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@  Method  of  preparing  ascorbic  acid  and  intermediates  specially  adapted  for  use  therein. 

©  The  invention  relates  to  a  process  for  preparing  ascorbic 
acid  in.  which  (a)  gulono-,  galactono-,  idono-  or  talono-1,4- 
lactone  is  reacted  with  at  least  one  hydroxyl-protecting  reag- 
ent  so  as  to  protected  the  free  hydroxyl  groups  in  the  5-,  6- 
and  either  the  2-  or  3-  positions,  or,  reacting  gulono-  or 
idono-1,4-lactone  with  at  least  one  hydroxyl-protecting  reag- 
ent  so  as  to  protect  the  free  hydroxyl  groups  in  the  3-,  5-  and 
optionally  the  6-  positions  (b)  oxidizing  the  free  hydroxyl 
group  at  the  2-  or  3-  position  to  oxidize  it  to  an  oxo  group  and 
(c)  hydrolyzing  the  compound  formed  in  (b)  to  ascorbic  acid. 
Certain  novel  intermediates  useful  in  the  above  process  are 
also  covered. 

CM 
0 )  
o  

o  
o  
o  

Q. 
Ill 

Croydon  Printing  Company  Ltd. 

T h e   invention  relates  to  a  process  for  preparing  ascorbic 
acid  in which  (a)  gulono-,  galactono-,  idono-  or  talono-1,4- 
lactone  is  reacted  with  at least  one  hydroxyl-protecting  reag- 
ent  so  as  to  protected  the  free  hydroxyl  groups  in  the  5-,  6- 
and  either  the  2-  or  3-  positions,  or,  reacting  gulono-  or 
idono-1,4-lactone  with  at least  one  hydroxyl-protecting  reag- 
ent  so  as  to  protect  the  free  hydroxyl  groups  in  the  3-,  5-  and 
optionally  the  6-  positions  (b)  oxidizing  the  free  hydroxyl 
group  at the  2-  or 3-  position  to  oxidize  it to  an  oxo  group  and 
(c)  hydrolyzing  the  compound  formed  in  (b) to  ascorbic  acid. 
Certain  novel  intermediates  useful  in  the  above  process  are 
also  covered. 



This  i n v e n t i o n   r e l a t e s   to  a  novel  p r o c e s s   for  p r e p a r i n g  

a s c o r b i c   acid.   L - a s c o r b i c   ac id ,   or  Vitamin  C,  is  r e q u i r e d   in  t h e  

human  d i e t   and  is  widely  sold  in  t a b l e t   form  and  as  an  a d d i t i v e  

in  v a r i o u s   f o o d s t u f f s   to  meet  t h i s   need  and  a l so   as  an  a n t i o x i d a n t .  

In  a l l   an imals   except   p r i m a t e s   and  guinea  pigs  L - a s c o r b i c   acid  i s  

b i o s y n t h e s i s e d   from  D-g lucose .   The  f i n a l   s tep  in  t h i s   b i o s y n t h e s i s  

is  the  enzymatic  c o n v e r s i o n   of  L - g u l o n o - 1 ,  4 - l a c t o n e   to  L - a s c o r b i c  

ac id .   B r i t i s h   Pa t en t   No.  763,055  d i s c l o s e s   the  c o n v e r s i o n   of  L-  

g u l o n o - 1 , 4 - l a c t o n e   to  L - a s c o r b i c   acid  in  about  40%  y i e ld   by  t h e  

use  of  an  enzymatic  o x i d a t i o n   s y s t e m .  

At tempts   to  e f f e c t   the  d i r e c t   c o n v e r s i o n   of  L - g u l o n o - 1 ,  

4 - l a c t o n e   to  L - a s c o r b i c   acid  by  chemical   means  have  been  only  p a r t l y  

s u c c e s s f u l ,   s ince  o v e r - o x i d a t i o n   and  d e g r a d a t i o n   r e a c t i o n s   p r o d u c e  

u n d e s i r a b l e   b y - p r o d u c t s .   However,  low  y i e l d s   of  L - a s c o r b i c   a c i d  

have  been  produced.   For  example,  Berends  and  Konings,  Rec.  T r a v .  

Chem.  des  Pays-Bas,   74,  1365  (1955)  d i s c l o s e   the  use  of  F e n t o n s  

r e a g e n t   to  give  about   a  10%  y ie ld   of  L - a s c o r b i c   ac id .   The  m o s t  

s u c c e s s f u l   and  common  method  of  p roduc ing   L - a s c o r b i c   acid  is  b a s e d  

on  a  m u l t i - s t e p   s y n t h e s i s   from  D-g lucose   going  th rough  sorbose   and 

2 - k e t o - g u l o n i c   acid  as  i n t e r m e d i a t e s .   Many  improvements  in  t h e  

o r i g i n a l   sorbose   method  of  R e i c h s t e i n   and  Grussner ,   Helv.  Chim. 

A c t a . ,   17,  311  (1934)  have  been  made.  D - a s c o r b i c   ac id   may  be  u s e d  

as  an  a n t i o x i d a n t   in  f o o d s t u f f s .  

D e r i v a t i v e s   of  L - g u l o n o - 1 , 4 - l a c t o n e   are   known  in  the  a r t .  

For  example,  Matsui  et  al  have  p repa red   2 , 3 : 5 , 6 - d i - O - i s c p r o p y l -  

i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e ,   3 , 5 - O - b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e ,  



2 , 6 : 3 , 5 - d i - O - b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e   (Yakugaku  Z a s s h i  8 6 ,  

110  (1966)),   and  2 , 3 , 5 , 6 - t e t r a b e n z o y l - L - g u l o n o - 1 , 4 - l a c t o n e   h a s  

been  prepared   by  Kohn  et  al  ( J .A .C .S . ,   87,  5475  (1965)) .   S i m i l a r  

compounds  der ived   from  D - g u l o n o - 1 , 4 - l a c t o n e   are  a lso   known  i n c l u d i n g  

2 , 3 : 5 , 6 - d i - O - i s o p r o p y l i d e n e - D - g u l o n o - 1 , 4 - l a c t o n e ,   2 , 3 - 0 - i s o p r o p y l -  

i d e n e - D - g u l o n o - 1 , 4 - l a c t o n e   and  5 , 6 - O - i s o p r o p y l i d e n e - D - g u l o n o - 1 ,  

4 - l a c t o n e   (Hulyalkar   et  al ,   Can.  J.  Chem.,  41,  1898  (1963)) .   O the r  

compounds  inc lude   2 , 3 , 5 , 6 - t e t r a - O - t r i m e t h y l s i l y l - D - g u l o n o - 1 , 4 -  

l a c t o n e   (Meguro  et  al,   Agr.  Bio  Chem.,  36,  2075  (1972)).  2 , 3 , 5 , 6 -  

t e t r a - O - a c e t y l - D - g u l o n o - 1 , 4 - l a c t o n e   (Ness  et  al,   J . A . C . S . ,   73,  

4759  (1951))  and  2 , 3 , 5 , 6 - t e t r a - O - b e n z o y l - D - g u l o n o - 1 , 4 - l a c t o n e  

(Kohn  et  al ,   J . A . C . S . ,   86,  1457  (1964)) .   S imi l a r   d e r i v a t i v e s   o f  

gu lon ic   acid  and  gulonamide  have  been  p r e p a r e d .   S imi la r   d e r i v a t i v e s  

of  the  o ther   1 , 4 - l a c t o n e s   are  also  known.  P r io r   to  the  p r e s e n t  

p r o c e s s ,   the  o x i d a t i o n   cf  p a r t i a l l y   p r o t e c t e d   1 , 4 - l a c t o n e s   is  n o t  

known  t o  h a v e  b e e n   d e s c r i b e d   nor  are  such  compounds  known  to  have  

been  employed  as  i n t e r m e d i a t e s   in  the  p r e p a r a t i o n   of  a s c o r b i c   a c i d .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  novel  p roce s s   for  t h e  

p r e p a r a t i o n   of  a s c o r b i c   acid  from  a  1 , 4 - l a c t o n e   s e l e c t e d   f rom 

g u l o n o - 1 , 4 - l a c t o n e ,   g a l a c t o n o - 1 , 4 - l a c t o n e ,   i d o n o - 1 , 4 - l a c t o n e   a n d  

t a l o n o - 1 , 4 - l a c t o n e .   L - a s c o r b i c   acid  is  p repared   f r o m  l a c t o n e s   o f  

the  L - s e r i e s   and  D-a sco rb i c   acid  r e s u l t s   from  l a c t o n e s   of  the  D- 

s e r i e s .   The  l a c t o n e   is  f i r s t   r e a c t e d   with  a  h y d r o x y l - p r o t e c t i n g  

r e a g e n t   to  form  a  h y d r o x y l - p r o t e c t e d  i n t e r m e d i a t e   wherein  one  of  t h e  

hydroxyl   groups  l o c a t e d   at  the  2-  and  3-  p o s i t i o n s   of  t h e  r i n g   i s  

p r o t e c t e d   while  the  o the r   remains   as  a  f ree   hydroxyl   g r o u p .  



The  f ree   hydroxyl  group  at  the  2-  or  3-  p o s i t i o n   of  t h i s   p r o t e c t e d  

i n t e r m e d i a t e  i s   then  ox id ized   to  a  keto  group  and  the  r e s u l t i n g  

compound  sub jec ted   to  h y d r o l y s i s   u n t i l   s u b s t a n t i a l   c o n v e r s i o n   t o  

a s c o r b i c   acid  has  o c c u r r e d .  

Thus  the  i n v e n t i o n   p r o v i d e s  a   p roce s s   for  the  p r e p a r a t i o n  

of  a s c o r b i c   acid  which  is  c h a r a c t e r i s e d   by: 

(a)  r e a c t i n g   gu lono- ,   g a l a c t o n o - ,   idono-  or  t a l o n o - 1 , 4 - l a c t o n e  

with  at  l e a s t   one  h y d r o x y l - p r o t e c t i n g   r e a g e n t   so  as  to  p r o t e c t   t h e  

f r e e   hydroxyl  groups  in  the  5-,  6-  and  e i t h e r   the  2-  or  3-  p o s i t i o n s ,  

or,  r e a c t i n g   gulono-   or  i d o n o - 1 , 4 - l a c t o n e   with  at  l e a s t   one  h y d r o x y l -  

p r o t e c t i n g   r e a g e n t   so  as  to  p r o t e c t   the  f ree   hydroxyl  groups  in  t h e  

3-,  5-  and  o p t i o n a l l y   the  6-  p o s i t i o n s ;  

(b)  r e a c t i n g   the  r e s u l t i n g   i n t e r m e d i a t e   having  a  f r ee   h y d r o x y l  

group  at  the  2-  or  3-  p o s i t i o n   with  an  o x i d i z i n g   agent   e f f e c t i v e  

to  conver t   said  hydroxyl   group  to  an  oxo  group;  and 

(c)  h y d r o l y z i n g   the  compound  formed  in  s tep  (b)  u n t i l   c o n v e r s i o n  

to  a s c o r b i c   acid  is  s u b s t a n t i a l l y   c o m p l e t e .  

In  one  embodiment  of  t h i s   i n v e n t i o n ,   t h i s   p r o c e s s   may  b e  

e f f e c t e d   by  (a)  c o n t a c t i n g   a  1 , 4 - l a c t o n e   s e l e c t e d   from  g u l o n o - 1 ,  

4 - l a c t o n e ,   g a l a c t o n o - 1 , 4 - l a c t o n e ,   i d o n o - 1 , 4 - l a c t o n e   and  t a l o n o - 1 ,  

4 - l a c t o n e   with  about  t h r ee   e q u i v a l e n t s   of  a  h y d r o x y l - p r o t e c t i n g  

r e a g e n t   per  mole  of  1 , 4 - l a c t o n e ;   (b)  c o n t a c t i n g   the  r e s u l t i n g  

i n t e r m e d i a t e   having  a  f r ee   hydroxyl   group  at  the  2-  or  3-  p o s i t i o n  

with  an  o x i d i z i n g   agen t   e f f e c t i v e   to  conver t   said  hydroxyl   g r o u p  

to  a  keto  group  and  (c)  h y d r o l y z i n g   the  compound  formed  in  s tep  (b) 

u n t i l   c o n v e r s i o n   to  a s c o r b i c   acid  is  s u b s t a n t i a l l y   c o m p l e t e .  



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

t r i a l k y l s i l y l   h a l i d e s   and  d i a l k y l s i l y l   h a l i d e s ,   wherein  each  a l k y l  

is  of  1  to  6  carbon  atoms;  a l k a n o i c   a n h y d r i d e s   of  3  to  8  c a r b o n  

atoms;  a lkanoy l   h a l i d e s   of  2  to  6  carbon  atoms;  a royl   h a l i d e s  

wherein  said  aroul   is  benzoyl ,   naphthoyl   or  m o n o - s u b s t i t u t e d   b e n z o y l ,  

wherein  said  s u b s t i t u e n t s   are  a lkyl   of  1  to  6  carbon  atoms,  a l k o x y  

of  1  to  6  carbon  atoms,  halo  or  n i t r o ;   d i a l k y l   ke tones ,   w h e r e i n  

each  a lky l   is  of  1  to  6  carbon  atoms;  a lky l   a l d e h y d e s  o f   2  to  8 

carbon  atoms;  and  t r i p h e n y l m e t h y l   h a l i d e s .  

Ascorbic   acid  may  a lso   be  p repared   by  (a)  c o n t a c t i n g   a 

1 , 4 - l a c t o n e   s e l e c t e d   from  g u l o n o - 1 , 4 - l a c t o n e   and  i d o n o - 1 , 4 - l a c t o n e  

in  the  p r e sence   of  an  acid  c a t a l y s t   having  a  pK a  of  l e s s   than  a b o u t  

2.5  with  at   l e a s t   about  two  e q u i v a l e n t s   of  a  h y d r o x y l - p r o t e c t i n g  

r e a g e n t   per  mole  of  1 , 4 - l a c t o n e ,   said  r e a g e n t   being  s e l e c t e d   f rom 

an  a l ky l   a ldehyde  of  2 LO  8  carbon  atoms;  an  a ry l   a ldehyde ,   a n  

a r y l a l k y l   a ldehyde  and  an  a r y l a l k e n y l   a ldehyde ,   wherein  said  a r y l  

is  phenyl ,   m o n o - s u b s t i t u t e d   or  d i s u b s t i t u t e d   phenyl ,   wherein  s a i d  

s u b s t i t u e n t s   are  a lky l   of  1  to  6  carbon  atoms,  a lkoxy  of  one  to  s i x  

carbon  atoms,  halo  or  n i t r o ,   and  said  a lky l   and  a lkeny l   are  each  o f  

2  to  4  carbon  atoms;  (b)  c o n t a c t i n g   the  r e s u l t i n g   i n t e r m e d i a t e  

having  a  f ree   hydroxyl   group  at  the  2-  p o s i t i o n   with  an  o x i d i z i n g  

agen t   e f f e c t i v e   to  c o n v e r t   said  hydroxyl   group  to  a  keto  group  and  

(c)  h y d r o l y z i n g   the  compound  formed  in  s tep  (b)  u n t i l   c o n v e r s i o n  

to  a s c o r b i c   acid  is  s u b s t a n t i a l l y   c o m p l e t e .  



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

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

benza ldehyde ,   m - m e t h y l b e n z a l d e h y d e ,   3 , 4 - d i c h l o r o b e n z a l d e h y d e ,   o -  

methoxybenzald&hyde,   o - c h l o r o b e n z a l d e h y d e   and  c i n n a m a l d e h y d e .  

The  p r e s e n t   p r o c e s s f o r   the  p r e p a r a t i o n   of  a s c o r b i c   a c i d  

u t i l i z e s   as  s t a r t i n g   m a t e r i a l   a  1 , 4 - l a c t o n e   s e l e c t e d   from  g u l o n o - 1 ,  

4 - l a c t o n e ,   g a l a c t o n o - 1 , 4 - l a c t o n e ,   i d o n o - 1 , 4 - l a c t o n e   and  t a l o n o - 1 ,  

4 - l a c t o n e .   These  i somer ic   l a c t o n e s   d i f f e r   in  the  s t e r e o c h e m i s t r y  

of  the  hydroxyl   groups  at  the  2-  and  3-  p o s i t i o n s   and  may  be  

r e p r e s e n t e d   by  the  f o r m u l a e :  

and  the  enan t iomers   t h e r e o f .  

The  numbering  of  the  l a c t o n e   r ing   as  used  in  the  s p e c i -  

f i c a t i o n   and  c la ims   h e r e i n   is  shown  above  in  formula  ( I ) .  



The  p r e s e n t   p rocess   may  be  used  to  p r epa re   e i t h e r   L-  

a s c o r b i c   acid   or  D - a s c o r b i c ,   or  m ix tu r e s   of  the  two  a c i d s .   L -  

a s c o r b i c   acid  is  de r ived   from  1 , 4 - l a c t o n e s   of  the  L - s e r i e s ,   w h i l e  

D - a s c o r b i c   acid  is  p repared   from  the  D-enan t iomer s .   As  used  in  t h e  

s p e c i f i c a t i o n   and  c la ims  hereof ,   r e f e r e n c e   to  a s c o r b i c   a c i d ,  

g u l o n o - 1 , 4 - l a c t o n e ,   g a l a c t o n o - 1 , 4 - l a c t o n e ,   i d o n o - 1 , 4 - l a c t o n e   and  

t a l o n o - 1 , 4 - l a c t o n e   and  to  i n t e r m e d i a t e s   de r i ved   the re f rom  is  m e a n t  

to  i nc lude   compounds  of  both  the  L - s e r i e s   and  the  D - s e r i e s .  

The  l a c t o n e   s t a r t i n g   m a t e r i a l s   are  well  known  in  the  a r t  

and  can  be  ob ta ined   commerc ia l ly   or  s y n t h e s i s e d .   For  example,  L- 

g u l o n o - 1 , 4 - l a c t o n e   can  be  p r epa red   by  the  h y d r o g e n a t i o n   of  D- 

g l u c u r o n o l a c t o n e .   L - g a l a c t o n o - 1 , 4 - l a c t o n e   may  be  p repa red   f rom 

p e c t i n   via  D - g a l a c t u r o n i c   ac id .   D - g u l o n o - 1 , 4 - l a c t o n e   can  be  p r e p a r e d  

from  D-xy lose .   See,  for  example,  Chem.  Pharm.  Bull .   13,  173  (1965) ,  

Helv.  Chim.  Acta.  21,  3  (1938);  Bull  Chem.  Soc.  J apan  13 ,   272 

(1938);  J .A .C .S .   49 ,  478   (1928);  Helv.  Chim.  Acta  18,  482  (1938) 

and  Organic  S y n t h e s i s   IV,.  506  (1963).  G u l o n o - 1 , 4 - l a c t o n e   is  a  

p r e f e r r e d   s t a r t i n g   m a t e r i a l .  

The  f i r s t   s tep  in  the  p r e s e n t   p roce s s   is  the  f o r m a t i o n   o f  

a  p r o t e c t e d   i n t e r m e d i a t e ,   having  an  u n p r o t e c t e d   hydroxyl   g r o u p  

r ema in ing   at  e i t h e r ,   but  not  both,  the  2-  or  3-  p o s i t i o n   of  t h e  

l a c t o n e   r i ng .   This  may  be  e f f e c t e d   in  one  embodiment  of  the  i n v e n -  

t i o n   by  t h e  r e a c t i o n   of  the  1 , 4 - l a c t o n e   with  about  t h r e e   e q u i v a l e n t s  

of  a  h y d r o x y l - p r o t e c t i n g   r e a g e n t   per  mole  of  1 , 4 - l a c t o n e .  



As  used  in  the  s p e c i f i c a t i o n   and  c la ims   he reo f ,   a  h y d r o x y l -  

p r o t e c t i n g   r e a g e n t   is  c o n s i d e r e d   to  be. any  compound  t h a t   wi l l   r e a c t  

with  the  hydroxyl   groups  of  the  l a c t o n e ,   r e p l a c i n g   the  h y d r o g e n  

atom  with  a  r a d i c a l   de r ived   from  the  r e a g e n t ,   which  r a d i c a l   can  i n  

subsequen t   s t eps   be  removed  by  h y d r o l y s i s   to  r e g e n e r a t e   the  h y d r o x y l  

groups .   By  an  e q u i v a l e n t   of  h y d r o x y l - p r o t e c t i n g   r e a g e n t   is  m e a n t  

the  s t o i c h i o m e t r i c   amount  r e q u i r e d   to  r e a c t   with  one  hydroxyl   g r o u p .  

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

meant  t h a t   one  molecu le   of  r e a g e n t   r e a c t s   with  one  hydroxyl   g r o u p  

of  the  l a c t o n e .   When  such  a  r e a g e n t   is  used  the  hydroxyl   groups  a t  

the  5-  and  6-  p o s i t i o n s   and  one  of  the  hydroxyl   groups   at  the  2-  o r  

3-  p o s i t i o n   wi l l   be  p r o t e c t e d .   Since  only  t h r e e   e q u i v a l e n t s   a r e  

employed  only  one  of  the  hydroxyl   groups  at  the  2-  and  3-  p o s i t i o n s  

wi l l   r e a c t   and  a  f r e e   hydroxyl   group  wi l l   remain  at  the  o ther   p o s i t i o n .  

The  p r o t e c t e d   i n t e r m e d i a t e s   formed  by  t h i s   r e a c t i o n   are  of  t h e  

f o r m u l a e :  

wherein   R  is  a  m o n o f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group,  as  d e f i n e d  

h e r e i n ;   or  m i x t u r e s   t h e r e o f ,   and  t h e i r   e n a n t i o m e r s .  

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

in  the  a r t   i n c l u d i n g ,   but  not  l i m i t e d   to,  t r i a l k y l s i l y l   h a l i d e s ,  

where in   each  a l k y l   is  of  1. to  6  carbon  a t o m s ;  



a l k a n o y l   h a l i d e s   of  2  to  6  carbon  atoms;  a r o y l   h a l i d e s ,   w h e r e i n  

aroyl   is  benzoyl ,   naph thoy l   or  m o n o - s u b s t i t u t e d   benzoyl ,   w h e r e i n  

said  s u b s t i t u e n t s   are  a lky l   of  1  to  6  carbon  atoms,  a lkoxy  of  1  t o  

6  carbon  atoms,  halo  or  n i t r o ;   a l k a n o i c   a n h y d r i d e s   of  3  to  8  c a r b o n  

a toms;   a lky l   v iny l   e t he r s ,   wherein  said  a lkyl   is  of  1  to  6  c a r b o n  

atoms;  a lky l   mono-  or  d i - s u b s t i t u t e d   v iny l   e t h e r s ,   wherein  s a i d  

s u b s t i t u e n t s   are  a lky l   of  1  to  6  carbon  atoms  or  halo;  and  t r i -  

pheny lmethy l   h a l i d e s .   The  choice   of  h y d r o x y l - p r o t e c t i n g   r e a g e n t   i s  

not  c r i t i c a l   and  any  compound  which  wi l l   a l low  fo rma t ion   of  a  p r o -  

t e c t e d   i n t e r m e d i a t e   which  can  be  ox id i zed   at  the  2-  or  3-  p o s i t i o n  

and  the  h y d r o x y l - p r o t e c t i n g   groups  removed  t h e r e a f t e r   can  be  employed .  

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

t r i a l k y l s i l y l   h a l i d e s ,   wherein  each  a lkyl   is  of  1  to  6  carbon  a t o m s .  

Of  t hese ,   t r i m e t h y l s i l y l   h a l i d e s   and  t - b u t y l - d i m e t h y l s i l y l   h a l i d e s  

are   e s p e c i a l l y   p r e f e r r e d .   Another  p r e f e r r e d   c l a s s   of  m o n o f u n c t i o n a l  

r e a g e n t s   is  a l k a n o i c   a n h y d r i d e s   of  3  to  8  carbon  atoms;  these   a r e  

c o n s i d e r e d   as  m o n o f u n c t i o n a l   r e a g e n t s   for  the  purposes   of  t h i s  

p r o c e s s ,   s ince   the  anhyd r ide   r e a c t s   d i s s o c i a t i v e l y   and  each  l a c t o n e  

hydroxyl   r e a c t e d   is  e s t e r i f i e d .   A  p r e f e r r e d   a l k a n o i c   anhydr ide   i s  

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

a l k a n o y l  h a l i d e s   of  2  to  6  carbon  atoms;  e s p e c i a l l y   p r e f e r r e d   a r e  

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

h y d r o x y l - p r o t e c t i n g   r e a g e n t s   is  a roy l   h a l i d e s ,   wherein  said  a roy l   i s  

benzoyl ,   naphthoyl   or  m o n o - s u b s t i t u t e d   benzoyl ,   wherein  s a i d  

s u b s t i t u e n t s   are  a lky l   of  1  to  6  carbon  a toms,   a lkoxy  of  1  to  6 

carbon  atoms,  halo  or  n i t r o .  



E s p e c i a l l y   p r e f e r r e d   are  benzoyl   c h l o r i d e   and  benzoyl   bromide.   A 

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

In  a  f u r t h e r   embodiment  of  t h i s   i n v e n t i o n ,   d i f u n c t i o n a l  

h y d r o x y l - p r o t e c t i n g   r e a g e n t s   may  be  employed.  By  a  d i f u n c t i o n a l  

h y d r o x y l - p r o t e c t i n g   r e a g e n t   is  meant  a  compound  one  molecu le   o f  

which  can  r e a c t   with  two  hydroxyl   groups  of  the  l a c t o n e   to  form  a 

b r idged   i n t e r m e d i a t e .   Thus,  one  mole  of  such  a  r e a g e n t   p r o v i d e s   two 

e q u i v a l e n t s   of  h y d r o x y l - p r o t e c t i n g   r e a g e n t   a c c o r d i n g   to  the  d e f i n i -  

t i on   used  hPre in .   The  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   r e a g e n t s  

may  be  e f f e c t i v e   to  form  two  types   of  i n t e r m e d i a t e s ,   depending  on  

the  cho ice   of  r e a g e n t   employed.  D i f u n c t i o n a l   r e a g e n t s   r e a c t   to  fo rm 

a  5 , 6 - b r i d g e d   i n t e r m e d i a t e .   Examples  of  d i f u n c t i o n a l   h y d r o x y l -  

p r o t e c t i n g   r e a g e n t s   t h a t   can  be  employed  in  the  f o r m a t i o n   of  such  an  

i n t e r m e d i a t e   i nc lude ,   but  are  not  l i m i t e d   to,  d i a l k y l s i l y l   h a l i d e s ,  

a l ky l   i s o c y a n a t e s ,   and  a l ky l   h a l o f o r m a t e s ,   wherein  each  a l k y l   is  o f  

1  to  6  carbon  atoms;  a ry l   i s o c y a n a t e s ,   wherein   a ry l   is  p h e n y l ,  

m o n o s u b s t i t u t e d   or  d i s u b s t i t u t e d   phenyl ,   wherein  the  s u b s t i t u e n t s  

are   a l k y l   of  1  to  6  carbon  atoms,  a lkoxy  of  1  to  6  carbon  a t o m s ,  

halo  or  n i t r o ;   and  a l k y l   a l dehydes   of  2  to  8  carbon  atoms.  C h o i c e  

of  r e a g e n t   is  not  c r i t i c a l .   When  a  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g  

r e a g e n t   is  employed  i t   is  p r e f e r a b l y   used  in  the  amount  of  a b o u t  

. two  e q u i v a l e n t s   in  c o n j u n c t i o n   with  one  e q u i v a l e n t   of  a  m o n o f u n c t i o n a l  

h y d r o x y l - p r o t e c t i n g   r e a g e n t ,   which  r e a c t s   with  one  of  the  h y d r o x y l  

groups  at   the  2-  or  3-  p o s i t i o n   of  the  l a c t o n e ,   to  form  an  i n t e r -  

media te   of  the  t y p e :  



wherein  R1  is  a  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group  and R  is  a 

m o n o f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group,  as  de f ined   he re in ;   o r  

m i x t u r e s   t h e r e o f ,   and  t h e i r   enan t i omer s . .  

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

r e a g e n t s   is  d i a l k y l s i l y l   h a l i d e s ,   wherein  each  a lky l   is  of  1  to  6 

carbon  atoms.  Another  c l a s s   of  p r e f e r r e d   h y d r o x y l - p r o t e c t i n g  

r e a g e n t s   is  d i a l k y l   ke tones ,   wherein  each  a lky l   is  of  1  to  6  c a r b o n  

atoms;  e s p e c i a l l y   p r e f e r r e d   are  ace tone ,   methyl  e thyl   ketone  and 

methyl  i s o b u t y l   ke tone .   A  f u r t h e r   c l a s s   of  p r e f e r r e d   d i f u n c t i o n a l  

h y d r o x y l - p r o t e c t i n g   r e a g e n t s  L s   a lky l   a ldehydes   of  2  to  8  c a r b o n  

atoms;  e s p e c i a l l y   p r e f e r r e d   compounds  are  a c e t a l d e h y d e   and  p r o p i o n -  

a ldehyde .   The  a lky l   a ldehydes   may  be  used  d i r e c t l y   or  in  the  form 

of  d i a l k y l   a c e t a l s   and  r e f e r e n c e   to  such  a ldehydes   in  the  s p e c i f i -  

c a t i o n   and  c la ims   hereof   is  in tended   to  i nc lude   such  a c e t a l s .  

Format ion   of  the  p r o t e c t e d   i n t e r m e d i a t e s   d e s c r i b e d   a b o v e  

and  r e p r e s e n t e d   by  formulae   V  th rough  VIII  is  g e n e r a l l y   c o n d u c t e d  

in  n o n - h y d r o x y l i c   o rgan ic   s o l v e n t s .   S u i t a b l e   s o l v e n t s   i nc lude ,   b u t  

are  not  l i m i t e d   to,  d imethyl   formamide,  p y r i d i n e   and  d i m e t h y l  

s u l f o x i d e .  



It  is  not  n e c e s s a r y ,   however,  t h a t   the  s t a r t i n g   l a c t o n e   be  f u l l y  

s o l u b l e   in  the  o rgan i c   medium  and  the  p r o t e c t e d   i n t e r m e d i a t e   c a n  '  

be  p r e p a r e d   in  a  h e t e r o g e n e o u s   system  where  the  l a c t o n e   is  d i s p e r s e d  

in  an  i n e r t   o r g a n i c   d i l u e n t .   T h e  1 , 4 - l a c t o n e   is  c o n t a c t e d   with  t h e  

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

range   of  about   -10°C  to  150°C.  Tempera tu re   is,  however,  not  c r i t i c a l  

and  u s u a l l y   the  r e a c t i o n   can  be  most  c o n v e n i e n t l y   a c c o m p l i s h e d  a t  

room  t e m p e r a t u r e .   The  h y d r o x y l - p r o t e c t i n g   r e a g e n t   may  be  added  t o  

the  s o l u t i o n   of  the  1 , 4 - l a c t o n e   e i t h e r   d ropwise   or  in  one  ba tch .   I n  

e i t h e r   case ,   the  m i x t u r e   should  be  a d e q u a t e l y   s t i r r e d   t h r o u g h o u t   t h e  

pe r iod   of  r e a c t i o n .   The  t ime  for  complete   r e a c t i o n   w i l l ,   of  c o u r s e ,  

vary  with  the  t e m p e r a t u r e   and  c o n c e n t r a t i o n   of  r e a g e n t s .   In  g e n e r a l ,  

however,  the  r e a c t i o n   wi l l   be  s u b s t a n t i a l l y   comple te   in  a  pe r iod   o f  

about   30  minu tes   to  about   15  hours .   When  a l k y l   a l dehydes   are  employed 

in  forming  the  p r o t e c t e d   i n t e r m e d i a t e s   d e s c r i b e d   above,  the  r e a c t i o n  

may  be  a d v a n t a g e o u s l y   conducted   in  the  p r e s e n c e   of  a  weak  Lewis  a c i d  

c a t a l y s t ,   such  as  c u p r i c   s u l f a t e   or  f e r r i c   c h l o r i d e .  

A  l i m i t e d   number  of  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g  

r e a g e n t s   have  been  found  to  form  a  3 , 5 - a d d u c t   of  the  t y p e :  

where in   R3  is  a  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group  d e r i v e d   f rom 

an  a l ky l   a ldehyde ,   a ry l   a ldehyde ,   a r y l a l k y l   a ldehyde   or  a r y l a l k e n y l  



a ldehyde ,   as  d e f i n e d   h e r e i n a f t e r ;   and  the  enant iomer   t h e r e o f .  

These  3 , 5 - a d d u c t s   are  formed  with  such  a ldehyde   h y d r o x y l - p r o t e c t i n g  

r e a g e n t s   in  the  p r e sence   of  a  s t rong   acid  c a t a l y s t   having  a  pKa  o f  

l e s s   than  about   2 . 5 .  

Such  i n t e r m e d i a t e s   are  only  formed  with  g u l o n o - 1 , 4 -  

l a c t o n e   and  i d o n o - 1 , 4 - l a c t o n e ,   in  which  the  s t e r e o c h e m i s t r y   of  t h e  

3-  amd  5 -hydroxyl   groups  a l lows   the  fo rma t ion   of  t h i s   b r i d g e d  

compound.  The  h y d r o x y l - p r o t e c t i n g   r e a g e n t s   t h a t   have  been  found  t o  

form  t h i s   type  of  i n t e r m e d i a t e   are   aryl   a ldehydes ,   a r y l a k y l   a l d e -  

hydes  and  a r y l a l k e n y l   a ldehydes ,   wherein  aryl   is  phenyl ,   mono- 

s u b s t i t u t e d   or  d i s u b s t i t u t e d   phenyl ,   wherein  said  s u b s t i t u e n t s   a r e  

a lky l   of  1  to  6  carbon  atoms,  a lkoxy  of  1  to  6  carbon  atoms,  halo  o r  

n i t r o ,   and  a l ky l   and  a l k e n y l   are  each  of  2  to  4  carbon  atoms;  and  

a lky l   a l dehydes   of  2  to  8  carbon  atoms.  P r e f e r r e d   a lky l   a l d e h y d e s  

are  a c e t a l d e h y d e   and  i s o b u t y r a l d e h y d e .   P r e f e r r e d   a ry l   a l d e h y d e s  

i n c l u d e   benza ldehyde ,   o - m e t h y l b e n z a l d e h y d e ,   m - m e t h y l b e n z a l d e h y d e ,  

3 , 4 - d i c h l o r o b e n z a l d e h y d e ,   o -me thoxybenza ldehyde   and  o - c h l o r o b e n z -  

a ldehyde .   Benzaldehyde   is  an  e s p e c i a l l y   p r e f e r r e d   r e a g e n t .   A n o t h e r  

e s p e c i a l l y   p r e f e r r e d   r e a g e n t   is  o -me thoxybenza ldehyde .   A  p r e f e r r e d  

a r y l a l k e n y l   a ldehyde   is  c i n n a m a l d e h y d e .  

Format ion   of  the  3 , 5 - p r o t e c t e d   i n t e r m e d i a t e s   d e s c r i b e d  

above  and  r e p r e s e n t e d   by  formula  IX  is  conducted   in  an  o r g a n i c  

s o l v e n t   o r  d i l u e n t .   S u i t a b l e   s o l v e n t s   are  n o n - h y d r o x y l i c   o r g a n i c  

compounds  such  as  d imethy l   formamide,  p y r i d i n e   and  d imethyl   s u l f o x i d e .  



A  p a r t i c u l a r l y   p r e f e r r e d   p roce s s   employs  an  excess   of  the  a l d e h y d e  

h y d r o x y l - p r o t e c t i n g   r e a g e n t   as  s o l v e n t   or  d i l u e n t .   Since  the  i n t e r -  

med ia t e   is  a  3 , 5 - a d d u c t ,   f u r t h e r   r e a c t i o n   of  the  a ldehyde   wi th   o t h e r  

hydroxyl   groups   of  the  same  l a c t o n e   r ing   does  not  occur .   Thus,  f o r  

example,  the  1 , 4 - l a c t o n e   can  be  c o n t a c t e d   with  from  about  3  t o  

about   10  e q u i v a l e n t s   of  the  a ldehyde   h y d r o x y l - p r o t e c t i n g   r e a g e n t .  

Two  e q u i v a l e n t s   of  the  a ldehyde   h y d r o x y l - p r o t e c t i n g   r e a g e n t   a r e  

consumed  by  r e a c t i o n   with  the  1 , 4 - l a c t o n e   to  form  the  3 , 5 - a d d u c t ,  

while   the  r emainder   a c t s   as  s o l v e n t   or  d i l u e n t .   The  f o r m a t i o n   o f  

the  3 , 5 - a d d u c t   r e q u i r e s   the  p r e sence   of  a  s t rong   acid  c a t a l y s t   h a v i n g  

a  pKa  of  l e s s   than  about  2.5,  g e n e r a l l y   added  in  an  amount  b e t w e e n  

about   0.05  and  about  1.5  moles  per  mole  of  1 , 4 - l a c t o n e .   S u i t a b l e  

acid   c a t a l y s t s   i n c l u d e ,   but  are  not  l i m i t e d   to,  h y d r o c h l o r i c   a c i d ,  

s u l f u r i c   ac id ,   p - t o l u e n e s u l f o n i c   ac id ,   s u l f o n i c   ion  exchange  r e s i n s  

and  p o l y p h o s p h o r i c   ac id .   Tempera tu re s   between  about   -100C  a n d  1 5 0  C  

may  be  employed.  Tempera tu re s   are  not  c r i t i c a l ,   however,  and  t h e  

r e a c t i o n   is  u s u a l l y   conducted   at  about   room  t e m p e r a t u r e .   The  h y d r o x y l  

p r o t e c t i n g   r e a g e n t   may  be  added  to  the  s o l u t i o n   of  the  1 , 4 - l a c t o n e  

e i t h e r   d ropwise   or  in  one  batch  while  s t i r r i n g   the  r e a c t i o n   m i x t u r e .  

The  time  for  comple te   r e a c t i o n   w i l l   depend  on  the  t e m p e r a t u r e   and 

the  c o n c e n t r a t i o n   of  the  r e a g e n t s .   In  g e n e r a l ,   however,  the  r e a c t i o n  

wi l l   be  s u b s t a n t i a l l y   comple te   in  a  pe r iod   of  about   30  minu te s   t o  

about   15  h o u r s .  

The  3 , 5 - a d d u c t s   of  formula  IX  may  a l so   be  formed  from  5, 

6 - a d d u c t s   formed  with  a lky l   a ldehyde   p r o t e c t i n g   groups  by  h e a t i n g  

in  the  p r e s e n c e   of  a  s t rong   acid  c a t a l y s t   as  d e s c r i b e d   a b o v e .  



The  3 , 5 - a d d u c t   of  formula  IX  can  be  used  d i r e c t l y   in  t h e  

next  s tep  of  the  p roces s   i . e . ,   the  o x i d a t i o n   of  the  hydroxyl  g r o u p  

to  a  keto  group.  The  f ree   hydroxyl   at  the  2-  p o s i t i o n   may  be 

s e l e c t i v e l y   ox id i zed   in  p r e f e r e n c e   to  the  o ther   f ree   hydroxyl   a t  

the  6-  p o s i t i o n   of  the  l a c t o n e .   Thus,  in  t h i s   embodiment  of  t h e  

p r e s e n t   i n v e n t i o n ,   the  f i r s t   s tep  in  the  p roce s s   may  be  e f f e c t e d   by 

c o n t a c t i n g   a  1 , 4 - l a c t o n e   s e l e c t e d   from  g u l o n o l a c t o n e   and  i d o n o -  

l a c t o n e   in  the  p r e sence   of  an  acid  c a t a l y s t   having  a  pKa  of  l e s s  

than  about   2.5  with  at  l e a s t   about  two  e q u i v a l e n t s   of  a  h y d r o x y l -  

p r o t e c t i n g   r e a g e n t   per  mole  of  1 , 4 - l a c t o n e ,   said  r e a g e n t   b e i n g  

s e l e c t e d   from  an  a l ky l   a ldehyde  of  2  to  8  carbon  atoms;  an  a r y l  

a ldehyde ,   an  a r y l a l k y l   a ldehyde   and  an  a r y l a l k e n y l   a ldehyde ,   w h e r e i n  

said  aryl   is  phenyl ,   m o n o - s u b s t i t u t e d   or  d i s u b s t i t u t e d   p h e n y l  

wherein  said  s u b s t i t u e n t s   are  a l ky l   of  1  to  6  carbon  atoms,  a l k o x y  

of  1  to  6  carbon  atoms  halo  or  n i t r o ,   and  said  a lky l   and  a l k e n y l  

are  each  of  2  to  4  carbon  atoms.  This  is  a  p r e f e r r e d   embodiment  o f  

the  p r e s e n t   p r o c e s s .  

The  above  r e a c t i o n s   can  a l so   be  employed  to  form  i n t e r -  

m e d i a t e s   of  the  f o r m u l a :  

wherein  R  is  a  m o n o f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group  and  R3  i s  

a  d i f u n c t i o n a l   h y d r o x y l - p r o t e c t i n g   group  de r ived   from  an  a l k y l  



a ldehyde ,   an  a ry l   a ldehyde ,   an  a r y l a l k y l   a ldehyde   or  an  a r y l a l k e n y l  

a ldehyde ,   as  de f i ned   above;  and  the  enant iomer   t h e r e o f .  

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

for  the  f o r m a t i o n   of  t h e s e   i n t e r m e d i a t e s   is  a  t r i p h e n y l m e t h y l  

h a l i d e ,   such  t r i p h e n y l c h l o r o m e t h a n e .   I n t e r m e d i a t e s   of  formula  X  a r e  

s u i t a b l e   for  o x i d a t i o n   of  the  2 -hydroxy l   group  to  a  keto  group  i n  

the  same  way  as  o ther   3 , 5 - a d d u c t s ,   as  d e s c r i b e d   h e r e i n a f t e r .  

In  s p e c i f y i n g   the  amount  of  h y d r o x y l - p r o t e c t i n g   r e a g e n t  

r e q u i r e d   to  form  the  above  p r o t e c t e d   i n t e r m e d i a t e s ,   i. e.  about  t h r e e  

e q u i v a l e n t s   or  about   two  e q u i v a l e n t s   per  mole  of  1 , 4 - l a c t o n e ,  

depend ing   on  the  h y d r o x y l - p r o t e c t i n g   r e a g e n t   employed,  i t   wi l l   o f  

course   be  r e c o g n i s e d   t h a t   l e s s e r   amounts  of  r e a g e n t   can  be  used  w i t h  

c o r r e s p o n d i n g   lower  y i e l d s   of  the  i n t e r m e d i a t e s .   It   is  i n t e n d e d  

t h a t   the  s p e c i f i c a t i o n   and  c l a ims   hereof   i n c l u d e   a  p roce s s   w h e r e  

only  a  pa r t   of  the  1 , 4 - l a c t o n e   s t a r t i n g   m a t e r i a l   is  r e a c t e d   and  

u n r e a c t e d   1 , 4 - l a c t o n e   may  be  s u b s e q u e n t l y   r e c y c l e d   for  f u r t h e r  

r e a c t i o n .   It  is,   of  course ,   a d v a n t a g e o u s   to  avoid  such  r e c y c l e  

and  the  p r e s e n t   p r o c e s s   a l lows   high  y i e l d s   in  a  s i n g l e   p a s s .  

The  p r o t e c t e d   i n t e r m e d i a t e s   formed  in  the  f i r s t   s tep  o f  

the  p r o c e s s   as  d e s c r i b e d   above,  may  be  u s e d  d i r e c t l y   in  the  n e x t  

s tep  of  the  p r e s e n t   p r o c e s s   w i thou t   f u r t h e r   p u r i f i c a t i o n .   I f  

d e s i r e d ,   however,   the  p r o t e c t e d   i n t e r m e d i a t e s   may  be  i s o l a t e d   a n d  

p u r i f i e d   by  r e c r y s t a l l i s a t i o n   or  o ther   means  known  in  the  a r t .  

P r e f e r a b l y ,   b e f o r e   use  in  the  next  s tep  excess   s o l v e n t   is  r e m o v e d .  



The  second  step  in  the  p r e s e n t   p roces s   is  the  o x i d a t i o n  

of  the  u n p r o t e c t e d   hydroxyl  group,  l oca t ed   at  the  2-  or  3-  p o s i t i o n  

of  the  p r o t e c t e d   l a c t o n e ,   to  keto.   This  may  be  e f f e c t e d   by  m e t h o d s  

known  in  the  a r t   for  the  o x i d a t i o n   of  secondary  a l c o h o l s   to  k e t o n e s .  

However,  choice   of  o x i d i z i n g   agen t s   wi l l   be  a f f e c t e d   by  the  p r o -  

t e c t i n g   groups  employed  and  the  type  of  i n t e r m e d i a t e   formed  in  t h e  

f i r s t   s tep  of  the  p r o c e s s .   For  example,  o x i d a t i o n   of  the  3 , 5 -  

p r o t e c t e d   i n t e r m e d i a t e s   and  o t h e r s   having  a  f ree   hydroxyl   group  a t  

the  2-  p o s i t i o n   of  the  l a c t o n e   may  c o n v e n i e n t l y   be  e f f e c t e d   w i t h  

manganese  d iox ide .   In  the  case  of  the  3 , 5 - i n t e r m o d i a t e s   having  a 

f ree   hydrcxyl   group  at  the  6-  p o s i t i o n   of  the  l a c t o n e ,   as  shown  i n  

formula  IX,  the  hydroxyl   group  at  the  2-  p o s i t i o n   is  ox id i zed   p r e -  

f e r e n t i a l l y   by  such  use  of  manganese  d i o x i d e .   Any  of  the  i n t e r -  

med ia t e s   formed  in  the  f i r s t   s tep  of  the  p roces s   may  be  o x i d i z e d  

via  a  su l foxonium  s a l t .  f o r m e d   from  a  mix tu re   of  d imethy l   s u l f o x i d e  

and,  for  example,  a c e t i c   anhydr ide   or  t r i f l u o r o a c e t i c   anhydr ide ,   o r  

from  a  mix tu re   of  d i m e t h y l s u l f i d e   and  N - c h l o r s u c c i n i m i d e ,   in  t h e  

p r e sence   of  a  base,  such  as  t r i e t h y l a m i n e .   Ox ida t ion   may  also  b e  

e f f e c t e d   c a t a l y t i c a l l y   using  e i t h e r   pure  oxygen  or  an  o x y g e n -  

c o n t a i n i n g   gas.  A  s u i t a b l e   c a t a l y s t   is  p l a t i num.   Ox ida t ion   may  a l s o  

be  e f f e c t e d   e l e c t r o c h e m i c a l l y .   The  o x i d a t i o n   is  conducted  in  a n  

o rgan ic   s o l v e n t ,   which  may  be  the  same  as  t ha t   used  in  the  f i r s t  

s t e p   of  the  p roce s s   in  forming  the  p r o t e c t e d   i n t e r m e d i a t e .   However, 

o ther   s o l v e n t s   may  be  used  and  in  g e n e r a l ,   any  o rgan ic   s o l v e n t   i n e r t  

to  o x i d a t i o n   c o n d i t i o n s   can  be  employed .  



Examples  of  s u i t a b l e   s o l v e n t s   i nc lude ,   but  are  not  l i m i t e d   t o ,  

d imethy l   formamide,  p y r i d i n e ,   d imethy l   s u l f o x i d e ,   d i c h l o r o m e t h a n e  

and  ace tone .   I t   is  not  n e c e s s a r y   t h a t   the  i n t e r m e d i a t e   be  f u l l y  

s o l u b l e   in  the  o r g a n i c   medium.  Tempera tu re s   s u i t a b l e   for  t h e  

o x i d a t i o n   r e a c t i o n   wi l l   vary  a c c o r d i n g   to  the  type  of  o x i d a t i o n  

employed.  For  example,  in  o x i d a t i o n   via  su l foxonium  s a l t s ,   t h e  

o x i d a t i o n   may  be  conducted   at  about   -60°C  to  100°C  depending  on  t h e  

method  used  to  g e n e r a t e   the  i n i t i a l   su l fon ium  s a l t .   The  r e a c t i o n  

is  p r e f e r a b l y   conduc ted   at  about   0°C  to  50°C.  Ox ida t i on   by  manga-  

nese  d i o x i d e  i s   conducted   at  about   -10°C  to  about   75°C,  p r e f e r a b l y  

about  0°C  to  room  t e m p e r a t u r e .   C a t a l y t i c   o x i d a t i o n   us ing   p l a t i n u m  

and  oxygen  may  be  conducted   at  about   room  t e m p e r a t u r e   to  about   100°C, 

p r e f e r a b l y   about   50°C  to  about  75°C.  Before   p r o c e e d i n g   to  the  n e x t  

s tep  of  the  p r o c e s s   t h e  o x i d i z e d   i n t e r m e d i a t e   should  be  s e p a r a t e d  

from  any  excess   o x i d i z i n g   agent ,   for  example,  by  f i l t r a t i o n   o f  

s o l i d   c a t a l y s t   r e s i d u e s   of  by  e x t r a c t i o n   or  r e c r y s t a l l i s a t i o n   of  t h e  

p roduc t .   If  d e s i r e d ,   the  ox id i zed   i n t e r m e d i a t e   can  be  i s o l a t e d   and  

p u r i f i e d   by  menas  known  in  the  a r t ;   however,  t h i s   is  not  n e c e s s a r y .  

The  ox id i zed   i n t e r m e d i a t e s   may  e x i s t   in  the  keto,   enol  or  h y d r a t e d  

forms  depending  on  the  p r o t e c t i n g   groups  employed.  The  3 , 5 - p r o t e c t e d  

i n t e r m e d i a t e s   are  g e n e r a l l y   i s o l a t e d   as  the  hydra ted   or  keto  f o r m .  

The  o x i d i z e d   i n t e r m e d i a t e s   formed  as  d e s c r i b e d   above  a r e  

novel  compounds.  P a r t i c u l a r l y   u s e f u l   and  p r e f e r r e d   i n t e r m e d i a t e s  

are   t h o s e  o f   the  f o r m u l a :  



and  the  hydrated  form  t h e r e o f ,  

wherein  R3  is  a  h y d r o x y l - p r o t e c t i n g   group  de r ived   from  an  a l k y l  

a ldehyde   of  2  to  8  carbon  atoms;  an  a ry l   a ldehyde ,   an  a r y l a l k y l  

a ldehyde   o-:  an  a r y l a l k e n y l   a ldehyde ,   wherein  said  aryl   is  p h e n y l ,  

m o n o - s u b s t i t u t e d   or  d i - s u b s t i t u t e d   phenyl ,   wherein  said  s u b s t i t u e n t s  

are  a lkyl   of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  a t oms ,  

halo  or  n i t r o ,   and  said  a lkyl   and  a lkeny l   are  each  of  2  to  4  c a r b o n  

atoms.  These  are  formed  by  o x i d a t i o n   of  compounds  of  formula  IX 

as  d e s c r i b e d   a b o v e .  

The  f i n a l   s tep  in  the  p r e s e n t   p roces s   is  the  removal  o f  

the  h y d r o x y l - p r o t e c t i n g   groups  by  h y d r o l y s i s   and  subsequen t   r e -  

a r r angemen t   to  y i e ld   a s c o r b i c   ac id .   Hydro ly s i s   may  g e n e r a l l y   be  

e f f e c t e d   under  said  acid  c o n d i t i o n s .   S u i t a b l e   ac ids   for  e f f e c t i n g  

removal  of  the  h y d r o x y l - p r o t e c t i n g   groups  i nc lude   h y d r o c h l o r i c  

ac id ,   s u l f u r i c   ac id ,   a c e t i c   acid  and  o ther   lower  a lky l   c a r b o x y l i c  

ac ids   and  s u l f o n i c   ion  exchange  r e s i n s .   H y d r o l y s i s   may  be  c o n d u c t e d  

in  aqueous  o rgan ic   c o - s o l v e n t   m i x t u r e s ,   with  methanol   and  o t h e r  

lower  a lky l   a l c o h o l s   being  s u i t a b l e   s o l v e n t s .   Another  p r e f e r r e d  

h y d r o l y s i s   medium  is  aqueous  a c e t i c   a c i d .  



With  some  h y d r o x y l - p r o t e c t i n g   groups   h y d r o l y s i s   may  a l so   be  e f f e c t e d  

under  bas ic   c o n d i t i o n s ,   for  example,  where  e s t e r   i n t e r m e d i a t e s   a r e  

employed.  S u i t a b l e   bases   i n c l u d e   sodium  c a r b o n a t e ,   sodium  h y d r o x i d e  

and  s i m i l a r   s a l t s .   The  a s c o r b i c   acid  is  then  o b t a i n e d   in  the  form 

of  the  sodium  or  o ther   metal   s a l t   and  can  be  c o n v e r t e d   to  the  f r e e  

ac id   by  t r e a t m e n t   with  a  d i l u t e   a c i d ,   such  as  h y d r o c h l o r i c   a c id ,   o r  

by  ion  exchange.   Under  e i t h e r   bas ic   or  a c i d i c   h y d r o l y s i s   c o n d i t i o n s  

t e m p e r a t u r e s   are  not  c r i t i c a l ,   g e n e r a l l y   t e m p e r a t u r e s   in  the  r a n g e  

of  about   35°C  to  100°C  being  s u i t a b l e   with  t e m p e r a t u r e s   of  a b o u t  

50°C  to  750C  being  p r e f e r r e d .   Under  some  s t rong  ac id   or  b a s i c  

h y d r o l y s i s   c o n d i t i o n s   the  l a c t o n e   r ing   may  be  opeened  to  form  m e t h y l  

2 - k e t o g u l o n a t e   or  2 - k e t o g u l o n i c   a c id .   These  can  be  r e a d i l y   c o n v e r t e d  

by  f u r t h e r   r e a c t i o n   to  a s c o r b i c   acid  by  means  known  in  the  a r t   and  

thus  the  f o r m a t i o n   of  t hese   i n t e r m e d i a t e s   is  not  d e t r i m e n t a l   to  t h e  

p r e s e n t   p r o c e s s .   If  d e s i r e d ,   the  methyl   2 - k e t o g u l o n a t e   or  2 -  

k e t o g u l o n i c   acid  may  be  i s o l a t e d   and  p u r i f i e d .   The  a s c o r b i c   a c i d  

produced  can  be  p u r i f i e d   by  means  known  in  the  a r t ,   for  example  by  

r e c r y s t a l l i s a t i o n   from  me thano l ,   m e t h a n o l - w a t e r   or  o ther   s u i t a b l e  

s o l v e n t s   or  s o l v e n t   m i x t u r e s .  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   is  f u r t h e r   i l l u s -  

t r a t e d   by  the  f o l l o w i n g   Examples.   I t   should  be  u n d e r s t o o d ,   however ,  

t h a t   the  i n v e n t i o n   is  not  l i m i t e d   to  the  s p e c i f i c   d e t a i l s   of  t h e s e  

e x a m p l e s .  



EXAMPLE  1 

To  50 ml  of  dry  DMF  was  added  8.91  g  (50  mmol)  o f  

L - g u l o n o - 1 , 4 - l a c t o n e .   To  t h i s   homogeneous  s o l u t i o n   was  added  

24.04  g  (395  rnmol)  of  imidazo le   and  23.27  g  (156  mmol)  of  t -  

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

i n i t i a l l y   and  was  s t i r r e d   under  n i t r o g e n   for  15  hours .   At  t h a t  

time  350  ml  of  benzene  was  added  and  th i s   s o l u t i o n   was  e x t r a c t e d  

5  t imes  with  50  ml  of  water ,   2  t imes  with  b r ine ,   and  then  it   was 

d r i ed   with  anhydrous   sodium  s u l f a t e .   Removal  of  the  so lven t   u n d e r  

vacuum  a f i o r d e d   26.3  g  (50.5  mmol,  100%)  of  a  c o l o u r l e s s   o i l   which  

t . l . c .   r e v e a l e d   c o n t a i n e d   two  components .   This  m a t e r i a l   was  c h r o -  

matographed  on  510  g  of  s i l i c a   gel  using  0.25%  m e t h a n o l - b e n z e n e   to  

e l u t e   the  f a s t e r   moving  component  (16.2  g,  31.1  mmol,  62.2%)  a n d  

then  using  0.5%  m e t h a n o l - c h l o r o f o r m   to  2%  m e t h a n o l - c h l o r o f o r m   t o  

e l u t e   the  slower  moving  component  (8.2  g,  15.9  mmol,  3 1 . 9 % ) .  

T h e  f a s t e r   moving  component  was  shown  to  be  2 , 5 , 6 - t r i - O -  

t - b u t y l d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e   by  n .m. r .   d e c o u p l i n g  

e x p e r i m e n t s .   An  a n a l y t i c a l l y   pure  sample  was  p repared   by  p r e p a r a -  

t i v e   gas  ch romatography   on  10%  SE  30  on  A/W  DMCS  Chromosorb  G: 

i . r .   (neat)  3550,  1800 cm 1;   n .m. r .   (DMSO-d6)HH  0.08  (m,  1 8 ) ,  

0.90  (m,  27),  3 . 5 7 - 4 . 4 0   ( m ,  5 ) ,  4 . 6 3   (d,  1,  J  =  4;  -CHCO2),  5 . 1 2  

(d,  1,  J  =  4,  -OH);  in  benzene  th ree   d i f f e r e n t   t - b u t y l   groups  c a n  

c l e a r l y   be  seen  in  the  n . m . r .  

A n a l y s i s :   C a l c u l a t e d   for  C24H52O6Si3:  C,  55.33;  H,  10.06. 

Found:  C,  55.17;  H,  9 . 7 9 .  



The  slower  moving  component  was  shown  to  be  3 , 5 , 6 - T r i -  

O - t - b u t y l . d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e   by  n .m . r .   d e c o u p l i n g  

e x p e r i m e n t s .   An  a n a l y t i c a l l y   pure  sample  was  p r epa red   by  p r e p a r a -  

t i v e   gas  ch romatography   on  10%  SE  30  on  A/W  DMCS  Chromosorb  G: 

i . r .   (neat)  3400 ,  1790   cm-1;  n . m . r .   (DMSO-d6)HH 0.10  (m,  1 8 ) ,  

0.93  (m,  27),  3 . 5 0 - 4 . 6 7   (m,  6),  6.03  (d,  1,  -OH).  

A n a l y s i s :   C a l c u l a t e d   for  C24H52O6Si3:  C,  55.33;  H,  1 0 . 0 6  

Found:  C,  55.41;  H,  9 . 9 3 .  

EXAMPLE  2 

To  120  ml  of  dry  d i c h l o r o m e t h a n e   under  n i t r o g e n   was  added  

4.2  ml  (59  mmol)  of  d i m e t h y l s u l f o x i d e .   This  s o l u t i o n   was  cooled  t o  

l e s s   than  -550  and  8.0  ml  (56.5  mmol)  of  t r i f l u o r o a c e t i c   a n h y d r i d e  

was  added.  The  r e s u l t i n g   h e t e r o g e n e o u s   s o l u t i o n   was  s t i r r e d   f o r  

30  minu tes   below  -50° .   Then  15.0  g  (28.1  mmol)  of  a  m i x t u r e   of  2 , 5 ,  

6 - t r i - 0 - t - b u t y l d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e   and  3 , 5 , 6 - t r i - O -  

t - b u t y l d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e   in  50  ml  of  dry  d i c h l o r o -  

methane  was  added  to  the  r e a c t i o n   m i x t u r e .   The  t e m p e r a t u r e   d u r i n g  

the  a d d i t i o n   was  m a i n t a i n e d   below  -55°.   The  r e a c t i o n   m ix tu re   was 

s t i r r e d   at  l e s s   than  -55°  for  30  minu tes   at   which  time  12  ml  (86 

mmol)  of  dry  t r i e t h y l a m i n e   was  added.  Af te r   s t i r r i n g   at   -60°  o r  

below  for  30  m inu te s ,   the  r e a c t i o n   m i x t u r e   was  a l lowed  to  warm  t o  

room  t e m p e r a t u r e   and  s t i r r e d   for  3  hours .   The  r e a c t i o n   was  worked 

up  by  e x t r a c t i n g   with  wate r ,   1N  h y d r o c h l o r i c   ac id ,   water ,   and  t h e n  

b r i n e   and  f i n a l l y   d ry ing   with  anhydrous   sodium  s u l f a t e .   Removal  o f  

the   s o l v e n t   a f f o r d e d   12.6  g  of  m a t e r i a l .  



To  t h i s   m a t e r i a l   was  added  50  ml  of  THF,  20  ml  of  water ,   and 

50  ml  of  g l a c i a l   a c e t i c   ac id .   This  s o l u t i o n   was  heated  at  75°  f o r  

24  hours  and  the  s o l v e n t   was  then  removed  under  vacuum.  The 

r e s u l t i n g   dark  s m i - s o l i d   (4.8  g)  con t a ined   a s c o r b i c   acid  which  

was  i d e n t i c a l   to  a u t h e n t i c   a s c o r b i c   acid  by  g . l . p . c .   and  t . l . c .  

By  iod ine   t r i t r a t i o n   the  y ie ld   of  a s c o r b i c   acid  from  the  mix tu re   of  

t r i p r o t e c t e d   d e r i v a t i v e s   of  L - g u l o n o - 1 , 4 - l a c t o n e   was  31%. 

EXAMPLE  3 

To  a  dry  f l ank   under  n i t r o g e n   c o n t a i n i n g   5  ml  of  d r y  

d i c h l o r o n . e t h a n e   was  added  0.293  g  (1.4  mmol)  of  t r i f l u o r o a c e t i c  

a n h y d r i d e .   After   coo l ing   to  -60°,   0.10  ml  (1.4  mmol)  of  d r y  

DMSO  was  added.  After   30  minu te s ,   0.618  g  (1.2  mmol)  of  2 , 5 , 6 -  

t r i - O - t - b u t y l d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e   in  2  ml  of  d r y  

d i c h l o r o m e t h a n e   was  added.  The  r e a c t i o n   mix tu re   was  s t i r r e d   at  l e s s  

than  -500  for  30  minut  a n d   then  warmed  to  room  t e m p e r a t u r e .   When 

the  t e m p e r a t u r e   reached  10°,  0.2  ml  (14.4  mmol)  of  t r i e t h y l a m i n e  

was  added.  After   45  minu tes ,   60  ml  of  d i c h l o r o m e t h a n e   was  a d d e d .  

This  s o l u t i o n   was  e x t r a c t e d   with  1N  h y d r o c h l o r i c   ac id ,   water  and  

b r ine   and  then  d r i ed   with  sodium  s u l f a t e .   Removal  of  the  s o l v e n t  

a f f o r d e d   0.533  g  (1.03  mmol,  86%)  of  a  c l e a r   s e m i - s o l i d   m a t e r i a l  

whose  i . r .   and  n .m. r .   were  c o n s i s t e n t   with  those   expected   for  2 , 5 ,  

6 - t r i - O - t - b u t y l d i m e t h y l s i l y l - L - a s c o r b i c   ac id .   This  p roduc t   may  be 

hydro lysed   to  L - a s c o r b i c   acid  by  the  p rocedure   of  Example  2 .  

EXAMPLE  4 

3 , 5 , 6 - T r i - O - t - b u t y i d i m e t h y l s i l y l - L - g u l o n o - 1 , 4 - l a c t o n e  

was  ox id i zed   by  a  p rocedu re   i d e n t i c a l   to  tha t   d e s c r i b e d   in  Example  3 

for  the  p r e p a r a t i o n   of  2,  5,  6 - t r i - O - t - b u t y l d i m e t n y l - L - a s c c r b i c  

ac id .   From  0.53  g  (1.02 mmol)  o f  3 , 5 , 6 - t r i - O - t - b u t y l d i m e t h y l s i l y l - L  



g u l o n o - 1 , 4 - l a c t o n e   was  o b t a i n e d   a  s l i g h t l y   yel low  o i l   c o n t a i n i n g   3 , 5 , .  

6 - t r i - O - t - b u t y l d i m e t h y l s i l y l - L - a s c o r b i c   ac id .   This  may  be  h y d r o l y s e d  

to  L - a s c o r b i c   acid  by  the  p r o c e d u r e   of  Example  2. 

EXAMPLE  5 

To a  dry  500  ml  3-neck  f l a s k   f i t t e d   with  a  m e c h a n i c a l  

s t i r r e r   was  added  68  ml  (0.67  mol)  of  b e n z a l d e h y d e .   Hydrogen  

c h l o r i d e   gas  was  bubbled  th rough   the  benza ldehyde   for  one  minute   and 

then  30.0  g  (0.169  mmol)  of  L - g u l o n o - 1 , 4 - l a c t o n e   was  added  to  t h e  

s o l u t i o n .   The  r e a c t i o n   mix tu re   was  s t i r r e d   for  s e v e r a l   minutes   and  

then  0.3  g  of  seed  c r y s t a l s   of  3 , 5 - O - b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e  

was  added.  (Seed  c r y s t a l s   are   o b t a i n e d   by  p r io r   r e a c t i o n s   run  w i t h -  

out  the  a d d i t i o n   of  such  seed  c r y s t a l s .   Add i t i on   of  seed  c r y s t a l s  

is  not  n e c e s s a r y   but  r e s u l t s   in  b e t t e r   y i e l d s ) .   Af te r   a p p r o x i m a t e l y  

1.5  hours ,   the  r e a c t i o n   m ix tu re   became  very  t h i c k   and  s t i r r i n g   was 

s topped .   Af ter   s t a n d i n g   o v e r n i g h t ,   the  r e a c t i o n   mix tu re   was  t r i -  

t u r a t e d   with  e ther   and  f i l t e r e d .   The  so l id   was  wahsed  t h o r o u g h l y  

with  e ther   3  t imes,   with  water  3  t imes ,   and  then  with  e ther   a n  

a d d i t i o n a l   2  t imes .   Af ter   d ry ing   t h i s   a f f o r d e d   33.3  g  (0.125  mmol, 

74%)  of  3 , 5 - O - b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e .   R e c r y s t a l l i s a t i o n  

from  a b s o l u t e   e thano l   a f f o r d e d   pure  m a t e r i a l   in  65%  y i e l d ,   m . p .  

188-189°:   [E]D23  +  61.1  (DMF);  i . r .   (KBr)  3472 ,   3279,  1788  cm-1;  

n . m . r .   (DMSO-d6)HH  3.43  (broad  t,  2,  -CH20-),   4 . 0 - 4 . 8 3   (m,  4 ) ,  

4.97  (t,  1,  J  =  5,  -CH2OH),  5.68  (s,  1,  -OCHO-),  5.97  (m,  1,  -CHOH), 

7.4  (m,  5,  a r o m a t i c ) ;   n .m . r .   (DMSO-d6)HC  175.9  (s,  1,  - C O 2 - ) ,  

137.7  (s,  1,  a r o m a t i c ) ,   129.0,   128.1  and  126.5  (s,  a r o m a t i c ) ,   9 8 . 2  

(d,  1,  -OCHO-),  76.2,   7 4 . 8 ,  7 0 . 8 ,   69.5  (4),  59.9  (t,  1,  -CH2OH); 



ms  266  ( 2 7 . 2 ) ,  2 6 5   (20 .2) ,   235  ( 2 4 . 5 ) ,  1 6 0   (30 .1) ,   07  ( 9 0 . 2 ) ,  

105  (100),  79  (50 .8) ,   77  (51.1)  and  57  ( 2 1 . 1 ) ,  

This  compounds  was  a lso   p r epa red   by  the  above  p r o c e d u r e  

but  employing  one  e q u i v a l e n t   of  c o n c e n t r a t e d   h y d r o c h o r i c   acid  a s  

the  acid   c a t a l y s t .  

To  70  ml  of  a ce tone   was  added  3.32  g  (20  mmol)  of  3 , 5 - O -  

b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e   fo l lowed  by  21.2  g  (0.246  mmol) 

of  manganese  (IV)  oxide .   The  r e a c t i o n   mix tu re   was  s t i r r e d   at  room 

t e m p e r a t u r e   for  3  hours .   After   f i l t e r i n g   the  so lven t   was  removed 

under  vacuum  to  a f f o r d   4.42  g  (15.7  mmol,  78%)  of  3 , 5 - 0 - b e n z y l i d e n e -  

L - x y l o - h e x u l o s o n o - 1 , 4 - l a c t o n e   hyd ra t e   as  a  white  amorphous  s o l i d  

which  was  a n a l y t i c a l l y   pure .   This  white   so l id   was  shown  to  be  t h e  

hydra ted   form  of  the  x y l o - h e x u l o s o n o - 1 , 4 - l a c t o n e   by  the  i . r . ,  

1H-n.m.r .   and  1 3 C - . n . m . r . :   i . r .   (KBr)  3472,  1812  cm-1;  n . m . r .  

(DMSO--d6)HH  3.67  (broad  t,  2,  -CH2O-),  4 . 0 8 - 4 . 6 5   (m,  3 ) ,  5 . 0 2   ( t ,  

1,  J  =  5,  -CH2OH),  5.75  (s,  1,  -OCHO-),  7.15  (s,  1,  -OH),  7.52  ( s ,  

6,  a romat ic   and  -OH);  n .m. r .   (DMSO-d6)  HC  170.9  (-CO2-),  1 3 4 . 4 ,  

129.1,   128.4,  and  126.4  ( a r o m a t i c ) ,   98.1  and  97.2  (-OCHO-  and  

-CH(OH)2),  93.8  (-OCH-C(OH)2),  76.2  and  70.8  (-OCH-),  60.0  (-CH2OH); 

exact   mass  (C13H12O6),  264.0637  ( c a l c u l a t e d   2 6 4 . 0 6 4 0 ) .  

A n a l y s i s :   C a l c u l a t e d   for C13H12O6·H2O:  C,  55.32;  H , . 5 . 0 0  

Found:  C,  55.05;  H,  5 . 0 2 .  

To  50  ml  of  70%  a c e t i c   a c i d - w a t e r   under  n i t r o g e n   was  added  

6.362  g  (22.6  mmol)  of  3 , 5 - O - b e n z y l i d e n e - L - x y l o - h e x u l o s o n o - 1 , 4 -  

l a c t o n e .  



The  h e t e r o g e n e o u s   r e a c t i o n   was  heated   to  70-75°  and  a f t e r   1  h o u r  

i t   was  homogenequs.  Af te r   4  hours  the  r e a c t i o n   was  worked  up  b y  

removing  the  s o l v e n t   in  vacuo.  To  the  r e s i d u a l   so l id   was  added  25 

ml  of  ch lo ro fo rm  and  25  ml  of  wa te r .   The  l a y e r s   were  s e p a r a t e d ,   the 

ch lo ro fo rm  layer   was  washed  with  10  ml  of  wate r ,   and  the  water  l a y e  

weve  combined  and  c o n c e n t r a t e d   in  vacuo  a f f o r d i n g   3.796  g  ( 2 1 . 5  

mmol)  of  an  o f f - w h i t e   s o l i d .   Iodine   t i t r a t i o n   of  0.222  g  of  t h i s  

m a t e r i a l   showed  the  y i e l d   of  a s c o r b i c   acid  to  be  70%.  R e c r y s t a l l i s a -  

t i on   of  the  remain ing   s o l i d   from  m e t h a n o l - e t h y l   a c e t a t e   a f f o r d e d  

0.550  g  of  a s c o r b i c   acid  in  the  f i r s t   crop,  1.399  g  in  the  second 

crop,   and  0.247  g  in  the  t h i r d   crop  for  a  t o t a l   of  2.196  g  ( 1 2 . 5  

mmol,  59%).  This  m a t e r i a l   was  i d e n t i c a l   With  a u t h e n t i c   a s c o r b i c  

acid  by  t . l . c . ,   g . l . p . c . ,   i . r .   and  n . m . r . ,   m.p.  184-5°  ( a u t h e n t i c  

185-6°) :   i . r .   (KBr)  3497,  3378,  3268,  3165,  2976,  2 6 8 8 ,  1 7 5 1 ,  

1653  cm-1,  n .m . r .   (D2O)HH  3 . 7 - 4 . 3   (m,  3),  4.75  (s,  -OH),  5.02  (d,  

1 ,  J  =   2,  r ing   -CH).  

EXAMPLE  6 

To  a  s o l u t i o n   of  38  ml  of  a c e t o n e   and  7  ml  of  water  was 

added  2.39  g  (9.0  mmol)  of  3 , 5 - 0 - b e n z y l i d e n e - L - g u l o n o - l , 4 - l a c t o n e  

and  0.65  g  of  p l a t inum  ox ide .   The  r e a c t i o n   was  c a r r i e d   out  in  a  

r e s i n   f l a s k   and  r a p i d l y   a g i t a t e d   with  a  Vibro  mixer .   Oxygen  was 

bubbled  th rough  the  s o l u t i o n   at   a  rap id   r a t e .   The  i n t i a l   pH  of  t h e  

s o l u t i o n   was  7.4  but  i t   r a p i d l y   dropped  to  4.3  and  remained  t h e r e  

dur ing   the  7  hours  oxygen  was  passed  t h rough   the  s o l u t i o n .   At  t h e  

end  of  t h a t   p e r i o d ,   the  c a t a l y s t   was  removed  by  f i l t r a t i o n   and  t h e  

s o i v e n t   was  removed  under  vacuum. 



The  r e s u l t i n g   so l id   was  ch romatographed   on  100 g  of  s i l i c a   g e l . w i t h  

e thyl   a c e t a t e - c h l o r o f o r m - m e t h a n o l   ( 6 0 : 4 0 : 1 ) .   From  the  column  was 

o b t a i n e d   0.240  g  (0.85  mmol,  9.5%)  o f 3 , 5 - O - b e n z y l i d e n e - L - x y l o -  

h e x u l o s o n o - 1 , 4 - l a c t o n e   h y d r a t e .   This  m a t e r i a l   was  i d e n t i c a l   w i t h  

t h a t   which  had  been  p r e v i o u s l y   o b t a i n e d   by  o x i d a t i o n   with  manganese  

d i o x i d e .   The  p roduc t   may  be  conve r t ed   to  L - a s c o r b i c  a c i d   by  t h e  

p rocedu re   of  Example  5.  

EXAMPLE  7 

To  2  ml  of  methanol   and  1  ml  of  water  was  added  0.221  g 

(0.78  mmol)  of  3 , 5 - O - b e n z y l i d e n e - L - x y l o - h e x u l o s o n o - 1 , 4 - l a c t o n e  

hydra t e   fo l lowed  by  0.16  g  of  IR-120  c a t i o n   exchange  r e s i n .   A f t e r  

s t i r r i n g   the  r e a c t i o n   m ix tu re   at  room  t e m p e r a t u r e   for  0.5  hours ,   i t  

was  warmed  to  500C.  Af ter   1.25  hours,   an  a d d i t i o n a l   0.16  g  of  IR-  

120  c a t i o n   exchange  r e s i n   was  added.  The  r e a c t i o n   was  s t i r r e d   o v e r -  

n i g h t .   The  c a t i o n   exchange  r e s i n   was  then  f i l t e r e d   o f f ,   washed  w i t h  

water ,   and  then  the  aqueous  s o l u t i o n   was  e x t r a c t e d   with  c h l o r o f o r m .  

On  removal  of  the  s o l v e n t ,   0.138  g  o f  a n   o f f - w h i t e   so l id   was  i s o l a t e d .  

The  y i e ld   of  a s c o r b i c   acid   was  61%  (determined  by  h . p . l . c . ) .  

EXAMPLE  8 

3.0  g  (10.6  mmol)  0f  3 , 5 - O - b e n z y l i d e n e - L - x y l o - h e x u l o s o n o -  

1 , 4 - l a c t o n e   hyd ra t e   was  added  to  45  ml  of  33%  w a t e r - m e t h a n o l   s o l u t i o n  

fo l lowed  by  2.12  g  of  IR-120  ca t i on   exchange  r e s i n .   The  r e a c t i o n  

mix tu re   was  heated  at  50°  for  16  hours  and  at  60°  for  4  hours .   The 

r e a c t i o n   mix tu re   was  then  f i l t e r e d ,   washed  wi th   c h l o r o f o r m ,   and 

c o n c e n t r a t e d   to  a  v i s c o u s   o i l   which  was  t r i t u r a t e d   with  e thano l   t o  

a f f o r d   1.42  g  of  a  white  s o l i d .  



A  p o r t i o n   of  t h i s   m a t e r i a l   was  p u r i f i e d   by  ch roma tog raphy   on  IR-45  

weakly  basic   ion  exchange  r e s i n .   The  column  was  i n i t i a l l y  

e lu ted   with  water  to  e l u t e   n o n - a c i d i c   i m p u r i t i e s   and  then  with  0.5N 

n y d r o c h l o r i c   acid  to  e l u t e   the  L - a s c o r b i c   ac id .   Af te r   removing  t h e  

water ,   the  r e s u l t i n g   s o l i d   was  t r i t u r a t e d   with  c h l o r o f o r m - e t h a n o l  

and  r e c r y s t a l l i s e d   from  me thano l .   The  i . r .   and  n .m . r .   s p e c t r a   o f  

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

EXAMPLE  9 

Tnrough  25  ml  of  dry  methanol   was  bubbled  anhydrous   h y d r o -  

gen  c h l o r i d e   for  a p p r o x i m a t e l y   30  seconds .   To  t h i s   s o l u t i o n   was 

added  2.60  g  (12.8  mmol)  of  3 , 5 - 0 - b e n z y l i d e n e - L - x y l o - h e x u l o s o n o - 1 ,  

4 - l a c t o n e   h y d r a t e .   The  r e a c t i o n   mix tu re   was  hea ted   to  50°  for  1 

hour  at  which  time  the  s o l v e n t   was  removed.  The  r e s u l t i n g   so l i d   was 

d i s s o l v e d   in  water  and  t h i s   was  e x t r a c t e d   with  e t h e r .   The  e t h e r  

layer  was  e x t r a c t e d   with  water  and  the  combined  aqueous  f r a c t i o n s  

were  c o n c e n t r a t e d   to  a  t acky   foam.  By  h . p . l . c .   t h i s   m a t e r i a l   was 

e s s e n t i a l l y   pure  methyl   2 - k e t o - L - g u l o n a t e .   R e c r y s t a l l i s a t i o n   from 

methanol   a f f o r d e d   0.602  g  (2.80  mmol,  23%)  of  pure  methyl  2 - k e t o -  

gu lona to ,   m.p.  158-162°.   The  n .m. r .   and  i . r .   s p e c t r a   were  i d e n t i c a l  

with  the  a u t h e n t i c   methyl   2 - k e t o - L - g u l o n a t e .   The  mixed  mp  of  a u t h e n -  

t i c   m a t e r i a l   (157-160°)  with  the  m a t e r i a l   i s o l a t e d   above  was  1 5 8 -  

162°.  The  methyl  2 - k e t o g u l o n a t e   may  be  c o n v e r t e d   to  L - a s c o r b i c  

acid  by  h e a t i n g   in  s o l u t i o n   in  the  p r e s e n c e   of  an  ac id   or  b a s e  

c a t a l y s t .  



EXAMPLE  10 

To  a  dry  f l a s k   was  added  1.78  g  (10  mmol)  of  L - g u l o n o -  

1 , 4 - l a c t o n e ,   4.83  ml  (40 mmol)  of  2 -me thoxybenza ldehyde ,   and  0 . 8  

ml  (9.7  mmol)  of  c o n c e n t r a t e d   h y d r o c h l o r i c   ac id .   After   s t a n d i n g  

at  room  t e m p e r a t u r e   o v e r n i g h t ,   the  so l id   r e a c t i o n   m i x t u r e   was 

worked  up  by  washing  with  e the r ,   water ,   and  then  e the r .   T h i s  

a f f o r d e d   2.70  g  (9.1  mmol,  91%)  of  3 , 5 - O - ( 2 - m e t h o x y b e n z y l i d e n e ) - L -  

g u l o n o - 1 , 4 - l a c t o n e .   A n a l y t i c a l l y   pure  m a t e r i a l   was  o b t a i n e d   by 

r e c r y s t a l l i s a t i o n   from  a c e t o n i t r i l e ,   m.p.  220-221°:  [E]D23  +  6 4 . 2  

(DMF);  i . r .   3521,  3311,  1802  cm-1;  n .m.r .   (DMSO-d6) HH  3.62  (m, 

2,  -CH20-),  3.83  (s,  3,  -OCH3),  4 . 0 3 - 4 . 8 3   (m,  4),  4.96  (t,  1,  J =  6 

-CH2OH),  5.95  (s  and m,  2,  -OCHO-  and  -OH),  6 .83 -7 .64   (m,  4,  

a r o m a t i c ) ;   ms  296  (40.7) ,   265  (38.8) ,   160  (48.1) ,   137  ( 8 6 . 0 ) ,  

136  (44.9) ,   135  (100),  121  (27.0) ,   119  (21.4) ,   107  (49.9)  and  77 

( 2 5 . 5 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C14H16O7:  C,  56.75;  H,  5 .44  

Found:  C,  56.92;  H,  5 . 5 0 .  

Fol lowing   the  p rocedure   of  Example  5,  from  1.18  g  (4  mmol) 

of  3 , 5 - O - ( 2 - m e t h o x y b e n z y l i d e n e ) - L - g u l o n o - 1 , 4 - l a c t o n e   was  i s o l a t e d  

0.710  g  (2.27  mmol,  47%)  of  3 , 5 - 0 - ( 2 - m e t h o x y b e n z y l i d e n e ) - L - x y l o -  

h e x u l o s o n o - 1 , 4 - l a c t o n e   hydra te   as  a  white  amorphous  s o l i d :   i . r .  

(KBr)  3333 ,  1770  cm-1 ;   n .m. r .   (DMSO-d6)HH  3 .47 -4 .83   (m,  5 ) ,  3 . 8 3  

(s,  3,  -OCH3),  5.0  (t,  1,  J =  5,  -CH2OH),  6.0  (s,  1,  -OCHO-);  6 . 8 3 -  

7.63  (m,  6,  a romat ic   and  -OH);  exact   mass  (C14H1407)  2 9 4 . 0 7 2 5  

( c a l c u l a t e d   2 9 4 . 0 7 1 1 ) .  



A n a l y s i s :   C a l c u l a t e d   for  C14H14O7.0.5  H20:  C,  55.44;  H,  4 . 9 8  

Found:  C,  55.30;  H,  5 . 2 9 .  

To  5.2  ml  of  70%  a c e t i c   a c i d - w a t e r   was  added  0.523  g 

(1.7  mmol)  of  3 , 5 - O - ( 2 - m e t h o x y b e n z y l i d e n e ) - L - x y l o - h e x u l o s o n o - 1 , 4 -  

l a c t o n e   hyd ra t e .   This  h e t e r o g e n e o u s   s o l u t i o n   was  a t   70°  for  2 

hours .   The  r e a c t i o n   m i x t u r e   was  t r a n s f e r r e d   to  a  s e p a r a t o r y   f u n n e l  

with  water  and  e x t r a c t e d   2  t imes  with  d i c h l o r o m e t h a n e .   The  a q u e o u s  

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

0.397  g.  This  m a t e r i a l   was  d i s s o l v e d   in  deu te r ium  oxide  to  w h i c h  

was  added  a c e t c n i t r i l e   as  an  i n t e r n a l   n .m. r .   s t a n d a r d .   The  n . m . r .  

spectrum  of  an  a l i q u o t   of  t h i s   m a t e r i a l   i n d i c a t e d   t h a t   L - a s c o r b i c  

acid   had  been  formed  in  49%  y i e l d .  

EXAMPLE  11 

L - g u l o n o - 1 , 4 - l a c t o n e   (1.78  g,  10 mmol),  2 - m e t h y l b e n z -  

a lhyde  (3.1  ml,  40  mmol),  and  c o n c e n t r a t e d   h y d r o c h l o r i c   acid  (0 .81  

ml,  9.7  mmol)  were  combined.  Af te r   0.75  hours  the  r e a c t i o n   m i x t u r e  

tu rned   so l id   and  a f t e r   s t and ing   o v e r n i g h t   the  r e a c t i o n   was  worked 

up  as  p r e v i o u s l y   d e s c r i b e d   in  Example  5  to  a f f o r d   2.32  g  (8.3  mmol, 

83%)  of  3 , 5 - 0 - ( 2 - m e t h y l b e n z y l i d e n e ) - L - g u l o n o - l , 4 - l a c t o n e .  

A n a l y t i c a l l y   pure  m a t e r i a l   was  o b t a i n e d   by  r e c r y s t a l l i s a t i o n   f rom 

a c e t o n i t r i l e ,   m.p.  208-210°:   [E]D23  +  64.6  (DMF);  i . r .   (KBr)  3240 ,  

1786  cm-1;  n .m. r .   (DMSO-d6)  HH  2.36  (s,  3,  -CH3),  3 . 5 - 4 . 8 3   (m,  6 ) ,  

5.0  (m,  1,  -CH2OH),  5.86  (s,  1,  -OCHO-),  6.0  (m,  1,  -OH),  7 . 1 3 - 7 . 6 6  

(m,  4,  a r o m a t i c ) ;   ms  280  ( 5 3 . 1 ) ,  1 2 1   ( 6 4 . 3 ) ,  1 2 0   (58.1) ,   119  (100) ,  

93  (38.1) ,   and  91  ( 6 0 . 7 ) .  



A n a l y s i s :   C a l c u l a t e d   for  C14H15O6:  C,  5 9 . 9 9 ;   H,  5 . 7 5  

Found:  C,  60.18;  H,  5 . 7 5 .  

Fo l lowing   the  p rocedure   of  Example  5,  1.4  g  (5  mmol)  o f  

3 , 5 - 0 - ( 2 - m e t h y l b e n z y l i d e n e ) - L - g u l o n o - 1 , 4 - l a c t o n e   was  conve r t ed   t o  

1.12  g  (3.78  mmol,  76%)  of  3 , 5 - O - ( 2 - m e t h y l - b e n z y l i d e n e - L - x y l o -  

h e x u l o s o n o - 1 , 4 - l a c t o n e   hydra te   as  a  white   amorphous  so l i d :   i . r .  

(KBr)  3378,  1792  cm-1;  n .m. r .   (DMSO-d6)  HH  2.38  (s,  3,  -CH3),  

3 . 2 5 - 4 . 7 5   (m,  5),  5.83  (d,  1,  -OCHO-),  7.33  (m,  4,  a r o m a t i c ) ;   ms 

279  (10.1) ,   278  (77.5) ,   163  (40.2) ,   121  (100),  120  (32 .3) ,   119 

(66.2) ,   105  (87.8) ,   93  (36.8) ,   91  (71.3) ;   exac t  mass   (C14H14O6), 

278.0802  ( c a l c u l a t e d   2 7 8 . 0 8 1 2 ) .  

The  p roduc t   may  be  conver t ed   to  a s c o r b i c   acid  by  h y d r o l y s i s  

by  the  p rocedure   of  Example  5. 

EXAMPLE  12 

3 , 4 - d i c h l o r o b e n z a l d e h y d e   (14 .0  g ,   80  mmol),  L - g u l o n o - 1 ,  

4 - l a c t o n e   (3.56  g,  20  mmol),  and  1.62  ml  (19.5  mmol)  of  c o n c e n t r a t e d  

h y d r o c h l o r i c   acid  were  combined.  Af ter   0.5  hours  the  r e a c t i o n   m i x -  

tu re   tu rned   so l i d .   Af ter   s t and ing   o v e r n i g h t   at  room  t e m p e r a t u r e ,  

the  r e a c t i o n   was  worked  up  as  p r e v i o u s l y   d e s c r i b e d   to  a f f o r d   6 . 7 0  

g  (20  mmol,  100%)  of  3 , 5 - O - ( 3 , 4 - d i c h l o r o b e n z y l i d e n e ) - L - g u l o n o - 1 , 4 -  

l a c t o n e . .   A n a l y t i c a l l y   pure  m a t e r i a l   was  ob ta ined   by  r e c r y s t a l l i s a -  

t i on   from  e thyl   a c e t a t e - a c e t o n i t r i l e ,   m.p.  230-232°:   [E]D23  +  3 7 . 2  

(DMF);  i . r .   (KBr)  3367,  1780 cm-1;  n .m. r .   (DMSO-d6)  HH 3 .66   (m, 

2,  -CH2-),  4 . 0 - 4 . 8 6   (m,  4),  5.01  (t,  1,  J =  6,  -CH2OH),  5.76  (s,  1, 

-OCHO-),  5 . 9 3 - 6 . 2   (m,  1,  -OH),  7 . 3 - 7 . 8   (m,  3,  a r o m a t i c ) ;  



ms  335  (3 .1) ,   333  (6 .8) ,   177  (21.3) ,   175  (55.3) ,   173  (35 .7) ,   111 

( 2 1 . 9 ) ,  8 5   (46.3) ,   71  (42 .3) ,   69  (28 .9) ,   57  (100)  and  55  ( 3 0 . 2 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C13H12O6Cl2:  C,  46.58;   H,  3 . 6 1  

Found:  C,  46.46;   H,  3 . 6 4 .  

Fo l lowing   the  p r o c e d u r e   of  Example  5,  from  2.01  g  (6  mmol) 

of  3 . 5 - O - ( 3 , 4 - d i c h l - o r o b e n z y l i d e n e ) - L - g i z l o n o l a c t o n e   was  i s o l a t e d   1 .28  

g  (3. 64  mmol,  61 %)  of  3,  5-O-  ( 3 , 4 - d i c h l o r o b e n z y l . i d e n e ) - L - x y l o -  

h e x u l c s o n o - 1 , 4 - l a c t o n e   hyd ra t e   as  a  white   amorphous  s o l i d :   i . r .  

(KBr)  3333,  1792  cm-1;  n .m. r .   (DMSO-d6)HH  3 . 5 5 - 4 . 7 0   (m,  5),  5 . 0 5  

(t,  1 ,  J  =   5,  -CH2OH),  5.8  (s,  1,  -OCHO-),  7.2  (s,  i,  -OH),  7 . 3 7 -  

7.97  (m,  4,  a romat i c   and  -OH); ms  334  ( 6 . 7 ) ,  3 3 2   (9.9) ,   177  ( 5 2 . 5 ) ,  

175  (100),  173  (38 .2) ,   147  (21.8) ,   113  (26 .8) ,   111  (29 .2) ,   85  (37 .6 )  

84  (31.3) ,   75  (20 .8) ,   74  (29.0) ,   57  (20 .9) ,   56  (22.5)  and  55  ( 2 7 . 0 ) ;  

exact   mass  (C13H10O6Cl2),  331.9860  ( c a l c u l a t e d   3 3 1 . 9 8 6 6 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C13H10O6Cl2.0.25  H2O:  C,  46.24;   H,  3 . 1 3  

Found:  C,  46.50;  H,  3 . 5 8 .  

EXAMPLE  13 

L - g u l o n o - 1 , 4 - l a c t o n e   (1.78  g,  10 mmol),  2 - m e t h y l p r o p i o n -  

a ldehyde   (3.68  ml,  40  mmol),  and  c o n c e n t r a t e d   h y d r o c h l o r i c   a c i d  

(0.81  ml,  9.7  mmol)  were  combined  and  s t i r r e d   for  48  hours .   The 

excess   2 - m e t h y l p r o p i o n a l d e h y d e   was  removed  under  vacuum.  The  r e s u l t -  

ing  t h i c k   o i l   was  t r i t u r a t e d   with  e the r   and  the  r e s u l t i n g   so l i d   was 

c o l l e c t e d   to  give  0.55  g,  24%  of  3 , 5 - 0 - ( 2 - m e t h y l p r o p y l i d e n e ) - L -  

g u l o n o - 1 , 4 - l a c t o n e .   A n a l y t i c a l l y   pure  m a t e r i a l   was  o b t a i n e d   by  

r e c r y s t a l l i s a t i o n   from  e thy l   a c e t a t e ,   n .p.   165-1670 :  



[E]D23  + 77.4  (DMF);  i . r .   (KBr)  3333,  1786 cm-1;  n .m. r .   (DDSO-d6) 

HH 0.85  (d,  6,  J =  7,  -CH3),  1.67  (m,  1,  -CH(CH3)2),  3 . 3 6 - 4 . 7  

(m,  7),  4.83  (t,  1,  J =  5,  -CH2OH),  5.76  (d,  1,  J =  7,  -OCHO-); 

n .m . r .   (DMSO-d6)HC  175.9  (s,  -CO2-),  102.4  (d,  -OCHO-),  7 5 . 7 ,  

74.2,   70.8,  69.6  (al l   d),  59.8  (t,  -CH2-),  32.2  (d,  -CH(CH3)2) ,  

17.0  (q,  -CH3);  ms  231  ( 4 . 9 ) ,  1 8 9   (70 .1) ,   160  (28 .1) ,   125  ( 7 2 . 6 ) ,  

113  (23),  97  (21.2) ,   85  (38.9) ,   83  (22 .7) ,   73  (100),  72  ( 2 0 . 5 ) ,  

71  (46.7) ,   69  (30.2) ,   57  (45.9)  and  55  ( 4 6 . 9 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C10H16O6:  C,  51.71;  H,  6 . 9 4  

Found:  C,  51.81;  H,  6 . 9 4 .  

Fol lowing   the  p rocedu re   of  Example  5,  from  0.696  g 

(3  mmol)  of  3 , 5 - O - ( 2 - m e t h y l p r o p y l i d e n e ) - L - g u l o n o - 1 , 4 - l a c t o n e   was 

o b t a i n e d   0.537  g  (2.17  mmol,  72%)  of  3 , 5 - O - ( 2 - m e t h y l p y o p y l i d e n e ) - L -  

x y l o - h e x u l o x o n o - 1 , 4 - l a c t o n e   hydra te   as  a  white  amorphous  s o l i d ,   m.p .  

179-183°  (dec . ) :   i . r .   (KBr)  3378,  1779 cm-1;  n .m. r .   (DMSO-d6)HH 

0.90  (d,  6,  J =  6,  -CH3),  1.67  (m,  1,  -CH(CH3)2),  3 . 47 -4 .73   (m,6) 

4.91  (t,  J =  5,  -CH2OH);  ms  230  (4 .8) ,   187  ( 5 8 . 2 ) ,  1 2 7   ( 2 3 . 8 ) ,  

97  ( 2 0 . 3 ) ,  8 5   (38.8) ,   73  (52.2) ,   71  (23 .2) ,   69  (29.8) ,   68  ( 2 0 . 3 ) ,  

57  ( 5 3 . 1 ) ,  5 5   ( 6 4 . 3 ) ,  4 5   (28.3) ,   44  ( 3 9 . 9 ) ,  4 3   (100)  and  41  ( 6 2 . 4 ) ;  

e x a c t  m a s s   (C10H14O6)  230.0787  ( c a l c u l a t e d   2 3 0 . 0 7 8 3 ) .  

A n a l y s i s :   C a l c u l a t e d  f o r  C 1 0 H 1 4 O 6 . O . 5  H 2 O :   C,  51.16;  H,  6 . 2 2  

Found:  C,  51.13;  H,  6 . 3 4 .  

3 , 5 - O - ( 2 - M e t h y l p r o p y l i d e n e ) - L - x y l o - h e x u l o s o n o - 1 , 4 - l a c t o n e  

hyd ra t e   was  a l so   p r epa red   as  f o l l o w s .  



To  a  m ix tu re   of  30  ml  of  d ioxane   and  4  ml  of  water  was  added  0.60  g 

(2.59  mmol)  of  3 , 5 - O - ( 2 - m e t h y l p r o p y l i d i n e ) - L - g u l o n o - 1 , 4 - l a c t o n e  

fo l lowed   by  0.64  g  of  p r e r e d u c e d   p la t inum  oxide .   The  r e a c t i o n   m i x -  

t u r e   was  heated  to  70°  and  oxygen  was  bubbled  th rough   the  s o l u t i o n .  

Af te r   one  hour  most  of  the  s t a r t i n g   m a t e r i a l   was  gone,  the  c a t a l y s t  

was  removed  by  f i l t r a t i o n ,   and  the  s o l u t i o n   c o n c e n t r a t e d   in  v a c u o .  

T . l . c .   and  n .m. r .   conf i rmed  the  p r e s e n c e   of  3 , 5 - O - ( 2 - m e t h y l p r o p y l -  

i d i n e ) - L - x y l o - h e x u l o s o n o - l , 4 - l a c t o n e .  

The  p r o d u c t   may  be  conve r t ed   to  L - a s c o r b i c   acid  by  t h e  

p r o c e d u r e   of  Example  5. 

EXAMPLE  14 

To  a  dry  50  ml  f l a s k   was  added  3.56  g  (20  mmol)  of  L-  

g u l o n o - 1 , 4 - l a c t o n e ,   9 .0  ml   (80 mmol)  of  2 - c h l o r o b e n z a l d e h y d e ,   a n d  

1.6  ml  (19.2  mmol)  of  c o n c e n t r a t e d   h y d r o c h l o r i c   ac id .   The  r e a c t i o n  

m i x t u r e   tu rned   so l i d   w i t h i n   0.5  hours  and  a f t e r   s t and ing   at  room 

t e m p e r a t u r e   o v e r n i g h t   was  worked  up  by  washing  with  e the r ,   s a t u r a t e d  

sodium  b i c a r b o n a t e ,   water  and  e t h e r .   This  a f f o r d e d   4.78  g  (15.9  mmol, 

80%)  of  3 , 5 - 0 - ( 2 - c h l o r o b e n z y l i d e n e ) - L - g u l o n o - l , 4 - l a c t o n e   which  was 

pure  by  t . l . c .   A n a l y t i c a l l y   pure  m a t e r i a l   was  o b t a i n e d   b y  r e c r y s t a l -  

l i s a t i o n   from  a c e t o n i t r i l e ,   m.p.  208-211°:   [E]D23  +  63.6  (DMF); 

i . r .   (KBr)  3340,  1770  cm-1;  n .m. r .   (DMSO-d6)HH  3 . 5 - 4 . 9   (m,  6),  5 . 0 3  

.  (t,  1 ,  J  =   5,  -CH2OH),  5 . 9 3 - 6 . 1 6   (m,  1,  -OH),  6.03  (s,  1,  -OCHO-), 

7 . 3 - 7 . 9   (m,  4  a r o m a t i c ) ;   ms  300  (1 .4) ,   160  (39 .6) ,   141  (64 .3 ) ,   139 

(27 .3 ) ,   97  (22.3) ,   85  ( 5 2 . 7 ) ,  8 3   (27 .2) ,   77  (34 .8) ,   71  ( 5 7 . 8 ) ,  

70  (20),  69  (35 .3) ,   57  (100),  and  55  ( 3 4 . 9 ) .  



A n a l y s i s :   C a l c u l a t e d   for  C13H13O6Cl:  C,  51.92;  H,  4 . 3 5  

Found:  C,  51.84;  H,  4 . 3 2 .  

This  p roduc t   may  be  conver ted   to  L - a s c o r b i c   acid  by  t h e  

p r o c e d u r e   of  Example  5. 

EXAMPLE  15 

To  9.4  ml  (80  mmol)  of  3 - m e t h y l b e n z a l d e h y d e   was  added  

3.56  g  (20  mmol)  of  L - g u l o n o - 1 , 4 - l a c t o n e .   Af te r   s t i r r i n g   for  s e v e r a l  

minu tes ,   1.62  ml  (19.4  mmol)  of  c o n c e n t r a t e d   h y d r o c h l o r i c   acid  was 

added.  On  s t i r r i n g   at  room  t e m p e r a t u r e   for  20  hours  the  i n i t i a l l y  

mobi le   s l u r r y   had  turned  so l i d .   The  r e a c t i o n   mix tu re   was  t r i t u r a t e d  

with  e the r ,   f i l t e r e d ,   washed  th ree   t imes  with  e the r ,   one  time  w i t h  

water ,   two  t imes  with  s a t u r a t e d   sodium  b i c a r b o n a t e ,   two  t imes  w i t h  

water ,   and  f i n a l l y   one  time  with  e the r .   The  white  so l id   a f t e r   d r y -  

ing  weighed  2 .91 g  (10.4  mmol,  52%),  m.p.  188-191°  which   w a s  p u r e  

by  t . l . c .   A n a l y t i c a l l y   pure  3 , 5 - O - ( 3 - m e t h y l b e n z y l i d e n e ) - L - g u l o n o -  

1 , 4 - l a c t o n e   was  o b t a i n e d   by  r e c r y s t a l l i s a t i o n   from  a c e t o n i t r i l e ,   m . p .  

198-200°:   [E]D23  +  59.7°  (DMF);  i . r .   (KBr)  3340,  3120,  1800  cm-1;  

n .m . r .   (DMSO-d6)i  H 2.36  (s,  3,  -CH3),  3 . 50 -3 .83   (m,  2,  -CH20- ) ,  

4 . 0 0 - 4 . 8 6   (m,  4),  5.00  (t,  1,  J =  6,  -CH2OH),  5.73  (s,  1,  -OCHO-), 

5.98  (m  ,1,  -CHOH),  7.30  (s,  4,  a r o m a t i c ) ;   ms  280  (9 .0) ,   121  ( 3 8 . 4 ) ,  

120  (26.7) ,   119  (100),  105  (16.1) ,   93  (45 .8) ,   91  (59.7) ,   65  ( 1 1 . 2 ) ,  

44  ( 2 2 . 7 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C14H1606:  C,  59.99;  H,  5 . 7 5  

Found:  C,  60.04;  H,  5 . 8 2 .  



EXAMPLE  16 

To  100  ml  of  a c e t o n e   was  added  10.0  g  (56.8  mmdl)  o f  

L - g a l a c t o n o - 1 , 4 - l a c t o n e   and  4  m l  o f   c o n c e n t r a t e d   s u l f u r i c   a c i d .  

This  s o l u t i o n   was  s t i r r e d   at  room  t e m p e r a t u r e   for   21  hours .   Ammom 

was  then  bubbled  th rough  the  s o l u t i o n   u n t i l   i t   was  s l i g h t l y   b a s i c .  

The  white  p r e c i p i t a t e   was  f i l t e r e d   off   and  the  s o l i d s   washed  t w i c e  

with  50  ml  of  a ce tone .   These  washings  were  combined  with  t h e  

o r i g i n a l   f i l t r a t e   and  they  were  c o n c e n t r a t e d   in  vacuo  to  a  y e l l o w  

o i l   (12.0  g).  This  o i l   was  ch romatographed   on  325  g  of  s i l i c a   g e l  

which  was  e l u t e d . w i t h   10%  e thyl   a c e t a t e - c h l o r o f o r m   to  e thyl   a c e t a t e .  

This  a f f o r d e d   an  o i l   which  was  t r i t u r a t e d   with  d i e t h y l   e ther   and  a  

whi te   s o l i d   was  f i l t e r e d   o f f .   The  s o l v e n t   was  removed  from  t h e  

f i l t r a t e   a f f o r d i n g   2.436  g  (11.2  mmol,  20%)  of  an  o i l ,   5 , 6 - i s o -  

p r o p y l i d e n e - L - g a l a c t o - 1 , 4 - l a c t o n e .  

A l t e r n a t i v e l y   5 , 6 - O - i s o p r o p y l i d e n e - L - g a l a c t o n o - 1 , 4 - l a c t o n e  

can  be  p r epa red   by  the  f o l l o w i n g   p r o c e d u r e :   To  5  ml  of  dry  d i m e t h y l -  

formamide  was  added  2.10  g  ( 1 1 . 8   mmol)  of  L - g a l a c t o n o - 1 , 4 - l a c t o n e  

1.0  g  (11.8  mmol)  of  e thyl   i s o p r o p e n y l   e ther   and  a  c a t a l y t i c   amoun t  

of  p - t o l u e n e s u l f o n i c   ac id .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   at  0°  

for  one  hour  and  at   room  t e m p e r a t u r e   for  1 8  h o u r s .   A  small  amount  

of  Amber l i t e   A-21  weakly  bas i c   r e s i n   was  added  and  the  r e a c t i o n  

m i x t u r e   was  s t i r r e d   for  s e v e r a l   minu tes ,   f i l t e r e d ,   and  then  c o n c e n -  

t r a t e d   in  vacuo  to  an  o i l   in  which  c r y s t a l s   formed  on  s t a n d i n g .  

Chromatography  on  60  g  of  s i l i c a   gel  us ing  1%  m e t h a n o l - e t h y l   a c e t a t e  

as  s o l v e n t   a f f o r d e d   1.213  g  (5.56  mmol,  47%)  of  a  c l e a r   o i l   w h i c h  

was  pure  by  g . l . p . c . :  



n.m.r .   (DMSO-d6)HH  1.33  (s,  6,  -CH3),  3 . 6 0 - 4 . 4 7   (m,  6),  5 . 9 0 -  

6.22  (m,  2,  -OH);  n .m. r .   (DMSO-d6)HC  174.2  (-CO2-),  108.9  (-OCO-), 

79.2,   76.0,  73.8,  64.7  (-OCH-),  26.3,  25.6,  (-CH3);  exact   mass  

(C9H1406)  (P + H)  219.0858  ( c a l c u l a t e d   219.0847) ,   (P-CH )  203 .0563  

( c a l c u l a t e d   2 0 3 . 0 5 7 0 ) .  

To  17.5  ml  of  ch lo ro fo rm  was  added  4.263  g  (19.5  mmol) 

of  5 , 6 - O - i s o p r o p y l i d e n e - L - g a l a c t o n o - 1 . 4 - l a c t o n e   and  3.2  ml  of  d r y  

p y r i d i n e .   The  r e a c t i o n   mix tu re   was  c o o l e d  t o   -60°,  and  1.39  ml 

(19.5  mmol)  of  a c e t y l   c h l o r i d e   was  s lowly  added.  The  r e a c t i o n   was 

s t i r r e d   at  -600  or  below  for  2  hours ,   d i l u t e d   with  e thyl   a c e t a t e   and  

e x t r a c t e d   with  1N  h y d r o c h l o r i c   acid  two  t imes,   water  two  t i m e s ,  

s a t u r a t e d   sodium  b i c a r b o n a t e   two  t imes,   and  b r i n e .   The  o r g a n i c  

s o l u t i o n   was  d r ied   with  sodium  s u l f a t e ,   and  c o n c e n t r a t e d   in  v a c u o  

to  an  o i l ,   3.79  g  (15.2  mmol,  78%).  This  m a t e r i a l   c l e a r l y   was  a  

mix tu re   of  isomers  by  'H-n .m. r .   with  one  isomer  p r e d o m i n a t i n g .  

A n a l y t i c a l l y   pure  m a t e r i a l   was  ob ta ined   by  ch romatography   on  s i l i c a  

gel  (4%  m e t h a n o l - c h l o r o f o r m )   f o l l o w e d  b y   mo lecu l a r   d i s t i l l a t i o n :  

n .m. r .   (DMSO-d6)HH  1.31  (s,  6,  -CH3),  2.17  (s,  3,  -COCH3),  3 . 5 8 -  

4.52  (m,  5),  5.65  (1,  m,  -CHOCOCH3),  6.22  (1,  m,  -OH). 

A n a l y s i s :   C a l c u l a t e d   for  C11H16O7:  C,  50.76;  H,  6 . 1 9  

Found:  C ,  5 0 . 4 4 ;   H,  6 . 1 1 .  

The  m a t e r i a l   ob ta ined   from  the  above  ch roma tography   was 

g r e a t e r   than  95%  one  isomer.   The  n .m.r .   data  s u g g e s t s   t h a t   i t   i s  

5 , 6 - O - i s o p r o p y l i d e n e - 3 - O - a c e t y l - L - g a l a c t o n o - 1 , 4 - l a c t o n e .  



The  above  crude  m i x t u r e   of  a c e t a t e s   was  c o n v e r t e d   t o  

a s c o r b i c   ac id   as  f o l l ows :   To  25  ml  of  dry  d i c h l o r o m e t h a n e  w a s  

added  1.69  ml  (12  mmol)  of  t r i f l u o r o a c e t i c   a n h y d r i d e .   Af ter   c o o l i n g  

to  l e s s   than  -50°,   0.85  ml  (12  mmol)  of  d i m e t h y l s u l f o x i d e   was  a d d e d .  

The  r e s u l t i n g   h e t e r o g e n e o u s   s o l u t i o n   was  s t i r r e d   at  -50°  or  b e l o w  

for  30  minu te s .   Then  15  ml  of  d i c h l o r o m e t h a n e   c o n t a i n i n g   1.49  g 

(6.0  mmol)  of  the  m i x t u r e   of  a c e t a t e s   was  added.  The  r e s u l t i n g  

s o l u t i o n   was  s t i r r e d   at  l e s s   than  -50°  for  40  minu te s   at  which  t i m e  

1.2  ml  of  t r i e t h y l a m i n e   was  added.  Af ter   25  minu tes   a t   -500  o r  

lower,   the  r e a c t i o n   m i x t u r e   was  s t i r r e d   at  room  t e m p e r a t u r e   for  1 

hour.   Ethyl  a c e t a t e   (100  ml)  was  added  and  the  r e s u l t i n g   s o l u t i o n  

was  e x t r a c t e d   two  t imes  with  1N  h y d r o c h l o r i c   ac id   (50  ml),  two 

t imes  with  water  (50  ml),  and  two  t imes   with  b r i n e   (100  ml).   The 

o r g a n i c   l aye r   was  d r i e d  o v e r   sodium  s u l f a t e   and  c o n c e n t r a t e d   in  v a c u o  

t o  a n  o i l ,  1 . 2 5  g   ( 5 . 0 8  m m o l ,   8 5 % ) .  

A  p o r t i o n   of  t h i s   o i l   (0.697  g,  2.7  mmol)  was  d i s s o l v e d  

in  10  ml  of  70%  a c e t i c   a c i d - w a t e r   and  heat   at  70°  for  20  h o u r s  

under  n i t r o g e n .   The  s o l v e n t   was  removed  in  vacuo  a f f o r d i n g   0.453  g 

of  m a t e r i a l .   A  p o r t i o n   was  t i t r a t e d   with  i od ine   and  s h o w e r l  t h a t  

a s c o r b i c   acid   was  formed  in  50%  y i e l d   (42%  from  the  m i x t u r e   o f  

a c e t a t e s ) .   This  m a t e r i a l   by  t . l . c .   and  g . l . p . c .   was  i d e n t i c a l  

wi th   a u t h e n t i c   a s c o r b i c   a c i d .  



EXAMPLE  17 

To  a  dry  500  ml  f l a s k   f i t t e d   with  a  Dean -S ta rk   t r ap   was 

added  17.8  g  (100  mmol)  of  L - g u l o n o - l , 4 - l a c t o n e ,   57  ml  (400  mmol) 

of  a c e t a l d e h y d e   d i e t h y l   a c e t a l ,   40  ml  of  dry  d i m e t h y l f o r m a m i d e ,  

200  ml  of  benzene,   and  0.2  g  of  p - t o l u e n e s u l f o n i c   ac id .   T h i s  

r e a c t i o n   m i x t u r e   was  r e f l u x e d   under  n i t r o g e n   for  21  hours  at  which  

time  a  small  amount  of  sodium  b i c a r b o n a t e   was  added.  The  s o l u t i o n  

was  s t i r r e d   for  s eve ra l   minutes ,   cooled,   and  f i l t e r e d .   The  s o l u t i o n  

was  c o n c e n t r a t e d   under  vacuum  to  a  l i g h t   amber  oi l   which  was  t r i -  

t u r a t e d   with  e the r .   The  r e s u l t i n g   so l id ,   5 , 6 - 0 - e t h y l i d e n e - L -  

g u l o n o - , 1 4 - l a c t o n e   (12.4  g,  60.8  mmol,  61%)  which  was  pure  by  t . l . c .  

was  r e c r y s t . a l l i s e d   from  e thanol   to  a f f o r d   6.94  g  (34  mmol,  34%)  of  a 

white  c r y s t a l l i n e   s o l i d ,   m.p.  1 5 3 . 5 - 1 5 8 . 5  .   A  second  crop  o f  

c r y s t a l s   weighing  1.22  g  (6.0  mmol,  6%)  was  o b t a i n e d   by  c o n c e n t r a t i n g  

the  mother  l i q u o r .   T . l . c .   on  s i l i c a   gel  us ing  e thy l   a c e t a t e   r e v e a l e d  

tha t   t h i s   m a t e r i a l   was  a  d i a s t e r e o m c r i c   mix tu re .   R e c r y s t a l l i s a t i o n  

of  t h i s   m ix tu re   from  benzene  a f f o r d e d   a  c r y s t a l l i n e   p roduc t   g r e a t l y  

en r i ched   in  one  of  the  d i a s t e r e o m e r s ,   m.p.  164-165  .   The  s p e c t r a l  

data  below  was  o b t a i n e d   from  a  d i a s t e r e o m e r i c   m ix tu re :   i . r .   ( K B r )  

3448,  3279,  1783  cm-1;  n .m. r .   (DMSO-d6)HH  1.28  (two  se t s   of  d,  3 ,  

J  =  5,  -CH3),  3 .48 -4 .58   (m,  6),  5.00  (two  s e t s   of  q,  1,  J  =  5,  -OCHO-), 

5.48  (broad  d,  1,  J  =  4,  -OH),  5.88  (d,  1,  J  =  7,  -OH);  n . m . r .  

(DMSO-d6)HC  1 7 6 . 0 . ( s ,   1 ,  -CO2- ) ,   81.6,  80.1;  75.6,   75.3;  7 0 . 5 ;  

69.5,  69.0  (a l l   d,  4),  65.4  (t,  1,  -CH2O-),  101.7,  100.4  (each  a  d ,  

-OCHO-),  20.0,  19.6  (each  a  q,  -CH3);  ms  203  (1 .8) ,   189  (30.4) ,   125 

(36.1) ,   87  (50.4) ,   69  (35.5) ,   60  (13.8) ,   59  (49.6) ,   58  (14 .4) ,   57 

( 1 7 . 8 ) ,  5 5   (18.7) ,   45  (27.9) ,   44  (51.8) ,   43  (100),  42  ( 1 9 . 5 ) ,  4 1   ( 2 7 . 5 ) .  



A n a l y s i s :   C a l c u l a t e d   for  C8H12O6:  C,  47.05;   H,  5 . 9 2  

Found:  C,  47.09;   H,  5 . 7 7 .  

To  a  s o l u t i o n   of  3  ml  of  ch lo ro fo rm  and  5  ml  of  d r y  

p y r i d i n e   under  n i t r o g e n   was  added  1.175  g  (5.75  mmol)  of  5 , 6 - O -  

e t h y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e .   This  s o l u t i o n   was  cooled   to  l e s s  

t h a n - 5 0 °   and  0.57  ml  (0.62  g,  6.05  mmol)  of  a c e t i c   a n h y d r i d e   was 

added.  The  r e a c t i o n   m i x t u r e   was  s t i r r e d   at  or  below  - 5 0   f o r .  

3  hours  and  then  at  room  t e m p e r a t u r e   for  16  hours .   C h l o r o f o r m  

(100  ml)  was  added  and  the  r e a c t i o n   m i x t u r e   was  e x t r a c t e d   with  30 

ml  of  w a t e r ,  t w o   t imes  with  30  ml  of  1N  h y d r o c h l o r i c   acid   and  b r i n e .  

The  o rgan ic   s o l u t i o n   was  d r i e d   with  sodium  s u l f a t e   and  the  s o l v e n t  

was  removed  in  vacuo  a f f o r d i n g   1.118  g  (4.5  mmol,  78%)  of  an  o i l  

which  c r y s t a l l i s e d   on  s t a n d i n g .   The  n .m. r .   spectrum  showed  a  m i x t u r e  

of  the  a c e t a t e s .  

To  a  200  ml  r ound-bo t tom  f l a s k   under  n i t r o g e n   was  added  

30  ml  of  dry  d i c h l o r o m e t h a n e .   Af te r   coo l ing   to  l e s s   than  - 5 0 ° ,  

1.4  ml  (2.1  g,  10  mmol)  of  t r i f l u o r o a c e t i c   a n h y d r i d e   fo l lowed   by  

0.71  ml  (10  mmol,  0.78  g)  of  dry  d i m e t h y l s u l f o x i d e   was  added.  The 

r e s u l t i n g   h e t e r o g e n e o u s   s o l u t i o n   was  s t i r r e d   at  l e s s   than  -50°  f o r  

30  minu tes   at   w h i c h  t i m e   the  above  m i x t u r e   of  a c e t a t e s   (1.118  g ,  

4.5  mmol)  in  30  ml  of  dry  d i c h l o r o m e t h a n e   was  added  whi le   m a i n t a i n -  

ing  the  t e m p e r a t u r e   below  -50°.   The  r e s u l t i n g   homogeneous  s o l u t i o n  

was  s t i r r e d   for  40  minu tes   below  -50°  and  then  2  ml  of  dry  t r i e t h y l -  

amine  was  added.  Af ter   25  minu tes   at   -50°  or  lower,   the  s o l u t i o n  

was  al lowed  to  warm  to  room  t e m p e r a t u r e   and  s t i r r e d   for  2  h o u r s .  



At  t h a t   time  70  ml  of  e thyl   a c e t a t e   was  added  to  the  r e a c t i o n   m i x -  

tu re   which  was  then  e x t r a c t e d   two  t imes  with  40  ml  of  1N  h y d r o -  

c h l o r i c   ac id ,   once  with  40  ml  of  water  and  b r i n e .   The  o r g a n i c  

l aye r   was  d r i ed   with  sodium  s u l f a t e   and  c o n c e n t r a t e d   in  v a c u o  

a f f o r d i n g   0.992  g  of  m a t e r i a l   to  which  was  added  10  ml  of  70%  a c e t i c  

a c i d - w a t e r .   This  s o l u t i o n   was  heated  for  20  hours  under  n i t r o g e n  

at  80° ±  5°.  Removal  of  the  s o l v e n t   a f f o r d e d   m a t e r i a l   which  by  

t . l . c .   and  g . l . p . c .   was  i d e n t i c a l   with  a u t h e n t i c   a s c o r b i c   a c i d .  

EXAMPLE  18 

L - a s c o r b i c   acid  may  be  p repared   by  the  p r o c e d u r e s   o f  

Examples  1  and  2  but  cmploying  each  of  L - g a l a c t o - 1 , 4 - l a c t o n e ,   L- 

t a l o n o - 1 , 4 - l a c t o n e   and  L - i d o n o - 1 , 4 - l a c t o n e   as  s t a r t i n g   m a t e r i a l s .  

EXAMPLE  19 

D - a s c o r b i c   acid  may  be  p repared   by  the  p r o c e d u r e s   o f  

Examples  1  and  2  but  employing  each  of  D - g u l o n o - 1 , 4 - l a c t o n e ,   D- 

g a l a c t o - 1 4 , - l a c t o n e ,   D - t a l o n o - 1 , 4 - l a c t o n e   and  D - i d o n o - 1 , 4 - l a c t o n e  

as  s t a r t i n g   m a t e r i a l s .  

EXAMPLE  20 

D - a s c o r b i c   acid  may  be  p repared   by  the  p rocedu re   o f  

Example  5  but  employing  each  of  D - g u l o n o - 1 , 4 - l a c t o n e   and  D - i d o n o -  

1 , 4 - l a c t o n e   as  s t a r t i n g   m a t e r i a l s .  

EXAMPLE  21 

To  9.41  g  (52.9  mmol)  of  L - g u l o n o - 1 , 4 - l a c t o n e   was  added 

11.8  ml  (0.211  mol)  of  a c e t a l d e h y d e .   Hydrogen  c h l o r i d e   gas  was 

bubbled  th rough  the  r e a c t i o n   m ix tu re   which  was  t hen   s t i r r e d   at  room 

t e m p e r a t u r e   for  18  h o u r s .  



The  i n i t i a l l y   h e t e r o g e n e o u s   r e a c t i o n   m i x t u r e   became  a  mobi le   l i q u i d  

c o n t a i n i n g   only  a  r e s i d u a l   amount  of  s o l i d . w h i c h   was  removed  b y  

adding  a c e t o n e   and  f i l t e r i n g .   The  s o l u t i o n   was  c o n c e n t r a t e d   to  a n  

o i l   from  which  a  c r y s t a l l i n e   so l i d   was  o b t a i n e d   on  t r i t u r a t i o n   w i t h  

e thyl   a c e t a t e .   The  r e s u l t i n g   so l id   was  r e c r y s t a l l i s e d   from  e t h y l  

a c e t a t e   to  a f f o r d   2.68  g  (13.1  mmol,  25%)  of  m a t e r i a l   which  was 

f u r t h e r   p u r i f i e d   by  c r y s t a l l i s a t i o n   from  e t h a n o l ,   m.p.  1 5 8 - 6 0 ° .  

A n a l y t i c a l l y   pure  3 , 5 - O - e t h y l e n e - L - g u l o n o - 1 , 4 - l a c t o n e   was  o b t a i n e d  

by  r e c r y s t a l l i s a t i o n   from  ace tone ,   m.p.  160-62°:   i . r .   (KBr)  3367 ,  

3175,  1799,  1779 cm-1;   n .m . r .   (DMSO-d6)  HH  1.53  (d,  3,  J =  5,  -CH3), 

3.58  (m,  2,  -CH2O-),  3.95  (m,  1),  4 . 1 7 - 5 . 1 7   (m,  5,  -OH,  -OCHO-, 

o t h e r s ) ,   5.87  (d,  1,  J =  6,  -OH);  n .m. r .   (DMSO-d6)  HC  175.9  ( -CO2-) ,  

96.2  (-OCO-),  75.6,   74.3,   70.6,   69.3  (-CHO-),  59.8  (-CH2OH),  2 0 . 8  

(-CH3);  ms  204  (0 .3) ,   203  (1 .6) ,   160  (22 .3) ,   99  (21.8) ,   85  ( 3 4 . 4 ) ,  

83  (11 .3) ,   73  (27 .5) ,   72  (11.6) ,   71  (27 .7) ,   69  (11 .1) ,   57  ( 3 9 . 3 ) ,  

45  .(100),  44  (11 .3) ,   43  ( 5 0 . 7 ) ;  e x a c t   mass  (C8H1206),  2 0 4 . 0 6 3 6  

( c a l c u l a t e d   2 0 4 . 0 6 3 3 ) .  

A n a l y s i s :   C a l c u l a t e d   for  C8H1206:  C,  47.06;   H,  5 . 9 3  

Found:  C,  47.44;   H,  5 . 7 5 .  

To  6  ml  of  a ce tone   was  added  0.210  g  (1.03  mmol)  of  3 , 5 - O -  

e t h y l i d e n e   L - g u l o n o - 1 , 4 - l a c t o n e   fo l lowed  by  1.08  g  (12.5  mmol)  o f  

manganese  d i o x i d e .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   under  n i t r o g e n  

at   room  t e m p e r a t u r e   for  2.25  hours .   Acetone  was  added  and  t h e  

r e a c t i o n   m i x t u r e   was  f i l t e r e d   th rough   a  pad  to  c e l i t e   to  remove  t h e  

manganese  d i o x i d e .  



0.169 g   (0.77 mmol,  75%)  of  3 , 5 - O - e t h y l i d e n e - L - x y l o - h e x u l o s o n o - 1 ,  

4 - l a c t o n e   hyd ra t e   was  ob t a ined   on  c o n c e n t r a t i o n   of  the  a c e t o n e  

s o l u t i o n :   i . r .   (KBr)  3390 ,  1799  cm-1 ;   n .m. r .   (DMSO-d6)HH  1.25  (d, 

3,  J =  5,  -CH3),  3 . 1 0 - 4 . 3 2   (m,  5 ) ,  4 . 4 3   (broad  s,  1),  4.92  (m,  2, 

-OH  and  -CHCH3),  7.07  and  7.38  (-C(OH)2);  exact   mass  (C8H10O6), 

202.0439  ( c a l c u l a t e d   2 0 2 . 0 4 7 7 ) .  

This  m a t e r i a l   may  be  conver t ed   to  a s c o r b i c   acid  us ing  t h e  

h y d r o l y s i s   c o n d i t i o n s   d e s c r i b e d   in  Example  5. 

EXAMPLE  22 

To  8  ml  of  dry  p y r i d i n e   was  added  1.254  g  (4.71  mmol)  o f  

3 , 5 - O - b e n z y l i d e n e - L - g u l o n o - 1 , 4 - l a c t o n e   fo l lowed  by  1.40  g  (5.02  mmol) 

of  t r i p h e n y l c h l o r o m e t h a n e .   The  r e a c t i o n   was  s t i r r e d   at  room  t e m p e r a -  

t u r e   for  20  hours.   Chloroform  was  added  and  the  r e a c t i o n   m i x t u r e  

was  e x t r a c t e d   with  water ,   1N  h y d r o c h l o r i c   acid,   s a t u r a t e d   sodium 

b i c a r b o n a t e ,   and  b r i n e .   The  ch lo roform  e x t r a c t   was  d r i ed   with  sodium 

s u l f a t e   and  c o n c e n t r a t e d   a f f o r d i n g   an  o i l .   Chromatography  on  

f l o r i s i l   using  5%  m e t h a n o l - c h l o r o f o r m   a f f o r d e d   0.920  g  (1.81  mmol, 

38%)  of  3 , 5 - O - b e n z y l i d e n e - 6 - O - t r i p h e n y l m e t h y l - L - g u l o n o - 1 , 4 - l a c t o n e :  

i . r .   (KBr)  3378,  1786  cm-1;  n .m.r .   (DMSO-d6)HH  3.20  (m,  2 ) ,  4 . 2 7 -  

4.93  (m,  4),  5.77  (sm  1,  -OCHO-),  5.83  (b road  peak ,   1,  -OH),  7 . 4 0  

(broad  s i n g l e t ,   2 0 ,  a r o m a t i c ) ;   n .m.r .   (DMSO-d6)HC  175.5  ( -CO2-) ,  

143.3,  137.5,  128.8,  128.2,  127.9,  127.8,  127.0,  126.2  ( a r o m a t i c ) ,  

97.8  (-OCO-),  86.2,   74.7,   74.2,  70.6,  69.6  a n d  6 2 . 5   (-CO-);  ms  508 

( 0 . 5 ) ,  2 5 9   ( 1 0 . 2 ) ,  2 5 8   ( 1 7 . 6 ) ,  2 4 9   (17.9) ,   244  (24 .7) ,   243  (100) ,  

165  (32.1) ,   107  (28.0) ,   105  (43.2) ,   79.0  (16.3) ,   77  ( 20 .2 ) ;   e x a c t  

mass  (C32H28O6),  508.1939  ( c a l c u l a t e d   5 0 8 . 1 8 8 6 ) .  



To  2  ml  of  a c e t o n e   was  added  0.071  g  (0.14  mmol)  of  t h e  

above  so l id   fo l lowed   by  0.245  g  (2.82  mmol)  of  manganese  d i o x i d e  

The  r e a c t i o n   was  s t i r r e d   at  room  t e m p e r a t u r e   for  2  hours .   A c e t o n e  

was  added  and  the  r e a c t i o n   m i x t u r e   was  f i l t e r e d   th rough  a  pad  o f  

c e l i t e   to  remove  the  manganese  d i o x i d e   and  c o n c e n t r a t e d   (0.058  g ,  

0.11  mmol,  79%).  To  t h i s   m a t e r i a l   was  added  under  n i t r o g e n   2  ml 

of  70%  a c e t i c   a c i d - w a t e r   and  the  r e a c t i o n   m i x t u r e   was  heated  t o  

70-75°  for  4  hours .   The  s o l v e n t   was  removed  and  a f f o r d e d   m a t e r i a l  

which  was  i d e n t i c a l   with  a u t h e n t i c   a s c o r b i c   acid  by  t . l . c .   and  

g . l . p . c .  

EXAMPLE  23 

To  50  ml  of  benzene  and  7  ml  of  d i m e t h y l f o r m a m i d e   was 

added  10  ml  (80mmol)  of  c innamaldehyde   fo l lowed   by  two  drops  of  p o l y -  

p h o s p h o r i c   acid  and  3.56  g  (20  mmol)  of  L - g u l o n o - 1 , 4 - l a c t o n e .   The 

r e a c t i o n   m ix tu re   was  r e f l u x e d   and  water  removed  via  a  D e a n - S t a r k  

t r a p .   Af te r   5  hours  t h i s   r e a c t i o n   m i x t u r e   was  f i l t e r e d   while   h o t .  

Sodium  b i c a r b o n a t e   was  added  to  the  f i l t r a t e   which  was  then  r e -  

f i l t e r e d .   The  s o l v e n t   was  removed  under  vacuum,  the  r e s u l t i n g   o i l  

t r i t u r a t e d   with  e ther   and  the  so l i d   formed  was  c o l l e c t e d   by  f i l t r a -  

t i o n   and  d r i ed   to  a f f o r d   2.44  g  (8.4  mmol,  42%)  of  3 , 5 - 0 - c i n n a m y l i d e n e -  

L - g u l o n o - 1 , 4 - l a c t o n e .   A n a l y t i c a l l y   pure  m a t e r i a l   was  o b t a i n e d   by 

t r i t u r a t i o n   with  hot  benzene  fo l lowed   by  r e c r y s t a l l i s a t i o n   f rom 

water  a c e t o n e ,  m . p .   164-1670c.   In  an  a l t e r n a t i v e   p r o c e d u r e ,   t h e  

white  so l id   r e s u l t i n g   from  e ther   t r i t u r a t i o n   was  p u r i f i e d   by  d i s -  

so lv ing   in  t e t r a h y d r o f u r a n   and  washing  the  s o l u t i o n   t h r e e   t imes  w i t h .  

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



The  t e t r a h y d r o f u r a n   was  then  c o n c e n t r a t e d   and  the  r e s u l t i n g   s o l i d  

was  r e c r y s t a l l i s e d   from  a c e t o n e - w a t e r ,   m.p.  185-187°C,  [E]D24  + 

39.4  (DMF);  i . r .   (KBr)  3450,  3226,  2860 and  1670  cm-1;  n . m . r .  

(DMSO-d6)  HH  3 .46 -4 .83   (m,  6),  5.0  (t,  1,  J =  6,  -CH2OH),  5.37  (d, 

1,  JAX  = 5,  -OCHO-),  5.98  (d,  1,  J  =  6,  -CHOH),  6.12  and  6.81  (AB  o f  

ABX,  2,  JAB  =  16,  JAX  =  5,  JBX  =  0,  v i n y l ) ,   7 . 2 - 7 . 6 6  ( m ,   5,  a r o m a t i c ) ;  

ms  292  (12.9) ,   133  (33.4) ,   132  (20.6) ,   131  (94.1) ,   127  (15.6) ,   115 

(39.5) ,   107  (18.9) ,   105  (29.7) ,   104  (100),  103  ( 3 0 . 9 ) ,  9 1   ( 1 0 . 1 ) ,  

78  ( 1 5 . 7 ) ,  7 7   (26.9) ,   57  (11.6) ,   55  (31.2) ,   51  ( 1 0 . 4 ) ,  4 3   ( 1 1 . 0 ) .  

Ana lys i s :   C a l c u l a t e d   for  C15H16O6:  C,  61.63;  H,  5 .51 

Found:  C ,  61 .77 ;   H ,  5 . 5 2 .  



1.  A  p r o c e s s   for  the  p r e p a r a t i o n   of  a s c o r b i c   acid   w h i c h  

is  c h a r a c t e r i s e d   by:  

(a)  r e a c t i n g   gu lono- ,   g a l a c t o n o - ,   idono-   or  t a l o n o - 1 , 4 - l a c t o n e   w i t t  

at  l e a s t   one  h y d r o x y l - p r o t e c t i n g   r e a g e n t   so  as  to  p r o t e c t   the  f r e e  

hydroxyl  groups  in  the  5--,  6- and  e i t h e r   the  2-  or  3-  p o s i t i o n s ,   o r ,  

r e a c t i n g   gu lono-   or  i d o n o - l , 4 - l a c t o n e   with  at  l e a s t   one  h y d r o x y l -  

p r o t e c t i n g   r e a g e n t   so  as  to  p r o t e c t   the  f r ee   hydroxyl   groups   in  t h e  

3-,  5-  and  o p t i o n a l l y   the  6-  p o s i t i o n s ;  

(b)  r e a c t i n g   the  r e s u l t i n g   i n t e r m e d i a t e   having  a  f r e e   h y d r o x y l  

group  at  the  2-  or  3-  p o s i t i o n   with  an  o x i d i z i n g   agent   e f f e c t i v e   t o  

conve r t   said  hydroxyl   group  to  an  oxo  group;  a n d  

(c)  h y d r o l y z i n g   the  compound  formed  in  s tep  (b)  u n t i l   c o n v e r s i o n   t o  

a s c o r b i c   acid   is  s u b s t a n t i a l l y   c o m p l e t e .  

2.  A  p r o c e s s   as  c laimed  in  claim  1  which  compr i ses   in  s tep  (a) 

r e a c t i n g   a  1 , 4 - l a c t o n e   s e l e c t e d   from  g u l o n o l a c t o n e ,   g a l a c t o n o l a c t o n e ,  

i d o n o l a c t o n e   and  t a l o n o l a c t o n e   with  about   t h r e e   e q u i v a l e n t s   of  a  

h y d r o x y l - p r o t e c t i n g   r e a g e n t   per  mole  of  the  1 , 4 - l a c t o n e .  

3.  A  p roce s s   as  c la imed  in  claim  2  wherein  the  h y d r o x y l -  

p r o t e c t i n g   r e a g e n t   is  e i t h e r   (a)  a  t r i a l k y l s i l y l   h a l i d e ,   where in   e a c h  

a lky l   group  is  of  1  to  6  carbon  atoms,  (b)  a  d i a l k y l s i l y l   h a l i d e ,  

wherein  each  a lky l   group  is  of  1  to  6.  ca rbon   a t o m s ,  ( c )   an  a l k a n o i c  

a n h y d r i d e   of  3  to  8  carbon  atoms,  (d )  an   a l k a n o y l   h a l i d e   of  2  to  6 

carbon  a t o m s ,  



(e)  an  aroyl   h a l i d e   wherein  said  aroyl   group  i s  b e n z o y l ,   n a p h t h o y l  

or  m o n o s u b s t i t u t e d   benzoyl  wherein  said  s u b s t i t u e n t s   are  a l ky l   of  1 

to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo  or  n i t r o ,  

(f)  a  d i a l k y l   ketone,   wherein  each  a lky l   group  is  of  1  to  6  c a r b o n  

atoms,  or  (g)  an  a lky l   a ldehyde   of  2  to  8  carbon  a t o m s .  

4.  A  p roce s s   as  claimed  in  claim  3  wherein  the  t r i a l k y l s i l y l  

h a l i d e   is  a  t r i m e t h y l s i l y l   h a l i d e   or  a  t - b u t y l - d i m e t h y l s i l y l   h a l i d e ,  

the  a lkano ic   anhydr ide   is  a c e t i c   anhydr ide ,   the  a lkanoy l   h a l i d e   i s  

a c e t y l   c h l o r i d e   or  a c e t y l   bromide,  the  a roy l   h a l i d e   is  b e n z o y l  

c h l o r i d e   or  benzoyl   bromide,  the  d i a l k y l   ketone  is  ace tone ,   m e t h y l  

e thyl   ketone  or  methyl  i s o h u t y l   ketone,   and  the  a lky l   a ldehyde   i s  

a c e t a l d e h y d e   or  p r o p i o n a l d e h y d e .  

5.  A  p roce s s   as  claimed  in  any  one   of  the  p r eced ing   c l a i m s  

wherein  the  o x i d i z i n g   agent   is  a  su l foxonium  s a l t .  

6.  A  p roces s   as  claimed  in  claim  1  whe re in the   1 , 4 - l a c t o n e   i s  

g u l o n o l a c t o n e   or  i d o n o l a c t o n e   and  s tep  (a)  of  the  p roces s   is  c a r r i e d  

out  in  the  p r e sence   of  an  acid  c a t a l y s t   having  a  p k   o f  l e s s   t h a n  

about   2.5  with  at  l e a s t   about  two  e q u i v a l e n t s   of  a  h y d r o x y l - p r o t e c t i n g  

r e a g e n t   per  mole  of  the  1 , 4 - l a c t o n e ,   the  h y d r o x y l - p r o t e c t i n g   r e a g e n t  

being  an  a lky l   a ldehyde   of  2  to  8  carbon  atoms;  an  a ry l   a ldehyde ,   a n  

a r y l a l k y l   a ldehyde  or  an  a r y l a l k e n y l   a ldehyde ,   said  aryl   group  b e i n g  

phenyl ,   m o n o - s u b s t i t u t e d   or  d i - s u b s t i t u t e d   phenyl ,   wherein  s a i d  

s u b t i t u e n t s . a r e   a l ky l   of  1 'to  6  carbon  atoms,  alkoxy  of  1  to  6  c a r b o n  

atoms,  halo  or  n i t r o ,   and  said  a lky l   and  a lkeny l   are  each  of  2  to  4 

carbon  a t o m s .  



7.  A  p r o c e s s   as  c la imed  in  claim  6  wherein   the  a lky l   a l d e h y d e  

is  i s o b u t y r a l d e h y d e   or  a c e t a l d e h y d e ,   the  a ry l   a ldehyde   is  b e n z a l d e h y d e ,  

o - m e t h y l b e n z a l d e h y d e ,   m - m e t h y l b e n z a l d e h y d e ,   3 , 4 - d i c h l o r o b e n z a l d e h y d e ,  

o - m e t h o x y b e n z a l d e h y d e   or  o - c h l o r o b e n z a l d e h y d e ,   and  the  a r y l a l k e n y l  

a ldehyde   is  c i n n a m a l d e h y d e .  

8.  A  p r o c e s s   as  c laimed  in  e i t h e r   of  c l a ims   6  and  7  w h e r e i n  

the  o x i d i z i n g   agen t   is  manganese  d i o x i d e .  

9.  A  p r o c e s s   as  c laimed  in  any  one   of  the  p r e c e d i n g   c l a i m s  

wherein  the  L-  form  of  the  l a c t o n e   is  u s e d .  

10.  A  compound  of  the  f o r m u l a :  

or  the  hydra ted   form  t h e r e o f ,   wherein   R3  is  a  h y d r o x y l - p r o t e c t i n g  

group  de r i ved   from  an  a lky l   a ldehyde   of  2  to  8  carbon  atoms;  a n  

aryl   a ldehyde ,   and  a r y l a l k y l   a ldehyde   or  an  a r y l a l k e n y l   a l d e h y d e ,  

said  a ry l   group  being  phenyl.,  m o n o - s u b s t i t u t e d   or  d i - s u b s t i t u t e d  

phenyl ,   wherein   sa id   s u b s t i t u e n t s   are  a l k y l   of  1  to  6  carbon  a t o m s ,  

a lkoxy  of  1  to  6  carbon  atoms,  halo  or  n i t r o ,   and  said  a lky l   and  

a l k e n y l   are  each  of  2  to  4  carbon  a t o m s .  
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