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Description 

This  invention  concerns  a  new  process  to  prepare 
Meldrum's  acid.  The  process  comprises  adding  ace- 
tic  anhydride  in  a  slow,  controlled  manner  to  a  mix- 
ture  of  acetone,  malonic  acid  and  an  acid  catalyst. 

The  preparation  of  Meldrum's  acid  (originally 
described  as  a  P-lactonic  acid  from  acetone  and  ma- 
lonic  acid,  also  known  as  isopropylidene  malonate; 
2,2-dimethyl-1,3-dioxane-4,6-dione;  or  malonic 
acid  cyclic  isopropylidene  ester)  was  first  reported 
by  Meldrum  in  1908  [see  Meldrum,  A.N.,  J.  Chem. 
Soc.  93,  598-601  (1908)].  Meldrum's  acid  is  useful 
as  an  intermediate  for  preparing  a  wide  variety  of 
products  [see  McNab,  H.,  Chem.  Soc.  Rev.  7  (3), 
345-358  (1  978)].  A  specific  example  of  where  Mel- 
drum's  acid  has  been  shown  to  be  useful  can  be 
found  in  U.S.  Patent  4  065  440  in  which  Meldrum's 
acid  is  shown  to  be  useful  in  a  process  for  increasing 
the  molecular  weight  of  polyesters. 

Known  methods  for  preparing  Meldrum's  acid 
result  in  poor  yields,  typically  less  than  50  percent 
(see,  for  instance,  U.S.  Patent  4  065  440,  Example 
I).  A  process  giving  a  poor  yield  of  Meldrum's  acid  is, 
for  many  purposes,  economically  unacceptable. 

The  present  invention  is  directed  to  a  process 
which  provides  significantly  improved  yields  of  Mel- 
drum's  acid  as  compared  to  processes  taught  in  the 
prior  art. 

The  present  invention  concerns  a  process  for 
preparing  Meldrum's  acid  in  excellent  yield.  More 
specifically  the  process  of  the  present  invention 
comprises: 

(a)  mixing  acetone,  malonic  acid,  and  an  acid 
catalyst  in  molar  ratios  from  1.0:1.0:0.005  to 
2.3:1.0:0.12,  respectively,  to  form  a  mixture  of  (1) 
a  solution  phase  of  the  acetone,  acid  catalyst,  and 
from  5  to  25  mole  percent  of  the  malonic  acid;  and 
(2)  a  solid  phase  of  from  75  to  95  mole  percent  of  the 
malonic  acid;  and 

(b)  adding  acetic  anhydride  to  the  mixture  ob- 
tained  from  step  (a),  the  total  amount  of  acetic  anhy- 
dride  which  is  added  is  from  0  percent  molar  excess 
to  1  50  percent  molar  excess  relative  to  the  total  ma- 
lonic  acid  molar  concentration,  said  addition  of  ace- 
tic  anhydride  occurring  at  a  rate  such  that  at  any 
given  time  during  the  addition  of  acetic  anhydride  the 
concentration  of  unreacted  acetic  anhydride  in  the 
mixture  does  not  exceed  1  4  mole  percent  relative  to 
the  malonic  acid  molar  concentration  concurrently 
present  in  the  solution  phase. 

It  is  critical  for  the  process  of  the  present  invention 
that  the  concentration  of  unreacted  acetic  anhydride 
during  the  addition  of  acetic  anhydride  not  exceed  1  4 
mole  percent  relative  to  the  malonic  acid  molar  con- 
centration  concurrently  present  in  the  solution 
phase.  Typically  this  is  achieved  by  controlled  addi- 
tion,  for  example,  slow  dropwise  or  shotwise  addi- 
tion,  of  acetic  anhydride  to  the  mixture  obtained 
from  step  (a)  of  the  process.  An  analytical  method 
based  on  nuclear  magnetic  resonance  (NMR),  gas 
chromatography  (GC),  or  high  performance  liquid 
chromatography  (HPLC)  can  be  used  to  monitor  solu- 
tion  concentrations  of  malonic  acid,  acetic  anhydride 
and  acetone  during  a  particular  run  to  establish  the 

exact  addition  rate  of  acetic  anhydride.  The  rate  of 
addition  of  acetic  anhydride  will  vary  according  to 
the  exact  proportions  of  reactants,  temperature, 
volume,  and  other  process  conditions.  However,  for 

5  applications  wherein  the  desired  yield  of  Meldrum's 
acid  is  between  1  and  7  pounds  (0.45  and  3.2  kg), 
the  rate  of  addition  of  acetic  anhydride  will  typically 
vary  between  about  0.25  millimeters  (ml)  per  minute 
and  20  ml  per  minute,  with  a  preferred  rate  being  less 

10  than  2  ml  per  minute.  Scale  up  runs  have  to  be 
methodically  followed  to  ensure  optimum  process- 
ing  conditions  to  achieve  satisfactory  results. 

Although  a  satisfactory  yield  of  Meldrum's  acid 
will  be  obtained  when  the  concentration  of  unreact- 

75  ed  acetic  anhydride  during  addition  of  acetic  anhy- 
dride  does  not  exceed  14  mole  percent,  generally  it 
is  preferred  to  keep  the  concentration  of  unreacted 
acetic  anhydride  during  said  addition  at  0.  1  mole  per- 
cent  or  less,  said  percentages  being  based  on  the  ma- 

20  Ionic  acid  molar  concentration  concurrently  present 
in  the  solution  phase.  The  most  critical  time  for  the 
addition  of  acetic  anhydride  is  during  the  initial  time 
of  addition.  As  used  herein,  the  phrase  «initial  time  of 
addition»  refers  to  that  time  during  which  not  more 

25  than  25  percent  of  the  total  acetic  anhydride  is  added 
to  the  reaction  mixture.  Therefore,  it  is  particularly 
preferred  to  keep  the  concentration  of  unreacted  ex- 
cess  acetic  anhydride  during  the  initial  time  of  addi- 
tion  at  0.  1  mole  percent  or  less  relative  to  the  malonic 

30  acid  molar  concentration  concurrently  present  in  the 
solution  phase. 

For  step  (a),  the  malonic  acid,  acetone  and  acid 
catalyst  can  be  mixed  together  in  any  order; 
however,  the  preferred  order  of  addition  is  acetone 

3s  first,  malonic  acid  second,  and  the  acid  catalyst 
third.  Addition  of  acid  catalyst  last  minimizes  the 
possibility  of  any  undesired  side  reaction  between 
acetone  and  the  acid  catalyst. 

For  the  process  of  the  present  invention  to  proceed 
40  satisfactorily,  the  temperature  can  vary  considera- 

bly,  however,  the  temperature  is  typically  main- 
tained  between  -1  5°  and  25°C;  a  preferred  temper- 
ature  is  0°C. 

A  preferred  molar  ratio  of  acetone,  malonic  acid 
45  and  acid  catalyst  is  1  .  1  4:  1  .0:0.06,  respectively. 

Another  preferred  embodiment  of  the  present  in- 
vention  is  to  carry  out  the  process  of  the  invention  in 
the  absence  of  oxygen  or  with  minimal  exposure  to 
oxygen.  This  typically  can  be  accomplished  by  purg- 

50  ing  or  blanketing  the  reaction  mixture  with  an  inert 
gas,  for  example,  nitrogen. 

The  acetone,  malonic  acid,  and  acid  catalyst  in 
step  (a)  are  mixed  (e.g.,  stirred)  which  forms  a  slurry. 
The  slurry  is  allowed  to  stand  for  a  period  of  time 

55  which  is  generally  not  greater  than  8  hours,  with  the 
preferred  time  being  not  greater  than  2  hours.  Gener- 
ally,  the  longer  the  reactants  of  step  (a)  are  allowed 
to  stand  together,  the  greater  the  probability  of  dis- 
coloration  due  to  the  presence  of  color  bedies.  Such 

so  discoloration  may  be  undesired  where  the  Mel- 
drum's  acid  is  to  be  used  in  applications  wherein 
color  is  an  important  characteristic.  Color  bodies 
have  not  altered  the  purity  assay  of  Meldrum's  acid 
and  do  not  appear  to  be  more  than  about  one  percent 

65  of  the  total  composition  of  isolated  Meldrum's  acid. 

<  
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Although  the  total  amount  of  acetic  anhydride 
used  in  the  process  of  the  present  invention  can  be 
in  the  range  of  from  0  percent  molar  excess  to  1  50 
percent  molar  excess,  it  is  preferred  to  have  25  per- 
cent  molar  excess,  said  percent  molar  excesses  be- 
ing  relative  to  the  total  molar  amount  of  malonic  acid. 
An  excess  of  acetic  anhydride  is  typically  required  in 
order  to  compensate  for  any  side  reactions  such  as 
the  reaction  of  acetic  anhydride  with  adventitious 
moisture  to  form  acetic  acid. 

Typically  the  total  reaction  time  for  step  (b) 
can  take  up  to  3  days  or  longer  depending  upon 
the  other  reaction  conditions.  However,  a  preferred 
reaction  time  is  1  5  to  1  8  hours  when  the  temperature 
is  0°C.  Typically  the  reaction  is  terminated  when 
substantially  the  molar  equivalent  of  acetone  rela- 
tive  to  the  total  malonic  acid  concentration  is 
reacted. 

As  the  process  of  the  present  invention  proceeds 
and  acetic  anhydride  is  being  added,  Meldrum's  acid 
is  being  formed  and  malonic  acid  is  being  consumed; 
presumably  the  malonic  acid  is  being  consumed  from 
the  solution  phase.  It  is  further  presumed  that  as  ma- 
lonic  acid  in  the  solution  phase  is  reacting  to  form 
Meldrum's  acid,  more  malonic  acid  will  convert  from 
the  solid  phase  to  the  solution  phase  (i.e.,  dissolve). 
Therefore,  until  the  latter  part  of  the  reaction  period, 
the  concentration  of  malonic  acid  in  the  solution 
phase  (and  presumably  available  for  reacting  to  form 
Meldrum's  acid)  will  remain  relatively  constant  while 
the  amount  of  malonic  acid  in  the  solid  phase  be- 
comes  depleted.  However,  the  exact  concentrations 
of  all  reactants  and  products  at  any  given  time  will 
depend  upon  the  complex  relationships  among  ail 
compounds  present  (e.g.,  equilibria,  solubilities,  and 
the  like).  As  is  readily  apparent,  in  order  not  to  exceed 
the  desired  concentration  of  unreacted  acetic  anhy- 
dride,  the  reaction  is  usually  terminated  with  a  trace 
amount  of  free  malonic  acid  remaining,  this  is  insig- 
nificant  since  an  excellent  yield  of  Meldrum's  acid  is 
already  produced. 

Acid  catalysts  suitable  for  use  in  the  process  of  the 
present  invention  include  strong  mineral  acids  such 
as  hydrochloric  acid,  nitric  acid,  sulfuric  acid,  and  the 
like,  and  further  include  Lewis  acids  such  as  alumi- 
num  trichloride,  and  the  like.  A  preferred  acid 
catalyst  is  sulfuric  acid. 

The  process  of  the  present  invention  typically 
yields  greater  than  75  percent  of  the  theoretical 
maximum  yield  of  Meldrum's  acid,  and  more  typical- 
ly  yields  greater  than  90  percent  of  the  theoretical 
maximum  yield  of  Meldrum's  acid. 

It  is  believed  that  the  process  of  the  present  inven- 
tion  can  be  better  understood  in  view  of  the  following 
probable  reaction  scheme: 

O  O 
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\ ,  
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II 
0  
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40 

The  scheme  shows  one  equivalent  of  acetic  anhy- 
dride  reacts  with  one  equivalent  of  malonic  acid  to 
form  an  intermediate  which  is  a  mono-acetic  anhy- 
dride  of  malonic  acid.  Once  this  intermediate  is 
formed,  two  alternative  primary  reactions  can  occur 
as  follows: 

Reaction  A 
The  mono-acetic  anhydride  intermediate  reacts 

with  another  equivalent  of  acetic  anhydride  to  form 
a  di-acetic  anhydride. 

Reaction  B 
The  mono-acetic  anhydride  intermediate  reacts 

with  the  enolate  form  of  acetone  (enolate  is 
produced  by  the  reaction  of  acetone  with  an  acid 
catalyst)  to  form  Meldrum's  acid. 

It  is  clear  that  in  improving  the  yield  of  meldrum's 
acid,  Reaction  A  is  undesired  and  is  non-productive, 
whereas  Reaction  B  results  in  formation  of  Meldrum's 
acid  and  is  therefore  desired.  The  process  of  the 

4S 
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60 0  0  0  0 
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H3C-C-O-C-CH3  +  HO-C-CH2-C-OH 

(acetic  anhydride)  (malonic  acid) 



EP  0  206  673  B1 6 

present  invention  minimizes  Reaction  A  and  max- 
imizes  Reaction  B  so  that  an  excellent  yield  of  Mel- 
drum's  acid  is  obtained.  It  should  be  noted  that  the 
di-acetic  anhydride  can  convert  back  into  the  mono- 
acetic  anhydride  in  the  presence  of  a  nucleophile 
such  as  water. 

The  process  of  the  present  invention  maximizes 
Reaction  B  by  providing  a  sufficient  quantity  of  acid 
catalyst  so  that  the  concentration  of  the  enolate 
form  of  acetone  will  be  optimal.  The  process  of  the 
present  invention  further  provides  for  a  slow,  con- 
trolled  addition  of  acetic  anhydride  to  a  system  com- 
prising  malonic  acid,  acetone,  and  an  acid  catalyst  so 
that  after  formation  of  the  mono-acetic  anhydride  in- 
termediate,  said  intermediate  rapidly  reacts  with  the 
enolate  form  of  acetone  to  form  Meldrum's  acid  be- 
fore  said  intermediate  can  react  with  another  equiva- 
lent  of  acetic  anhydride  to  form  the  undesired  di- 
acetic  anhydride. 

Other  than  Meldrum's  acid,  the  only  significant 
product  produced  by  the  process  of  the  present  in- 
vention  is  acetic  acid.  Therefore,  a  convenient  proce- 
dure  to  control  the  rate  of  addition  of  acetic  anhy- 
dride  is  to  monitor  the  level  of  acetic  acid  produced 
in  the  reaction  mixture.  A  convenient  way  to  op- 
timize  runs  is  to  keep  the  moles  of  acetic  acid  being 
formed  about  equal  to  the  moles  of  malonic  acid  be- 
ing  consumed;  however,  side  reactions  of  acetic  an- 
hydride  with  adventitious  moisture  must  be  consi- 
dered. 

The  present  invention  is  further  illustrated  by  the 
following  examples;  however,  these  examples 
should  not  be  interpreted  as  a  limitation  upon  the 
scope  of  the  present  invention. 

Example  A 
ANALYTICAL  METHODS 
HPLC  Method  For  Meldrum's  Acid 

To  obtain  HPLC  data,  samples  were  chro- 
matographed  on  a  reverse-phase  Partisil  10/25 
ODS-2  column  (Whatman,  Inc.,  9  Bridewell  Place, 
Clifton,  NJ  07014)  under  the  following  conditions: 
eluent,  95:5  water/acetonitrile  containing  10  mil- 
limeters  (ml)  of  1  molar  (M)  sulf  uric  acid  per  liter;  flow 
rate,  1  .5  to  2.0  ml/minute;  ultraviolet  detector,  Kra- 
tos  Spectro  flow  757  (Kratos  Analytical,  1  70  Wil- 
liams  Dr.,  Ramsey,  NJ  07446)  at  214  nanometers 
(nm),  0.01  absorbance  units  full  scale.  This  method 
was  used  only  to  assay  Meldrum's  acid  in  the  sam- 
ples,  as  interferences  occured  for  other  desired  ana- 
lytes.  For  reaction  samples,  assays  were  obtained  on 
1  %  weight/volume  (w/v)  solutions  of  reaction  liquor 
samples  in  acetonitrile.  When  testing  the  purity  of 
the  products,  assays  were  obtained  from  0.2%  w/v 
solutions  of  product  in  acetonitrile.  An  external  stan- 
dard  of  0.202%  w/v  Meldrum's  acid  (recrystallized 
from  methyl-t-butyl  ether)  in  acetonitrile  was  used. 
Elemental  analyses  for  carbon  and  hydrogen  were 
performed  to  indicate  the  standard's  purity  (Mel- 
drum's  acid). 
Spectroscopic  Method 

Nuclear  magnetic  resonance  spectra  were  ob- 
tained  on  a  Varian  EM360L  NMR  Spectrometer 
(Varian  Associates,  611  Hansen  Way,  Palo  Alto, 

CA  94303).  Reaction  liquor  samples  were  dissolved 
in  deuterated  acetonitrile,  using  tetramethylsilane 
(TMS)  as  the  zero  reference  and  p-dibromobenzene 
as  an  internal  standard.  Chemical  shifts  in  parts  per 
million  (ppm)  observed  are  as  follows: 

Compound  Proton  Type  Chemical 
Shift  (ppm) 

acetic  acid  methyl  2.02 
acetone  methyl  2.10 
acetic  anhydride  methyl  2.18 
malonic  acid  methylene  3.35 
Meldrum's  acid  methyl  1.73 

methylene  3.67 
p-dibromobenzene  aromatic  7.43 

IS 

20 

Chemical  shifts  of  the  hydroxyl  protons  of  acetic 
acid  and  malonic  acid  varied  on  different  spectra,  and 
thus  were  not  monitored. 

Preparation  of  Standard  for  NMR 
A  standard  that  would  produce  a  singlet  in  the  aro- 

matic  region  was  desired  in  order  to  avoid  interfer- 
ence  with  the  reaction  components.  p-Dibromoben- 
zene  was  found  to  be  soluble  in  deuterated 
acetonitrile,  the  solvent  being  used  for  reaction 
samples,  and  to  give  a  desired  downfield  singlet  (4 
H).  A  solution  of  9.69%  w/v  p-dibromobenzene  (pu- 
rified  by  sublimation)  in  CD3CN  (with  TMS)  was 
made.  Scans  of  this  solution  showed  that  this  con- 
centration  gives  measurable  peak  heights  in  the  am- 
plitude  range  at  which  reaction  samples  are  generally 
run. 

NMR  Internal  Standard  Method 
A  known  weight  of  reaction  liquor  is  placed  in  an 

NMR  tube  with  a  known  weight  of  standard  solvent 
(9.69%  w/w  p-dibromobenzene  in  acetoni- 
trile/TMS).  The  NMR  scan  of  the  solution  is  made, 
the  peaks  are  integrated,  and  the  peak  heights  are 
measured.  To  determine  the  concentration  of  each 
reaction  component,  the  following  method  is  used: 

Grams  (g)  solvent  added  x  (0.0969  g  p- 
Br2benzene/1  g  solvent)  x 

(1  mole  p-Br2benzene/235.91  g)  x  (103mmole 
Br2benzene/ 

1  mole  p-Br2benzene)  x  (4  mmole  H/mmole 
Br2benzene)  x 

(1/height  (ht.)  of  p-Br2benzene  peak)  =  mmole 
H/centimeter  (cm) 

This  calculation  gives  the  number  of  mmole  of  hydro- 
gen  per  centimeter  of  integration  height.  This  value 
is  then  used  to  calculate  the  mmole  and  the  weight 
of  each  reaction  component  as  follows  (using  ace- 
tone  as  the  example): 

30 

35 

45 

50 

60 

65 
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catalyst  in  molar  ratios  from  1.0:1.0:0.005  to 
2.3:1.0:0.12,  respectively,  to  form  a  mixture  of  (1) 
a  solution  phase  of  the  acetone,  acid  catalyst,  and 
from  5  to  25  mole  percent  of  the  malonic  acid;  and 
(2)  a  solid  phase  of  from  75  to  95  mole  percent  of  the 
malonic  acid;  and 

(b)  adding  acetic  anhydride  to  the  mixture  ob- 
tained  from  step  (a),  the  total  amount  of  acetic  anhy- 
dride  which  is  added  is  from  0  percent  molar  excess 
to  1  50  percent  molar  excess  relative  to  the  total  ma- 
lonic  acid  molar  concentration,  said  addition  of  ace- 
tic  anhydride  occurring  at  a  rate  such  that  at  any 
given  time  during  the  addition  of  acetic  anhydride  the 
concentration  of  unreacted  acetic  anhydride  in  the 
mixture  does  not  exceed  1  4  mole  percent  relative  to 
the  malonic  acid  molar  concentration  concurrently 
present  in  the  solution  phase. 

2.  A  process  as  claimed  in  Claim  1,  wherein  in 
step  (a)  the  order  of  addition  is  acetone  first,  malonic 
acid  second,  and  acid  catalyst  third. 

3.  A  process  as  claimed  in  Claim  1  or  Claim  2, 
wherein  the  temperature  for  the  reaction  is  between 
-15°and25°C.  

4.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  reaction  mixture  is  purged 
with  nitrogen. 

5.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  said  acid  catalyst  is  hydrochloric 
acid,  nitric  acid,  sulfuric  acid,  or  aluminum  trichloride. 

6.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  reaction  time  for  step  (a)  is 
not  greater  than  8  hours. 

7.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  reaction  time  for  step  (b)  is 
less  than  3  days. 

8.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  molar  ratio  of  acetone,  ma- 
lonic  acid,  and  acid  catalyst  is  1  .  1  4:  1  .0:0.06  respec- 
tively. 

9.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  amount  of  acetic  anhydride 
is  25  percent  molar  excess,  said  percent  molar  ex- 
cess  being  relative  to  the  total  malonic  acid  molar 
concentration. 

10.  A  process  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  concentration  of  unreacted 
acetic  anhydride  at  any  given  time  before  25  percent 
of  the  total  acetic  anhydride  is  added  does  not  ex- 
ceed  0.  1  mole  percent,  said  percent  based  on  the 
malonic  acid  molar  concentration  concurrently 
present  in  the  solution  phase. 

mmole  of  acetone  =  (mmole  H/cm)  x  ht.  of  ace- 
tone  peak  x  (1  mmole  acetone/6  mmole  H) 

weight  (wt.)  of  acetone  =  mmole  acetone  (from 
above)  x  (1  mole  acetone/1  000  mmole  acetone)  x 
(58.08  g  acetone/mole  acetone)  s 

These  calculations  are  done  for  each  reaction  com- 
ponent,  substituting  the  appropriate  number  of 
hydrogens  and  molecular  weight.  The  total  mmole  of 
the  reaction  samples  is  then  calculated  by  adding  w 
together  the  mmole  of  each  component,  and  the  to- 
tal  weight  of  the  liquor  sample  by  NMR  is  found  by 
adding  together  all  of  the  individual  weights  of  the 
reaction  components.  The  percent  difference  be- 
tween  the  weight  found  by  NMR  and  the  actual  is 
weight  is  calculated.  The  weight  percent  and  mole 
percent  of  each  component  is  found  as  follows  (us- 
ing  acetone  as  an  example): 

wt.  %  acetone  =  (NMR  wt.  acetone/NMR  wt.  20 
sample)  x  100 

mole  %  actone  =  (NMR  mmole  acetone/NMR 
mmole  sample)  x  100 

Example  1  2s 
Preparation  of  Meldrum's  Acid 

Malonic  acid  [1  04.06  grams  (g),  1  .00  mole],  ace- 
tone  (85  ml,  1.14  mole),  and  sulfuric  acid  (3.0  ml, 
0.06  mole)  were  placed  in  a  reactor  at  0°C  with  stir-  30 
ring  under  nitrogen  purge.  Within  one  half  hour,  addi- 
tion  of  acetic  anhydride  (1  20  ml,  1  .25  mole)  was  be- 
gun  dropwise  at  a  rate  of  approximately  2  ml/min. 
The  mixture  began  as  a  white  slurry  and  gradually 
turned  pale  yellow  by  the  end  of  the  addition  of  acetic  35 
anhydride;  this  addition  was  completed  after  1  hour 
and  5  minutes.  The  mixture  was  allowed  to  sit  with 
stirring  at  0°C  for  18  hours  and  15  minutes;  after 
such  time  the  mixture  was  a  yellow  slurry.  A  sample 
of  the  liquor  was  then  taken  for  HPLC  and  NMR  anal-  40 
ysis.  The  mixture  was  then  rinsed  from  the  reactor 
with  methyl-t-butyl  ether  and  filtered.  The  solid  was 
washed  with  hexanes  and  allowed  to  air  dry,  which 
produced  1  08.  1  7  g  of  off-white  crystals.  The  crys- 
tals  were  analyzed  by  HPLC  and  found  to  be  99.82  45 
percent  (weight/weight)  Meldrum's  acid,  melting 
point  (m.p.)  88-92°C.  An  additional  24.94  g  of  Mel- 
drum's  acid  was  determined  to  be  in  the  liquor  by 
HPLC  analysis,  for  a  total  of  133.11  g  (92.  35  percent 
yield)  of  Meldrum's  acid.  Recrystallized  Meldrum's  50 
acid  from  the  methyl-t-butyl  ether  had  a  m.p.  of 
95-96°C. 

Example  2 
The  procedures  in  Example  1  were  substantially  ss 

repeated  except  that  0.12  moles  of  sulfuric  acid  was 
used  (instead  of  0.06  moles  as  in  Example  1  ).  The  to- 
tal  yield  of  Meldrum's  acid  was  82.96  mole  percent. 

Revendications 

1  .  Procede  de  preparation  de  I'acide  de  Meldrum, 
comportant  les  operations  suivantes: 

(a)  melanger  I'ac6tone,  I'acide  malonique  et  un 
catalyseur  acide  dans  des  rapports  molaires  allant  de 
1,0:1,0:0,005  a  2,3:1,0:0,12.  respectivement, 
pour  former  un  melange  de  (1  )  une  phase  en  solution 
constitute  de  I'acetone,  du  catalyseur  acide  et  de  5 
a  25  moles  pour-cent  d'acide  malonique;  et  (2)  une 
phase  solide  constitute  de  75  a  95  moles  pour-cent 
d'acide  malonique;  et 

60 
Claims 

1  .  A  process  for  preparing  Meldrum's  acid  which 
comprises: 

(a)  mixing  acetone,  malonic  acid,  and  an  acid  es 
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(b)  ajouter  I'anhydride  acetique  au  melange 
obtenu  a  I'etape  (a);  la  quantite  totale  d'anhydride 
acetique  que  Ton  ajoute  va  d'un  exces  molaire  de  0 
pour-cent  a  un  exces  molaire  de  1  50  pour-cent  par 
rapport  a  la  concentration  molaire  totale  d'acide 
malonique,  ladite  addition  d'anhydride  acetique 
s'operant  a  un  debit  tel  qu'a  tout  instant  donne  au 
cours  de  I'addition  d'anhydride  acetique,  la  concen- 
tration  d'anhydride  acetique  n'ayant  pas  reagi  dans 
le  melange  ne  depasse  pas  14  moles  pour-cent  par 
rapport  a  la  concentration  molaire  de  I'acide  maloni- 
que  present  a  cet  instant  dans  la  phase  en  solution. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel 
dans  I'etape  (a),  I'ordre  d'addition  est  premierement 
I'acetone,  deuxiemement  I'acide  malonique  et  troi- 
siemement  le  catalyseur  acide. 

3.  Procede  selon  les  revendications  1  ou  2,  dans 
lequel  la  temperature  pour  la  reaction  se  situe  entre 
- 1 5 ° e t 2 5 ° C .  

4.  Proce'de  selon  Tune  quelconque  des  revendica- 
tions  pr6cedenr.es,  dans  lequel  on  purge  le  melange 
reactionnel  avec  de  I'azote. 

5.  Procide  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  ledit  catalyseur  acide 
est  I'acide  chlorhydrique,  I'acide  nitrique,  I'acide  sul- 
furique  ou  le  trichlorure  d'aluminium. 

6.  ProcSde  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  la  duree  de  la  reaction 
pour  I'etape  (a)  n'est  pas  superieure  a  8  heures. 

7.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  la  duree  de  la  reaction 
pour  I'etape  (b)  est  inferieure  a  3  jours. 

8.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  rapport  molaire  de 
I'acetone,  de  I'acide  malonique  et  du  catalyseur 
acide  est  1,14:1,0:0,06,  respectivement. 

9.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes  dans  lequel  la  proportion  d'anhy- 
dride  acetique  est  un  exces  molaire  de  25  pour-cent, 
ledit  exces  molaire  se  rapportant  a  la  concentration 
molaire  totale  d'acide  malonique. 

1  0.  Proc6de  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  la  concentration 
d'anhydride  acetique  n'ayant  pas  reagi  a  tout  instant 
donne,  avant  que  Ton  ait  ajoute  25  pour-cent  de 
I'anhydride  acetique  total,  ne  depasse  pas  0,1  mole 
pour-cent,  ledit  pourcentage  etant  base  sur  la  con- 
centration  molaire  d'acide  malonique  presente  a  cet 
instant  dans  la  phase  en  solution. 

(a)  Aceton,  Malonsaure  und  einen  sauren  Kataly- 
sator  im  molaren  Verhaltnis  von  1,0:1,0:0,005  bis 
2,3:1,0:0,12  mischt,  um  eine  Mischung  zu  bilden 
aus  (1  )  einer  Losungsphase  von  Aceton,  saurem  Ka- 

5  talysator  und  5  bis  25  Mol-%  der  Malonsaure  und  (2) 
einer  festen  Phase  aus  75  bis  95  Mol-%  der  Malon- 
saure;  und 

(b)  zu  der  Mischung,  die  in  Schritt  (a)  erhalten 
wurde,  Acetanhydrid  zugibt,  wobei  die  Gesamtmen- 

w  ge  an  Acetanhydrid,  die  zugegeben  wird,  in  0%  bis 
150%  molarem  DberschuB  beziiglich  der  molaren 
Gesamtkonzentration  an  Malonsaure  vorliegt,  wobei 
die  Zugabe  von  Acetanhydrid  in  einer  solchen  Rate 
erf  olgt,  dalS  zu  jeder  gegebenen  Zeit  wa  hrend  der  Zu- 

75  gabe  des  Acetanhydrids  die  Konzentration  an  unrea- 
giertem  Acetanhydrid  in  der  Mischung  1  4  Mol-%  ,  be- 
zogen  auf  die  molare  Konzentration  der  Malonsaure, 
die  gleichzeitig  in  der  Losungsphase  ist,  nicht  Ciber- 
steigt. 

20  2.  Verf  ahren  nach  Anspruch  1  ,  worin  in  Schritt  (a) 
die  Reihenfolge  der  Zugabe  zuerst  Aceton,  als  zwei- 
tes  Malonsaure  und  als  drittes  der  saure  Katalysator 
ist. 

3.  Verfahren  nach  Anspruch  1  oder  2,  worin  die 
25  Temperatur  fiir  die  Reaktion  zwischen  —1  5  und 

25°C  liegt. 
4.  Verfahren  nach  einem  der  vorhergehenden  An- 

spruche,  worin  die  Reaktionsmischung  mit  Stick- 
stoff  gespiilt  wird. 

30  5.  Verfahren  nach  einem  der  vorhergehenden  An- 
spruche,  worin  der  saure  Katalysator  Salzsaure,  Sal- 
petersaure,  Schwefelsaure  oder  Aluminiumtrichlorid 
ist. 

6.  Verfahren  nach  einem  der  vorhergehenden  An- 
35  spruche,  worin  die  Reaktionszeit  fur  Schritt  (a)  nicht 

mehr  als  8  Stunden  ist. 
7.  Verfahren  nach  einem  der  vorhergehenden  An- 

spriiche,  worin  die  Reaktionszeit  fur  Schritt  (b)  weni- 
ger  als  3  Tage  ist. 

40  8.  Verfahren  nach  einem  der  vorhergehenden  An- 
spruche,  worin  das  molare  Verhaltnis  von  Aceton,  Ma- 
lonsaure  und  saurem  Katalysator  1,14:1,0:0,06  ist. 

9.  Verfahren  nach  einem  der  vorhergehenden  An- 
spriiche,  worin  die  menge  an  Acetanhydrid  in  25% 

45  molarer  UberschuB  vorliegt,  wobei  %  molarem  Uber- 
schuB  bezogen  ist  auf  die  molare  Gesamtkonzentra- 
tion  an  Malonsaure. 

10.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  worin  die  Konzentration  an  unreagier- 

50  tern  Acetanhydrid  zu  jedem  gegebenen  Zeitpunkt, 
bevor  25%  des  Gesamt-Acetanhydrids  zugegeben 
sind,  0,1  Mol-%  nicht  ubersteigt,  wobei  die  Prozent- 
angabe  bezogen  ist  auf  die  molare  Konzentration  an 
Malonsaure,  die  gleichzeitig  in  der  Losungsphase 

55  vorhanden  ist. 

Patentanspriiche 

1  .  Verfahren  zur  Herstellung  von  Meldrum's  Sau- 
re,  das  daraus  besteht,  daB  man 
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