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©  Process  for  producing  methyl  alpha-hydroxyisobutyrate. 
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©  There  is  disclosed  a  process  for  efficiently  pro- 
ducing  methyl  a-hydroxyisobutyrate  from  a-hydrox- 
yisobutyramide  and  methyl  formate  by  means  of 
reaction  distillation  which  comprises  feeding  a- 
hydroxyisobutyramide  and  an  alkali  metal  hydroxide 
in  a  continuous  distillation  column  to  prepare  therein 
the  dehydrated  condensate  of  a-hydrox- 
yisobutyramide  with  the  alkali  metal  hydroxide  as  the 
catalyst  and  reacting  remaining  a-hydrox- 
yisobutyramide  with  methyl  formate  in  the  presence 
of  the  dehydrated  condensate  as  the  catalyst. 

According  to  the  above  process,  the  objective 
methyl  a-hydroxyisobutyrate  is  continuously  ob- 
tained  in  high  yield  and  high  selectivity  without  any 
operational  trouble. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  process  for 
producing  methyl  a-hydroxyisobutyrate  from  a- 
hydroxyisobutyramide  and  methyl  formate.  Methyl 
a-hydroxyisobutyrate  has  industrially  significant 
uses,  for  example,  as  a  starting  raw  material  for 
methyl  methacrylate. 

2.  Description  of  the  Related  Arts 

As  a  process  for  producing  a  carboxylic  acid 
ester  from  a  carboxylic  acid  amide,  there  has  here- 
tofore  been  known  the  process  by  reacting  a  car- 
boxylic  acid  amide  with  an  alcohol  in  the  presence 
of  sulfuric  acid,  which  process  is  widely  put  into 
practice  as  a  process  for  industrially  producing 
methyl  methacrylate. 

However,  the  above-mentioned  process  in- 
volves  the  problems  that  a  huge  amount  of  acidic 
ammonium  sulfate  is  formed  as  the  byproduct  re- 
quiring  great  expense  for  its  disposal  and  besides 
expensive  corrosion-resisting  production  facilities 
are  needed. 

As  a  means  for  solving  the  above-mentioned 
disadvantages,  there  is  proposed  a  process  for 
producing  a  carboxylic  acid  ester  by  reacting  a 
carboxylic  acid  amide  contact  into  an  alcohol  with- 
out  the  use  of  sulfuric  acid.  The  process,  however, 
is  not  industrially  satisfactory  because  of  several 
problems  that  the  yield  and  selectivity  of  the  objec- 
tive  carboxylic  acid  ester  are  limited,  a  large 
amount  of  ammonia  is  produced  neccessitating  its 
separation  and  recovery,  and  an  ammonium  salt  of 
a  carboxylic  acid  is  unfavorably  formed. 

As  a  process  not  accompanied  by  the  forma- 
tion  of  ammonia,  there  is  proposed  in  Japanese 
Patent  Applicaion  Laid-Open  Nos.55444/1983  and 
78937/1985,  a  process  for  producing  a  carboxylic 
acid  ester  and  formamide  by  reacting  a  carboxylic 
acid  amide  with  a  formic  acid  ester  by  the  use  of  a 
combined  catalyst  of  a  metallic  salt  of  an  organic 
acid  or  an  inorganic  acid  or  a  metallic  carbonyl 
compound  with  an  organic  compound  containing 
nitrogen  or  phosphorus.  Yet,  some  problems  re- 
main  in  the  process  in  that  the  catalyst  system  is 
complicated  and  expensive,  and  great  expense  is 
required  for  recovering  the  catalyst. 

The  present  inventors  have  found  a  process  for 
producing  a  carboxylic  acid  ester  in  high  selectivity 
which  comprises  reacting  a  carboxylic  acid  amide 
with  a  formic  acid  ester  by  the  use  of  the  catalyst 
comprising  the  dehydrated  condensate  of  a  carbox- 
ylic  acid  amide  with  a  hydroxide  of  an  alkali  metal 
or  an  alkaline  earth  metal  under  extremely  mild 
reaction  conditions  as  compared  with  the  publicly 

known  processes,  which  process  is  disclosed  in 
Japanese  Patent  Application  Laid-Open  No. 
48637/1991.  Notwithstanding  the  improvement,  the 
above-mentioned  process  proved  to  have  weak- 

5  points  as  described  hereunder  as  the  result  of 
further  investigation.  In  the  case  of  industrially  pro- 
ducing  methyl  a-hydroxyisobutyrate  by  the  above- 
mentioned  process,  it  is  necessary  to  efficiently 
prepare  the  catalyst  composed  of  the  dehydrated 

io  condensate  of  a-hydroxyisobutyramide  with  a  hy- 
droxide  of  an  alkali  metal.  The  preparation  of  the 
catalyst,  however,  is  liable  to  be  accompanied  by 
the  hydrolytic  reaction  of  a-hydroxyisobutyramide 
due  to  the  water  formed  at  the  time  of  dehydrative 

75  condensation,  and  the  a-hydroxyisobutyric  acid 
thus  formed  produces  a  salt  with  the  alkali  metal 
hydroxide.  Consequently,  the  alkali  metal  hydroxide 
eventually  fails  to  serve  effectively  as  the  catalyst. 
In  addition,  the  alkali  metal  hydroxide  is  preferably 

20  used  in  the  form  of  aqueous  solution  from  oper- 
ational  convenience,  which  however,  further  accel- 
erates  the  hydrolytic  reaction  of  a-hydrox- 
yisobutyramide,  thereby  causing  troubles  in  an  at- 
tempt  to  efficiently  prepare  the  dehydrated  conden- 

25  sate  for  the  sake  of  the  catalyst  only. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  de- 
30  velop  a  method  of  preparing  a  catalyst  comprising 

the  dehydrated  condensate  of  a-hydrox- 
yisobutyramide  with  an  alkali  metal  hydroxide  to  be 
used  for  the  reaction  of  a-hydroxyisobutyramide 
with  methyl  formate  by  solving  the  previous  dis- 

35  advantages. 
It  is  another  object  of  present  invention  to 

provide  a  industrial  process  for  continuously  pro- 
ducing  methyl  a-hydroxyisobutyrate  from  a-hydrox- 
yisobutyramide  and  methyl  formate  by  the  use  of 

40  the  catalyst  comprising  the  dehydrated  condensate 
of  a-hydroxyisobutyramide  with  an  alkali  metal  hy- 
droxide. 

As  a  result  of  intensive  research  and  investiga- 
tion,  it  has  been  found  by  the  present  inventors 

45  that  the  above-described  disadvantage  can  be 
solved  by  the  steps  of  subjecting  a-hydrox- 
yisobutyramide  and  an  alkali  metal  hydroxide  to 
reaction  distillation  by  the  use  of  and  inside  a 
continuous  multistage  distillation  column,  where  de- 

50  hydrative  reaction  and  dehydrative  distillation  are 
simultaneously  carried  out  for  preparing  the  dehy- 
drated  condensate  as  the  catalyst;  and  reacting  the 
bottom  product  in  the  column  with  methyl  formate. 

Specifically  the  present  invention  relates  to  a 
55  process  for  efficiently  producing  methyl  a-hydrox- 

yisobutyrate  from  a-hydroxyisobutyramide  and 
methyl  formate  which  comprises  feeding  a-hydrox- 
yisobutyramide  and  an  alkali  metal  hydroxide  in  a 
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continuous  distillation  column  to  prepare  therein 
the  dehydrated  condensate  of  a-hydrox- 
yisobutyramide  with  the  alkali  metal  hydroxide  as 
the  catalyst  and  reacting  remaining  a-hydrox- 
yisobutyramide  with  methyl  formate  in  the  pres- 
ence  of  said  dehydrated  condensate  as  the  cata- 
lyst. 

More  specifically  the  present  invention  pertains 
to  a  process  for  efficiently  producing  methyl  a- 
hydroxyisobutyrate  from  a-hydroxyisobutyramide 
and  methyl  formate  which  comprises  the  steps  of 
(1)  feeding  a-hydroxyisobutyramide  in  a  continuous 
distillation  column  at  a  tray  positioned  between  the 
top  and  the  bottom  of  the  column;  (2)  feeding  an 
alkali  metal  hydroxide  in  the  column  at  a  tray 
between  the  tray  at  which  the  a-hydrox- 
yisobutyramide  is  fed  and  the  bottom  of  the  col- 
umn;  (3)  bringing  the  a-hydroxyisobutyramide  into 
contact  with  the  alkali  metal  hydroxide  to  produce 
the  dehydrated  condensate  thereof,  while  distilling 
away  water  from  the  top  of  the  column  and  drawing 
out  the  remaining  a-hydroxyisobutyramide  and  the 
dehydrated  condensate  as  the  bottom  products 
from  the  bottom  of  the  column;  and  (4)  reacting  the 
bottom  product  with  methyl  formate  into  methyl  a- 
hydroxyisobutyrate. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

Fig.1  illustrates  the  process  flow  diagram  for 
carrying  out  the  process  according  to  the  present 
invention. 
Description  of  the  symbols  therein  is  as  follows: 

(1)  :  dehydrative  distillation  column 
(2)  :  reactor 
(3)  :  liquid  reservoir 
(4)  :  a-hydroxyisobutyramide  feed  line 
(5)  :  alkali  metal  hydroxide  feed  line 
(6)  :  water  drawing  out  line 
(7)  :  bottom  products  drawing  out  line 
(8)  :  methyl  formate  feed  line 
(9)  :  reaction  liquid  drawing  out  line 

DESCRIPTION  OF  PREFERRED  EMBODIMENT 

In  the  process  according  to  the  present  inven- 
tion,  the  alkali  metal  hydroxide  is  fed  into  the 
multistage  distillation  column  at  a  tray  positioned 
between  the  feed  inlet  of  the  a-hydrox- 
yisobutyramide  and  the  bottom  of  the  column.  The 
selective  feeding  method  as  mentioned  above  en- 
ables  the  production  of  the  objective  methyl  a- 
hydroxyisobutyrate  in  high  yield  and  high  selectiv- 
ity  as  well  as  the  effective  preparation  of  the  cata- 
lyst,  since  water  can  instantaneously  be  distilled 
away  from  the  top  of  the  column  and  the  hydrolytic 
reaction  of  a-hydroxyisobutyramide  can  be  sup- 
pressed  by  the  aforesaid  method.  On  the  other 

hand,  it  is  unfavorable  to  feed  the  alkali  metal 
hydroxide  in  the  feed  line  of  a-hydrox- 
yisobutyramide  or  at  the  tray  having  a  feed  inlet  of 
the  same  from  the  viewpoint  of  effective  prepara- 

5  tion  of  the  catalyst  because  the  a-hydrox- 
yisobutyramide  is  hydrolyzed.  Feeding  the  alkali 
metal  hydroxide  at  the  bottom  of  the  column  is  also 
unfavorable  because  of  insufficient  water  removal 
which  leads  to  decrease  in  the  production  of  the 

io  dehydrated  condensate. 
The  starting  raw  material,  that  is,  a-hydrox- 

yisobutyramide  to  be  used  in  the  process  accord- 
ing  to  the  present  invention  is  obtained  by  hydrat- 
ing  acetone  cyanohydrin  which  is  produced  from 

is  acetone  and  prussic  acid.  The  a-hydrox- 
yisobutyramide  contains  usually  a  small  amount  of 
water  and  thus  formamide  which  is  produced  by 
the  hydration  of  prussic  acid.  Even  in  such  a  case, 
the  catalyst  can  be  prepared  without  any  trouble  by 

20  the  method  according  to  the  present  invention  in 
which  the  alkali  metal  hydroxide  is  fed  at  a  tray 
positioned  between  the  feed  inlet  of  a-hydrox- 
yisobutyramide  and  the  bottom  of  the  column. 

In  the  following,  the  process  according  to  the 
25  present  invention  will  be  described  in  more  detail 

with  reference  to  Fig.1  in  which  symbol  (1)  denotes 
the  entire  unit  of  distillation  column. 

a-Hydroxyisobutyramide  is  fed  in  the  column  at 
an  intermediate  tray  therein  through  the  feed  line 

30  (4),  alone  or  in  combination  with  0  to  50%  by 
weight  of  water.  At  the  same  time,  the  alkali  metal 
hydroxide  is  fed  therein  through  the  line  (5),  the 
feed  inlet  of  which  can  be  provided  with  the  liquid 
reservoir  (3)  so  as  to  prevent  clogging  due  to  the 

35  deposition  of  crystals. 
Examples  of  the  alkali  metal  hydroxide  to  be 

used  in  the  present  process  include  the  hydroxide 
of  lithium,  sodium,  potassium,  rubidium  and 
cesium,  respectively,  among  which  sodium  hydrox- 

40  ide  is  preferable  from  the  economical  point  of  view. 
The  alkali  metal  hydroxides  can  be  each  fed  in  the 
distillation  column  in  the  form  of  powder  as  such, 
but,  in  view  of  handling,  preferably  in  the  form  of 
aqueous  solution  in  a  concentration  of  5  to  30%, 

45  preferably  20  to  30%  by  weight  in  a  proportion  of 
0.005  to  0.1  mole  (0.5  to  10  mole%),  preferably 
0.007  to  0.08  moles  (0.7  to  8  mole%)  based  on  one 
mole  of  a-hydroxyisobutyramide.  A  usage  thereof 
more  than  10  mole%  is  pratically  disadvantageous 

50  because  the  hydrolysis  thereof  is  accelerated  and 
the  amount  of  water  to  be  distilled  away  is  in- 
creased  thereby. 

With  regard  to  the  amount  of  the  above-men- 
tioned  alkali  metal  hydroxide  to  be  fed,  part  of  the 

55  a-hydroxyisobutyramide  to  be  fed  is  substantially 
subjected  to  dehydrative  reaction  with  the  alkali 
metal  hydroxide,  resulting  in  the  production  of  the 
mixture  of  the  dehydrated  condensate  of  a-hydrox- 

3 
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yisobutyramide  with  the  alkali  metal  hydroxide  as 
the  catalyst  and  the  unreacted  a-hydrox- 
yisobutyramide  as  one  of  the  starting  raw  materials 
for  the  objective  product. 

Aside  therefrom,  water  is  distilled  away  from 
the  top  of  the  column  through  the  line  (6). 

The  above-mentioned  dehydrative  condensa- 
tion  is  caused  under  the  operation  conditions  in- 
cluding  a  vacuum  of  5  to  20  torr.  preferably  10  to 
15  torr.  at  a  bottom  temperature  of  130  to  160°C, 
preferably  140  to  150°C,  and  the  resultant  mixture 
as  described  hereinbefore  is  fed  in  the  reactor  (2) 
from  the  bottom  of  the  column  through  the  line  (7). 

As  mentioned  above,  there  is  produced  by  the 
reaction  inside  the  column,  the  mixture  of  the  de- 
hydrated  condensate  of  a-hydroxyisobutyramide 
with  the  alkali  metal  hydroxide  as  the  catalyst  and 
the  unreacted  a-hydroxyisobutyramide.  Conse- 
quently,  the  catalyst  and  one  of  the  starting  raw 
materials  are  simultaneously  fed  in  the  reactor  (2) 
in  combination  with  each  other. 

A  bottom  temperature  higher  than  160°C  un- 
desirably  results  in  the  liability  to  the  distilling  away 
or  degeneration  of  a-hydroxyisobutyramide  and  de- 
composition  of  the  dehydrated  condensate  thus 
formed,  whereas  that  lower  than  130°C  unfavor- 
ably  leads  to  insufficient  dehydration,  thereby 
lowering  the  formation  of  the  dehydrated  conden- 
sate  to  be  used  as  the  catalyst. 

Methyl  formate  as  the  other  starting  raw  ma- 
terial  is  fed  in  the  line  (7)  through  the  line  (8)  in  a 
feed  amount  of  0.5  to  20  moles  (50  to  2000 
mole%),  preferably  1.5  to  8  moles  (150  to  800 
mole%)  based  on  one  mole  of  a-hydrox- 
yisobutyramide.  A  feed  amount  thereof  less  than 
0.5  mole  brings  about  uncommercial  deterioration 
of  the  conversion  efficiency,  whereas  that  more 
than  20  moles  gives  rise  to  unpractical  increase  in 
the  amount  of  unreacted  methyl  formate  to  be 
recovered. 

It  is  desirable  to  use  methanol  when  necessary 
in  the  handling  of  a-hydroxyisobutyramide  in  the 
stage  of  feeding  methyl  formate  and  in  the  stage  of 
reacting  a-hydroxyisobutyramide  with  methyl  for- 
mate  in  an  amount  of  1  to  30  moles,  preferably  2 
to  20  moles  based  on  one  (1)  mole  of  a-hydrox- 
yisobutyramide.  An  amount  thereof  less  than  one 
(1)  mole  causes  difficulty  in  dissolving  a-hydrox- 
yisobutyramide,  while  that  more  than  30  moles 
brings  about  practically  disadvantageous  increase 
in  the  amount  of  methanol  to  be  recovered  from 
the  reaction  liquid. 

The  mixed  solution  in  the  aforestated  propor- 
tion  is  fed  in  the  reactor  (2),  from  which  the  objec- 
tive  methyl  a-hydroxyisobutyrate  is  obtained 
through  the  line  (9). 

The  reaction  temperature  and  reaction  time  in 
the  reactor  (2)  can  be  selected  in  a  wide  range 

depending  on  the  feed  amount  of  the  alkali  metal 
hydroxide  and  the  aimed  conversion  efficiency.  As 
the  general  reaction  conditions,  the  reaction  tem- 
perature  is  in  the  range  of  preferably  20  to  150°C, 

5  particularly  preferably  30  to  100°C,  and  the  reac- 
tion  time  is  in  the  range  of  0.1  to  10  hr,  or  2  to  5 
hour  which  suffices  the  practical  application.  A  re- 
action  temperature  lower  than  20  °  C  results  in  fail- 
ure  to  attain  a  practical  reaction  rate,  whereas  that 

io  higher  than  150°C  causes  a  disadvantage  of  liabil- 
ity  to  decomposition  of  the  dehydrated  condensate. 

According  to  the  process  of  the  present  inven- 
tion,  the  objective  methyl  a-hydroxyisobutyrate  is 
obtained  in  high  yield  and  high  selectivity  through 

is  the  reaction  of  a-hydroxyisobutyramide  with  methyl 
formate  by  virtue  of  efficiently  preparing  the  cata- 
lyst  composed  of  the  dehydrated  condensate  of  a- 
hydroxyisobutyramide  with  the  alkali  metal  hydrox- 
ide  by  means  of  reaction  distillation. 

20  In  the  following,  the  present  invention  will  be 
described  in  more  detail  with  reference  to  com- 
parative  examples  and  an  example,  which  however 
shall  not  be  construed  to  limit  the  invention  thereto. 

25  Example  1 

A  distillation  column  (with  20mm  inside  diam- 
eter)  packed  inside  with  Mc-Mahon  packings  (made 
of  stainless  steel,  with  6mm  size)  was  charged  with 

30  a-hydroxyisobutyramide  containing  10%  by  weight 
of  water  at  a  feed  rate  of  115g/hr  in  the  middle 
thereof  and  30%  by  weight  of  aqueous  solution  of 
sodium  hydroxide  at  a  feed  rate  of  4g/hr  at  a 
position  between  the  above  feed  inlet  and  the  col- 

35  umn  bottom.  Under  the  operational  conditions  in- 
cluding  a  column  bottom  temperature  of  150°C 
and  a  column  top  pressure  of  10  torr.,  water  was 
distilled  away  from  the  column  top,  and  the  mixture 
of  the  dehydrated  condensate  and  unreacted  a- 

40  hydroxyisobutyramide  was  obtained  from  the  col- 
umn  bottom.  To  the  mixture  was  continuously  ad- 
ded  a  solution  of  methyl  formate  in  methanol  in  a 
molar  ratio  of  2:3  at  a  feed  rate  of  216g/hr,  and  the 
resultant  mixture  was  fed  in  a  reactor,  where  the 

45  reaction  was  carried  out  at  60  °C  for  a  retention 
time  of  2  hours.  As  a  result,  the  conversion  of  a- 
hydroxyisobutyramide  was  61%  and  the  selectivity 
to  methyl  a-hydroxyisobutyrate  was  99%. 

50  Comparative  Example  1 

The  procedure  in  Example  1  was  repeated 
except  that  the  aqueous  solution  of  sodium  hydrox- 
ide  was  fed  in  the  column  at  the  tray  having  the 

55  feed  inlet  of  the  above  a-hydroxyisobutyramide. 
As  a  result,  the  conversion  of  a-hydrox- 

yisobutyramide  was  49%  and  the  selectivity  to 
methyl  a-hydroxyisobutyrate  was  92%. 

4 
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Comparative  Example  2 

The  procedure  in  Example  1  was  repeated 
except  that  the  aqueous  solution  of  sodium  hydrox- 
ide  was  fed  in  the  bottom  of  the  column. 

As  a  result,  the  conversion  of  a-hydrox- 
yisobutyramide  was  43%  and  the  selectivity  to 
methyl  a-hydroxybutyrate  was  90%. 

Claims 

1.  A  process  for  producing  methyl  a-hydrox- 
yisobutyrate  from  a-hydroxyisobutyramide  and 
methyl  formate  which  comprises  feeding  a- 
hydroxyisobutyramide  and  an  alkali  metal  hy- 
droxide  in  a  continuous  distillation  column  to 
prepare  therein  the  dehydrated  condensate  of 
a-hydroxyisobutyramide  with  the  alkali  metal 
hydroxide  as  the  catalyst  and  reacting  remain- 
ing  a-hydroxyisobutyramide  with  methyl  for- 
mate  in  the  presence  of  said  dehydrated  con- 
densate  as  the  catalyst. 

7.  The  process  according  to  Claim  1  wherein  the 
temperature  in  the  bottom  of  the  distillation 
column  is  in  the  range  of  130  to  160°C  and 
the  vacuum  therein  is  in  the  range  of  5  to  20 

5  torr. 

8.  The  process  according  to  Claim  1  wherein  the 
methyl  formate  is  in  the  form  of  a  solution  of 
methyl  formate  in  methanol. 

10 
9.  The  process  according  to  Claim  1  wherein  the 

reaction  of  a-hydroxyisobutyramide  with  meth- 
yl  formate  is  effected  at  a  reaction  temperature 
in  the  range  of  20  to  150°C  for  a  reaction  time 

is  in  the  range  of  0.1  to  10  hours. 

20 

2.  The  process  according  to  Claim  1  wherein  (1) 
the  a-hydroxyisobutyramideis  fed  in  the  con-  25 
tinuous  distillation  column  at  a  tray  positioned 
between  the  top  and  the  bottom  of  the  column 
;  (2)  the  alkali  metal  hydroxide  is  fed  in  the 
column  at  a  tray  between  the  tray  at  which  the 
a-hydroxyisobutyramide  is  fed  and  the  bottom  30 
of  the  column  ;  (3)  the  a-hydroxyisobutyramide 
is  brought  into  contact  with  the  alkali  metal 
hydroxide  to  produce  the  dehydrated  conden- 
sate  thereof,  while  distilling  away  water  from 
the  top  of  the  column  and  drawing  out  the  35 
remaining  a-hydroxyisobutyramide  and  the 
dihydrated  condensate  as  the  bottom  products 
from  the  bottom  of  the  column  ;  and  (4)  the 
bottom  product  is  reacted  with  methyl  formate 
into  methyl  a-hydroxyisobutyrate.  40 

3.  The  process  according  to  Claim  1  wherein  the 
proportion  of  the  alkali  metal  hydroxide  to  be 
fed  in  the  distillation  column  is  0.5  to  10 
mole%  based  on  a-hydroxyisobutyramide.  45 

4.  The  process  according  to  Claim  1  wherein  the 
alkali  metal  hydroxide  is  sodium  hydroxide. 

5.  The  process  according  to  Claim  1  wherein  the  50 
alkali  metal  hydroxide  is  in  the  form  of  aque- 
ous  solution  having  a  concentration  thereof  of 
5  to  30%  by  weight. 

6.  The  process  according  to  Claim  1  wherein  the  55 
proportion  of  the  methyl  formate  to  be  fed  in 
the  reaction  system  is  50  to  2000  moles% 
based  on  a-hydroxyisobutyramide. 

5 
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