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This  invention  relates  to  a  novel  process  for  preparing  ascorbic  acid.  L-ascorbic  acid,  or  Vitamin  C, 
is  required  in  the  human  diet  and  is  widely  sold  in  tablet  form  and  as  an  additive  in  various  foodstuffs  to 
meet  this  need  and  also  as  an  antioxidant.  In  all  animals  except  primates  and  guinea  pigs  L-ascorbic 
acid  is  biosynthesised  from  D-glucose.  The  final  step  in  this  biosynthesis  is  the  enzymatic  conversion  of 
L-gulono-1,4-lactone  to  L-ascorbic  acid.  British  Patent  No.  763,055  discloses  the  conversion  of  L- 
gulono-1,4-lactone  to  L-ascorbic  acid  in  about  40%  yield  by  the  use  of  an  enzymatic  oxidation  system. 

Attempts  to  effect  the  direct  conversion  of  L-gulono-1,4-lactone  to  L-ascorbic  acid  by  chemical 
means  have  been  only  partly  successful,  since  over-oxidation  and  degradation  reactions  produce 
undesirable  by-products.  However,  low  yields  of  L-ascorbic  acid  have  been  produced.  For  example, 
Berends  and  Konings,  Rec.  Trav.  Chem,  des  Pays-Bas,  74,  1365  (1955)  disclose  the  use  of  Fentons 
reagent  to  give  about  a  10%  yield  of  L-ascorbic  acid.  The  most  successful  and  common  method  of 
producing  L-ascorbic  acid  is  based  on  a  multi-step  synthesis  from  D-glucose  going  through  sorbose  and 
2-keto-gulonic  acid  as  intermediates.  Many  improvements  in  the  original  sorbose  method  of  Reichstein 
and  Grussner,  Helv.  Chim.  Acta.,  17,  311  (1934)  have  been  made.  D-ascorbic  acid  may  be  used  as  an 
antioxidant  in  foodstuffs. 

Derivatives  of  L -  gulono -  1,4 -  lactone  are  known  in  the  art.  For  example,  Matsui  et  al  have 
prepared  2,3:5,6 -  di -  O -  isopropylidene -  L -  gulono -  1,4 -  lactone,  3,5 -  0 -  benzylidene -  L - 
gulono -  1,4 -  lactone,  2,6:3,5 -  di -  0 -  benzylidene -  L -  gulono -  1,4 -  lactone  (Yakugaku 
Zasshi 86, 110 (1966)), and 2,3,5,6 -  -tetrabenzoyl  -L  -gulono  -1,4 -  lactone  has  been  prepared  by 
Kohn  et  al  (J.A.C.S.,  87,  5475  (1965)).  Similar  compounds  derived  from  D -  gulono -  1,4 -  lactone 
are  also  known  including  2,3:5,6 -  di -  0 -  isopropylidene -  D -  gulono -  1,4 -  lactone,  2,3 -  O -  
isopropylidene -  D -  gulono -  1,4 -  lactone  and  5,6 -  O -  isopropylidene -  D -  gulono -  1,4 - 
lactone  (Huyalkar  et  al,  Can.  J.  Chem.,  41,  1898  (1963)).  Other  compounds  include  2,3,5,6 -  tetra - 
O -  trimethylsilyl -  D -  gulono -  1,4 -  lactone  (Meguro  et  al,  Agr.  Bio  Chem.,  36,  2075  (1972)), 
2,3,5,6 -  tetra -  O -  acetyl -  D -  gulono -  1,4 -  lactone  (Ness  et  al,  J.A.C.S.,  73, 4759  (1951))  and 
2,3,5,6 -  tetra -  O -  benzoyl -  D -  gulono-1.4-lactone  (Kohn  et  al.  J.A.C.S.,  86,  1457  (1964)). 
Similar  derivatives  of  gulonic  acid  and  gulonamide  have  been  prepared.  Similar  derivatives  of  the  other 
1,4-lactones  are  also  known.  Prior  to  the  present  process,  the  oxidation  of  partially  protected  gulono - 
1,4 -  lactone,  galactono -  1,4 -  lactone,  idono -  1,4 -  lactone  or  talono -  1,4 -  lactone  is  not  known 
to  have  been  described  nor  are  such  compounds  known  to  have  been  employed  as  intermediates  in  the 
preparation  of  ascorbic  acid.  Agr.  Biol.  Chem.,  1974,  38  (ii),  2189  -   90,  described  the  reaction  of  D- 
glucuronolactone  with  acetone  to  form  the  1,2 -  0 -  isopolypylidene  derivative,  followed  by  oxidation, 
hydrolysis  to  remove  the  protecting  group  and  sodium  borohydride  reduction  to  L-ascorbic  acid. 

The  present  invention  provides  a  novel  process  for  the  preparation  of  ascorbic  acid  from  a  1,4- 
lactone  selected  from  gulono -  1,4 -  lactone,  glactono -  1,4 -  lactone,  idono -  1,4 -  lactone  and 
talono -  1,4 -  lactone.  L-ascorbic  acid  is  prepared  from  lactones  of  the  L-series  and  D-ascorbic  acid 
results  from  lactones  of  the  D-series.  The  lactone  is  first  reacted  with  a  hydroxyl-protecting  reagent  to 
form  a  hydroxyl-protected  intermediate  wherein  one  of  the  hydroxyl  groups  located  at  the  2-  and  3- 
positions  of  the  ring  is  protected  while  the  other  remains  as  a  free  hydroxyl  group.  The  free  hydroxyl 
group  at  the  2-  or  3-  position  of  this  protected  intermediate  is  then  oxidised  to  a  keto  group  and  the 
resulting  compounds  subjected  to  hydrolysis  until  substantial  conversion  to  ascorbic  acid  has  occurred. 

Thus  the  invention  provides  a  process  for  the  preparation  of  ascorbic  acid  which  is  characterised 
by: 

(a)  reacting  gulono-,  galactono-,  idono-  or talono -  1,4 -  lactone  with  at  least  one  hydroxyl-protecting 
reagent  so  as  to  protect  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  reagent  so  as  to  protect 
the  free  hydroxyl  groups  in  the  3-,  5-  and  optionally  the  6-positions, 

(b)  reacting  the  resulting  intermediate  having  a  free  hydroxyl  group  at  the  2-  or  3-  position  with  an 
oxidizing  agent  effective  to  convert  said  hydroxyl  group  to  an  oxo  group;  and 

(c)  hydrolyzing  the  compound  formed  in  step  (b)  until  conversion  to  ascorbic  acid  is  substantially 
complete. 

In  one  embodiment  of  this  invention,  this  process  may  be  effected  by  (a)  contacting  a  1,4-lactone , 
selected  from  gulano -  1,4 -  lactone,  galactono -  1,4 -  lactone,  idono -  1,4 -  lactone  and  talono -  1,4 - 
lactone  with  about  three  equivalents  of  a  hydroxyl-protecting  reagent  per  mole  of  1,4-lactone;  (b) 
contacting  the  resulting  intermediate  having  a  free  hydroxyl  group  at  the  2-  or  3-  position  with  an 
oxidizing  agent  effective  to  convert  said  hydroxyl  group  to  a  keto  group  and  (c)  hydrolyzing  the 
compound  formed  in  step  (b)  until  conversion  to  ascorbic  acid  is  substantially  complete.  Preferred 
hydroxyl-protecting  reagents  for  this  process  include  trialkylsilyl  halides  and  dialkylsilyl  halides,  wherein 
each  alkyl  is  of  1  to  6  carbon  atoms;  alkanoic  anhydrides  of  3  to  8  carbon  atoms;  alkanoyl  halides  of  2 



to  6  carbon  atoms;  aroyl  halides  wherein  said  aroyl  is  benzoyl,  naphthoyl  or  mono-substituted  benzoyl; 
wherein  said  substituents  are  alkyl  or  1  to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo  or  nitro; 
dialkyl  ketones,  wherein  each  alkyl  is  of  1  to  6  carbon  atoms;  alkyl  aldehydes  of  2  to  8  carbon  atoms; 
and  triphenylmethyl  halides. 

Ascorbic  acid  may  also  be  prepared  by  (a)  contacting  a  1,4-lactone  selected  from  gulono -  1,4 -  
lactone  and  idono -  1,4 -  lactone  in  the  presence  of  an  acid  catalyst  having  a  pKa  of  less  than  about 
2.5  with  at  least  about  two  equivalents  of  a  hydroxyl-protecting  reagent  per  mole  of  1,4-lactone,  said 
reagent  being  selected  from  an  alkyl  aldehyde  of  2  to  8  carbon  atoms;  an  aryl  aldehyde,  an  arylalkyl 
aldehyde  and  an  arylalkenyl  aldehyde,  wherein  said  aryl  is  phenyl,  mono-substituted  or  disubstituted 
phenyl,  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  one  to  six  carbon  atoms, 
halo  or  nitro,  and  said  alkyl  and  alkenyl  are  each  of  2  to  4  carbon  atoms;  (b)  contacting  the  resulting 
intermediate  having  a  free  hydroxyl  group  at  the  2-position  with  an  oxidizing  agent  effective  to  convert 
said  hydroxyl  group  to  a  keto  group  and  (c)  hydrolyzing  the  compound  formed  in  step  (b)  until 
conversion  to  ascorbic  acid  is  substantially  complete.  Preferred  hydroxyl-protecting  reagents  for 
effecting  this  process  include  acetaldehyde,  isobutyraldehyde,  benzaldehyde,  o-methylbenzaldehyde, 
m-methylbenzaldehyde,  3,4-dichlorobenzaldehyde,  o-methoxybenzaldehyde,  o-chlorobenzaldehyde 
and  cinnamaldehyde. 

The  present  process  for  the  preparation  of  ascorbic  acid  utilizes  as  starting  material  a  1,4-lactone 
selected  from  gulono-1,4-lactone,  galactono-1,4-lactone,  idono-1,4-lactone  and  talono-1,4-lactone. 
These  isomeric  lactones  differ  in  the  stereochemistry  of  the  hydroxyl  groups  at  the  2-  and  3-  positions 
and  may  be  represented  by  the  formulae: 

and  the  enantiomers  thereof. 
The  numbering  of  the  lactone  ring  as  used  in  the  specification  and  claims  herein  is  shown  above 

in  formula  (I). 
The  present  process  may  be  used  to  prepare  either  L-ascorbic  acid  or  D-ascorbic,  or  mixtures  of 

the  two  acids.  L-ascorbic  acid  is  derived  from  1,4-lactones  of  the  L-series,  while  D-ascorbic  acid  is 
prepared  from  the  D-enantiomers.  As  used  in  the  specification  and  claims  hereof,  reference  to  ascorbic 
acid,  gulono -  1,4 -  lactone,  galactono -  1,4 -  lactone,  idono -  1,4 -  lactone  and  talono  -1,4 -  and 
to  intermediates  derived  therefrom  is  meant  to  include  compounds  of  both  the  L-series  and  the  D- 
series. 

The  lactone  starting  materials  are  well  known  in  the  art  and  can  be  obtained  commercially  or  syn- 
thesized.  For  example,  L-gulono-1,4-lactone  can  be  prepared  by  the  hydrogenation  of  D-glucurono- 
lactone.  L-galactono-1,4-lactone  may  be  prepared  from  pectin  via  D-galacturonic  acid.  D -  gulono - 
1,4 -  lactone  can  be  prepared  from  D-xylose.  See,  for  example,  Chem.  Pharm.  Bull.  13,  173  (1965), 
Helv.  Chim.  Acta.  21,  3  (1938);  Bull  Chem.  Soc.  Japan  13,  272  (1938);  J.A.C.S.  49, 478  (1928);  Helv. 
Chim.  Acta  18  482  (1938)  and  Organic  Synthesis  IV,  506  (1963).  Gulono -  1,4 -  lactone  is  a 
preferred  starting  material. 

The  first  step  in  the  present  process  is  the  formation  of  a  protected  intermediate,  having  an 
unprotected  hydroxyl  group  remaining  at  either,  but  not  both,  the  2-  or  3-  position  of  the  lactone  ring. 
This  may  be  effected  in  one  embodiment  of  the  invention  by  the  reaction  of  the  1,4-lactone  with  about 
three  equivalents  of  a  hydroxyl-protecting  reagent  per  mole  of  1,4-lactone.  As  used  in  the  specification 
and  claims  hereof,  a  hydroxyl-protecting  reagent  is  considered  to  be  any  compound  that  will  react  with 
the  hydroxyl  groups  of  the  lactone,  replacing  the  hydrogen  atom  with  a  radical  derived  from  the 
reagent,  which  radical  can  in  subsequent  steps  be  removed  by  hydrolysis  to  regenerate  the  hydroxyl 



groups.  By  an  equivalent  of  hydroxyl-protecting  reagent  is  meant  the  stoichiometric  amount  required  to 
react  with  one  hydroxyl  group.  The  hydroxyl-protecting  reagent  may  be  monofunctional,  by  which  is 
meant  that  one  molecule  of  reagent  reacts  with  one  hydroxyl  group  of  the  lactone.  When  such  a 
reagent  is  used  the  hydroxyl  groups  at  the  5-  and  6-  positions  and  one  of  the  hydroxyl  groups  at  the  2- 
or  3-  position  will  be  protected.  Since  only  three  equivalents  are  employed  only  one  of  the  hydroxyl 
groups  at  the  2-  and  3-  positions  will  react  and  a  free  hydroxyl  group  will  remain  at  the  other  position. 
The  protected  intermediates  formed  by  this  reaction  are  of  the  formulae: 

wherein  R  is  a  monofunctional  hydroxyl-protecting  group,  as  defined  herein;  or  mixtures  thereof,  and 
their  enantiomers. 

Many  monofunctional  hydroxyl-protecting  reagents  are  known  in  the  art  including,  but  not  limited 
to,  trialkylsilyl  halides,  wherein  each  alkyl  is  of  1  to  6  carbon  atoms;  alkanoyl  halides  of  2  to  6  carbon 
atoms;  aroyl  halides,  wherein  aroyl  is  benzoyl,  naphthoyl  or  mono-substituted  benzoyl,  wherein 
said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo  or 
nitro;  alkanoic  anhydrides  of  3  to  8  carbon  atoms;  alkyl  vinyl  ethers,  wherein  said  alkyl  is  of  1 
to  6  carbon  atoms;  alkyl  mono-  or  di-substituted  vinyl  ethers,  wherein  said  substituents  are  alkyl  of 
1  to  6  carbon  atoms  or  halo;  and  triphenylmethyl  halides.  The  choice  of  hydroxyl-protecting  reagent  is 
not  critical  and  any  compound  which  will  allow  formation  of  a  protected  intermediate  which  can  be 
oxidized  at  the  2-  or  3-  position  and  the  hydroxyl-protecting  groups  removed  thereafter  can  be 
employed.  A  preferred  class  of  monofunctional  hydroxyl-protecting  reagents  is  trialkylsilyl  halides, 
wherein  each  alkyl  is  of  1  to  6  carbon  atoms.  Of  these,  trimethylsilyl  halides  and  t-butyl-dimethylsilyl 
halides  are  especially  preferred.  Another  preferred  class  of  monofunctional  reagents  is  alkanoic 
anhydrides  of  3  to  8  carbon  atoms;  these  are  considered  as  monofunctional  reagents  for  the  purpose  of 
this  process,  since  the  anhydride  reacts  dissociatively  and  each  lactone  hydroxyl  reacted  is  esterified.  A 
preferred  alkanoic  anhydride  is  acetic  anhydride.  Other  preferred  hydroxy-protecting  reagents  are 
alkanoyl  halides  of  2  to  6  carbon  atoms;  especially  preferred  are  acetyl  chloride  and  acetyl  bromide.  A 
further  preferred  class  of  hydroxyl-protecting  reagents  is  aroyl  halides,  wherein  said  aroyl  is  benzoyl, 
naphthoyl  or  mono-substituted  benzoyl,  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms, 
alkoxy  of  1  to  6  carbon  atoms,  halo  or  nitro.  Especially  preferred  are  benzoyl  chloride  and  benzoyl 
bromide.  A  preferred  triphenylmethyl  halide  is  triphenylchloromethane. 

in  a  further  embodiment  of  this  invention,  difunctional  hydroxyl-protecting  reagents  may  be 
employed.  By  a  difunctional  hydroxyl-protecting  reagent  is  meant  a  compound  of  one  molecule  of 
which  can  react  with  two  hydroxyl  groups  of  the  lactone  to  form  a  bridged  intermediate.  Thus,  one 
mole  of  such  a  reagent  provides  two  equivalents  of  hydroxyl-protecting  reagent  according  to  the 
definition  used  herein.  The  difunctional  hydroxyl-protecting  reagents  may  be  effective  to  form  two  types 
of  intermediates,  depending  on  the  choice  of  reagent  employed.  Difunctional  reagents  react  to  form  a 
5,6-bridged  intermediate.  Examples  of  difunctional  hydroxyl-protecting  reagents  that  can  be  employed 
in  the  formation  of  such  an  intermediate  include,  but  are  not  limited  to,  dialkylsilyl  halides,  alkyl  iso- 
cyanates,  and  alkyl  haloformates,  wherein  each  alkyl  is  of  1  to  6  carbon  atoms;  aryl  isocyanates, 
wherein  aryl  is  phenyl,  monosubstituted  or  disubstituted  phenyl,  wherein  the  substituents  are  alkyl  of  1 
to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo  or  nitro;  and  alkyl  aldehydes  of  2  to  8  carbon 
atoms.  Choice  or  reagent  is  not  critical.  When  a  difunctional  hydroxy-protecting  reagent  is  employed  it 
is  preferably  used  in  the  amount  of  about  two  equivalents  in  conjunction  with  one  equivalent  of  a 
monofunctional  hydroxyl-protecting  reagent,  which  reacts  with  one  of  the  hydroxyl  groups  at  the  2-  or 
3-position  of  the  lactone,  to  form  an  intermediate  of  the  type: 

wherein  Ri  is  a  difunctional  hydroxyl-protecting  group  and  R  is  a  monofunctional  hydroxyl-protecting 
group,  as  defined  herein;  or  mixtures  thereof,  and  their  enantiomers. 



A  preferred  class  of  difunctional  hydroxyl-protecting  reagents  is  dialkylsilyl  halides,  wherein  each 
alkyl  is  of  1  to  6  carbon  atoms.  Another  class of  preferred  hydroxyl-protecting  reagents  is  dialkyl 
ketones,  wherein  each  alkyl  is  of  1  to  6  carbon  atoms;  especially  preferred  are  acetone,  methyl  ethyl 
ketone  and  methyl  isobutyl  ketone.  A  further  class  of  preferred  difunctional  hydroxyl-protecting 
reagents  is  alkyl  aldehydes  of  2  to  8  carbon  atoms;  especially  preferred  compounds  are  acetaldehyde 
and  propionaldehyde.  The  alkyl  aldehydes  may  be  used  directly  or  in  the  form  of  dialkyl  acetals  and 
reference  to  such  aldehydes  in  the  specification  and  claims  hereof  is  intended  to  include  such  acetals. 

Formation  of  the  protected  intermediates  described  above  and  represented  by  formulae  V  through 
VIII  is  generally  conducted  in  non-hydroxylic  organic  solvents.  Suitable  solvents  include,  but  are  not 
limited  to,  dimethyl  formamide,  pyridine  and  dimethyl  sulfoxide.  It  is  not  necessary,  however,  that  the 
starting  lactone  be  fully  soluble  in  the  organic  medium  and  the  protected  intermediate  can  be  prepared 
in  a  heterogeneous  system  where  the  lactone  is  dispersed  in  an  inert  organic  diluent.  The  1,4-lactone  is 
contacted  with  the  appropriate  hydroxyl-protecting  reagent  at  temperatures  in  the  range  of  about 
-10°C  to  150°C.  Temperature  is,  however,  not  critical  and  usually  the  reaction  can  be  most  con- 
veniently  accomplished  at  room  temperature.  The  hydroxyl-protecting  reagent  may  be  added  to  the 
solution  of  the  1,4-lactone  either  dropwise  or  in  one  batch.  In  either  case,  the  mixture  should  be 
adequately  stirred  throughout  the  period  of  reaction.  The  time  for  complete  reaction  will,  of  course,  vary 
with  the  temperature  and  concentration  of  reagents.  In  general,  however,  the  reaction  will  be  sub- 
stantially  complete  in  a  period  of  about  30  minutes  to  about  15  hours.  When  alkyl  aldehydes  are 
employed  in  forming  the  protected  intermediates  described  above,  the  reaction  may  be  advan- 
tageously  conducted  in  the  presence  of  a  weak  Lewis  acid  catalyst,  such  as  cupric  sulfate  or  ferric 
chloride. 

A  limited  number  of  difunctional  hydroxyl-protecting  reagents  have  been  found  to  form  a  3,5- 
adduct  of  the  type: 

wherein  R3  is  a  difunctional  hydroxyl-protecting  group  derived  from  an  alkyl  aldehyde,  aryl  aldehyde, 
arylalkyl  aldehyde  or  arylalkenyl  aldehyde,  as  defined  hereinafter;  and  the  enantiomer  thereof.  These 
3,5-adducts  are  formed  with  such  aldehyde  hydroxyl-protecting  reagents  in  the  presence  of  a  strong 
acid  catalyst  having  a  pKa  of  less  than  about  2.5. 

Such  intermediates  are  only  formed  with  gulono -  1,4 -  lactone  and  idono -  1,4 -  lactone,  in 
which  the  stereochemistry  of  the  3-  and  5-hydroxyl  groups  allows  the  formation  of  this  bridged 
compound.  The  hydroxyl-protecting  reagents  that  have  been  found  to  form  this  type  of  intermediate  are 
aryl  aldehydes,  arylalkyl  aldehydes  and  arylalkenyl  aldehydes,  wherein  aryl  is  phenyl,  mono-substituted 
or  disubstituted  phenyl,  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6 
carbon  atoms,  halo  or  nitro,  and  alkyl  and  alkenyl  are  each  of  2  to  4  carbon  atoms;  and  alkyl  aldehydes 
of  2  to  8  carbon  atoms.  Preferred  alkyl  aldehydes  are  acetaldehyde  and  isobutyraldehyde.  Preferred  aryl 
aldehydes  include  benzaldehyde,  o-methylbenzaldehyde,  m-methylbenzaldehyde,  3,4-dichloro- 
benzaldehyde,  o-methoxybenzaldehyde  and  o-chlorobenzaldehyde.  Benzaldehyde  is  an  especially 
preferred  reagent.  Another  especially  preferred  reagent  is  o-methoxybenzaldehyde.  A  preferred 
arylalkenyl  aldehyde  is  cinnamaldehyde. 

Formation  of  the  3,5-protected  intermediates  described  above  and  represented  by  formula  IX  is 
conducted  in  an  organic  solvent  or  diluent.  Suitable  solvents  are  non-hydroxylic  organic  compounds 
such  as  dimethyl  formamide,  pyridine  and  dimethyl  sulfoxide.  A  particularly  preferred  process  employs 
an  excess  of  the  aldehyde  hydroxyl-protecting  reagent  as  solvent  of  diluent.  Since  the  intermediate  is  a 
3,5-adduct,  further  reaction  of  the  aldehyde  with  other  hydroxyl  groups  of  the  same  lactone  ring  does 
not  occur.  Thus,  for  example,  the  1,4-lactone  can  be  contacted  with  from  about  3  to  about  10 
equivalents  of  the  aldehyde  hydroxyl-protecting  reagent.  Two  equivalents  of  the  aldehyde  hydroxyl- 
protecting  reagent  are  consumed  by  reaction  with  the  1,4-lactone  to  form  the  3,5-adduct,  while  the 
remainder  acts  as  solvent  or  diluent.  The  formation  of  the  3,5-adduct  requires  the  presence  of  a  strong 
acid  catalyst  having  a  pKa  of  less  than  about  2.5,  generally  added  in  an  amount  between  about  0.05 
and  about  1.5  moles  per  mole  of  1,4-lactone.  Suitable  acid  catalysts  include,  but  are  not  limited  to, 
hydrochloric  acid,  sulfuric  acid  p-toluenesulfonic  acid,  sulfonic  ion  exchange  resins  and  polyphosphoric 
acid.  Temperatures  between  about  -10°C  and  150°C  may  be  employed.  Temperatures  are  not 
critical,  however,  and  the  reaction  is  usually  conducted  at  about  room  temperature.  The  hydroxyl 
protecting  reagent  may  be  added  to  the  solution  of  the  1,4-lactone  either  dropwise  or  in  one  batch 
while  stirring  the  reaction  mixture.  The  time  for  complete  reaction  will  depend  on  the  temperature  and 
the  concentration  of  the  reagents.  In  general,  however,  the  reaction  will  be  substantially  complete  in 



a  period  of  about  30  minutes  to  about  15  hours. 
The  3,5-adducts  of  formula  IX  may  also  be  formed  from  5,6-adducts  formed  with  alkyl  aldehyde 

protecting  groups  by  heating  in  the  presence  of  a  strong  acid  catalyst  as  described  above. 
The  3,5-adduct  of  formula  IX  can  be  used  directly  in  the  next  step  of  the  process  i.e.,  the  oxidation 

of  the  hydroxyl  group  to  a  keto  group.  The  free  hydroxyl  at  the  2-position  may  be  selectively  oxidized  in 
preference  to  the  other  free  hydroxyl  at  the  6-position  of  the  lactone.  Thus,  in  this  embodiment  of  the 
present  invention,  the  first  step  in  the  process  may  be  effected  by  contacting  a  1,4-lactone  selected 
from  gulonolactone  and  idono-lactone  in  the  presence  of  an  acid  catalyst  having  a  pKa  of  less  than 
about  2.5  with  at  least  about  two  equivalents  of  a  hydroxyl-protecting  reagent  per  mole  of  1,4-lactone, 
said  reagent  being  selected  from  an  alkyl  aldehyde  of  2  to  8  carbon  atoms;  an  aryl  aldehyde,  an 
arylalkyl  aldehyde  and  an  arylalkenyl  aldehyde,  wherein  said  aryl  is  phenyl,  mono-substituted  or 
disubstituted  phenyl  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon 
atoms  halo  or  nitro,  and  said  alkyl  and  alkenyl  are  each  of  2  to  4  carbon  atoms.  This  is  a  preferred 
embodiment  of  the  present  process. 

The  above  reactions  can  also  be  employed  to  form  intermediates  of  the  formula: 

wherein  R  is  a  monofunctional  hydroxyl-protecting  group  and  R3  is  a  difunctional  hydroxyl-protecting 
group  derived  from  an  alkyl  aldehyde,  an  aryl  aldehyde,  an  arylalkyl  aldehyde  or  an  arylalkenyl  aldehyde, 
as  defined  above;  and  the  enantiomer  thereof. 

A  preferred  monofunctional  hydroxyl-protecting  reagent  for  the  formation  of  these  intermediates 
is  a  triphenylmethyl  halide,  such  triphenylchloromethane.  Intermediates  of  formula  X  are  suitable  for 
oxidation  of  the  2-hydroxyl  group  to  a  keto  group  in  the  same  way  as  other  3,5-adducts,  as  described 
hereinafter. 

In  specifying  the  amount  of  hydroxyl-protecting  reagent  required  to  form  the  above  protected 
intermediates,  i.e.  about  three  equivalents  or  about  two  equivalents  per  mole  of  1,4-lactone,  depending 
on  the  hydroxyl-protecting  reagent  employed,  it  will  of  course  be  recognised  that  lesser  amounts  of 
reagent  can  be  used  with  corresponding  lower  yields  of  the  intermediates.  It  is  intended  that  the 
specification  and  claims  hereof  include  a  process  where  only  a  part  of  the  1,4-lactone  starting  material 
is  reacted  and  unreacted  1,4-lactone  may  be  subsequently  recycled  for  further  reaction.  It  is,  of  course, 
advantageous  to  avoid  such  recycle  and  the  present  process  allows  high  yields  in  a  single  pass. 

The  protected  intermediates  formed  in  the  first  step  of  the  process  as  described  above,  may  be 
used  directly  in  the  next  step  of  the  present  process  without  further  purification.  If  desired,  however,  the 
protected  intermediates  may  be  isolated  and  purified  by  recrystallisation  or  other  means  known  in  the 
art.  Preferably,  before  use  in  the  next  step  excess  solvent  is  removed. 

The  second  step  in  the  present  process  is  the  oxidation  of  the  unprotected  hydroxyl  group,  located 
at  the  2-  or  3-  position  of  the  protected  lactone,  to  keto.  This  may  be  effected  by  methods  known  in  the 
art  for  the  oxidation  of  secondary  alcohols  to  ketones.  However,  choice  of  oxidizing  agents  will  be 
affected  by  the  protecting  groups  employed  and  the  type  of  intermediate  formed  in  the  first  step  of  the 
process.  For  example,  oxidation  of  the  3,5-protected  intermediates  and  others  having  a  free  hydroxyl 
group  at  the  2-position  of  the  lactone  may  conveniently  be  effected  with  manganese  dioxide.  In  the 
case  of  the  3,5-intermediates  having  a  free  hydroxyl  group  at  the  6-position  of  the  lactone,  as  shown  in 
formula  IX,  the  hydroxyl  group  at  the  2-position  is  oxidized  preferentially  by  such  use  of  manganese 
dioxide.  Any  of  the  intermediates  formed  in  the  first  step  of  the  process  may  be  oxidized  via  a 
sulfqxonium  salt,  formed  from  a  mixture  of  dimethyl  sulfoxide  and,  for  example,  acetic  anhydride  or  tri- 
fluoroacetic  anhydride,  or  from  a  mixture  of  dimethylsulfide  and  N-chlorsuccinimide,  in  the  presence  of  a 
base,  such  as  triethylamine.  Oxidation  may  also  be  effected  catalytically  using  either  pure  oxygen  or  an 
oxygen-containing  gas.  A  suitable  catalyst  is  platinum.  Oxidation  may  also  be  effected  elctro- 
chemically.  The  oxidation  is  conducted  in  an  organic  solvent,  which  may  be  the  same  as  that  used  in 
the  first  step  of  the  process  in  forming  the  protected  intermediate.  However,  other  solvents  may  be 
used  and  in  general,  any  organic  solvent  inert  to  oxidation  conditions  can  be  employed.  Examples  of 
suitable  solvents  include,  but  are  not  limited  to,  dimethyl  formamide,  pyridine,  dimethyl  sulfoxide, 
dichloromethane  and  acetone.  It  is  not  necessary  that  the  intermediate  be  fully  soluble  in  the  organic 
medium.  Temperatures  suitable  for  the  oxidation  reaction  will  vary  according  to  the  type  of  oxidation 
employed.  For  example,  in  oxidation  via  sulfoxonium  salts,  the  oxidation  may  be  conducted  at  about 
-60°C  to  100°C  depending  on  the  method  used  to  generate  the  initial  sulfonium  salt.  The  reaction  is 
preferably  conducted  at  about  0°C  to  50°C.  Oxidation  by  manganese  dioxide  is  conducted  at  about 



-10°C  to  about  75°C,  preferably  about  0°C  to  room  temperature.  Catalytic  oxidation  using  platinum 
and  oxygen  may  be  conducted  at  about  room  temperature  to  about  100°C,  preferably  about  50°C  to 
about  75°C.  Before  proceeding  to  the  next  step  of  the  process  the  oxidized  intermediate  should  be 
separated  from  any  excess  oxidizing  agent,  for  example,  by  filtration  of  solid  catalyst  residues  or  by 
extraction  or  recrystallisation  of  the  product.  If  desired,  the  oxidized  intermediate  can  be  isolated  and 
purified  by  means  known  in  the  art;  however,  this  is  not  necessary.  The  oxidized  intermediates  may 
exist  in  the  keto,  enol  or  hydrated  forms  depending  on  the  protecting  groups  employed.  The  3,5- 
protected  intermediates  are  generally  isolated  as  the  hydrated  or  keto  form. 

The  oxidized  intermediates  formed  as  described  above  are  novel  compounds.  Particularly  useful 
and  preferred  intermediates  are  those  of  the  formula: 

and  the  hydrated  form  thereof, 
wherein  R3  is  a  hydroxyl-protecting  group  derived  from  an  alkyl  aldehyde  of  2  to  8  carbon  atoms; 

an  aryl  aldehyde,  an  arylalkyl  aldehyde  or  an  arylalkenyl  aldehyde,  wherein  said  aryl  is  phenyl,  mono- 
substituted  or  di-substituted  phenyl,  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy 
of  1  to  6  carbon  atoms,  halo  or  nitro,  and  said  alkyl  and  alkenyl  are  each  of  2  to  4  carbon  atoms.  These 
are  formed  by  oxidation  of  compounds  of  formula  IX  as  described  above. 

The  final  step  in  the  present  process  is  the  removal  of  the  hydroxyl-protecting  groups  by 
hydrolysis  and  subsequent  rearrangement  to  yield  ascorbic  acid.  Hydrolysis  may  generally  be  effected 
under  said  acid  conditions.  Suitable  acids  for  effecting  removal  of  the  hydroxyl-protecting  groups 
include  hydrochloric  acid,  sulfuric  acid,  acetic  acid  and  other  lower  alkyl  carboxylic  acids  and  sulfonic 
ion  exchange  resins.  Hydroylsis  may  be  conducted  in  aqueous  organic  co-solvent  mixtures,  with 
methanol  and  other  lower  alkyl  alcohols  being  suitable  solvents.  Another  preferred  hydrolysis  medium 
is  aqueous  acetic  acid.  With  some  hydroxyl-protecting  groups  hydrolysis  may  also  be  effected  under 
basic  conditions,  for  example,  where  ester  intermediates  are  employed.  Suitable  bases  include  sodium 
carbonate,  sodium  hydroxide  and  similar  salts.  The  ascorbic  acid  is  then  obtained  in  the  form  of  the 
sodium  or  other  metal  salt  and  can  be  converted  to  the  free  acid  by  treatment  with  a  dilute  acid,  such  as 
hydrochloric  acid,  or  by  ion  exchange.  Under  either  basic  or  acidic  hydrolysis  conditions  temperatures 
are  not  critical,  generally  temperatures  in  the  range  of  about  35°C  to  100°C  being  suitable  with  tem- 
peratures  of  about  50°C  to  75°C  being  preferred.  Under  some  strong  acid  or  basic  hydrolysis 
conditions  the  lactone  ring  may  be  opened  to  form  methyl  2-ketogulonate  or  2-ketogulonic  acid.  These 
can  be  readily  converted  by  further  reaction  to  ascorbic  acid  by  means  known  in  the  art  and  thus  the 
formation  of  these  intermediates  is  not  detrimental  to  the  present  process.  If  desired,  the  methyl  2- 
ketogulonate  or  2-ketogulonic  acid  may  be  isolated  and  purified.  The  ascorbic  acid  produced  can  be 
purified  by  means  known  in  the  art,  for  example  by  recrystallisation  from  methanol,  methanol-water  or 
other  suitable  solvents  or  solvent  mixtures. 

The  process  of  the  present  invention  is  further  illustrated  by  the  following  Examples.  It  should  be 
understood,  however,  that  the  invention  is  not  limited  to  the  specific  details  of  these  examples.  All 
temperatures  are  in  °C.  "Chromosorb",  "Florisil,"  "Amberlite"  and  "Celite"  are  Registered  Trade  Marks 
in  the  U.K. 

Example  1 
To  50  ml  of  dry  DMF  was  added  8.91  g  (50  mmol)  of  L -  gulono -  1,4 -  lactone.  To  this  homo- 

geneous  solution  was  added  24.04  g  (395  mmol)  of  imidazole  and  23.27  g  (156  mmol)  of  t-butyl- 
dimethylchlorosilane.  The  reaction  was  slightly  exothermic  initially  and  was  stirred  under  nitrogen  for 
15  hours.  At  that  time  350  ml  of  benzene  was  added  and  this  solution  was  extracted  5  times  with  50 
rril  of  water,  2  times  with  brine,  and  then  it  was  dried  with  anhydrous  sodium  sulfate.  Removal  of  the 
solvent  under  vacuum  afforded  26.3  g  (50.5  mmol,  100%)  of  a  colourless  oil  which  t.l.c.  revealed 
contained  two  components.  This  material  was  chromatographed  on  510  g  of  silica  gel  using  0.25% 
methanol-benzene  to  elute  the  faster  moving  component  (16.2  g,  31.1  mmol,  62.2%)  and  then  using 
0.5%  methanol-chloroform  to  2%  methanol-chloroform  to  elute  the  slower  moving  component  (8.2  g, 
15.9  mmol,  31.9%). 

The  faster  moving  component  was  shown  to  be  2,5,6 -  tri -  O -  t -  butyldimethylsilyl -  L - 
gulono -  1,4 -  lactone  by  n.m.r.  decoupling  experments.  An  analytically  pure  sample  was  prepared  by 
preparative  gas  chromatography  on  10%  SE  30  on  A/W  DMCS  Chromosorb  G:  i.r.  (neat)  3550,  1800 
cm 1;  n.m.r.  (DMSO-d6)δH  0.08  (m,  18),  0.90  (m,  27),  3 .57-4 .40  (m,  5),  4.63  (d,  I,  J  =  4;  - C H C 0 2 - 1  
5.12  (d,  I,  J  =  4,  -OH);  in  benzene  three  different  i-butyl  groups  can  clearly  be  seen  in  the  n.m.r. 



The  slower  moving  component  was  shown  to  be  3,5,6 -  Tri -  O -  t -  butyldimethylsilyl -  L - 
gulono -  1,4 -  lactone  by  n.m.r.  decoupling  experiments.  An  analytically  pure  sample  was  prepared  by 
preparative  gas  chromatography  on  10%  SE  30  on  A/W  DMCS  Chromosorb  G:  i.r.  (neat)  3400,  1790 
cm-1;  n.m.r.  (DMSO-d6)δH  0.10  (m,  18),  0.93  (m,  27),  3 .50-4.67  (m,  6),  6.03  (d,  I,  -OH1. 

Example  2 
To  120  ml  of  dry  dichloromethane  under  nitrogen  was  added  4.2  ml  (59  mmol)  of  dimethyl- 

sulfoxide.  This  solution  was  cooled  to  less  than  -55°  and  8.0  ml  (56.5  mmol)  of  trifluoroacetic 
anhydride  was  added.  The  resulting  heterogeneous  solution  was  stirred  for  30  minutes  below  - 5 0 ° .  
Then  15.0  g  (28.1  mmol)  of  a  mixture  of  2,5,6 -  tri -  0 -  t -  butyldimethylsilyl -  L -  gulono -  1,4 - 
lactone  and  3,5,6 -  tri -  0 -  t -  butyldimethylsilyl -  L -  gulono -  1,4 -  lactone  in  50  ml  of  dry 
dichloromethane  was  added  to  the  reaction  mixture.  The  temperature  during  the  addition  was 
maintained  below  -55°.  The  reaction  mixture  was  stirred  at  less  than  -55°  for  30  minutes  at  which 
time  12  ml  (86  mmol)  of  dry  triethylamine  was  added.  After  stirring  at  -60°  or  below  for  30  minutes, 
the  reaction  was  allowed  to  warm  to  room  temperature  and  stirred  for  3  hours.  The  reaction  was 
worked  up  by  extracting  with  water,  1  N  hydrochloric  acid,  water,  and  then  brine  and  finally  drying  with 
anhydrous  sodium  sulfate.  Removal  of  the  solvent  afforded  12.6  g  of  material.  To  this  material  was 
added  50  ml  of  THF,  20  ml  of  water,  and  50  ml  of  glacial  acetic  acid.  This  solution  was  heated  at  75° 
for  24  hours  and  the  solvent  was  then  removed  under  vacuum.  The  resulting  dark  semi-solid  (4.8  g) 
contained  ascorbic  acid  which  was  identical  to  authentic  ascorbic  acid  by  g.l.p.c.  and  t.l.c.  By  iodine 
titration  the  yield  of  ascorbic  acid  from  the  mixture  of  triprotected  derivatives  of  L -  gulono -  1,4 - 
lactone  was  31%. 

Example  3 
To  a  dry  flask  under  nitrogen  containing  5  ml  of  dry  dichloromethane  was  added  0.293  g  (1.4 

mmol)  of  trifluoroacetic  anhydride.  After  cooling  to  -60°,  0.10  ml  (1.4  mmol)  of  dry  DMSO  was  added. 
After  30  minutes,  0.618 g (1.2  mmol  of  2,5,6 -  tri -  O -  t -  butyldimethylsilyl -  L -  gulono -  1,4 - 
lactone  in  2  ml  of  dry  dichloromethane  was  added.  The  reaction  mixture  was  stirred  at  less  than  - 5 0 °  
for  30  minutes  and  then  warmed  to  room  temperature.  When  the  temperature  reached  10°,  0.2  ml 
 14.4  mmol)  of  triethylamine  was  added.  After  45  minutes,  60  ml  of  dichloromethane  was  added.  This 
solution  was  extracted  with  1N  hydrochloric  acid,  water  and  brine  and  then  dried  with  sodium  sulfate. 
Removal  of  the  solvent  afforded  0.533  g  (1.03  mmol,  86%)  of  a  clear  semi-solid  material  whose  i.r.  and 
n.m.r.  were  consistent  with  those  expected  for  2,5,6 -  tri -  O -  t -  butyldimethylsilyl -  L -  ascorbic 
acid,  this  product  may  be  hydrolysed  to  L-ascorbic  acid  by  the  procedure  of  Example  2. 

Example  4 
3,5,6 -  Tri -  O -  t -  butyldimethylsilyl -  L -  gulono -  1,4 -  lactone  was  oxidized  by  a 

procedure  identical  to  that  described  in  Example  3  for  the  preparation  of  2,5,6 -  tri -  0  -  t  -   butyl- 
dimethylsilyl -  L -  ascorbic  acid.  From  0.53  g  (1.02  mmol)  of  3,5,6 -  tri -  0 -  t -  butyldimethylsilyl - 
L -  gulono -  1,4 -  lactone  was  obtained  a  slightly  yellow  oil  containing  3,5,6 -  tri -  0 -  t  -  
butyldimethylsilyl -  L -  ascorbic  acid.  This  may  be  hydrolysed  to  L-ascorbic  acid  by  the  procedure  of 
Example  2. 

Example  5 
To  a  dry  500  ml  3-neck  flask  fitted  with  a  mechanical  stirrer  was  added  68  ml  (0.67  mol)  or 

benzaldehyde.  Hydrogen  chloride  gas  was  bubbled  through  the  benzaldehyde  for  one  minute  and  then 
30.0  g  (0.169  mmol)  of  L -  gulono -  1,4 -  lactone  was  added  to  the  solution.  The  reaction  mixture 
was  stirred  for  several  minutes  and  then  0.3  g  of  seed  crystals  of  3,5 -  0 -  benzylidene -  L -  gulono - 
1,4 -  lactone  was  added.  (Seed  crystals  are  obtained  by  prior  reactions  run  without  the  addition  of 
such  seed  crystals.  Addition  of  seed  crystals  is  not  necessary  but  results  in  better  yields).  After  approxi- 
mately  1.5  hours,  the  reaction  mixture  became  very  thick  and  stirring  was  stopped.  After  standing 
overnight,  the  reaction  mixture  was  triturated  with  ether  and  filtered.  The  solid  was  washed  thoroughly 
with  ether  3  times,  with  water  3  times,  and  then  with  ether  an  additional  2  times.  After  drying  this 
afforded  33.3  g  (0.125  mmol,  74%)  of  3,5 -  O -  benzylidene -  L -  gulono -  1,4 -  lactone. 
Recrystallisation  from  absolute  ethanol  afforded  pure  material  in  65%  yield,  m.p.  1 8 8 - 1 8 9 ° :  
[@]23D+61.1  (DMF);  i.r.  (KBr)  3472,  3279,  1788  cm-1;  n.m.r.  (DMSO-d6)δH  3.43  (broad  t,  2, 
-CH2O-),   4 .0-4.83  (m,  4),  4.97  (t,  I,  J  =  5, - CH2OH),  5.68  (s,  I,  -OCHO-) ,   5.97  (m,  I,  -CHOH) 



7.4  (m,  5,  aromatic);  n.m.r.  (DMSO-d6)δc  175.9  ( s ,  l , - C O 2 -   137.7  (s,  I,  aromatic),  129.0, 128.1  and 
126.5  (s,  aromatic),  98.2  (d,  I,  -OCHO-) ,   76.2,  74.8,  70.8,  69.5  (4),  59.9  (t,  I,  -CH2OH);  ms  266 
(27.2), 265  (20.2),  235  (24.5),  160  (30.1), 107  (90.2),  105  (100), 79  (50.8),  77  (51.1)  and  57  (21.1). 

This  compound  was  also  prepared  by  the  above  procedure  but  employing  one  equivalent of 
concentrated  hydrochloric  acid  as  the  acid  catalyst. 

To  70  ml  of  acetone  was  added  5.32  g  (20  mmol)  of  3,5 -  0 -  benzylidene -  L -  gulono -  1,4 - 
lactone  followed  by  21.2  g  (0.246  mmol)  of  manganese  (IV)  oxide.  The  reaction  mixture  was  stirred  at 
room  temperature  for  3  hours.  After  filtering  the  solvent  was  removed  under  vacuum  to  afford  4.42  g 
(15.7  mmol,  78%)  of  3,5 -  0 -  benzylidene -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  as  a 
white  amorphous  solid  which  was  analytically  pure.  This  white  solid  was  shown  to  be  the  hydrated 
form  of  the  xylo -  hexulosono -  1,4 -  lactone  by  the  i.r.,  1H-n.m.r.  and  13C-n.m.r.:  i.r.  (KBr)  3472,  1812 
cm-1;  n.m.r.  (DMSO-d6)δH  3.67  (broad  t,  2,  -CH2O-) ,   4 .08-4.65  (m,  3),  5.02  (t,  I,  J =  5,  -CH20H), 
5.75  (s,  I,  -OCHO-) ,   7.15  (s,  I,  -OH),  7.52  (s,  6,  aromatic  and  -OH);  n.m.r.  (DMSO-ds)8c  170.9 
( - C O 2 -   134.4,  129.1,  128.4,  and  126.4  (aromatic),  98.1  and  97.2  ( - O C H O -   and  -CH(OH)2), 
93.8  (-OCH-C(OH)2),  76.2  and  70.8  ( -OCH-) ,   60.0  (-CH20H);  exact  mass  (C12H12O6),  264.0637 
(calculated  264.0640). 

To  50  ml  of  70%  acetic  acid-water  under  nitrogen  was  added  6.362  g  (22.6  mmol)  of  3,5 -  0  -  
benzylidene -  L -  xylo -  hexulosono -  1,4 -  lactone.  The  heterogeneous  reaction  was  heated  to 
7 0 - 7 5 °   and  after  1  hour  it  was  homogeneous.  After  4  hours  the  reaction  was  worked  up  by  removing 
the  solvent  in  vacuo.  To  the  residual  solid  was  added  25  ml  of  chloroform  and  25  ml  of  water.  The 
layers  were  separated,  the  chloroform  layer  was  washed  with  10  ml  of  water,  and  the  water  layers 
were  combined  and  concentrated  in  vacuo  affording  3.796  g  (21.5  mmol)  of  an  off-white  solid.  lodine 
titration  of  0.222  g  of  this  material  showed  the  yield  of  ascorbic  acid  to  be  70%.  Recrystallisation  of  the 
remaining  solid  from  methanol-ethyl  acetate  afforded  0.550  g  of  ascorbic  acid  in  the  first  crop,  1.399  g 
in  the  second  crop,  and  0.247  in  the  third  crop  for  a  total  of  2.196  g  (12.5  mmol,  59%).  This  material 
was  identical  with  authentic  ascorbic  acid  by  t.l.c.,  g.l.p.c.,  i.r.  and  n.m.r.,  m.p.  184-5°   (authentic 
185-6°):   i.r.  (KBr)  3497,  3378,3268,  3165,  2976, 2688, 1751, 1653  cm-1;  n.m.r.  (D2O)δH  3 . 7 - 4 . 3  
(m,  3),  4.75  (s,  -OH),  5.02  (d,  1,  J = 2,  ring  -CH) .  

Example  6 
To  a  solution  of  38  ml  of  acetone  and  7  ml  of  water  was  added  2.39  g  (9.0  mmol)  of  3,5 -  O -  

benzylidene -  L -  gulono -  1,4 -  lactone  and  0.65  g  of  platinum  oxide.  The  reaction  was  carried  out  in 
a  resin  flask  and  rapidly  agitated  with  a  Vibro  mixer.  Oxygen  was  bubbled  through  the  solution  at  a 
rapid  rate.  The  initial  pH  of  the  solution  was  7.4  but  it  rapidly  dropped  to  4.3  and  remained  there  during 
the  7  hours  oxygen  was  passed  through  the  solution.  At  the  end  of  that  period,  the  catalyst  was 
removed  by  filtration  and  the  solvent  was  removed  under  vacuum.  The  resulting  solid  was 
chromatographed  on  100  g  of  silica  gel  with  ethyl  acetate-chloroform-methanol  (60:40:1).  From  the 
column  was  obtained  0.240  g  (0.85  mmol,  9.5%)  of  3,5 -  O -  benzylidene -  L -  xylo -  hexulosono - 
1,4 -  lactone  hydrate.  This  material  was  identical  with  that  which  had  been  previously  obtained  by 
oxidation  with  manganese  dioxide.  The  product  may  be  converted  to  L-ascorbic  acid  by  the  procedure 
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 -  

benzylidene -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  followed  by  0.16  g  of  IR-120  cation 
exchange  resin.  After  stirring  the  reaction  mixture  at  room  temperature  for  0.5  hours,  it  was  warmed  to 
50°C.  After  1.25  hours,  an  additional  0.16  g  of  IR-120  cation  exchange  resin  was  added.  The  reaction 
was  stirred  overnight.  The  cation  exchange  resin  was  then  filtered  off,  washed  with  water,  and  then 
the  aqueous  solution  was  extracted  with  chloroform.  On  removal  of  the  solvent,  0.138  g  of  an  off-white 
solid  was  isolated.  The  yield  of  ascorbic  acid  was  61%  (determined  by  h.p.l.c.). 

Example  8 
3.0  g  (10.6  mmol)  of  3,5 -  0 -  benzylidene -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate 

was  added  to  45  ml  of  33%  water-methanol  solution  followed  by  2.12  g  of  IR-120  cation  exchange 
resin.  The  reaction  mixture  was  heated  at  50°  for  16  hours  and  at  60°  for  4  hours.  The  reaction  mixture 
was  then  filtered,  washed  with  chloroform,  and  concentrated  to  a  viscous  oil  which  was triturated  with 
ethanol  to  afford  1.42  g  of  a  white  solid.  A  portion  of  this  material  was  purified  by  chromatography  on 
IR-45  weakly  basic  ion  exchange  resin.  The  column  was  initially  eluted  with  water  to  elute  non-acidic 
impurities  and  then  with  0.5  N  hydrochloric  acid  to  elute  the  L-ascorbic  acid.  After  removing  the  water, 
the  resulting  solid  was  triturated  with  chloroform-ethanol  and  recrystallised  from  methanol.  The  i.r.  and 



n.m.r.  spectra  of  this  material  were  identical  with  authentic  ascorbic  acid. 

Example  9 
Through  25  ml  of  dry  methanol  was  bubbled  anhydrous  hydrogen  chloride  for  approximately  30 

seconds.  To  this  solution  was  added  2.60  g  (12.8  mmol)  of  3,5 -  O -  benzylidene -  L -  xylo - 
hexulosono -  1,4 -  lactone  hydrate.  The  reaction  mixture  was  heated  to  50°  for  1  hour  at  which  time 
the  solvent  was  removed.  The  resulting  solid  was  dissolved  in  water  and  this  was  extracted  with  ether. 
The  ether  layer  was  extracted  with  water  and  the  combined  aqueous  fractions  were  concentrated  to  a 
tacky  foam.  By  h.p.l.c.  this  material  was  essentially  pure  methyl  2 -  keto -  L -  gulonate.  Recrystal- 
lisation  from  methanol  afforded  0.602  g  (2.80  mmol,  23%)  of  pure  methyl  2-keto-gulonate,  m.p. 
158-162°.   The  n.m.r.  and  i.r.  spectra  were  identical  with  the  authentic  methyl  2 -  keto -  L - 
gulonate.  The  mixed  mp  of  authentic  material  (157-160°)  with  the  material  isolated  above  was 
158-162°.   The  methyl  2-ketogulonate  may  be  converted  to  L-ascorbic  acid  by  heating  in  solution  in 
the  presence  of  an  acid  or  base  catalyst. 

Example  10 
To  a  dry  flask  was  added  1.78  g  (10  mmol)  of  L -  gulono -  1,4 -  lactone,  4.83  ml  (40  mmol)  of 

2-methoxybenzaldehyde,  and  0.8  ml  (9.7  mmol)  of  concentrated  hydrochloric  acid.  After  standing  at 
room  temperature  overnight,  the  solid  reaction  mixture  was  worked  up  by  washing  with  ether,  water, 
and  then  ether.  This  afforded  2.70  g  (9.1  mmol,  91 %)  of  3,5 -  0 -  (2 -  methoxybenzylidene) -  L - 
gulono -  1,4 -  lactone.  Analytically  pure  material  was  obtained  by  recrystallisation  from  acetonitrile, 
m.p.  220-221° :   [@]23D  +  64.2  (DMF);  i.r.  3521,  3311,  1802  cm-1;  n.m.r.  (DMSO-d6)δH  3.62  (m  2, 
-CH20- ) ,   3.83  (s,  3,  -OCH3),  4 .03-4.83  (m,  4),  4.96  (t,  I,  J  =  6  -CH20H),  5.95  (s  and  m,  2, 
- O C H O -   and  -OH),  6 .83-7.64  (m,  4,  aromatic);  ms  296  (40.7),  265  (38.8),  160  (48.1  137 
(86.0),  136  (44.9),  135  (100),  121  (27.0),  119  (21.4),  107  (49.9)  and  77  (25.5). 

Following  the  procedure  of  Example  5,  from  1.18  g  (4  mmol)  of  3,5 -  O -  (2 -  methoxy- 
benzylidene) -  L -  gulono -  1,4 -  lactone  was  isolated  0.710  g  (2.27  mmol,  47%)  of  3,4 -  O -  (2 -  
methoxybenzylidene) -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  as  a  white  amorphous  solid:  i.r. 
(KBr)  3333,  1770  cm-1;  n.m.r.  (DMSO-d6)δH  3.47-4.83  (m,  5),  3.83  (s,  3,  -OCH3),  5.0  (t,  I,  J  =  5, 
-CH20H),  6.0  (s,  I,  -OCHO-) ;   6 .83-7.63  (m,  6,  aromatic  and  -OH);  exact  mass  (C14H14O7,) 
294.0725  (calculated  2 9 4 . 0 7 1 1  

To  5.2  ml  of  70%  acetic  acid-water  was  added  0.523  g  (1.7  mmol)  of  3,5 -  O -  (2 -  methoxy- 
benzylidene) -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate.  This  heterogeneous  solution  was  at  70° 
for  2  hours.  The  reaction  mixture  was  transferred  to  a  separatory  funnel  with  water  and  extracted  2 
times  with  dichloromethane.  The  aqueous  solution  was  concentrated  under  vacuum  and  afforded  a 
white  foam,  0.397  g.  This  material  was  dissolved  in  deuterium  oxide  to  which  was  added  acetonitrile  as 
an  internal  n.m.r.  standard.  The  n.m.r.  spectrum  of  an  aliquot  of  this  material  indicated  that  L-ascorbic 
acid  had  been  formed  in  49%  yield. 

Example  11 
L -  guluno -  1,4 -  lactone  (1.78  g,  10  mmol),  2 -  methylbenzaldehyde  (3.1  ml,  40  mmol),  and 

concentrated  hydrochloric  acid  (0.81  ml,  9.7  mmol)  were  combined.  After  0.75  hours  the  reaction 
mixture  turned  solid  and  after  standing  overnight  the  reaction  was  worked  up  as  previously  described  in 
Example  5  to  afford  2.32  g  (8.3  mmol,  83%)  of  3,5 -  O -  (2 -  methylbenzylidene) -  L -  gulono - 
1,4 -  lactone.  Analytically  pure  material  was  obtained  by  recrystallisation  from  acetonitrile,  m.p. 
208-210° :   [@]23D  +  64.6  (DMF);  i.r.  (KBr)  3240,  1786  cm-1;  n.m.r.  (DMSO-d6)δH  2.36  (s,  3,  -CH3), 
3.5-4.83  (m,  6),  5.0  (m,  - C H 2 0 H ) ,   5.86  (s,  I,  -OCHO-) ,   6.0  (m,  I,  -OH),  7 .13-7.66  (m,  4, 
aromatic);  ms  280  (53.1),  121  (64.3),  120  (58.1),  119  (100), 93  (38.1),  and  91  (60.7). 

Following  the  procedure  of  Example  5,  1.4  g  (5  mmol)  of  3,5 -  0 -  (2 -  methylbenzylidene) - 
L -  gulono -  1,4 -  lactone  was  converted  to  1.12  g  (3.78  mmol,  76%)  of  3,5 -  0 -  (2 -  methyl- 



benzylidene -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  as  a  white  amorphous  solid:  i.r.  (KBr) 
3378,  1792  cm-1;  n.m.r.  (DMSO-d6)δH  2.38  (s,  3,  -CH3),  3 .25-4.75  (m,  5),  5.83  (d,  I,  - O C H O - ) ,  
7.33  (m,  4,  aromatic);  ms  279  (10.1  2 7 8   (77.5),  163 (40.2),  121  (100),  120 (32.3),  119 (66.2),  105 
(87.8),  93  (36.8),  91  (71.3);  exact  mass  (C14H14O6),  278.0802  (calculated  278.0812). 

The  product  may  be  converted  to  ascorbic  acid  by  hydrolysis  by  the  procedure  of  Example  '5. 

Example  12 
3,4-dichlorobenzaldehyde  (14.0  g,  80  mmol),  L -  gulono -  1,4 -  lactone  (3.56  g,  20  mmol),  and 

1.62  ml  (19.5  mmol)  of  concentrated  hydrochloric  acid  were  combined.  After  0.5  hours  the  reaction 
mixture  turned  solid.  After  standing  overnight  at  room  temperature,  the  reaction  was  worked  up  as 
previously  described  to  afford  6.70  g  (20  mmol,  100%)  of  3,5 -  O -  (3,4 -  dichlorobenzylidene) -  L - 
gulono -  1,4 -  lactone.  Analytically  pure  material  was  obtained  by  recrystallisation  from  ethyl  acetate- 
acetonitrile,  m.p.  230-232° :   [@]23D  +  37.2  (DMF);  i.r.  (KBr)  3367,  1780  cm-1;  n.m.r.  (DMSO-d6)δH 
3.66  (m,  2,  -CH2- ) ,   4 .0-4.86  (m,  4),  5.01  (t,  I,  J =  6,  -CHu2OH),  5.76  (s,  I,  -OCHO-) ,   5 . 9 3 - 6 . 2  
(m,  I,  -OH),  7 .3-7.8  (m,  3,  aromatic);  ms  335  (3.1  ), 333  (6.8),  177  (21.3),  175  (55.3),  173  (35.7), 
1 1  (21.9),  85  (46.3),  71  (42.3),  69  (28.9),  57  (100)  and  55  (30.2). 

Following  the  procedure  of  Example  5,  from  2.01  g  (6  mmol)  of  3,5 -  O -  (3,4 -  dichloro- 
benzylidene) -  L -  gulonolactone  was  isolated  1.28  g  (3.64  mmol,  61%)  of  3,5 -  0 -  (3,4 - 
dichlorobenzylidene) -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  as  a  white  amorphous  solid:  i.r. 
(KBr)  3333,  1792  cm-1;  n.m.r.  (DMSO-d6)δH  3 .55-4.70  (m,  5),  5.05  (t,  I,  J  =  5,  -CH20H),  5.8  (s,  I, 
-OCHO-) ,   7.2  (s,  I,  -OH),  7.37-7.97  (m,  4,  aromatic  and  -OH);  ms  334  (6.7),  332  (9.9),  177 
(52.5),  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  (27.0);  exact  mass  (C13H10O6Cl2),  331.9860  (calculated  331.9866). 

Example  13 
L -  gulono -  1,4 -  lactone  (1.78  g,  10  mmol),  2-methylpropionaldehyde  (3.68  ml,  40  mmol), 

and  concentrated  hydrochloric  acid  (0.81  ml,  9.7  mmol)  were  combined  and  stirred  for  48  hours.  The 
excess  2-methylpropionaldehyde  was  removed  under  vacuum.  The  resulting  thick  oil  was  triturated 
with  ether  and  the  resulting  solid  was  collected  to  give  0.55  g,  24%  of  3,5 -  O -  (2 -  methyl- 
propylidene) -  L -  gulono -  1,4 -  lactone.  Analytically  pure  material  was  obtained  by  recrystallisation 
from  ethyl  acetate,  m.p.  165-167° :   [δ]23D  +  77.4  (DMF);  i.r.  (KBr)  3333,  1786  cm-1;  n.m.r.  (DMSO- 
d6)δH  0.85  (d,  6,  J  =  7,  -CH3),  1.67  (m,  l,  -CH(CH3)2),  3 .36-4.7  (m,  7),  4.83  (t,  I,  J =  5,  -CH2OH), 
5.76  (d,  I,  J = 7,  -OCHO-) ;   n.m.r.  (DMSO-d6)δc  175.9  (s,  - C O 2 - ) ,   102.4  (d,  -OCHO-) ,   75.7, 
74.2,  70.8,  69.6  (all  d),  59.8  (t,  - C H 2 - )   32.2  (d,  -CH(CH3)2),  17.0  (q,  -CH3);  ms  231  (4.9),  189 
(70.1),  160  (28.1),  125  (72.6),  113  (23),  97  (21.2),  85  (38.9),  83  (22.7),  73  (100),  72  (20.5),  71 
(46.7),  69  (30.2),  57  (45.9)  and  55  (46.9). 

Following  the  procedure  of  Example  5,  from  0.696  g  (3  mmol)  of  3,5 -  0 -  (2-methyl- 
propylidene) -  L -  gulono -  1,4 -  lactone  was  obtained  0.537  g  (2.17  mmol,  72%)  of  3,5 -  O -  (2  -  
methylpropylidene) -  L -  xylo -  hexuloxono -  1,4 -  lactone  hydrate  as  a  white  amorphous  solid,  m.p. 
179-183°   (dec.):  i.r.  (KBr)  3378,  1779  cm-1;  n.m.r.  (DMSO-d6)δH  0.90  (d,  6,  J =  6,  -CH3).  1.67  (m, 
I,  -CH(CH3)2),  3.47  -   4.73  (m,  6)  4.91  (t,  J  =  5,  -CH2OH);  ms  230  (4.8),  187  (58.2),  127  (23.8),  97 
(20.3),  85  (38.8),  73  (52.2),  71  (23.2),  69  (29.8),  68  (20.3),  57  (53.1),  55  (64.3),  45  (28.3), 
44  (39.9),  43  (100)  and  41  (62.4);  exact  mass  (C10H14O6)  230.0787  (calculated  230.0783). 

3,5 -  0 -  (2 -  Methylpropylidene) -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  was  also 
prepared  as  follows.  To  a  mixture  of  30  ml  of  dioxane  and  4  ml  of  water  was  added  0.60  g  (2.59  mmol) 
of  3,5 -  O -  (2 -  methylpropylidene) -  L -  gulono -  1,4 -  lactone  followed  by  0.64  g  of  prereduced 



platinum  oxide.  The  reaction  mixture  was  heated  to  70°  and  oxygen  was  bubbled  through  the  solution. 
After  one  hour  most  of  the  starting  material  was  gone,  the  catalyst  was  removed  by  filtration,  and  the 
solution  concentrated  in  vacuo.  T.l.c.  and  n.m.r.  confirmed  the  presence  of  3,5 -  0 -  (2 -  methyl- 
proylidine) -  L -  xylo -  hexulosono -  1,4 -  lactone. 

The  product  may  be  converted  to  L-ascrobic  acid  by  the  procedure  of  Example  5. 

Example  14 
To  a  dry  50  ml  flask  was  added  3.56  g  (20  mmol)  of  L -  gulono -  1,4 -  lactone,  9.0  ml  (80 

mmol)  of  2-chlorobenzaldehyde,  and  1.6  ml  (19.2  mmol)  of  concentrated  hydrochloric  acid.  The 
reaction  mixture  turned  solid  within  0.5  hours  and  after  standing  at  room  temperature  overnight  was 
worked  up  by  washing  with  ether,  saturated  sodium  bicarbonate,  water  and  ether.  This  afforded  4.78  g (15.9  mmol,  80%)  of  3,5 -  O -  (2 -  chlorobenzylidene) -  L -  gulono -  1,4 -  lactone  which  was  pure 
by  t.l.c.  Analytically  pure  material  was  obtained  by  recrystallisation  from  acetonitrile,  m.p.  208-211  ° :  

  (DMF);  i.r.  (KBr)  3340,  1770  cm-1;  n.m.r.  (DMSO-d6)δH  3.5-4.9  (m,  6),  5.03  (t,  I.  J =  5, 
-CH20H),  5.93-6.16  (m,  I,  -OH),  6.03  (s,  I,  -OCHO),  7 .3-7.90  (m,  4  aromatic);  ms  300  (1.4), 
160  (39.6),  141  (64.3),  139  (27.3),  97  (22.3)  85  (52.7),  83  (27.2),  77  (34.8),  71  (57.8),  70  (20),  69 
(35.3),  57  (100),  and  55  (34.9). 

This  product  may  be  converted  to  L-ascorbic  acid  by  the  procedure  of  Example  5. 

Example  15 
To  9.4  ml  (80  mmol)  of  3-methylbenzaldehyde  was  added  3.56  g  (20  mmol)  of  L-gulono -  1,4 - 

lactone.  After  stirring  for  several  minutes,  1.62  ml  (19.4  mmol)  of  concentrated  hydrochloric  acid  w a s  
added.  On  stirring  at  room  temperature  for  20  hours  the  initially  mobile  slurry  had  turned  solid.  The 
reaction  mixture  was  triturated  with  ether,  filtered,  washed  three  times  with  ether,  one  time  with  water, 
two  times  with  saturated  sodium  bicarbonate,  two  times  with  water,  and  finally  one  time  with  ether. 
The  white  solid  after  drying  weighed  2.91  g  (10.4  mmol,  52%)  m.p.  188-191  °  which  was  pure  by 
t.l.c.  Analytically  pure  3,5 -  0 -  (3 -  methylbenzylidene) -  L -  gulono -  1,4 -  lactone  was  obtained 
by  recrystallisation  from  acetonitrile,  m.p.  198-200°:     (DMF);  i.r.  (KBr)  3340,  3120, 
1800  cm-1;  n.m.r.  (DMSO-d6)δH  2.36  (s,  3,  -CH3)  3.50-3.83  (m,  2,  - C H 2 0 - ) ,   4 .00-4.86  (m,  4), 
5.00  (t,  I,  J  =  6,  -CH20H),  5.73  (s,  I,  -OCHO-) ,   5.98  (m,  I,  -CHOH),  7.30  (s,  4,  aromatic);  ms  280 
(9.0),  121  (38.4),  120  (26.7),  119  (100),  105  (16.1), 93  (45.8),  91  (59.7),  65  (11.2), 44  (22.7). 

This  product  may  be  converted  to  L-ascorbic  acid  by  the  procedure  of  Example  5. 

Example  16 
To  100  ml  of  acetone  was  added  10.0  g  (56.8  mmol)  of  L -  galactono -  1,4 -  lactone  and  4  ml 

of  concentrated  sulfuric  acid.  This  solution  was  stirred  at  room  temperature  for  21  hours.  Ammonia  was 
then  bubbled  through  the  solution  until  it  was  slightly  basic.  The  white  precipitate  was  filtered  off  and 
the  solids  washed  twice  with  50  ml  of  acetone.  These  washings  were  combined  with  the  original 
filtrate  and  they  were  concentrated  in  vacuo  to  a  yellow  oil  (12.0  g).  This  oil  was  chromatographed  on 
325  g of  silica  gel  which  was  eluted  with  10%  ethyl  acetate-chloroform  to  ethyl  acetate.  This  afforded 
an  oil  which  was  triturated  with  diethyl  ether  and  a  white  solid  was  filtered  off.  The  solvent  was 
removed  from  the  filtrate  affording  2.436  g  (11.2  mmol,  20%)  of  an  oil,  5,6 -  iso -  propylidene -  L - 
galacto -  1,4 -  lactone. 

Alternatively  5,6 -  0 -  isopropylidene -  L -  galactono -  1,4 -  lactone  can  be  prepared  by  the 
following  procedure:  To  5  ml  of  dry  dimethylformamide  was  added  2.10  g  (11.8  mmol)  of  L - 
galactono -  1,4 -  lactone,  1.0  g  (11.8  mmol)  of  ethyl  isopropenyl  ether  and  a  catalytic  amount  of  p- 
toluenesulfonic  acid.  The  reaction  mixture  was  stirred  at  0°  for  one  hour  and  at  room  temperature  for 
18  hours.  A  small  amount  of  Amberlite  A-21  weakly  basic  resin  was  added  and  the  reaction  mixture 
was  stirred  for  several  minutes,  filtered,  and  then  concentrated  in  vacuo  to  an  oil  in  which  crystals 
formed  on  standing.  Chromatography  on  60  g  of  silica  gel  using  1  %  methanol-ethyl  acetate  as  solvent 
afforded  1.213  g  (5.56  mmol,  47%)  of  a  clear  oil  which  was  pure  by  g.l.p.c.:  n.m.r.  (DMSO-de)δH  1.33 
(s,  6,  -CH3),  3 .60-4.47  (m,  6),  5 .90-6.22  (m,  2,  -OH);  n.m.r.  (DMSO-d6)δc  174.2  ( - C O 2 - ) ,  
108.9  (-OCO-),   79.2,  76.0,  73.8,  64.7  (--OCH-),  26.3,  25.6,  (-CH3),  exact  mass  (C9H14O8)  (P  +  H) 
219.0858  (calculated  219.0847),  (P-CH3)  203.0563  (calculated  203.0570). 



To  17.5  ml  of  chloroform  was  added  4.263  g  (19.5  mmol)  of  5,6 -  O -  isopropylidene -  L - 
galactono -  1,4 -  lactone  and  3.2  ml  of  dry  pyridine.  The  reaction  mixture  was  cooled  to  -60°,  and 
1.39  ml  (19.5  mmol)  of  acetyl  chloride  was  slowly  added.  The  reaction  was  stirred  at  -60°  or  below 
for  2  hours,  diluted  with  ethyl  acetate  and  extracted  with  1 N  hydrochloric  acid  two  times,  water  two 
times,  saturated  sodium  bicarbonate  two  times,  and  brine.  The  organic  solution  was  dried  with  sodium 
sulfate,  and  concentrated  in  vacuo  to  an  oil,  3.79  g  (15.2  mmol,  78%).  This  material  clearly  was  a 
mixture  of  isomers  by  'H-n.m.r.  with  one  isomer  predominating.  Analytically  pure  material  was  obtained 
by  chromatography  on  silica  gel  (4%  methanol-chloroform)  followed  by  molecular  distillation:  n.m.r. 
(DMSO-dυ6)δH  1.31  (s,  6,  -CH3),  2.17  (s,  3,  -COCH3),  3 .58-4.52  (m,  5),  5.56  (I,  m,  -CHOCOCH3), 
6.22  (I,  m,  -OH) .  

The  material  obtained  from  the  above  chromatography  was  greater  than  95%  one  isomer.  The 
n.m.r.  data  suggests  that  it  is  5,6 -  0 -  isopropylidene -  3 -  0 -  acetyl -  L -  galactono -  1,4 - 
lactone. 

The  above  crude  mixture  of  acetates  was  converted  to  ascorbic  acid  as  follows:  To  25  ml  of  dry 
dichloromethane  was  added  1.69  ml  (12  mmol)  of  trifluoroacetic  anhydride.  After  cooling  to  less  than 
-50°,  0.85  ml  (12  mmol)  of  dimethylsulfoxide  was  added.  The  resulting  heterogeneous  solution  was 
stirred  at  -50°  or  below  for  30  minutes.  Then  15  ml  of  dichloromethane  containing  1.49  g  (6.0  mmol) 
of  the  mixture  of  acetates  was  added.  The  resulting  solution  was  stirred  at  less  than  -50°  for  40 
minutes  at  which  time  1.2  ml  of  triethylamine  was  added.  After  25  minutes  at  -50°  or  lower,  the 
reaction  mixture  was  stirred  at  room  temperature  for  1  hour.  Ethyl  acetate  (100  ml)  was  added  and  the 
resulting  solution  was  extracted  two  times  with  1  N  hydrochloric  acid  (50  ml),  two  times  with  water  (50 
ml),  and  two  times  with  brine  (100  ml).  The  organic  layer  was  dried  over  sodium  sulfate  and  con- 
centrated  in  vacuo  to  an  oil,  1.25  g  (5.08  mmol,  85%). 

A  portion  of  this  oil  (0.697  g,  2.7  mmol)  was  dissolved  in  10  ml  of  70%  acetic  acid-water  and 
heat  at  70°  for  20  hours  under  nitrogen.  The  solvent  was  removed  in  vacuo  affording  0.453  g  of 
material.  A  portion  was  titrated  with  iodine  and  showed  that  ascorbic  acid  was  formed  in  50%  yield 
(42%  from  the  mixture  of  acetates).  This  material  by  t.l.c.  and  g.l.p.c.  was  identical  with  authentic 
ascorbic  acid. 

Example  17 
To  a  dry  500  ml  flask  fitted  with  a  Dean-Stark  trap  was  added  17.8  g  (100  mmol)  of  L -  gulono - 

1,4 -  lactone,  57  ml  (400  mmol)  of  acetaldehyde  diethyl  acetal,  40  ml  of  dry  dimethylformamide,  200 
ml  of  benzene,  and  0.2  g  of  p-toluenesulfonic  acid.  This  reaction  mixture  was  refluxed  under  nitrogen 
for  21  hours  at  which  time  a  small  amount  of  sodium  bicarbonate  was  added.  The  solution  was stirred 
for  several  minutes,  cooled,  and  filtered.  The  solution  was  concentrated  under  vacuum  to  a  light  amber 
oil  which  was  triturated  with  ether.  The  resulting  solid,  5,6 -  O -  ethylidene -  L -  gulono -  1,4  -. 
lactone  (12.4  g,  60.8  mmol,  61%)  which  was  pure  by  t.i.c.  was  recrystallised  from  ethanol  to  afford 
6.94  g  (34  mmol,  34%)  of  a  white  crystalline  solid,  m.p.  153.5-158.5°.   A  second  crop  of  crystals 
weighing  1.22  g  (6.0  mmol,  6%)  was  obtained  by  concentrating  the  mother  liquor.  T.I.c.  on  silica  gel. 
using  ethyl  acetate  revealed  that  this  material  was  a  diastereomeric  mixture.  Recrystallisation  of  this 
mixture  from  benzene  afforded  a  crystalline  product  greatly  enriched  in  one  of  the  diastereomers,  m.p. 
164-165° .   The  spectral  data  below  was  obtained  from  a  diastereomeric  mixture:  i.r.  (KBr)  3448 
3279,  1783  cm-1;  n.m.r.  (DMSO-ds)8H  1.28  (two  sets  of  d,  3,  J  =  5,  -CH3),  3 .48-4 .58  (m,  6),  5.00 
(two  sets  of  q,  I,  J =  5,  -OCHO-) ,   5.48  (broad  d,  I,  J  =  4,  -OH),  5.88  (d,  I,  J  =  7,  -OH);  n.m.r. 
(DMSO-ds)8c  176.0  (s,  I,  - C O 2 - ) ,   81.6,  80.1;  75.6,  75.3;  70.5;  69.5,  69.0  (all  d,  4),  65.4  (t,  I, 
- C H 2 0 - ) ,   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  (17.8),  55  (18.7),  45 
(27.9),  44  (51.8),  43  (100),  42  (19.5),  41  (27.5). 

To  a  solution  of  3  ml  of  chloroform  and  5  ml  of  dry  pyridine  under  nitrogen  was  added  1.175  g 
(5.75  mmol)  of  5,6 -  0 -  ethylidine -  L -  gulono -  1,4 -  lactone.  This  solution  was  cooled  to  less 
than  -50°  and  0.57  ml  (0.62  g,  6.05  mmol)  of  acetic  acid  anhydride  was  added.  The  reaction  mixture 
was  stirred  at  or  below  -50°  for  3  hours  and  then  at  room  temperature  for  16  hours.  Chloroform  (100 
ml)  was  added  and  the  reaction  mixture  was  extracted  with  30  ml  of  water,  two  times  with  30  ml  of  1  N 
hydrochloric  acid  and  brine.  The  organic  solution  was  dried  with  sodium  sulfate  and  the  solvent  was 
removed  in  vacuo  affording  1.1 18g  (4.5  mmol,  78%)  of  an  oil  which  crystallised  on  standing.  The  n.m.r. 



spectrum  showed  a  mixture  of  the  acetates. 
To  a  200  ml  round-bottom  flask  under  nitrogen  was  added  30  ml  of  dry  dichloromethane.  After 

cooling  to  less  than  -50°,  1.4  ml  (2.1  g,  10  mmol)  of  trifluoroacetic  anhydride  followed  by  0.71  ml  (10 
mmol,  0.78  g)  of  dry  dimethylsulfoxide  was  added.  The  resulting  heterogeneous  solution  was  stirred  at 
less  than  -50°  for  30  minutes  at  which  time  the  above  mixture  of  acetates  (1.118  g,  4.5  mmol)  in  30 
ml  of  dry  dichloromethane  was  added  while  maintaining  the  temperature  below  -50°.  The  resulting 
homogeneous  solution  was  stirred  for  40  minutes  below  -50°  or  lower,  the  solution  was  allowed  to 
warm  to  room  temperature  and  stirred  for  2  hours.  At  that  time  70  ml  of  ethyl  acetate  was  added  to  the 
reaction  mixture  which  was  then  extracted  two  times  with  40  ml  of  1  N  hydrochloric  acid,  once  with  40 
ml  of  water  and  brine.  The  organic  layer  was  dried  with  sodium  sulfate  and  concentrated  in  vacuo 
affording  0.992  g  of  material  to  which  was  added  10  ml  of  70%  acetic  acid-water.  This  solution  was 
heated  for  20  hours  under  nitrogen  at  80°  ±  5°.  Removal  of  the  solvent  afforded  material  which  by 
t.l.c.  and  g.l.p.c.  was  identical  with  authentic  ascorbic  acid. 

Example  18 
L-ascorbic  acid  may  be  prepared  by  the  procedures  of  Examples  1  and  2  but  employing  each  of 

L -  galacto -  1,4 -  lactone,  L -  talono -  1,4 -  lactone  and  L -  idono -  1,4 -  lactone  as  starting 
materials. 

Example  19 
D -  ascorbic  acid  may  be  prepared  by  the  procedures  of  Examples  1  and  2  but  employing  each  of  D - 

gulono -  1,4 -  lactone,  D -  galacto -  1,4 -  lactone,  D -  talono -  1,4 -  lactone  and  D -  idono - 
1,4 -  lactone  as  starting  materials. 

Example  20 
D-ascorbic  acid  may  be  prepared  by  the  procedure  of  Example  5  but  employing  each  of  D- 

gulono -  1,4 -  lactone  and  D -  idono -  1,4 -  lactone  as  starting  materials. 

Example  21 
To  9.41  g  (52.9  mmol  of  L -  gulono -  1,4 -  lactone  was  added  11.8  ml  (0.211  mol)  of 

acetaldehyde.  Hydrogen  chloride  gas  was  bubbled  through  the  reaction  mixture  which  was  then  stirred 
at  room  temperature  for  18  hours.  The  initially  heterogeneous  reaction  mixture  became  a 
mobile  liquid  containing  only  a  residual  amount  of  solid  which  was  removed  by  adding  acetone 
and  filtering.  The  solution  was  concentrated  to  an  oil  from  which  a  crystalline  solid  was 
obtained  on  trituration  with  ethyl  acetate.  The  resulting  solid  was  recrystallised  from  ethyl  acetate 
to  afford  2.68  g  (13.1  mmol,  25%)  of  material  which  was  further  purified  by  crystallisation  from 
ethanol,  m.p.  158-60° .   Analytically  pure  3,5 -  0 -  ethylene -  L -  gulono -  1,4 -  lactone  was 
obtained  by  recrystallisation  from  acetone,  m.p.  160-62° :   i.r.  (KBr)  3367,  3175, 1799  cm-1;  n.m.r. 
(DMSO-d6)δH  1.53  (d,  3,  J  =  5,  -CH3),  3.58  (m,  2,  - C H 2 0 - ) ,   3.95  (m,  1),  4 .17-5.17  (m,  5,  - O H ,  
- O C H O - ,   others),  5.87  (d,  I,  J = 6,  -OH);  n.m.r.  (DMSO-d6)δc  175.9  ( -CO2-) ,   96.2  ( - O C O - ) ,  
75.6,  74.3,  70.6,  69.3  ( -CHO-) ,   59.8  (-CH20H),  20.8  (-CH3);  ms  204  (0.3),  203  (1.6),  160 
(22.3),  99  (21.8),  85  (34.4),  83  (11.3),  73  (27.5),  72  (11.6),  71  (27.7),  69  (11.1  5 7   (39.3),  45  (100), 
44  (11.3),  43  (50.7);  exact  mass  (C8H12-O6),  204.0636  (calculated  204.0633). 

To  6  ml  of  acetone  was  added  0.210  g  (1.03  mmol)  of  3,5 -  0 -  ethylidene -  L -  gulono - 
1,4 -  lactone  followed  by  1.08  g  (12.5  mmol)  of  manganese  dioxide.  The  reaction  mixture  was  stirred 
under  nitrogen  at  room  temperature  for  2.25  hours.  Acetone  was  added  and  the  reaction  mixture  was 
filtered  through  a  pad  to  celite  to  remove  the  manganese  dioxide.  0.169  g  (0.77  mmol,  75%)  of  3 ,5  -  
O -  ethylidene -  L -  xylo -  hexulosono -  1,4 -  lactone  hydrate  was  obtained  on  concentration  of  the 
acetone  solution:  i.r.  (KBr)  3390,  1799  cm-1;  n.m.r.  (DMSO-d6)δH  1.25  (d,  3,  J  =  5,  -CH3),  3 . 1 0 - 4 . 3 2  
(m,  5),  4.43  (broad  s,  1   4.92  (m,  2,  -OH  and  -CHCH3),  7.07  and  7.38  (-C(OH)2);  exact  mass 
(C8H10Oe),  202.0439  (calculated  202.0477). 

This  material  may  be  converted  to  ascorbic  acid  using  the  hydrolysis  conditions  described  in 
Example  5. 

Example  22 
To  8  ml  of  dry  pyridine  was  added  1.254  g  4.71  mmol)  of  3,5 -  0 -  benzylidene -  L -  gulono - 

1,4 -  lactone  followed  by  1.40  g  (5.02  mmol)  of  triphenylchloromethane.  The  reaction  was  stirred  at 
room  temperature  for  20  hours.  Chloroform  was  added  and  the  reaction  mixture  was  extracted  with 
water,  1  N  hydrochloric  acid,  saturated  sodium  bicarbonate,  and  brine.  The  chloroform  extract  was  dried 
with  sodium  sulfate  and  concentrated  affording  an  oil.  Chromatography  on  florisil  using  5%  methanol- 



chloroform  afforded  0.920  g (1.81  mmol,  38%)  of  3,5 -  O -  benzylidene -  6  -  0 -   triphenylmethyl - 
L -  gulono -  1,4 -  lactone:  i.r.  (KBr)  3378,  1786  cm-';  n.m.r.  (DMSO-d6)δH  3.20  (m,  2),  4 . 2 7 - 4 . 9 3  
(m,  4),  5.77  (sm  1,  -OCHO-) ,   5.83  (broad  peak,  1,  -OH),  7.40  (broad  singlet,  20,  aromatic;;  n.m.r. 
(DMSO-d6)δc  175.5  ( -C02- ) ,   143.3,  137.5,  128.8,  128.2,  127.9,  127.8,  127.0,  126.2  (aromatic), 
97.8  ( -OCO-) ,   86.2,  74.7,  74.2,  70.6,  69.6  and  62.5  ( - C O - ) ;   ms  508 (0.5),  259  (10.2), 258 
(17.6), 249  (17.9),  244  (24.7),  243  (100),  165  (32.1),  107  (28.0), 105  (43.2),  79.0  (16.3),  77  (20.2); 
exact  mass  (C32H28O6),  508.1939  (calculated  508.1886). 

To  2  ml  of  acetone  was  added  0.071  g  (0.14  mmol)  of  the  above  solid  followed  by  0.245  g  (2.82 
mmol)  of  manganese  dioxide.  The  reaction  was  stirred  at  room  temperature  for  2  hours.  Acetone  was 
added  and  the  reaction  mixture  was  filtered  through  a  pad  of  celite  to  remove  the  manganese  dioxide 
and  concentrated  (0.058  g,  0.11  mmol  79%).  To  this  material  was  added  under  nitrogen  2  ml  of  70% 
acetic  acid-water  and  the  reaction  mixture  was  heated  to  70-75°   for  4  hours.  The  solvent  was  removed 
and  afforded  material  which  was  identical  with  authentic  ascorbic  acid  by  t.l.c.  and  g.l.p.c. 

Example  23 
To  50  ml  of  benzene  and  7  ml  of  dimethylformamide  was  added  10  ml  (80  mmol)  of 

cinnamaldehyde  followed  by  two  drops  of  polyphosphoric  acid  and  3.56  (20  mmol)  of  L -  gulono - 
1,4 -  lactone.  The  reaction  mixture  was  refluxed  and  water  removed  via  a  Dean-Stark  trap.  After  5 
hours  this  reaction  mixture  was  filtered  while  hot.  Sodium  bicarbonate  was  added  to  the  filtrate  which 
was  then  refiltered.  The  solvent  was  removed  under  vacuum,  the  resulting  oil  triturated  with  ether  and 
the  solid  formed  was  collected  by  filtration  and  dried  to  afford  2.44  g  (8.4  mmol,  42%)  of  3,5 -  0  -  
cinnamylidene -  L -  gulono -  1,4 -  lactone.  Analytically  pure  material  was  obtained  by  trituration 
with  hot  benzene  followed  by  recrystallisation  from  water  acetone,  m.p.  164-167°C,  In  an  alternative 
procedure,  the  white  solid  resulting  from  ether  trituration  was  purified  by  dissolving  in  tetrahydrofuran 
and  washing  the  solution  three  times  with  a  saturated  brine-sodium  bicarbonate  solution.  The 
tetrahydrofuran  was  then  concentrated  and  the  resulting  solid  was  recrystallised  from  acetone-water, 
m.p.  185-187°C,    (DMF);  i.r.  (KBr)  3450,  3226,  2860  and  1670  cm-';  n.m.r.  (DMSO- 
d6)δH  3.46-4.83  (m,  6),  5.0  (t,  1,  J  =  6,  -CH2OH),  5.37  (d,  I,  JAX  =  5,  -OCHO-) ,   5.98  (d,  I  J =  6, 
-CHOH),  6.12  and  6.81  (AB  of  ABX,  2,  JAB  =  16,  JAx  =  5,  JBx  =  0,  vinyl),  7 .2-7.66  (m,  5,  aromatic); 
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  (30.9),  91  (10.1),  78  (15.7),  77  (26.9),  57  (11.6),  55  (31.2),  51  (10.4),  43  (11.0). 

This  product  may  be  converted  to  L-ascorbic  acid  by  the  procedure  of  Example  5. 

1.  A  process  for  the  preparation  of  ascorbic  acid  which  is  characterised  by: 
(a)  reacting  gulono-,  galactano-,  idono-  or  talono -  1,4 -  lactone  with  at  least  one  hydroxyl-protecting 
reagent  so  as  to  protect  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  reagent  so  as  to  protect 
the  free  hydroxyl  groups  in  the  3-,  5-  and  optionally  the  6-  positions; 
(b)  reacting  the  resulting  intermediate  having  a  free  hydroxyl  group  at  the  2-  or  3-  position  with  an 
oxidizing  agent  effective  to  convert  said  hydroxyl  group  to  an  oxo  group;  and 
(c)  hydrolyzing  the  compound  formed  in  step  (b)  until  conversion  to  ascorbic  acid  is  substantially 
complete. 

2.  A  process  as  claimed  in  claim  1  which  comprises  in  step  (a)  reacting  a  1,4-lactone  selected 
from  gulonolactone,  galactonolactone,  idonolactone  and  talonolactone  with  about  three  equivalents  of 
a  hydroxyl-protecting  reagent  per  mole  of  the  1,4-lactone. 

3.  A  process  as  claimed  in  claim  2  wherein  the  hydroxyl-protecting  reagent  is  either  (a)  a  trialkyl- 
silyl  halide,  wherein  each  alkyl  group  is  of  1  to  6  carbon  atoms,  (b)  a  dialkylsilyl  halide,  wherein  each 
alkyl  group  is  of  1  to  6  carbon  atoms,  (c)  an  alkanoic  anhydride  of  3  to  8  carbon  atoms,  (d)  an  alkanoyl 
halide  of  2  to  6  carbon  atoms,  (e)  an  aroyl  halide  wherein  said  aroyl  group  is  benzoyl,  naphthoyl  or 
monosubstituted  benzoyl  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6 
carbon  atoms,  halo  or  nitro,  (f)  a  dialkyl  ketone,  wherein  each  alkyl  group  is  of  1  to  6  carbon  atoms,  or 
(g)  an  alkyl  aldehyde  of  2  to  8  carbon  atoms. 

4.  A  process  as  claimed  in  claim  3  wherein  the  trialkylsilyl  halide  is  a  trimethylsilyl  halide  or  a  t  -  
butyl -  dimethylsilyl  halide,  the  alkanoic  anhydride  is  acetic  anhydride,  the  alkanoyl  halide  is  acetyl 
chloride  or  acetyl  bromide,  the  aroyl  halide  is  benzoyl  chloride  or  benzoyl  bromide,  the  dialkyl  ketone  is 
acetone,  methyl  ethyl  ketone  or  methyl  isobutyl  ketone,  and  the  alkyl  aldehyde  is  acetaldehyde  or 
propionaldehyde. 



5.  A  process  as  claimed  in  any  one  of  the  preceding  claims  wherein  the  oxidizing  agent  is  a 
sulfoxonium  salt. 

6.  A  process  as  claimed  in  claim  1  wherein  the  1,4-lactone  is  gulonolactone  or  idonolactone  and 
step  (a)  of  the  process  is  carried  out  in  the  presence  of  an  acid  catalyst  having  a  pka  of  less  than  2.5 
with  at  least  two  equivalents  of  a  hydroxyl-protecting  reagent  per  mole  of  the  1,4-lactone,  the  hydroxyl- 
protecting  reagent  being  an  alkyl  aldehyde  of  2  to  8  carbon  atoms;  an  aryl  aldehyde,  an  arylalkyl 
aldehyde  or  an  arylalkenyl  aldehyde,  said  aryl  group  being  phenyl,  mono-substituted  or  di-substituted 
phenyl,  wherein  said  substituents  are  alkyl  of  1  to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo 
or  nitro,  and  said  alkyl  and  alkenyl  are  each  of  2  to  4  carbon  atoms. 

7.  A  process  as  claimed  in  claim  6  wherein  the  alkyl  aldehyde  is  isobutyraldehyde  or  acet- 
aldehyde,  the  aryl  aldehyde  is  benzaldehyde  o-methylbenzaldehyde,  m-methylbenzaldehyde,  3,4- 
dichlorobenzaldehyde,  o-methoxybenzaldehyde  or  o-chlorobenzaldehyde,  and  the  arylalkenyl  aldehyde 
is  cinnamaldehyde. 

8.  A  process  as  claimed  in  either  of  claims  6  and  7  wherein  the  oxidizing  agent  is  manganese 
dioxide. 

9.  A  process  as  claimed  in  any  one  of  the  preceding  claims  wherein  the  L-form  of  the  lactone  is 
used. 

10.  A  compound  of  the  formula: 

or  the  hydrated  form  thereof,  wherein  R3  is  a  hydroxyl-protecting  group  derived  from  an  alkyl  aldehyde 
of  2  to  8  carbon  atoms;  an  aryl  aldehyde,  and  arylalkyl  aldehyde  or  an  arylalkenyl  aldehyde,  said  aryl 
group  being  phenyl,  mono-substituted  or  di-substituted  phenyl,  wherein  said  substituents  are  alkyl  of  1 
to  6  carbon  atoms,  alkoxy  of  1  to  6  carbon  atoms,  halo  or  nitro,  and  said  alkyl  and  alkenyl  are  each  of  2 
to  4  carbon  atoms. 

1.  Procédé  de  production  d'acide  ascorbique,  caractérisé  par: 
(a)  la  réaction  de  la  gulono-,  galactono-,  idono-  ou  talono -  1,4 -  lactone  avec  au  moins  un  réactif 
protégeant  la  fonction  hydroxyle  de  manière  à  protéger  les  groupes  hydroxyle  libres  en  positions  5  et  6 
et  soit  2,  soit  3,  ou  la  réaction  de  la  gulono-  ou  de  l'idono -  1,4 -  lactone  avec  au  moins  un  réactif 
protégeant  la  fonction  hydroxyle  de  manière  à  protéger  les  groupes  hydroxyle  libres  dans  les  positions 
3,  5  et  le  cas  échéant  6; 
(b)  la  réaction  du  composé  intermédiaire  résultant  portant  un  groupe  hydroxyle  libre  en  position  2  ou  3 
avec  un  agent  oxydant  capable  de  convertir  ledit  groupe  hydroxyle  en  un  groupe  oxo;  et 
(c)  l'hydrolyse  de  composé  formé  dans  l'étape  (b)  jusqu'à  ce  que  la  transformation  en  acide  ascorbique 
soit  sensiblement  totale. 

2.  Procédé  suivant  la  revendication  1,  caractérisé  en  ce  qu'il  consiste,  dans  l'étape  (a),  à  faire  réagir 
une  1,4-lactone  choisie  entre  la  gulonolactone,  la  galactonolactone,  l'idonolactone  et  la  talonolactone 
avec  environ  trois  équivalents  d'un  réactif  protégeant  la  fonction  hydroxyle  par  mole  de  1,4-lactone. 

3.  Procédé  suivant  la  revendication  2,  caractérisé  en  ce  que  le  réactif  protégeant  la  fonction 
hydroxyle  est  (a)  un  halogénure  de  trialkylsilyle  dont  chaque  groupe  alkyle  comprend  1  à  6  atomes  de 
carbone,  (b)  un  halogénure  de  dialkylsilyle  dont  chaque  groupe  alkyle  comprend  1  à  6  atomes  de 
carbone,  (c)  un  anhydride  alcanoïque  de  3  à  8  atomes  de  carbone,  (d)  un  halogénure  d'alcanoyle  de  2  à 
6  atomes  de  carbone,  (e)  un  halogénure  d'aroyle  dont  chaque  groupe  aroyle  est  un  groupe  benzoyle, 
naphtoyle  ou  benzoyle  monosubstitué  dont  les  substituants  sont  des  radicaux  alkyle  ayant  1  à  6 
atomes  de  carbone,  alkoxy  ayant  1  à  6  atomes  de  carbone,  halogéno  ou  nitro,  (f)  une  dialkylcétone 
dont  chaque  groupe  alkyle  comprend  1  à  6  atomes  de  carbone  ou  (g)  un  alkylaldéhyde  de  2  à  8  atomes 
de  carbone. 

4.  Procédé  suivant  la  revendication  3,  caractérisé  en  ce  que  l'halogénure  de  trialkylsilyle  est  un 
halogénure  de  triméthylsilyle  ou  un  halogénure  de  tertiobutyl-diméthylsilyle,  l'anhydride  alcanôïque 
est  l'anhydride  acétique,  l'halogénure  d'alcanoyle  est  le  chlorure  d'acétyle  ou  le  bromure  d'acétyle, 
l'halogénure  d'aroyle  est  le  chlorure  de  benzoyle  ou  le  bromure  de  benzoyle,  la  dialkylcétone  est 
l'acétone,  la  méthyléthylcétone  ou  la  méthylisobutylcétoneet  l'aldéhyde  alkylique  est  l'acétaldéhyde 
ou  le  propionaldéhyde. 

5.  Procédé  suivant  l'une  quelconque  des  revendications  précédentes,  caractérisé  en  ce  que 



l'agent  oxydant  est  un  sel  de  sulfoxonium. 
6.  Procédé  suivant  la  revendication  1,  dans  lequel  la  1,4-lactone  est  la  gulonolactone  ou  l'idono- 

lactone  et  l'étape  (a)  du  procédé  est  mise  en  oeuvre  en  présence  d'un  catalyseur  acide  ayant  un  pka 
inférieur  à  2,5  avec  au  moins  deux  équivalents  d'un  réactif  protégeant  la  fonction  hydroxyle  par  mole 
de  la  1,4-lactone,  le  réactif  protégeant  la  fonction  hydroxyle  étant  un  aldéhyde  alkylique  de  2  à  8 
atomes  de  carbone,  un  aldéhyde  arylique,  un  aldéhyde  arylalkylique  ou  un  aldéhyde  arylalcénylique,  le 
groupe  aryle  étant  un  groupe  phényle,  phényle  monosubstitué  ou  phényle  disubstitué,  dont  les  sub- 
stituants  sont  des  radicaux  alkyle  ayant  1  à  6  atomes  de  carbone,  alkoxy  ayant  1  à  6  atomes  de 
carbone,  halogéno  ou  nitro  et  les  groupes  alkyle  et  alcényle  ont  chacun  2  à  4  atomes  de  carbone. 

7.  Procédé  suivant  la  revendication  6,  caractérisé  en  ce  que  l'aldehyde  alkylique  est  l'iso- 
butyraldéhyde  ou  l'acétaldehyde,  l'aldéhyde  arylique  est  le  benzaldéhyde,  le  o-méthylbenzaldehyde,  le 
m-méthylbenzaldéhyde,  le  3,4-dichlorobenzaldéhyde,  le  o-méthoxybenaldéhyde  ou  le  o-chloro- 
benzaldéhyde  et  l'aldéhyde  arylalcénylique  est  le  cinnamaldéhyde. 

8.  Procédé  suivant  l'une  des  revendications  6  et  7,  caractérisé  en  ce  que  l'agent  oxydant  est  le 
bioxyde  de  manganèse. 

9.  Procédé  suivant  l'une  quelconque  des  revendications  précédentes,  caractérisé  en  ce  qu'on 
utilise  la  forme  L  de  la  lactone. 

10.  Un  composé  de  formule: 

ou  sa  forme  hydratée,  formule  dans  laquelle  R3  est  un  groupe  protégeant  la  fonction  hydroxyle  dérivé 
d'un  aldéhyde  alkylique  de  2  à  8  atomes  de  carbone;  un  aldéhyde  arylique  et  un  aldéhyde  arylalkylique 
ou  un  aldéhyde  arylalcénylique,  le  groupe  aryle  étant  un  groupe  phényle,  phényle  monosubstitué  ou 
phényle  disubstitué  dont  les  substituants  sont  des  radicaux  alkyle  ayant  1  à  6  atomes  de  carbone, 
alkoxy ayant  1  à  6  atomes  de  carbone,  halogéno  ou  nitro  et  les  groupes  alkyle  et  alcényle  ont  chacun  2 
à  4  atomes  de  carbone. 

1.  Verfahren  für  die  Herstellung  von  Ascorbinsäure,  dadurch  gekennzeichnet,  daß: 
(a)  Gulono-,  Galactono-,  ldono-  oder  Talono-1,4-lacton  mit  mindestens  einem  Hydroxylgruppen- 
schutzmittel  umgesetzt  wird,  um  die  freien  Hydroxylgruppen  in  den  5-,  6-  und  entweder  2-  oder  3- 
Stellungen  zu  schützen,  oder,  das  Gulono-  oder  Idono-1,4-lacton  mit  mindestens  einem  Hydroxyl- 
gruppenschutzmittel  umgesetzt  wird,  um  die  freien  Hydroxylgruppen  in  den  3-,  5-  gegebenenfalls  6- 
Stellungen  zu  schützen; 
(b)  das  in  2-  oder  3-Stellung  eine  freie  Hydroxylgruppe  aufweisende  Zwischenprodukt  mit  einem 
Oxidationsmittel,  welches  diese  Hydroxylgruppe  in  eine  Oxogruppe  umzuwandeln  vermag,  umgesetzt 
wird;  und 
(c)  die  in  Stufe  (b)  gebildete  Verbindung  hydrolisiert  wird  bis  die  Umwandlung  in  Ascorbinsäure  im 
wesentlichen  vollständig  ist. 

2.  Verfahren  gemäß  Anspruch  1,  bei  welchem  in  Stufe  (a)  ein  1,4-Lacton  ausgewählt  unter  Gulo- 
nolacton,  Galactonolacton,  Idonolacton  und  Talonolacton  mit  etwa  3  Äquivalenten  eines  Hydroxyl- 
gruppenschutzmittels  je  Mol  des  1,4-Lactons  umgesetzt  wird. 

3.  Verfahren  gemäß  Anspruch  2,  worin  das  Hydroxylgruppenschutzmittel  entweder  (a)  ein 
Trialkylsilylhalogenid  mit  1 - 6   Kohlenstoffatomen  in  jeder Alkylgruppe,  (b)  ein  Dialkylsilylhalogenid  mit  
1 - 6   Kohlenstoffatomen  in  jeder  Alkylgruppe,  (c)  ein  Alkansäureanhydrid  mit  3 - 8   Kohlen- 
stoffatomen,  (d)  ein  Alkanoylhalogenid  mit  2 - 6   Kohlenstoffatomen,  (e)  ein  Aroylhalogenid  in  welchem 
die  Aroylgruppe  Benzoyl,  Naphthoyl  oder  monosubstituiertes  Benzoyl,  wobei  diese  Substituenten  Alkyl- 
gruppen  mit  1 - 6   Kohlenstoffatomen,  Alkoxygruppen  mit  1 - 6   Kohlenstoffatomen,  Halogen  oder  Nitro 
sind,  ist,  (f)  ein  Dialkylketon  mit  1 - 6   Kohlenstoffatomen  in  jeder  Alkylgruppe  oder  (g)  ein  Alkylaldehyd 
mit  2 - 8   Kohlenstoffatomen  ist. 

4.  Verfahren  gemäß  Anspruch  3,  in  welchem  das  Trialkylsilylhalogenid  ein  Trimethylsilylhalo- 
genid  oder  ein  t-Butyldimethylsilylhalogenid,  das  Alkancarbonsäureanhydrid  Essigsäureanhydrid,  das 
Alkanoylhalogenid  Acetylchlorid  oder  Acetylbromid,  das  Aroylhalogenid  Benzoylchlorid  oder  Benzoyl- 
bromid,  das  Dialkylketon  Aceton,  Methyläthylketon  oder  Methylisobutylketon  und  der  Alkylaldehyd 
Acetaldehyd  oder  Propionaldehyd  ist. 



5.  Verfahren  gemäß  einem  der  vorgehenden  Ansprüche,  in  welchem  das  Oxidationsmittel  ein  Sul- 
foxoniumsalz  ist. 

6.  Verfahren  gemäß  Anspruch  1,  in  welchem  das  1,4-Lacton  Gulonolacton  oder  Idonolacton  ist 
und  Stufe  (a)  des  Verfahrens  ausgeführt  wird  in  Anwesenheit  eines  Säurekatalysators  mit  einem  pkg- 
Wert  von  weniger  als  2,5  mit  mindestens  2  Äquivalenten  eines  Hydroxylgruppenschutzmittels  je  Mol 
des  1,4-Lactons,  wobei  das  Hydroxylgruppenschutzmittel  ein  Alkylaldehyd  mit  2 - 8   Kohlen- 
stoffatomen;  ein  Araldehyd,  ein  Arylalkylaldehyd  oder  ein  Arylalkenylaldehyd  ist,  wobei  dei  Arylgruppe 
Phenyl,  monosubstituiertes  oder  disubstituiertes  Phenyl,  die  Substituierten  Alkyl  mit  1 - 6   Kohlen- 
stoffatomen,  Alkoxy  mit  1 - 6   Kohlenstoffatomen  Halogen  oder  Nitro  sind  und  die  Alkyl-  und  Alkenyl- 
gruppen  jede  2 - 4   Kohlenstoffatome  besitzen. 

7.  Verfahren  gemäß  Anspruch  6,  worin  der  Alkylaldehyd  Isobutyraldehyd  oder  Acetaldehyd,  der 
Arylaldehyd  Benzaldehyd,  o-Methylbenzaldehyd,  m-Methylbenzaldehyd,  3,4-Dichlorobenzaldehyd,  o- 
Methoxybenzaldehyd  oder  o-Chlorobenzaldehyd  und  der  Arylalkenylaldehyd  Zimtaldehyd  ist. 

8.  Verfahren  gemäß  einem  der  Ansprüche  6  oder  7,  in  welchem  das  Oxidationsmittel  Mangan- 
dioxid  ist. 

9.  Verfahren  gemäß  einem  der  vorgehenden  Ansprüche,  in  welchem  die  L-Form  des  Lactons 
verwendet  wird. 

10.  Verbindung  der  Formel 

oder  der  hydratisierten  Form  davon,  in  welcher  R3  eine  Hydroxylschutzgruppe  abgeleitet  von  einem  Al- 
kylaldehyd  mit  2 - 8   Kohlenstoffatomen;  einem  Arylaldehyd,  einem  Arylalkylaldehyd  oder  einem 
Arylalkenylaldehyd  ist,  wobei  die  Arylgruppe  Phenyl,  monosubstituiertes  oder  disubstituiertes  Phenyl 
und  die  Substituenten  Alkyl  mit  1 - 6   Kohlenstoffatomen,  Alkoxy  mit  1 - 6   Kohlenstoffatomen  Halogen 
oder  Nitro  sind  und  die  Alkyl  und  Alkenylgruppen  jede  2 - 4   Kohlenstoffatome  besitzen. 
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