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[57] ABSTRACT

The invention relates to an improved process for mak-
ing acetic anhydride by reacting methyl acetate and/or
dimethylether with carbon monoxide under practically
anhydrous conditions, at temperatures of 350 to 575 K.,
under pressures of 1 to 300 bars, and in the presence of
a catalyst system containing noble metals belonging to
group VIII of the periodic system of the elements, or
compounds thereof, iodine and/or its compounds, and
an aliphatic carboxylic acid having 1 to 8 carbon atoms.
The improved process is effected in the presence of a
catalyst system containing, as additional ingredients, a
heterocyclic aromatic compound, in which at least one
hetero atom is a quaternary nitrogen atom, Or a quater-
nary organophosphorus compound, and a zirconium
compound being soluble in the reaction mixture.

7 Claims, 1 Drawing Figure
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1
PRODUCTION OF ACETIC ANHYDRIDE

The present invention relates toa process for makmg
acetic .anhydride by, reacting methyl acetate. and/or
dimethylether with carbon monoxide under practically
anhydrous conditions, at. temperatures of 350 to 575 K,
under pressures of 1 to 300 bars, and in the presence of
a catalyst system containing noble metals belonging to
group VIII of the periodic system of the elements, or
compounds thereof, iodine and/or its compounds, and
an aliphatic carboxyhc acid having 1 to 8 carbon atoms,
the process comprising: effecting the reaction in the
presence of a catalyst system containing, an additional
ingredients, a heterocyclic aromatic compound, in
which at least one hetero atom is a quaternary nitrogen
atom, or a quaternary organophosphorus compound,
and a zirconium compound being soluble in the reaction
mixture.

A comparable process for makmg monocarboxyhc
anhydrides has been described in German patent speci-
fication *“Offenlegungsschrift” No. 2 610 036, wherein,
however, the noble metal belonging to group VIII of
the periodic system of the elements and iodide are used
in combination with a multiple promoter containing a
metal, preferably chromium, as well as an organonitro-
gen or organophosphorus compound with trivalent
nitrogen or phosphorus therein.

The process disclosed in German patent specification
“Offenlegungsschrift” No. 2 610.036 is seriously handi-
capped by the fact that the metal compounds and sec-
ondary products of the multiple promoter are substan-
tially insoluble in boiling acetic anhydride, so that the
circulation of the catalyst/promoter-system, which is
necessary for continuous operation, is rendered very
difficult or even impossible. In addition to this, the
above insoluble compounds have been found unduly to
affect the separation of acetic anhydride from the cata-
lyst-system. During distillative work-up of the reaction
mixture, for example, the evaporator is liable to become
covered with green chromium salts which significantly
impair the desirable transfer of heat. This makes it natu-
rally necessary for the evaporator temperature to be
increased which has considerable adverse effects on the
catalyst system. As a result, it is necessary for the expen-
sive noble metal-containing catalyst to be subjected to
cumbersome intermediate processing treatment with
undesirable loss of valuable catalyst and rapid adverse
effects on the activity of the entire system. These are the
reasons why the process just described has not been
commercialized heretofore.

Attempts to avoid these adverse effects have already
been made and described in German Patent Application
No. P 28 36 084.1 which has not yet been published. In
the process disclosed therein, the system comprised of
chromium compounds and organonitrogen or organo-
phosphorus compounds containing trivalent nitrogen or
phosphorus is replaced by a heterocyclic aromatic com-
pound containing quaternary nitrogen in ‘combination
with an aliphatic carboxylic acid. Under the reaction
conditions of this process, the addition compounds with
quaternary nitrogen are in the form of a melt and do'in
no way interfere with the circulation of the catalyst
system. Nor do the substitute products impair the selec-
tivity of the catalyst system of which the activity is even
improved considerably. Both under the reaction condi-
tions and the conditions selected for the work-up of the
products obtained by the carbonylation of methyl ace-
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hetero atom, which are used individually or in combina-

tion, are in the form of a melt which is a suitable solvent

for the noble metal complexes and is also readily misci-
ble with acetic anhydride.

The process of this invention has unexpectedly been
found - significantly to increase the catalyst activity,
expressed in grams acetic-anhydride obtained per gram
elementary noble metal per hour.

This is more especially an unexpected result inas-
much as zirconium compounds or individual represent-
atives thereof would not have been expected to be solu-
ble in the reaction system in the absence of any indica-
tion in the prior literature that zirconium compounds
indeed play a particular part in the carbonylation of
esters and/or ethers.

Zirconium compounds useful in the process of this
invention comprise, e.g. zirconium halide, zirconyl hal-
ide, zirconium acetate, zirconyl acetate, organozir-
conium compounds, such as bis(cyclopentadienyl) zir-
conium dihalide. Useful halides are the chlorides, bro-
mides and iodides.

Further preferred features of the present invention
provide:

(a) for the heterocyclic compounds or organophospho-
rus compounds used to have a melting point or mixed
melting point of less than 413 K., which is the boiling
point of acetic anhydride;

(b) for the heterocyclic compounds or organophospho-
rus compounds to be used in the form of their addi-
tion products with acetic acid or methyl iodide;

(c) for the catalyst system comprised of noble metal
(compound)/zirconium compound/iodine(com-
pound)/carboxylic acid/heterocyclic compound or
organophosphorus compound to be used in an atomic
or molar ratio of 1:(0.1-10):(1-1400):(10-2000):-
(1-1200); and

(d) for a carbon monoxide/hydrogen mixture contain-
ing up to 20 volume% hydrogen to be used.

Useful heterocyclic aromatic compounds and useful
quaternary organophosphorus compounds which form -
melts, under the reaction conditions and also under the
conditions selected for the work-up of the products
obtained by the carbonylation of methyl acetate or
dimethylether, and are suitable solvents for the noble
metal complexes and zirconium compounds, and are
readily miscible with acetic anhydride, comprise, for
example:

(@)) N-methylpyridinium iodide; N,N-dime-
thylimidazolium iodide; N-methyl-3-picolinium io-

- dide; N-methyl-2,4-lutidinium iodide; N-methyl-3,4-
lutidinium iodide; N-methyl-quinolinium iodide;

(2) tributyl-methyl-phosphonium iodide; trioctyl-meth-
yl-phosphonium - jodide;  trilauryl-methyl-phos-
phonium iodide; triphenyl-methyl-phosphonium io-
dide; and

(3) pyridinium acetate; N-methylimidazolium acetate;
3-picolinium acetate; 2,4-lutidinium acetate; 3,4-
lutidinium acetate.

Sometimes, it may be preferable for the present pro-
cess to be effected in the presence of a catalyst system
containing several heterocyclic aromatic compounds or
several quaternary organophosphorus compounds.

The promoter properties of these addition products
are -considerably improved in the presence of an ali-
phatic carboxylic acid with 1 to 18 carbon atoms.
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The process of the present invention should prefera-

bly be effected at temperatures of 400 to 475 K. and’

under pressures of 20 to 150 bars. It is also preferable to
use 0.0001 to 0.01 mol of the noble metal belonging to
group VIII of the periodic system of the elements or its
compounds per mol of methyl acetate and/or dime-
thylether. Further preferred features provide for the
catalyst system of noble metal (compound)/zirconium
compound/iodine (compound)/carboxylic acid/hetero-
cyclic compound or organophosphorus compound to
be used in an atomic or molar ratio of 1:(0.5-8):(-
10-300):(25-600):(10-300), and for acetic acid to be
used as the carboxylic acid.

The invention will now be described with reference
to the accompanying diagrammatic representation
showing a typical form of flow scheme for carrying out
the present process.

Methyl acetate and/or dimethylether and carbon
monoxide or a mixture of CO and Hj containing up to
20 volume% of H; are placed in an autoclave 1 made up
of Hastelloy C and reacted therein under a preferred
pressure of 20 to 150 bars and at a preferred temperature
of 400 to 475 K. to give acetic anhydride, the reaction
being effected in the presence of a catalyst system com-
prised of one or more noble metals belonging to group
VIII of the periodic system or their compounds and
iodine and/or its compounds, preferably methyl iodide,
with addition of one or more zirconium compounds
soluble in the reaction mixture, and in the presence of a
carboxylic acid, preferably acetic acid, and at least one
heterocyclic aromatic compound, in which at least one
hetero atom is a quaternary nitrogen atom, or a quater-
nary organophosphorus compound. The bulk of unre-
acted carbon monoxide and hydrogen, if any, is circu-
lated by means of a gas recirculation pump 2, whilst a
fraction thereof is allowed to issue from the system via
a scrubbing stage 3. Fresh carbon monoxide, which may
be used in admixture with hydrogen, is introduced into
the gas under circulation via a conduit 4 in metered
proportions corresponding to the conversion rate.
Fresh methyl acetate and/or dimethylether are supplied
in quantities corresponding to the conversion rate via a
conduit 5 opening into the upper portion of the scrub-
bing stage 3 and introduced into the reactor 1 through
a conduit 6. The reaction mixture issues from the reac-
tor 1 through a conduit 7. The distilling' column 8 is
used to effect the separation of the low-boiling fractions
(methyl-acetate or dimethylether, methyl iodide) which
are recycled to the reactor 1 via conduits 9 and 6. Mate-
rial accumulating in the base portion of column 8 is
delivered to an evaporator 10 and separated into distil-
late and catalyst. This latter is recycled through con-
duits 11, 9 and 6 into the reactor 1. The distillate recov-
ered in the evaporator 10 is separated in distilling col-
umn 12 into acetic acid, which is recycled to the reactor
1 through conduits 13, 11, 9 and 6, and acetic anhydride,
which is removed through conduit 14.

EXAMPLE 1

250 g methyl acetate, 1.6 g RhCl3.3H;0, 5 g ZrCly,
60 g CH3l, 70 g acetic acid and 70 g N,N-dime-
thylimidazolium iodide were placed in a Hastelloy auto-
clave and reacted therein with CO at 455 K. under 50
bars. After a reaction period of 15 minutes, the reaction
mixture was found to contain 281 g acetic anhydride,
corresponding to 1797 g Acy0 per g Rh per hour.
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4
EXAMPLE la

(Comparative Example=Example 5 of German Pa-
tent Application P 28 36 084.1)

250 g methyl acetate, 1.6 g RhCl3.3H,0, 60 g CH3l,
70 g acetic acid and 70 g N,N-dimethylimidazolium
iodide were placed in a Hastelloy autoclave and reacted
therein with CO at 450 K. under 50 bars. After a reac-
tion period of 31 minutes, the reaction mixture was
found to contain 283 g acetic anhydride, corresponding
to 876 g Ac;0 per g Rh per hour.

EXAMPLE 2

200 g dimethylether, 1.8 g RhCl3.3H,0, 5 g ZrCla, 70
g CHsl, 100 g acetic acid and 80 g N-methyl-3-
picolinium iodide were placed in a Hastelloy autoclave
and reacted therein with CO at 455 K. under 60 bars.
After a reaction period of 12 minutes, the reaction mix-
ture was found to contain 312 g acetic anhydride, corre-
sponding to 2217 g AcO per g Rh per hour.

The reaction product containing methyl acetate con-
tained less than 0.1 mass% dimethylether.

EXAMPLE 3

280 g methyl acetate, 1.8 g RhCI3.3H20, 8 g
ZrOCl12.8H20, 90 g CH3l, 70 g acetic acid and 70 g
N,N-dimethylimidazolium iodide were placed in a zir-
conium-lined autoclave and reacted therein with CO at
450 K. under 50 bars. After a reaction period of 14
minutes, 286 g acetic anhydride, corresponding to 1742
g Acy0 per g Rh per hour, was found to have been
formed.

EXAMPLE 4 (Outside invention)

250 g methyl acetate, 1.6 g RhCl13.3H20, 3 g ZrO3, 60
g CHs3l, 60 g acetic acid and 80 g N-methyl-3-
picolinium iodide were placed in a Hastelioy autoclave
and reacted therein with CO at 450 K. under 60 bars.
After a reaction period of 32 minutes, 281 g acetic anhy-
dride, corresponding to 843 g Ac20 per g Rh per hour,
was found to have been formed. As can be inferred from -
the catalyst efficiency, the addition of ZrO; which is
insoluble in the reaction medium, could not be found to
influence the activity of the catalyst system (cf. compar-
ative Example 1a).

EXAMPLE 5

280 g methy] acetate, 1.8 g IrCl3, 8 g ZrOCl,.8H,0,
60 g CH3l, 50 g acetic acid and 100 g N-methyl-
quinolinium iodide were placed in a Hastelloy auto-
clave and reacted therein with CO at 465 K. under 80
bars. After 38 minutes, analysis indicated the formation
of 273 g acetic anhydride, corresponding to 372 4 Ac0
per g Ir per hour.

EXAMPLE 6

260 g methyl acetate, 1.6 g RhCl3.3H0, 8 g
ZrOChL.8H,0, 70 g CH3sl, 60 g acetic acid and 60 g
N,N-dimethylimidazolium iodide were placed in a Has-
telloy autoclave and reacted therein at 445 K. under 60
bars with a mixture of CO and Hj, which contained 8
volume% Hj. After 18 minutes, the reaction mixture
was found to contain 281 g acetic anhydride, corre-
sponding to 1498 g Ac,0 per g Rh per hour. The reac-
tion mixture contained less than 0.1 mass% ethylidene
diacetate.
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EXAMPLE 7 .

280 g methyl acetate, 2 g PA(QAC)2, 10'g ZrOI,.8-
H,0, 70 g acetic acid, 20 g N-methylpyridinium iodide
and 40 g N-methyl-3-picolinium iodide were placed in a
Hastelloy autoclave and reacted theréin with €O at 460
K. under 50 bars. After 78 minutés, 197 g 'acetic anhy-
dride, corresponding to 160 g AczO per g Pd per hour,
was obtained.

EXAMPLE 8

260 g methyl acetate, 1.6 g RhCl:.3HO, 2 g
ZrOCl.8H,0, 70 g CH3l, 70 g acetic acid and 60 g
N,N-dimethylimidazolium iodide were placed in a Has-
telloy autoclave and reacted therein with CO at 445 K.
under 60 bars. After 24 minutes, 278 g acetic anhydride,
corresponding to 1110 g Ac2O per g Rh per hour, was
obtained.

EXAMPLE 9

250 g methyl acetate, 1.6 g RhCl3.3H70, 7 g bis(cy-
clopentadienyl)zirconium dichloride, 70 g CH3l, 60 g
acetic acid and 60 g N,N-dimethylimidazolium iodide
were placed in a Hastelloy autoclave and reacted
therein with CO at 450 K. under 60 bars. After 14 min-
utes, 292 g acetic anhydride, corresponding to 1999 g
Ac0 per g Rh per hour, was obtained.

EXAMPLE 10

250 g methyl acetate, 1.6 g RhCI3.3H;0, 10 g
ZrOCl.H;0, 150 g CH3l, 75 g acetic acid and 100 g
N-methylimidazolium acetate were placed in a zirconi-
um-lined autoclave and reacted therein with CO at 445
K. under 60 bars. After 19 minutes, the reaction mixture
was found to contain 284 g acetic anhydride, corre-
sponding to 1433 g Ac;0 per g Rh per hour.

EXAMPLE 11

250 g methyl acetate, 0.8 g RhCl3.3H20, 5 g ZrCly,
90 g CHsl, 90 g acetic acid, 120 g N,N-dime-
thylimidazolium iodide and 60 g N-methyl-3-picolinium
iodide were placed in a Hastelloy autoclave and reacted
therein with CO at 445 K. under 70 bars. After a reac-
tion period of 24 minutes, 283 g acetic anhydride, corre-
sponding to 2263 g Ac20 per g Rh per hour, was ob-
tained.

EXAMPLE 12

280 g methyl acetate, 2.7 g Pd(OAc)y, 10 g ZrOCl,.8-
H>0, 60 g CH3l, 60 g acetic acid and 200 g trilauryl
methyl-phosphonium iodide were placed in a Hastelloy
autoclave and reacted therein at 450 K. under 80 bars
with a mixture of CO and H; which contained 15 vol-
ume% Hj. After 19 minutes, the reaction mixture was
found to contain 278 g acetic anhydride, corresponding
to 686 g Acy0 per g Pd per hour.

EXAMPLE 13

250 g methyl acetate, 2.7 g PA(QAc)2, 6 g ZrCly, 710 g
CH3I, 70 g acetic acid and 150 g tributyl-methyl-phos-
phonium iodide were placed in a Hastelloy autoclave
and reacted therein at 460 K. under 100 bars with a
mixture of CO and H; which contained 10 volume%
H,. After 15 minutes, the reaction mixture was found to
contain 273 g acetic anhydride, corresponding to 853 g
Ac0 per g Pd per hour.
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6
EXAMPLE 4

280 g methyl acetate, 0.8 g RhC13.3H20 8 g
ZrOCl1,.8H;0, 60 g .CH3l, 70 g acetic acid and 150 g
trioctyl-methyl-phosphonium iodide were placed in a
Hastelloy autoclave and reacted therein with CO at 450
K. under 60 bars. After 35 minutes, the reaction mixture
was found to contain 281 g-acetic anhydride, corre-
sponding to an efficiency of 1540 g Ac;0O per g Rh per
hour.

EXAMPLE 15

280 g methyl acetate, 2.7 g Pd(OAc),, 8 g ZrCl4, 60 g
CHzl, 70 g acetic acid, 70 g tributyl-methyl-phos-
phonium iodide and 70 g methyltriphenyl-phosphonium
iodide were placed in a Hastelloy autoclave and reacted
therein at 460 K. under 100 bars with a mixture of CO
and H; which contained 9 volume% H,. After 17 min-
utes, the reaction mixture was found to contain 299 g
acetic anhydride, corresponding to an efficiency of 824
g Ac20 per g Pd per hour.

We claim:

1. In a process for making acetic anhydride by react-
ing methyl acetate and/or dimethylether with carbon
monoxide under practically anhydrous conditions, at
temperatures of 350 to 575 K., under pressures of 1 to
300 bars, and in the presence of a catalyst system con-
taining noble metals belonging to group VIII of the
periodic system of the elements, or compounds thereof,
iodine and/or its compounds, and an aliphatic carbox-
ylic acid having 1 to 8 carbon atoms, the improvement
which comprises: effecting the reaction in the presence
of a catalyst system containing, as additional ingredi-
ents, a heterocyclic aromatic compound, in which at
least one hetero atom is a quaternary nitrogen atom, or
a quaternary organophosphorus compound, and a zir-
conium compound being soluble in the reaction mix-
ture; said heterocyclic compound or organophosphorus
compound being in the form of its addition product
with acetic acid or methyl iodide and having a melting
point or mixed melting point of less than 413 K., which
is the boiling point of acetic anhydride.

2. A process as claimed in claim 1, wherein the cata-
lyst system comprised of noble metal (compound)/zir-
conium compound/iodine(compound)/carboxylic
acid/heterocyclic compound or organophosphorus
compound is used in an atomic or molar ratio of
1:(0.1-10):(1-1400):(10-2000):(1:1200).

3. A process as claimed in claim 1, wherein a carbon
monoxide/hydrogen-mixture containing up to 20 vol-
ume% of hydrogen is used.

4. In a process for making acetic anhydride by react-
ing methyl acetate and/or dimethylether with carbon
monoxide under practically anhydrous conditions, at
temperatures of 350 to 575 K., under pressures of 1 to
300 bars, and in the presence of a catalyst system con-
taining noble metals belonging to Group VIII of the
periodic system of the elements; or compounds thereof,
iodine and/or its compounds, and an aliphatic carbox-
ylic acid having 1 to 8 carbon atoms, the improvement
which comprises: effecting the reaction in the presence
of a catalyst system containing, as additional ingredi-
ents, a heterocyclic aromatic compound selected from
the group consisting of N-methyl-pyridinium iodide;
N-N-dimethylimidazoliumiodide; N-methyl-3-
picolinium iodide; N-methyl-2,4-lutidinium iodide; N-
methyl-3,4-lutidinium iodide; N-methyl-quinolinium
iodide; pyridinium acetate; N-methylimidazolium ace-
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tate; 3-picolinium acetate; 2,4-lutidinium acetate or 3,4-

lutidinium acetate, or a quaternary organophosphorus

compound selected from the group consisting of tribu-
tylmethyl-phosphonium iodide; trioctylmethyl-phos-
phonium iodide; trilauryl-methyl-phosphonium iodide
or triphenyl-methyl-phosphonium- iodide; and a zirco-
nium compound being soluble in the reaction mixture.

5. A process as claimed in claim 4 wherein the cata-
lyst system comprised of noble metal (compound)/zir-
conium compound/iodine (compound)/carboxylic
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8

acid/heterocyclic compound or organophosphorus
compound is used in an atomic or molar ratio of
1:(0.1-10):(1-1400):(10-2000):(1:1200).

6. A process as claimed in claim 4, wherein a carbon-
monoxide/hydrogen mixture containing up to 20 vol-
ume % of hydrogen is used.

7. The process of claim 4, wherein the iodine and/or
its compounds is selected from the group consisting of

jodine and methyliodide.



