
EP 0 284 310 B1 Description This invention relates to a new method for the
production of 2-(4-isobutylphenyl)propionic acid, more com- monly known as
ibuprofen. 5      Ibuprofen is a well-known nonsteroidal anti-inflammatory
drug which has been converted from ethical, i.e., presciption, to
over-the-counter status. Various processes are known for the production of
ibuprofen starting with 4-isobutylacetophenone as a starting material.
Thus, for example, British Patent No. 971,700 and corre- sponding U.S.
Patent No. 3,385,886, both assigned to Boots Company, PLC, show the
production of phenylal- kane derivatives such as ibuprofen in which the
first step of the process is the reaction of a phenylalkane with 1O  acetyl
chloride in the presence of aluminum chloride to produce an
alkylphenylacetophenone which is then sub- jected to any of various series
of subsequent reactions to produce the desired derivative. Japanese Kokal
Patent No. SHO 55 [1980]-27147, published Feb. 27, 1980 and assigned to
Mitsubishi Petrochemical Co., discloses the formation of aryl substituted
carboxylic acids, e.g., [err]-(4'-isobutylphenyl)pro- pionic acid or
lbuprofen, by reacting an aryl-substituted alcohol, e.g.,
1-(4'-isobutylphenyl)ethanol, with carbon 15  monoxide and water in the
presence of a hydrogen fluoride catalyst. Japanese Kokal Patent No. SHO 59
[1984]-95238, published June 1, 1984 and assigned to Mitsubishi
Petrochemical Co., teaches the formation of phenylacetic acid derivatives
such as [err]-aryl-substituted proplonic acids, where the aryl group may be
a phenyl group containing at least one alkoxy. aryloxy, hydroxy, or amino
group as an electron-donor substituent, by reacting a benzyl alcohol
derivative, which may be an a-aryl sub- 20  stituted ethanol wherein the
aryl group is the same as in the phenylacetic add derivative product, with
carbon monoxide and water, alcohol, or phenol, in the presence of a
palladium catalyst. An acidic compound such as hydrogen chloride may be
added as an auxiliary catalyst and a solvent such as benzene may also be
used. The disclosure Includes a comparative example in which ibuprofen (not
included within the Invention) Is obtained in very low yield, i.e., 17.1%,
when made utilizing the described process. 25     Japanese Kokai Patent No.
SHO 59[1984]-95239, published June 1, 1984 and assigned to Mitsubishi
Petrochemical Co., discloses the formation of
[err]-(6-methoxy-2-naphthyl)proplonic acid by reacting [err]-(6-me-
thoxy-2-naphthyl)ethyl alcohol with carbon monoxide and water In the
presence of a palladium catalyst and an acidic compound, e.g., hydrogen
chloride. The patent publication also states that if a
non-halogen-containing acidic compound is used, it Is desirable to add an
ionizable metal halide to the reaction. 30      Baddely et a., Journal of
the Chemical Society, 4943-4945 [1956], discloses on page 4945 the
preparation of 4'-isobutylacetophenone by the Friedel-Crafts acetylation of
Isobutylbenzene with acetyl chloride using aluminum chloride as catalyst
Japanese Patent Publication (Early Disclosure) No. 60 [1985]-188,643,
discloses the preparation of p-iso- butylacetophenone by the acetylation of
isobutylbenzene using asan acelylating agent acetyl fluoride prepared 35
by reacting acetic anhydride with hydrogen fluoride, and as a catalyst; a
combination of hydrogen fluoride and boron trifluoride. Japanese Kokuku
Patent No. SHO 56[1981]-35659, published September 4,1978 and assigned to
Ferrel 



International Societe Annonim, discloses an anhydrous method of producing a
2-(4'-isobutylphenyl)proplonic acid ester by treating
1-(4'-isobutylphenyl)ethano (IBPE) with carbon monoxide in a solution
containing an 40 alkanol and a catalyst such as palladium
bis(triphenylphosphine) dichloro complex. The solution may also con- tain
up to 10% of a mineral acid such as hydrogen chloride. Summary of the
Invention 45     In accordance with this invention, 2-(4'-isobutylphenyl)
propionic acid, i.e, ibuprofen, is prepared by car- bonylating
1-(4'-isobutylphenyl)ethanol (IBPE) with carbon monoxide while In contact
with an acidic aqueous medium at a temperature of at least about [err] and
a carbon monoxide pressure of at least about 500 psig (3447 kPa gauge), and
in the presence of 1) a catalyst consisting essentianlly of a palladium
compound in which the palladium has a valence of zero to 2 and is complexed
with at least one acid stable, monodentate phosphine 50   ligand freely
miscible with the organic phase of the reaction medium, the phosph   mole
ratio in said palladium compound and ligand being at least about 2 :1 when
the mole ratio of palladium to IBPE is such that palladiumn=1 and IBPE=
10,000 ormore; 2) dissociated hydrogen ions from an acid which is
substantially completely ionizable in a diute aqueous solution, e.g., of
0.1 N concentration, such that the mole ratio of hyd- rogen ions to IBPE
added to the reaction zone (H+/IBPE) is at least about 0.15 and the mole
ratio of hydrogen 55  ions to water [err] is at least 0.026; 3) dissociated
halide Ions such that the mole ratio of halide ions to IBPE added to the
reaction zone (X-/IBPE) is at least about 0.15. The term "monodentate" Is
intended to mean a single phosphine phosphorus atom present In the ligand
molecule before it is complexed with palladium. The phrase freely miscible
with the organic phase of the resc- 2    EP 0 284 310 B1 tion medium" means
that the ligand is not complexed with an insoluble substrate such as a
polymer which pre- vents it from being freely mixed in the organic phase.
The carbonylation reaction proceeds in accordance with equation (I): 10 In
carrying outthe carbonylation reaction, water may be present in an amount,
for example, of about 10 to 600%, preferably about 15 to 100%, based on the
weight of IBPE initially present; the temperature of reaction may be, for
example, In the range of about 10 to [err] preferably about 70 to [err] the
carbon monoxide pressure may be, for example, In the range of about 500 to
5000 psig (3,447-34,474 kPa gauge), preferably 15  about 700 to 3000 psig
(4,826-20,684 kPa gauge); and the total raction time may be, forexample  in
the range of about 0.1 to 24 hours, preferably about 1 to 6 hours. Sore
palladium catalysts which may be used wherein the palladium is complexed
with an appropriate ligand are as follows: bis(triphenylphosphine) dichloro
complex, 



20  bis(tributylphosphine) dichoro complex, bis(tricyclohexylphosphine)
diohloro complex, pl-allyltriphenylphosphine dichloro complex,
triphenylphosphine piperidine dichloro complex, bis(triphenylphosphine)
dicarbonyl complex, 25  bis(tiphenylphosphine) diacetate complex,
bis(triphenylphosphine) dinitrate complex, bis(triphenylphosphine) sulfate
complex, tetrakis(triphenylphosphine) complex, and complexes in which some
of the ligands are carbon monoxide such as chlorocarbonyl
bis(triphenylphosphine) complex, all complexes of palladium. Also suitable
as a catalyst is so  palladium metal on a suitable catalyst support such as
carbon, alumina, silica, or an Inert polymer which can toerate the
conditions of reaction, complexed with one or more of these foregoing
ligands. The palladium salts and phosphine ligands making up the foregoing
catalyst complexes may also be added separately to the reaction zone. In
this case, the amount of ligand added is preferably sufficient to complex
with the palladium present such that the P: Pd mole ratio is equal to at
least about 1: 1 when the Pd: IBPE 35  mole ratio Is atleast about 1:
5,000. However, when thelatter ratio is such thatPd = 1 and IBPE= 10,000 or
more (1: 10,000 or greater than 10,000), it is necessary to use an excess
of phosphine ligand such that the P: Pd ratio is at least about2: 1. The
catalyst complex may be present in an amount such that the mole ratio of
palladium to IBPE Is In the range, for example, of about 1: 25 to I ;
20,000, preferably about 1: 150 to I : 10,000, and most preferably 40
sbout 1 1000 to : 6000. The dissociated hydrogen ions and halide ions may
be conveniently added to the reaction as hydrogen chloride, hydrogen
bromide, or hydrogen iodide. However, it is also possible to add the
hydrogen ions and halide ions from separate sources. For example, other
acids completely Ionizable in diute aqueous solution, e.g., inor- ganic
acids, such as sulfuric acid, phosphoric acid or polyphosphoric acid, or
organic acids, e.g., sulfonic acids 45 such as p-toluenesulfonic acid,
methanesulfonic acid, or trifluoroacetic acid, may be used as the source of
hyd- rogen ions. Similarly, other water-soluble and ionizable halide
compounds, as for example, halide salts wherein the cation does not
interfere with the reaction, e.g., alkali  metal halides such as potassium,
sodium, and lithium chlorides, bromides, and iodides may be used as the
source of halide ions. The mole ratio of hydrogen ions and halide ions to
IBPE (H+/IBPE and X-/IBPE) each may be in the range, for example, of about
0.15 to 5, pref- 50 erably about 0.3 to 2.0. Although not necessary for the
operabilty of the process, In some instances, it may be advantageous to
utlize an organic solvent for the reaction. Organic solvents which can be
used are, for example, ketones such as methyl ethyl ketone, acetone,
2-pentanone, 3-pentanone, and acetophenone, aromatic hydrocarbons such as
benzene and toluene, and cyclic ethers such as tetrahydrofuran and dioxane.
Ketones and ethers are pre- 55  feed If a solvent is used. If the catalytic
palladium as added to the system is in the metallc orzero valence state
[err] then any solvent used should be non-hydrocarbon. The solvent may be
present In a weight ratio 



of solventto IBPE in the range, for example, of aboutO to 1000:1, prefrably
about 1.5 to 10: 1. An inorganic salt may also be present during the
reaction. Inorganic salts which may be used are, for 3    EP 0 284 310 B1
example, those yielding anions comprising oxygen, and sulfur  phosphorus,
aluminum, or silicon, including such anions as hydrogensulfate,
pyrosulfate, orthophosphate, pyrophosphate, aluminate, or silicate and
cations such as sodium, potassium, calcium, or magnesium, or another cation
which does not interferewith the reaction, e.g., ammonium or alkylammonium
such as tetrabutylammonium. Other inorganic salts such as calcium 5
chloride may also be added. The inorganic salt, if used, will generally be
present at a concentration of, for example, about 0.1 to 50%, preferably
about 1 to 20% by weight of total charge. In some instances, an undesirable
heavy ends fraction may form during the reaction, possibly due to a
polymerization mechanism of unknown nature. In view of this, It may be
beneficial to incorporate a polymeri- zation Inhibitor In the reaction
mass. Inhibitors which may be used for this purpose Include, for example,
t-butyl- 10  catechol, hydroquinone, m-dinitrobenzene,
N-nitrosodiphenylamine, picric acid, sodium sulfite, quinhydrone and the
like. If an inhibitor is utilized, it may be incorporated in an amount, for
example, of about 0.01 to 15%, preferably about 0.1 to 5% by weight based
on the weight of IBPE. In addition to those mentioned previously,, other
additives and ligands may be added to the reaction, e.g., acetophenone and
p-mercaptoacetophenone. 15     The IBPE used to produce ibuprofen In
accordance with the method of this invention may be made by any of various
means. Preferably, however, the carbonylation reaction to produce ibuprofen
Is Integrated with a method of producing IBPE from isobutylbenzene wherein
the latter compound is subected to Friedel-Crafts reaction with an
acetylating agent to produce 4'isobutylacetophenone (IBAP) which is then
reduced with hyd- rogen In the presence of a hydrogenation catalyst, or
with a reducing agent containing available hydrogen, to 20  obtain IBPE.
The Friedel-Crafts acetylation of isobutylbenzene to produce
4'-isobutylacetophenone proceeds In accord- ance with equation (II): [err]
30 where X Is the residue minus an acelyl group of compounds which are
known acetylating agents. X may be, for example, hydroxy, acetoxy, or
halide Including chloride, fluoride, or bromide. Acetylating agents which
may be used are for example acetic acid, acetic anhydride, acetyl fluoride,
acetyl chloride, acetyl bromide, methyl acetate, and ketene, which results
from the abstraction of HX from the foregoing acotylating agents prior to
the acetylation reaction. The acetylaing agent may be used in an amount,
for example, of about 1 to 4 moles, pref- 35  erably about 1.1 to 2.0 moles
per mole of isobutylbenzene employed. The Friedel-Crafts catalyst may be
hydrogen fluoride or any other catalyst known in the artto be effective 



for the Friedel-Crafs reaction, e.g., aluminum chloride, zinc chloride, or
boron trifluorlde. In carrying out the reaction, the isobutylbenzene,
acetylating agent, and catalyst, may be charged to a corrosion-resisitant
reactor and the mixture maintained at a temperature, for example, of about
0 to about [err] fora period, for example, 40  of about 0.5 to about 5
hours. The pressure is uncritical and atmospheric or autogenous pressure
may be utilized. If HF is used as the catalyst, it may be charged as a
liquid or a gas using technologies of handling well-known to those skilled
In the art  In carrying out the raction, an inert gas such as nitrogen may
be used to keep sufficlent HF In contact with the reacting liquid. An
excess of HF Is generally used, for example, about 10 to 100 moles,
preferably about 25 toabout75 moles per mole of-isobutylbenzene initially
present in the reac- 45  tion zone. The hydrogenation or reduction of IBAP
to form IBPE proceeds In accordance with equation (III) where "[H"]
represents the available hydrogen in hydrogen gas In the presence of a
hydrogenation catalyst or In a hydrogen-containing reducing agent such as
sodium borohydride or lithium aluminum hydride: [err] 55 The hydogenation
or reduction as shown in equation (III) may be accomplished,for example,
bycontacting IBAP as is or dissolved in an appropriate solvent with a
hydrogenation catalyst in the presence of hydrogen. The solvent may be, for
example, methanol, ethanol, t-butanol, aqueous alcohol, toluene, diethyl
ether, tet- 4    EP 0 284 310 B1 rahydrofuran, or 1,4-dioxane, and the IBPE
: sovent weight ratio may be in the range, for example of about 1: 1 to 1
:100, preferably about 1 :2 to 1 :20. The hydrogenation catalyst may be,
for example, a transition metal on a suitable support Preferred transition
metals are nickel, e.g., Raney nickel, and the noble metals, e.g., pal-
ladlum, platinum, rhodium, Iridium, ruthenium and osmium, and some suitable
supports are, for example, car- 5   bon, alumina, silica, and polymeric
resins. Th metal concentration on the support In weight ratio of metal:
support may be In the range, for example, of about 1: 100 to 1: 2,
preferably about 1: 50 to I : 10, and the weight ratio of catalyst system :
IBAP Is, for example, in the range of about 1: 500 to 1: 2 preferably about
1: 30 to 1: 5. In carrying outthe reaction, the hydrogen pressure may be in
the range, for example, of about 10 to 1200 psig (69-8,274 kPa gauge),
preferably about 75 to 300 psig (517-2,068 kPa gauge) the reaction 10
temperature may be in the range, for example, of about 10 to [err]
preferably about 20 to [err] and the reaction time may be in the range, for
example, of about 0.25 to 10.0 hours, preferably about 1.0 to 4.0 hours.
Under some conditions, the addition of a base or passivation of the reactor
with base, may be desirable to pre- vent hydrogenolysis. Alternative to the
hydrogenation reaction as described, the reduction reaction shown In
equation (III) may 15  be accomplished, for example, by slowly. adding to a
cooled solution of IBAP in an alcohol, e.g., methanol, 



ethanol, ort-butanol, or an ether such as tetrahydrofuran ordiethyl ether,
a reducing agent containing available hydrogen, e.g., sodium or potassium
borohydride or lithium aluminum hydride. The solution may then be war- med
to room temperature and heated at reflux, e.g., for a period of about 0.5
to 3.0 hours. 20  DESCRIPTION OF SPECIFIC EMBODIMENTS Examples 1 to 98 of
the following examples illustrate the method of the invention, while
comparative Exam- ples A to L illustrate conditions and results wherein at
least one condition Is outside the scope of the Invention. Example
Illustrates the production of IBAP by the Friedel-Crafs acetylation of
isobutylbenzene with acetic 25  anhydride as acetylating agent in
accordance with equation (II), wherein X Is acetoxy. Example 1
isobutylbenzene (254 ,1.9 mol) and acetic anhyldride (385g. 3.8 mol) were
added to a Hastelloy C auto- 30  clavewhich wasthen cooled to [err] and
evacuated (150 mm HgA, 20 kPa). Anhydrous hydrogen fluoride (1877 g, 94
mol) was added and the contents of the autoclave were warmed to [err] for 3
h. The hydrogen fluoride was vented through a caustic scrubber using a
nitrogen sparge. The contents of the auloclave were poured onto Ice,
neutralized to a pH of 7 with potassium hydroxide, and extracted with ethyl
acetate. The ethyl acetate solution was dried over anhydrous magnesium
sulfate and concentrated under reduced pressure to give the 35  crude
product The reaction was determined by gae-liquid chromatography (GLC) to
have proceeded with 85% conversion oF isobutylbenzene and 81% selectivity
to IBAP. Example 2 illustrates the production of IBPE by the hydrogenation
of IBAP using palladium supported on carbon as a hydrogenation catalyst in
accordance with equation (III), and employing methanol as a solvent. 40
Example 2 A 300 cc stainless steel autoclave was charged with
4'-isobutylacelophenone (IBAP) (35.2 g, 0.2 moles), 100 mL. of methanol,
and 5 g of 5% palladium/carbon catalyst. The contents of the autoclave were
warmed to [err] under 100 psig (689 kPa gauge) of hydrogen for I h. The
resulting mixture was filtered and the methanol 45  was removed on a rotary
evaporator. The reaction was determined by GLC to have proceeded with 99.5%
con- version of IBAP and 96.6% selectivity to IBPE. Example 3 shows the
production of IBPE by the hydrogenation of IBAP using a procedure similar
to Example 2 except that no solvent was employed. 50  Example 3 A 500 cc
reactor was charged with IBAP (225g. 1.26 mol). 5% PdlC (10g, 4.7 mmol),
and2N NaOH 0.2 mL). The autoclave was purged three times with [err]( 100
psig, 689 kPa gauge) and twice with 100 psig (689 kPa gauge) [err]. It was
pressured to 125 psig with [err] and the contents were stirred at room
temperature until 55   [err absorption ceased. The catalyst was fitered
using a small column of celite. GLCanalysis of the crudemixture showed 92%
IBPE and 6.2% 1-(4'-isobutylphenyl ethane. The mixture was purified by
distillation underreduced pressure (bp [err] at 0.5 mm HgA, 66.7 Pa) to
give 96-97% pure IBPE. Example 3A illustrates the production of IBPE by 1
hr. hydrogenation of IBAP in accordance with equation 5  



EP 0 284 310 B1 . (III), using Raney nickel as hydrogenation catalyst, and
in the absence of a solvent Example 3A 5      A 500 cc stainless steel
autodave was charged with IBAP (225 g, 1.26 rnol) and Raney nickel (22.5g
0.38 mol). The reactor was purged three times with [err] (100 psig, 669 kPa
gauge) and twice with 100 psig (689 kPa gauge) [err]. It was pressured with
H2 so that at [err] the total reactor pressure was 250 psig (1,724 kPa
gauge). Reaction was stirred at [err] until [err] absorption ceased (about
out 3 hours). The resulting mixture was filtered. GLC analysis of the crude
mixture indicated > 99% IBPE conversion with selectivities of 98% and 1.5%
to IBPE 10  and 1-(4'isobutylphenyl)ethane respectively. Examples 4 to 98
illustrate the Inventive method for producing ibuprofen by the
carbonylation of IBPE while Examples A to L are outside the scope of the
invention. Examples 4 and 5 15 1-(4'-isobutylphenyl)ethanol (IBPE) (10.0 g,
56.0 mmol) [err] (260mg 0.37 mmol), 10% HCl (25 g, 68 mmol HCI, [err] =
0.055) and benzene (27 mL) were charged to a 300cc Hastelloy C autoclave
which was sealed and purged twice with N2 and CO. The autoclave was
pressured to 800 psig (5,516 kPa gauge) with CO and the contents were
heated to [err] for 16 h (Example 4), or 6 h (Example 5), with stirring. 20
The autoclave was cooled to room temperature, vented of CO, and the sample
was collected. The organic layer was separated from the aqueous layer which
was washed with ethyl acetate (75 mL). The organic fractions were combined,
dried over anhydrous sodium sulfate, and concentrated under reduced
pressure to give a greenish oily product 25  Examples 6 to 10 The procedure
of Examples 4 and 5 was followed except that 11 mmol each of fused
potassium hydrogen sulfate (Example 6), sulfuric acid (Example 7),
polyphosphoric acid (Example 8), 11 mmol of potassium hyd- rogen sulfate
and 0.8 mmol of tetrabutylammnonium hydrogen sulfate (Example 9), or8 mmol
of calcium chloride 30  (Example 10), were also charged to the autoclave
and 27 mL of methyl ethyl ketone In place of benzene In Example 10. In
addition, 2.8 mmol acetophenone were also added in Examples 7, 8 and 9, and
0.3 mmol of t-butylcatechol in Example 9. The reaction tkne was 19 h in
Examples 6, 7 and 8, and 6 h in Examples 9 and 10. The products obtained in
Examples 4to 10 were analyzed by GLC for ibuprofen,
3-(4'-isobulylphenyl)pro- 35  pionic acid, which is a linear isomer of
ibuprofen (3-IPPA), 4-isobuzyletyrene (IBS) and a heavy ends compo- nent
(HE) which is believed to comprise polymers of 4-isobutylstyrene as well as
other high boiling compounds. The results are shown In Table I wherein
"Conv. indicates percent conversion of IBPE and the numbers under the
product component designations are percent selectivities to those
components, with the symbol "tr" indi- 



cating a trace of that component. 40 45 50    EP 0 284 310 B1 Table I
Percent Selectivity Example           Cony %           Ibuprofen
3-IPPA        IBS      HE 10            4                98
56            26         tr         4 5                99                56
21         tr        7 6                99                69             18
0        6 15            7                98                 69
15         tr         5 8                99                70
16          0         4 9               100                67
21         tr         4 20 10                99                 78
23         tr         4 Comparative Examples A to F 25      These examples
illustrate the effect of not having the required quantity of both
dissociated hydrogen ions and halide ions under the invention (Examples A
and B), not having sufficient hydrogen ions (Examples C and D), not having
sufficient hydrogen Ions obtained from an acid which is substantially
completely ionized In dilute aqueous solution (Example E) or not having
sufficient halide lons (Example F). The procedure of Example 6 was followed
except that water (25 g) (Examples A to E) or 29% [err] (27 30  mL)
(Example F), was used in place of 10% HCI. in addition, no potassium
hydrogen sulfate was used in Example F; 27 mLof aceticacid was used in
place of benzene In Example E; 10 mmol of lithium chloride in Example C, 24
mmol of lithium chloride In Example D and 69 mmol of potassium chloride in
Example E were charged to the autoclave as a source of chloride ions ; and
0.3 mmol of t-butylcatechol In Examples A to D, 28 mmol of acetophenone in
Examples B and. D, and 3.2 mmol of p-mercaptoacetophenone in Example E,
were 35  also added. The reaction times were 6 h in Examples A, E and F, 8
h in Example , 7 h In Example C, and 48 h in Example D. The results are
shown In Table II: Table II 40 Percent Selectivity Example          Conv.%
Iburprofen       3-IPPA        IBS      HE A               33
0              0          8          7 



B               19                  tr              0          2         4
C               64                   0              0          7        19
D               68                   3            tr           6        37
E               99                 23             54.         2          7
F               97                   5              3        12         69
55 The results of Table II indicate that a minimum quantity of both
dissociated hydrogen ions obtained from an acid which Is substantially
completely ionized in dilute aqueous solution, and halide ions are
necessary for substantial yields of ibuprofen, and that reaction times of
more than 15to20 h will probably notserve to increase 7    EP O 284 310 B1
the yield. Examples 11 to 13 5      These examples illustrate the use of
sulfuric acid as the source of dissociated hydrogen ions Instead of HCl.
The procedure of Example 6 was followed except that the 10% HCl was
replaced by 40% sulfuric acid (26 g, 102 mmol, [err]=0.123) in Example 11,
or 28.4% sulfuric acid (25 g, 71 mmol, [err]=0.073) In Examples 12 and 13,
and no potassium hydrogen sulfate was added in Examples 11. In addition, 70
mmol of 10  sodium chloride were added In Example 11, 89 mmol of potassium
chloride were added in Examples 12, and 69 mmol of potassium brornide were
added In Example 13as sources of halide Ions; 25 mL of acetonitrlie were
used in Example 12 and 25 mL of methyl ethyl ketone in Example 13 as
solvent replacements for benzene; and 0.3 mmol of t-bulylcatechol were
added in Example 12, and 2.8 mmol of acetophenone were added In Examples 11
and 13. The reaction times were 19 h in Example 11, and 6 h in Examples 12
and 13. The results 15  are shown in Table III: Table III Percent
Selectivity Example         Cony %           Ibuprofen       3-IPPA
IBS       HE 11              99                  70             16
0         4 25 12              96                  42              6
tr         34 13              99                  69              9
tr         10 30      The results of Table III indicate that sulfuric acid
Is a satisfactory source of hydrogen ions, that halide salts are a
effective source of halide ions and that acetonitrile is a less desirable
solvent than others because of Its tendency to form heavy ends at the
expense of ibuprofen. 



Examples 14 to 17 35 These examples illustrate the use of HBr as a source
of dissociated hydrogen Ions and halide ions. The procedure of Example 6
was followed except that a 16.2% HBr (25 g, 50 mmol, [err]=0.044) was used
in Examples 14,15 and 16 and a 22.7% HBr (25 g, 70 mmol, [err]=0.065) was
used In Example 17 In place of 10% HCl as a source of hydrogen ions and
halide ions; methyl ethyl ketone (27 ml) was used as 40  solvent In
Examples 16 and 17 ; 3.0 mmol of t-butylcatechol was added in Example 14
and 3.2 mmol of p-mer- captoacetophenone In Example 15; and the reaction
times were 6 h in Examples 14, 15 and 17, and 5.3 h In Example 16. The
results are given In Table IV: Table IV 45 Percent Selectivity Example
Cony. %            Ibuprofen        3-IPPA       IBS      HE 50       14
100                85              8         tr         5 15
99               59               3        13       10 16
100                62             14          0        6 55       17
100                69              8         tr       12 The results of
Table IV Indicate that HBr Is a satisfactory source of hydrogen ions and
halide ions for pur-    EP 0 284 310 B1 poses of this invention. Example 18
5      The procedure of Example 17 was followed except  that 34 g of 24%
methanesulfonic acid [err]=0.059) was utilized as the source of dissociated
hydrogen ions in place of the HBr solution and 69 mmol of sodium bromide
was added as a source of halide ions. The conversion of IBPE was 99% and
the selec- tivities of the product components were ibuprofen 71%, 3-IPPA
13%, IBS 'tr", and HE 8%. The results of this example indicate that
methanesulfonic acid Is a satisfactory source of dissociated hyd- 10  rogen
Ions for purposes of this invention. Examples l9 to 22 These examples
illustrate the use of various additives to the reaction system, as
discussed previously. 15     The procedure of Example 6 was followed except
that 0.3 mmol of t-butylcatechol was added In Examples 19, 20, 21, and 22,
2.8 mmol of acetophenone in Examples 20, 21, and 22, and 3.2 mmol of
p-mercap- toacetophenone In Example 22; and the reaction times were 15 h In
Example 19, 20 h In Examples 20 and 21, and 19 h In Example 22. The results
are shown In Table V: 20 



Percent Selectivity Example          Conv %           Ibuprofen
3-IPPA     IBS      HE 25 19                9B                49
20            0       6 20                96                 74
7           0       4 30        21                 98                69
5            0       3 22               100                 82
4         tr        8 Examples 23 to 30 36 These examples Illustrate the
use of different solvents in the method of this invention. The procedure of
Example 6 was followed except that the benzene solvent was replaced by 27
mL each of other solvents as follows: toluene (Example 23), tetrahydrofuran
(Example 24), dioxane (Examples 25 and 26), acetone (Example 27), methyl
ethyl ketone (Example 28), and acetonitrile (Examples 29 and 30), and 36 40
g of 10% HCl was used In Example 25. In addition, 0.3 mmol of
t-butylcatechol were added in Examples 23 to 25  29 and 30,2.8 mmol of
acetophenone were added in Examples 23 to 25 and 30, and 3.2 mmol of p-mer-
captoacetophenone were added in Examples 26 and 27; and the reaction times
were 6 h in Examples 23 to 29 and 19 h In Example 30. The results are shown
in Table VI: 46 60 55 9    EP 0 284 310 B1 Table VI. Percent Selectivity 5
Example          Conv.%             Ibuprofen        3-IPPA       IBS
HE 23                99                43               16       tr
20 24                99                56               14        tr
9 10        25                 99                76               12
0      11 26                99                65               13         1
18 27                99                 75  .            21       tr
4 15 28                99                72               18        tr
6 29                97                48                 7       tr
40 20        30                95                 26                9
tr       47 



The results of Table VI indicate that a variety of solvents can be used in
the method of this Invention. How- ever, ketones and cyclic ethers appear
to result in higher yields of ibuprofen than acetonitrile which tends to
cause the formation of a larger amount of heavy ends than the other
solvents. 25 Comparative Example G This example illustrates the effect of
reducing reaction pressure below the minimum required by this Inven- tion.
30     The procedure of Example 6 was followed except that the reaction was
charged with 400 psig (2,758 kPa gauge) of CO at room temperature. In
addition 3.2 mmol of p-mercaptoacetophenone was added and the reac- tion
time was 6 h. The conversion of IBPE was 97%  and the selectivities of the
product component were lbup- rofen 20%, 3-IPPA 3%, lBS 24% and HE 19%.
These results indicate that using a pressure below 500 psig (3,447 kPa
gauge) results In a substantial reduction in the yield of ibuprofen and an
increase in the formation as of 4-isobutyistyrene. Examples 31 and 32 and
Comparative Examples H to J 40 These examples illustrate the effects of
varying the composition of the catalyst The procedure of Example 16 was
followed except that the reaction time was 6 h In Examples 31, 32, 1, and J
and 4.5 h In Example H; the catalyst was 0.44 mmol of [err] and 1.9 mmol of
triphenyl phosphine [err] added separately In Example 31, 0.37 mmol of the
complex of Example 4 and 0.7 mmol of [err] added sepa- 45   rately in
Example 32, 1 g of 5% palladium supported on carbon without any phosphine
ligand in Example J. and 8.4 mmol of PdCI2 without any phosphine ligand In
Example I. No catalyst at all was used In Example H. In place of HBr, 25 g
of 10% HCl was the acid used in Example J. and the solvent was 27 mL of
benzene in Examples I and J. In Example I, 0.6 mmol of t-butylcatechol was
added while 3.2 mmol of p-mercap- to acetophenone were added in Example J.
The results are shown in Table VII. 50 10    EP0 284 310 B1 Percent
selectivity Example               Cony.%            Ibuprofen    3-IPPA
IBS 31                 99              62             19          tr
11 32                 99              51              20         tr
10 10 H              72                0                0        44
38 



I                96               tr                0        86        13
15                94              25                2        14        17
The results of Table VII Indicate that the phosohine ligand may be added
separately with the palladium compound to obtain a satisfactory yield of
Ibuprofen, but that a palladium catalyst with an appropriate ligand other
than CO is required in order to obtain satisfactory yields of ibuprofen.
This is illustrated by the results of 20   Examples 31 and 32 as compared
with those of Comparative Examples H, I, and J wherein no catalyst at all
was utilized In Example H, and no phosphine ligand was employed In Examples
I and J. Examples 33 and 34 illustrate the employment of higher and lower
reaction temperatures than was employed in the previous examples. 25
Examples 33 and 34 The procedure of Example 16 was followed except that the
reaction time was 6 h and the reaction tem- perature was [err] in Example
33 and [err] in Example 34. The results are shown in Table VIII. Table VIII
Percent Selectivity Example           Conv..%             Ibuprofen
3-IPPA        IBS       HE 35 33                 99                75
18         tr         6 40          34                  99
69              11         tr         8 Examples 35 to 38 illustrate the
employmentof operable CO pressures higherand lower than that employed in
the previous examples. 45   Examples 35 to 38 The procedure of Example 16
was followed except that the pressure was varied In each example. The
pressures employed and the results obtained are shown in Table IX. 50 55
EP 0 284 310 B1 TABLE IX .                   Percent Selectivity Example
Pressure  psig (kPa. gauge)  Conv., %    Ibuprofen    3-IPPA   IBS   HE 35
1200 (6.274)             99          71          12      0      9 36
1000 (6. 895)            99          69          16      0      4 10 37
700 (4.626)             99          74          12     tr    11 38
600 (4.137)             99          58          16     tr    13 



15      Examples 39 to 41 illustrate the recharging of additional
quantities of IBPE after the initial reaction is com- menced. Examples 39
to 41 20      The procedure of Example 16 was followed exceptthat In
Example 39,27 mLof acetone ratherthan methyl ethyl ketone was used as
solvent, and after the addition of the initial 56 mmoi of IBPE, 196.8 mmol
of additional IBPE were added over a 30 min. period, and the total reaction
time was 4.3 h. In Example 40 an additional 56 mmol of IBPE were added over
a 1 h period after the Introduction of the initial 56 mmol, and the total
reaction time was 6.5 h. Example 41 was similar to Example 40 except that
the solvent was 27 g of acetone and the 25  total reaction time was 7 h.
The results are shown In Table X. TABLE X Percent Selectivity 30 Example
Conv., %           Ibuprofen              3-IPPA          IBS         HE 39
99                        48           16         18            9 40
99                        80           19         tr            5 35 41
99                        73           20         2r           13 The
results of Examples 39 to 41 Indicate that after the initial charging of
IBPE, an additional quantity of IBPE may be added to the reaction, without
reducing the yield of ibuprofen to an undesirably low level 40 Examples 42
to 50 These examples illustrate the production of ibuprofen by the
carbonylation of IBPE with different loadings of [err] as catalyst relative
to IBPE, and with varying CO pressures. 45      The examples were carried
out using a 300 mL autoclave to which were added 112 mmol of IBPE, 54 mL of
methyl ethyl ketone (MEK) as added organic sovent, 50 9 of 10% aqueous HCl
(resulting In constant mole ratios of [err]/IPBE=1.22 and [err]=0.056), and
varying amounts of catalyst. The autoclave has pressured with CO to a level
sufficient to result In the targeted reaction pressure at the temperature
of reaction. The con- tents were then heated to such temperature which in
these examples was [err] and CO was fed tothe reactor 50   to maintain the
desired pressure as the CO was absorbed during the reaction. The reaction
temperature was maintained for the desired reaction time with vigorous
stirring. The amount of catalyst in milimoles (Cat.), the resulting mole
ratios of palladium to IBPE (Pd : IBPE) and reaction times and pressures as
well as the results of the reaction In terms of percent IBPE conversion
(Cony.) and percent selectivities to Ibuprofen (1BU), 3-(4'-
isobutylphenyl)propionic acid (3-IPPA), 4-isobutylstyrene (IBS) and heavy
ends (HE), are shown in Table XI. 55  These results and those of subsequent
examples were determined by GLC which are susceptible to errors of about
[err] 5%. This explains why some individual selectivties and/or the sums of
selectivities In some examples are above 100%. 12 



EP 0284310B1 [err] 5 20    EP 0 284 310 B1 Examples 51 to 61 These examples
illustrate the employment of varying ratios of hydrogen ion and palladium
to IBPE In the production of ibuprofen by the carbonylation of IBPE. 5
The general procedure of Examples 42 to 50 was followed using 54 mL of MEK
as added organic solvent and varying amounts of IBPE and catalyst either 25
g of 20% HCl ([err]=0.124) or 50 g of 10% HCl [err]=0.055 and varying
pressures and reaction times. Reaction conditions and results are shown In
Table XII. 10 15 20 25 30 35 40 45 50 14    EP O 284 310 B1 [err]    EP 0
284 310 B1 



Examples 62 to 66 These examples illustrate the production of ibuprofen by
the carbonyiation of IBPE withoutthe employment of any added organic
solvent. 5      The procedure of Examples 42 to 61 was followed using 336.0
mmol of IBPE, either 25 9 of 20% HCI ([err]=  0.41 [err]=0.124) or 14 g of
36% HCl ([err]/IBPE=0.41, [err] = 0.278), 0.260 mmol of catalyst (Pd: IBPE
=1: 1292). and no added organic sol- vent  The reaction temperature was
[err] and the reaction time was 2 hours. Other reaction conditions and
results are shown in Table XIII. 10 TABLE XIII HCl      Press.,       Conv.
Percent Selectivity Example      %/g          psig          IBU   3-IPPA
IBS                       HE 15                          [kPa gauge] 62
20/25        2000          96               41.1    1.7      1.4   36.2
[13.790] 63        20/25        2000          99               94.8    3.1
0.2    1.2 20                            [13.790] 64        20/25
3000          99               62.8    1.8      1.1   25.1 [20.684] 65
36/14        2000          99               52.2    2.1      2.1   20.2
[13.7901 66        36/14        2000          99               77.9    2.9
1.4    9.2 [13.790] Examples 67 to 70 30      These are additional examples
Illustrating the suitability of hydrobromic acid as a source of hydrogen
and halide ions both In the presence and absence of added organic solvent
In the preparation of Ibuprofen by the carbonylation of IBPE. The general
procedure of Examples 42 to 66 was followed using varying amounts IBPE and
MEK solvent (including none), 16.2% HBr ([err]=0.043) or 20% HBr
([err]=0.056) and catalyst. The reaction tem- 35  perature was [err] The
conditions of reaction and results are shown In Table XIV. 40 45 55    EP0
284 310 B1 



[err] 15 25 30 45    EP 0 284 310 B1. Examples 71 to 75 These examples
illustrate the method under the invention of making ibuprofen by the
carbonylation of IBPE using at least one specific condition which is
somewhat different than those shown in Examples 42 to 70 includ- 5   ing a
reaction temperature of 140C (Examples 71 and 72) an amount of hydrogen
nearer the lower limit of the invention (Examples 73,74 and 75), the use of
11% HCl ([err]=0.061) and the use of dioxane (DIOX) as a solvent (Examples
74 and 75). The general procedure of Examples 42 to 70 was followed using
specific conditions Including those des- cribed in the preceding paragraph.
Such conditions and the results are shown In Table XV. 10 15 20 25 30 35 40
45 50 66    EP 0 284 310 B1 [err] 15 20 25 19  



EP 0  284 310 B1 Examples 76 to 98 These examples illustrate the method of
making ibuprofen by the carbonylation if IBPE under the invention using a 4
liter autoclave and varying conditions of reaction including highermole
ratios of Pd to phosphine ligand 5   and concentrations of HCI as low as 5%
([err]=0.026). The general procedure of Examples 42 to 70 was followed in a
4 liter autoclave using HCl as the acid and MEK as solvent or no solvent,
except that the catalyst was added as separate quantities of palladium
dichloride, [err] and triphenylphosphine, [err] such thatthe Pd: P ratio
was varied within the disclosed limits  The speci- fic conditions of
reaction, including the mole ratios of palladium to phosphine to IBPE (Pd
IBPE), are shown 10  In Table XVI. 15 20 25 30 36 40 55 20    EP 0 284 310
B1 [err] [err] 21    EP 0284 310 B1 Examples K and L were carried out
under-conditions similar to those of the Comparative Example 11 of Japanese
Kokai Patent No. 8HO 59 [1984]-95238, involving ibuprofen as a product.
Example K 6 The procedure of Examples 42 to 75 using the 300 mL autoclave
was followed except that the starting ma- terial was 84.3 mmol of IBPE, the
acid was 8% HCI (4.0 9; 8.8 mmol), for a [err]/IBPE mole ratio of 0.10,
0.471 



mmol of catalyst was used, the solvent was 61 g of dioxane, the CO pressure
was 1700 psig (11,721 kPa gauge), the reaction temperature was I 10C, and
the reaction time was 5.5 h. The IBPE conversion was 60% 10  and the
product selectivities were ibuprofen 38.6%, 3-IPPA I A%, IBS 2A%, and HE
59.3%. Example L The procedure of Example K was followed except that 112
mmol of IBPE, 6 9 of 8% HCl ([err]/IPBE = 0.10) 15  and 82 9 of dioxane
were utilized. The IBPE conversion was 88% and the selectivties were
ibuprofen 42.0%, 3-IPPA 0.1%, IBS 2.1% and HE 43.5%. The results of
Examples K and L confirm that the conditions of the Japanese patent, which
Include the pre- sence of dissociated hydrogen and halide ions in amounts
considerably below the minimums required in the method of this Invention,
result in comparatively very low yields of ibuprofen. 20 Claims 1. A method
of preparing ibuprofen comprising carbonylating
1-(4'-isobutylphenyl)ethanol (IBPE) with car- 25  bon monoxide in an acidic
aqueous medium, at a temperature of at least about [err] and a carbon
monoxide pressure of atleast about 500 psig (3447 kPa gauge), and in the
presence of(1) a catalyst consisting essentially of a palladium compound In
which the palladium has a valence of zero to 2 and is complexed with at
least one acid stable, monodentate phosphine ligand miscible with the
organic phase of the reaction medium, charac- tersed in that the
phosphorus/palladium mole ratio in said palladium compound and ligand is at
least about 30   2:1 when the mole ratio of palladium to IBPE is such that
palladium = 1 and IBPE = 10,000 ormore and further characterised In that
the carbonylation Is effected In the presence of (2) dissociated hydrogen
Ions from an acid which is substantially completely ionizable in a dilute
aqueous solution such thatthe mole ratio of hydrogen ions to IBPE added to
the reaction zone is at least about 0.15 and the mole ratio of hydrogen
ions to water is at least about 0.026 ; and (3) dissociated halide ions
such that the mole ratio of halide ions to IBPE added to 35  the reaction
zone is at least about 0.15. 2. The method of claim I wherein said ligand
is a tri(organo) phosphine. 3. The method of claim 2 wherein said ligand Is
triphenyl phosphine. 4. The method of any of claims 1-3 wherein said
catalyst is a palladium bis(triphenyl phosphine) dichloro complex. 40
5. The method of any of claims 1-4wherein the source of said hydrogen ions
and halide ons is a hydrogen halide. 6. The method of clain 5 wherein said
hydrogen halide is hydrogen chloride or hydrogen bromide. 7. The method of
any of claims 1-6 wherein an organic solvent Is present during said
carbonylation, said solvent being a non-hydrocarbon if said palladium is
added to the system in a zero valence state. 45     8. The method of claim
7 wherein said organic solvent is a ketone. 9. The method of dakn 8 wherein
said keton is methyl ethyl ketone. 10. A method of preparing ibuprofen
comprising carbonylating 1-(4'-isobutylphenyl)ethanol (IBPE) with car- bon
monoxide In an acidic aqueous medium, at a temperature of at least about
10C and a carbon monoxide 



pressure of at least about 500 psig (3447 kPa gauge), and in the presence
of a catalyst consisting essentially 50  ofa palledium
bis(triphonylphosphine) dichioro complex, dissociated hydrogen and chloride
ions from hydrogen chloride such that the mole ratio of each of said
hydrogen and chloride Ions to IBPE added is at least about 02, and an
organic solvent in an amount such that the weight ratio of solvent to IBPE
is at least about 1.5. 11.A method of producing ibuprofen wherein
1-(4'-isobulphenyl)ethano(IBPE) Is first prepared by react- ing
isobutylbenzene with an acetylating agent in the presence of a
Friedel-Crafts catalyst to produce 4'-isobu- 55  tylacetophenone (IBAP),
reducing said IBAP with hydrogen in the presence of a hydrogenation
catalyst, or with a reducing agent containing available hydrogen, to
produce the IBPE, which is then transformed into lbuprofen by a method In
accordance with any of claims 1 to 10. 22    EP 0 284 310B1 Examples K and
L were carried out under conditions similar to those of the Comparative
Example 11 of Japanese Kokai Patent No. SHO 59 [1984]-95238. involving
ibuprofen as a product. Example K The procedure of Examples 42 to 75 using
the 300 mL autoclave was followed except that the starting ma- terial was
84.3 mmol of IBPE, the acid was 8% HCl (4.0 g, 8.8 mmol), for a [err]/IBPE
mole ratio of 0.10, 0.471 mmol of catalyst was used, the solvent was 61 g
of dioxane. the CO pressure was 1700 psig (11,721 kPa gauge), the reaction
temperature was  [err] and the reaction time was 5.5 h. The IBPE conversion
was 60% 10  and the product selectivities were ibuprofen 38.6%, 3-IPPA 1
A%, IBS 2.4%, and HE 59.3%. Example L The procedure of Example K was
followed except that 112 mmol of IBPE, 6 g of 8% HCl ([err]/IPBE = 0.10) 15
and 82 g of dioxane were utilized. The IBPE conversion was 68% and the
selectivities were ibuprofen 42.0%, 3-IPPA 0.1%, IBS 2.1% and HE 43.5%. The
results of Examples K and L confirm that the conditions of the Japanese
patent, which Include the pre- sence of dissociated hydrogen and halide
Ions In amounts considerably below the minimums required in the method of
this invention, result in comparatively very low yields of ibuprofen. 20
Claims 1. A method of preparing ibuprofen comprising carbonylating
1-(4'-isobutylphenyl)ethanol (IBPE) with car- 25  bon monoxide in an acidic
aqueous medium, at a temperature of at least about [err] and a carbon
monoxide pressure of at least about 500 psig (3447 kPa gauge), and in the
presence of (1) a catalyst consisting essentially of a palladium compound
in which the palladium has a valence of zero to 2 and Is complexed with at
least one acid stable, monodentate phosphine ligand miscible with the
organic phase of the reaction medium, charac- terised In that the
phosphorus/palladium mole ratio in said palladium compound and ligand is at
least about 



30  2:1 whenthemole ratio of palladium to IBPE is such that palladium= 1
and IBPE=10,000 or more and further characterised in that the carbonylation
is effected In the presence of (2) dissociated hydrogen Ions from an acid
which is substantially completely ionizable in a dilute aqueous solution
such that the mole ratio of hydrogen ions to IBPE added to the reaction
zone is at least about 0.15 and the mole ratio of hydrogen ions to water is
at least about 0.026 ; and (3) dissociated halide ions such that the mole
ratio of halide ions to IBPE added to 35  the reaction zone is at least
about 0.15. 2. The method of claim 1 wherein said ligand is a tri(organo)
phosphine. 3. The method of claim 2 wherein said ligand is triphonyl
phosphine. 4. The method of any of claims 1-3 wherein said catalyst is a
palladium bis(triphenyl phosphine) dichloro complex. 40      5. The method
of any of claims 1-4wherein the source of said hydrogen ions and halide
ions is a hydrogen halide. 6. The method of claim 5 wherein said hydrogen
halide is hydrogen chloride or hydrogen bromide. 7. The method of any of
claims 1-6 wherein an organic solvent is present during said carbonylation,
said solvent being a non-hydrocarbon if said palladium is added to the
system in a zero valence state. 45      8. The method of claim 7 wherein
said organic solvent is a ketone. 9. The method of claim 8 wherein said
keton is methyl ethyl ketone. 10. A method of preparing ibuprofen
comprising carbonylating 1-(4-isobutylphenyl)ethanol (IBPE) with car- bon
monoxide In an acidic aqueous medium, at a temperature of at least about
[err] and a carbon monoxide pressure of at least about 500 psig (3447 kPa
gauge), and in the presence of a catalyst consisting essentially so  of a
palladium bis(triphenylphosphine) dichloro complex, dissociated hydrogen
and chloride ionsfrom hydrogen chloride such that the mole ratio of each of
said hydrogen and chloride Ions to IBPE added Is at least about 0.2. and an
organic solvent in an amount such that the weight ratio of solvent to IBPE
is at least about 1.5. 11. Amethod of producing ibuprofen wherein
1-(4'-sobutylphenyl)ethanol (IBPE) Is first prepared by react- ing
isobutylbenzene with an acetyating agent in the presence of a
Friedel-Crafts catalyst to produce 4'-isobu- 55  tylacetophenone (IBAP),
reducing said IBAP with hydrogen in the presence of a hydrogenation
catalyst, orwith a reducing agent containing available hydrogen, to produce
the IBPE, which Is then transformed into ibuprofen by a method in
accordance with any of claims 1 to 10. 22    1111111111111 i 11111 11 III,
E  E    284 310 BI             *     L  I Patentansprtiche 1. Verfahren zur
Hersteltung von Ibuprofen durch Carbonyllerung von
1-(4'4sobutylphsnyl)ethunol (iSPE) mnltKohlenmonoxid In elnemsauren,
whsserigen Medium bel einerTemperaturvonwonigstens etwa 10CC und 



6   elnem Kohienmonoxiddruck von wenigstens 500 psig (3447 kPa) und in
Gegenwart (1) sines Ketalysators bestehend Im wesentlichen su. elner
PaiiadlumWerbindung, in weicher das Palladium sine Wertigkeit von Null bis2
besilztund mitwenigetens elnem sliurestablioen Mon6dentat-Phosphin-Uganden,
derrmitderorganischen Phase des Reaktionsmediurns mischbar ist elner
Komplexbldung unterworfen wird, dadurch gekennzeichnet, daP1 des
Phosphor/Palladlum-Molverhitlnis In der Palladiumwerbindung und im Uganden
wenigstens etwa 2: 10  1 betrg wenn das MolverhAltnis von Palladium zu IBPE
derart lot daB Palladium = I und IBPE = 10.000 odor mehr, und weiters
daduroh gekennzelchnet, dafl, die Carbonylierung in Gegenwart von (2)
dissozilerten Was- serstoffonen aus elner Slurs, weiche In einerverdOfnnten
wfsseulgen LOsung Im wesentilchen vollstandig lont- slerbar let so daB des
Molverhaltnis von Wasserstofflonen zum der Reaktonszone zugeseozten IBPE
wenigstens etwa 0,1O und des Molverhiltnls von Wesserstofifonen zu
Wasserwenigstens etwa 0,026 betrigt; 15  und von (3) dissozilerten
Halogenidlonen, derart, dal das Molverhfltnis von Halogenidionenzum
derReaktion- szone zugesebfen IBPE wenigstens etwa 0,15 betrAgt,
durchgeffihrt wird. 2. Verfahron nach Anspruch 1, dadurch gekennzeichnet,
daB der Ligand sin Tri(organo)phosphin Ist 3. Verfahren nach Anspruch 2,
dadurch gekennzeichnet, daB der Ligand Triphenylphosphin 1st. 4. Verfahren
nach elnem der Ansprfche I bWe 3. dadurch gekennzelchnet, dalB der
Katalysator sin Palls- 20 dium-bls(triphenylphosphin)dichlorkomplex ist. 5.
Verfahren nach sinem der Ansprdche 1 Wh 4, dadurch gekennzeichnet, daB die
Queile der Wasserstof- flonen und der Halogenidionen sin Halogenwasserstoff
ist. 6. Vearhren nach Anspruch 5, dadurch gekennzelchnet, daB der
Halogenwasserstoff Chlorwasserstoff oder BromwasDerstoff 1t. 25      7.
Verfahren nach elnem derAnspriche I bl S, dadurch gekennzelchnet, dal
wahrend der Carbonytierung sin organisches L.sungemittel zugegen Ist,
welches organische Lfsungsmittel sin Nichtlohlenwasserstoff Ist, wenn dms
Palladium dem System In ehnem Valenzzustand von Null zugesetzt wird. 8.
Verfshren nach Anspruch 7, dadurch gekennzeichnet, dag des organische
Lwsungsmtel sin Keton Iet. 9. Verhahren nach Anspruch 8, dadurch
gesknnzelchnet, daB das Keton Methylethylketon Ist. so      10. Verfahren
zur Heusteilung von Ibuprofen, dadurch gekennzelchnet, daB man
1-(4'-Isobulypheny)- ethanol (IBPE) mit Kohlenmonoxid In dinem sauren
wlsserigen Medium bel elnerTemperatur von wenigstens etwa 10C und elnem
Kohlenmonoxiddruck von wenigstens lewa 500 pal (3447 kPa) und In Gegenwart
sines Katalysators, bestehend im wesentlichen aus elnem
Palladlumwbis(trlphenylphosphin)dlchliorkomplsx, dIhso- zilerten
Wasserstoff- und Chlorldionen aus elnem Chlorwasaarstoff, so daB das
MolverhAltnis der dem ISPE ss  zugesetzten Wasserstofftonen und
Chloridlonen Jewels wenigstens 0,2 betgt, und elner solchen Menge sines
organisochen Lasungsmrttels, dae das Gewichtsverhlltnis von Lsungsmittal zu
IBPE wenigstens etwa 1,5 betrigt, carbonyflert. 11. Verfabren zur
Herstellung von ibuprofen, dadurch gekennzelchnet, dag man zuerst
1-(4-lsobutylphe- nyl)-ethanoi (IBPE) hersteli Indem man Isobutylbenzol
mitelnem Acetylerungsmlttel In Gegenwart sines Frte- 4o
del-Crafts-Katalysators zwecks Blidung von 4-lsobutylacetophenon (IBAP)
umsebzt, dos IBAP mit Wasserstoff In Gegenwart sines
Hydrderungskatalysators oder mit lneam Reduktionsmittel, welches
verffigbaren Wasser- 



stoaf enthilt, zwecks Blidung des IBPE reduzlert, welches sodann nach elnem
Verfahren gemA elnem der AnsprOche 1 bis l In Ibuprofen Gibergef0hrt wifd.
4. Revendldations 1. Proc"d6 de pr6paraffon de llbuprofene comprenant la
carbonylation du 1-(4'4-obutylph6nyl)6thanol Q(BPE) avec du monoxyde de
carbons dane un milie aqueux acids, A une tempirature d'au molns environ so
10oC et une pression de monoxWds de carbone d'au moas environ 600 psig
(3.447 kPa manomltriques), et en ia prisence de (1) un
catalyseurconslstantessentlellementd'un compoas de palladlum dans leque le
pal- ladium a une valence de zero a 2 et est complexb avec au moins un
ligand de monodentate phosphhne stable & racide, miscible avec la phase
organique du milieu r6actionnel, caractr*sW en ce qua Is rapportmolaire
phos- phorelpalladium dans ledit compose de palladium   Is ligand esat dcau
moins environ 2:1 loraque le rapport 5s molaire do palladium sur IBPE sot
tel quo palladium = I et IBPE = 10.000 ou plus et encore caract1ris6 en ce
quo la carbonylation esat sfectuis en ie presence (2) d'ions hydrogine
dissoci~s d'un acide qul eat sensible- ment compiltement ionisable dans une
solution aqususe diluee tails qua le rapport molaire d'ions hydrogene sur
Il BPE ajoute a la zone rdacdonneile esat d'au mois environ 0,15 et le
rapport mohlaire dlon hydrogbnr 23    EP 0 24 310 1                     *
C  L  M  S  * sur l'eau east d'au m ens onviron 0,02B et (3) d'ons;
halognurs dissocies tels quo Is rapport molaire d'lons halogbnure sur
l'IBPE ajoute a la zone reactionnelle eat d'au moins onviron 0,15. 2.
Procode sulvant la revendication 1, caracterise en ce que ledit ligand est
une triorgano)phosphine. 3. Proceid sulvant la revendlcation 2, caracterise
en ce quo ledit ligand eat la triph6nyl phosphine. c      4. Procede
suivant l'une des revendicatlons 1 a 3, caract6risi en ce quo ledit
catalyseur eat un compiexe dichloro palladium bis(triphenyl phosphine). 5.
Procode suivant l'une des revendications I A 4, caractiris en.oce que la
source desdits ions hydrogene et Ions halogenure eat un halogenure
d'hydrogene. 6. Proo6d6 sulvant la revendication 5, caractlris6 en ce quo
ledit halogenure d'hydrogeno est le chlorure iO d'hydrogene ou Is bromure
d'hydrogrne. 7. ProcodA sulvant lune quelconque des revendloations 1 a 6,
caractrise on ce qu'un solvent organique est present pendant ladite
carbonylation, ledit solvent Otant un non-hydrocarbure si ledit palladium
eat ajoutd au systbmo dens un etat de valence ziro. 8. Prooid6 sulvant la
revendlcation 7, caract*ise on ce quo ledit solvant organique est une
cetone. 15     9. Proc6d6 suivant la revendication 8, caract6ris6 en ce quo
ladits c6tone sat la methyithylictone. 10. Procede de preparatbon de
llbuprofene comprenant la carbonylation du 1-(4'-isobutyiphhnyQ)6thanol
(BPE) avec du moxoxyde de carbons dons un milieu aqueux acids, A une
trnperature d'au moins environ 



100C et A une pression de monoxyde de carbono d'au molns environ 500 psig
(3.447 kPa manomntriques), et en la prdsenced'un
catalyssurconsistantessentiellementd'un complexedlchloro
palladium-bis(triph6nyl phos- 2o  phiho), dlons chlorure et hydrogbne
dissocifs du chlorure d'hydrogbne, tob quo le rapport molaire de chacun
desdits Ions chlorure et hydrogeno sur lIBPE ajout east d'au moins environ
0,2, et d'un solvent organique sul- vent une quantitb telle quo le rapport
en paids du solvent sur I'IBPE est d'au moins environ 1,5. 11. Procode de
production de l'lbuprofene dens lequel le 1-(4'-isobutylph6nyl)ethanol
(IBPE) eat d'abord pr6par6 en faisant ragilr I'isobutyibenzene avec un
agent d'acetylation en Ia prisenco d'un catalyseur Frie- as  del-Crafts
pour produire la 44hobutyIac~toxyph6none (IMAP), et en redulsant ledit IBAP
aveoc de rhydronsne on pr6sence d'un catalyseurd'hydrogenation, ou avec un
agent de reductlon contenant de i'hydrogene dispo- nible, pour produfre
I'IBPE, qul est ensultb transforatA en Ibuprofbne par un procede suivant
l'une quelconque des revendlcathons I A 10. 30 35 40 45 56 24    


