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Description 

pie  invention  relates  to  a  process  for  the  prepa- 
ration  of  2-(hydroxyalkyl)acrylic  compounds  having 
the  formula 

H2C  =  C  -  X 

Rx  -  C  -  OH 

H2C  = C  -  

10 
R. -  C  -  OH wherein  X  represents  a  -CN  group,  a  -COOR3 

group  a  -COR4  group  or  a  -CONR4R5  group  where- 
in  R3  is  an  alkyl  group  containing  1-4  C  atoms  and  R4 
and  R5  independently  represent  an  H  atom  or  R3, 
and 
wherein  R1  and  R2  independently  represent  an  H  at- 
om  or  an  alkyl  group  with  1-4  C  atoms  or  a  possibly 
substituted  phenyl,  naphthyl,  furyl  or  thienyl  group, 
or  R1  and  R2  together  represent  a  cyclic  compound 
with  5-12  C  atoms 
by  contacting  an  acrylic  compound  H2C  =  CH  -  X 
with  a  carbonyl  compound  of  the  formula 

15 

wherein  X  represents  a  -CN  group,  a  -COOR3 
group  a  -COR4  group  or  a  -CONR4R5  group  where- 
in  R3  is  an  alkyl  group  containing  1-4  C  atoms  and  R4 
and  R5  independently  represent  an  H  atom  or  R3, 
and 
wherein  R1  and  R2  independently  represent  an  H  at- 
om  or  an  alkyl  group  with  1-4  C  atoms  or  a  possibly 
substituted  phenyl,  naphthyl,  furyl  or  thienyl  group, 
or  R1  and  R2  together  represent  a  cyclic  compound 
with  5-12  C  atoms 
by  contacting  an  acrylic  compound  H2C  =  CH  -  X 
with  a  carbonyl  compound  of  the  formula 

20 

25 

Rl  "  C  "  R2 

wherein  X,  R1  and  R2  denote  the  same  as  in  the 
above,  this  being  effected  in  the  liquid  phase  in  the 
presence  of  a  tertiary  amine,  characterized  in  that 
the  reaction  is  carried  out  at  a  pressure  in  excess 
of  500  bar. 

If  R1  and  R2  independently  represent  a  phenyl, 
naphthyl,  furyl  or  thienyl  group,  they  may  possibly 
be  substituted.  Substituents  may  be  for  instance 
alkyl  groups  with  1-4  C  atoms,  chlorine,  bromine,  io- 
dine,  and  phenyl. 

The  process  according  to  the  invention  enables 
preparation  of  desired  acrylic  compounds  in  a  rela- 
tively  short  time,  ranging  from,  for  instance,  less 
than  one  minute  to  a  few  hours,  depending  on  the  re- 
actants.  Moreover  the  process  according  to  the  in- 
vention  may  be  effected  with  ketones  as  carbonyl 
groups  containing  starting  material  as  well  as  with  al- 
dehydes. 

Acrylic  compounds  obtained  in  the  process  ac- 
cording  to  the  present  invention  may  be  used  as 
monomers  in  resin-type  products  and  possess  good 
adhesive  properties. 

Suitable  acrylic  starting  compounds  are,  for  in- 
stance,  acrylonitrile,  methyl  acrylate,  ethyl  acry- 
late,  acrolein,  methyl  vinyl  ketone  and  acrylamide. 

As  ketone  or  aldehyde  use  can  be  made  of,  for  in- 
stance,  formaldehyde,  acetaldehyde,  benzalde- 
hyde,  4-phenylbenzaldehyde,  acetone,  methyl  ethyl 
ketone  and  cyclohexanone. 

The  catalyst  is  a  tertiary  amine,  applied  in  an 
amount  of  up  to  20  wt.%,  calculated  upon  the  quanti- 
ty  of  ketone  or  aldehyde.  Catalysts  that  may  for  in- 
stance  be  applied  are  trialkyl  amines  with  e.g.  1-4  C- 
atoms  per  alkyl  group,  e.g.  dimethyl  ethyl  amine 
(NMe2Et)  and  diethyl  methyl  amine  (NMeEt2)  or,  if 

30 

R-, —  C  — 
35 

wherein  X,  R1  and  R2  denote  the  same  as  in  the 
above,  this  being  effected  in  the  liquid  phase  in  the 
presence  of  a  tertiary  amine. 

Such  a  process  for  the  coupling  of  carbonyl  com- 
pounds  with  acrylic  compounds  is  described  in  US- 
A  3  743  669.  According  to  this  state  of  the  art,  the 
desired  2-(hydroxyalkyl)acrylic  compounds  can  be 
obtained,  on  the  basis  of  the  examples  performed 
batchwise,  in  yields  of  between  59  and  76%,  calcu- 
lated  as  the  product  of  conversion  and  selectivity. 
An  important  drawback  of  the  process  according  to 
US-A  3  743  669  is  the  extremely  long  reaction  time, 
which  may  vary  from  many  hours  to  many  days.  An- 
other  drawback  is  that  only  aldehydes  can  be  used 
as  carbonyl  compounds,  so  that  the  field  of  com- 
pounds  which  can  be  prepared  is  rather  limited.  In 
example  XV  of  US-A  3  743  669  methyl  ethyl  ketone 
is  even  as  an  inert  solvent. 

The  object  of  this  invention  is  to  eliminate  these 
drawbacks.  The  invention  therefore  provides  a 
process  for  the  preparation  of  2-(hydroxy- 
alkyl)acrylic  compounds  having  the  formula 
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a  catalyst  having  a  higher  activity  is  desirable,  di- 
azabicyclo-[2,2,2]-octane  (DABCO). 

In  the  process  according  to  the  invention  option- 
ally  an  inert  organic  solvent  can  be  applied,  depend- 
ing  on  the  desired  reaction.  Examples  of  suitable 
solvents  are  ethers  e.g.  tetrahydrofuran  (THF)  and 
diethylether.  The  reaction  generally  is  somewhat 
slower  in  the  presence  of  a  solvent.  Solvents  may 
therefore  be  of  advantage  in  reactions  that  would 
proceed  too  fast  and  would  yield  carbonized  final 
products  if  no  solvent  were  applied. 

The  pressure  at  which  the  liquid-phase  reaction 
can  be  applied  generally  exceeds  500  bar  and  more 
in  particular  is  between  1500  and  18,000  bar.  The  re- 
quired  pressure  will  be  determined  experimentally, 
depending  on  the  starting  materials  used.  For  eco- 
nomic  reasons,  naturally,  it  is  desirable  to  choose  a 
pressure  in  this  high-pressure  range  that  is  as  low 
as  possible.  Although  the  reactions  according  to 
the  invention  also  proceed  at  pressures  above 
18,000  bar,  these  very  high  pressures  offer  no  ad- 
ditional  advantages  over  the  above-mentioned 
range. 

The  process  according  to  the  invention  can  gen- 
erally  be  applied  at  room  temperature,  but  when  us- 
ing  some  less  reactive  starting  materials  it  may  be 
desirable  to  apply  a  higher  temperature,  for  in- 
stance  up  to  1  00°C  or  higher. 

The  molar  ratio  of  the  reactants  will  generally  be 
1  :  1  ,  but  other  ratios  are  also  possible,  e.g.  between 
1  :10to10:1 .  

Summarizing,  many  embodiments  are  possible 
within  the  purview  of  the  invention,  which  comprises 
the  preparation  of  2-(hydroxyalkyl)  acrylic  com- 
pounds  in  the  liquid  phase  at  a  high  pressure.  For 
each  reaction  the  optimal  conditions,  such  as  cata- 
lyst  choice,  catalyst  concentration,  amounts  of  the 
reactants,  presence  or  absence  of  a  solvent,  pres- 
sure  applied,  reaction  time  and  temperature  applied, 
can  be  established  by  some  preliminary  experiments. 

The  invention  will  be  elucidated  in  the  following  ex- 
amples,  without  being  restricted  thereto. 

Example  I 

A  high-pressure  vessel  was  charged  with  60 
mmoles  acrylonitrile,  60  mmoles  acetaldehyde,  4  ml 
THF  and  5  mmoles  NMeaEt.  The  vessel  was  closed 
and  the  pressure  of  the  liquid  reaction  mixture  was 
increased  to  12,000  bar,  the  temperature  being 
20°C.  Within  1  minute  after  reaching  the  final  pres- 
sure,  the  yield  of  2-(1-hydroxyethyl)acrylonitrile 
(according  to  gas-liquid  chromatography),  calculat- 
ed  as  the  product  of  conversion  and  selectivity  rel- 
ative  to  acrylonitrile,  was  96.2%. 

Comparative  example  A 

In  the  same  way  as  described  in  Example  I,  the  re- 
action  was  performed  under  autogeneous  pressure 
at  150°C.  After  6  hours  reaction  time,  the  yield  of  2- 
(i-hydroxyethyl)acrylonitrile  was  3.8%. 

Example  II 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  acrylonitrile,  60  mmoles  for- 
maldehyde,  4  ml  THF  and  0.5  mmoles  DABCO.  After 
1  hour  reaction  time  at  20°C  and  5000  bar  the  yield 
of  2-(hydroxymethyl)acrylonitrile  amounted  to  85  %. 

Example  III 
10 

Example  I  was  repeated,  without  THF  being  added 
and  at  5000  bar.  The  2-(1-hydroxyethyl)acrylonitrile 
yield  after  5  minutes  was  78  %. 

15  Example  IV 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  acrylonitrile,  60  mmoles 
acetaldehyde  and  1.2  mmoles  DABCO.  After  5 
hours  reaction  at  35°C  and  5000  bar  the  yield  of  2- 
(i-hydroxyethyl)acrylonitrile  was  98  %. 

20 

Comparative  example  B 

Example  IV  was  repeated  with  a  pressure  of  1 
bar.  After  5  hours  the  yield  of  2-(1-hydroxy- 
ethyl)acrylonitrile  was  10  %. 

Example  V 

Example  III  was  repeated  with  60  mmoles  propanal 
instead  of  the  acetaldehyde.  After  5  minutes  the  2- 
(1  -hydroxypropyl)acrylonitrile  yield  was  57  %. 

25 
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35  Example  VI 

Example  III  was  repeated  with  60  mmoles  benzal- 
dehyde  instead  of  the  acetaldehyde,  2.5  mmoles 
DABCO  being  used  as  a  catalyst.  After  5  minutes  a 
2-(1-hydroxy-1-phenylmethyl)acrylonitrile  yield  of 
98  %  was  reached. 

40 

Example  VII 

Example  I  was  repeated,  using  60  mmoles  acetone 
instead  of  20  acetaldehyde.  After  an  hour  the  2-(2- 
hydroxypropyl)acrylonitrile  yield  was  92  %. 

Example  VIII 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  methyl  ethyl  ketone,  60 
mmoles  acrylonitrile  and  1.2  mmoles  DABCO.  After 
5  hours  reaction  time  at  20°C  and  5000  bar  the  yield 
of  2-(2-hydroxybutyl)acrylonitrile  was  87  %. 

Example  IX 

Example  III  was  repeated  with  60  mmoles  acetone 
instead  of  the  acetaldehyde,  2.5  mmoles  DABCO 
being  used  as  catalyst.  After  a  reaction  time  of  5 
minutes  at  35°C  the  2-(2-hydroxypropyl)acryl- 
onitrile  yield  was  98  %. 
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Example  X 

Example  III  was  repeated  with  60  mmoles  cy- 
clohexanone  instead  of  the  acetaldehyde,  2.5 
mmoles  DABCO  being  used  as  catalyst.  After  18 
hours  reacting,  50%  of  the  cyclohexanone  was 
found  to  have  been  converted.  The  yield  of  2-(1-hy- 
droxycyclohexyl)acrylonitrile  was  41  %. 

Example  XI 

Example  I  was  repeated  with  60  mmoles  ethyl  acry- 
late  instead  of  acrylonitrile.  After  10  minutes  react- 
ing  at  20°C,  the  2-(1-hydroxyethyl)-ethylacrylate 
yield  was  found  to  be  98  %. 

Example  XII 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  acetaldehyde,  60  mmoles 
acrylamide  and  5  mmoles  NMe2Et.  After  3  hours  re- 
action  time  at  20°C  and  5000  bar  the  yield  of  2-(1-hy- 
droxyethyl)  acrylamide  was  83  %. 

Example  XIII 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  acrylonitrile,  60  mmoles  4- 
phenylbenzaldehyde  and  1.2  mmoles  DABCO.  After 
2  hours  reaction  time  at  20°C  and  5000  bar  the  yield 
of  2-[hydroxy(4-phenyI)phenylmethyl]acrylonitrile 
was  86  %. 

Example  XIV 

The  same  vessel  as  described  in  Example  I  was 
charged  with  60  mmoles  acrolein,  60  mmoles  acetal- 
dehyde  and  5  %  by  weight  NMeEfe.  After  25  min- 
utes  reaction  time  at  20°C  and  15000  bar,  the  yield 
of  2-(1-hydroxyethyl)acrolein  was  95  %. 

Example  XV 

Example  XIV  was  repeated  with  60  mmoles  propri- 
onaldehyde  instead  of  acetaldehyde  under  further 
identical  conditions.  The  yield  of  2-(1-hydroxypro- 
pyl)acrolein  was  95  %. 

Example  XVI 

The  vessel  described  in  Example  I  was  charged 
with  60  mmoles  methyl  vinyl  ketone,  60  mmoles 
acetaldehyde  and  1.2  mmoles  DABCO.  After  30  min- 
utes  reaction  time  at  20°C  and  5000  bar  the  yield  2- 
(i-hydroxyethyl)methyl  vinyl  ketone  was  83  %. 

H2C C  -  X 

R. -  C  -  OH 

R, 
10 

wherein  X  represents  a  -CN  group,  a  -COOR3 
group,  a  -COR4  group  or  a  -CONR4R5  group 
wherein  R3  is  an  alkyl  group  containing  1-4  C  atoms 
and  R4  and  R5  independently  represent  an  H  atom 
or  R3,  and 
wherein  R1  and  R2  independently  represent  an  H  at- 
om  or  an  alkyl  group  with  1-4  C  atoms  or  a  possibly 
substituted  phenyl,  naphthyl,  furyl  or  thienyl  group, 
or  R1  and  R2  together  represent  a  cyclic  compound 
with  5-12  C  atoms 
by  contacting  an  acrylic  compound  H2C  =  CH  -  X 
with  a  carbonyl  compound  of  the  formula 

15 

20 

O 
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-  C  -  R. R, 
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wherein  X,  R1  and  R2  denote  the  same  as  in  the 
above,  this  being  effected  in  the  liquid  phase  in  the 
presence  of  a  tertiary  amine,  characterized  in  that 
the  reaction  is  carried  out  at  a  pressure  in  excess 
of  500  bar. 

2.  Process  according  to  claim  1,  characterized  in 
that  the  reaction  is  carried  out  at  a  pressure  be- 
tween  1500  and  18,000  bar. 

3.  Process  according  to  either  of  claims  1  and  2, 
characterized  in  that  as  starting  carbonyl  com- 
pound  use  is  made  of  formaldehyde,  acetaldehyde, 
propanal,  benzaldehyde,  4-phenylbenzaldehyde, 
acetone,  methyl  ethyl  ketone  or  cyclohexanone. 

4.  Process  according  to  any  one  of  claims  1-3, 
characterized  in  that  as  acrylic  starting  compound 
use  is  made  of  acrylonitrile,  methyl  acrylate,  ethyl 
acrylate,  acrolein,  methyl  vinyl  ketone  or  acryl- 
amide. 

5.  Process  according  to  any  one  of  claims  1-4, 
characterized  in  that  as  catalyst  use  is  made  of 
dimethyl  ethyl  amine,  diethyl  methyl  amine  or  diazabi- 
cyclo[2,2,2]-octane. 

6.  Process  according  to  any  one  of  claims  1-5, 
characterized  in  that  the  reaction  is  carried  out  in 
the  presence  of  an  inert  organic  solvent. 

7.  Process  according  to  claim  6,  characterized  in 
that  as  inert  organic  solvent  use  is  made  of  tetrahy- 
drofuran  or  diethylether. 

8.  Process  according  to  any  one  of  claims  1-7, 
characterized  in  that  the  reaction  is  carried  out  at  a 
temperature  between  20  and  100°C. 
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8.  Verfahren  nach  einem  der  Anspruche  1  bis  7, 
dadurch  gekennzeichnet,  daB  die  Reaktion  bei  einer 

2-  Temperatur  von  20  bis  1  00°C  durchgefCihrt  wird. 

5  Revendications 

1.  Proc6d§  de  preparation  de  composes  2- 
(hydroxyalkyl)acryliques  r§pondant  la  formule: 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  von 
(Hydroxyalkyl)-acryl-Verbindungen  der  Formel 

H2C  = C  -  

-  C  -  OH 10 H2C  = c  — 

1^  -  C  -  OH 

I 

R2 

dans  laquelle  X  represente  un  groupe  -CN,  un 
groupe  -COOR3,  un  groupe  -COR4  ou  un  groupe 
CONR4R5  dans  lequel  R3  est  un  radical  alkyle  con- 
tenant  1  a  4  atomes  de  carbone  et  R4  et  R5  repr6- 
sentent  chacun  independamment  un  atome  d'hydro- 
gene  ou  R3,  et 
dans  laquelle  R1  et  R2  represented  chacun  indepen- 
damment  un  atome  d'hydrogene  ou  un  radical  alkyle 
de  1  a  4  atomes  de  carbone  ou  un  radical  phinyle 
naphthyle,  furyle  ou  thienyle  eventuellement  substi- 
tue\  ou  bien  R1  et  R2  represented  ensemble  un  com- 
post  cyclique  de  5  a  12  atomes  de  carbone, 
par  la  mise  en  contact  d'un  compost  acrylique 
H2C=CH-X  avec  un  compose  de  carbonyle  de  for- 
mule: 

15 
worin  X  eine  -CN-Gruppe,  eine  -COOR3-Gruppe, 
eine  -COR4-Gruppe  oder  eine  -CONfyRs-Gruppe 
darstellt,  wobei  R3  eine  Alkyl-Gruppe  mit  1  bis  4  C- 
Atomen  ist  und  R4  und  R5  unabhangig  ein  H-Atom 
oder  R3bedeuten,  und  Riund  R2  unabhangig  ein  H- 
Atom  oder  eine  Alkylgruppe  mit  1  bis  4  C-Atomen 
oder  eine  gegebenenfalls  substituierte  Phenyl-,  Na- 
phthyl-,  Furyl-  oder  Thienylgruppe  sind  oder  R1  und 
R2  miteinander  eine  cyclische  Verbindung  mit  5  bis 
12  C-Atomen  darstellen,  durch  Inberiihrungbringen 
einer  Acrylverbindung  H2C=CH-X  mit  einer  Car- 
bonylverbindung  der  Formel 

20 
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30 

-  C  -  R, 

35 
worin  X,  R1  und  R2  die  oben  angegebene  Bedeutung 
haben,  in  einer  flussigen  Phase  in  Anwesenheit  ei- 
nes  tertiaren  Amins,  dadurch  gekennzeichnet,  daB 
die  Reaktion  bei  einem  Druck  von  mehr  als  500  bar 
durchgefiihrt  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  Reaktion  bei  einem  Druck  zwi- 
schen  1500  und  18000  bar  durchgefuhrt  wird. 

3.  Verfahren  nach  einem  der  Anspruche  1  und  2, 
dadurch  gekennzeichnet,  daB  als  Ausgangscar- 
bonylverbindung  Formaldehyd,  Acetaldehyd,  Pro- 
panal,  Benzaldehyd,  4-Phenylbenzaldehyd,  Ace- 
ton,  Methylathylketon  oder  Cyclohexanon  verwen- 
det  wird. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet,  daB  als  Acrylausgangs- 
verbindung  Acrylnitril,  Methylacrylat,  Athylacry- 
lat,  Acrolein,  Methylvinylketon  oder  Acrylamid  ver- 
wendet  wird. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
dadurch  gekennzeichnet,  daB  als  Katalysator  Dime- 
thylathylamin,  Diathylmethylamin  oder  Diazabicyc- 
lo[2,2,2]octan  verwendet  wird. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5, 
dadurch  gekennzeichnet,  daB  die  Reaktion  in  Anwe- 
senheit  eines  inerten  organischen  Lbsungsmittels 
durchgefuhrt  wird. 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daB  als  inertes  organisches  Losungsmittel 
Tetrahydrofuran  oder  Diathylather  verwendet  wird. 

-  C  -  R, 40 

dans  laquelle  X,  R1  et  R2  ont  les  memes  significa- 
tions  que  ci-dessus,  cette  operation  etant  effec- 
tuee  en  phase  liquide  en  presence  d'une  amine  ter- 
tiaire,  caracterise  en  ce  qu'on  effectue  la  reaction 
sous  une  pression  superieure  a  500  bars. 

2.  Proc§de  selon  la  revendication  1,  caracte>is6 
en  ce  qu'on  effectue  la  reaction  sous  une  pression 
comprise  entre  1500  a  18000  bars. 

3.  Proc6d6  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  qu'on  utilise  comme  compost  carbonyli- 
que  de  depart  le  formaldehyde,  I'acetaldehyde,  le 
propanol,  le  benzald§hyde,  le  4-phenylbenzaldehy- 
de,  I'acetone,  la  m§thyl6thylc£tone  ou  la  cyclohexa- 
none. 

4.  Proc6d6  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  caracterise  en  ce  que  le  compose 
acrylique  de  depart  est  I'acrylonitrile,  I'acrylate  de 
methyle,  I'acrylate  d'eihyle,  I'acrol^ine,  la  methylvi- 
nylcetone  ou  I'acrylamide. 

5.  Proced§  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  caracterise  en  ce  qu'on  utilise  comme 
catalyseur  une  dimethyl&hylamine,  une  diethylm6- 
thylamine  ou  un  diazabicyclo[2,2,2]-octane. 
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6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  5,  caracterise  en  ce  qu'on  effectue  la 
reaction  en  presence  d'un  solvent  organique  inerte. 

7.  Procede  selon  la  revindication  6,  caracterise 
en  ce  que  le  solvent  organique  inerte  est  le  tetrahy-  5 
drofuranne  ou  ether  dtethylique. 

8.  Proc§d§  selon  Tune  quelconque  des  revendi- 
cations  1  a  7  caracterise  en  ce  qu'on  effectue  la 
reaction  a  une  temperature  comprise  entre  20  et 
100°C.  10 
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