c o r d e d ,  and t h e

r e g i o n  T 3 . 0  -  5 . 0  was s c r u t i n i z e d .  As e x p e c t e d ,  t h e  p a t t e r n

o f  s i g n a l s  was q u i t e  com plex ,  s i n c e  a  number o f  compounds were 

known t o  be p r e s e n t .  A sam ple  f ro m  t h e  l a t t e r  p a r t  o f  t h e  

r e a c t i o n  showed tv/o d i s t i n c t  s e t s  o f  m u l t i p l e  s i g n a l s ,  o f  

c o m p a ra b le  i n t e n s i t y ;  one w i t h  a  peak  a t  t  i f .4 1 ,  w h ich  p r o b a b l y  

a r o s e  p r i n c i p a l l y  f rom  t h e  2 , 4 - m o n o a c e t a l ,  and a n o t h e r ,  a t  

s l i g h t l y  l o w e r  f i e l d ,  w i t h  two pealcs T 4 . 0 3  and 4 . 1 5 .  The 

s p e c t r a  o f  s a m p le s  t a k e n  i n  t h e  e a r l y  s t a g e s  o f  r e a c t i o n  were
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o f  s i m i l a r  fo rm ,  i n  t h i s  r e g i o n ,  b u t  t h e  s i g n a l  a t  T 4 .4 1  v/as 

c o n s i d e r a b l y  s m a l l e r  i n  a r e a ,  t h a n  t h e  two pe;iks a t  l o w e r  

f i e l d .

These  r e s u l t s  c o n f i r m e d ,  t h e  o b s e r v a t i o n  t h a t  2 , 4 7 2 "  

b e n z y l i d e n e - B - g l u c i t o l  was n o t ,  a t  l e a s t  i n i t i a l l y ,  t h e  main  

p r o d u c t  o f  c o n d e n s a t i o n  be tw een  b e n z a ld e h y d e  and 2 * * « l u c i t o l  i n  

d i l u t e  aq u eo u s  h y d r o c h l o r i c  a c i d .  J3ut, t o  Compound 2* i t  was 

n e c e s s a r y  t o  assi^pn two s i g n a l s  ( t  4 . 0 3  and 4 . 1 5 ) ,  w h ich  

s u g g e s t e d  t h a t ,  so  l o n g  a s  o n l y  m o n o b e n z y l id e n e  a c e t a l s  were  

i n v o l v e d ,  t h e  t e r m  Compound 2  niay w e l l  a c t u a l l y  embrace more 

t h a n  one compound.

I s o l a t i o n  o f  Compound 3 .

A m i x t u r e  o f  B - g l u c i t o l  and i t s  b e n z y l i d e n e  a c e t a l s ,  

c o n t a i n i n g  a  h i g h  p r o p o r t i o n  o f  Compound 3* p r e p a r e d ,  by 

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

( I x p t .  2 6 ,  p .  170 ) ,  T h i s  m i x t u r e  was f r a c t i o n a t e d  on an  

a lu m i n a  co lum n,  u s i n g  e l u e n t s  o f  a q u eo u s  e t h a n o l .  The f i r s t  

s o l i d  m a t e r i a l  t h a t  v/as o b t a i n e d  f rom  t h e  co lum n,  on e v a p o r 

a t i o n  o f  t h e  f r a c t i o n s ,  gave  a  s i n g l e  p e a k ,  w i t h  HY i n  t h e  

r a n g e  p r e v i o u s l y  r e c o r d e d  f o r  Compound 2# when i t s  TkS d e r i v a 

t i v e  was a n a l y s e d  by GLC. The s e p a r a t i o n  v/as n o t ,  by  any  

m ea n s ,  p e r f e c t ,  a s  s u b s e q u e n t  f r a c t i o n s  c o n t a i n e d  i n c r e a s i n g  

amounts  o f  o t h e r  co m p o n e n ts ,  b u t ,  by  r e p e a t i n g  t h e  f r a c t i o n a t i o n  

p r o c e s s ,  f u r t h e r  p u r i f i c a t i o n  c o u ld  be e f f e c t e d .
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Compound J  was r o c r y s t a l l i z e d  f ro m  e t h y l  a c e t a t e  and had  

m .p .  123- 127^ .  The r e s u l t s  o f  i t s  e l e m e n t a l  a n a l y s i s  compared 

f a v o u r a b l y  w i t h  f i g u r e s  c a l c u l a t e d  f o r  a  m o n o -O -b en z y l id e n e -B *  

g l u e i t o l .

I t  was fo un d  t h a t  by  r e c r y s t a l l i z i n g  t h e  sam ple  many t i m e s ,  

f ro m  e t h y l  a c e t a t e ,  t h e  m e l t i n g  p o i n t  c o u ld  be r a i s e d  t o  1 3 1 -  

133^ .  F u r t h e r m o r e ,  when t h e  l i q u o r s  f rom  r e c r y s t a l l i z a t i o n s  

were  e v a p o r a t e d  t o  d r y n e s s ,  t h e  combined r e s i d u e s ,  a f t e r  

c r y s t a l l i z i n g  f rom  e t i i y l  a c e t a t e  had  m .p .  1 1 8 - 1 1 9 ° .  B u t ,  g a s  

c h r o m â to g r a p h i c a l l y ,  a l l  s a m p le s  m e l t i n g  w i t h i n  t h e  r a n g e  1 1 8 -  

133^1 b eh av e d  a s  a  s i n g l e  s u b s t a n c e .  The sa m p le s  were a l s o  

i n v e s t i g a t e d  by p a p e r  i o n o p h o r e s i s  i n  sod ium  b o r a t e  b u f f e r ,  

and t h e y  a l l  a p p e a r e d  t o  be i d e n t i c a l .

However,  an  i n d i c a t i o n  t h a t  t h e  m e l t i n g  p o i n t  v a r i a t i o n ,  

among sam p le s  o f  Compound 2» i m p l i e d  d i f f e r e n c e s  i n  c o m p o s i t i o n  

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

aq u eo u s  s o l u t i o n s .

1 1 3 -11 9 °  - 4 1 . 3 °  - 5 5 . 5 °

123 - 127°  - 3 3 . 5°  - 3 3 . 0 °

1 2 7 -1 3 0 °  - 3 5 . 4 °  - 2 3 . 9 °

1 3 1 -1 3 3 °  - 3 3 . 0 °  - 2 3 . 3 °
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The d a t a ,  l i s t e d  a b o v e ,  i n d i c a t e d  t h a t  Compound 1 Kiust have  

been  a  m ix t u r e  o f  a t  l e a s t  two compounds w i t h  d i f f e r i n g  

s p e c i f i c  r o t a t i o n s .  The component v / i th  t h e  s m a l l e r  n e g a t i v e  

r o t a t i o n  was s l i g h t l y  l e s s  s o l u b l e  i n  e t n y l  a c e t a t e ,  and hen ce  

t h e  o p t i c a l  r o t a t i o n  t e n d e d  t o  become l e s s  n e g a t i v e  w i t h  

r e c r y s t a l l i z a t i o n .  A c o m p le te  s e p a r a t i o n  o f  t h e s e  compounds 

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

c r y s t a l l i z a t i o n  f rom  t h i s  s o l v e n t .
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I I I .  ( i l )  S t r u c t u r a l  A n a ly s i s o f  Compou nd 3

The m a t e r i a l  which  had  b e en  i s o l a t e d #  and d e s c r i b e d  a s  

Com^;Ound 2# was b e l i e v e d  t o  c o n s i s t  o f  some c o n d e n sa t io n ,  

p r o d u c t s  o f  D - g l u e i t o i  and b e n z a l d e h y d e .  ^hen  an  aq u eo u s  

s o l u t i o n  o f  t n e  s u b s t a n c e  v/as warmed w i t h  c a t i o n  exchange  

r e s i n  (il^ f o r m ) ,  oe r .za ldohyde  was l i b e r a t e d ,  and was c h a r a c t e r 

i z e d  a s  i t s  p h e n y l h y d r a z o n e .  ( Z x p t .  2 7 ,  p .  17/). The r e m a i n i n g  

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

o r  d u l c i t o l ,  when examined by p a p e r  i o n o p h o r e s i s  i n  sod ium  

m s t a v a n a d a t e  b u f f e r . I t  t h e r e f o r e  seemed l i k e l y  t h a t  

Compound 3 was composed o f  b e n z y l i d e n e - B - e l u o i t o l s .

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

2  t o  a  m i x t u r e  c f  m o n o a c e t a l s ,  and i t s  c h r o m a to g r a p h ic  and

i o n o p h o r e t i c  p r o p e r t i e s ,  i n  so  f a r  a s  t h e y  had  b een  s t u d i e d ,  

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

s i m i l a r i t y  c o u ld  be e x h i b i t e d  by d i a s t e i ' e o i s o m s r s ,  i f  Compound 

2  w .3 d i r e c t l y  a n a l o g o u s  t o  Compound 2»

The f o l l o w i n g  s t r u c t u r a l  a n a l y s i s  was c a r r i e d  o u t  on a

sam ple  o f  Compound 3 w i t h  a . p .  1 2 7 - 1 3 0 ° ,  and was b a se d  upon t h e

a s s u m p t i o n  o f  a  m o l e c u l a r  w e ig h t  o f  2 7 0 ,  a s  f o r  a  m o no -^ -  

b e n z y l i d e n e - h - g l u o i t o l .  I t  was hoped t h a t ,  s h o u ld  t h e  sam ple  

c o n t a i n  two o r  more a c e t a l s  i n  w h ich  t h e  b e n z y l i d e n e  g ro u p s



82

span n ed  d i f f e r e n t  p a i r s  o f  oxygen a toms on t h e  g l u c i t o l  c h a i n ,  

t h e n  t h e  i n c o n s i s t e n c y  o f  t h e  r e s u l t s  would r e v e a l  t h i s  f a c t .

I h r i o d a t e  O x i d a t i o n

The e x p e r i m e n t a l  f i g u r e s ,  f o r  i n i t i a l  p e r i o d a t e  o x i d a t i o n  

o f  Compound 1* a p p ro x im a te d  f a i r l y  c l o s e l y  t o  v/hole numbers 

( Ih c p ts .  2 8 - 3 0 ,  P./72-). Cne m o l .  o f  t h e  s u b s t a n c e  consumed two 

m ol .  o f  p e r i o d a t e  and one m o l .  e a c h  o f  fo r m a ld e h y d e  and f o r m i c  

a c i d  were r e l e a s e d ,  t h u s  i n d i c a t i n g  t h e  p r e s e n c e  o f  a  1 , 2 , 3 -  

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

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

w h ic h  r e s u l t e d  i n  an  i n c r e a s e  i n  t h e  a c i d  p r o d u c e d .  The 

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

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

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

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

I n  t h e  l i g h t  o f  t h e  above r e s u l t s  i t  v/as c o n c lu d e d  t h a t  

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

Compound 1 &uot be  t h e  b e n z y l i d e n e  a c e t a l  o f a t e t r o s e .  T h i s  

was o b t a i n e d ,  and  h y d r o l y s e d  i n  d i l u t e  a c e t i c  a c i d ,  t o  remove 

t h e  b e n z y l i d e n e  g r o u p ,  ( h x p t .  3 1 ,  p .  l7/<-). The s y r u p y  p r o d u c t  

m i g r a t e d  a s  a  s i n g l e  s u b s t a n c e  when examined by p a p e r  i o n o -  

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

i o n  v/as l e s s  t h a n  t h a t  o f  e r y t l i r o s e ,  b u t  c o m p a rab le  t o  t h a t  o f
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t h r e o 3 2 . ^ ^  i n  a d d i t i o n ,  313 o f  t h e  p r o d u c t ,  a s  i t s  TI'S 

d e r i v a t i v e ,  showed t h a t  i t  had a  r e t e n t i o n  volume i d e n t i c a l  

t o  t h e  sam ple  o f  L -T l i reose  o b t a i n e d ,  by  a  s i m i l a r  p r o c e s s  

f rom  Compound T h e r e f o r e ,  Compound J3 c o u ld  have  c o n s i s t e d

o f  e i t h e r  1 , 3 -  o r  2 , 3 - 0 - o e n z y l i d e n e - l - j l u c i t o l 3 ,  o r  o f  a  mix

t u r e  o f  t h e  tw o ,  ( P i g ,  x x i v ) .

O CH

OH

OH

OH

CH;^OH

CH.OH

CH.OH

r e t h y l a t l c n  o f  Compound 3 ,

L l e t h y l a t i o n  o f  Compound Ji was a c c o m p l i s h e d  by  t r e a t m e n t ,  

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

o x i d e  ( i x p t ,  3 2 ,  p,775) and t h e  p r o d u c t  was a  c o l o u r l e s s ,  

v i s c o u s  s y r u p ,  w h ic h  e l e m e n t a l  a n a l y s i s  i n d i c a t e d  t o  be t h e  

t e t r a - O - m e t h y l  d e r i v a t i v e ,

•3y h y d r o l y s i s  o f  t h i s  s y r u p  i n  d i l u t e  s u l p h u r i c  a c i d ,  

( in ep t ,  3 3 ,  p ,  177) t h e  b e n z y l i d e n e  g ro u p  was d e t a c h e d ,  and t h e  

r e m a i n i n g  m a t e r i a l ,  a l s o  a  s y r u p ,  fo rm ed a  d e r i v a t i v e  w h ich  

gave  one s h a r p  p e a k ,  when a n a l y s e d  by d lC ,  I n  b o t h  t h s  hV o f
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I t s  TITS d e r i v a t i v e ,  and i t s  i n f r a r e d  sp ec t ru m ,  t h e  h y d r o l y s a t e  

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

m é t h y l 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  o f  Compound I t

a l s o  was o x i d i s e d  by aqueou s  sod ium  m e t a p e r i o d a t e  ( I x p t .  34 ,  

p .  (77) and m ust  t h e r e f o r e  have  c o n t a i n e d  a  p a i r  o f  v i c i n a l  

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

Thus i t  f o l l o w e d  t h a t  t h e  b e n z y l i d e n e  g ro u p  had  sp ann ed  

oxygen a toms a t t a c h e d  t o  a d j a c e n t  c a r b o n  a to m s ,  and so 

Compound must have  b e e n  2 , 3 - 0 - b e n z y l i d e n e - D - g l u c i t o l .

( F i g .  x x i v ) .

■irotcn TTa rustic Resonance Spectroscopy

how t h a t  Compound 3 had  been  s h o ’«vn t o  c o n t a i n  a  f i v e -  

membered r i n p ,  i t s  p r o p e r t i e s  c h a r a c t e r i s t i c  o f  a  m i x t u r e  

( e . g .  v a r i a b l e  m e l t i n g  p o i n t  and s p e c i f i c  r o t a t i o n )  became 

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

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

d i m e t h y l s u l p h o x i d e ,  o f  a  number  o f  s a m p le s  o f  Compound B were 

s t u d i e d ,  and compared w i t h  t h a t  o f  2 ,4 - 0 - o e n z y l id e n e - D ^ -  

g l u c i t o l .  ( F i g s .  XXV and x x v i ,  pp.^5-S^).

A s i g n a l  co.nxon t o  t h e  s p e c t r a  o f  b o t h  compounds was a  

m u l t i p l e t  a t T  2 .5 5  w i t h  an  i n t e g r a t e d  a r e a  e q u i v a l e n t  t o  f i v e
58p r o t o n s ,  w hich  was due t o  t h e  p r o t o n s  o f  t h e  benzene  n u c l e u s .  

The sp e c t r u m  o f  2 , 4 - C - b £ n z y l i d e n e - 3 - g l u c i t o l  ( F i g .  x x v i )
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h ad  a  s h a r p  s i g n a l  a t T  4 . 3 7 ,  i n  a  r e g i o n  c o m p l e t e l y  d e v o id  

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

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

c a r b o n  a tom ( )  •

I n  t h e  s p e c t r u m  o f  Compound 3 ( F i g .  xxv)  t h e  r e g i o n  

T 2 . 7  -  4 . 9  was l i k e w i s e  f r e e  f rom  s i g n a l s ,  e x c e p t  f o r  a  p a i r  

a t  4 . 0 5  and 4 . 1 3 ,  which  had  a  t o t a l  i n t e g r a t e d  a r e a  e q u i v a l e n t  

t o  one p r o to n *  F o r  t h e  same r e a s o n ,  t h i s  was a t t r i b u t e d  t o  

t h e  p r o t o n  on Cg# The f a c t  t h a t  t h e s e  s i g n a l s  o c c u r r e d  a t  

l o w e r  f i e l d  t h a n  t h a t  f o r  t h e  a c e t a l  p r o t o n  o f  2 ,4 - ;0 - o e n z y l id e n €  

- O - g l u c i t o l  was t a k e n  a s  an  a d d i t i o n a l  i n d i c a t i o n  t h a t  Compound
7

c o n t a i n e d  a  f iv e -m e m o e re d  r i n g .  B a g g e t t  e t  a l .  have  

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

b e tw e e n  t h e  a c e t a l  p r o t o n  s i g n a l s  o f  a  s e r i e s  o f  2 - p h e n y l - 1 , 3 -  

d i o x a n e s  w i t h  e q u a t o r i a l  s u b s t i t u e n t s  a t  p o s i t i o n s  4 and 6 ,  and 

t h o s e  o f  a  s e r i e s  o f  4 - a l k y l - 2 - p h e n y l - 1 , 3 - d i c x o l a n s s  i n  

d i o x a n e  s o l u t i o n s .

I t  was i n t e r e s t i n g  t o  o b s e r v e  t h a t  t h e  s i g n a l  a t t 4 . 1 3  

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

t h a t  when t h e  m e l t i n g  p o i n t  v/as 130-133^  i t  was b a r e l y  d i s c e r n 

a b l e .  Cn t h e  o t h e r  h a n d ,  w i t h  a  sam ple  o f  m e l t i n g  p o i n t  1 l 3 -  

119^f  t h e  two s i g n a l s  were  o f  c o m p a rab le  i n t e n s i t y .

The p r e s e n c e  o f  two r e s o n a n c e s  f o r  t h e  p r o t o n  a t  C2 was
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u n d o u b te d  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  b o t h  d i a s t e r e o i s o m e r s  

o f  Compound T h is  i n f o r m a t i o n  a l o n e  c o u ld  n o t  j u s t i f y  t h e

a s s i g n m e n t  o f  a b s o l u t e  c o n f i g u r a t i o n s .  However, i t  c o u ld  be 

d educed  t h a t  t h e  sam ple  o f  Compound 3 w i t h  m .p .  130-133^  was 

a lm o s t  a  p u re  d i a s t e r e o i s o i n e r  ( r  4 . 0 5 ) ,  and o f  t h e  tw o ,  i t  

had t h e  l e s s  n e g a t i v e  s p e c i f i c  r o t a t i o n  ( s e e  t a b l e  on p . 7 ? ) .

Then sa m p le s  were  t a k e n  f rom  t h e  e a r l y  s t a g e s  o f  r e a c t i o n  

o f  b e n z a ld e h y d e  and B - g l u c i t o l  i n  aqu eo u s  h y d r o c h l o r i c  a c i d ,  

i t  w i l l  be r e c a l l e d  t h a t  t h e i r  17:2 s p e c t r a  showed s i g n a l s  a t

4 . 0 3  and 4 . 1 5  ( p . 7 7 ) .  These  s i g n a l s  c an  now be a s s i g n e d  

p r o b a b l y  t o  t h e  two d i a s t s r e o i s o m e r o  o f  2 , 3 - £ - b e n 2y l i d e n e - B -  

g l u c i t o l ,  and s i n c e  t h e y  were  o f  s i m i l a r  a r e a s ,  i t  was l i k e l y  

t h a t  t h e  i s o m e r s  were s y n t h e s i z e d  i n  c o m p a rao le  a m o u n ts .
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I I I .  ( i l l )  F i n 3Ion o f  Compound B

The f o l l o w i n g  work was c a r r i e d  o u t  on a  sam p le  o f  Compound

H w i t h  m .p .  127- 130^ a l t h o u g h ,  i n  f a c t ,  i t  was n o t  a  p u re

d i a s t e r e o i s o m a r .  I t  was f e l t  t h a t  t h e  n a t u r e  o f  t h i s  work

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

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

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

H y d r o l y s i s

To f o l l o w ,  p o l a r i m e t r i c a l l y ,  t h e  h y d r o l y s i s  o f  Compound 3 ,  

i n  a q u eo us  h y d r o c h l o r i c  a c i d  o f  c o n c e n t r a t i o n  e x c e e d i n g  0 .5 H ,  

p ro v e d  t o  be i m p r a c t i c a b l e ,  owing t o  t h e  v e r y  r a p i d  change  i n  

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

0.1IÎ and 0.05H a c i d  s o l u t i o n s  ( F x p t .  3 5 ,  p . H ^ ) ,  and  t h e  v a r i a 

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

Graph 12 ( p . 9 0 ) .  An i d e a  o f  t h e  c h a n g i n g  c o m p o s i t i o n  o f  t h e  

m i x t u r e  v/as o b t a i n e d  by  JLC a n a l y s i s  ( F i g .  x x v i i ,  p .  9 / ) ,  and 

b o r a t e  i o n o p h o r e s i s ,  o f  s a m p le s  t a k e n  f rom  t h e  r e a c t i o n  a t  

v a r i o u s  s t a g e s .

The m a j o r  p r o c e s s ,  t h e  d i s i n t e g r a t i o n  o f  Compound B i n t o  

t h e  a l d e h y d e  and p o l y h y d r i c  a l c o h o l  was c l e a r l y  shown oy t h e  

d e c r e a s e  i n  peak  a r e a  o f  t h e  a c e t a l ,  p a r a l l e l e d  by  an  i n c r e a s 

i n g  F - g l u c i t o l  p e a k .  However, r i g h t  f rom  t h e  e a r l y  s t a g e s ,  

d e t e c t a b l e  amounts  o f  o t h e r  m o n o a c e t a l s  fo rm ed i n  t h e  s y s t e m .
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I t  waa I n t e r e s t i n g  t o  compare t h i s  h y d r o l y s i s  w i t h  t h a t  o f  

Compound Jl i n  N anu sou s  h y d r o c h l o r i c  a c i d  (Fi%* x x i ,  p * ^ 0 #

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

l e a s t  t h e  f i r s t  30/> o f  t h e  r e a c t i o n .

e v id e n c e  f rom I IC  and p a p e r  i o n o p h o r o s i s  s u g g e s t e d  t h a t  

2 , i f - 0 - b e n 3 7 l i d e n e - ^ - g l u c i t o l  v/as c h i e f  among t h e  n e w ly  fo rm ed  

m o n o a c e t a l s .  I t  m ip h t  w e l l  have  a r i s e n  a s  a  r e s u l t  o f  a  

r i n g  m i g r a t i o n .

The chrom atopram s i n d i c a t e d  t h a t  t h i s  h y d r o l y s i s  was 

p r o b a b l y  t o o  complex  t o  o b t a i n  any  r e l i a b l e  k i n e t i c  i n f o r m a t i o n  

f rom  p o l a r i m e t r i c  d a t a .  d u t ,  an  i d e a  o f  t h e  r e l a t i v e  r a p i d i t y  

o f  t h i s  r e a c t i o n ,  t o  t h a t  o f  t h e  h y d r o l y s i s  o f  Compound , could 

t o  o b t a i n e d  by co m p a r in g  t h e  t i n e s  t a k e n  f o r  h a l f  o f  t h e  o v e r a l l  

change  i n  o p t i c a l  r o t a t i o n  ( t ; ) .

Compound i n  C . l d  h y d r o c h l o r i c  a c i d  t i  = 5 m in .

Compound A i n  I .C h  h y d r o c h l o r i c  a c i d  t ^  «  13 m in i
a

A s i m i l a r  c o m p a r i s o n  h a s  been  made o f  t h e  h y d r o l y s e s  i n  

s u l p h u r i c  a c i d  o f  1 , 3 g O - b e i i z y l i d e n e g l y c e r o l  and 1 ,3'gO-nietliylene'" 

g l y c e r o l .  \

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

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

okoo a rb on iu m  i o n ,  formed i n  t h e  r a t e - d e t e r m i n i n g  s t e p ,  c a n  be  

f a r t h e r  s t a b i l i z e d  by r e s o n a n c e  i n t e r a c t i o n  w i t h  t h e  benzen e  

r i n g ,  ( s e e  P i g .  v i i i ,  p .  /t )•
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l i n g  M i g r a t i o n

I n  non-apU30u3 a c i d  m edia  a l s o ,  Compound 2  ^^9 more 

l a b i l e  t h a n  Compound 2*

Compound 2  u n d o rw e n t  r i n g  m i g r a t i o n s  i n  h i ?  i n  t h a  p r e s 

ence  o f  hydro  go n c h l o r i d e  ( iV p t*  3 5 ,  p# /79), and t h e  change  v/as 

d e t e c t e d  by a  c o m p a r a t i v e l y  r a p i d  i n c r e a s e  i n  o p t i c a l  r o t a t i o n  

o f  t h e  s o l u t i o n  {see  T ab le  18 ,  p .  221).  The gas  c h ro m â tograras 

( r i g #  x x v i i i ,  p .  94) showed t h a t  Compound 2  7/as g r a d u a l l y  

r e p l a c e d  by  a c e t a l s  w i t h  l a r g e r  17 v a l u e s .  The same s a m p le s  

were  a n a l y s e d  by  p a p e r  i o n o p h o r e s i s  i n  b o r a t e  b u f f e r ,  and i t  

was s e e n  t h a t  a t  l e a s t  two ne v a c e t a l s  had fo rm e d ,  t h e  moot 

a b u n d a n t  m i g r a t i n g  t o  t h e  same e x t e n t  a s  2 , h - 0 - b e n z y l i d s n e - h -  

g l u c i t o l .

T h e o r e t i c a l l y ,  a wide v a r i e t y  o f  i s o m e r s  was p o s s i b l e  

f rom  r i n g  m i g r a t i o n s ,  d e p e n d i n g  upon w h ich  C-0 bond i n  t h e  

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

o f  m i g r a t i o n s  and d i a s t e r e o i s o m e r i s m .  N e v e r t h e l e s s ,  t h e  

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

r e f l e c t e d  t h e i r  the rm odynam ic  s t a b i l i t i e s .  I n  t h i s  c a s e ,  

e v i d e n c e  f ro m  GLC and p a p e r  i o n o p h o r e s i s  was i n  s u p p o r t  o f  

t h e  p r e d i c t i o n  t h a t  2 , h - £ - b e n 2 y l i d c n e - 2 ’‘l^^^^'^®^ s h o u l d  be t h e  

m a j o r  p r o d u c t . ^
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IV.  r . 'ITIir T32-3-3IUCIT01S

I n  1894 S c h u lz  and T o l l e n s ^ ^  p r e p a r e d  a  t r i m e t h y l e n e - D -  

5 l u c i t o l  dy w ann ing  h - g l u o i t o l  w i t h  kO/  ̂ f o r m a ld e h y d e  s o l u t i o n  

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

compound was a s s i g n e d  t h e  1 , 3 :  2 , 4 :  5 , 6  r i n g  s t r u c t u r e  a s  a  

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

w o r k e r s ,
23l i e s s ,  licinn and Hudson s u c c e e d e d  i n  a l s o  i s o l a t i n g  1 , 3 ;

2 , 4  d i - £ - m a t h y l e n s - ^ - g l u c i t o l  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  

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

t r e a t m e n t  w i t h  sodium m a t h o x i d e ,  t h e y  o b t a i n e d  2 , 4 - £ - m e t h y le n e -  

B - g l u c i t o l .  The 2 , 4 - m o n o a c e t a l  and 1 , 3 :  2 , 4 - d i a c e t a l  were 

a l s o  o b t a i n e d  by 3 o u m e  and ^ I g g i n s ^ ^  b y  p a r t i a l  a c i d i c  

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

T h e re  a p p e a r e d  t o  be  no r e p o r t s  o f  s t u d i e s  c a r r i e d  o u t  on 

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

D - g l u c i t o l .  The r e a c t i o n s  o f  n - b u t y r a l d e h y d e ,  and b e n z a l d e 

h y d e ,  w i t h  D - g l u c i t o l  i n  d i l u t e  a q u eo u s  h y d r o c h l o r i c  a c i d  had 

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

2 ,3 - m o n o a c e t a *  which  v/as s u b s e q u e n t l y  c o n v e r t e d  i n t o  o t h e r

i s o m e r s ,  p r i n c i p a l l y  t h e  2 , 4 - m o n o a c e t a l ,  S i m u l t a n e o u s l y ,  
y 2

D r ,  D, Lewis ' '  showed t h a t  a c e t a l d e h y d e  r e a c t e d  l i k e w i s e  w i t h  

D - g l u c i t o l ,  a n d ,  j u d g i n g  f rom  t h e  s h a p e s  o f  t h e  p o l a r i m e t r i c
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c u r v e s  (G raphs  1 and 2 ,  pp«>?5-0# s i m i l a r  r e a c t i o n s  would be  

e x p e c t e d  f rom  p r o p i o n a l d é h y d e  and I s o - b u t y r a l d e h y d e . I t  was 

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

I n v e s t i g a t i o n s  ( I ) ,  t h a t  t h e  p o l a r i n i e t r i c  c u r v e  f o r  t h e  

r e a c t i o n  i n v o l v i n g  f o r m a ld e h y d e  (G rap h  5 t  p .  2? ) was a n o m a lo u s .
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F o rm a t io n  o f  0» !e t h y l e p e - D- a i u c l t o l g

The change  i n  o p t i c a l  r o t a t i o n  (G raph  1 3 t p .  97 )  d u r i n g  

t h e  r e a c t i o n  o f  fo r m a ld e h y d e  w i t h  h - g l u c i t o l  (0 *254)  i n  211 

aqueouo h y d r o c h l o r i c  a c i d  t o o k  p l a c e ,  a t  2 5 ^ ,  o v e r  a  p e r i o d  

o f  many h o u rs*

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

by  f o l l o w i n g  t h e  d e c r e a s i n g  c o n c e n t r a t i o n  o f  fo rm a ld eh y d e *

T h i s  was done ( h x p t*  3 7 ,  p »  I S O  ) by w i t h d r a w i n g  a l i q u o t s  f rom  

t h e  s y s te m  a t  p a r t i c u l a r  t i m e s ,  o x i d i z i n g  t h e  fo r m a ld e h y d e  

w i t h  a  known e x c e s s  o f  i o d i n e  a s  sod ium  h y p o i o d i t e ,  and  t h e n  

a c i d i f y i n g  t o  l i b e r a t e  t h e  u n used  i o d i n e  w hich  was t i t r a t e d  

a g a i n s t  a  s t a n d a r d  s o l u t i o n  o f  sodium t h i o s u l p h a t e .  Graph 13 ,  

(p* 97)  h a s  d e p i c t e d  t h e  r a t e  o f  r e a c t i o n  o f  f o r m a ld e h y d e  w i t h  

h - g l u c i t o l  and f rom  t h i s  i t  was o b v io u s  t h a t ,  compared w i t h  

t h a t  o f  n - b u t y r a l v l e a y d e ,  t h i s  r e a c t i o n  was in d e e d  v e r y  slow*

A s t a t e  o f  e q u i l i b r i u m  was n o t  a t t a i n e d  even  a f t e r  500 h o u rs*  

F o l l o w i n g  t h e  p r o c e d u r e  t h a t  had  b e en  s u c c e s s f u l l y  a d o p te d  

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

t a k e n  f ro m  t h e  r e a c t i o n  m i x t u r e ,  a t  p a r t i c u l a r  t i m e s ,  and 

a n a l y s e d  by GLG a s  t h e i r  T43 d e r i v a t i v e s .  (Expt*  3 8 ,  p*/8i)*

The p e a k s ,  i n  t h e  gas  ch ro m a to g ra m s ,  due  t o  t h e  r e a c t i o n  

p r o d u c t s  have  been  r e p r e s e n t e d  i n  F ig*  x x i x  (p* 9 9 ) ,  and h e r e
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i t  c o u ld  be p l a i n l y  s e e n  t h a t  t h e  m ain  i n i t i a l  p r o d u c t  was 

n o t  2 t i v - £ - m e t h y l e n e - 2 . - ^ l u c i t o l ,  b u t  a  compound w i t h  s m a l l e r  

r e t e n t i o n  vo lum e .  As t h e  r e a c t i o n  p r o c e e d e d ,  so  t h e  p r o p o r 

t i o n  o f  t h e  2 , 4 - m o n o a c e t a l  i n  t h e  m i x t u r e  i n c r e a s e d .  I n  

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

a l d e h y d e s  w i t h  D - g l u c i t o l  w h ich  have  a l r e a d y  been  d i s c u s s e d .

A m i x t u r e  t a k e n  a f t e r  10/^ r e a c t i o n  was p a s s e d  t h r o u g h  

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

t h e  e l u e n t ,  i n  o r d e r  t o  remove t h e  u n r e a c t e d  D - g l u c i t o l ,  and 

i t  was t h e n  examined by  p a p e r  i o n o p h o r e s i s  i n  b o r a t e  and 

m o ly b d a ta  b u f f e r s .  At l e a s t  f i v e  p r o d u c t s  were i n d i c a t e d .  

I t  c o u ld  be  t h a t  n o t  o n l y  m o n o a c e t a l s  b u t  a l s o  h e m i a o a t a l s  

and p o s s i b l y  o x y d im e th y le n e  compounds were p r e s e n t  h e r e .
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V. BUTYLIDCN3 DERIVATIVES OF COTJ; OUPDS Rr:L\TIk) TO D-ILUGITOL

Up t o  t h i s  p o i n t  i t  had been  n o t i c e d  t h a t  d u r i n g  t h e  

r e a c t i o n s  o f  s e v e r a l  s i m p le  a l d e h y d e s  w i t h  D - g l u c i t o l ,  i n  

d i l u t e  aqu eo u s  a c i d ,  t h e  most  t h e r m o d y n a m i c a l l y  s t a o l e  p r o d u c t ,  

t h e  2 , 4 - m o n o a c e t a l ,  was n o t  im m e d ia t e l y  t h e  m a jo r  p ro d u c t*

The f i r s t  p h ase  o f  t h e s e  r e a c t i o n s  was ,  i n  f a c t ,  k i n e t i c a l l y  

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

n - b u t y r a l d e h y d e  and b e n s a l d e h y d e  t h e  r e s u l t  was t h e  f o r m a t i o n  

o f  2 , 3 - m o n o a c e t a l*  S i n c e  t h i s  phenomenon was common t o  a

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

c a t a l y s t ,  i t  seemed l i k e l y  t h a t  i t  w as ,  i n  some way, a s s o c i a t e d  

w i t h  h - g l u c i t o l *

W ith  t h i s  t h o u g h t  i n  m ind ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  

t h e  e f f e c t s  on t h e  c o u r s e  o f  t h e  r e a c t i o n  o f  o b s t r u c t i n g  one 

o f  t h e  r e a c t i v e  s i t e s  i n  t h e  h - g l u c i t o l  m o l e c u l e .  P o r  t h i s  

p u r p o s e ,  compounds were s e l e c t e d  whose s t r u c t u r e s  were n o t  

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

w h ich  one o f  t h e  s i x  p o s s i b l e  p o s i t i o n s  was r e n d e r e d  i n a c c e s s 

i b l e  t o  t h e  a t t a c k i n g  a l d e h y d e .  The compounds u se d  were  t h e  

1 - d e o x y , 2 - d e o x y - ,  and 3 - £ - m e t h y l - D - g l u c i t o l s  ( P i g .  x x x ) ,  and  

t h e i r  r e a c t i o n s  w i t h  n - b u t y r a l d é h y d e  h ave  b e e n  s t u d i e d  i n  

t h e  same way a s  t h a t  o f  D - g l u c i t o l  ( S e c t i o n  I I ) .
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V• ( i ) % u t y l l d e n e - 1 - h e o x y - D - G l u o l t o l s

12U a g g e t t  e t  a l .  h ave  s u g g e s t e d  t h a t  p r i m a r y  h y d r o x y l  

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

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

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

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

i b l e  t o  e l e c t r o p h i l i c  a t t a c k  by  t h e  p r o t o n a t e d  a l d e h y d e .

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

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

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

on t h e  b a s i s  o f  e l e c t r o n i c  e f f e c t s .  h o w e v e r ,  f rom  a  s t e r e o 

c h e m ic a l  s t a n d p o i n t ,  i t  m ig h t  be e x p e c t e d  t h a t  t h e  p r i m a r y  

h y d r o x y l  g r o u p s  were  t h e  more a c c e s s i b l e  t o  an  a t t a c k i n g  s p e c i e .

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

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

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

t a l ,  w h ich  i n v o l v e d  h y d r o x y l  g ro u p s  b o t h  a t  s e c o n d a r y  p o s i t i o n s .  

N e v e r t h e l e s s ,  t h e  p o s s i b i l i t y  o f  an  a t t a c k  a t  a  p r i m a r y  

h y d r o x y l  g ro u p  f o l l o w e d  b y  a  r a p i d  r i n g  m i g r a t i o n ,  a s  an 

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

s o  t h e  r e a c t i o n  o f  1- d e o x y - 3 - g l u c i t o 1 w i t h  n - b u t y r a l d é h y d e  was 

s t u d i e d .
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P r e p a r a t i o n  o f  1 - 3 e o x y - 3 - G l u c l t o l

1 - D e o x y - 3 - J l u c i t o l  was p r e p a r e d  ( Z x p t .  39» p .  (93), 

a c c o r d i n g  t o  t h e  method o f  ])e b o l d e r  and W e i g e l , b y  b o r o -  

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

I t  was o b t a i n e d  i n  a  b e a u t i f u l  c r y s t a l l i n e  fo rm ,  and was a l s o  

c h a r a c t e r i z e d  a s  i t s  p e n t a - a c e t a t e .

R e a c t i o n  o f  l - D e o x y - h - d l u c i t o l  w i t h  n - 3 u t y r a l d a h y d e

Ahen t h e  r e a c t i o n  o f  1 - d e o x y - D - g l u c i t o l  w i t h  n - b u t y r a l d e -  

hyde ( 0 * i y )  i n  aq u eo u s  a c i d  a t  25^ was f o l l o w e d  ( h x p t s .  42 and 

4 3 ,  p .  IS7), a  p o l a r i m e t r i c  c u rv e  was o b t a i n e d  (G raph  14,  P* 105) 

h a v i n g  t h e  same f o rm  a s  t h a t  f o r  t h e  r e a c t i o n  o f  L - g l u c i t o l .  

Llinimum o p t i c a l  r o t a t i o n  was a t t a i n e d  a f t e r  36,' o f  t h e  a ld e h y d e  

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

a p p r o a c h  a n  e q u i l i b r i u m  v a l u e  a t  7 4 / .

Sam ples  f ro m  t h e  r e a c t i o n  m i x t u r e  were  removed a t  v a r i o u s  

t i m e s ,  and a n a l y s e d  by  3 IC .  As was e x p e c t e d ,  t h e  by  now 

f a m i l i a r  p r o c e s s ,  w hereby  one p r o d u c t  r a p i d l y  formed and s u b 

s e q u e n t l y  gave way t o  a compound w i t h  a  l a r g e r  HV v a l u e  was 

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

o r a r i l y  named Compound £ ,  and t h a t  fo rm ed  u n d e r  k i n e t i c  c o n t r o l  

was c a l l e d  Compound i).
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!omiound C

An e q u lo io l a r  m i x t u r e  o f  n - b u t y r a l d é h y d e  and 1 - d e o x y - 3 -  

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

a t e  a t  room t e m p e r a t u r e  (E xp t*  4 4 ,  p*i^8) so  t h a t  Compound £ .  

v/ao t h e  m a j o r  r e a c t i o n  p r o d u c t ,  and i t  was found  t h a t  t h i s  

s u b s t a n c e  c o u ld  be i s o l a t e d  by l e a c h i n g  t h e  c o n c e n t r a t e d  mix

t u r e  w i t h  h o t  b e n z e n e ,  w hereupon  i t  p a s s e d  i n t o  s o l u t i o n .  

Compound C was p u r i f i e d  by  r e c r y s t a l l i z a t i o n  f ro m  b e n z e n e ,  and 

e l e m e n t a l  a n a l y s i s  i n d i c a t e d  i t  t o  be  a  m o n o - O - b u t y l i d e n e -  

d e o x y - E - g l u c i t o l .

S t r u c t u r a l  A n a ly s i s  o f  Compound C

3y warming an a q ueo u s  s o l u t i o n  w i t h  c a t i o n  exchange  r e s i n  

Compound £  was h y d r o l y s e d  (Expt*  4 5 ,  and t h e  f r a g m e n t s

were i d e n t i f i e d  a s  n - b u t y r a l d e h y d e  and 1 - d e o x y - D - g l u c i t o l .

Thus t h e  compound m ust  h ave  b een  a  b u t y l i d e n e  a c e t a l  o f  1 -deoxy-  

D - g l u c i t o l *

On o x i d a t i o n  w i t h  aq u eo u s  sod ium  m e t a p e r i o d a t e ,  one mol* 

o f  Compound £  consumed one mol* o f  t h e  o x i d a n t ,  and l i b e r a t e d  

one mol* o f  fo r m a ld e h y d e  and no f o r m i c  a c i d  ( E x p t s .  4 7 - 4 9 ,  

pJ9i)* T h i s  meant  t h a t  t h e  h y d r o x y l  g r o u p s ,  a t  p o s i t i o n s  5 and 

6 ,  c o u ld  n o t  have  b e e n  i n v o l v e d  i n  t h e  a c e t a l  r i n g *  l u t ,  t h e  

oxygen a tom  a t  p o s i t i o n  4 must  have  been  a  p a r t  o f  t h e  r i n g  

s y s t e m ,  and so  two p o s s i b l e  s t r u c t u r e s ,  t h e  3 , 4 -  and 2 ,4 - m o n o -  

a c e t a l s ,  were  p e r m i t t e d *  (F ig *  x x x i ) *
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I n  t h e  c a s e  o f  t h e  3 , 4 - m o n o a c e t a ,  t h e  o u t y l i d e n e  g ro u p  

would s p a n  v i c i n a l  p o s i t i o n s  on t h e  c a r b o n  c h a i n ,  and t h e r e f o r e ,  

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

be removed by  h y d r o l y s i s ,  t h e  r e s u l t i n g  d i o l  would be  e x p e c t e d  

t o  be o x i d i z a b l e  w i t h  a q u eo u s  sodium m e t a p e r i o d a t e #  On t h e  

o t h e r  h a n d ,  t h e  c o r r e s p o n d i n g  p r o d u c t  f rom  t h e  2 , 4 - m o n o a c e t a l  

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

Compound C w as m e t h y l a t e d  w i t h  m e th y l  i o d i d e  i n  i n  

t h e  p r e s e n c e  o f  s i l v e r  o x i d e ,  and t h e  p r o d u c t  was o b t a i n e d  a s  

a  w h i t e  c r y s t a l l i n e ,  low m e l t i n g  p o i n t ,  s o l i d  (Expt#  50 ,  p# 192). 

T h i s  m a t e r i a l  was r e a d i l y  s o l u b l e  i n  a l l  o f  t h e  common s o l v e n t s ,  

and c o n s e q u e n t l y  a t t e m p t s  t o  r e c r y s t a l l i z e  i t  were t o  no a v a i l #  

However, g a s  c h r o m â t o g r a p h i c a l l y ,  i t  a p p e a r e d  t o  be  p u r e ,  and 

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

m e t h y l a t e d  d e r i v a t i v e  o f  Compound ^#
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The a c e t a l  r i n g  was removed f rom  t h i s  d e r i v a t i v e  hy 

h y d r o l y s i s ,  c a t a l y s e d  w i t h  c a t i o n  exchange  r e s i n  ( h x p t .  51 ,  

p#l7/f), and t h e  r e s u l t  was a  c l e a r  c o l o u r l e s s  s y r u p .  The p r e s 

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

t h e  f a c t  t h a t  i t  fo rm ed  a  TES d e r i v a t i v e ,  g i v i n g  a  s i n g l e  peak  

when a n a l y s e d  by  OIC and i t s  e l e m e n t a l  a n a l y s i s  f i g u r e s  were  

a s  c a l c u l a t e d  f o r  a  t r i ^ O - m e t h y l - d e o x y - D - g l u c l t o l .  B u t ,  t h e  

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

a d j a c e n t  c a r b o n  atoms was d e m o n s t r a t e d  when t h e  compound was 

f o u n d . t o  be r e s i s t a n t  t o  p e r i o d a t e  o x i d a t i o n  ( E x p t .  5 2 ,

Thus i t  was sho\m t h a t  Compound C c o u ld  n o t  have  c o n t a i n e d  

a  b u t y l i d e n e  g ro u p  s p a n n i n g  two a d j a c e n t  c a r b o n  a to m s ,  and must  

t h e r e f o r e  have  b een  2 , 4 - 0 - b u t y l i d e n e - 1 - d e o x y - r - g l u c i t o l .

I s o l a t i o n  o f  Compound D

Compound 2  was i s o l a t e d  from  a  m i x t u r e  o f  n - b u t y r a l d e h y d e  

and 1 - d e o x y - D - g l u c i t o l  i n  t h e  e a r l y  s t a g e s  o f  r e a c t i o n ,  by 

c h ro m a to g r a p h y  on en  a l u m i n a  co lum n.  The method ( E x p t .  4 5 ,  

p .  I S 9 )  was a n a l o g o u s  t o  t h a t  f o r  t h e  p r o d u c t i o n  o f  Compound A 

a n d ,  l i k e  t h e  l a t t e r .  Compound D was e l u t e d  f i r s t  f rom  t h e  

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

R e c r y s t a l l i z a t i o n  p r e s e n t e d  some d i f f i c u l t y ,  s i n c e  i t  was 

n o t i c e d  t h a t  i n  s e v e r a l  s o l v e n t s ,  p a r t i c u l a r l y  t h o s e  c o n t a i n i n g
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b e n z e n e ,  t h e  sam ple  had a  t e n d e n c y  t o  fo rm  s t r o n g  g e l s .

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

e t h e r  and l i g h t  p e t r o l e u m  ( b , p .  4 0 - 6 0 ° ) ,  w h ich  y i e l d e d  

Compound D i n  t h e  fo rm  o f  l i g h t  s i l k y  c r y s t a l s .

s t r u c t u r a l  A n a l y s i s  o f  Compound D

Owing t o  t h e  low y i e l d  f rom  i t s  p r e p a r a t i o n ,  c o u p le d  

w i t h  t h e  c o m p a r a t i v e  s c a r c i t y  o f  1 - d e o x y - B - g l u c i t o l ,  Compound 

D was o n l y  a v a i l a b l e  i n  l i m i t e d  q u a n t i t i e s .  The r e s u l t s  o f  

i t s  e l e m e n t a l  a n a l y s i s  i n d i c a t e d  a  m o n o - ^ - b u t y l i d e n e - 1 - d e o x y -  

B - g l u c i t o l ,  a n d ,  i n  v iew  o f  t h e  i d e n t i t y  o f  Compound £ ,  i t  

seemed r e a s o n a b l e  t o  assume t h a t  Compound D was a n o t h e r  s u c h  

m o n o a c s t a l .

Ehen 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  one m o l .  o f  Compound

2  was foun d  t o  consume two m o l .  o f  o x i d a n t  and t o  r e l e a s e  one

m o l .  e a c h  o f  fo r m a ld e h y d e  and f o r m i c  a c i d  ( E x p t s .  4 7 - 4 9 ,  p . / 9 i ) .  

T hese  o b s e r v a t i o n s  c o u ld  o n l y  be f u l l y  t a k e n  i n t o  a c c o u n t  i f  

t h e  f r e e  h y d r o x y l  g r o u p s  were s i t u a t e d  a t  p o s i t i o n s  4 , 5  and 6 ,  

w h ich  r e q u i r e d  t h e  2 and 3 p o s i t i o n s  t o  be  I n v o l v e d  i n  t h e  

a c e t a l  r i n g .  Hence Compound D was 2 , 3 g O - b u t y l i d e n e - 1 - d e o x y -  

2 “ g l u c i t o l .  ( f i g .  x x x i i ) .  The q u e s t i o n  o f  t h e  s t e r e o c h e m i s t i y  

a t  t h e  a c e t a l  c a r b o n  atom re m a in e d  u n a n s w e r e d .
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G e n e r a l  C o n s i d e r a t i o n s

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

o f  n - b u t y r a l d e h y d e  w i t h  l - d e o x y - E - g l u c i t o l  i n  d i l u t e  aq u eo u s  

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

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

t h e  2 , 3 - m o n o a c e t a l  (Compound D),  which  l a t t e r l y  gave  way i n  

f a v o u r  o f  t h e  2 , 4 - m o n o a c e t a l  (Compound I n  f a c t ,  i t  was

d i r e c t l y  a n a l o g o u s  t o  t h a t  w i t h  2 “ g f ^ ^ t t o l  i t s e l f  ( S e c t i o n  I I ) .

I n  Graph 15 ( p . I l l )  t h e  u p t a k e  o f  n - b u t y r a l d e h y d e  by 

h - g l u c i t o l ,  and by  i t s  1 - d e o z y  d e r i v a t i v e  u n d e r  t h e  same 

c o n d i t i o n s ,  have be en  co m pared .  I t  c o u ld  be s e e n  t h a t  t h e  

i n i t i a l  r a t e s  o f  c o n su m p t io n  o f  a ld e h y d e  w e r e ,  i n  b o t h  c a s e s ,  

o f  t h e  same o r d e r ,  and t h a t  t h e  r e a c t i o n  w i t h  t h e  1 -d eo x y  

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

t e r m i n a l  h y d r o x y m e th y l  g ro u p  i n  2 ~ ^ ^ ^ o i t o l  by  a n  e l e c t r o n -  

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

oxygen atom a t  p o s i t i o n  2 more n u c l e o p h i l i c  t h a n  i n  D - g l u c i t o l ,  

and  t h i s  may p r o v i d e  t h e  e x p l a n a t i o n  f o r  t h e  g r e a t e r  r a t e  o f
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i n i t i a l  r e a c t i o n  t h a t  v/as o b s e r v e d  w i t h  l ^ d e o x y - L - g l u o i t o l *  

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

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

a t  p o s i t i o n  1 i n  h - g l u c i t o l  i s  n o t  e s s e n t i a l  f o r  t h e  o p e r a t i o n  

o f  t h e  o b s e r v e d  s e q u e n c e  o f  e v e n t s *
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Y. (11) 1utylldene-2-Deoxy-D-)Iuclto l8

2 - D e o x y - l - l l u c i t o l  vfas p r e p a r e d  a s  a  w h i t e  c r y s t a l l i n e  

s o l i d ,  a f t e r  b o r o h y d r i d e  r e d u c t i o n  o f  2 - d e o x y - D - g l u c o s e ,  and 

i t  was f u r t h e r  c h a r a c t e r i z e d  a s  i t s  p e n t a - a c e t a t e  (Expt*  4 0 ,

p* 1^6),

R e a c t i o n  o f  2 - J e o x y - E - l l u c i t o l  w i t h  n ~ 3 u t .y ra ld eh y d e

The r e p l a c e m e n t  o f  R - g l u c i t o l  by i t s  2 - d e o x y  d e r i v a t i v e  

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

n - o u t y r a l d s h y d e  i n  d i l u t e  a qu eo us  h y d r o c h l o r i c  a c i d  a t  2 5 ^ ,  

s i n c e  t h e  f o r m a t i o n  o f  b o t h  t h e  2 , 3 -  and 2 , 4 - m c n o a o s t a l s  was 

p r e v e n te d *  I t  was o f  p a r t i c u l a r  i n t e r e s t  t h e r e f o r e ,  t o  

n o t i c e  t h a t  t h e  p o l a r i n e t r i c  c u r v e  f o r  t h i s  r e a c t i o n  (G ra p h  16, 

p .  114) had t h e  same c h a r a c t e r i s t i c  sh a p e  a s  t h o s e  f o r  t h e  

r e a c t i o n s  o f  E - g l u c i t o l  and  1 - d e o x y - O - g l u c i t o l *  The o n l y  

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

r o t a t i o n  a t t a i n e d  a  maximum and t h e n  d e c l i n e d  a g a i n  s l i g h t l y  

( s e e  T ab le  4 ,  p.:2C9),

Sam ples  were  t a x e n  f ro m  t h e  r e a c t i o n  m i x t u r e ,  f o r  a n a l y s i s ,  

a s  i t  a p p ro a c h e d  minimum r o t a t i o n  ( a f t e r  10 ra in * ) ,  a t  a b o u t  

maximum r o t a t i o n  ( a f t e r  300 m in*)  and a f t e r  24 h r .  and t h e  ga s  

ch ro m a to g ram s  o f  t h e  p r o d u c t s  have  been  r e p r e s e n t e d  i n  f i g .  

x x x i i i  ( p . 115/. I t  c o u ld  be s e e n  t h a t  t h e  i n i t i a l  s t a g e  

c o n s i s t e d  p r i m a r i l y  i n  t h e  f o r m a t i o n  o f  a  compound whose TIEl
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d e r i v a t i v e  had a  low r e t e n t i o n  vo lum e ,  w h ich  w i l l  be known as  

Compound E. S u b s e q u e n t l y  t h e  c o m p o s i t i o n  o f  t h e  m i x t u r e  was 

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

p r o d u c t s  v/ao m a rx e d ly  r e d u c e d .

I s o l a t i o n  o f  Compound E

A r e a c t i o n  m i x t u r e ,  c o n t a i n i n g  a  h i g h  p r o p o r t i o n  o f  

Compound E# p r e p a r e d  by  s t o p p i n g  t h e  r e a c t i o n  a t  t h e  

p o i n t  o f  minimum o p t i c a l  r o t a t i o n ,  and t h i s  was f r a c t i o n a t e d  

on on a lu m i n a  co lum n,  ( ihcp t .  53 ,  I t  v/as fo un d  t h a t

a l t h o u g h  2 - d e o x y - g - g l u c i t o l  c o u ld  be removed f r o m  t h e  m i x t u r e  

i n  t h i s  way, no s a t i s f a c t o r y  s e p a r a t i o n  o f  t h e  p r o d u c t s  c o u l d  

be a c h i e v e d .  However,  when t h e  s e m i c r y s t a l l i n e  r e s i d u e s  f rom  

t h e  f r a c t i o n s  were  comoined and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  

b o i l i n g  l i . g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ° ) ,  some m a t e r i a l  p a s s e d  

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

T h i s  m a t e r i a l  was r e c r y s t a l l i z e d  f ro m  l i ^ t  p e t r o l e u m  and had  

a  low m e l t i n g  p o i n t  ( 6 1 . 5 - 6 3 . 5 ° ) •  Gas c i i r o m a t o g r a p h i c a l l y  

i t  b ehaved  a s  a  s i n g l e  s u b s t a n c e  w i t h  r e t e n t i o n  volume as  

r e c o r d e d  f o r  Compound E.

Thus i t  was p o s s i b l e  t o  i s o l a t e  Compound S, b u t  t h e  

y i e l d  f rom  t h i s  p r o c e s s  was e x c e e d i n g l y  s m a l l .  I n  c o n s e q u e n c e ,  

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

t h e r e f o r e  t h e  work o f  c h a r a c t e r i s a t i o n  and s t r u c t u r a l  a n a l y s i s
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h a d t  o f  n e c e s s i t y *  t o  be  c o n f i n e d  t o  t h e  b a r e s t  minimum.

s t r u c t u r a l  A n a l y s i s  o f  Compound E

An i n d i c a t i o n  t h a t  Compound E was a  m o n o b u ty l id e n e  a c e t a l  

o f  2 - d e o x y - g - g l u c i t o l  v/as g i v e n  by  t h e  d e t e r m i n a t i o n  o f  i t s  

c a r b o n  and h y d ro g e n  c o n t e n t s *  and on t h i s  b a s i s ,  i t  was 

a s s i g n e d  t h e  a p p r o p r i a t e  m o l e c u l a r  w e i g h t  o f  220 .

One m o l .  o f  t h e  Compound r e q u i r e d  two m o l .  o f  sod ium  

m e t a p e r i o d a t e  f o r  o x i d a t i o n ,  and l i o e r a t e d  one m ol .  e a c h  o f  

f o r m a ld e h y d e  and f o r m i c  a c i d  (E xp ts*  54-65  p .  ) ,  The o n l y  

s t r u c t u r e  f o r  a  m o n o a c e t a l  o f  2 - d a o x y - ^ - g l u c i t o l ,  t h a t  was 

c o n s i s t e n t  w i t h  t h e s e  r e s u l t s *  was one i n  w h ich  t h e  b u t y l i d e n e  

g ro u p  sp ann ed  p o s i t i o n s  1 and 3* Thus Compound E was p r o b a b l y  

1 * 3 - ^ - d u t y l i d e n e - 2 - d e o x y - 0 - " g l u c i t o l .  (P ig *  x x x i v ) .

O C H

OH

OH

CH^OH
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G e n e r a l  C o n s i d e r a t i o n s

As w i t h  P - g l u c i t o l ,  and i t s  1 -d eox y  d e r i v a t i v e *  t h e  

r e a c t i o n  o f  2 - d e o x y - h - g l u c i t o l  a p p e a r e d  t o  be i n i t i a l l y  

k i n e t i c a l l y  c o n t r o l l e d .  I n  t h i s  case*  f o r m a t i o n  o f  t h e  2*3- 

m o n o a c e t a l  v/as p r e c l u d e d ,  and  so  i t  v/as i n t e r e s t i n g  t o  

oD serve  t h e  r a p i d  f o r m a t i o n  o f  t h e  1 , 3 - m o n o a c e t a l .

I n  Graph 15 ( p . m )* where t h e  u p t a k e  o f  n - b u t y r a l d e h y d e  

by h - g l u c i t o l  and i t s  1 -  and 2 -d e o x y  d e r i v a t i v e s  h as  b e en  

compared* i t  c o u ld  be  s e e n  t h a t  t h e  i n i t i a l  r a t e  o f  r e a c t i o n  

was s l i g h t l y  g r e a t e r  w i t h  2 - d e o x y - ^ - g l u c i t o l  t h a n  w i t h  

h - g l u c i t o l  i t s e l f .  The CdCII g ro u p  may w e l l  e x e r t  a  s m a l l  

e l e c t r o n - w i t h d r a w i n g  i n f l u e n c e *  and so  i t  c a n  be a r g u e d  t h a t  

t h e  r e p l a c e m e n t  o f  t h i s  group* a t  p o s i t i o n  2* by  a  deoxy  

g r o u p  may have  t h e  e f f e c t  o f  i n c r e a s i n g *  t o  some e x t e n t *  t h e  

n u c l e o p h i l i c & t y  o f  t h e  oxygen a tom s a t  p o s i t i o n s  1 and 3 .  

Such  an  e f f e c t  would t e n d  t o  enh an ce  t h e  r e a c t i o n  o f  t h e  

p r o t o n a t e d  a ld e h y d e  a t  t h e s e  p o s i t i o n s .
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V. ( i l l )  3 u t y l l d e n e - 3 - 0 - E ^ e th .7 l - D - G l u c l t o l 3

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

a t  p o s i t i o n  3 i n  D - g l u c i t o l  p r e s e n t e d  more o f  a  p ro b le m ,  s i n c e  

3 - d e o x y - h - g l u c i t o l  was n o t  r e a d i l y  a v a i l a b l e ,  and  i t s  p r e p a r 

a t i o n  would have  i n v o l v e d  a  l o n g  and d e t a i l e d  s y n t h e s i s .

I n s t e a d ,  3 - 0 - m e t h y l - 2 - q l u c i t o l  was u s e d ,  and i t  was p r e p a r e d  

by  b o r o h y d r i d e  r e d u c t i o n  o f  3 - 0 - a c t h y l - D - g l u c o s e  ( E x p t .  4 1 ,  

p .  IF7) .  U n f o r t u n a t e l y ,  t h e  compound, a s  p r e p a r e d ,  was a n  

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

p u r i f y .  I n d e e d ,  i t  would a p p e a r  t h a t  a  c r y s t a l l i n e  fo rm  

o f  3 - 0 - m e t h y l - E - g l u C i t o l  h a s  n e v e r  b e en  r e p o r t e d .  Gas ch rom -  

a t o g r a p h i c a l l y ,  a s  i t s  TII3 d e r i v a t i v e ,  t h e  sa m p le  o b t a i n e d  

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

t o  be s u f f i c i e n t l y  p u r e  f o r  most p u r p o s e s .

R e a c t i o n  o f  3 - 0 -  e t h y l - h - G l u c i t o l  w i t h  n - l u t y r a l d e h y d e

The r e a c t i o n  o f  3 - £ - ' m e t h y l - h - s l u c i t o l  w i t h  n - b u t y r a l d e h y d e  

i n  d i l u t e  aqu eo u s  h y d r o c h l o r i c  a c i d  was c o n d u c te d  a t  25^ i n  

E x p t .  42 ( p .  / n ) .  As c a n  be  s e e n  i n  Graph 17 ( p . 1 2 0 ) ,  t h e  

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

t h e  c u r v e  showed no s i g n  o f  t u r n i n g  a f t e r  96 h o u r s .

F o l l o w i n g  t h e  u s u a l  p r o c e d u r e ,  s a m p le s  t a k e n  f rom  t h e  

r e a c t i o n  a t  v a r i o u s  t i m e s ,  were  a n a l y s e d  gas  c h r o m â t o g r a p h i c -  

a l l y  a s  TiEo d e r i v a t i v e s .  At a l l  s t a g e s ,  t h e  m i x t u r e  c o n t a i n e d ,
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Re ac t ion  o f  n -Butyra ld ehyde  (O.IM)'with:  3 - 0 - M e t h y l -  ; ;

D - G l u c i t o l  (O.IM) in  0.5N lAQTieous H y droch lor ic  Acid  at  25

GRAPH 17

O p t i c a l  R o t a t io n

Time ( m in . )0 .0
100 200 300 400 500

.0.1

- 0 . 2



121

b e s i d e s  5 - £ - n i 3 t h y l - L - ; i ; l u c i t o l f  a  v a r i e t y  o f  p r o d u c t s ;  t h e  

m ost  p r o m in e n t  h a v i n g  RV 4 . 6  and 6 . 0 ,  b u t  i t  was n o t  p o s s i b l e  

t o  d e t e c t  t h e  p r e f e r e n t i a l  f o r m a t i o n  o f  any  one compound u n d e r  

k i n e t i c  c o n t r o l .  The main p r o d u c t ,  w h ich  had  RV 6 . 0 ,  was 

p r o v i s i o n a l l y  named Compound ?  8nd a t t e n t i o n  was n e x t  c o n c e n 

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

I s o l a t i o n  o f  Compound F

A m i x t u r e  o f  n - b u t y r a l d e h y d e  w i t h  3 T 0 - m e t h y l - h - g l u c i t o l  

was a l l o w e d  t o  r e a c t  i n  d i l u t e  a q u eo u s  h y d r o c h l o r i c  a c i d ,  a t  

room t e m p e r a t u r e ,  f o r  96 h o u r s .  ( £ x p t .  57 ,  p .  ^7 ) .  Examin

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

t h a t  t h e  m a j o r  p r o d u c t .  Compound F,  c o u ld  be  s e p a r a t e d  f rom  

some l e s s e r  p r o d u c t s  w h ich  moved s l i g h t l y  f a s t e r .

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

column u s i n g  m e th y l  e t h y l  k e t o n e  s a t u r a t e d  w i t h  w a t e r  a s  t h e  

e l u e n t .  S e v e r a l  f r a c t i o n s ,  on e v a p o r a t i o n ,  a f f o r d e d  an  

a t t r a c t i v e  c r y s t a l l i n e  m a t e r i a l  i n  50,'> y i e l d ,  and t h i s  c o r r e s 

ponded c h r o n n t o g r a p h i c a l l y  t o  Compound F .

s t r u c t u r a l  A n a l y s i s  o f  Compound F

When Compound 2  was h y d r o l y s e d  ( E x p t .  58# p .  (92 ) i t  

d i s i n t e g r a t e d  i n t o  two f r a g m e n t s : -  a  c a r b o n y l  compound, w h ich  

was i s o l a t e d  a s  i t s  2 , 4 - d i n i t r o p h e n y l - h y d r a z o n e  d e r i v a t i v e ,  

and i d e n t i f i e d  a s  n - o u t y r a l d e h y d e ,  and a  p o l y h y d r i c  a l c o h o l
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whose c h r o m a to g r a p h ic  b e h a v i o u r  was t h e  same a s  t h a t  o f  

3 - £ - ^ e t h y l - h - g l u c i t o l .  Thus Compound F v/aa i n d i c a t e d  t o  be  

a  b u t y l i d e n e  a c e t a l  o f  3 - £ - n i 3 t h y l - E * o l u c i t o l »

E le m e n t a l  and ra e th o z y l  a n a l y s e s  s u g g e s t e d  a  mono-,  

r a t h e r  t h a n  a  d i a c e t a l ,  and t h i s  was c o n f i r m e d  by t h e  f a c t  

t h a t  t h e  compound was s u b j e c t  t o  p e r i o d a t e  o x i d a t i o n .  More

o v e r ,  one m o l ,  consumed one m ol ,  o f  o x i d a n t  and l i b e r a t e d  

one m o l ,  o f  fo r m a ld e h y d e  ( E x p t s ,  5 9 - 6 0 ,  p ,  (99 ) .  To g i v e

t h e s e  r e s u l t s ,  f r e e  h y d r o x y l  g ro u p s  must  liave e x i s t e d  a t  

e i t h e r  p o s i t i o n s l a n d  2 o r  5 and 6 . ( F i g ,  xxicv) ,
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E e p e n d in g  on t h e  p o s i t i o n  o f  o x i d a t i v e  s c i s s i o n ,  t h e  

l a r g e r  f r a g m e n t  m ust  have  b e e n  a  b u t y l i d e n e  a c e t a l  o f  2 - 0 -  

m e t h y l - B - a r a b i n o s a  o r  3 -O -m ethy  1 - ^ x y l o s e ,  a n d ,  on t r e a t m e n t  

w i t h  b o r o n  t r i c h l o r i d e  f o l l o w e d  by  aq u eo u s  m e t h a n o l , t h e s e  

compounds would be e x p e c t e d  t o  u n d e rg o  d e g r a d a t i o n  t o  t h e  

p a r e n t  s u g a r s .  ( F i g .  x x x v ) .  T h i s  p r o c e s s  was c a r r i e d  o u t  

i n  E x p t .  61 ,  ( p .  (94 ) and t h e  p r o d u c t ,  c h r o m a to g r a p h ic  a l l y ,  

had  no r e s e m b l a n c e  t o  D - a r a b l n o s e ,  a l t h o u g h  i t  compared 

f a v o u r a b l y  w i t h  a  sam ple  o f  E - x y l o s e .  I t  was t h e r e f o r e  con 

c lu d e d  t h a t  1 - x y l o s e  was f o r m e d ,  an d  t h i s  c o u ld  o n l y  have  

o r i g i n a t e d  f ro m  1 , 4 -  o r  2 , 4 - 2 * b u t y l i d e n e - 3 - £ - m e t h y l - E - g l u c i t o l ,  

The p ro b lem  was now r e d u c e d  t o  one o f  d e m o n s t r a t i n g  

w h e t h e r  a  m o le c u le  o f  compound F c o n t a i n e d  cne o r  two p r i m a r y  

h y d r o x y l  g r o u p s .  To t h i s  end a t t e m p t s  w ere  made t o  p r e p a r e  

d e r i v a t i v e s  w i t h  r e a g e n t s  w h ich  were  knovm t o  r e a c t  p r e f e r 

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

d e r i v a t i v e  c o u ld  n o t  be  f o r m e d .  However, t h e  compound 

r e a d i l y  fo rm ed a  c r y s t a l l i n e  d e r i v a t i v e  when t r e a t e d  w i t h  two 

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

t u r e  ( E x p t .  62 ,  p.dof ) ,  and e l e m e n t a l  a n a l y s i s  i n d i c a t e d  t h i s  

t o  b e  a  d i b e n z o a t e .

3y t r e a t i n g  2 , 4 - £ - o e n z y l i d e n e - E - g l u c i t o l  w i t h  a  l i m i t e d
53amount o f  b e n z o y l  c h l o r i d e  i n  p y r i d i n e ,  von V argha  s u c c e e d e d
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i n  e a t e r i f j i n g ,  e x c l u s i v e l y ,  t h e  h y d r o x y l  g r o u p s  a t  p o s i t i o n s  

1 and 6 .  F u r t h e r m o r e ,  when E - g l u c i t o l  i t s e l f  was ü e n z o y l a t e d  

u n d e r  s i m i l a r  c o n d i t i o n s , i t  v/as t h e  t e r m i n a l  p o s i t i o n s  t h a t  

were  r e a c t i v e *  U n l ik e  t r i t y l a t i o n ,  h ow ever ,  b e n z o y l a t i o n  h a s  

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

e n g ag e s  p r i m a r y  h y d r o x y l  g r o u p s ,  and s o  t h e  r e s u l t s  o f  b e n z o y -  

l a t i n g  Compound F must  be i n t e r p r e t e d  w i t h  c a u t i o n .  N e v e r 

t h e l e s s ,  t h e  g e n e r a l  i n f e r e n c e  was t h a t  Compound F c o n t a i n e d  

two p r i m a r y  h y d r o x y l  g r o u p s ;  l e a v i n g  p o s i t i o n s  2 and 4 t o  be  

i n v o l v e d  i n  t h e  a c e t a l  r i n g .

The a l t e r n a t i v e  s t r u c t u r e ,  w i t h  t h e  b u t y l i d e n e  g r o u p  

s p a n n i n g  t h o  1 and 4  p o s i t i o n s ,  e n t a i l e d  a  seven-m em bered  

( y )  r i n g  w h ich  h a s  a  v e r y  low r a t i n g  i n  t h e  o r d e r  o f  p r e f e r 

e n c e . ^ ^  Seven-membered r i n g s  a p p e a r  t o  fo rm  o n l y  when 

s m a l l e r  r i n g s  a r e  n o t  p o s s i b l e ,  and a s  y e t  no  exam ples  have  

b e e n  e n c o u n t e r e d  among t h e  c y c l i c  a c e t a l s  o f  D - g l u c i t o l .  

C o n fo rm â t i o n a l l y ,  t h e  2 , 4 - m o n o a c e t a l  would  b e ,  by  f a r ,  t h e  

most  f a v o u r a b l e  s t r u c t u r e  f o r  Compound F .
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Tlia work p r e s e n t e d  h e r e  has  m e r e l y  s c r a t c h e d  t h e  s u r f a c e  

o f  a  v e r y  e x t e n s i v e  f i e l d  o f  s tu d y *  I t  c o u ld  be  c o n t i n u e d  

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

d e r i v a t i v e s ,  and on t h e  o t h e r  hand a  wide v a r i e t y  o f  c a r b o n y l  

compounds*

The f i n a l  r e s u l t s  o f  many a c i d  c a t a l y s e d  a c e t a l  conden

s a t i o n s  have  a l r e a d y  b e e n  w e l l  documented  and t h e o r y  now 

p e r m i t s  a d e q u a t e  e x p l a n a t i o n s  and  p r e d i c t i o n s #  I n  c o n t r a s t ,  

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

l i t t l e  a t t e n t i o n *

T h i s  work h a s  r e v e a l e d  s e v e r a l  i n s t a n c e s ,  among t h e  

r e a c t i o n s  o f  ^ - g l u c i t o l  and i t s  d e r i v a t i v e s ,  w i t h  a l d e h y d e s ,  

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

moment, t h e r e  i s  l i t t l e  b a s i s  f o r  l o g i c a l  e x p l a n a t i o n s *  

However, a  d e e p e r  i n s i g h t  i n t o  t h e  c o u r s e s  o f  many more s u c h  

r e a c t i o n s  may be I n f o r m a t i v e ,  and p e r h a p s  b e n e f i c i a l  i n  t h a t  

one may som etim es  be e n a b l e d  t o  s y n t h e s i z e  h i t h e r t o  unknown, 

and p o s s i b l y  u s e f u l  p r o d u c t s *



125

g X P S H I  Tî E H T A L c T I  0



127

F o l a r i m e t r y

Most o f  t h e  o p t i c a l  r o t a t i o n  m easu re m e n ts  were  made w i t h  

t h e  m e rc u ry  5451 l i n e ,  u s i n g  a  l l i l g e r  M at ts  M.511 p h o t o e l e c t r i c  

p o l a r i m e t e r  i n  c o n j u n c t i o n  w i t h  a  j ^ i c k e t e d ,  t h e r m o s t a t e d  

sam ple  t u b e .  F o r  c h a r a c t e r i z i n g  some compounds, t h e  sod ium  

E l i n e  was a l s o  em ployed ,  u s i n g  a  B e l l in g h a m  and S t a n l e y  

p o l a r i m e t e r *

S p e c t r o p h o t o m e t r y

I n  o r d e r  t o  r e c o r d  u l t r a v i o l e t  s p e c t r a  o f  compounds i n  

s o l u t i o n  a  l e r k i n - E l n i e r  Modal 137 U7 s p e c t r o p h o t o m e t e r  was 

u s e d .  O p t i c a l  d e n s i t y  m easu rem en ts  were made w i t h  e i t h e r  a  

h i l g e r  " U v i s p e k " ,  o r  a  Unicam UP.500 s p e c t r o p h o t o m e t e r .

K i n e t i c  work ,  i n v o l v i n g  t h e  s p e c t r o p h o t o m e t r i c  e s t i m a t i o n  

o f  r i - b u ty r a ld t ih y d e  by i t s  a b s o r p t i o n  a t  231 nyi. , was c a r r i e d  

c u t  w i t h  t h e  " U v i s p e x " .  S i l i c a  c e l l s  (2 cm .)  were u s e d ,  

s u r r o u n d e d  by a  c o n s t a n t - t e m p e r a t u r e  w a t e r  j a c k e t .

I t  was n o t i c e d  t h a t  t h e  o p t i c a l  d e n s i t y ,  a t  231 niyu. , o f  

a n  aq u eo u s  s o l u t i o n  o f  n - b u t y r a l d e h y d e  s l o w l y  d i m i n i s h e d  a f t e r  

an i n i t i a l  e x p o s u r e  t o  l i g h t  o f  t h i s  w a v e l e n g t h .  Many 

c a r b o n y l  compounds a r e  known t o  u n d e rg o  p h o t o d e c o m p o s i t i o n  when 

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

was p re s u m a b ly  o c c u r r i n g  h e r e .
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To m in im is e  t h i s  e f f e c t ,  r e a c t i o n s  were t h e r e f o r e  con

d u c t e d  o u t s i d e  t h e  i n s t r u m e n t ,  i n  f l a s k s  immersed i n  t h e  

c o n s t a n t  t e m p e r a t u r e  b a t h .  Sam ples  were t r a n s f e r r e d  from 

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

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

were  d i s c a r d e d .

P g p e r  Cliromato aphy

Whatman N o . l  c h ro m a to g ra p h y  p a p e r  v/as u s e d ,  w i t h  th e  

f o l l o w i n g  s o l v e n t  s y s t e m s ,  f o r  d e s c e n d i n g  c h ro m a to g r a p h y .

hhh/xl20 — The s t a t i o n a r y  p h a se  was w a t e r  and t h e  m o b i l e  p h a se  

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

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

o f  c o n f i g u r a t i o n a l  i s o m e r s  o f  m o n o a c e t a l s  o f  E - g l u c i t o l  and 

i t s  1 -  and 2 - d e o x y -  and 3 - £ - m e t h y l - d e r i v a t i v e s .

-  A s t a t i o n a r y  p h a se  o f  w a t e r  w i t h  a  m o b i le  phase  

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

by volume 4 0 / 1 I / I 9 r e s p e c t i v e l y .

T h i s  s o l v e n t  was employed p r i n c i p a l l y  f o r  a n a l y s e s  o f  

m i x t u r e s  c o n t a i n i n g  1 - d e o x y - ,  2 - d e o x y -  o r  3 - _ 0 - m e t h y l - E - g l u c i t o l s ,  

d u r i n g  t h e  p r e p a r a t i o n s  o f  t h e s e  compounds.

3/p/iV -  A s t a t i o n a r y  p h a se  o f  w a t e r  w i t h  a  m o o i l e  p h ase  con 

t a i n i n g  £ - b u t a n o l ,  p y r i d i n e  and w a t e r  i n  t h e  p r o p o r t i o n s  by 

volume 6/ 4 / 3  r e s p e c t i v e l y .
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T h is  s o l v e n t  v/as o n l y  u se d  i n  E x p t .  61 ( p .  199) v/here i t  

was r e q u i r e d  t o  d i s t i n g u i s h  b e tw e e n  x y l o s e  and a r a b i n o s e .

H av ing  d r i e d  t h e  c h r o m â t o g ra m s , t h e  compounds were 

l o c a t e d  by one o f  t h e  f o l l o w i n g  m e th o d s .

( a )  The ch rom atogram  v/as d i p p e d  i n  a  s i l v e r  n i t r a t e  s o l u t i o n  

La s a t u r a t e d  aqu eo us  s o l u t i o n  o f  s i l v e r  n i t r a t e  ( 2 . 5  m l . )  i n  

a c e t o n e  (490 m l . )  w i t h  w a t e r  (10  m l . ) ]  and a l l o w e d  t o  d r y  a t  

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

h y d r o x i d e  Leodium h y d r o x i d e  (2  g . ) i n  e t h a n o l  (98 m l i )  w i t h  

w a t e r  (2  m l . ) ]  and t h e  compounds a p p e a r e d  a s  brown s p o t s .

F o r  p r e s e r v a t i o n ,  t h e s e  ch rom atogram s were  • f i x e d *  by d i p p i n g  

i n  aq u eo u s  sodium t h i o s u l p h a t e  (2 .5 ,  w / v ) .

These  r e a g e n t s  were fo u nd  s u i t a b l e  f o r  s u g a r s  and p o l y 

h y d r i c  a l c o h o l s .  F o r  compounds w i t h  f e w e r  h y d r o x y l  g r o u p s ,  

s u c h  a s  mono- and d i a c a t a l s ,  d e v e lo p m e n t  was o f t e n  a s s i s t e d  by 

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

o f  p o t a s s i u m  m e t a p e r i o d a t e  and d r y i n g  i n  t h e  oven a t  100^ p r i o r  

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

( b )  The ch rom atog ram  was s p r a y e d  w i t h  a  s o l u t i o n  o f  2 , 4 -  

d i n i t r o p h e n y l h y d r a z i n e  ( 0 . 4 /  w /v )  i n  2R aqu eo u s  h y d r o c h l o r i c  

a c i d  and t h e n  d r i e d  i n  t h e  oven a t  a b o u t  100^ .  T h is  r e a g e n t  

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

compounds.  The a c i d  s o l u t i o n  h y d r o l y s e d  t h e  a c e t a l  and t h e
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c a r b o n y l  f r a g m e n t  t h e n  fo rm ed a  2 , 4 - d i n i t r o p h e n y l h y d r a z c n e  

w h ich  a p p e a r e d  a s  a  y e l l o w  s p o t  on t h e  p a p e r*  F i x a t i o n  o f  

t h e s e  ch rom atog ram s was a c h i e v e d  by d i p p i n g  i n  d i l u t e  a q ueou s  

sod ium  h y d ro x id e *

C h ro m a to g ra p h ic  m o b i l i t i e s  o f  compounds h ave  b e en  c a l 

c u l a t e d  r e l a t i v e  t o  t h e  s o l v e n t  f r o n t  E - g l u c o s e  (Rg) o r

E - g l u c i t o l  ( R. )

P a p e r  l o n o p h o r e s i s

l o n o p h o r e s i s  was c a r r i e d  o u t  on Mhatman N o .3 p a p e r  u s i n g  

a  Shandon High  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 .  The 

f o l l o w i n g  e l e c t r o l y t e s  were u s e d .

Sodium o o r a t e  L d o r ic  a c i d  ( 1 4 . 9  g . ) and sod ium  h y d r o x i d e  (3  g . ) 

i n  w a t e r  (2  1 . ) ]  pH 9 . 8 - 1 0 .  2 , 3 , 4 , 6 - î e t r a - ^ - m e t h y l - h - g l u c o s e  

was u s e d  a s  n o n m i g r a t i n g  m a r k e r .

Sodium m o ly b d a te ^ ^  LSodium m o ly b d a te  d i h y d r a t e  (25 g . ) i n  

w a t e r  (1200  m l . )  a d j u s t e d  t o  pH 5 w i t h  c o n c e n t r a t e d  s u l p h u r i c  

a c i d ] .  G l y c e r o l  v/as u s e d  a s  n o n m i g r a t i n g  m a r k e r .

Sodium m e t a v a n a i a t e ^ ^ ' 5 7  an a q ueou s  s o l u t i o n  o f  sodium m e ta 

v a n a d a t e  ( 1 .5 /  w / v ) .

F o r  i o n o p h o r e to g r a m s  p r e p a r e d  i n  b o r a t e  o r  m o ly b d a te  

b u f f e r s ,  compounds were l o c a t e d  w i t h  t h e  same r e a g e n t s  a s  were 

u s e d  f o r  p a p e r  c h ro m a to g r a p h y .  The sodium m e t a v a n a d a t e  

s o l u t i o n  v/as u sed  t o  d i s t i n , g u i s h  h e x i t o l s ,  and h e r e  i t  was
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s u f f i c i e n t  t o  h e a t  t h e  i o n o p h o r e t o g r a m  a t  c# 100® f o r  10 m in .  

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

b a c k g r o u n d .

Mhere i o n o p h o r e t i c  m o o i l i t i e s  o f  compounds have  been  

r e c o r d e d  t h e y  have  been  m easured  w i t h  r e s p e c t  t o  D - g l u c i t o l

(Mg = 1.0).
G a s - l i q u i d  C hrom atography  (ILC)

A l y e  Argon C h ro m a to g rap h ,  w i t h  P - l o n i z a t i o n  d e t e c t o r  

and g l a s s  co lumns (4  f t *  x 4  lam), was u s e d ,  w i t h  a rg o n  a s  t h e  

c a r r i e r  gas  a t  a  r a t e  o f  7 0 - 6 0  m l /m in .  The f o l l o w i n g  

s t a t i o n a r y  p h a s e s  were e m p lo y e d : -

Pi'ii -  10,^ (vv/w) m- j i s (m -p henoxyphenoxy)benzene  on s i l a n e -  

t r e u t e d  c e l i t e . ^ ^

3E3 -  1 5 /  (w/w) b u t a n e - 1 , 4 - d i o l  s u c c i n a t e  p o l y e s t e r  on s i l a n e -  

t r e a t e d  c e l i t e . ^ ^

SE-30 ( a  m e th y l  s i l i c o n e )  3 /  (w/w) on Gas Chrom P.

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

a l l  s a m p le s  were  g as  c h ro m a to g ra p h e d  a s  t h e i r  t r i m e t h y l s i l y l  

e t h e r s  (TMU d e r i v a t i v e s )  which  were p r e p a r e d  i n  a c c o r d a n c e  

w i t h  t h e  method o f  S w ee lsy  e t  a l . ^ ^  The s u b s t a n c e  ( c .  10 m g .)  

was d i s s o l v e d  i n  d r y  p y r i d i n e  (1 m l . )  i n  a  1 dram s c r e w - t o p p e d  

v i a l ,  and h e x a m e t h y l d i s i l a z a n e  ( 0 . 2  m l . )  and t r i m e t h y l c h l o r o -
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s l l a n e  ( 0 , 1  m l , )  were  added  (where  o n l y  m in u te  q u a n t i t i e s  o f  

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

A f t e r  s h a k i n g  f o r  a b o u t  0 . 5  m in .  t h e  m i x t u r e  v/as a l l o w e d  t o  

s t a n d  a t  room t e m p e r a t u r e  f o r  20 m in .  b e f o r e  c e n t r i f u g i n g .

The c l e a r  l i q u i d  was t h e n  d e c a n t e d  f ro m  t h e  w h i t e  p r e c i p i t a t e ,  

r o t a r y  e v a p o r a t e d  t o  low b u l k ,  and t a k e n  up  i n  d i e t h y l  e t h e r  

( 1 m l . ) .  T h i s  s o l u t i o n  ( c .  0 . 5  / l )  v/as i n j e c t e d  i n t o  t h e  

column w i t h  a  H a m i l to n  s y r i n g  ( l  y u l . ,  7 cm. n e e d l e  l e n g t h ) .

R e t e n t i o n  vo lumes  (HV) were  a lw a y s  r e c o r d e d  r e l a t i v e  t o  

t h e  TM3 d e r i v a t i v e  o f  E - g l u c i t o l  (RV = l ) .

I n f r a r e d  S p e c t r o s c o p y  ( I R )

I n f r a r e d  s p e c t r a  were  r e c o r d e d  w i t h  t h e  a i d  o f  a  P e r k i n -  

E lm er  337 G r a t i n g  I n f r a r e d  S p e c t r o p h o t o m e t e r .  Sam ples  were 

exam ined  b e tw een  p l a t e s  o f  sodium c h l o r i d e ,  e i t h e r  a s  s y r u p s ,  

o r  i n  t h e  fo rm  o f  m u l l s  w i t h  • N u j o l * .

P r o t o n  T'-g m e t t e  R esonance  S p e c t r o s c o p y  ( 1 1 3 )

The 60 l ie .  n u c l e a r  marine t i c  r e s o n a n c e  s p e c t r o m e t e r  

( P e r k i n - E l m e r  K .IO) o f  t h e  U n i v e r s i t y  o f  London I n t e r c o l l e g i a t e  

R e s e a r c h  S e r v i c e  was u s e d .  S a n p l e s  were exam ined ,  a t  no rm al  

w o rk in g  t e m p e r a t u r e ,  a s  c .  10/^ (w /v )  s o l u t i o n s  i n  d e u t e r a t e d  

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

r e f e r e n c e .
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E le m e n t a l  A n a ly s e s

A n a ly s e s  f o r  c a r b o n  and h y d r o g e n ,  and m e th o x y l  e s t i m a t i o n s  

were c a r r i e d  o u t  by  A l f r e d  B e r n h a r d t .  ( I 'u lh e im  ( R u h r ) ,  

Germany) .
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M a t e r i a l s

F y r i d I n a  was d i s t i l l e d  a t  a t m o s p h e r i c  p r e s s u r e ,  a t  115-117® 

and s t o r e d  o v e r  sodium h y d r o x i d e  p e l l e t s .

N ,R - J im e th y l f o r m a m id e  (LMTiO was d i s t i l l e d  a t  a t m o s p h e r i c  

p r e s s u r e  a t  c .  153^ f rom  a n h y d ro u s  c a l c i u m  c h l o r i d e .  F o r  

u s e  a s  an  a n h y d ro u s  medium f o r  r e a c t i o n s ,  t h i s  d i s t i l l a t e  was 

a l s o  a l l o w e d  t o  s t a n d  o v e r  m o l e c u l a r  s i e v e s  (Type 4A) f o r

s e v e r a l  d a y s .  The w a t e r  c o n t e n t  was t h e n  e s t i m a t e d  by  a
65m o d i f i e d  F i s c h e r  method and sa m p le s  were fo un d  t o  c o n t a i n  

< 0 . 0 0 4 /  w a t e r .

To p r e p a r e  a  s o l u t i o n  o f  h y d ro g en  c h l o r i d e  i n  rMMf, t h e  

g a s ,  f rom  a  c y l i n d e r ,  was f i r s t  d r i e d  by s lo w  p a s s a t e  t h r o u g h  

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

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

i n  t h e  E1.F v/as p e r i o d i c a l l y  e s t i m a t e d  by t i t r a t i o n  o f  a q u eo us  

sa m p le s  w i t h  s t a n d a r d  sod ium  h y d r o x i d e  s o l u t i o n .

2 , 4 - 0 - d U t y l i d e n e - h - l l u c i t o l  was p r e p a r e d  by c o n d e n s a t i o n  o f

D - G l u c i t o l  and n - l u t y r a l d e h y d e  i n  t h e  p r e s e n c e  o f  aq ueous
35s u l p h u r i c  a c i d ,  a s  d e s c r i b e d  by  Bonner e t  a l .
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The f o l l o w i n g  compounds were k i n d l y  s u p p l i e d  by 

E r .  D. Lewis (R oya l  H ol low ay  C o l l e g e ) .

3 . 4 -  and 4 , 6 - C ) - b u t y l i d e n e g 3 - 5 l u c i t o l 3

1 , 3 : 2 , 4 - d i - O - b u t y l i d e n 9 - £ - g l u c i t o l

2 . 4 - 0 - b e n z y l i d e n e - E - t l u o l t o l  

2 , 4 g C - m e t h y l e n e - ^ - g l u c i t o l

2 . 5 - 0 - n i e th y le n e - D - i r . a n n i to l  

T r i p h e n y l c a r b i n o l
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I .  IRVEBTIG\TI0:T3

E x p t • 1• V a r i a t i o n  o f  O p t i c a l  R o t a t i o n  w i t h  Time D u r in g  

t h e  R e a c t i o n s  o f  some A ldehydes  w i t h  E- g l u c i t o l  

i n  Aqueous H y d r o c h l o r i c  Acid a t  25®.

I n  e a c h  r e a c t i o n ,  t h e  r e a c t a n t s  were I n i t i a l l y  i n  e q u i -  

m o la r  p r o p o r t i o n s  ( 0 . 2 5  I ) .  The f o l l o w i n g  p r o c e d u r e  was 

a d o p t e d .

The c a l c u l a t e d  w e ig h t  o f  a ld e h y d e  was t r a n s f e r r e d  t o  a  

25 m l .  s t a n d a r d  f l a s k ,  f rom  a  w e ig h in g  p i p e t t e  ( e x c e p t  w i t h  

c h l o r a l  h y d r a t e ) ,  and d i s s o l v e d  i n  a  s m a l l  amount o f  w a t e r .  

E - g l u c i t o l  ( 1 . 1 4  g .  ) v/as added and d i s s o l v e d ,  and t h e  f l a s k  

was immersed i n  t h e  c o n s t a n t  t e m p e r a t u r e  b a t h  a t  25^ f o r  

a b o u t  10 m in .  The r e q u i r e d  volume o f  5N aq u eo u s  h y d r o c h l o r i c  

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

p i p e t t e ,  and a  c l o c k  was s t a r t e d .  The s o l u t i o n  was im m ed ia te ly  

made up  t o  25 m l .  w i t h  w a t e r .  A f t e r  s h a k i n g  g e n t l y  f o r  a b o u t  

0 . 5  m i n . ,  t o  e n s u r e  c o m p le te  m ix in g ,  t h e  r e a c t i o n  m i x t u r e  was 

p o u red  i n t o  t h e  w a t e r - j a c k e t e d  p o l a r i m e t e r  t u b e ,  and p l a c e d  

i n  t h e  p o l a r i m e t e r .  R e a d in g s  o f  o p t i c a l  r o t a t i o n  (o ^ )  were 

r e c o r d e d  w i t h  t i m e .

( a )  n - 3 u t y r a l d e h y d e  ( 0 . 4 5 0  g . )

r u r i f i e d  by  d i s t i l l a t i o n  b . p .  7 4 - 7 7 ^ .

T a b l e s  1 ( a )  and 1 ( c )  Graphs 1 , 2 , 3  and 9 ( p p .  25-Z7 and l+l)
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( b )  A c e t a ld e h y d e  ( 0 .2 7 5  g . )

P u r i f i e d  by d i s t i l l a t i o n  b . p .  21®.

T a b le  7 Graph 1 ( p . 25)

( c )  I r o p i o n a l d e h y d e  ( 0 . 3 6 3  g . )

P u r i f i e d  by d i s t i l l a t i o n  b . p .  4 9 ° .

T a b le  3 Graph 1 ( p . 25)

( d )  I n o - B u t y r a l d é h y d e  ( 0 . 4 5 0  g . )

P u r i f i e d  by d i s t i l l a t i o n  b . p .  6 4 - 6 7 °

T a b le  9 Graph 2 ( p . 26)

( e )  lenzalcSeli.yde ( 0 . 6 6 3  g . )

P u r i f i e d  by  d i s t i l l a t i o n  b . p .  173-182®. Owing 

t o  t h e  v e r y  low s o l u b i l i t y  o f  t h i s  a ld e h y d e  i n  w a t e r ,  

t h e  r e a c t i o n s  were c a r r i e d  o u t  i n  E‘.T c o n t a i n i n g  w a t e r  

( 2 0 /  v / v ) .

T a b le  10 Graphs 4 & 7 (pp.2^,3^

( f ) Fo rm a ld eh yd e

Form aldehyde  was a v a i l a b l e  i n  t h e  fo rm  o f  f o r m a l i n  

s o l u t i o n  ( A n a l a r ) .  T h i s  was e s t im a te d ^ ®  t o  be a  3 4 . 2p 

(w/w) s o l u t i o n ,  by o x i d a t i o n  i n  a l k a l i n e  c o n d i t i o n s  w i t h  

a  known volume o f  s t a n d a r d ,  i o d i n e  s o l u t i o n ,  l i b e r a t i o n  

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

w i t h  s t a n d a r d  sod ium  t h i o s u l p h a t e  s o l u t i o n .  S i n c e  2 .9 2  g, 

o f  f o r m a l i n  were  e q u i v a l e n t  t o  1 g .  o f  f o r m a l d e h y d e .
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0 .5 4 7  g .  ware  w eighed  o u t  and  d i s s o l v e d  i n  t h e  r e a c t i o n  

m i x t u r e  (25  m l . ) .

T a b le  1 2 ( a )  & 1 2 ( b )  Graphs  5 & 13 ( p p , 2 ‘H97)

( g)  T r i c h l o r o a c e t a l d e h y d e

T r i c h l o r o a c e t a l d e h y d e  was a v a i l a b l e  i n  t h e  fo rm  o f  

c r y s t a l l i n e  c h l o r a l  h y d r a t e  ( 1 . 0 3 4  g . )

T a b le  13

E x p t .  2 .  V a r i a t i o n  o f  O p t i c a l  R o t a t i o n  w i t h  Time d u r i n g  

t h e  R e a c t i o n s  o f  some A ldehydes  w i t h  E- g l u o i t o l  

I n  EMF i n  t h e  p r e s e n c e  o f  HOI a t  25®

The r e a c t a n t s  were  i n i t i a l l y  i n  e q u i m o l a r  p r o p o r t i o n s  

(0 .25M)# The c a l c u l a t e d  w e i g h t s  o f  a ld e h y d e  and D - ,g lu e i t o i  

were  d i s s o l v e d  i n  d r y  EMdT, i n  a  s t a n d a r d  f l a s k ,  and t h e  

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

c h l o r i d e  i n  EMP was added t o  g i v e  a  0.5H s o l u t i o n  when t h e  

l i q u i d  was made up  t o  t h e  m ark .  R e a c t i o n  was assumed t o  

b e g i n  on a d d i t i o n  o f  t h e  a c i d ,  and was f o l l o w e d  p o l a r i m e t r i -  

c a l l y  a t  2 5 ° .

( a )  n - 3 u t y r a l d e h y d e

T a b le  2 Graph 6 ( p .  33 )

( b ) l e n z a l d e h y d e

T a b le  11 Graph 7 ( p . 3 k  )
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I I .  BUT ILIE VJOITOLU

E x p t .  3 .  To F o l l o w t h e  Form at  i o n  o f  2 - e t h y l - 2 - h e x e n a l  

i n  a  S o l u t i o n  o f  n - 3 u t y r a l d e h .y l e  i n  Aqueous 

Hydroch l o r i c  Acid

E o l a t i o n s  (0 .25M) o f  n - o u t y r a l d e h y d e  ( 1 . 8  g . ) i n  N&2H 

a qu eo u s  h y d r o c h l o r i c  a c i d  (100  m l . )  w ere  made u p ,  and m ain

t a i n e d  a t  2 5 ° .  A f t e r  s u i t a b l e  t im e  i n t e r v a l s ,  a l i q u o t s  were 

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

t a k e n  a t  233 mu . The v a r i a t i o n ,  o f  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 s  w i t h  t im e  i s  shown i n  T a b le  6 ( p .  2// ) and Graph 8 

( p .  uo  ) .

A f t e r  a  few d a y s ,  b o t h  r e a c t i o n  m i x t u r e s  c o n t a i n e d  a  

f i n e  s u s p e n s i o n  o f  o i l y  d r o p l e t s .  Mnan 3 d a y s  had e l a p s e d ,  

t h e  m i x t u r e  i n  2 G h y d r o c h l o r i c  a c i d  was e x t r a c t e d  w i t h  d i e t h y l  

e t h e r  (2  x 25 m l , ) .  The e t h e r  e x t r a c t  was washed w i t h  ( i )

5, aq u eo u s  sodium c a r b o n a t e  s o l u t i o n  (2  x 25 m l . ) ,  ( i i )  w a t e r  

(4  X 25 m l . )  and t h e n  d r i e d  o v e r  a n h y d ro u s  sod ium  s u l p h a t e .  

H av ing  f i l t e r e d  o u t  t h e  d r y i n g  a g e n t ,  t h e  e x t r a c t  was e v a p o r 

a t e d  t o  a  c o l o u r l e s s  o i l  ( 0 . 2 2  g .  ) .

A 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  o f  t h i s  o i l  was 

e a s i l y  formed by a d d i t i o n  o f  e x c e s s  o f  a  s o l u t i o n  o f  2 , 4 -  

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

d e r i v a t i v e  was r e c r y s t a l l i z e d  from  m e t h a n o l ,  a s  l u s t r o u s
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o ra n g e  s c a l e s ,  m .p ,  122-123®. A m i x t u r e  o f  t h i s  s a m p le ,  

w i t h  2 - 9 t h y l - 2 - h e x e n a l - 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  s u f f e r e d  

no d e p r e s s i o n  o f  m e l t i n g  p o i n t .

E x p t . 4 .  P r e p a r a t i o n  o f  2 - E t h y l - 2 - [ I e x e n a l

n - j u t y r a l d e h y d e  (7  m l . )  was d i s s o l v e d  i n  w a t e r  (200 m l . )  

and t h e  s o l u t i o n  was c o o le d  i n  an  i c e - o a t h .  Sodium h y d r o x i d e  

(8  g . ) was added and d i s s o l v e d ,  a n d ,  a lm o s t  i m m e d ia t e l y ,  o i l y  

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

was a l l o w e d  t o  s t a n d  f o r  1 .5  h r . ,  a f t e r  which  i t  was n e u t r a l i 

zed w i t h  h y d r o c h l o r i c  a c i d .  The su s p e n d e d  o i l  was e x t r a c t e d  

t h r e e  t i m e s  w i t h  d i e t h y l  e t h e r  (25  m l . ) ,  and t h e  e x t r a c t s  

were  combined and d r i e d  o v e r  a n h y d ro u s  sodium s u l p h a t e .

A f t e r  f i l t e r i n g  o f f  t h e  d r y i n g  a g e n t ,  and r o t a r y  e v a p o r a t i n g ,  

t o  remove t h e  e t h e r ,  t h e r e  r e m a in e d  a n  o i l  ( 3 . 4  g . ) .

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

7 3 - 3 3 ° ,  and was p r o b a b l y  m a i n l y  u n r e a c t e d  n - b u t y r a l d e h y d e .  

2 - e t h y l - 2 - h e x e n a l  was c o l l e c t e d  a s  a  c o l o u r l e s s  o i l  ( 1 . 3  g . )  

w i t h  a  s t r o n g ,  c h a r a c t e r i s t i c  o d o u r ,  b . p .  1 7 0 - 1 7 3 ° ,  1 .4 4 7 0

M o la r  e x t i n c t i o n  c o e f f i c i e n t  Eggg 1*36 x 10^ ( w a t e r ) ,  1 .4 2  x 

10^ (2H a q u eo u s  h C l ) .

The sam ple  r e a d i l y  fo rm ed  a  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ,  

w h ich  was r e c r y s t a l l i z e d  f rom  m e th a n o l  a s  l u s t r o u s  o r a n g e  

s c a l e s ,  m .p .  121-123°  ( l i t P ^  121 . 5- 1 2 2 ) .
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Ex p t .  5 . To F o l lo w  t h e  R e a c t i o n  o f  n - B u ty r a ld é h y d e  w i t h  

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

n -  Vg t  y rg  1 d e hyd e .

The r e a c t a n t s  were i n i t i a l l y  i n  e q u i m i l a r  p r o p o r t i o n s  

(0 .25*5) ,  and t h e  m i x t u r e  v/as p r e p a r e d  a s  i n  E x p t .  1 and 

m a i n t a i n e d  a t  2 5 ° .

P e r i o d i c a l l y ,  a l i q u o t s  (2 m l . )  were  removed f rom  t h e  

f l a s k ,  and d i l u t e d  r a p i d l y  w i t h  w a t e r  t o  10 m l .  i n  a  s t a n d a r d  

f l a s k .  The o p t i c a l  d e n s i t y  o f  t h i s  d i l u t e d  s o l u t i o n  ( a t  

231 myu. ) was i m m e d ia t e l y  m e a s u r e d .  I t  was assumed t h a t ,  on 

d i l u t i o n  f i v e f o l d ,  t h e  r e a c t i o n  r a t e  would be v e r y  much 

r e d u c e d ,  so  t h a t  no s i g n i f i c a n t  e r r o r s  would be i n c u r r e d  b e f o r e  

t h e  o p t i c a l  d e n s i t y  r e a d i n g  was t a k e n .  O p t i c a l  d e n s i t y  d a t a  

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

means o f  a  c a l i b r a t i o n  g r a p h ,  and m u l t i p l i e d  by f i v e ,  t o  a l l o w  

f o r  t h e  d i l u t i o n .  Hence t h e  amount o f  n - o u t y r a l d e h y d a  r e a c t e d  

a f t e r  a  g i v e n  t im e  was c a l c u l a t e d .  ( T a b l e s  1 ( b )  & 1 ( d )

PP.2ÜB-, Graph 9 ,  p.AZ ) .

E x p t .  6 .  To S to p  t h e  R e a c t i o n  o f  n - B u t y r a l d e h y d e  w i t h  

E- G l u c l t o l  In  Aqueou s  A c id ,  by  N e u t r a l i z a t i o n

E q u im o la r  q u a n t i t i e s  (0 .22% ) o f  n - b u t y r a l d e h y d e  and 

D - g l u c i t o l  were  a l lo w e d  t o  r e a c t  i n  E a q u eo us  h y d r o c h l o r i c  a c i d ,
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and t h o  r e a c t i o n  was f o l l o w e d  p o l a r i m e t r i c a l l y *  A f t e r  30 m in .  

an  a q ueo u s  s o l u t i o n  o f  sod ium  h y d r o x i d e  ( 7 . 3  m l . )  was added  

t o  t h e  r e a c t i o n  m i x t u r e  (25  m l . ) ,  t h e r e b y  i n c r e a s i n g  t h e  pH 

t o  5 . 2 .  The o p t i c a l  r o t a t i o n  o f  t h i s  s o l u t i o n  was m easu red  

a t  v a r i o u s  t i m e s ,  and compared w i t h  a  f i g u r e  c a l c u l a t e d  f ro m  

t h e  d i l u t i o n .

T in e

5 m in . - 0 . 5 9 2 A f t e r  a d d i t i o n  o f  sod ium  h y
s o l u t i o n

8 - 0 . 7 7 5
Time

12 —0 .9 4 0
46 m in . - 0 . S 3 0

16 - 1 . 0 5 5
60 -C .S S 7

20 —1 .1 4 0
120 - 0 . 3 3 7

25 - 1 . 2 2 0
270 - 0 . 9 7 5

23 - 1 . 2 5 6
2 d a y s - 1 . 0 1 0

30 - 1 . 2 3 0

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

r e m a in e d  v i r t u a l l y  c o n s t a n t :  - 0 . 9 8 3® ( a v e r a g e )

On a d d i t i o n  o f  sodium h y d r o x i d e  s o l u t i o n ,  t h e  r e a c t i o n  m i x t u r e

was d i l u t e d  f ro m  25 m l .  t o  3 2 .3  m l .

•*. C a l c u l a t e d  o p t i c a l  r o t a t i o n  - 1 . 2 8 0  x £ 5  =» - 0 .9 9 1

3 2 . 3
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Z x p t • 7• A n a l y s i s  o f  t h e  R e a c t i o n  Mixt u r e ,  a t  P a r t i c u l a r

Times d u r i n g  t h e  R e a c t i o n  o f  n - B u t y r a l d e l i y l e  w i t h  

E- l l u o i t o l  i n  Aqueous A c id .

The R e a c t i o n  was c o n d u c te d  i n  N a q ueou s  h y d r o c h l o r i c  

a c i d ,  e x a c t l y  a s  d e s c r i b e d  i n  E x p t .  1 ( a ) .  A f t e r  10 min .*  

( 6 0 / ) ,  30 m in .  (7 1 / - ) ,  and 2 d a y s  (8 9 / - ) ,  a l i q u o t s  (2 m l . )  were 

removed f ro m  t h e  r e a c t i o n  m i x t u r e  and n e u t r a l i z e d  w i t h  a q ueo u s  

sod ium  h y d r o x i d e .  Each s o l u t i o n  was f r e e z e - d r i e d ,  t h e  

r e s i d u e s  t r i t u r a t e d  w i t h  warm p y r i d i n e  (5 m l . ) ,  and t h e  

i n s o l u b l e  sod ium  c h l o r i d e  f i l t e r e d  o f f .

T hese  p y r i d i n e  s o l u t i o n s  were exam ined  by p a p e r  chroma

t o g r a p h y  (lZE:{/il2 0 ) a l o n g  w i t h  some knov/n s t a n d a r d  a c e t a l s ;

2 , 4 - ,  3 , 4 -  and 4 , 6 - £ - b u t y l i d e n e - B - g l u c i t o l s .  I n  e a c h  s a m p le ,  

t h e  p r e s e n c e  o f  E - g l u c i t o l ,  2 , 4 -  and 3 , 4 -  a n d / o r  4 , 6 - £ -  

b u t y l i d e n e - O - g l u c i t o l  was i n d i c a t e d .  V.hen 0 . 2 /  (w /v )  o f  

p h e n y l b o r o n i c  a n h y d r i d e  was i n c l u d e d  i n  t h e  c h r o m a to g r a p h ic  

s o l v e n t ,  t h e  p r e s e n c e  o f  t h e  3 , 4 - a c e t a l  was i n f e r r e d ,  s i n c e  

i n  t h i s  s y s te m  i t  h a s  been  shown t h a t  3 , 4 - m o n o a c e t a l s  r u n  

s l o w e r  t h a n  2 , 4 -  and 4 , 6 - .  The e q u i l i b r i u m  m ix t u r e  con

t a i n e d  a  t r a c e  o f  a  component  w h ich  r a n  a lm o s t  w i t h  t h e  s o l v e n t  

f r o n t  ( p r o b a b l y  a  d i a c e t a l ) .

Each  p y r i d i n e  e x t r a c t  ( l  m l . )  was c o n v e r t e d  i n t o  t r i -  

m e t h y l s i l y l  (TMl) d e r i v a t i v e s  ( s e e  p . 131 ) ,  and a n a l y s e d  by
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GLG u s i n g  m- b i s ( m -phenoxyphenoxy) o enzens  (PPE) a s  s t a t i o n a r y  

p h ase  a t  1 7 5 ° .  The gas  ch rom atog ram s showed t h e  p r e s e n c e ,  

i n  e a c h  s a m p le ,  o f  £ - g l u c i t o l ,  2 , 4 - 0 - b u t y l i d e n e - D - g i u c i t o l  

(HV 4 . 1 - 4 . 3 ) ,  end s e v e r a l  o t h e r  u n i d e n t i f i e d  m o n o a c e t a l s ,  

t h e  most p r o m in e n t  h a v i n g  1:7 c .  2 . 7 .  T r a c e s  o f  a  d i a c e t a l  

(KV c .  1 3 . 0 )  a l s o  a p p e a r e d  i n  t h e  e q u i l i b r i u m  m i x t u r e .

The p e ak s  due  t o  m o n o a c e t a l s ,  on t h e s e  ch rom atog ram s a r e  

ehovm i n  F i g .  xv  ( p . 36 ) .

E x p t .  8 .  I s o l a t i o n  o f  t h e  E i a c e t a l ,  P r e s e n t  i n  t h e  E q u i l i b r i a ;  

M ix tu re  o f  O- B r t y l i d e n e - h - l l u o i t o l s ,  by Column 

C h ro  n a t  o g ra  phy 

An e q u i m o l a r  m i x t u r e  (0 .25% ) o f  £ - o u t y r a l d e h y d e  and 

h - g l u c i t o l  v/as male up i n  N aqueous  h y d r o c h l o r i c  a c i d ,  and 

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

w i t h  aq u eo u s  sod ium  h y d r o x i d e ,  t h e  s o l u t i o n  was f r e e z e - d r i e d ,  

and t h e n  t r i t u r a t e d  w i t h  b o i l i n g  e t h a n o l .  The i n s o l u b l e  

sod ium  c h l o r i d e  was f i l t e r e d  o f f ,  and t h e  e t h a n o l i c  e x t r a c t  

r o t a r y  e v a p o r a t e d  t o  a  s y r u p ,  w h ich  p a r t i a l l y  s o l i d i f i e d  when 

s t o r e d  f o r  soma h o u r s  i n  a  r e f r i g e r a t o r .

A g l a s s  column ( 2 . 5  cm. d i a m e t e r )  was packed  w i t h  

a lu m in ium  o x id e  (30  g . ) i n  e t h a n o l .  The m i x t u r e  (1 g . ) ,  

p r e p a r e d  above  was d i s s o l v e d  i n  warm e t h a n o l  (15  m l . )  and 

p o u re d  on t o  t h e  c o l u . m .  The column was e l u t e d  w i t h  e t h a n o l
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and f r a c t i o n s  were c o l l e c t e d .  When e v a p o r a t e d  t o  d r y n e s s ,  

t h e  f r a c t i o n s  y i e l d e d  a  f i n e  c r y s t a l l i n e  s o l i d  ( c .  0 . 2  g . )

(RV c .  1 2 . 8 ,  T.::S d e r i v a t i v e ,  T iE a t  1 7 5 ° ) .  A f t e r  r a c r y -  

a t a l l l z l n g  f rom  b en ze n e  t h e  s u b s t a n c e  had m .p .  1 3 0 - 1 3 1 . 5 ° .

A sam ple  o f  1 , 3 t 2 , 4 - d i - 0 - o u t y l i d e n e - I ) - g l u c i t o l  had m .p .  1 3 0 -  

1 3 2 ° ,  and t h e  mixed m .p .  was n o t  d e p r e s s e d .

The column was n e x t  e l u t e d  w i t h  9 0 /  ( v / v )  e t h a n o l / w a t e r .  

F r a c t i o n s ,  on e v a p o r a t i o n ,  gave  s o l i d  r e s i d u e s  w h ic h ,  when 

exam ined  by  GLC (TIPI d e r i v a t i v e s ,  112 a t  1 7 5 ° ) ,  were  fou n d  

t o  c o n t a i n  a  m i x t u r e  o f  s e v e r a l  m o n o a c e t a l s ,  b u t  no D - g l u o i t o l ,

E x p t .  9 .  I s o l a t i o n  o f  Compound A from a  M ix tu r e  Taken f rom  

tr ie  E a r l y  S t a g e s  o f  R e a c t i o n  o f  n - B u ty ra ld é h y d e  

and D - G l u c i t o l . 

n - B u ty r a ld é h y d e  ( 5 . 5  m l . )  and h - g l u c i t o l  ( 1 3 . 4  g . )  were 

d i s s o l v e d  i n  w a t e r  (200  m l . ) .  5N a qu eo us  h y d r o c h l o r i c  a c i d  

(50  m l . )  was a d d e d ,  and a  c l o c k  was s t a r t e d .  A f t e r  10 m i n . ,  

t h e  r e a c t i o n  was s t o p p e d  by i n t r o d u c i n g  a q ueo u s  sodium 

h y d r o x i d e  u n t i l  t h e  pH o f  t h e  s o l u t i o n  was a b o u t  7 .  The 

s o l u t i o n  was f r e e z e - d r i e d ,  and t h e n  t r i t u r a t e d  w i t h  h o t  

e t h a n o l  (150  m l . ) .  I n s o l u b l e  m a t e r i a l  was f i l t e r e d  f ro m  t h e  

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

s y r u p  (13  g . ) w h ic h ,  on s t o r a g e ,  s e t  t o  a  g l a s s y  s o l i d  m ass .

A g a s  ch rom atogram  o f  t h i s  m i x t u r e  (TMS d e r i v a t i v e s ,  FP2 a t  

17!? ) showed t h e  p r e s e n c e  o f  D - g l u c i t o l ,  2 , 4 - ^ —o u t y l i d e n e —2 —
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g l u c i t o l  (RV 4 . 1 3 ) #  Compound A (H7 2 .7 4 ) #  and t r a c e s  o f  

o t h e r  m o n o a c e t a l s .

A g l a s s  column (5  cm. d i a m e t e r )  was p acked  w i t h  

a lu m in iu m  o x i d e  (100  g . ) i n  e t h a n o l .  The m i x t u r e  (5  g . ) 

p r e p a r e d  above# was d i s s o l v e d  i n  warm e t h a n o l  (25  m l . )  and 

pou red  on t o  t h e  co lum n.  The column was e l u t e d  f i r s t  w i t h  

e t h a n o l  (25  m l . )  and t h e n  w i t h  e t h a n o l / w a t e r  m i x t u r e s  o f  

96/- ( v / v )  (25 m l . ) ,  9 4 /  ( v / v )  (25  m l . )  and 9 3 /  ( v / v )  (125 m l . ) #  

w h i l s t  f r a c t i o n s  (25 m l . )  were c o l l e c t e d #  and r o t a r y  e v a p o r a t e d  

t o  d r y n e s s .

k a r l y  f r a c t i o n s  c o n t a i n e d  m in u te  t r a c e s  o f  o i l  ( p r o b a b l y  

m a in ly  p o l y m e r i z a t i o n  o r  d e c o m p o s i t i o n  p r o d u c t s  o f  n - b u t y r 

a ld é h y d e #  and p o s s i b l y  some t r a c e s  o f  p o l y a c e t a l s ) .  The 

f i r s t  0 . 4  g .  o f  s o l i d  m a t e r i a l  was p u r e  Compound A (HV 2 . 7 6 ) .  

F u r t h e r  m a t e r i a l #  t a k e n  f rom  t h e  column# c o n t a i n e d  o t h e r  mono

a c e t a l s  i n  i n c r e a s i n g  a m o u n t s .  T h i s  was c o l l e c t e d #  and p u r i 

f i e d  by  a  s e co n d  f r a c t i o n a t i o n  p r o c e s s .

Compound A was r e c r y s t a l l i z e d  f ro m  c h l o r o f o r m  ( l  g .  i n  

500 m l . )  t o  g i v e  l i g h t #  f l u f f y  c r y s t a l s .  A l th o u g h  OLC i n d i 

c a t e d  a  p u r e  compound# t h e  m .p*s  o f  s a m p le s  o b t a i n e d  v a r i e d  

b e tw e e n  111^ and 119^ .  3y r e p e a t e d  r e c r y s t a l l i z a t i o n #  t h e  

h i g h e s t  m .p .  a t t a i n e d  was 1 1 7 -1 1 9 ^ .  -39^#

- 4 6 ^  ( c .  1 i n  IlgO). A n a l y s i s  i n d i c a t e d  a  m o n o - O - b u t y l i d e n e -  

g l u c i t o l  (Found ;  C #50 .5 ;  i î , 3 . 4 ;  % req_u i res  C #50 .8 ;

1 1 ,8 .5 / )  Mg ( d o n a t e )  0 . 5 0 .
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h x p t .  10.  H y d r o l y s i s  o f  Compound 4, and I d e n t i f l e c t i o n  

o f  t h e  P r o d u c t s

( a )  C a rb o n y l  p o r t i o n .

A s o l u t i o n  (40  m l . )  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  

(0.25/> w /v )  i n  2H a q u eo us  h y d r o c h l o r i c  a c i d  v/as warmed i n  a  

250 m l .  b e a k e r  o v e r  a  w a t e r  b a t h .  Compound A (0 .0 9 7 3  g . )  

wao d i s s o l v e d  i n  a  l i t t l e  w a t e r ,  and washed i n t o  t h e  b e a k e r .  

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

2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  o c c u r r e d .  F o r  30  m in .  

t h e  p r e c i p i t a t e  was d i g e s t e d  o v e r  t h e  g e n t l y  s im m e r in g  w a t e r -  

b a t h ,  and t h e n  t h e  b e a k e r  v/ao a l l o w e d  t o  c o o l .  The p r e c i p i 

t a t e  was c o l l e c t e d  on a  p re w e ig h e d  s i n t e r e d - g l a s s  c r u c i b l e ,  

washed w i t h  w a t e r ,  and d r i e d  i n  t h e  o v e n ,  a t  95^# t o  c o n s t a n t  

we i g h t .

Weight  o f  p r e c i p i t a t e  0 .1001  g .

Weight o f  d e r i v a t i v e  c a l c u l a t e d  f o r  a  m o n o - O - o u ty l id e n e

h e x i t o l  0 .1 0 4 4  g .

Weight o f  d e r i v a t i v e  c a l c u l a t e d  f o r  a  d i - O - b u t y l i d e n e

h e x i t o l  0 .1 7 0 0  g .

The d e r i v a t i v e  was r e c r y s t a l l i z e d  t w i c e  f ro m  i n d u s t r i a l  

m e t h y l a t e d  s p i r i t s  (10  m l . )  and had m .p .  1 1 9 - 1 2 1 ° .  An 

a u t h e n t i c  sam ple  o f  £ - b u t y r a l d e h y d e - 2 , 4 - d i n i t r o p h e n y l h y d r a s o n e  

had m . p . 1 2 0 -1 2 1 °  and t h e  mixed m .p .  was n o t  d e p r e s s e d .
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( b )  P o l y h y d r i c  A lc o h o l  p o r t i o n .

Compound k ( 0 . 1  g .  ) v/as d i s s o l v e d  i n  K aqueo u s  h y d r o 

c h l o r i c  a c i d  (20  m l . ) ,  and warmed o v e r  a  b o i l i n g  v / a t e r - b a t h  

f o r  20 m in .  The s o l u t i o n  was n e u t r a l i z e d ,  by a d d i t i o n  o f  

b a r iu m  c a r b o n a t e  ( 2 . 5  g . ) ,  f i l t e r e d ,  and t h e  f i l t r a t e  r o t a r y  

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

p y r i d i n e  (10  m l . ) ,  t h e  i n s o l u b l e  b a r iu m  c h l o r i d e  b e i n g  t h e n  

f i l t e r e d  o f f .  A f t e r  c o n c e n t r a t i n g ,  by r o t a r y  e v a p o r a t i o n ,  

t h e  p y r i d i n e  e x t r a c t  was t a k e n  up  i n  a  s o l u t i o n  (2  m l . )  

c o n t a i n i n g  a c e t i c  a n h y d r i d e  (1 v o l . )  and p y r i d i n e  (2  v o l . ) ,  

and was l e f t  t o  s t a n d  f o r  1 h r .  a t  room t e m p e r a t u r e .  The 

s o l u t i o n  was t h e n  p o u red  i n t o  i c e d - w a t e r  (20  m l . )  and s t i r r e d ,  

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

T h i s  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w i t h  w a t e r ,  and 

d r i e d  ( y i e l d  0 .0 4  g ,  2 2 / ) .  I t  was r e c r y s t a l l i z e d  f ro m  25^ 

( v / v )  e t h a n o l / w a t e r  (3  m l . )  m .p .  9 7 . 5 - 9 9 ° .  An a u t h e n t i c  

sam ple  o f  f - g l u c i t o l  h e x a - a c e t a t e  had m .p .  9 3 - 9 9 ° ,  and t h e  

mixed m .p .  w i t h  t h e  spe c im en  was n o t  d e p r e s s e d .

E x p t . 11 .  D e t e r m i n a t i o n  o f  t h e  Number o f  F r e e  Hydroxy l

Groups p e r  ^ o l e c u l e  o f  Compound A, by A c é t y l a t i o n

The a c e t y l a t i n g  r e a g e n t  was p r e p a r e d  by m ix in g  a c e t i c  

a n h y d r i d e  (2  m l . )  w i t h  p y r i d i n e  (40  m l . ) é  T h i s  s o l u t i o n  

(4  m l . )  was t r a n s f e r r e d  t o  a  50 m l .  f l a s k ,  and b o i l e d  u n d e r
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r e f l u x  f o r  5 m in .  I t  was t h e n  c a r e f u l l y  w ashed ,  i n t o  a  

250 m l .  c o n i c a l  f l a s k ,  w i t h  w a t e r  (o' . 40 m l . ) ,  and t i t r a t e d  

a g a i n s t  s t a n d a r d  0 . 1 ‘T sod ium  h y d r o x i d e  s o l u t i o n ,  u s i n g  

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

s e v e r a l  t i m e s  t o  o b t a i n  an  a v e r a g e  • c o n t r o l *  t i t r e .

Compound fi ( a b o u t  0 . 0 5  g .  ) was w eighed  o u t  a c c u r a t e l y ,  

and d i s s o l v e d  i n  t h e  a c e t y l a t i n g  r e a g e n t  (4  m l . ) .  The 

s o l u t i o n  was b o i l e d  u n d e r  r e f l u x  f o r  1 h r . , and  t h e n  washed 

i n t o  t h e  t i t r a t i n g  f l a s k  w i t h  w a t e r  ( c .  40 m l . ) ,  and t i t r a t e d  

a g a i n s t  t h e  0.1N sodium h y d r o x i d e  s o l u t i o n ,  a s  b e f o r e .

The d i f f e r e n c e  be tw een  t h i s  t i t r e  and t h e  c o n t r o l  t i t r e  was 

a  m easure  o f  t h e  a c e t i c  a n h y d r i d e  r e q u i r e d  t o  a c e t y l a t e  t h e  

compound.

As a  s t a n d a r d  f o r  t h e  m e th o d ,  a  sam ple  o f  2 , 4 - 0 - b u t y l i -  

d e n e - D - g l u c i t o l  was a c e t y l a t e d ,  and t h e  a c e t i c  a n h y d r i d e  

c o n su m p t io n  d e t e r m i n e d  i n  t h e  same way. The r e s u l t s  have  

b e e n  t a b u l a t e d  b e lo w .
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• C o n t r o l*  * Sample* Ac. Oil consumed 
Compound D'eight T i t r e

- D - g T u c i t o l
0 .0 5 6 3

0 .0 4 4 5  "

0 .0 4 4 5  "

0 .0 5 3 4  3 3 .8 0

T i t r e p e r mol? o f  
compound

3 3 . 6 0  m l . 4 . 0 7

3 2 .9 0 3 . 9 4

3 4 .9 5 3 . 9 0

3 5 . 5 0 3 .61

3 0 .6 0 3 .6 2

L was cons umed p e r  m o l .

m o l . ) . T h e r e f o r e

Compound had 4 f r e e  h y d r o x y l  g r o u p s  p e r  m o l e c u l e .

E x p t .  12 .  To D e te rm in e  t h e  Number o f  P a i r s  o f  V i c i n a l

H ydroxyl  Groups p e r  M o lecu le  o f  Compound A, by  

P e r i o d a t e  O x i d a t i o n .

S o l u t i o n s  (0 .015M) o f  sod ium  m e t a p e r i o d a t e  and p o t a s s i u m  

i o d a t e ,  were  made up  by d i s s o l v i n g  i n  b o t h  c a s e s ,  0 .321  g .  

i n  w a t e r  (100  m l . ) .  A l i q u o t s  (1 m l#)  o f  t h e  s o l u t i o n s  were 

d i l u t e d  250 t i m e s ,  and t h e  o p t i c a l  d e n s i t i e s ,  o f  t h e  r e s u l t i n g  

s o l u t i o n s ,  were  m easu red  a t  223 ïïijà. w i t h  w a t e r  a s  t h e  r e f e r e n c e .  

C o n s i d e r i n g  t h e  p e r i o d a t e  s o l u t i o n  t o  c o n t a i n  O/IO^ and lOO'/IO^, 

and t h e  i o d a t e  s o l u t i o n  100/10^"" and O/IO^ , a  l i n e a r  c a l i b r 

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

p o s i t i o n  o f  any s o l u t i o n  c o n t a i n i n g  a  m i x t u r e  o f  t h e  two i o n s  

a t  t h i s  d i l u t i o n ,  was d raw n ,  (G raph  1 8 , p .  1 5 1 ) .
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GRAPH 18 C a l ib r a t io n  Graph r e l a t i n g  O ptica l,D ensity^ M easu rem en ts  

t o  P ercen ta g e  Consumption o f  P e r io d a t e ,  i (E x p t .  1 2 . ) !  -

O p t ic a l  D e n s i ty  
a t  223 m/.

0.6

0 .5

0 .3

0 . 2

0 . 1

10
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o p t i c a l  D e n s i t y  a t  223

0 100 0 .6 0 6

100 0 0 .0 8 5

Compound k ( c .  0 .01  g . ) was w eighed  o u t  a c c u r a t e l y  and 

d i s s o l v e d  i n  t h e  0 . 0 1 5'<I sodium m e t a p e r i o d a t e  s o l u t i o n  (10  m l . ) .  

At c o n v e n i e n t  t im e  i n t e r v a l s ,  a l i q u o t s  (1 m l . )  were removed 

f rom  t h e  s o l u t i o n ,  d i l u t e d  250 t i m e s ,  and t h e  o p t i c a l  d e n s i t i e s  

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

s o l u t i o n  c o u ld  be d e d u c e d ,  and t h i s  r e p r e s e n t e d  t h e  p e r c e n t a g e  

o f  10^ r e d u c e d  by  t h e  compound. l ie n ee ,  t h e  number o f  m o l .  

o f  p e r i o d a t e  r e d u c e d  by one m ol .  o f  Compound A was c a l c u l a t e d .  

The method was c h eck ed  by  u s i n g  2 ,5 - £ - m e th y le n e m a n n * i to l  a s  a  

s t a n d a r d  compound.

w o l .
Compound V>'eight Time Consumed p e r  m ol ,  o f  Compound

2 , 5 - 0 - m e t h y l e n e - 0 . 0 0 9 3 g .  1 .5  h r  3 1 . 8  0 .9 9
m a n n î t o l

« 2 , 0  3 1 , 3  0 .9 9

A 0 .0 0 9 3  2 . 5  5 3 .7  1 .9 4

3 . 5  5 3 .7  1 .9 4

S i n c e  one m o l ,  o f  Compound ^  r e q u i r e d  a p p r o x i m a t e l y

2 m o l ,  o f  p e r i o d a t e ,  f o r  o x i d a t i o n ,  i t  must  have  c o n t a i n e d  two 

p a i r s  o f  v i c i n a l  h y d r o x y l  g r o u p s  p e r  m o l e c u l e .
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2 x p t . 13# F s t l m a t l o n  o f  t h e  Form aldehyde  L i b e r a t e d  by 

i e r l o d a t e  O x i d a t i o n  o f  Compound A.

Tha f o r m a ld e h y d e  was e s t i m a t e d  s p e o t r o p h o t o m e t r l c a l l y ,  

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

r e a g e n t T h e  r e a g e n t  was p r e p a r e d  by  d i s s o l v i n g  chrom o-  

t r o p i c  a c i d  sodium s a l t  ( 0 . 2  g . ) i n  w a t e r  (20  m l . )  and a d d in g  

12.5:1 s u l p h u r i c  a c i d  (80  m l . )  ( i . e .  ( l  v o l . )  + c o n c .

(2  v o l . ) ) .

The same s o l u t i o n s  o f  2 , 5 g O - m e t h y l e n e - m a n n i t o l ,  and 

Compound i n  sod ium  m e t a p e r i o d a t e  s o l u t i o n ,  were  u s e d ,  a s  

f o r  t h e  p r e c e d i n g  e x p e r i m e n t .  A f t e r  20 h r . , a l i q u o t s  (1 m l . )  

f ro m  t h e  2 , 5 - 0 - m e t h y l e n e - m a n n i t o l  s o l u t i o n  (0 .00Q 3 - g . / lO  m l . )  

were  d i l u t e d  a c c u r a t e l y  w i t h  w a t e r  t o  10 m l . ,  20 m l . , and 50 

m l .  The s o l u t i o n  o f  Compound A ( 0 .0 0 9 3  g . / l O  m l . )  (1 m l . )  

was d i l u t e d  t o  15 m l .  i n  w a t e r .  From t h e  d i l u t e d  s o l u t i o n s ,

1 m l .  v/as t r a n s f e r r e d  t o  20 m l ,  s t o p p e r e d  t e s t  t u b a s ,  and a  

f i f t h  t u b e  c o n t a i n e d  w a t e r  (1 m l . )  a s  a  " b l a n k " .  I n t o  e a c h  

t u b e  was d e l i v e r e d  201 a q u eo us  sod ium  s u l p h i t e  s o l u t i o n  

( 0 . 1  m l . )  f ro m  a  m i c r o b u r e t t e ,  and c h r o m o t r o p ic  a c i d  r e a g e n t  

( 3 . 4  m l . )  f rom  a  b u r e t t e .

The f i v e  tu b cS  were h e a t e d  f o r  1 h r .  i n  a  b o i l i n g  w a t e r  

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

i n t e n s i t i e s  d e v e l o p e d .  A f t e r  c o o l i n g ,  0 . 4 ^  aqu eo us  t h i o u r e a  

s o l u t i o n  ( 0 . 5  m l . )  was added  t o  t h e  s o l u t i o n s  f rom  a  p i p e t t e .
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t h u s  b r i n g i n g  t h e  t o t a l  volume o f  l i q u i d  i n  e a c h  t u b e  t o

10 m l .  The o p t i c a l  d e n s i t i e s  a t  570 mjx. o f  t h e  f o u r  sam ple

s o l u t i o n s  were  m e a s u r e d ,  w i t h  t h e  " b l a n k "  s o l u t i o n  i n  t h e  

r e f e r e n c e  c e l l .

Under  t h e  c o n d i t i o n s  o f  t h e  t e a t ,  2 , 5 - 0 - m e t h y l e n e -  

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

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

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

(G rap h  19 ,  p .  155) v/as o b t a i n e d .

F o rm aldehyde  O p t i c a l
C o n c e n t r a t i o n  D e n s i t y  a t  570 mu.

4 . 7 9  X 10"^ IÎ 0 .5 8 3

2 i 4 0  X 10"^  0 .3 4 9

0 . 9 6  X 10"5 0 .1 3 3

The sam ple  s o l u t i o n  p r e p a r e d  f ro m  Compound A had o p t i c a l

d e n s i t y  0 . 4 1 4 ,  and f ro m  t h e  c a l i b r a t i o n  g r a p h  t h i s  c o r r e s p o n d e d

t o  a  f o r m a ld e h y d e  c o n c e n t r a t i o n  o f  2 . 8 6  x  lO"^!!.  The c o n -
—5c e n t r a t i o n  o f  Compound A i n  t h e  s o l u t i o n  was 2 .5 9  x 10 II

.*. 1 m o l .  Compound A gave 2 . 8 6  = 1 .1 0  mol. fo rm a ld e h y d e  on
2 . 5 9

p e r i o d a t e  o x i d a t i o n .
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GRAPH 19 C a l ib r a t io n  Graph r e l a t i n g  O p tic a l  D e n s i ty  Measurements 

t o  Formaldehyde C o n ce n tr a t io n .  !. (E x p t . 1 3 . )  |  ̂ x :j *

O p t ic a l  D e n s i ty  
I a t  570 my/.

0 .7  ,

0.6

0 .5

0 .4

0 .3

0 . 2

0.1

Formaldehyde Concentrât ion
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E x p t • 14 .  E s t i m a t i o n  o f  t h e  Form ic  Acid P ro d u c ed  by 

P e r i o d a t e  O x i d a t i o n  o f  Compound

A s o l u t i o n  o f  a  known w e ig h t  o f  Compound ^  ( c .  0 .01  g . )

v/as made up  i n  ( 0 . 0 1 5 ^ )  sod ium  m e t a p e r i o d a t e  s o l u t i o n  (10  m l . ) .

A f t e r  s e v e r a l  h o u r s ,  5 m l .  were  w i th d ra w n  w i t h  a  p i p e t t e ,  and

t r a n s f e r r e d  t o  a  s m a l l  f l a s k .  Two d r o p s  o f  e t h y l e n e  g l y c o l

were  added  t o  r e d u c e  t h e  e x c e s s  p e r i o d a t e ,  and t h e  s o l u t i o n

was t i t r a t e d  a g a i n s t  s t a n d a r d  ( l i 8 9  x 10"^IT) sod ium  h y d r o x i d e

s o l u t i o n ,  u s i n g  m e th y l  r e d  a s  i n d i c a t o r .  A t i t r a t i o n  was

a l s o  c a r r i e d  o u t  on a  s i m i l a r  s o l u t i o n ,  f rom  w h ich  Compound A

had b e e n  o m i t t e d .  The d i f f e r e n c e  i n  t h e  t i t r e s  was due  t o

t h e  a c i d  prcÆced by  p e r i o d a t e  o x i d a t i o n  o f  Compound A.

Weight o f  K h o i .  o f  Acid
Time i n  10 m l .  s o l u t i o n  T i t r e  p e r  m ol ,  o f  A

2 h r .  0 .0 0 3 3  g .  0 . 9 2  m l .  0 . 9 3

48 « 0 .0 0 3 3  g .  1 .0 5  0 .9 6

Thus 1 m o l .  o f  Compound A gave  1 m o l .  o f  Form ic  Acid on 

P e r i o d a t e  O x i d a t i o n .

E x p t .  15.  I d e n t i f i c a t i o n  o f  t h e  S u g a r  Formed by P e r i o d a t e

O x i d a t i o n  f o l l o w e d  by  Acid H y d r o l y s i s  o f  Compound A.

Sodium m e t a p e r i o d a t e  ( 0 . 9 6  g . )  and Compound A ( 0 . 3  g . ) 

were  d i s s o l v e d  i n  w a t e r  (300  m l . ) ,  and a l l o w e d  t o  s t a n d  f o r  3 hn
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The s o l u t i o n  was t h e n  f r e e z e - d r i e d ,  and t h e  r e s i d u e  t r i t u r a t e d  

w i t h  b o i l i n g  c h l o r o f o r m  (50  m l . ) .  I n s o l u b l e  i n o r g a n i c  

m a t e r i a l  was f i l t e r e d  o u t ,  and t h e  c h l o r o f o r m  e x t r a c t  was 

r o t a r y  e v a p o r a t e d  t o  a  s y r u p  ( 0 . 2 3  g . ) .

The s y r u p  ( 0 . 1 5  g .  ) v/as b o i l e d  u n d e r  r e f l u x  w i t h  a  10/j 

( v / v )  s o l u t i o n  o f  a c e t i c  a c i d  i n  w a t e r  (5  m l . )  f o r  1 h r .  The 

s o l u t i o n  was c o n c e n t r a t e d ,  by  r o t a r y  e v a p o r a t i o n ,  and t h e  

r e s i d u a l  s y r u p  t a k e n  up i n  w a t e r  (3 m l . ) .  T h i s  s o l u t i o n  was 

e x t r a c t e d  t h r e e  t i m e s  w i t h  d i e t h y l  e t h e r  (2 m l # ) ,  and t h e  

a q u eo u s  p h ase  e v a p o r a t e d  t o  a  s y r u p  ( 0 . 0 9  g . ) *  E g ( h o l y b d a t e )  

0 . 5 6 .  ( l i t . L - I i i r e o s e  0 . 6 0 ,  0 - 2 r y t h r o s s  "g  0 . 9 0 ) .

A p h e n y lo s a z o n e  d e r i v a t i v e  was p r e p a r e d  by d i s s o l v i n g  

t h e  s y r u p  ( 0 . 0 5  g .  ) i n  w a t e r  (1 m l . ) ,  and a i d i n g  t h e  r e a g e n t  

(2 m l . ) ,  c o n t a i n i n g  w a t e r  (5  m l . ) ,  g l a c i a l  a c e t i c  a c i d  (2 m l . )  

and p h e n y l h y d r a s i n e  (2  m l . ) .  T h i s  m i x t u r e  was h e a t e d  i n  a  

b o i l i n g  w a t e r  b a t h  f o r  45 m i n . ,  and t h e n  c o o le d  r a p i d l y  u n d e r  

t h e  t a p ,  whereupon c r y s t a l s  o f  t h e  y e l l o w  p h e n y lo s a z o n e  s e p a r 

a t e d  o u t .  The d e r i v a t i v e  was f i l t e r e d  o f f ,  d r i e d ,  and r e -

c r y s t a l l i z e d  f rom  a  2 5 /  m e t h y l a t e d  s p i r i t s / w a t e r  m i x t u r e ,  

m .p .  163-166  ( l i t . ^ ^  t e t r o s e  p h e n y lo s a z o n e  m . p . 1 6 4 ° ) .

The s y r u p  was examined by GLC (TilS d e r i v a t i v e ,  VIZ a t

1 5 0 ° ) .  Two p e a k s  were o b s e r v e d ,  RV 0 .2 5  and 0 . 2 3 .  A s t a n 

d a r d  sam ple  o f  D - e r y t h r o s e  had RV 0 .2 8  and 0 . 3 3 ,  and R - t h r e o s e
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bad RV 0 .2 5  and 0 . 2 3 .  A m i x t u r e  o f  t h e  sa m p le  w i t h  R - t h r e o s e  

showed o n l y  two p e a k s ,  w h e r e a s ,  a  m i x t u r e  w i t h  R - e r y t h r o s e  gave  

t h r e e  pe a i ts .
»

E x p t . 16 .  ITethylation^*"^ o f  2 , 4 - 0 - 3 u t y l l d e r i e - R —l l u c i t o l .

2 , 4 - ^ - h a t y l i d e n e - R - g l u c i t o l  (4  g .  1 m o l , )  was d i s s o l v e d  

i n  EI-F (80  m l . )  i n  a  250 m l .  c o n i c a l  f l a s k .  S i l v e r  o x id e  

(16 g .  4 m o l . )  and f r e s h l y  d i s t i l l e d  m e th y l  i o d i d e  ( 1 2 . 8  m l .

12 mol.) were  a d d e d .  The f l a s k  v/as warmed s l i g h t l y ,  f i r m l y  

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

v a p o u r s  would h o ld  t h e  s t o p p e r  i n  p l a c e ) ,  and sh a k en  

v i g o u r o u s l y  f o r  24 h r .

The m i x t u r e  was f i l t e r e d ,  t h e  r e s i d u e  washed w i t h  LEP, 

and t h e  combined f i l t r a t e  and w a sh in g s  were  r o t a r y  e v a p o r a t e d  

t o  a  y e l l o w  s y r u p .  Cn a d d i t i o n  o f  c h l o r o f o r m  (100  m l . )  

s i l v e r  i o d i d e  was p r e c i p i t a t e d  and f i l t e r e d  o f f .  The f i l t r a t e  

was washed t h r e e  t i m e s  w i t h  w a t e r  (50  m l . ) , a n d  t h e n  d r i e d  o v e r  

a n h y d ro u s  sod ium  s u l p h a t e .  A f t e r  f i l t e r i n g  o f f  t h e  d r y i n g  

a g e n t  and r o t a r y  e v a p o r a t i n g ,  a  p a l e  y e l l o w  s y r u p  ( 4 . 2  g . ) 

v/as o b t a i n e d .

The s y r u p  v/as examined b y  GLC (3L3 a t  175°)#  w h ich  

r e v e a l e d  a  m i x t u r e  o f  p r o d u c t s ,  t h e  most  p re d o m in a n t  h a v i n g  

RV 1 1 - 1 4 .  The IR s p e c t r u m  ( I 'aC l  p l a t e s )  showed a  s m a l l  -Oil
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band a t  a b o u t  3400 i n d i c a t i n g  t h a t  t h e  b u l k  o f  t h e

p r o d u c t  was f u l l y  m e t h y l a t e d .  T here  were s e v e r a l  p e ak s  i n  

t h e  r e g i o n  1650 -  1350 cm. \  w hich  were p r o b a b l y  due t o  

i m p u r i t i e s .

The c ru d e  p r o d u c t  was d i s t i l l e d  u n d e r  0 . 5  mm. ilg 

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

c l e a r  c o l o u r l e s s  s y r u p s : -  

1 1 7 -1 27 °  ( 1 . 5  g . )

1 27 -13 2 °

>  132°

JLC showed t h a t  t h e  f r a c t i o n  w i t h  t h e  l o w e s t  o . p .  was t h e  

most p u r e .  T h i s  f r a c t i o n  was r e d i s t i l l e d ,  b . n .  118-122® 

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

i z e d  m .p .  1 3 - 1 7 ° .  A n a l y s i s  i n d i c a t e d  t h e  t e t r a - O - n e t h y l  

d e r i v a t i v e  o f  2 , 4 - £ - b u t y l i d e n e - £ - g l u c i t o l  (Found :  0 , 5 7 . 3 ;

11,9.9;  Che, 4 0 . 1 .  r e q u i r e s  0 , 5 7 . 5 ;  H ,9 .G ;

0 le, 4 2 .4 /  ) .

E x p t .  17.  T ' e t b y l n t i o n ^ ^  o f  Compound A

Compound _A ( 3 . 5  g . , 1 n o l . )  was d i s s o l v e d  i n  hvF 

(70  m l . )  i n  a  250 m l .  c o n i c a l  f l a s k .  S i l v e r  o x id e  (14  g . ,

4 m o l . )  and f r e s h l y  d i s t i l l e d  m e th y l  i o d i d e  ( 11 .2  m l . ,  12 m o l . )  

were  a d d e d .  The f l a s k  was warmed s l i g h t l y  and f i r m l y  s t o p p e r 

e d ,  and t h e  c o n t e n t s  were s h a k e n  v i g o r o u s l y  f o r  24 h r .
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The m ix t u r e  was f i l t e r e d ,  t h e  r e s i d u e  washed w i t h  RIŒ 

and t h e  combined f i l t r a t e  and w ash in g s  were r o t a r y  e v a p o r a t e d  

t o  a  y e l l o w  s y r u p .  Cn a d d i t i o n  o f  c h l o r o f o r m  ( 100  m l . ) ,  s i l v e r  

i o d i d e  was p r e c i p i t a t e d  and f i l t e r e d  o f f .  The f i l t r a t e  was 

washed t h r e e  t i m e s  w i t h  w a t e r  (50  m l . ) ,  and t h e n  d r i e d  o v e r  

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

a g e n t  and r o t a r y  e v a p o r a t i n g ,  a  p a l e  y e l l o w  s y r u p  ( 3 . 4  g . ) 

was o o t a i n e d .

The s y r u p  was examined by GLC (303  a t  1 7 5 ° ) ,  w h ich  

r e v e a l e d  a  m i x t u r e  o f  p r o d u c t s ,  t h e  most  p r e d o m in a n t  w i t h  

RV 9 - 1 0 .

The c r u d e  p r o d u c t  was d i s t i l l e d  u n d e r  0 . 2  mm. Ilg p r e s s u r e ,  

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

s y r u p s : -

9 4 -1 0 4 °  ( 1 . 4  ^ . ) .

1 0 4 -1 11 °  ( 1 . 3  g . ) .

GLC showed t h a t  t h e  f r a c t i o n  w i t h  t h e  l o w e r  b . p .  r a n g e  was 

v i r t u a l l y  a  p u re  compound w i t h  RV 9 - 1 0 ,  and t h e  IR s p e c t r u m  

( h a  Cl p l a t e s )  o f  t h i s  f r a c t i o n  was s i m i l a r  t o  t h a t  o f  t e t r a -  

O - m e t h y l - 2 , 4 - £ - b u t y l i d e n e - L - g l u c i t o l .  A n a l y s i s  i n d i c a t e d  

a  t e t r a - C ) - m e t h y l - i i i o n o - £ - b u t y l i d e n e - 3 - g l u c i t o l .  (Found :

0 , 5 8 . 0 ;  11,9.3;  CRa, 4 0 . 9 ;  ^14'^23^6 r s d h i r e s  0 , 5 7 . 5 ;  H , 9 . 6 ;

0%8 , 4 2 . 4 / ) .
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E x p t .  1 8 . Removal o f  t h e  A c e t a l  R ings  f rom  t h e  E e t h y l n t e d  

D er lv o t iv e r^  o f  2 , 4 - 0- 3 u t y l l d e n e -D- G l u o l t o l  and 

Compound by Acid  H y d r o l y s i s .

T e t r a - O - m o t h y l - 2 , 4 g 0 - b u t y l i a e n e - £ - g l u c i t o l  ( 0 . 7  g . )  

was d i s s o l v e d  i n  e t h a n o l  ( 4  m l . )  and 0 . 1IÎ a q ueou s  s u l p h u r i c  

a c i d  (60  m l . ) ,  and v/as h e a t e d ,  u n d e r  r e f l u x ,  on a  b o i l i n g  

w a t e r  b a t h  f o r  4  h r .  A f t e r  c o o l i n g ,  t h e  s o l u t i o n  was e x t r a c 

t e d  t h r e e  t i m e s  w i t h  l i g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ° )  (20  m l . ) .

The a qu eo us  p o r t i o n  was n e u t r a l i z e d  by s t i r r i n g  w i t h  b a r iu m  

c a r b o n a t e ,  and t h e n  f i l t e r e d  t h r o u g h  c e l i t e .  The c l e a r  

f i l t r a t e  was sh a k en  f o u r  t i m e s  w i t h  c h l o r o f o r m  (20  m l . ) ,  and 

t h e  combined c h l o r o f o r m  e x t r a c t s  were  d r i e d  o v e r  an h y d ro u s  

sodium s u l p h a t e .  H aving  removed t h e  d r y i n g  a g e n t ,  t h e  s o l u 

t i o n  was e v a p o r a t e d  t o  a  s y r u p  ( 0 . 1 5  g . ) .

Tha t e t r a - O - m e t h y l  d e r i v a t i v e  o f  Compound ^  was h y d r o l y s e d  

i n  t h e  same m anner ,  and a  s y r u p  ( 0 . 2  g . ) was o b t a i n e d .

lU s p e c t r a  (HaCl p l a t e s )  o f  t h e  two h y d r o l y s a t e s  were 

s i m i l a r ,  and showed s t r o n g  ban ds  due t o  h y d r o x y l  g r o u p s ,  a t  

C .3400  c m ." ^ .  The p r o d u c t s  were  a n a l y s e d  by GLC (THS 

d e r i v a t i v e s ,  r i E  a t  1 7 5 ° ) ,  and 00t h  were s e e n  t o  c o n s i s t  o f  

s i n g l e  compounds.  T h a t  o b t a i n e d  f rom  t h e  2 , 4 - a c e t a l  had  

RV 1 . 1 5 ,  and was b a r e l y  s e p a r a b l e  f rom  t h e  p r o d u c t  f rom  

Compound A RV 1 . 1 4 .  S in c e  n e i t h e r  o f  t h e  s y r u p s  c o u ld  be 

c r y s t a l l i z e d ,  no f u r t h e r  p u r i f i c a t i o n  was a t t e m p t e d .
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E x p t .  19 .  To E s t a b l i s h ,  by means o f  P e r i o d a t e  O x i d a t i o n ,

w h e t h e r  t h e  H y d ro ly se d  T e t r a - O - ^ e t h y l  D e r i v a t i v e  

o f  Compound A h a s  a P a i r  o f  V i c i n a l  Hydroxy l  G ro u p s .

The method u se d  h a s  a l r e a d y  b e e n  d e s c r i b e d  i n  E x p t .  12 

( p .  ISO). Found;  ITol. p e r i o d a t e  consumed p e r  m ol .  o f  h y d r o l y 

se d  t e t r a - O - m o t h y l  Compound A. 0 .9 3  ( a f t e r  3 h r . , )  0 .8 9  

( a f t e r  4 h r . ) .

As a  c h e c k ,  t h e  o x i d a t i o n  was a l s o  c a r r i e d  o u t  on t h e  ‘ 

sam ple  o f  h y d r o l y s e d  t e t r a - £ - m e t h y l - 2 , 4 - 0 - b u t y l i d e n e - E - g l u c i t o l ,  

Found ;  E o l .  p e r i o d a t e  consumed p e r  m o l .  o f  sam ple  0 .0 3  

( a f t e r  2 . 5  h r . ) ,  0 . 0 4  ( a f t e r  5 h r . ) .  • •

Thus t h e  h y d r o l y s e d  t e t r a - £ - m e t h y l  d e r i v a t i v e  o f  

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

E x p t .  2 0 .  A t tem pted  P r e p a r a t i o n  o f  t h e  l i s - t r i p h e n y l m e t h y l  

Der i v a t i v e  o f  Compound A.

( a )  Compound A ( 0 . 3  g .  1 m o l . )  and t r i p h e n y l c h l o r o m e t h a n e  

( 0 . 6 3  g .  2 m o l . )  were  d i s s o l v e d  i n  d r y  p y r i d i n e  (3  m l . )  and 

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

C r y s t a l s ,  p r e s u m a b ly  o f  p y r i d i n e  h y d r o c h l o r i d e ,  s e p a r a t e d  o u t .  

The m i x t u r e  was t h e n  p o u red  i n t o  i c e d  w a t e r  (60  m l . )  whereupon 

a n  o i l  p r e c i p i t a t e d  w h ich  c o u ld  n o t  be i n d u c e d  t o  s o l i d i f y  

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

s c r a t c h i n g .  The a q ueo u s  l a y e r  was d e c a n t e d  o f f ,  and t h e  o i l  

washed w i t h  a  l i t t l e  c o ld  aqu eo u s  e t h a n o l  (50/: v / v ) .  A l l
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a t t e m p t s  t o  c r y s t a l l i z e  t h e  o i l  f rom  aqu eou s  e t h a n o l ,  v/ere 

u n s u c c e s s f u l .

( b )  Compound A ( 0 .1  g .  1 m o l . )  and t r i p h e n y l c h l o r o m e t h a n e  

(0*26  g . ,  2 . 2  m o l . )  were d i s s o l v e d  i n  d r y  p y r i d i n e  (3  m l . ) ,  

and h e a t e d ,  u n d e r  r e f l u x ,  o v e r  a  b o i l i n g  w a t e r  b a t h  f o r  3 h r .

The s o l u t i o n  was po u red  i n t o  i c e d  w a t e r  (20  m l . ) and s t i r r e d ,  

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

Then t h e  aqueous  l a y e r  was d e c a n t e d  away a  s t i c k y  s e m i - s o l i d  

mass r e m a in e d  i n  t h e  b e a k e r .  T h is  was washed w i t h  w a t e r  and 

d i s s o l v e d  i n  c h l o r o f o r m  (1 0  m l . ) .  The c h l o r o f o r m  s o l u t i o n  

was d r i e d  o v e r  a n h y d ro u s  sod ium  s u l p h a t e ,  and e v a p o r a t e d  t o  a  

s y r u p  ( 0 . 3  g . ) w h ich  c r y s t a l l i s e d ,  t o  some e x t e n t ,  on c o o l i n g .

A t t e m p t s  t o  r e c r y s t a l l i z e  t h e  s y r u p  f rom  p e t r o l e u m  e t h e r  

( b . p .  6 0 - 3 0 ° ) ,  and f rom  m i x t u r e s  o f  d i e t h y l  e t h e r  w i t h  p e t r o l e u m  

e t h e r  ( b . p .  4 0 -6 0 ® ) ,  f a i l e d .  C r y s t a l s  were  h ow ever ,  o b t a i n e d  

f rom  a  s o l u t i o n  o f  t h e  s y r u p  i n  a q u eou s  e t h a n o l .  They had 

m .p .  158-160®, and t h e  IR s p e c t r u m  ( ' E u j o l *  m u l l ,  Ka 01 p l a t e s )  

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

m i x t u r e  o f  t h e  s u b s t a n c e  w i t h  t r i p h e n y l c a r b i n o l  was n o t  depressed.

E x p t .  2 1 .  P r e p a r a t i o n  o f  B i s - t r i ; h e n y l m e t h y l - D i a c e t a t e  

D e r i v a t i v e  o f  Compound A.

Compound A ( l  g . , 1 m o l . )  and t r i p h e n y l c h l o r o m e t h a n e  

( 2 . 4  g .  2 m o l . )  were  d i s s o l v e d  i n  d r y  p y r i d i n e  (20  m l . ) .
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The s o l u t i o n  was a l lo w e d  t o  s t a n d  f o r  25 h r .  a t  room t e m p e r 

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

s e p a r a t e d  o u t ,  and t h e n  p o u re d  i n t o  i c e d  w a t e r  (100  m l . ) .

An o i l  p r e c i p i t a t e d  t o  fo rm  a  w h i t e  e m u l s i o n ,  w h ich  was s t o r e d  

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

and s c r a t c h i n g .  A w h i t e  s t i c k y  mass a d h e r e d  t o  t h e  s i d e s  o f  

t h e  b e a k e r ,  b u t  i t  d i d  n o t  s e t  t o  a  s o l i d .  The aqueou s  p h a se  

was d e c a n t e d  o f f ,  and t h e  r e s i d u e  washed w i t h  c o l d  w a t e r ,  and 

t h e n  d i s s o l v e d  i n  d i e t h y l  e t h e r  (25 m l . ) .  A f t e r  d r y i n g  o v e r  

an l iyd rous  sod ium  s u l p h a t e ,  and r em o v in g  t h e  d r y i n g  a g e n t ,  t h e  

e t h e r  s o l u t i o n  was e v a p o r a t e d  t o  a  s y r u p  (3  g . ) .

The s y r u p  was d i c s o l v e d  i n  a  m i x t u r e  (1 0  m l . )  o f  a c e t i c  

a n h y d r i d e  (1 v o l . )  and p y r i d i n e  (2 v o l . )  and was l e f t  a t  room 

t e m p e r a t u r e .  A f t e r  2 . 5  h r .  t h e  s o l u t i o n  was p o u re d  i n t o  i c e d  

w a t e r  (100 m l . ) ,  whereupon a  w h i t e  o i l  p r e c i p i t a t e d ,  w hich  s e t  

t o  a  s e m i - s o l i d  mass when l e f t  t o  s t a n d  i n  t h e  r e f r i g e r a t o r  

f o r  some d a y s .  The p r o d u c t  was f i l t e r e d  o f f  and washed w i t h  

w a t e r .

The s t i c k y  mass v/as d i s s o l v e d  i n  e t h a n o l ,  and w a t e r  was 

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

A f t e r  l e a v i n g  f o r  some h o u r s  and o c c a s i o n a l l y  s c r a t c h i n g  t h e  

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

( 0 . 2  g . ) .  T h is  was r e c r y s t a l l i z e d ,  t h r e e  t i m e s ,  f rom  e t h a n o l
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t o  y i e l d  a  f i n e  c r y s t a l l i n e  s u b s t a n c e  w i t h  m .p .  144-145°

(Pound ;  C , 7 7 . 2 ;  11,6.3;  r e q u i r e s  0 , 7 7 . 6 ;  2 , 6 . 5 / ) .

An III s p e c t r u m  o f  t h e  sam ple  ( " n u j o l *  m u l l )  showed no bands  

due t o  h y d r o x y l  g r o u p s ,  b u t  a  s h a r p  peak  a t  1740-1750  cm."*^ 

was p r o b a b l y  due t o  t h e  a c e t a t e  g r o u p s .  The a c e t y l  c o n t e n t  

c o u ld  n o t  be e s t i m a t e d  owing t o  t h e  s c a r c i t y  o f  t h e  s a m p le ,  

and  i t s  p o o r  s o l u b i l i t y  i n  aqueou s  a l c o h o l i c  a l k a l i s .

The l i q u o r s ,  f rom  w hich  t h e  sam ple  was f i r s t  c r y s t a l l i z e d  

were  e v a p o r a t e d  t o  a  w h i t e  s t i c k y  mass ( 1 . 3  g . ) w h ich  v/as 

r e d i s s o l v e d  i n  t h e  e t h a n o l / w a t e r  s o l v e n t  a s  b e f o r e .  S o l i d  

m a t e r i a l  which  s e p a r a t e d  o u t  was r e c r y s t a l l i z e d  f ro m  aqueous  

e t h a n o l ,  and had nq,. 1 5 3 -1 6 1 ° .  The IR s p e c t r u m  ( ' n u j o l *  m u l l ,  

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

o f  t h e  p r e v i o u s  f r a c t i o n .  I t  showed a  s t r o n g  CH band a t  

3 40 0 -3 5 00  c m .*" \  and g e n e r a l l y  b o r e  r e s e m b l a n c e  t o  t h e  IR 

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

t h i s  sam ple  w i t h  an  a u t h e n t i c  sp e c im en  o f  t r i p h e n y l c a r b i n o l  

s u f f e r e d  no d e p r e s s i o n .

F i n a l l y ,  t h e  l i q u o r s  were l e f t  s t a n d i n g  f o r  a b o u t  two 

w eek s .  Hors  s o l i d  m a t e r i a l  ( c .  1 . 4  g . ) s e p a r a t e d  o u t ,  w i t h  

m .p .  ( c r u d e )  f rom  6 0 ° .  The IR s p e c t r u m  ( " n u j o l "  m u l l ,  h a  Cl  

p l a t e s )  was v e r y  complex ;  h a v i n g  bands c h a r a c t e r i s t i c  o f  b o th  

o f  t h e  p r e v i o u s  f r a c t i o n s .
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E x p t .  2 2 .  H y d r o l y s i s  o f  R u t y l i d e n e - D - G l u c l t o l s  ( 3 . 1 8 x 10~^H)

In  2 Aqueous H y d r o c h l o r i c  Acid  a t  26®, F o l lo w ed  

l o l a r i m e t r i c a l l y  and w i t h  GLC.

( a )  Compound ^

Compound A ( 0 .3 7 5  g * ) was d i s s o l v e d  i n  a  l i t t l e  w a t e r  i n  

a  50 n l .  s t a n d a r d  f l a s k .  52 a qu eo u s  h y d r o c h l o r i c  a c i d  (1 0  m l . )  

was a d d e d ,  t h e  c l o c k  was s t a r t e d ,  and t h e  s o l u t i o n  was immediate

l y  made up  t o  t h e  mark w i t h  w a t e r .  The s o l u t i o n  was m a i n t a i n e d  

a t  26®, and t h e  r e a c t i o n  f o l l o w e d  p o l a r i m e t r i c a l l y ,  ( T a b le  

1 4 ( a ) ,  p.ZIS , Graph 10,  p .  6 4 ) .

A f t e r  5 ,  10 ,  2 0 ,  40 and 200 m i n . ,  a l i q u o t s  (5 m l . )  were 

removed f rom  t h e  r e a c t i o n  m i x t u r e ,  and n e u t r a l i s e d  w i t h  aqueo u s  

sod ium  h y d r o x i d e .  The sa m p le s  were e a c h  f r e e z e - d r i e d ,  and 

t h e n  t r i t u r a t e d  w i t h  warm p y r i d i n e  ( 4  m l . ) .  I n s o l u b l e  

m a t e r i a l  was f i l t e r e d  o f f ,  and f rom  t h e  f i l t r a t e s  THE d e r i v a 

t i v e s  were p r e p a r e d  f o r  e x a m i n a t i o n  by  GLC (P IE  a t  17 5 ° )  ( s e e  

F i g .  x x i ,  p .  6 6 ) .

The r e a c t i o n  m i x t u r e  was s t o r e d ,  and a  f i n a l  sam ple  was 

t a l l  en a f t e r  s e v e r a l  d a y s .  The g a s  ch rom atogram  o f  t h i s  

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

t h e  r e a c t i o n  o f  e q u i m o l a r  q u a n t i t i e s  o f  £ - b u t y r a l d é h y d e  and 

D - g l u c i t o l  i n  K a q u eou s  h y d r o c h l o r i c  a c i d .  ( F i g .  x i v ,  p . 4 5 ) .
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( b ) 2 , 4 - 0 - l u t y l l d e n e - u - G l u o l t o l

A s o l u t i o n  o f  2 , 4 - 0 - ü u t y l i d e n e - D - g l u c i t o l  ( 0 .1 8 3  g . )  

was male up i n  II aqu eo us  h y d r o c h l o r i c  a c i d  (25 m l . ) #  and t h e  

change  i n  o p t i c a l  r o t a t i o n  a t  26°  was f o l l o w e d  a s  b e f o r e .  

( T a o l e  15 ( a )  p . 319,  Graph 10 p . 6 4 ) .

A f t e r  1 h r . # 3 h r . ,  and 54 h r . , a l i q u o t s  (4  m l . ) were 

removed f ro m  t h e  r e a c t i o n  m i x t u r e ,  n e u t r a l i z e d  and e v a p o r a t e d  

t o  d r y n e s s .  '2IZ d e r i v a t i v e s  were  p r e p a r e d  f ro m  t h e  p y r i d i n e  

e x t r a c t s  o f  t h e s e  r e s i d u e s ,  and exam ined  by  GLC (PPE a t  1 7 5 ° ) .  

The chroo ia togram s showed a  g r a d u a l  d e c r e a s e  i n  c o n c e n t r a t i o n  

o f  t h e  2 , 4 - a c e t a l  p a r a l l e l e d  by an  i n c r e a s e  i n  c o n c e n t r a t i o n  

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

The f i n a l  ch rom atogram  v/as o f  t h e  same fo rm  a s  t h a t  o b t a i n e d  

a f t e r  the  h y d r o l y s i s  o f  Compound A.

E x p t .  2 3 .  h y d r o l y s i s  o f  n u t y l i d e n e - D - G l u c i t o l s  ( 3 . 1 3  x 1 )  

i n  N Aqueous H y d r o c h l o r i c  Acid a t  26? F o l low ed  

S p e c t r o  h o t o m e t r i c a l l y .

( a )  Compound A

Compound A ( 0 .3 7 5  g . ) was h y d r o l y s e d  i n  2 aqueous  h y d r o 

c h l o r i c  a c i d  (50  m l . )  a t  2 6 ° ,  a s  i n  E x p t .  22 ( a ) .  A f t e r  

c o n v e n i e n t  t i m e  i n t e r v a l s ,  a l i q u o t s  were removed f rom  t h e  

r e a c t i o n  v e s s e l ,  and t h e i r  o p t i c a l  d e n s i t i e s  m easu red  a t  

231 mju. .  3y means o f  a  c a l i b r a t i o n  g r a p h ,  o p t i c a l  d e n s i t y
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d a t a  was c o n v e r t e d  i n t o  v a l u e s  o f  n - b u t y r a l d e h y d e  c o n c e n t r a t i o n ,  

and h en ce  t h e  p e r c e n t a g e  o f  h y d r o l y s i s  a t  g i v e n  t i m e s  c o u ld  be 

e s t i m a t e d .  ( T a b l e  14 ( b ) ,  p* z/î  ̂ Graph 10 ,  p . 6 4 ) .

( b ) 2 , 4 - 0 - ^ u t y l i d e n e - D - G l u c i t o l

2 , 4 - C - j u t y l i d s n e - J - C l u c i t o l  ( 0 . 3 7 5  g . ) was h y d r o l y s e d  i n  

li aqueous  h y d r o c h l o r i c  a c i d  (50  m l . )  a t  2 6 ° ,  and t h e  r e a c t i o n  

was f o l l o w e d  e p e c t r o p h o t o m e t r i c a l l y ,  i n  t h e  same way a s  w i t h  

Compound (T a b le  1 5 ( b ) ,  p . 7/7 , Graph 10 ,  p . 6 4 ) .

2xp t .  2 4 .  To I n v e s t i g a t e  t h e  R e a c t i v i t y  o f  Compound A

( 3 . 4  X 10"^: ) i n  Dry 11T  S o l u t i o n ,  i n  t h e  P r e s e n c e  

o f  n i l  ( 0 . 2 5 : 0  a t  25° .

Compound A ( 0 . 1 6  g . ) was d i s s o l v e d  i n  some d r y  i n

a  20 m l .  s t a n d a r d  f l a s k .  A c o n c e n t r a t e d  ( 5 . 6 2 )  s o l u t i o n  o f  

h y d ro g e n  c h l o r i d e  i n  D.VT* ( 0 . 9  m l . )  was added  f rom  a  b u r e t t e ,  

and t h e  c l o c k  was s t a r t e d .  The s o l u t i o n  was i m m e d ia te ly  made 

u p  t o  t h e  mark w i t h  DhF, and t h e  change  i n  o p t i c a l  r o t a t i o n  

w i t h  t im e  was f o l l o w e d  a t  25° ( T a b l e  16 ,  p . 770) .

P e r i o d i c a l l y ,  a l i q u o t s  ( l  m l . ) ,  were  removed f ro m  t h e

s o l u t i o n ,  and n e u t r a l i z e d  w i t h  d r y  p y r i d i n e  (1 m l . ) .  TH3

d e r i v a t i v e s  f o r  GLC were p r e p a r e d  d i r e c t l y  f ro m  t h e s e  s a m p l e s .  

The g a s  ch rom atog ram s showed t h a t  Compound A was s l o w l y  

c o n v e r t e d  i n t o  o t h e r  m o n o a c e t a l s ,  p r i n c i p a l l y  2 , 4 - O y b u t y l i d e n e -  

D - g l u c i t o l  (117 4 . 3 )  ( F i g .  x x i i  p . 7 2 ) .
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I I I .  "Hr>ZYT>IDr:rS-D-GLU3IT0T.G

E x p t .  2 5 .  A n a l y s i s  o f  t h e  H i x t u r e  a t  P a r t i c u l a r  Times

d u r i n g  t l i9  Acid C a t a l y s e d  R e a c t i o n  o f  3 e n z a ld e h y d e  

w i t h  D - G l u c i t o l  i n  Aqueous LH?

The r e a c t i o n  was c o n d u c te d  i n  D.LF c o n t a i n i n g  w a t e r  ( 2 0 / )  

and h y d r o c h l o r i c  a c i d  ( 0 . 5 2 ) ,  a s  d e s c r i b e d  i n  E x p t .  1 ( e )

( p .  137). A f t e r  15 m i n . ,  60 m i n . ,  and 24 h r .  (Graph  4 p . 2 8 ) ,  

a l i q u o t s  (2  m l . )  were removed f rom  t h e  r e a c t i o n  m i x t u r e  and 

n e u t r a l i z e d  w i t h  aq ueous  sod ium  h y d r o x i d e .  The s o l u t i o n s  

were  e a c h  r o t a r y  e v a p o r a t e d  t o  d r y n e s s ,  and t h e  o r g a n i c  con 

s t i t u e n t s  o f  t h e  r e s i d u e s  e x t r a c t e d  i n t o  p y r i d i n e  (10  m l . ) .

TI:3 d e r i v a t i v e s  were p r e p a r e d  f ro m  t h e  p y r i d i n e  s o l u t i o n s ,  

and a n a l y s e d  by GLC u s i n g  an  SE-30 s t a t i o n a r y  p h a se  a t  1 75 ° .

The c h ro m a to g r a n s  showed t h a t  e a c h  sam ple  c o n t a i n e d  D - g l u c i t o l ,  

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

w i t h i n  t h e  r a n g e  R7 3 . 5 - 5 . 0 .  I n  t h e  f i r s t  two s a m p le s ,  t h e

most p r o m in e n t  l a o n o a c e ta l  peak  had RV c . 3 . 0 .  A s h o u l d e r  on 

t h i s  p e a k ,  w i t h  l a r g e r  RV was v e r y  much i n c r e a s e d  i n  s i z e  i n  

t h e  sam ple  t a k e n  a f t e r  24 h r .

A sam ple  o f  2 , 4 - 0 - b e n z y l l d e n e - D - g l u c i t o l  THG gave a  p eak  

o f  RV 4 . 5 1 .
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E x p t .  2 6 .  I s o l a t i o n  o f  Compound 1 from a  H l x t u r e  Taken f rom  

t h e  E a r l y  S t a g e s  o f  I l e a o t i o n  o f  B e n z a ld e h y l s  and 

D - q l u o i t o l .

E e n z a ld e h y d e  (2  m l . )  and  D - G l u o i t o l  ( 3 . 6  g . )  were 

d i s s o l v e d  i n  ELF (10  m l . )  and  w a t e r  ( 6  m l . ) .  52 aqueous

h y d r o c h l o r i c  a c i d  (2 m l . )  v/as added  and a  c l o c k  was s t a r t e d .  

A f t e r  15 m i n . ,  t h e  r e a c t i o n  was s to p p e d  by  n e u t r a l i z i n g  t h e  

s o l u t i o n  w i t h  aqueo u s  sod ium  h y d r o x i d e .  The s o l u t i o n  was 

r o t a r y  e v a p o r a t e d  t o  a  s y r u p  w h ich  v/as washed s e v e r a l  t i m e s ,  

by s h a k i n g  w i t h  d i e t h y l  e t h e r ,  t o  remove r e s i d u a l  b e n z a ld e h y d e  

and DHF. T h i s  s y r u p  was warmed w i t h  e t h a n o l  (50  m l . ) ,  and 

t h e  p r e c i p i t a t e d  sodium c h l o r i d e  was f i l t e r e d  o f f .  The f i l 

t r a t e  was t h e n  r o t a r y  e v a p o r a t e d  t o  a  s y r u p  ( 5 . 5  g . ) ,  w h ich  

was a n a l y s e d  by GLC (TH3 d e r i v a t i v e s ,  SE-30 a t  1 7 5 ° ) .  The 

p r i n c i p a l  m o n o a c e t a l  component o f  t h e  m i x t u r e  had RV 3 . 7 2 .

A g l a s s  column ( 5  cm. d i a m e t e r )  was pack ed  w i t h  a lum in ium  

o x i d e  (125 g . ) i n  e t h a n o l .  The s y r u p y  m i x t u r e ,  p r e p a r e d  

a b o v e ,  (5  g . ) was d i s s o l v e d  i n  warm e t h a n o l  (25 m l . )  and p o u red  

on t o  t h e  co lum n .  The column v/as e l u t e d  f i r s t  w i t h  e t h a n o l  

(25  m l . ) ,  and t h e n  w i t h  e t h a n o l / w a t e r  m i x t u r e s  o f  5 5 /  ( v / v )

(5 0  m l . ) ,  9 4 /  ( v / v )  (50  m l . )  and S2p ( v / v )  (2 0 0  m l . ) ,  w h i l s t  

f r a c t i o n s  (25 ml. .) were c o l l e c t e d  and e v a p o r a t e d  t o  d r y n e s s .

E a r l y  f r a c t i o n s  c o n t a i n e d  s m a l l  amounts  o f  o i l y ,  e t h e r -  

s o l u b l e  m a t e r i a l  ( p r o b a b l y  t r a c e s  o f  b e n z a l d e h y d e ,  DHF e t c . ) .
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The f i r s t  0*5 g» o f  s o l i d  m a t e r i a l  was p u r e  Compound B 

(IW 3»73)*  F u r t h e r  m a t e r i a l  f ro m  t h e  co lum n,  was i n c r e a s i n g l y  

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

se c o n d  f r a c t i o n a t i o n  p r o c e s s *

Compound was r e c r y s t a l l i z e d  f ro m  e t h y l  a c e t a t e  ( 0 . 5  g* 

i n  20 m l . )  a s  v e r y  s m a l l ,  c o l o u r l e s s  c r y s t a l s  m .p .  1 2 3 -1 2 7 ^ .  

(Found :  0 , 5 3 . 4 ;  11,5.9;  r e q u i r e s  C , 5 7 . 3 ;  1 1 ,6 .7 /0 .

By r e p e a t e d l y  r e c r y s t a l l i z i n g  t h e  s a m p le ,  t h e  m .p .  was r a i s e d  

t o  1 3 1 -1 3 3 ^ .  The combined l i q u o r s ,  f rom  t h e  r e c r y s t a l l i z 

a t i o n s ,  were  e v a p o r a t e d  t o  d r y n e s s ,  and t h e  r e s i d u e ,  when 

c r y s t a l l i z e d  f rom  e t h y l  a c e t a t e  had m . p . 1 1 3 -1 1 9 ^ .  Chromato

g r a p h i c  a l l y ,  t h i s  sample  a p p e a re d  t o  be a  s i n g l e  s u b s t a n c e  

(RV 3 . 7 3 ) ,  a s  d i d  a l l  s a m p le s  o f  Compound 3 h a v i n g  m .p .  w i t h i n  

t h e  r a n g e  1 2 3 - 1 3 3 ° .  P a p e r  i o n o p h o r e s i s  ( B o r a t e )  d i d  n o t  

r e v e a l  an y  v a r i a t i o n  i n  sa m p le s  o f  Compound J3 w i t h  d i f f e r i n g  

m o l t i n g  p o i n t s .  1.!̂  = 0 . 4 9 .

P x p t .  2 7 i H y d r o l y s i s  o f  Compound 3, and I d e n t i f i c a t i o n  o f  

t h e  P r o d u c t s .

A s o l u t i o n  o f  Compound ( 0 . 2  g .  ) i n  w a t e r  (3  m l . )  was 

warmed w i t h  A m b e r l i t e  IR -120  (U^) r e s i n  (1 m l . ) ,  o v e r  a  b o i l i n g  

w a t e r - b a t h ,  f o r  0 . 5  h r . ,  d u r i n g  w h ich  t im e  a  s t r o n g  o d o u r  o f  

b e n z a ld e h y d e  d e v e l o p e d .  The r e s i n  was t h e n  f i l t e r e d  o f f ,  

washed w i t h  a  l i t t l e  e t h a n o l  and t h e  w a sh in g s  were added  t o  

t h e  f i l t r a t e .
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The f i l t r a t e  was examined by p a p e r  i o n o p h o r e s i s  ( m e t a -
c.(5 57

v a n a d a t e ; , ' '  a l o n g  w i t h  s t a n d a r d  s a m p le s  o f  g l u c i t o l ,  

m a n n i t o l  and d u l c i t o l ,  a t  25CO v  f o r  1*5 h r . , and t h e  i o n o -  

p h o r e to g r a m  v/as d e v e lo p e d  by  h e a t i n g  t h e  p a p e r  i n  t h e  oven 

a t  120° f o r  10 min* The h e x i t o l s  a p p e a r e d  a s  b l u e  s p o t s  

and were  w e l l  s e p a r a t e d .  The sam ple  from  t h e  h y d r o l y s i s  o f  

Compound m i g r a t e d  t o  t h e  same e x t e n t  a s  g l u c i t o l .

To t h e  f i l t r a t e  was ad d ed  a  s o l u t i o n  ( 3  m l . )  c o n t a i n i n g  

p h e n y l h y d r a z i n e  h y d r o c h l o r i d e  ( 0 . 5  g . ) and  sod ium  a c e t a t e  

t r i h y d r a t e  (1 g . )  i n  w a t e r  (5  m l . ) .  A c ream  p r e c i p i t a t e  

s e p a r a t e d *  The m i x t u r e  v/as warmed f o r  15 m in .  o v e r  a  w a t e r  

b a t h ,  c o o le d  and f i l t e r e d ,  and t h e  c r u d e  d e r i v a t i v e  was t h e n  

r e c r y s t a l l i z e d  f rom  l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° )  (10  m l . ) .

The m .p .  o f  t h e  s u b s t a n c e  was 1 5 4 - 1 5 5 ° ,  and t h a t  o f  a  m i x t u r e  

w i t h  b e n z a ld e h y d e  p h e n y lh y d r a z c n e  was t h e  sam e.

lixpt* 28* To B e te r m in a  t h e  Humber o f  P a i r s  o f  V i c i n a l

h y d r o x y l  I r o u p s  p e r  I o l e c u l e  o f  Compound B, by 

P e r i o d n t i  O x i d a t i o n .

The method was i d e n t i c a l  t o  t h a t  u se d  i n  E x p t .  12 ( p .  )

f o r  Compound A. O x i d a t i o n  was f o l l o w e d  o v e r  a  p e r i o d  o f  30 h r ,  

and t h e  r e s u l t s  have  b e e n  t a b u l a t e d  b e lo w .



173
IJol. 1 0 ,"

Tira^ ^ ^  mol* o f  Compound B

1 . 0  h r .  1 ,9 0

3 . 0  1 .9 4

5 . 0  1 .9 4

6 .5  1 .9 6

1 1 .3  2 , 1 3

22.0  2 .33

3 0 . 0  2 .5 2

Thus Compound ^  c o n t a i n e d  two p a i r s  o f  v i c i n a l  h y d r o x y l  

g r o u p s .  Some o v e r o x i d a t i o n  a l s o  t o o k  p l a c e .

E x p t .  2 9 .  E s t i m a t i o n  o f  t h e  Form aldehyde  l i b e r a t e d  by 

P e r i o d a t e  Ox i d a t i o n  o f  Compound 3 *

The method u s e d  has  b e e n  d e s c r i b e d  i n  d e t a i l  i n  E x p t .1 3  

( p .  153 ) .

Found:  : o l .  fo rm a ld e h y d e  l i b e r a t e d  p e r  mol* o f  Compound

0 . 9 5 .

E x p t .  3 0 .  E s t i m a t i o n  o f  t h e  Form ic  Acid P roduced  by P e r i o d a t e  

O x i d a t i o n  o f  Compound 3 .

The same method was employed h e r e  a s  f o r  Compound 

( E x p t .  14 ,  p . /56  ) ,  and t h e  r e s u l t s  a r e  shown b e low .
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K o l .  o f  Acid
Time p e r  m o l .  o f  B

1 .5  h r . 0 . 9 4

3 . 5 0 . 9 7

8 . 0 1*05

2 4 . 0 1 .4 6

Thus 1 c o l *  o f  Compound j3 p ro d u c e d  i n i t i a l l y  1 m o l .  o f  

f o r m i c  a c id *

E x p t .  3 1 .  I d e n t i f i c a t i o n  o f  t h e  S u y a r  Formed by P e r i o d a t e

O x i d a t i o n ,  F o l lo w e d  by Acid H y d r o l y s i s  o f  Compound B 

Sodium m e t a p e r i o d a t e  ( 0 . 3  g .  ) and Compound j3* ( 0 . 5  g.  ) 

were  d i s s o l v e d  i n  w a t e r  (250 m l . ) ,  and t h e  s o l u t i o n  was s t o r e d  

i n  t h e  d a r k  f o r  2 h r .  0.1H Aqueous sod ium  h y d r o x i d e  (19 m l . )  

was added t o  n e u t r a l i z e  t h e  a c i d  p ro d u ce d  by  t h e  o x i d a t i o n ,  

and t h e  s o l u t i o n  was t h e n  f r e e z e - d r i e d .  The w h i t e  s o l i d  

r e s i d u e  was e x t r a c t e d  t w i c e  w i t h  h o t  c h l o r o f o r m  (25 m l . ) ,  a n d ,  

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

e v a p o r a t i o n ,  y i e l d e d  a  s y r u p  ( 0 . 4  g . ) .

The s y r u p  ( 0 . 2  g . ) was d i s s o l v e d  i n  a  lOp ( v / v )  s o l u t i o n  

o f  a c e t i c  a c i d  i n  w a t e r  (5 m l * ) ,  and b o i l e d  u n d e r  r e f l u x  f o r  

1 h r .  The s o l u t i o n  was t h e n  c o n c e n t r a t e d ,  by r o t a r y  e v a p o r 

a t i o n ,  t o  a  s t i c k y  s e m i c r y s t a l l i n e  mass* A s o l u t i o n  o f  t h i s
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r e s i d u e  i n  w a t e r  (5  m l . )  was e x t r a c t e d  t h r e e  t i m e s  w i t h  

d i e t h y l  e t h e r  (2  m l . ) ,  t o  remove b e n z a ld e h y d e  and b e n z o i c  

a c i d ,  and  t h e  aqueou s  l a y e r  was e v a p o r a t e d  t o  a  p a l e  y e l l o w  

s y r u p  ( 0 . 0 9  g . ) Mg ( m o ly e d a t a )  0 . 5 4  ( l i t . ^ ^  I ^ T h r e o s e  0 . 6 0 ,  

h - E r y t h r o s e  0 .90>

When examined by  OLG (TMS d e r i v a t i v e ,  PPJ2 a t  150°)  t h e  

s y r u p  gave two peak s  w i t h  R7*s i d e n t i c a l  t o  t h o s e  o f  t h e  

t e t r o s e  o b t a i n e d  b y  a  s i m i l a r  t r e a t m e n t  o f  Compound A ( E x p t . 15,  

p .  ) .  A m i x t u r e  o f  t h e  sam ple  w i t h  I J - e r y t h r o s e  gave  t h r e e  

pe.alc3. Thus t h e  s u g a r  fo rm ed  must  have  b e en  L - T h r e o s e .

E x p t . 3 2 .  M é t h y l a t i o n ^ ^  o f  Compound 3.

Compound (4  g . ,  1 m o l . )  was d i s s o l v e d  i n  DIT (120  m l ,  ) 

i n  a  250  m l .  s t o p p e r e d  c o n i c a l  f l a s k .  S i l v e r  o x id e  (32 g*

9 . 3  m o l . )  and  f r e s h l y  d i s t i l l e d  m e t h y l  i o d i d e  (25  m l .  2 7 .1  mol.) 

were  a d d e d .  The f l a s k  was warmed s l i g h t l y  and t h e n  f i r m l y  

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

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

was t h e n  s h a k e n  v i g o r o u s l y  f o r  24 h r .

S o l i d  m a t e r i a l  was f i l t e r e d  o f f ,  and washed w i t h  LEIF, 

and  t h e  combined f i l t r a t e  and w a sh in g s  were  r o t a r y  e v a p o r a t e d  

t o  a  y e l l o w  se m i—s o l i d  m ass .  On a d d i t i o n  o f  c h l o r o f o r m  

( c .  75 m l . ) ,  s i l v e r  i o d i d e  was p r e c i p i t a t e d  a n d ,  a f t e r
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f i l t e r i n g ,  t h e  c h lo r o f o r m  s o l u t i o n  was washed f o u r  t im e s  w i t h  

w a t e r  (50  m l . ) and t h e n  d r i e d  o v e r  a n h y d ro u s  sod ium  s u l p h a t e .  

The d r y i n g  a g e n t  was removed by  f i l t r a t i o n  and t h e  c l e a r  

s o l u t i o n  e v a p o r a t e d  t o  a  p a l e  y e l l o w  s y r u p  ( 3 . 3  g . ) .

GuG o f  t h e  s y r u p  (GE-30 a t  1 7 5 ° )  r e v e a l e d  t h e  m ain  com

p o n e n t  w i t h  RV 1.14# and s e v e r a l  m in o r  components  h a v i n g  

l a r g e r  R V 's .

S in c e  t h e  c ru d e  p r o d u c t  c o u ld  n o t  be in d u c e d  t o  c r y s t a l l 

i z e  f ro m  l i g i i t  p e t r o l e u m  ( b .p *  6 0 - 3 0 ° ) ,  i t  was d i s t i l l e d  ' i n  

v a c u o * * The f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d  a s  c l e a r  

c o l o u r l e s s  s y r u p s  u n d e r  0 . 0 3  mm. llg p r e s s u r e .

1 3 7 -1 50 °  ( 1 . 5  g . )

1 5 0 -1 62 °  ( 0 . 9  g . )

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

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

The f r a c t i o n s  were  a n a l y s e d  by  GLC (SE-30  a t  1 75 ° )  and 

shown t o  c o n s i s t  p u r e l y  o f  a  compound w i t h  RV 1 . 1 6 .

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

t h e  f u l l y  m e t h y l a t e d  d e r i v a t i v e  o f  a  r a o n o - C - b e n z y l i d e n e - ^ -  

g l u c i t o l .  (Found :  0 , 5 1 . 6 ;  11,7.8;  OMe, 3 7 . 1 .

r e q u i r e s  0 ,5 2 * 6 ;  H , 3 . 0 ;  CMe, 3 3 . 0 ^ ) .
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Expt* 3 3 .  Removal o f  t h e  A c e t a l  R ing  f rom  t h e  M e t h y la t e d  

D e r i v a t i v e  o f  Compound B, b y  Acid H y d r o l y s i s .

F u l l y  m e t h y l a t e d  Compound J3 ( 0 . 6  g . ) was d i s s o l v e d  i n  

e t h a n o l  (4  m l . ) and O.ID aqu eou s  s u l p h u r i c  a c i d  (50  m l . )  

and h e a t e d  on a  b o i l i n g  w a t e r - b a t h  f o r  4 h r .  A f t e r  c o o l i n g ,  

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

( b . p .  5 0 - 8 0 ° )  (20 m l . ) ,  t o  remove b e n z a l d e h y d e ,  and t h e n  

n e u t r a l i z e d  w i t h  e x c e s s  o f  b a r iu m  c a r b o n a t e .  The su sp en d e d  

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

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

(2 0  m l . ) .  H av ing  d r i e d  t h e  c h l o r o f o r m  e x t r a c t  o v e r  a n h y d ro u s  

sod ium  s u l p h a t e ,  i t  was r o t a r y  e v a p o r a t e d  t o  a  s y r u p  ( 0 . 1 5  g . ) .

A n a l y s i s  o f  t h e  p r o d u c t  b y  GLC (TITS d e r i v a t i v e ,  P IF  a t  

1 7 5 ° )  showed i t  t o  be  a  s i n g l e  s u b s t a n c e  RV 1 . 1 4 .  The i n f r a 

r e d  s p e c t r u m  (NaCl  p l a t e s )  was i d e n t i c a l  t o  t h a t  o f  h y d r o l y s e d  

t e t r a - O -m c th y l - C o m p o u n d  _A, p r e p a r e d  i n  E x p t .  18 (p . /^< ) .

E x p t .  3 4 .  To E s t a b l i s h ,  by  me^ns o f  P e r i o d a t e  O x i d a t i o n ,

w h e t h e r  t h e  H y d ro ly se d  T e t r a - O - M e t h y l  D e r i v a t i v e  

o f  Compound 1 h i s  a  P a i r  o f  V i c i n a l  H y drox y l  G r o u p s .

The method u s e d  has  been  d e s c r i b e d  i n  E x p t .  12 (p./^^^) 

Found :  H o i .  p e r i o d a t e  consumed p e r  m o l .  o f  h y d r o l y s e d
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t e t r a - £ - m ô t h y l  Compound j3s 0 . 8 6  ( a f t e r  1 h r * ) ,  0 .91  ( a f t e r  

3 l i r , ) ,  0 . 9 2  ( a f t e r  7 h r . ) .

The f a c t  t h a t  t h e  sam ple  was a  s y r u p ,  and r e c e i v e d  no 

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

Thus t h e  h y d r o l y s e d  t e t r a - O - m e t h y l  d e r i v a t i v e  o f  Compound H 

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

E x p t .  3 5 .  To F o l lo w  t h e  H y d r o l y s i s  c f  Compound 3

( 3 . 7  X 10"^M) i n  Aqueous H y d r o c h l o r i c  Acid a t  2 6 ° .

Compound (G .2  g . ) was d i s s o l v e d  i n  a  l i t t l e  w a t e r  i n  

a  20 m l .  s t a n d a r d  f l a s k .  The r e a c t i o n  was s t a r t e d  by  a d d i t i o n  

o f  II aqu eo u s  h y d r o c h l o r i c  a c i d  (2  m l . ) ,  and I m m e d ia t e ly  t h e  

volume was made up t o  t h e  mark w i t h  w a t e r  t o  g i v e  a  0 .1N a c i d  

s o l u t i o n .  I n  t h e  same way, h y d r o l y s i s  o f  Compound B was a l s o  

c o n d u c te d  i n  0 .05B a c i d  s o l u t i o n .  B o th  r e a c t i o n s  were  follovved 

p o l a r i m e t r i c a l l y  a t  2 6 ° ,  and t h e  d a t a  h a s  b e e n  shown i n  

T a b le  17 (p . i2{? )  and Graph 12 ( p . 90 ) .

A l i q u o t s  ( l  m l . )  were  w i th d ra w n  f ro m  t h e  r e a c t i o n  i n  

0 .05N a c i d  a f t e r  5 ,  10 ,  20 and 40 m i n . ,  n e u t r a l i z e d  w i t h  

aq u eo u s  sod ium  h y d r o x i d e ,  and f r e e z e  d r i e d .  The r e s i d u e s  

were  e x t r a c t e d  w i t h  p y r i d i n e  (1 m l . ) ,  and TH3 d e r i v a t i v e s  

w ere  p r e p a r e d  f rom  t h e  p y r i d i n e  s o l u t i o n s  f o r  a n a l y s i s  by  GLC 

(SF -30  a t  1 7 5 ° ) .  The g a s  ch rom atogram s have  b e en  shown i n
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Fig*  x x v i i  (p*9i )• The p y r i d i n e  e x t r a c t s  were  a l s o  examined 

by p a p e r  i o n o p h o r e s i s  ( B o r a t e ) *  A l l  s a m p le s  showed,  i n  

a d d i t i o n  t o  D - g l u c i t o l  and Compound B (M^ 0 . 4 9 ) ,  t r a c e s  o f  

a n o t h e r  m o n o a c s t a l  w hich  m i g r a t e d  t o  t h e  same e x t e n t  a s  

2 , 4 - £ - b e n 2 y l i d e n e - B - g l u c i t o l  (M^ 0 . 5 7 ) .

E x p t .  3 6 .  To I n v e s t i g a t e  t h e  R e a c t i v i t y  o f  Compound B

( 3 . 5  X 10 " 4 ?) i n  Dry S o l u t i o n ,  i n  t h e  P r e s e n c e  

o f  IIGl ( 0 .2 5 N )  a t  2 5 ° .

A s o l u t i o n  o f  Compound (0*19 g .  ) i n  (2 0  m l . )  con 

t a i n i n g  d i s s o l v e d  h y d r o g e n  c h l o r i d e  ( 0 .2 5 R )  was made up 

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  E x p t .  24 ( p .  léS ) f o r  

Compound The r e a c t i o n  was f o l l o w e d  p o l a r i m e t r i c a l l y  a t

2 5 °  ( s e e  T a b le  13 ,  p . T 2 / ) .

A f t e r  10,  55 ,  155 m in .  and 10 h r . ,  a l i q u o t s  (1 m l . )  were 

t a k e n  f rom  t h e  r e a c t i o n  m i x t u r e  and n e u t r a l i z e d  w i t h  p y r i d i n e .  

These  s a m p le s  were  a n a l y s e d  by  GLC (TH3 d e r i v a t i v e s ,  EE-30 

a t  1 7 5 ° ) ,  and t h e  chrom atogram s have  b e e n  r e p r o d u c e d  i n  

P i g .  x x v i i i  ( p . 94 ) .

P a p e r  i o n o p h o r e s i s  ( B o r a t e )  o f  t h e  sam p le s  showed t h a t  

t h e  d e c r e a s e  i n  c o n c e n t r a t i o n  o f  Compound (IT  ̂ 0 . 4 9 ) ,  d u r i n g  

t h e  r e a c t i o n ,  ware accom pan ied  by t h e  f o r m a t i o n  o f  two more 

m o n o a c e t a lo  w i t h  Mg 0 .5 7  and > 0 . 5 1 .
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IV . iT:,T:ïYi.Ef:n-a-r,T,uciT0i,3
- -  ..................- ...................—  t s t ............................... ■ .1 I . . 1

E x p t .  3 7 .  To F o l lo w  t h e  R e a c t i o n  o f  Fo rm a ldehy d e  w i t h  

D- l l u c i t o l  i n  Aqueous H y d r o c h l o r i c  A c id ,  by 

X i t r a m e t r i c  E s t i m a t i o n  o f  Form aldehyde

An e q u i m o l a r  m i x t u r e  (0 .25M) o f  t h e  r e a c t a n t s ,  i n  2IT 

aq u eo u s  h y d r o c h l o r i c  a c i d  (lOO m l . ) ,  was p r e p a r e d  a s  i n  

E x p t .  1 ( f )  ( p .  137) and m a i n t a i n e d  a t  2 5 ° .  A f t e r  p e r i o d s  

o f  s e v e r a l  h o u r s ,  a l i q u o t s  (5 m l . )  were w i th d ra w n  f ro m  t h e  

m i x t u r e  and r u n  i n t o  IT a q ueo u s  sodium h y d r o x i d e  (20  m l . ) .  

S t a n d a r d  (0.1IT) i o d i n e  s o l u t i o n  (50  m l . )  was added  and t h e  

p a l e  y e l l o w  s o l u t i o n  was a l l o w e d  t o  s t a n d  f o r  a b o u t  4 m i n . ,  

w h i l s t  t h e  f o r m a ld e h y d e  v/as o x i d i z e d  by  h y p o i o d i t e .  The 

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

o r d e r  t o  l i b e r a t e  u n u se d  i o d i n e ,  w h ich  was t i t r a t e d  a g a i n s t  

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

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

O in c e ,  0.1IT I o d i n e  s o l u t i o n  ( 1 m l . )  = Form aldehyde  

( 0 .0 0 1 5  g . ) t h e  c o n c e n t r a t i o n  o f  f o r m a ld e h y d e  i n  t h e  m i x t u r e  

c o u ld  be e s t i m a t e d ,  a n d ,  knowing  t h e  i n i t i a l  c o n c e n t r a t i o n  

( 7 . 5  ^ l ) , t h e  p e r c e n t a g e  o f  fo r m a ld e h y d e  r e a c t e d  a t  a  p a r t i 

c u l a r  t im e  c o u ld  be d e d u c e d .  ( T a b le  1 2 ( c )  p . 7 /6 ,  Graph 13 

p .  97 ) .
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E x p t • 3 8 .  A n a l y s i s  o f  t h e  M i x t u r e  a t  P a r t i c u l a r  Times d u r i n g  

t h e  R e a c t i o n  o f  Fo rm a ld eh yd e  w i t h  D - G l u c l t o l  I n  

Aqueous  H y d r o c h l o r i c  A c id ,

The m i x t u r e  was p r e p a r e d  i n  2R a qu eo u s  h y d r o c h l o r i c  

a c i d  (25 m l*)  a s  d e s c r i b e d  i n  E x p t .  1 ( f )  ( p .  137) and t h e  

r e a c t i o n  was a l l o w e d  t o  p r o c e e d  a t  2 5 ° .  A f t e r  2 h r .  ( < 1 ; 0 t  

45 h r .  (1 7 / ' )  and 139 h r .  (35, ) a l i q u o t s  ( 1 m l . )  were  removed 

and n e u t r a l i z e d  w i t h  a q u eo us  sodium h y d r o x i d e .  The s o l u t i o n s  

were  r o t a r y  e v a p o r a t e d  t o  d r y n e s s ,  t r i t u r a t e d  w i t h  p y r i d i n e  

(4  m l . )  a n d ,  h a v i n g  f i l t e r e d  o f f  t h e  i n s o l u b l e  m a t e r i a l ,  TH3 

d e r i v a t i v e s  were  p r e p a r e d  f rom  t h e  p y r i d i n e  e x t r a c t s .

GLC o f  t h e  TE3 d e r i v a t i v e s  v/as c a r r i e d  o u t  u s i n g  t h e  PIE 

column a t  1 7 5° ,  and t h e  p e a k s  due  t o  t h e  r e a c t i o n  p r o d u c t s  i n  

t h e  g a s  chrom atogram s h ave  b e en  shown i n  F i g .  x x i x  ( p . 99 ) .

F o r  t h e  s a m p le s  t a k e n  f ro m  t h e  e a r l y  s t a g e s  o f  r e a c t i o n ,  t h e  

m ost  p r o m in e n t  peak  had RV 2 . 3 6  and a s m a l l e r  peak  was o f  RV

2 . 0 0 .  As t h e  r e a c t i o n  p r o g r e s s e d ,  a compound s l o w l y  d e v e l o p e d  

h a v i n g  a peak  o f  RV 4 . 1 6 .  A s t a n d a r d  sa m p le  o f  2 , 4 - ^ — 

m e t h y l e n e - D - g l u c i t o l  T’T3 was a l s o  c h r o m a to g r a p h e d ,  and i t  gave  

a s i n g l e  peak  w i t h  RV 4 . 1 0 .

A m i x t u r e  o b t a i n e d  f ro m  t h e  r e a c t i o n  a f t e r  25 h r .  ( 1 0 ; 0  

c o n t a i n e d ,  b e s i d e s  D - G l u c i t o l ,  t r a c e s  o f  m a t e r i a l  h a v i n g
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Bp c . 0 . 4  ( 3 /z / ,V ) . T h is  m i x t u r e  ( 0 . 5  g .  ) was p l a c e d  on a  

column o f  V.hatman CF. 11 c e l l u l o s e  (75 g . ) ,  packed  i n  a  

s o l v e n t  o f  n - b u t a n o l  s a t u r a t e d  w i t h  w a t e r ,  and was e l u t e d  

w i t h  t h i s  s o l v e n t .  F r a c t i o n s  were  c o l l e c t e d ,  and t h o s e  

c o n t a i n i n g  m a t e r i a l  w i t h  c . 0 . 4  were combined and e v a p o r a t e d  

t o  a  s y r u p  ( 0 . 0 5  g . ) .  B o r a t e  i o n o p h o r e s i s  o f  t h e  s y r u p  

r e v e a l e d  a t  l e a s t  f i v e  compounds w i t h  v a l u e s  r a n g i n g  f rom  

0 . 6 - 1 . 0 .  Two o r  more com ponents  a l s o  m i g r a t e d  on i o n o 

p h o r e s i s  i n  m o ly b d a te  b u f f e r  0 . 9  and 1 . 0 .
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V. BUTYLIDEHE DERIVATIVES OF COT'POUNDB RELATED TO D-GLUCITOI

E x p t .  3 9 .  P r e p a r a t i o n  o f  1 -Deoxy-D- G l u c i t o l ^ ^

T o lu e n e - jD - s u lp h o n y lh y d r a z id e  ( 9 . 5  g .  ) was d i s s o l v e d  i n  

warm e t h a n o l  (75  m l . ) ,  and t h e  s o l u t i o n  was added  t o  a  s o l u t i o n  

o f  D - g l u c o s e  (9 g * ) i n  50/i aqu eo u s  a c e t i c  a c i d  (2 0  m l . ) .  The 

m i x t u r e  was a l l o w e d  t o  s t a n d ,  a t  room t e m p e r a t u r e ,  f o r  6 h r .  

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

( t o s y l h y d r a z o n e ) s e p a r a t e d  o u t .  T hese  c r y s t a l s  were  f i l t e r e d  

o f f ,  washed w i t h  w a t e r ,  e t h a n o l  and d i e t h y l  e t h e r  and d r i e d  

(12  g .  6 9 / )  m .p .  0 . 1 6 5 °  ( U t . ^ ^  m . p . 1 7 0 ° ) .

A s u s p e n s i o n  was made o f  P - g l u c o s e - t o s y l h y d r a z o n e  (5 g . ) 

i n  m e th a n o l  (50  m l . ) ,  and t o  t h i s  was added  a  s u s p e n s i o n  o f  

p o t a s s i u m  o o r o h y d r i d e  (3  g . ) i n  m e th a n o l  (50  m l . ) .  On 

warming t h e  m i x t u r e ,  t h e r e  was v i g o r o u s  e f f e r v e s c e n c e  as  

h y d r o g e n  was l i a e r a t e d ,  and t h e  su s p e n d e d  m a t e r i a l  g r a d u a l l y  

d i s s o l v e d .  The s o l u t i o n  was b o i l e d  u n d e r  r e f l u x  o v e r n i g h t .

M e th a n o l  was removed by  r o t a r y  e v a p o r a t i o n ,  and t h e  

r e s i d u a l  syxup  was t a k e n  up i n  w a t e r  (ICO m l . ) .  I R - 1 20(11'*') 

r e s i n  (40  m l . )  was t h e n  a d d e d ,  t o  d e s t r o y  any e x c e s s  b o r o -  

h y d r i d e  and  t o  d e i o n i z e  t h e  s o l u t i o n ,  and a f t e r  a b o u t  10 m in .  

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

t o  a  c r y s t a l l i n e  s l u d g e ,  d i s s o l v e d  i n  m e th a n o l  (30  m l ; )  and
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r e - e v a p o r a t e d  t o  a  s y r u p .  T h i s  p r o c e s s  was r e p e a t e d  f i v e  

t i m e s ,  a f t e r  which  a  f l a m e  t e s t  on a  sam ple  o f  t h e  s y r u p  

r e v e a l e d  t h a t  t h e  b o r a t e  i o n s  had  be en  removed a s  v o l a t i l e  

m e t h y l  b o r a t e .

l a p e r  c h ro m a to g ra p h y  o f  t h e  s y r u p  (3/ e/ \ 7) showed t h a t  i t  

c o n t a i n e d  t l i r e e  m ain  c o n s t i t u e n t s :  D - g l u c o s e  1 . 0

1 - d e o x y - _ ^ - g l u c i t o l  11̂  1*75 and D - g l u c o s e - t o s y l h y d r a z o n e  5*0 

and t h e s e  were  s e p a r a t e d  on a  c e l l u l o s e  column i n  t h e  f o l l o w i n g  

way.

C e l l u l o s e  pow der ,  Ehatman C F .11 (200  g . )  was packed  i n t o  

a  g l a s s  column (4  cm. d i a m e t e r )  i n  t h e  fo rm  o f  a  t h i n  s l u r r y  

w i t h  n - j u t a n o l  s a t u r a t e d  w i t h  w a t e r .  A s o l u t i o n  o f  t h e  m ix

t u r e ,  p r e p a r e d  a b o v e ,  i n  s a t u r a t e d  a q u eo u s  n - o u t a n o l  (40  m l . )  

was p o u red  on t o  t h e  column and a l l o w e d  t o  p a s s  i n t o  t h e  

c e l l u l o s e .  The column was t h e n  e l u t e d  w i t h  t h e  same s o l v e n t ,  

and f r a c t i o n s  (25 m l* ) were  c o l l e c t e d  and exam ined  by p a p e r  

c h ro m a to g r a p h y  (J/V^V/). The components  o f  t h e  m i x t u r e  were  

fo u n d  t o  be w e l l  s e p a r a t e d ,  and f r a c t i o n s  c o n t a i n i n g  m a t e r i a l  

w i t h  lU c . 1 . 7 5  were  e v a p o r a t e d  t o  d r y n e s s  t o  y i e l d  a  w h i t e  

powdery m a s s .  A f t e r  t r i t u r a t i n g  w i t h  a  minimum o f  e t h a n o l ,  

t h e  c r u d e  1 - d e o x y - I ^ - g l u c i t o l  was f i l t e r e d  o f f .  ( 1 . 2  g .  5 0 / ) .

The p r o d u c t  was r e c r y s t a l l i z e d  f rom  e t h y l  a c e t a t e  ( l  g .  

i n  500 m l . ) ,  and o b t a i n e d  a s  c r y s t a l s  o f  e x t r a o r d i n a r y  b e a u t y



135

m .p .  127- 129° .  The m e l t i n g  p o i n t  was u nc h an g e d  when t h e  

sam ple  was mixed w i t h  an  a u t h e n t i c  sp e c im e n  o f  1 -d e o x y -D -  

g l u c i t o l .

An a c e t a t e  d e r i v a t i v e  was p r e p a r e d  by d i s s o l v i n g  t h e  

p r o d u c t  ( 0 .0 5  g . ) i n  a  s o l u t i o n  (2 m l* )  c o n s i s t i n g  o f  a c e t i c  

a n h y d r i d e  (1 v o l . )  and p y r i d i n e  (2 v o l . ) * .  A f t e r  s t a n d i n g  

f o r  4 h r .  a t  room t e m p e r a t u r e ,  t h e  s o l u t i o n  was e v a p o r a t e d  

t o  h a l f - b u l k  and t h e n  p o u red  i n t o  i c e d  w a t e r  (15 m l . ) .  O i l y  

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

m i n u t e s .  The c r u d e  d e r i v a t i v e  ( 0 . 0 3  g .  7 1 / )  was f i l t e r e d  

o f f  and r e c r y s t a l l i z e d  f rom  a  2 5 /  ( v / v )  s o l u t i o n  o f  e t h a n o l  

i n  w a t e r  m .p .  1 0 3 -1 0 4 °  ( l i t . ^ ^  1 - d e o x y - D - g l u c i t o l - p e n t a -  

a c e t a t e  m .p .  1 0 3 - 1 0 4 ° ) .
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E x p t .  4 0 .  P r e p a r a t i o n  o f  2 - j e o x y - u - G l u o l t o l .

2 -D e o x y -H -g lu c o s e  (<* and P)  (20  g.  ) and sod ium  b o r o -  

h y d r i d e  ( 0 . 4  g . ) were d i s s o l v e d  i n  w a t e r  (20  m l . ) ,  and t h e  

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

E x c e s s  b o r o h y d r i d e  was t h e n  d e s t r o y e d ,  and sodium ions  rem oved ,  

by  a d d i t i o n  o f  A m b e r l i t e  IR -120(K *)  r e s i n .  A f t e r  f i l t e r i n g  

o u t  t h e  r e s i n ,  t h e  s o l u t i o n  was e v a p o r a t e d  t o  a  s y r u p  w hich  

was d i s s o l v e d  i n  m e t h a n o l  (10  m l . )  and r e - e v a p o r a t e d  s i x  

t i m e s  i n  o r d e r  t o  remove b o r a t e  i o n s  a s  m e th y l  b o r a t e .  The 

f i n a l  s y r u p  was o f  a  d e ep  r e d  c o l o u r  and c r y s t a l l i z e d  on 

s t a n d i n g .  T h i s  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  e t h a n o l  

(25  m l . ) ,  h a v i n g  f i r s t  d e c o l o u r i z e d  t h e  s o l u t i o n  w i t h  

a c t i v a t e d  c h a r c o a l .  A w h i t e  c r y s t a l l i n e  m a t e r i a l  ( 1 . 4  g .

63/: ) was o b t a i n e d  m .p .  1 0 5 -10 6 °  ( l i t . ^ ^  2 - d e o x y - D - g l u c i t o l  

m .p .  1 0 4 -1 0 6 ° )  Rp 0 . 2 9  ( I /E / .V ) .

An a c e t a t e  d e r i v a t i v e  was p r e p a r e d  by  d i s s o l v i n g  t h e  

p r o d u c t  ( 0 . 0 5  g . ) i n  a  s o l u t i o n  (2 m l . )  c o n s i s t i n g  o f  a c e t i c  

a n h y d r i d e  (1 v o l . )  and p y r i d i n e  (2 v o l . ) .  A f t e r  s t a n d i n g  

f o r  4 h r .  a t  room t e m p e r a t u r e ,  t h e  s o l u t i o n  was e v a p o r a t e d  

t o  low b u l k  and p o u re d  i n t o  i c e d  w a t e r  (15  m l . ) .  O i l y  

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

A f t e r  2 h r .  some d r o p l e t s  b e g a n  t o  s o l i d i f y ,  and when t h e  

volume o f  w a t e r  was r e d u c e d ,  by  e v a p o r a t i o n ,  a  w h i t e  s o l i d
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m a t e r i a l  s e p a r a t e d  o u t  w h ich  was f i l t e r e d  o f f  ( 0 . 0 8  g .  7 1 / ) .

The c r u d e  d e r i v a t i v e  was r a c r y s t a l l i z e d  f ro m  a  10/- s o l u t i o n  

o f  e t h a n o l  i n  w a t e r  m .p .  8 3 . 5 - 8 4 . 5 °  ( l i t . ^ ^  2 - d e o x y - D - g l u c i t o l -  

p e n t a - a c e t a t e  m .p .  86—3 7 ° ) .

E x p t .  4 1 .  I r e a a r a t i o n  o f  5-0-1 " e t h y l - D - G l u c i t o l .

5 - 0 - U e t h y l - u - o - g l u c o p y r a n o 8 e  (2 g . )  and sod ium  b o r o h y d r i d e  

( 0 . 3  g . ) were d i s s o l v e d  i n  w a t e r  (20  m l . ) ,  and t h e  s o l u t i o n  

was sillo'.ved t o  s t a n d  o v e r n i g h t  a t  room t e m p e r a t u r e .  E x cess  

b o r o h y d r i d e  v/as t h e n  d e s t r o y e d ,  and  sod ium  i o n s  removed f rom  

t h e  s o l u t i o n ,  by  a d d i t i o n  o f  A m o e r l i t e  IR -120(H *)  r e s i n  (20 m l .  ). 

A f t e r  f i l t e r i n g  o u t  t h e  r e s i n ,  t h e  s o l u t i o n  was r o t a r y  e v a p o r 

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

(2 0  m l . )  and r e - e v a p o r a t e d ,  s i x  t i m e s ,  i n  o r d e r  t o  remove t h e  

b o r a t e  i o n s  a s  m e th y l  b o r a t e .  3 - £ - M e t h y l - 0 - g l u c i t o l  was

f i n a l l y  o b t a i n e d  i n  t h e  fo rm  o f  a  c o l o u r l e s s  sy r u p  ( 1 . 9  g . )

0 . 2 6  (3 /E / .V ) ,  nv  1 .1 2  (?: 0 d e r i v a t i v e ,  PP3 a t  1 7 5 ° ; .

E x p t . 4 2 .  To F o l lo w  t h e  R e a c t i o n s  o f  n - l u t y r a l d e h y d e  w i t h  

1 -E eo x y ,  2-Deoxy and 3 - 0 - I n t h y l - D - l l u o i t o l s  i n  

Aqueous H y d r o c h l o r i c  Acid a t  25° by means o f  

l o l a r i m  j t r y  and ILC.

F o r  e a c h  r e a c t i o n  t h e  r e a c t a n t s  were  i n i t i a l l y  i n  e q u i -  

m o l a r  p r o p o r t i o n s  ( 0 .1 % ) .  The r e a c t i o n s  were  c a r r i e d  o u t  a t  

2 5 °  i n  0 .5E  aqueo u s  h y d r o c h l o r i c  a c i d ,  f o l l o w i n g  t h e  p r o c e d u r e  

d e s c r i b e d  i n  E x p t .  1 ( p . 136) .  F o l a r i m e t r i c  d a t a  h a s  b e en  

a s se m b le d  i n  T a b l e s  3 ( a ) ,  4 ( a )  and 5 ( p p .  2 07- )
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P e r i o d i c a l l y ,  a l i q u o t s  ( 0 .5 m l # )  ware w i th d ra w n  f rom  

t h e  r e a c t i o n  m i x t u r e s ,  n e u t r a l i z e d  w i t h  aq u eo u s  sodium 

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

were  t r i t u r a t e d  w i t h  p y r i d i n e  (1 m l . ) ,  f i l t e r e d ,  and t h e  

f i l t r a t e s  were  u se d  t o  p r e p a r e  TH3 d e r i v a t i v e s  f o r  a n a l y s i s  

by G-LC (PPd a t  1 7 5 ° ) .  The r e s u l t s  have  b e e n  d e s c r i b e d  i n  

t h e  d i s c u s s i o n .

E x p t . 4 3 .  To F o l lo w  t h e  Re a c t i o n s  o f  n - B u ty r a ld é h y d e  w i t h  

0 - l l u c i t o l ,  and i t s  1 -  and 2-Oeoxy D e r i v a t i v e s  

i n  Aqueous F y i r o c h l o r i c  Acid a t  2 5 ° ,  by  S p e c t r e -  

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

F o r  e a c h  r e a c t i o n ,  t h e  r e a c t a n t s  were  i n i t i a l l y  i n  

e q a i a o l a r  p r o p o r t i o n s  ( 0 .1 % ) .  The r e a c t i o n s  were  c o n d u c te d  

a t  25°  i n  0.5% aqueo u s  h y d r o c h l o r i c  a c i d ,  and  f o l l o w e d  sp e c t ro *  

p h o t o m e t r i c a l l y  a s  d e s c r i b e d  i n  E x p t .  5 ( p * f k ! ) .  V a r i a t i o n  

o f  n - b u t y r a l d é h y d e  c o n c e n t r a t i o n  w i t h  t i m e  h a s  been  shown i n  

T a b l e s  1 ( e ) ,  3 ( b )  and 4 ( b )  (pp*2C6-).

E x p t .  4 4 .  I s o l a t i o n  o f  Compound C f rom  a  R e a c t i o n  M ix tu r e  o f  

n - l u t y r a l d e l i y d e  and 1 - E e o x y - D - G l u c i t o l  a t  

E q u i l i b r i u m .

n - 3 u t y r a l d e h y d e  (1*74  g . ) and 1 - d e o x y - O - g l u c i t o l  ( 4 . 0  g . )  

were  d i s s o l v e d  i n  w a t e r  (SO m l . ) ,  and 5% a q u eo u s  h y d r o c h l o r i c
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a c i d  (2 0  m l . )  was a d d e d .  A f t e r  s t a n d i n g  f o r  24 h r .  a t  room 

t e m p e r a t u r e ,  t h e  r e a c t i o n  m i x t u r e  v/as n e u t r a l i z e d  w i t h  aqueo u s  

sod ium  h y d r o x i d e ,  and t h e n  e v a p o r a t e d  t o  a  s o l i d  mass w h ich  

was t r i t u r a t e d  w i t h  warm e t h a n o l  (100 m l . ) .  I n s o l u b l e  

m a t e r i a l  was f i l t e r e d  o f f ,  and t h e  f i l t r a t e  e v a p o r a t e d  t o  a  

s o l i d  r e s i d u e  ( 5 * 0 - g . ) .

T h i s  r e s i d u e  was l e a c h e d  w i t h  b o i l i n g  b e n z e n e  (50  m l . ) ,  

and t h e  h o t  s o l u t i o n  was d e c a n t e d  i n t o  a n o t h e r  v e s s e l  and 

a l l o w e d  t o  c o o l ,  whereupon a  c r y s t a l l i n e  d e p o s i t  s e p a r a t e d .

The c r u d e  p r o d u c t  ( 2 . 3  g .  4 3 / )  was f i l t e r e d  o u t  and  r e c r y 

s t a l l i s e d  t w i c e  f ro m  b e n z e n e  (150 m l . )  m .p .  1 28 -130°  R7 2 .0 2
25

(T:;0 d e r i v a t i v e ,  I d d  a t  175 ) ,  0 . 8 5  (ihlC/ilgO)

- 1 . 2 °  ( o .  0 . 8  2 . i n  ( ro u n d s  0 , 5 4 . 6 }  i i , 9 . 0 .

^10^^20°5 f & d ù i r e a  0 , 5 4 . 5 }  i l ,S .1 ,^ ) .

h x p t . 4 5 .  I s o l a t i o n  o f  Compound D f rom  a  Mi x t u r e  t a k e n  f rom 

t h e  E a r l y  S t a p e s  o f  R e a c t i o n  o f  n - 3 u t y r o l d e h y d e  

end 1 - P e o x y - O - d l u c i t o l . 

n - j u t y r a l d e l a y d e  ( 0 . 2 9  g .  ) and 1 - d c o x y - O - g l u c i t o l  (0*66 g . )  

were  d i s s o l v e d  i n  w a t e r  (36  m l * ) .  The r e a c t i o n  was s t a r t e d  

by  a d d i t i o n  o f  5% aqueous  h y d r o c h l o r i c  a c i d  (4  m l . ) ,  and stopped 

a f t e r  10 m i n . ,  b y  n e u t r a l i z i n g  w i t h  a q u eo us  sod ium  h y d r o x i d e .  

The s o l u t i o n  was e v a p o r a t e d  t o  a  s o l i d  m ass ,  and t h e n  t r i 

t u r a t e d  w i t h  warm e t h a n o l  (25  m l . ) and f i l t e r e d .  Cn
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e v a p o r a t i o n  o f  t h e  f i l t r a t e ,  a  s y r u p  ( 0 . 8 5  g .  ) was o b t a i n e d ,  

and GLC o f  t h e  s y r u p  (T%3 d e r i v a t i v e s ,  PPE a t  1 7 5 ° )  showed 

t h a t  t h e  main p r o d u c t  was Compound D ,117 1 . 1 9 .

A g l a s s  column ( 2 . 5  cm. d i a m e t e r )  was packed  w i t h  

a lu m in iu m  o x id e  (50  g . ) i n  e t h a n o l .  The s y r u p  was d i s s o l v e d  

i n  e t h a n o l  (10  m l . ) ,  and p o u re d  on t o  t h e  co lum n.  The 

column was e l u t e d  f i r s t  w i t h  e t h a n o l  (4 0  m l . ) ,  and t h e n  w i t h  

e t h a n o l / w a t e r  m i x t u r e s  o f  9 9 /  ( v / v )  (100  ml)  and 9 8 /  ( v / v )

(150  m l . ) ,  w h i l s t  f r a c t i o n s  (25 m l . )  were  c o l l e c t e d ,  r o t a r y  

e v a p o r a t e d  t o  d r y n e s s ,  and a n a l y s e d  by  GLC. The f i r s t  0 .0 5  g. 

o f  c r y s t a l l i n e  m a t e r i a l  was a lm o s t  p u r e  Compound D RV 1 . 2 2 .

I t  was r a c r y s t a l l i z e d  f rom  a  s o l v e n t  p a i r  (30  m l . )  c o n t a i n i n g  

d i e t h y l  e t h a r  (3  v o l . )  and l i g h t  p e t r o l e u m  ( b . p .  4 0 - 5 0 ° )

( 7  v o l . ) ,  and o o t a i n s d  i n  t h e  fo rm  o f  l i g h t  s i l k y  c r y s t a l s  

( 0 . 0 3  g . ) .  m ,p .  3 3 -9 0 °  ih, 0 .3 8  (HLL/il^O) (F o u nd :  C , 5 4 . 7 ;

11,9 .0 .  ^-jq**20^5 0 , 5 4 . 5 ;  H , 9 . 1 / ) .

E x p t .  4 6 .  r y J r o l y s l s  o f  Compound C and I d e n t i f i c a t i o n  o f  

t h e  P r o d u c t s .

To a  s o l u t i o n  o f  Compound £  ( 0 . 0 5  g .  ) i n  w a t e r  (50  m l . )  

was added A m b e r l i t e  IR -120(H ^)  r e s i n  (2  m l . ) ,  and t h e  m i x t u r e  

was h e a t e d  f o r  2 . 5  h r .  o v e r  a  b o i l i n g  w a t e r - b a t h .  A f t e r  

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

c r y s t a l l i n e  r e s i d u e  ( 0 . 0 4  g . )  w h ic h ,  on r e c r y s t a l l i z i n g  f ro m
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e t h y l  a c e t a t e  (20  m l . )  had m .p .  1 2 3 - 1 3 0 ° .  T h i s  sam ple  v/as 

shovm t o  be l - d e o x y - E - g l u c i t o l  by  t h e  f a c t  t l i a t  t h e  m .p .  o f  

i t s  m i x t u r e ,  w i t h  a n  a u t h e n t i c  sp e c im e n  was n o t  d e p r e s s e d .

A f u r t h e r  0 .0 5  g .  o f  Compound £  was added  t o  a  0 . 2 5 /  

s o l u t i o n  ( 2 0  m l . )  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  i n  2IÎ aqu eou s  

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

h y d r o l y s i s ,  fo rm ed  a  d e r i v a t i v e  w h ic h  a p p e a r e d  a s  a  y e l l o w  

p r e c i p i t a t e ,  and t h i s  was c o a g u l a t e d  by warming f o r  0 . 5  h r .  

o v e r  a  w a t e r  b a t h .  A f t e r  c o o l i n g ,  t h e  c r u d e  d e r i v a t i v e  was 

f i l t e r e d  o u t  and r e c r y s t a l l i z e d  t w i c e  f rom  m e t h y l a t e d  s p i r i t s  

(3  m l . ) m .p .  1 2 0 - 1 2 1 ° .  The m .p .  o f  a  m i x t u r e  o f  t h e  sam ple  

w i t h  n - b u t y r a l d e h y d e - 2 , 4 - d i n i t r o - p h e n y l h y d r a 2one v/as a l s o  

120- 121° .

E x p t .  4 7 .  To D e te rm in e  t h e  Humber o f  l a i r s  o f  V i c i n a l

r y d r o x y l  Groups p e r  M olecu le  o f  Compounds 0 and I>, 

by  I ’e r l c d a t e  O x i d a t i o n .

The method was i d e n t i c a l  t o  t h a t  u s e d  i n  E x p t .  12 (p . / ^ 9  ) 

f o r  Compound A.

Found:  Mol.  p e r i o d a t e  consumed p e r  m ol .  o f  Compound £

1 . 0 7  ( a f t e r  1 h r . ) ,  1 .0 5  ( a f t e r  3 h r . )  and 1 .0 0  ( a f t e r  24 h r . )  

Found :  Mol. p e r i o d a t e  consumed p e r  m o l .  o f  Compound D

2 .1 2  ( a f t e r  1 h r . ) ,  2 .11  ( a f t e r  3 h r . )  and 2 . 1 2  ( a f t e r  24 h r . ) .  

Thus Compounds £  and D c o n t a i n e d  one and two p a i r s  o f  v i c i n a l  

h y d r o x y l  g ro u p s  r e s p e c t i v e l y .
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E x p t .  4 3 .  E s t i m a t i o n  o f  t h e  Fo rm a ld eh yd e  l i b e r a t e d  by 

P e r i o d a t e  O x i d a t i o n  o f  Compounds C and D.

The method u s e d  h a s  b e en  d e s c r i b e d  i n  E x p t .  13 ( p .  I53 ) 

F ound :  Mol.  o f  f o r m a ld e h y d e  l i b e r a t e d  p e r  m o l .  o f  Compound £ ;

0 . 9 4 .

F o und :  Mol. o f  fo r m a ld e h y d e  l i b e r a t e d  p e r  m o l .  o f  Compound D;

1 .0 1 .
E x p t .  49# E s t i m a t i o n  o f  t h e  Fo rm ic  Acid P roduced  b y  P e r i o d a t e  

O x i d a t i o n  o f  Compounds C and D.

The same method was u s e d  a s  f o r  Compound A ( E x p t .  14,

p .  IS'6 )•

Found :  i l o l .  o f  f o r m i c  a c i d  p ro d u c e d  p e r  m o l .  o f  Compound £ ;

0 . 0 3 .

Found :  Mol. o f  f o r m i c  a c i d  p ro d u ce d  p e r  m ol .  o f  Compound D;

1 .0 2 .
E x p t .  5 0 .  H e t h y l a t i o n  o f  Compound C.

Compound £  ( l . O  g . ,  1 m o l . )  was d i s s o l v e d  i n  EMF (25  m l . )  

i n  a  100 m l .  c o n i c a l  f l a s k .  S i l v e r  o x i d e  ( 5 . 5  g. 6 . 2  m o l . )  

and  f r e s h l y  d i s t i l l e d  m e th y l  i o d i d e  ( 5 . 1  m l .  18 m o l . )  were  

a d d e d .  The f l a s k  was warmed s l i g h t l y ,  and t h e n  f i r m l y  

s t o p p e r e d  and s h a k e n  v i g o r o u s l y  f o r  24 h r .
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S o l i d  m a t e r i a l  was f i l t e r e d  o f f ,  washed w i t h  DMP, and 

t h e  combined f i l t r a t e  and w a sh in g s  were r o t a r y  e v a p o r a t e d  t o  

a  y e l l o w ,  s e m i - s o l i d  m ass .  On a d d i t i o n  o f  c h l o r o f o r m  

(75  m l . ) ,  s i l v e r  i o d i d e  was p r e c i p i t a t e d ,  end a f t e r  f i l t e r i n g ,  

t h e  f i l t r a t e  was washed f o u r  t im e s  w i t h  w a t e r  (50  m l . ) ,  and 

f i n a l l y  d r i e d  o v e r  a n h y d ro u s  sodium s u l p h a t e .  The d r y i n g  

a g e n t  was removed by f i l t r a t i o n ,  and t h e  c l e a r  s o l u t i o n  

e v a p o r a t e d  t o  a  p a l e  y e l l o w  s y r u p  (1 g . ) w h ic h  c r y s t a l l i z e d  

on s t a n d i n g  i n  t h e  r e f r i g e r a t o r .

The c r u d e  p r o d u c t  a p p e a r e d  t o  be r e a d i l y  s o l u b l e  i n  a l l  

common s o l v e n t s ,  and eo i t  c o u ld  n o t  be e a s i l y  r e f i n e d  by  

r e c r y a t a l l i s a t i o n .  I n  o r d e r  t o  e f f e c t  some p u r i f i c a t i o n ,  

i t  was q u i c k l y  t r i t u r a t e d  w i t h  a  s m a l l  volume o f  i c e - c o l d  

w a t e r ,  whereupon a  t h i n  y e l l o w  f i l m  ( p r e s u m a b l y  o f  r e s i d u a l  

s i l v e r  i o d i d e )  a d h e r e d  t o  t h e  i n t e r i o r  s u r f a c e  o f  t h e  f l a s k .  

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

s o l i d ,  w h ich  was d r i e d  by s t o r a g e ,  i n  a  d e s i c c a t o r ,  o v e r  

c a l c i u m  c h l o r i d e  (O.G g .  50/ ) m . p . 4 0 - 4 3 ° .  KV 2 .4 2  (PP2 a t  

1 7 5 ° )  ( r o u n d s  0 , 5 3 . 2 ;  3 , 9 . 9 ;  CLIa, 3 3 . C.

r e q u i r e s  0 , 5 3 . 5 ;  11,9 .9;  Cl'e, 3 5 .5 ; - ) .
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Expt#  51* Removal o f  t h e  A c e t a l  H lng  f rom  t h e  M e th y la t e d  

D e r i v a t i v e  o f  Compound C, by  Aold H y d r o l y s i s .

F u l l y  m e t h y l a t e d  Compound £  ( 0 . 3  g . ) was d i s s o l v e d  i n  

e t h a n o l  (5  m l . )  and w a t e r  (25  m l . , ) .  A m b e r l i t e  IR -120(H *)  

r e s i n  (5  m l . )  was a d d e d ,  and t h e  m i x t u r e  was h e a t e d  o v e r  a  

b o i l i n g  w a t e r  b a t h  f o r  3 h r .  A f t e r  f i l t e r i n g  o u t  t h e  r e s i n ,  

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

The s y r u p  c o u ld  n o t  be in d u c e d  t o  c r y s t a l l i z e ,  b u t  was 

p u r i f i e d ,  t o  some e x t e n t ,  by  b o i l i n g  w i t h  l i g h t  p e t r o l e u m  

( b .p . .  6 0 - 3 0 ° )  (10  m l . )  and t h e n  d e c a n t i n g  t h e  h o t  s o l u t i o n  

f rom  t h e  i n s o l u o l e  s t i c k y  y e l l o w  i m p u r i t i e s  ( p r o b a b l y  l a r g e l y  

r e s i n o u s  m a t e r i a l ) .  On e v a p o r a t i o n  o f  t h i s  s o l u t i o n ,  a  

c l e a r  c o l o u r l e s s  s y r u p  was o b t a i n e d .  ( 0 . 1 3  g .  7 6 / )  RV 0 .6 2  

( i : , 3  d e r i v a t i v e ,  Vx'2 a t  1 7 5 ° ) .  (Found C , 5 2 . 0 ;  11,9 .6 ,

CglljoOj r e q u i r e s  C , 5 1 . 9 j  2 , 9 . 6 / ) .

E x p t .  52 .  To E s t a b l i s h ,  by  means o f  P e r i o d a t e  O x i d a t i o n , 

w h e t h e r  t h e  H y d ro ly se d  T r i - O - M e th y l  D e r i v a t i v e  

o f  Compound C h a s  a  P a i r  o f  V i c i n a l  H ydroxy l  G ro u p s .

The method u s e d  h a s  b e e n  d e s c r i b e d  i n  E x p t .  12 ( p .  150 ) 

Found:  H o i .  p e r i o d a t e  consumed p e r  m o l .  o f  h y d r o l y s e d  t r i - £ -

m e th y l  Compound £ :  0 . 0 3  ( a f t e r  1 h r . ) ,  0 . 0 5  ( a f t e r  6 h r . ) .

Thus t h e  sam ple  c o n t a i n e d  no v i c i n a l  h y d r o x y l  g r o u p s .
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E x p t .  5 3 .  I s o l a t i o n  o f  Compound E from a  M ix tu r e  t a k e n  f rom  

t h e  E a r l y  S t a g e s  o f  R e a c t i o n  o f  n - ' - lu ty .ra ldehyde  

and 2 - S ô o x y - D - a l u c i t o l .

n - . l u t y r a l d e h y d a  ( 0 . 2 9  g .  ) and 2 - d e o x y - D - g l u c i t o l  

( 0 . 6 5  g . ) were d i s s o l v e d  i n  w a t e r  (36 m l . ) .  The r e a c t i o n  

was s t a r t e d  by a d d i t i o n  o f  5% aqueo u s  h y d r o c h l o r i c  a c i d  

(4  m l . ) ,  and s t o p p e d  20 m in u t e s  l a t e r  ( a f t e r  3 4 / )  by  n e u t r a l 

i z i n g  w i t h  aqu eo us  sodium h y d r o x i d e .  The s o l u t i o n  was 

e v a p o r a t e d  t o  d r y n e s s ,  and t h e  r e s i d u e  t r i t u r a t e d  w i t h  warm 

e t h a n o l  (25 m l . ) .  A f t e r  f i l t e r i n g ,  t h e  e t h a n o l i c  s o l u t i o n  

was e v a p o r a t e d  t o  a  s^^rrup ( 0 . 9  g . ) ,  w h ich  s l o w l y  c r y s t a l l i z e d ,  

and GIG a n a l y s i s  (T-'S d e r i v a t i v e ,  PIE a t  1 7 5 ° )  showed t h a t  

t h e  c h i e f  p r o d u c t  was Compound E HV 2 . 1 2 .

A g l a s s  column ( 2 . 5  cm. d i a m e t e r )  was packed  w i t h  

Aluminium Oxide (50  g . ) i n  e t h a n o l .  The m i x t u r e  was d i s s o l v e d  

i n  e t h a n o l  (5  m l* ) ,  p o u red  on t o  t h e  co lum n,  and e l u t e d  f i r s t  

w i t h  e t h a n o l  (95  m l . ) ,  and t h e n  w i t h  e t h a n o l / w a t s r  m i x t u r e s  o f  

99/1. ( v / v )  (100  m l . )  and 9 3 . 5 /  ( v / v )  (20 0  m l . ) ,  w h i l s t  f r a c t i o n s  

(2 0  m l . )  were  c o l l e c t e d .  Cn e v a p o r a t i o n ,  t h e  l a t t e r  f r a c t i o n s  

y i e l d e d  s y r u p s ,  w h ic h ,  w i t h  some d i f f i c u l t y ,  c o u ld  be in d u c e d  

t o  p a r t i a l l y  c r y s t a l l i z e .  B u t ,  GLC a n a l y s i s  o f  t h e s e  i n d i c 

a t e d  t h a t ,  a l t h o u g h  no 2 - d e o x y - £ - g l u c i t o l  was p r e s e n t ,  v e r y  

l i t t l e  s e p a r a t i o n  o f  t h e  r e a c t i o n  p r o d u c t s  had b e e n  a c h i e v e d .
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The s e m i c r y s t a l l i n e  r e s i d u e s  f ro m  t h e  f r a c t i o n s  were  

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

( b . p .  4 0 - 6 0 ° )  and t h e  c l e a r  warm e x t r a c t s  were  d e c a n t e d  o f f .

Cn c o o l i n g ,  c r y s t a l s  were  d e p o s i t e d ,  w h ich  were  f i l t e r e d  o u t  

and r e c r y s t a l l i z e d  f rom  l i g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ° )

(1 0  mg. i n  30 m l . ) .  The p r o d u c t  had m .p .  6 1 . 5 - 6 3 , 5 ^ ,

Rp 0 . 8 4  (nZC/lIgO),  HV 2 .1 8  (TM3 d e r i v a t i v e ,  PPS a t  175*)

(Foundf  0 , 5 4 . 8 ;  H , 9 . 0 .  ^ io '^20^5 0 , 5 4 . 5 ;  H , 9 . 1 ^ ) .

h x p t .  54# To D e te rm in e  t h e  Number o f  P a i r s  o f  V i c i n a l

H ydroxy l  Groups p e r  u o l e o u l e  o f  Compound E, b y  

P e r i o d a t e  O x i d a t i o n .

The method u se d  was i d e n t i c a l  t o  t h a t  i n  E x p t .  12 ( p .  ISO )  

f o r  Compound

Found:  P o l .  p e r i o d a t e  consumed p e r  m o l .  o f  Compound E

2 .01  ( a f t e r  1 h r . ) ,  2 . 0 0  ( a f t e r  4 h r . )  and 2 . 0 0  ( a f t e r  24 h r . ) .

Thus Compound E c o n t a i n e d  two p a i r s  o f  v i c i n a l  h y d r o x y l  g r o u p s .

E x p t .  55# E s t i m a t i o n  o f  t h e  Fo rm a ldehyde  l i b e r a t e d  by 

P e r i o d a t e  O x i d a t i o n  o f  Compound E .

The method u s e d  h a s  b een  d e s c r i b e d  i n  E x p t .  13 (p . f5 3  ) 

F ound :  T-Iol. o f  fo r m a ld e h y d e  l i b e r a t e d  p e r  m o l .  o f  Compound E;

0.96 .
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E x p t .  56 .  E s t i m a t i o n  o f  t h e  Form ic  Acid P ro d u c ed  by  

P e r i o d a t o  O x i d a t i o n  o f  Compound 2 .

The same method was u s e d  a s  f o r  Compound A ( E x p t .  14#

p .  IS6 ) .

Found:  P o l#  o f  f o r m i c  a c i d  p ro d u ce d  p e r  m o l .  o f  Compound E;

0 . 9 7 .

E x p t .  5 7 .  I s o l a t i o n  o f  Compound F f rom  a  R e a c t i o n  P i x t u r e  o f  

n - d u t y r a l d e h y d e  and 3 - 0 - P e t h y l - D - G l u o i t o l .

n - l u t y r a l d e h y d e  ( 0 . 2 9  g . )  and 3 - £ - m e t h y l - 0 - g l u c i t o l  

( 0 . 7 3  g . ) were  d i s s o l v e d  i n  w a t e r  (36  m l . ) ,  and aqueous  

h y d r o c h l o r i c  a c i d  (4  m l . )  was added  t o  s t a r t  t h e  r e a c t i o n .  

A f t e r  4  d a y s  t h e  s o l u t i o n  was n e u t r a l i z e d  w i t h  a q u eo u s  sod ium  

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

t u r a t e d  w i t h  warm e t h a n o l  (25 m l . ) ,  f i l t e r e d ,  and t h e  f i l t r a t e  

e v a p o r a t e d  t o  a  c r y s t a l l i n e  mass (1 g . ) .

The m i x t u r e  was examined by  p a p e r  c h ro m a to g ra p h y  (lEEIf/EgO) 

d e s i d e s  3 - £ - m e t h y l - ^ - g l u c i t o l ,  i t  c o n t a i n e d  a  m a j o r  p r o d u c t  

w i t h  Hp 0 . 7 6 ,  p r e s u m a b ly  Compound 2# and some l e s s e r  p r o d u c t s  

Rp 0 . 8 4 .

A g l a s s  column ( 2 . 5  cm. d i a m e t e r )  was packed  w i t h

V.liatman O F.11 .  c e l l u l o s e  powder  (75 g .  ) a s  a  s l u r r y  i n  a c e t o n e ,  

and  t h e  c e l l u l o s e  was w ashed ,  f i r s t  w i t h  a c e t o n e  and t h e n  w i t h  

m e th y l  e t h y l  k e t o n e  s a t u r a t e d  w i t h  w a t e r  (H iK /ngO ) .
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Tha r e a c t i o n  m i x t u r e  ( 0 . 5  g . )  i n  ITKC/H2O (5 m l . )  was i n t r o 

duced  on t o  t h e  co lum n,  and was e l u t e d  w i t h  t h i s  s o l v e n t  

w h i l s t  f r a c t i o n s  (2 5  m l ; )  were  c o l l e c t e d  and r o t a r y  e v a p o r a t e d  

t o  d r y n e s s .

A f t e r  a b o u t  200 m l .  o f  e l u e n t  had  p a s s e d  t h r o u g h  t h e  

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

t h e  p r o d u c t s ,  and t h e n  a  c r y s t a l l i n e  d e p o s i t  ( 0 . 2 5  g . ) c o n 

s i s t i n g  e x c l u s i v e l y  o f  m a t e r i a l  w i t h  R-, 0 . 7 5  ( LIZZ/H2O) .

T h i s  s u b s t a n c e  was r e c r y s t a l l i z e d  f rom  b e n ze n e  ( 0 .1  g .  i n  

30  m l . )  and had  m .p .  1 5 4 - 1 5 6 ° ,  EV 5 .99  ( T : 3  d e r i v a t i v e ,  EPS 

a t  1 7 5 ° ) ,  - 9 . 5 ° ,  - 1 0 . 6 °  ( c . ,  0 . 7  i n  EgO)

(Found!  0 , 5 2 . 4 ;  11,3.6;  CLTe, 1 3 . 3 .  r e q u i r e s

0 , 5 2 . 8 ;  K , 8 . 3 ;  OLIe, 1 2 . 4 / 0 .

As an  a l t e r n a t i v e  t o  f r a c t i o n a t i o n  on a  c e l l u l o s e  co lum n,  

t h e  r e a c t i o n  m ix t u r e  (1 g , ) was l e a c h e d  w i t h  b o i l i n g  b e n z e n e  

(60  m l . )  and t h e  c l e a r  h o t  s o l u t i o n  was d e c a n t e d  i n t o  a n o t h e r  

v e s s e l .  Cn c o o l i n g ,  c r y s t a l s  ( 0 . 3  g . ) s e p a r a t e d ,  and t h e s e  

were  r e c r y s t a l l i z e d  s e v e r a l  t i m e s  f ro m  b e n ze n e  t o  o b t a i n  p u r e  

Compound F» The y i e l d  c o u ld  be i n c r e a s e d  b y  f u r t h e r  e x t r a 

c t i o n  o f  t h e  m i x t u r e  w i t h  b e n z e n e .

E x p t .  5 v .  H y d r o l y s i s  o f  Compound F and I d e n t i f i c a t i o n  o f  t h e  

P r o d u c t s .

The d e t a i l s  o f  t h i s  e x p e r i m e n t  were e s s e n t i a l l y  t h e  same 

a s  r e c o r d e d  i n  E x p t .  46 ( p . f9 0  ) .  Compound F was h y d r o l y s e d



133

In  warm w a t e r  i n  t h e  p r e s e n c e  o f  c a t i o n  exch an ge  r e s i n  and 

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

I d e n t i c a l  t o  3 - ^ - m 3 t h y l - D - g l u c i t o l ,  Hp 0*26 ( 3 / 2 / v ) .

The c a r b o n y l  p o r t i o n  o f  t h e  h y d r o l y s a t e  fo rm ed  a  2 , 4 -  

d i n i t r o p h s n y l h y d r a z o n e  m .p .  1 1 9 - 1 2 1 ° .  T h i s  m e l t i n g  p o i n t  

wao u n a l t e r e d  when t h e  d e r i v a t i v e  was mixed w i t h  an  a u t h e n t i c  

sam ple  o f  n - b u t y r a l d e h y d e - 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e .

E x p t .  59 .  To D e te rm in e  t h e  ITumoer o f  P a i r s  o f  V i c i n a l

Hydroxy l  Grou;?s p e r  " o l e c u l e  o f  Compound F ,  by  

P e r i o d a t e  O x i d a t i o n .

The method u s e d  was i d e n t i c a l  t o  t h a t  f o r  E x p t .  12 ( p .  I5C), 

Found % I ' o l .  p e r i o d a t e  consumed p e r  m o l .  o f  Compound F ,  0 . 9 9  

( a f t e r  1 h r . ) ,  1 .01  ( a f t e r  2 h r . ) and 1 .0 0  ( a f t e r  3 h r . ) .

E x p t .  60 .  E s t i m a t i o n  o f  t h e  F orm aldehyde  L i b e r a t e d  by  

P e r i o d a t e  O x i d a t i o n  o f  Compound P .

The method u se d  h a s  been  d e s c r i b e d  i n  E x p t .  13 ( p .  )$d) 

Found! i l o l .  f o rm a ld e h y d e  l i b e r a t e d  p e r  m o l .  o f  Compound F ;  

1 .0 0 .

E x p t .  6 l . E x a m in a t io n  o f  t h e  L a r g e r  F ragm ent  R e s u l t i n g  f rom  

t h a  P e r i o d a t e  O x i d a t i o n  o f  Compound F .

Sodium m e t a p e r i o d a t e  ( 0 . 3 2  g . ) and  Compound F ( 0 . 2  g . )  

were  d i s s o l v e d  i n  w a t e r  (100 m l . )  and a l l o w e d  t o  s t a n d  f o r
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2 h r . '  a t  room t e m p e r a t u r e .  The s o l u t i o n  was t h e n  f r e e z e -  

d r i e d ,  e x t r a c t e d  t w i c e  w i t h  h o t  c h l o r o f o r m  (2 0  m l . ) ,  and t h e  

i n s o l u b l e  m a t e r i a l  was f i l t e r e d  o f f .  On e v a p o r a t i o n  o f  t h e  

combined c h l o r o f o r m  e x t r a c t s ,  t h e r e  r e m a in e d  a  s y r u p  ( 0 . 1 9  g . ) 

w h ich  s e t  t o  a  g l a s s y  s o l i d .  P a p e r  c h ro m â to g ra p h y  ( b/ e/ e ) 

i n d i c a t e d  i t  t o  be a  s i n g l e  s u b s t a n c e  Rp 0 . 9 0 .

The p r o d u c t  (20 m g .)  was s u s p e n d e d  i n  d r y  d i c h l o r o m e t h a n e  

(4  m l . )  i n  a  s m a l l  f l a s k ,  and c o o l e d  t o  a b o u t  - 7 0 °  i n  a  b a t h  

o f  a c e t o n e  and d r y - i c e .  3 o r o n  t r i c h l o r i d e  (2  m l . )  was added

and t h e  m i x t u r e  was m a i n t a i n e d  a t  t h i s  low  t e m p e r a t u r e  f o r
171 h r .  The f l a s k ,  s t o p p e r e d  w i t h  a  c a l c i u m  c h l o r i d e  t u b e ,  

was t h e n  removed f ro m  t h e  f r e e z i n g  m i x t u r e ,  a l l o w e d  t o  a t t a i n  

room t e m p e r a t u r e ,  and l e f t  o v e r n i g h t  w h i l s t  t h e  c o n t e n t s  

s l o w l y  e v a p o r a t e d .  D u r in g  t h i s  t im e  t h e  m i x t u r e  g r a d u a l l y  

d a r k e n e d .

The f o l l o w i n g  d a y ,  t h e  r e m a i n i n g  s o l v e n t  was removed by 

r o t a r y  e v a p o r a t i o n  t o  l e a v e  a  d a r k  s y r u p .  To t h i s  was added  

20/ '  a q u eo u s  m e th a n o l  (5  m l . )  and t h e  s o l u t i o n  was a l l o w e d  t o  

s t a n d  f o r  1 h r . , b e f o r e  a g a i n  e v a p o r a t i n g .  The r e s i d u e  was 

t r e a t e d  w i t h  a  f u r t h e r  5 m l .  o f  20,8 aqu eo u s  m e t h a n o l ,  and 

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

Com par ison  o f  t h i s  m a t e r i a l  v/as made w i t h  s t a n d a r d  

s a m p le s  o f  D-X ylose  and D - a r a b i n o s e ,  b y  means o f  p a p e r
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c h ro m a to g r a p h y  w i t h  s o l v e n t s  3 /z / \7  and 3/ p/ T  

Found :  Rs O/l/W 3/r /W

P r o d u c t  1 .6 3  1 .31

D -X ylose  1 .6 3  1 .3 2

D -A rab ino30  1 .31 1 .1 3

Thus i t  was shovm t h a t  t h e  p r o d u c t  was n o t  D - a r a b i n o s e ,  b u t  

t h a t  i t  compared f a v o u r a b l y  w i t h  x y l o s e .

E x p t .  6 2 .  P r e p a r a t i o n  o f  a  D i b e n z o a t e  o f  Compound F .

A s o l u t i o n  o f  Compound F ( 0 .1  g . ,  1 m o l . )  i n  p y r i d i n e  

(2 m l . )  was c o o le d  t o  b e lo w  10* i n  a  f r e e z i n g  b a t h ,  and 

b e n z o y l  c h l o r i d e  ( 0 .1  m l . , 2 .1  m o l . )  was a d d e d .  A f t e r  

s t a n d i n g  a t  room t e m p e r a t u r e  f o r  20 m i n i ,  t h e  m ix t u r e  was 

p o u re d  i n t o  i c e d  w a t e r  (20 m l . ) .  An o i l  was i m m e d ia te ly  

p r e c i p i t a t e d  a n d ,  w i t h  t h e  a i d  o f  some s t i r r i n g  and s c r a t c h i n g ,  

i t  s l o w l y  s o l i d i f i e d  and was f i l t e r e d  o f f  ( 0 . 0 9  g .  4 9 / ' ) •

The c r u d e  d e r i v a t i v e  was r e c r y s t a l l i z e d  t w i c e  f rom  l i g h t  

p e t r o l e u m  ( b . p .  6 0 - 3 0 ° )  (23  m l . )  m .p .  1 0 3 .5 - 1 1 0 * .

(F ound :  G ,6 6 .4 ;  11,6 .6 ;  OHe, 7 . 8 .  ^ 2 5 'b o ^ 8  a c q u i r e s

c , 6 5 . 4 ;  11,6 .5 ;  0 ::e , 6 . 8,8 ) .
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T a b le  1

R e a c t i o n  o f  n - 3 u t y r a l d e h y d e  w i t h  D - d l u c i t o l  i n  Aqueous 

H y d r o c h l o r i c  Acid  a t  25 * .

( a )  0.25-1 R e a c t a n t s  i n  luICl f o l l o w e d  p o l a r i m e t r i c a l l y .

Time Time

3 rnin. - 0 . 7 3 0 32 m in ;  - 1 . 3 8 3

4 - 0 . 8 3 7 39 - 1 . 3 3 9

3 - 0 . 9 4 0 33 —1 .1 9 6

7 - 1 . 0 3 7 83 -0.96-3

10 - 1 .2 73 102 - 0 . 8 6 0

13 - 1 . 3 5 0 123 - 0 . 7 3 3

21 - 1 . 4 1 3 142 - 0 . 6 8 0

23 - 1 .4 2 3 162 - 0 . 6 1 7

28 - 1 . 4 1 2 00 - 0 .5 2 4

(G raphs  1 ,2 ,3  and 9 p p . 2 5 -27  and 4 2 ) ,

( b )  0 . 23:1 R e a c t a n t s i n  IT-iCl f o l l o w e d  s p e c t r o p h o t o m a t r i c a l l y

Time n - J u t y r a l d e h y d e  
C o n c e n t r a t i o n iy R e a c t i o n

0 m in . 0.250% 0

1 .3 0 .1 8 0 28

2 0 .1 5 3 33

4 . 5 0 .1 2 9 43

6 0 .1 1 7 53

6 0 .1 0 9 56

10 0 .0 9 9 60

13 0 .091 64



2 0 4

( b )  ( c o n t a )

Time n--But y r a  Id e hy d 9 R e a c t i o n
C o n c e n t r a t i o n

16 ♦ 0 .0 3 6 66

20 0.C8T 68

27 0 .0 7 5 70

35 0 .0 5 9 72

50 0 .0 5 3 75

127 0 .0 4 5 62

oO 0 .0 2 8 89

( S r a p h  9 t p . 4 2 ) .

( c )  0 .2 $ :û R e a c t a n t s i n 0.5% KCl f o l l o w e d  p o l a r i m e t r i c a l l y .

Time Time

4 min . - 0 . 4 2 2 50 m in .  - 1 . 4 0 9

6 ' —0 . ü40 60 - 1 . 4 2 3

10 - 0 . 8 3 2 70 - 1 . 4 2 0

13 - 0 . 9 4 7 87 - 1 . 3 3 5

20 - 1 . 1 4 0 105 - 1 . 3 3 5

29 - 1 . 2 7 5 140 - 1 . 2 1 0

35 - 1 . 3 3 7 160 - 1 . 1 3 7

40 - 1 . 3 7 5 195 - 1 . 0 2 2

45 - 1 . 3 9 6 oo - 0 . 4 8 3

(G raph s  3 and 9 ,  p p . 27 and 4 2 ) .
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( d )  0.25% R e a c t a n t s  i n  0.5% HGl f o l l o w e d  s p e c t r o p h o t o -

m a t r i c a l l y .

T ine . n - B u t y r a l d e h y d e  
C o n c e n t r a t i o n

0 m in . 0.250% 0

3 0 .2 0 3 19

6 0 .1 6 7 33

10 0 .1 5 0 40

16 0 .1 2 7 49

21 0 .1 1 3 55

27 0 .1 0 3 59

35 0 .0 9 5 62

45 0 .0 3 4 63

60 0 .0 7 7 69

110 0 .0 6 6 74

155 0 .0 5 9 76

240 0 .0 5 3 79

345 0 .0 4 3 83
oO 0 .0 2 7 89

(G ra p h  9 ,  p . 4 2 ) .
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( e )  0.1% R e a c t a n t s  i n  0.5% HCl f o l l o w e d  s p e c t r o p h o t o m e t r i -

c a l l y .

0 m in .  0.100:.! 0

3 0 .0 9 3  7

7 0 . 0 3 7  14

10 0 .0 3 2  18

15 0 .0 7 6  25

20 0 .0 7 2  23

25 0 .0 5 9  31

35 0 .0 6 4  36

80 0 .0 5 3  47

135 0 .0 4 5  56

210 0 .0 4 2  53

500 0 .0 3 3  67

0.018 82

(Graph. 15 ,  p . 1 1 1 ) .
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Table 2

R e a c t i o n  o f  £ - 3 u t y r a l d e h / d e (0 .25% ) w i t h  D- G l u c i t o l

(0 .2 5 U )  In d::F c o n t a i n i n g  Hydrogen C h l o r i d e  ( 0 . 5 I.) a t  25°

Time Time

5 min. - 0 . 2 0 5 1 . 5  h r . —0 .3 8 6

6 - 0 . 2 2 5 2 . 5 - 0 . 3 3 6

8 —0 .2 4 3 3 . 7 - 0 . 3 7 5

10 - 0 . 2 6 7 5 . 5 —0 .3 6 0

15 - 0 . 3 0 0 6 . 5 - 0 . 3 5 3

20 - 0 . 3 2 3 2 2 . 0 - 0 . 2 9 0

25 - 0 . 3 4 0 2 4 . 0 - 0 . 2 7 7

30 - 0 . 3 5 0 3 0 . 0 - 0 . 2 6 8

45 - 0 . 3 7 0 7 5 . 0 - 0 . 1 2 7

60 - 0 . 3 7 7 30 d ay s + 0 .2 20

(Graph  6 , p . 3 3 ) .

T ab le  3

R e a c t i o n  o f  n - 3 u t y r a l d e h y d e w i t h  1-Deoxy-O- G l u e i t o l

i n  Aqueous H y d r o c h l o r i c  Acid a t 2 5 ° .

( a )  0.1% R e a c t a n t s  i n  0.5% HCl f o l l o w e d  p o l a r i m e t r i c a l l y

Time Time

3 m in . - 0 ,0 3 6 k 40 m in . - 0 . 1 8 5

4 - 0 . 1 1 2 51 - 0 . 1 5 4

5 —0 .1 4 0 60 - 0 . 1 5 7

7 - 0 . 1 7 5 30 - 0 . 1 3 0
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Table 5 (contd)

Time Time

10 - 0 . 2 0 0  . 110 —0 .0 9 6

13 - 0 . 2 1 0 135 - 0 . 0 7 4

16 - 0 .2 1 8 160 - 0 . 0 6 0

20 - 0 . 2 1 3 210 —0 .0 4 3

25 - 0 .2 1 1 230 - 0 . 0 3 9

30 - 0 . 2 0 4 o o +0 .030

(G raph 14$ p . 1 0 5 ) .

( b )  0 .1% R e a c t a n t s  i n 0.5% HCl f o l l o w e d  s p e c t r o p h o t o -

me t r i c a l l y .

Time n -B u t  y r a i d  e hyd 9 
C o n c e n t r a t i o n H R e a c t i o n

0 min* 0.100% 0

3 0 .0 3 7 13

6 0 .0 7 6 24

10 0 .0 7 0 30

15 0 .0 6 5 35

25 0.061 39

45 0 .0 5 5 45

75 C.C50 50

120 0 .0 4 2 53

145 0 .0 3 3 62

190 0 .0 3 6 64
oo 0 .0 2 6 74

(G ra p h s  14 and 15$ pp«. 105 and 1 1 1 ) .
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T a b le  4

R e a c t i o n  o f  n - B u t y r a l d é h y d e  w i t h  2-D e o x y - D - G l u c i t o l  i n  

Aqueous H y d r o c h l o r i c  Acid a t  2 5 ° .

( a )  0.1% R e a c t a n t s  i n  0.5% HCl f o l l o w e d  p o l a r i m e t r i c a l l y .

Time Time

4 min. + 0 .6 7 7 90 m in . +0 .7 5 0

5 0 .6 5 5 130 0 .7 9 0

8 0 .6 4 3 180 0 .8 2 0

10 0 .6 3 5 210 0 .8 2 5

15 0 .5 2 3 270 0 .8 3 5

20 0 .6 2 3 300 0 .8 3 2

25 0 .6 3 2 350 0 .8 3 0

30 0 .5 4 2 390 0 .3 2 5

40 0 .6 5 2 12 h r . 0 .7 3 3

60 0 .7 0 5 24 h r . 0 .7 5 0

(G rap hs  16$ p . 114 ) .

( b )  0.1% R e a c t a n t s  i n  0.5% HCl f o l l o w e d  s p e c t r o p h o t o -

m e t r i c a l l y .

Mm gSSIS"’ -jümüm
0 m in .  0 .100 : !  0

3 0 .0 3 2  8

6 0 .0 3 3  17

9 0 .0 7 6  24
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( b )  ( c o n t d )

Time

14 • 0 .071  29

20 0 .0 6 5  34

30 0 .0 5 1  39

45 0 .0 5 7  43

120 0 .0 5 3  47

24 h r .  0 .0 4 5  55

( Graphs 15 an d 16, p p . 111 and 1 1 4 ) .

Ta b l e  5

Re a c t i o n o f  n - 3 u t y r a l d e h y d e (C.1%) w i t h  3 ^ - : : e th y l -D -

G l u c i t o 1 ( 0 .1 ::) i n  0 .5 % Aquoous H / d r o c h l o r i c  Acid a t  2 5 ° .

r im e Time ° t °

4 m in . + 0 .0 1 7 200 m in . - 0 . 1 7 2

7 +0 .002 240 - 0 . 1 9 2

10 - 0 . 0 1 3 300 - 0 . 2 1 3

20 - 0 . 0 3 0 345 - 0 . 2 3 3

30 - 0 . 0 4 7 412 - 0 . 2 5 5

30 —0 .0 7 0 555 - 0 . 2 8 7

C5 - 0 . 1 0 3 610 - 0 . 3 0 0

130 - 0 . 1 3 6 24 h r . - 0 . 3 6 0

( Graph 17# p . 1 2 0 ) .
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Table 5

S a i f  c o n d e n s a t i o n o f  n - J u t y r a l d e h y d e  (0 .25% ) i n

Aqueous H y d r o c h l o r i c  Acid a t 2 5 * .

( a ) R e a c t i o n  f o l l o w e d s p e c t r o p h o t o m e t r i c a l l y  i n HHCl.

Time O p t i c a l
D e n s i t y  a t  233 TTl̂W s e n

O pt ics  
s i t y  a t

5 m in .  0 .3 2 3 123 m in . 0 .5 1 2

10 0 .3 4 6 150 0 .5 7 5

17 0 .3 4 6 171 0 .6 5 0

23 0 .3 5 0 195 0 .7 3 2

48 0 .3 7 0 236 0 .3 1 0

84 0 .4 2 2 276 1 .0 9 3

105 0 .4 6 4 300 1 .2 2 2

( b ) R e a c t i o n  f o l l o w e d  s p e c t r o p l i o t o i a e t r i c a l l y  i n
 ̂ O p t i c a l  D e n s i t y

a t  233 m)j.

2ITi:Cl.

10 m i n . ■ 0 .3 6 0

15 0 .3 8 2

30 0 .4 5 6

45 0 .5 6 2

60 0 .6 9 6

80 0 .9 4 0

SO 1 .0 9 0

130 1 .7 7 0

168 2 .5 6 0

(G raph  8 ,  p . 4 0 ) .
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T a b le  7

R e a c t i o n  o f  A c e ta ld e h y d e  ( 0 . 2 5  1) with. D - Q l u c i t o l  

(0 .25% ) i n  ÎÎ Aqueous H y d r o c h l o r i c  Acid a t  25* ,  f o l l o w e d  

p o l a r i m e t r i c a l l y .

Time * t Time

3 m in . - 0 . 6 9 0 50 m in . - 1 . 5 3 3

5 - 0 . 3 7 0 57 - 1 . 5 2 3

7 - 1 . 0 Î 0 83 - 1 . 4 2 3

12 - 1 . 2 2 0 10T - 1 . 3 5 5

16 - 1 . 3 3 0 126 - 1 . 2 5 5

20 - 1 . 4 0 2 160 - 1 . 1 3 0

30 - 1 . 5 0 5 200 - 1 . 0 2 0

35 - 1 . 5 3 0 223 - 0 . 9 5 7

40 - 1 . 5 3 7 233 - 0 . 8 5 0

46 . - 1 . 5 4 0 o O - 0 . 5 3 0

(G rap h  1 ,  p . 2 5 ) .

T ab le  8

R e a c t i o n  o f  I r o p i o n a l d e h y d s ( 0 . 2 5 % )  w i t i i D - G l u c i t o l

(0»25%) i n  Î1 Aqueous H y d r o c h l o r i c A c ta  a t  25° I f o l l o w e d

p o l a r i m e t r i c a l l y .

Time Time
* t °

3 min . - 0 . 7 3 5 35 m in . - 1 . 4 5 6

5 - 0 . 9 1 0 45 - 1 . 4 2 3

8 - 1 . 0 3 8 72 - 1 . 2 8 3
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Table 8 (contd)

Tima Time ° t °

10 —1 .18 6 . S3 - 1 . 1 6 4

12 - 1 . 2 5 3 113 - 1 . 0 7 2

16 - 1 . 3 5 4 137 -0 .9 7 5 .

20 —1 .4 0 4 164 - 0 . 8 9 0

25 - 1 . 4 4 8 205 - 0 . 7 9 0

29 - 1 . 4 5 6 283 —0 .6 8 0

32 - 1 . 4 5 9 oo - 0 . 5 7 0

(G ra p h  1 f p . 2 5 ) .

T a b le  9

R e a c t i o n  o f  i s o - • l u t y r a l d e h y d e ( 0 . 25 :1) w i t h  D - G l u c i t o :

(0 .25% ) i n  IT Aqueous H y d r o c h l o r i c Acid  a t  25 ° , f o l l o w e d

p o l a r i m e t r i c a l l y .

Time Time ° t °

3 min . - 0 . 7 0 3 32 m in . - 1 . 4 0 6

5 - 0 . 8 5 7 36 - 1 . 4 1 5

7 - 0 . 9 7 3 40 - 1 . 4 1 3

12 - 1 . 1 7 0 44 - 1 .4 0 5

20 - 1 . 3 2 4 50 - 1 . 3 9 0

24 - 1 . 3 6 4 60 - 1 . 3 5 5

28 - 1 . 3 9 0 70 - 1 .3 0 7

(G raph  2 ,  p . 2 6 ) .
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Table 10

R e a c t i o n  o f  B en za ldehy d e  w i t h  j û - G l u c i t o l  i n  

c o n t a i n i n g  W ater  (20/« v / v )  and H y d r o c h l o r i c  Acid  a t  2 5 ° .

Time &. °

( a )  0 . 25% R e a c t a n t s

Time

3 m in . - 0 .C 3 0

7 - 0 . 0 9 0

15 - 0 . 1 6 2

20 —0 .186

23 - 0 . 1 9 7

25 —0 .2 0 0

30 - 0 . 1  S3

60 - 0 . 1 1 3

(G ra p h  4 ,  p . 2 8 ) .

( b )  0 . ,25% R e a c t a n t s

Time

4 m in . + 0 .07 4

6 +0.041

10 - 0 . 0 1 5

20 - 0 .1 0 5

30 —O4166

40 —0 .2 0 0

48 - 0 .2 0 5

53 - 0 . 2 0 8

60 - 0 . 2 0 3

80  m in . - 0 . 0 2 3

100 +0 .06 0

116 + 0 .1 3 4

130 + 0 .1 2 0

158 +0 .28 5

197 + 0 .3 9 0

248 + 0 .485

00 + 0 .75 3

iwed p o l a r i m e t r i c a l l y

Time

70  m in . - 0 .1 9 2

96 - 0 . 1 4 3

133 - 0 . 0 5 5

155 - 0 . 0 0 3

170 + 0 .0 3 4

205 + 0 .1 0 7

240 +0 .1 5 3

293 +0 .2 2 7

oo + 0 .4 6 5

( G ra p h s  4 and 7 ,  pp .  23 and 3 4 ) .
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T a b le  11

R e a c t i o n  o f  3 e n za ld e h y d e  (0 .25% ) w i t h  D - G l u c i t o l

(0.25%;) i n  c o n t a i n i n g  H ydrogen  C h l o r i d e  (0 .5% ) a t  25*

Time Time

4 m in . - 0 . 0 4 6 55 m in . +0 .163

6 - 0 . 0 6 2 65 + 0 .2 5 0

10 - 0 . 0 7 6 73 + 0 .3 43

15 - 0 . 0 7 4 105 + 0 .5 10

20 - 0 . 0 7 0 125 + 0 .6 1 0

25 - 0 . 0 4 0 160 + 0 .7 4 3

30 - 0 . 0 1 5 200 + 0 .8 4 0

45 + 0 .0 84 30 d ays +1 .33 6

(G raph  7 ,  p . 3 4 ) .

T a b le  12

R e a c t i o n  o f  Fo rm aldehyde  w i t h  D - G l u c i t o l  i n  Aqueous 

H y d r o c h l o r i c  Acid  a t  25* .

( a )  0.25% R e a c t a n t s  i n  N HCl f o l l o w e d  p o l a r i m e t r i c a l l y .

Time Time

0 . 0  h r .  - 0 . 1 7 3  240 h r .  - 0 . 4 7 8

3 . 2  - 0 . 1 7 3  283 - 0 . 5 1 0

4 . 5  - 0 . 1 3 2  336 - 0 . 5 4 0

5 . 3  - 0 . 1 9 5  1003 - 0 . 8 2 5

7 2 . 0  - 0 . 3 0 0  1176 - 0 . 8 7 7



216

( b )  0,25% R e a c t a n t s  i n  2N HCl f o l l o w e d  p o l a r i m e t r i c a l l y .

Time Time

1 h r . - 0 . 1 8 5 79 h r . —0 .7 4 0

2 - 0 . 1 9 7 92 - 0 .7 9 0

5 - 0 . 2 4 5 94 - 0 . 7 9 4

6 - 0 . 2 5 0 98 - 0 . 8 0 7

19 - 0 . 3 8 2 114 - 0 .8 5 5

23 - 0 . 4 1 5 117 —0 .8 6 0

25 - 0 . 4 3 2 261 —0*970

31 —0 .4 8 6 284 - 0 . 9 3 5

45 - 0 . 5 7 3 42 d a y s —1 .1 6 0

(G raphs  5 and 13 ,  p p .  29 and 9 7 ) .

( c )  0.25% ï a c t a n t s  i n  2% HCl f o l l o w e d  t i t r i m e t r i c a l l y .

Time F orm aldehyde
C o n c e n t r a t i o n % R e a c t i o n

0 h r . 7 . 5 0  g . / l . 0 . 0

2 7 . 4 7 0 . 4

7 7 .3 5 2 . 0

12 7 .2 0 4 . 0

26 6 .6 9 1 0 .8

33 6 .4 8 1 3 .6

50 6 .1 8 1 7 .5

72 5 .7 3 2 3 . 6

80 5 .6 8 2 4 . 3
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( c )  ( c o n t d )

Mm f

96 5*. 44 2 7 .5

123 4 . 9 7 3 3 .8

174 4 . 5 2 3 9 . 7

268 4 . 1 7 4 4 . 3

504 3 . 3 3 5 5 .6

,1003 2 . 5 7 6 5 .8

(G rap h  13, p . 9 7 . )

T ^b le  13

R e a c t i o n  o f  T r i c h l o r o a c e t a l d e h y d e  (0.251 l) w i t h

D - G l u c i t o l  (0 .25% ) i n  K Aqueous H y d r o c h l o r i c  Acid a t  2 5 * ,

f o l l o w e d  po l a r i n e t r i c a l l y .

Time Time

0 .1  h r . - 0 . 1 2 4 7 h r . - 0 . 1 2 0

0 . 2 - 0 . 1 2 4 26 - 0 . 1 2 2

0 . 4 —0 .1 2 4 29 - 0 . 1 2 2

2 . 2 - 0 . 1 2 0 31 - 0 . 1 2 2

2 . 7 - 0 . 1 2 0 49 - 0 . 1 3 0

4 . 0 - 0 . 1 2 0 52 —0 .1 2 5

5 . 0 - 0 . 1 2 0 54 - 0 . 1 2 0

6 . 8 - 0 . 1 2 0 216 - 0 . 1 2 7
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Table 14

H y d r o l y s i s  o f  Compound ^  ( 3 . 1 8  x 10"^%) i n  H Aqueous 

H y d r o c h l o r i c  Acid  a t  2 6* .

( a )  f o l l o w e d  p o l a r i m e t r i c a l l y

Time Time

3 . 5  m in . - 0 . 6 0 3 30 m in . - 0 . 2 5 0

5 - 0 . 5 7 0 40 —0 .2 0 4

7 - 0 . 5 3 0 55 - 0 . 1 7 0

10 —0 .4 6 7 94 - 0 . 1 2 0

15 - 0 . 3 3 0 190 - 0 . 0 8 4

20 - 0 . 3 2 7 oo - 0 . 0 8 0

25 - 0 . 2 3 7

( b )  f o l l o w e d s p e c t r o p h o t o m e t r i c a l l y

Time n - 3 u t y r a l d e h y d e  
" C o n c e n t r a t i o n  x 10^ ir Hydrolye

3 m in . 0 . 4 7  % 15

5 0 . 6 8 21

7 0 . 8 3 23

10 1 .1 3  • 36

14 1 .3 9 44

20 1 .6 9 53

36 2 . 0 6 65

60 2 . 0 4 64

90 2 . 0 0 63

180 1 .6 7 53

240 1 .5 2 48
oO 1 .2 2 33
(G ra p h  10,  p . 6 4 ) .
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T a b l e  15

H y d r o l y s i s  o f  2 , 4 - £ - 3 u t y l i d e n e - D - G l u c i t o l  ( 3 . 1 3  x 10*^%) 

i n  H Aqueous H y d r o c h l o r i c  Acid  a t  2 6* .

Time Time

5 m in . - 0 . 1 3 0 180 m in . - 0 . 1 3 0

10 - 0 . 1 7 3 225 - 0 . 1 2 0

30 - 0 . 1 7 2 270 —0 .1 1 4

60 - 0 .1 6 1 340 —0 .1 0 0

SO - 0 . 1 5 4 405 - 0 .0 9 1

120 —0 .1 4 6 oo - 0 . 0 6 5

( b )  f o l l o w e d s p e c t r o p h o t o m e t r i c a l l y .

Time

5 m in .

10
20

40

60

CO

110

150

200

265

360

n - 3 u t y r a l d e h y d e  p 
C o n c e n t r a t i o n  x 10

0.C5 1.1 

0*03 

0.12  

0 . 2 4  

0 .3 5  

0 . 4 3  

0 .5 5  

0 . 6 7  

0 . 7 7  

0.09

0 .9 9

1.26

y H y d r o l y s i s

1 .5

2 . 5
4 . 0

7 . 5
11.0

1 3 .5
1 7 .0

21.0  
2 4 . 0

2 8 . 0

3 1 . 0

4 0 . 0

(G rap h  10 ,  p . 6 4 ) .
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T a b le  16

R e a c t i o n  o f  Compound k ( 3 . 4  x  10“ ^M) i n  D:T c o n t a i n i n g  

Hydrogen C h l o r i d e  (0 .25% ) a t  25* .

Tima Tima

0 .1  l i r . - 0 . 6 4 5 6 . 5  h r . - 0 . 5 4 6

0 . 5 —0 .6 4 0 1 2 .5 - 0 . 4 8 5

0 . 8 —0 .6 3 2 2 3 . 0 —0 .5 8 0

1 .2 - 0 . 6 3 0 2 4 . 0 - 0 . 3 7 0

2 . 2 - 0 . 6 0 7 2 6 .0 - 0 . 3 4 8

3 . 6 -C.5SG 2 3 . 0 - 0 . 3 2 6

4 . 2 - 0 . 5 7 6 3 0 . 0 - 0 . 3 1 0

5 . 3 - 0 . 5 6 4 4 3 . 0 - 0 . 2 1 0

6 . 0 - 0 . 5 5 3 1 4 4 .0 +0.001

T a b le 17

H y d r o l y s i s  o f  Compound 3 ( 3 . 7 X 10**^%) i n  Aqueous

H y d r o c h l o r i c  Acid  a t  26* , f o l l o w e d p o l a r i m e t r i c a l l y .

( a )  i n  0.1ITHCl ( b )  i n  0 .05K HCl

Time Time

3 m in . - 0 . 5 0 4 3 m in . - 0 . 5 7 4

4 - 0 . 4 5 5 4 - 0 . 5 4 0

5 —0 .4 1 0 5 - 0 . 5 1 2

6 - 0 . 3 7 2 7 - 0 . 4 6 7

8 - 0 . 3 1 0 10 - 0 . 3 3 0

10 - 0 . 2 5 0 13 - 0 . 3 3 7
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T s b lo  17 ( c o n t d )

Time Time

12 - 0 . 2 2 0 16 - 0 . 2 8 0

16 - 0 . 1 6 3 20 - 0 . 2 3 5

20 - 0 . 1 2 5 25 - 0 . 1 8 0

26 - 0 . 0 9 0 30 - 0 . 1 4 3

30 - 0 . 0 7 5 40 - 0 . 0 9 0

53 - 0 . 0 4 4 55 - 0 . 0 5 7

oo —0 .0 4 0 CO - 0 . 0 2 0

(G raph  12 t p . 9 0 ) .

T a b le 18

R e a c t i o n  o f  Compound 3 ( 3 . 5  X 10"^3i) I n c o n t a i n i n g

h y d ro g e n C h l o r i d e  ( 0 . 2 5 3 )  a t  2 5 ° .

Time “t° Time

k m in . —0 .4 1 6 100 m in . - 0 . 0 3 0

6 —0 .4 0 4 130 —0 .0 3 0

10 - 0 . 3 3 2 155 + 0 .0 1 4

15 - 0 . 3 6 0 195 + 0 .0 5 7

20 ' - 0 . 3 3 4 220 + 0 .0 8 0

30 - 0 . 2 9 3 240 + 0 .0 9 0

40 - 0 . 2 5 0 330 + 0 .1 3 3

55 - 0 . 2 0 2 10 h r . + 0 .1 7 0
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T ab le  19

GLC R e t e n t i o n  Volume R a t a  f o r  some P o l y h y d r i c  A lc o h o l s  

and R e l a t e d  Compounds, a s  t h e i r  T!.:3 D e r i v a t i v e s #

( n s  a t  1 75 ° )

Com ound Average  RV

R - l l u c i t o l  1 .0 0

1 - R e o z y - R - l l u c i t o l  0 .6 2

2 - D c o x y - R - G l u c i t o l  0 .8 9

3 - 0 - r ' e t h y l - R - G l u c i t o l  1 .1 2

1 . 3 . 5 . 6 - t e t r a - O - m e t h y l - R - G l u c i t o l  1 .1 6

1 . 4 . 5 . 6 - t e t r a - O - m e t h y l - D - G l u o i t o l  1 .1 4

3 . 5 . 6 - t r i - 0 - m 8 t h y l - 1 - d e o x y - R - G l u c i t o l  0 .6 2

2 .3 - O ; - 3 u t y l i d e n 0 - ; R - G l u c i t o l  (Compound A) 2 .7 6

3 . 4 - £ - 3 u t y l  i d  en e-^ -G  l u e  i t  o l  3 . 0 4

4 . 6 - £ - 3 u t y l i d e n e - R - G l u c i t o l  3 .31

2 . 4 - £ - 3 u t y l i d e n e - R - G l u c i t o l  4 . 2 3

2 . 3 - £ - 3 u t y l i d e n e - 1 - d e o x y - R - G l u c l t o l  (Compound D) 1 .22

2 . 4 - 0 - 3 u t y l i d e n e - 1 - d e o x y - R - G l u c i t o l  (Compound C) 2 .0 2

1 . 3 - £ - 3 u t y l i d e n 0 - 2 - d e o x y - R - G l u c i t o l  (Compound 0 )  2 . 1 3

1 , 3 % 2 , 4 - R i - O - b u t y l i d e n e - R ^ G l u c i t o l  c . 1 2 . 8 0

2 . 4 - £ - h e t h y l e n o - R - G l u c i t o l  4 . 1 0

2 -R e o x y -J3 -g lu c o p y ran o se  (& + P) 1 . 0 3 ,  1 .5 6

3 -£ - I . ' a th y l - '^ - R - G lu c o p y r a n o s e  1 .3 6

(3Z -50  a t  1 75 ° )
2 . 3 - 0 - J 3 a n z y l i c l e n a - 2 - C l lu o i t o l  (Compound ^ )  3 . 7 3

2 . 4 - 0 - l e n z y l i d  en e -R -G lu c  i t  o l  4 .51
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A New Mono-O-butylidene-D-glucitol

By T. G. Bonner, E. J. Bourne, P. J. V. Cleare and D. Lewis 

Royal Holloway College, University o f  London, Englefield Green, Surrey

When equimolecular quantities (0 -25m) o f D-giucitol 
and n-butyraldehyde react in aqueous N sulphuric 
acid, an equilibrium mixture,* containing monoacetals 
together with traces o f di- and tri-acetals is obtained. 
Under these conditions, n-butyraldehyde gives mainly 
the 2,4-acetal,2 but the 3,4-acetaI has also been 
identified.* On following the reaction polarimetrically, 
in either N sulphuric acid or n  hydrochloric acid, a  
large optical rotation is observed (see Fig.) in the 
early stages o f reaction. In order to isolate the inter
mediate product responsible for this, the reaction 
was stopped after 10 minutes by rapid neutralisation 
with alkali. By means o f column chromatographic 
separation of the organic material, a monoacetal was 
isolated, m.p. 116-118°c. It was soluble in water, and 
had MiT,5461-45-5° (c., 1 in H^O).
Analysis indicated a monobutylidene acetal (Found: 
C,50-5; H, 8-4. C 10H 20O 6 requires C, 50-8; H,
8-5%). Hydrolysis gave D-glucitol, identified as 
its hexa-acetate, and n-butyraldchyde, identified as its 
2,4-dinitrophenylhydrazone.

The acetal was distinguished from the other known 
monobutylidene acetals (2,4-, 3,4-, and 4,6-) by com
paring the retention volumes o f the 0-trimethyIsilyl 
derivatives^ using a Pye Argon Chromatograph with 
m-bis(m-phenoxyphenoxy) benzene as stationary phase 
at 175°. Oxidation with sodium metaperiodate(l -94 
mol. required) produced formaldehyde (1-12 mol.) 
and formic acid (0-96, 0-93 mol.), consistent with the 
structures o f 1,3-, 2,3-, 4,5-, or 4,6-O-butylidene-D- 
glucitol. The product from oxidation was hydrolysed 
to give a tetrose sugar, identified by conversion into 
its phenylosazone. G.L.C. examination o f the O- 
trimethylsilyl derivative showed a retention volume 
identical with that of threose but different from that o f  
erythrose, indicating that the original monoacetal was 
a 1,3- or 2,3-D-glucitol derivative.

The monoacetal was methylated with methyl iodide 
and silver oxide in D.M .F. and the tetra-O-methyl 
derivative (Found; C, 58-0; H, 9-3; OMe, 40-9. 
C 14H 28O 6 requires C, 57-5; H, 9-6; OMe, 42-4%) 
collected as a colourless syrup at 94-104° under 0-2 
mm. Hg. pressure. The acetal ring was removed by 
hydrolysis and the resulting syrup was found to  
undergo oxidation with sodium metaperiodate (0-91, 
0-89, 0-93, 0-89 mol. required). A  similar product 
obtained from the 2,4-monoacetal after méthylation 
and hydrolysis consumed virtually no periodate. The 
new monoacetal was therefore 2,3- 0-butylidene-D- 
glucitol.

The appearance o f the 2,3-acetal as an initial 
product o f the reaction raises the problems o f (i) what

reactivity and structural factors o f  D-glucitol are 
responsible for the kinetic control leading initially to

- 0 5 *
120 16060

TIME, m in.

F ig .— Variation in optical rotation during the reaction of 
n-butyraldehyde with D-glucitol {equimolar quantities, 0-25 m) in 

aqueous hydrochloric acid

the formation o f this particular acetal and (ii) whether 
or not the ultimate monoacetal products are formed 
intramolecularly from it. Information on (ii) has been 
obtained by following polarimetrically and spectro- 
photometrically (carbonyl absorption) the hydrolysis 
o f the 2,3-acetal in n  aqueous hydrochloric acid. 
The hydrolysis rate (k =  7-12 x  IQ-4 sec.-*) is 
considerably greater than for the 2,4-0-butylidene 
isomer {k =  2-25 x  10“5 sec.-*). Analysis by G.L.C. 
o f the reaction mixture throughout hydrolysis by 
conversion o f the products into their O-trimethylsilyl 
derivatives reveals that during the period in which the 
bulk of the 2,3-acetal disappears, there is little trace 
o f any compounds other than D-glucitol and the
2.3-acetal. Ultimately the hydrolysate attains the 
same composition as that obtained at equilibrium 
from equimolecular concentrations o f D-glucitol and 
M-butyraldehyde in the synthesis reaction carried out 
under the same experimental conditions. This indi
cates that after relatively rapid hydrolysis o f the
2.3-acetal has produced the glucitol and aldehyde, 
these two compounds slowly react to give the mono
acetals normally obtained in the synthetic reaction. 
The result suggests that the formation o f the thermo
dynamically more stable monoacetals does not princi
pally proceed by acid catalysed intramolecular ring 
migration from the 2,3-acetal, at least in the form in 
which the latter was isolated.
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