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METHOD FOR PRODUCING IBUPROFEN 

FIELD OF THE INVENTION 

This invention relates to an i~proved method for the 

production of 2-(4'-isobutylphenyl)propionic acid, more col1\lnonly 

known as ibuprofen. The invention includes the recovery and 

recycling of noble metal catalyst complexes useful in the 

production method. 

BACKGROUND OF THE IN'VENTIOH 

Ibuprofen is a well-known nonsteroidal anti-inflammatory 

drug which has been converted from ethical, i.e., prescription, 

to over-the-counter status. Various processes are known for the 

...... ,,. production of ibuprofen starting with 4-isobutylacetop'henorie. 

Thus, for example, British Patent No. 971,700 and corresponding 

U.S. Patent No. 3,385,886, both assigned to Boots Company, PLC, 

show the production of arenealkane derivatives such as ibuprofen 

in which the first step of the process is the reaction of a 

arenealkane with acetyl chloride in the presence of aluminum 

chloride to produce an alkylacetophenone which is then subjected 

.·to any of various series of subsequent reactions to produce the 

desired derivative. 
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«-arylpropionic acids, in general, have been formed by 

the carbonylation of the respective arylethyl alcohol. For 

example, :Japanese Kokai Patent No. SHO 55 (19~0)-27147, published 

February 27, 1980 and assigned to Mitsubishi Petrochemical co., 

discloses the formation of ibuprofen by reacting 

1-(4'-isobutylphenyl)ethanol with carbon monoxide and water in 

the presence of a hydrogen fluoride catalyst. Japanese Kokai 

Patent No. SHO 59 (1984]-95238, published June l, 1984 and 

assigned to Mitsubishi Petrochemical Co., teaches the formation 

of alpha-aryl-sutsti tuted propionic acids, where the ··aryl group 

may be a phenyl group containinq at least one alkoxy, arylox-1, 

hydroxy, or amino group as an electron-donor substituent, by 

reactinq a benzyl alcohol derivative, which may be an «-aryl 

substituted ethanol wherein the aryl group is the same as in the 

phenylacetic acid 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 includ~s a comparati~e example in 

which ibuprofen (not included within the invention) is obtained 

in very low yield, i.e., 17.lt, when made utilizing the described 

process. Japanese Kokai Patent No. SHO 59 (1984]~95239, 

published June l, 1984 and assigned to Mitsubishi Petrochemical 

Co., discloses the formation of «-{6-methoxy-2-naphthyl)­

propionic acid by reacting «-(6-metho.xy-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. 

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 

I 
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2-(4'-isobutylphenyl)propionic acid ester by treating 

1-(4'-isobutylphenyl)ethanol (IBPE) with carbon monoxide in a 

solution ~ontaining an alkanol and a catalyst such as palladium 

bis(triphenylphosphine) dichloro complex. The solution may also 

conta1n up to 10\ of a minera~·acid such as hydrogen chloride. 

British Patent l,565,2J5, assigned to Mitsubishi 

Petrochemical Co. discloses a process for producing alpha-aryl­

propionic acids which have an anti-inflammatory, analgesic or 

antipyretic effect. The process comprises reacting an 

arylethylene vith carbon monoxide under pressure in the presence 

of a carbonylation catalyst and in the presence of water and/or a 

lover alcohol to carbonylate the arylethylene to produce the 

alpha-aryl propionic acid. The starting materials for the 

arylethylenes can be prepared such as by the dehydration of 

arylethyl alcohols or by the dehydrohalogenation of arylethyl 

halide~. The arylethylenes can be purified by means of a single 

distillation or recrystallization t~ obtain the products with a 

sufficiently high purity to be used as the start.ing'material for 

the subsequent carbonylation step. 

Baddely et al·., Journal of the Chemical Society, 

4943-4945 (1956), discloses on page 4945 the preparation of 

4-isobutylacetophenone by the Friedel-Craf~s 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-isobutylacetophenone by the acetylation of isobutylbenzene 

using as an acetylating agent acetyl fluoride prepared by 

reacting acetic anhydride ~ith hydrogen fluoride as a catalyst, 

or a combination o! hydrogen fluoride and boron trifluoride as a 

catalyst. 

Methods of preparing ibuprofen are also disclosed in 

EP-A-284,310 and EP-A-337,803. 
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In accordance uith this invention, 2-(~'-iscbutyl-

phenyl)propionic acid, i.e., ibuprofen, is prepared by 

carbonylating l-(4'~isobutylphenyl)ethanol (IBPE) uith carbon 

monoxide while in.contact with an acidic aqueous medium at a 

temperature of at least about lO"C and a carbon monoxide pressure 

of at least about 500 psig, 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 freely 

miscible with the organic phase of the reaction medium, the 

phosphorus/ palladium 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 palladium•l and IBPE•l0,000 or more: 2) 

dissociated hydrogen ions from an acid which is substantially. 

completely ionizable in a dilute aqueous solution, e.g., of O.lN 

concentrati~n, such that the mole ratio of hydrogen ions to IBPE 

added to the reaction zone (H•/IBPE) is at least about. 0.15:.3) 

dissociated halide ions such tha~ the mole ratio of halide ions 

to IBPE added to the reaction zone (X./IBPE) is at least about 

0.15. Although lower hydrogen ion: water ratios could be 

used, the preterred mole ratio ot hydrogen ions to water 

(H3o·;H20), corresponding vith the lr/IBPE mole ratio of at least 

about 0.15, is at least about 0.026. 

The ~erm "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 o! the reaction medium" means that the ligand 

is not complexed vith an insoluble substrate such as a polymer 

which prevents it from being freely mixed in the organic phase. 

The carbonylation reaction proceeds in accordance with 

equation (I): 

CH
3 

CH 3 
Pd cat. f ·~I 

+ _CH 3 CHCHi\~::::~/-CH H , hal. 

0 
II 

- C - OH (I) 
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In carrying out the carbonylation reaction, water may be 

present in an amount, tor example, ot about 10 to 600%, pre!erably 

about 15 "to lOOt, based on the weight of IBPE initially present; 

the temperature o! reaction may be, for example, in the range of 

about 10 to 225"C, preferably about 70 to 175"c; the carbon 

monoxide pressure may be, for example, in the range of about 500 to 

sooo psig, preferably about 700 to 3000 psig; and the total 

reaction time may be, for example, in the range of about 0.1 to 24 

hours, preferably about 1 to 6 hours. 

Some palladium catalysts vhich may be used \lherein the 

palladium is complexed "'ith an appropriate ligand are as follo'-ls: 

bis(triphenylphosphine) dichloro complex, bis{tributylphosphine) 

dichloro complex, bis(tricyclohexylphosphine) dichloro complex, 

pi-allyltriphenylpho~phine dichloro complex, triphenylphosphine 

piperidine dichloro complex, bis(triphenylphosphine). dicarbonyl 

complex, bis(triphenylphosphine) ·diacetate complex, bis(triphenyl­

phosphine) ?inltrate complex, bis(triphenylphosphine) sulfate 

complex, tetrakis(triphenylphosphine) complex, and complexes in 

\lhich some o! the ligands are carbo~ monoxide such as 

chlorocarbonyl bis(triphenylphosphine) complex, all complexes of 

palladium. Also suitable as a catalyst is palladium metal on a 

suitable catalyst support such as carbon, alumina, silica, or an 

inert polymer ~hich can tolerate the conditions o! reaction, 

complexed vith one or more o! 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 o! ligand added is 

preferably sufficient to complex vith the palladium present. such 

that the P:Pd mole ratio is equal to at least. about l:l vhen t.he 

Pd:IBPE mole ratio is at least about 1:5,000. Hovever. vhen the 

latter ratio i.:s such that Pd .. l and IBPE-10, ooo or more {l: 10, oo·o or 

greater than 10, 000), it is necessary to use an excess o.'i: phosphine 

ligand such that the P:Pd ratio is at least about. 2:1. 
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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 1:60,000, especially about 
1:25 to 1:50,000, preferably about 1:150 to 1:30,000, and 

s most preferably about 1:1000 to 1:15,000. In certain 

preferred embodiments, the mo1e ratio of pal_ladium to IBPE 

is such that Pd = l and IBPE = more thafi 20,000, to about 
60,000. It is surprising that such low ratios can be 
employed successfully; moreover, such ratios give rise to 

10 savings in catalyst costs and hence may obviate the need 
to recycle the catalyst complex. 

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 
15 possible to add the hydrogen ions and halide ions from 

separate sources. For example, other acids completely 
ionizable in dilute aqueous solution, e.g., inorganic· 
acids, such as sulfuric acid, phosphoric acid or 

polyphosphoric acid, or organic acids, e.g. sulfonic acids 
20 such as p-toluenesulfonic acid, methanesulfonic acid, or 

trif luoroacetic acid, may be used as the source of 
hydrogen ions. Similarly, other water-soluble and 

ionizable halide compounds, as for example, halide salts 

wherein the cation does not interfere with the reaction, 
25 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, 

30 preferably about 0.3 to 2.0. 

Although not necessary for the operability of the 
process, in some instances, it may be advantageous to .. 
utilize an organic solvent for the reaction. Organic 
solvents which can be used are, for example, ketones such 

35 ~~ 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 preferred if a solvent is 
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used. If the catalytic palladium as added to the system 
is in the metallic or zero valence state (Pd

0

), then any 
solvent used should be non-hydrocarbon. The solvent may 
be present in a weight ratio of solvent to IBPE in the 

5 range, for example, of about O to 1000:1, preferably about 
o to 10:1. 
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An inorganic salt may also be present during the 

reaction. Inorganic salts which may be used are, for example, 

those yi~lding anions comprising oxygen, and sulfur, phosphorus, 

aluminum, or silicon, including such anions as hydrogensulfate, 

pyrosulfate, ortho-phosphate, pyrophosphate, aluminate, or silicate 

and cations such as sodium, potassium, calcium, or magnesium, or 

another cation which does not intertere with the reaction, e.g., 

ammonium or alkylammonium such as tetrabutylammonium. Other 

inorganic salts such as calcium chloride may also be added. The 

inorganic salt, it used, will generally be present at a 

concentration of, for example, about 0.1 to sot, preferably about 1 

to 20% by weight of total charge. 

In addition to those mentioned previously, other 

additives and ligands may be added to the reaction, e.g., 

acatophenone.and substituted acetophenones such as 

p-mercaptoacetophenone. 

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 polymerization inhibitor in the reaction mass. 

Inhibitors which may be used for this purpose include, for example, 

t-butylcatechol, hydroquinone, m-dinitrobenzene, 

N-nitrosodiphenylamine, picric acid, sodium sulfite, hydroquinone 

and the like. If an inhibitor is utilized, it may be incorporated 

in an amount, for example, of about 0.01 to 15%, pref~rably about 

0.1 to 5\ by weight based on the weight of IBPE. 

The IBPE used to produce ibuprofen in accordance with the 

method of this invention may be made by any o! various means. 

Preferably, however, the carbonylation reaction to produce 

ibuprofen is integrated with a method or producing IBPE !rom 

isobutylbenzene wherein the latter compound is subjected to 



Friedel-Cra!ts reaction with an acetylating agent to produce 

4-isobutylacetophenone (IBAP) which is then reduced with hydrcqen 

in the presence o( a hydrogenation catalyst, or with a reducing 

agent containing available hydrogen, to obtain IBPE. 

The fri~del-Crafts acetylation· of isobutylbenzene to 

produce 4-isobutylacetophenone proceeds in accordance vith equation 

(II): 

+ HX 

where X is the residue minus an acetyl group of compounds vhich 

are known acetylating agents. X may be, !or example, hydroxy, 

acetoxy, or halide including chloride, fluoride, or bromide. 

(I I) 

Acetylating agents vhich may be used are for example acetic acid, 

acetic anhydride, acetyl fluoride, acetyl chloride, acetyl 

bromide,· and ketene, which results from the abstraction of HX 

from-the ~oregoing acetylating agents prior to the acetylation 

reaction. The acetylating agent may be used in an amount, for 

example, o! about 1 to 4 moles, preferably about 1.1 to 2.0 moles 

per mole of isobutylbenzene employed. 

The Friedel-Crafts catalyst may be h~drogen fluoride or 

any other catalyst knovn in the art to be effective for the 

Friedel-Crafts ~eaction, e.g., aluminum chloride, zinc chloride, 

or boron trifluoride. In carrying out the reaction, 

isobutylbenzene, acetylating agent, and catalyst, may be charged 

to a corrosion-resistant reactor and the mixture maintained at a 

temperature, for example, of about O to about i2o•c, !or a 

period, for example, of about.0.5 to about 5 hours. The pressure 

is not critical 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 vell-knovn to 

those skilled in the art. In ca-rrying out the reaction, an inert 

gas such as nitrogen may be used to keep su!!icient HF in contact 
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with the reacting liquid. An excess oC HF is generally used, !or 

example, about 10 to 100 moles, pre!erably about 25 to about 75 

moles per mole o! isobutylbenzene initially present in the 

reaction zone. 

The hydrogenation or reduction o! IBAP to form IBPE 

proceeds in accordance \./ith equation (III) \./here 11 (H] •t 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: 

(III) 

The hydrogenation or reduction as sho\./n in equation 

(III) may be accomplished, for example, by contacting IBAP as is 

or dissolved in an appropriate solvent with a hydrogenation 

catalyst in ~he presence of hydrogen. The solvent may be, for 

example~ ~ethanol, ethanol, t-butanol, aqueous alcohol, toluene, 

diethyl ether, tetrahydrofuran, or 1,4-dioxane, and the IBPE: 

solvent weight ratio may be in the range, for example of about 

1:1 to 1:100, "pre!erably 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 other Group VIII B noble metals, e.g., palladium, 

platinum, rhodium, iridium, and ruthenium, and some suitable 

supports are, for example, carbon, alumina, silica, and polymeric 

-resins. The metal concentration on the support in \./eight ratio 

of metal:support may be in the ~ange, ·for example, of about 1:100 

to 1:2, preferably.about 1:50 to 1:10, and the weight ratio of 

catalyst system:IBAP is, for example, in the range of about 1:500 

to 1:2, pre!erably about 1:30 to 1:5. In carrying out the 

reaction, the hydrogen pressure may be in the range, for e~ample, 

of about 10 to 1200 psig, preferably about 75 to JOO psiq: the 

reaction temperature may be in the range, for example, or about 
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10 to iso·c, pre!erably about 20 to so·c; and the reaction ti~e 

may be in the ranqe, for example, of about 0.25 to 10.0 hours, 

preferably about 1.0 to 4.0 hours. Under some conditions, the 

addition ot a base or passivation of the reactor vith base, may 

be desirable to prevent hydroqenolysis. 

Alternative to the hydrogenation reaction as described, 

the reduction reaction shovn in equa~ion (III) may be 

accomplished, tor example, by slovly adding to a cooled solution 

of IBAP in an alcohol, e.g., methanol, ethanol, or t-butanol, c= 

an ether such as tetrahydrofuran or diethyl ether, a reducing 

agent containing available hydrogen, e.g., sodium or potassium 

borohydride or lithium aluminum hydride. The solution may then 

be warmed to room temperature and heated at reflux, e.g., for a 

period of about o.s to 3.0 hours. 

In the carbonylation of IBPE to ibuprofen, it would ce 

vorthvhile to recover and recycle the palladium catalyst complex 

in relatively pure form !rom the ibuprofen reaction products, in 

viev Qf the cost ot the carbonylation catalyst. similarly, it 

would be highly advantageous to maintain high conversion, high 

selectivities and high yields.even after recycling the catalyst 

several times; "It vould also be useful to recover the catalyst 

by means ~hich does not degrade or decompose the catalyst. 

Recovery and recycle o! a sufficiently pure palladium catalyst 

has been attempted in other chemical industry processes vith 

limited success; the recovery being dependent on the particular 

variables of the process involved. Typically, a suf!icient 

amount o! a catalyst sludge is eventually formed and is returned 

to the reactor, see U.S. 3,455,989. As disclosed in u.s. 

4,0lJ,583, a palladium complex catalyst used in the 

carbonylatlon, hydrorormylation and hydrogenation of olef ins was 

recovered and regenerated. Recovery of the palladium 

carbonylation catalyst vas achieved by dispersing the liqand­

stabil ized palladium halide catalyst in quaternary ammonium, 

phosphonium or arsonium salts of trihalostannate or 

--·------------
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trihalogermanate. Ho~ever, the palladium catalyst recovered then 

contained the stannate or germanate component. 

It has now been discovered that in the carbonylation of 

1-(4-isobutylphenyl)ethanol (IBPE) to 2-(4'-isobutylphenyl)­

propionic acid, i.e., ibuprofen, in an acidic aqueous medium, the 

carbonylation catalyst consisting essentially of palladium 

halide, complexed with a triorganophosphine ligand, can be 

precipitated from the reaction products in substantially pure 

form and recycled directly to the carbonylation reactor. 

Precipitation ot the catalyst is not induced by the addition of 

extraneous agents as in U.S. 4,013,583, 'Which agents may 

adversely effect catalysis and the nature of the product formed. 

In accordance with the present invention, the pallad_ium 

complex catalyst used in the carbonylation of IBPE to ibuprofen 

according to equation (I) is precipitated in substantially pure 

form and can be collected tor recycle to the carbonylation 

reaction. It is believed that the unique mixture of carboxylic 

acid~ including ibuprofen in the product, and the remaining 

organic medium such as solvent allows for the formation and 

ultimate precipitation at.the phosphine ligand-stabilized 

palladiUlll complex catalyst without the addition ot a separate 

complexing agent which may alter in a significant way the 

chemical composition of the catalyst complex. 

Upon completion of the carbonylation reaction such as 

by equation (I), a reaction product is formed which contains two 

separate liquid'phases. The heavier aqueous phase contains the 

dissociated hydrogen and halide ions while the lighter organic 

phase contains the ibuproten product, organic by-products, any 

solvent and the soluble palladium complex catalyst. To recover 

the catalyst, the aqueous and organic phases must be separated. 

Separation o! the phases can be done by well-known techniques 

such as by decantation !rom a separatory funnel and the like. 

If the phases are not well de!irred on completion of the 

carbonylation reaction, an organic solvent can be added to 
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improve phasing. For example, in a reaction medium ~hich 

contains a ketone solvent such as methyl ethyl ketone, the 

addition ·at ethyl acetate has been found to greatly improve the 

phase separation between the aqueous and organic phases. The 

amount of phasing organic solvent added to enhance phase 

separation can vary widely but, will typically range from about 

0.1 to 10 parts volume per part volume of liquid reaction medium. 

The aqueous phase once separated can be returned directly to the 

carbonylation reactor, any suspended metallic Pd 0 remaining in 

the aqueous phase after precipitation of the palladium catalyst 

complex can be recovered by filtration of the aqueous phase •. 

If a solvent has not been used in the carbonylation 

reaction, the phosphine ligand-stabilized palladium catalyst will 

precipitate out of the organic phase in essentially pure form. 

This precipitate can be collected and recycled directly to the 

carbonylation reactor. No treatment of the catalyst precipitate 

is needed prior to recycle. 

If a solvent has been used in the carbonylation 

reaction, the solvent must be removed before precipitation takes 

place. Removal ot solvent from the organic phase can be done in 

various ways such as by extraction or by distillation. Further, 

certain solvents useful in the carbonylation are good 

coordinating solvents and serve as ligands which form a"tightly 

bound complex w-ith the palladium catalyst. Ketones are examples 

of good coordinating solvents. Thus, if a coordinating solvent 

has been used, a noncoordinating solvent can be added to 

disengage the coordinating solvent from the palladium phosphine 

complex catalyst. Upon addition of the noncoordinating solvent, 

the palladium phosphine complex catalyst precipitates from the 

organic phase. The amount of noncoordinating solvent added to 

precipitate the palladium complex will also vary widely depending 

on the solvents used during the carbonylation. In general, about 

0.1 to 10 parts volume of noncoordinating solvent per part volume 

of organic phase will disengage the solvent ligand and provide 
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!or precipitation of the palladium-phosphine complex catalyst. 

An example ot a useful solvent which coordinates with the 

palladiu~ complex catalyst is methyl ethyl ketone. Examples of 

noncoordinating solvents include esters such as ethyl acetate; 

nonaromatic hydrocarbons such as hexane and heptane; and aromatic 

hydrocarbons such as benzene and toluene. The addition of ethyl 

acetate to the organic phase containing the methyl ethyl ketone 

initiates precipitation of the ·phosphine ligand stabilized 

palladium halide complex catalyst at about 70"C to SO'C. In each 

case, whether or not a coordinating solvent is present or whether 

the solvent is removed or a noncoordinating solvent is added, the 

palladium halide complex catalyst typically can be precipitated 

over a temperature range of about o•c to ioo•c with a preferred 

temperature range of 2s·c to 90°C and thus, some cooling may be 

required. 

carbonylation of IBPE to ibuprofen with the recycled 

aqueous phase and palladium catalyst does not require any change 

in process conditions. It is only necessary to add make-up 

hydrogen and halide ions to the aqueous phase and provide for 

make-up catalyst. It has been found that about 90% ot the 

palladium catalyst will precipitate and can be recovered for 

recycle. 

Thus, in accordance with the present invention, 

ibuprofen is prepared by carbonylating 1-(4'-isobutylphenyl)­

ethanol with carbon monoxide under the process conditions set 

forth above, in which the carbonylation catalyst is palladium 

halide complexed with triorganophosphine. The carbonylation 

reaction takes place at a temperature of at least about io•c and 

a carbon monoxide pressure of at least about 500 psig and in the 

presence of l) the palladium complex catalyst; 2) dissociated 

hydrogen ions such that the molar ratio of hydrogen ions to IBPE 

added to the reaction zone is at least about 0.15; J) dissociated 

halide ions such that the molar ratio of halide ions to IBPE 

present in the reaction zone is at least about 0.15 and 4) 



-111--

optionally an organic solvent. Upon completion or the reaction, 

two phases are formed, an aqueous phase containing the 

dissociated hydrogen and halide ions and an organic phase 

contairiing the ibupro!en, byproducts and solvent, if used. The 

aqueous phase is removed by kno~n separatory techniques and 

returned to the reactor •. Upon removal of any solvent from the 

organic phase, the palladium halide complex catalyst precipitates 

from the organic phase in substantially pure !orm and can be 

collected and recycled directly to the carbonylation reactor. 

Q.ESCRIPIION OF PREFERBEO EMBODIMENTS OF THE INVkNTION 

Examples l to 105, which follow, illustrate the method 

of the invention related to the overall improved method for 

production o! ibuprofen. Comparative Examples A to L illustrate 

conditions and results wherein at least one condition is outside 

the scope of the invention. 

Example l illu~trates the production of IBAP by the 

Friedel-Crafts acetylation ot isobutylbenzene with acetic 

anhydride as acetylatinq agent ln accordance with equation (II), 

wherein X is acetoxy. 

Example l 

Isobutylbenzene (254 g, 1.9 mol) and acet~c anhydride 

(385 g, 3.8 mol) were added to a Hastelloy c autoclave which was 

then cooled to s•c and evacuated (150 llUll HgA). Anhydrous 

hydrogen fluoride (1877 g, 94 mol) was added and the contents of 

the autoclave were warmed to ao•c !or 3 h. The hydrogen fluoride 

was vented through a caustic scrubber using a nitrogen sparge. 

The contents ot the autoclave were poured onto ice, neutralized 

to a pH ot 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 crude product. The reaction was determined by gas-liquid 

chromatography (GLC) to have proceeded with 85\ conversion of 

isobutylbenzene and 81\ selectivity to IBAP. 
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Example 2 illustrates the production ol IDPE by the 

hydrogenation oC IBAP using palladium ~uppcrtcd on carbon as a 

hydrogenation catalyst in accordance ~ith equation (III), and 

employing methanol as a solvent. 

Exam"Qle 2 

A 300 cc stainless steel autoclave was charged vith 

4-isobutylacetophenone (IBAP) (35.2 g, 0.2 mole), 100 ml of 

methanol, and 5 9 o! S\ palladium/carbon catalyst. The contents 

ot the autoclave were war.ned to Jo·c under 100 psig of hydrogen 

for l h. The resulting mixture vas filtered and the methanol ~as 

removed on a rotary evaporator. The reaction vas determined by 

GC to have proceeded with 99.S\ conversion of IBAP and 96.6\ 

selectivity ~o IBPE. 

Example 3 shovs the production of IBPE by the 

hydrogenation of IBAP using a procedure similar to Example 2 

except that no solvent vas employed. 

txamo le . 3 

·A 500 cc reactor vas charged vith IBAP (225 g, l.26 

mol), 5\ Pd/C (10 g, 4.7 lD.lllol), and 2N NaOH {0.2 ml). The 

autoclave vas purged three times vith N2 (lOO psig) and twice 

vith 100 psig -H2 • It vas pressured to 125 psig vith H2 and the 

contents voro stirred at room temperature until H2 absorption 

ceased. The catalyst vas !iltered using a small column o! 

celite. GLC analysis o! the crude mixture shoved 92\ IBPE and 

6.2\ l-(4 1 -isobutylphenyl)ethane. The mixture \las puri!ied by 

distillation under reduced pressure (bp~ as-as·c at 0.5 ll1lll HgA) 

to give 96-97\ pure IBPE. 

Example JA illustrates the production o! IBP£ by the 

hydrogenation o! I8AP in Accordance vith equation (III), using 

Raney nickel.as hydroqenAtlon catalyst, and in the Absence of a 

solvent. 

Exampl~· 3h 

A 500 cc stainless steel '.'autoclave ·...;'1s cha:-g'?d ·..rith 

IB.t\P (225 q, 1.26 mol) and Raney nicitcl (22.~ ·; 0.)0 ::tol). The 
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reactor was purqed three tiraes with Nz (100 psiq) and t~ice with 

100 psiq Hz· It \.las pressured \.lith Hz at 70'C until H2 absorption 

ceased (about J hours). The resultinq mixture vas riltered. GLC 

analysis of the crude mixture indicated >99% IBPE conversion with 

selectivities of 98% and 1.5% to IBPE and 1-(4'­

isobutylphenyl)ethane respectively. 

Examples 4 to 98 illustrate the inventive method for 

producing ibuprofen by the carbonylation of IBP£ while Examples A 

to L are outside the scope of the invention. 

Examples 4 anQ....2 

1-(4'-Isobutylphenyl)ethanol (IBPE) (10.0 g, 56.0 

mmol), PdCl2 (P~h3h (260 mg. O. 37 mmol), 10% HCl ·(25 g, 68 mmol 

HCl, H3o•;H20a0.055) and benzene (27 ml) were charged to a JOO cc 

Hastelloy c autoclave vhich vas seafed and purged tvice t.1ith N2 

and co. The autoclave was pressured to 800 psig vith co and the 

contents vere heated to. l25-129•c for 16 h (Example 4), or 6 h 

(Example S)~ vith stirring. The autoclave vas cooled to room 

temperature, vented of co, and the sample vas collected. The 

organic layer vas separated !rom the aqueous layer vhich was 

washed with ethyl acetate (75 ml). The organic fractions vere 

combined, dried over anhydrous sodium sulfate, and concentrated 

under reduced pressure to give a greenish oily product. 

txamoles 6 to 1~ 

The procedure of Examples 4 and S was folloved except 

that 11 rnmol each o! fused potassiwn hydrogen sulfate (Example 

6), sulfuric acid (Example 7), polyphosphoric acid (Example 8), 

11 mmol of. potassium hydrogen sulfate and 0.6 mmol o! 

tetrabutylammonium hydrogen sulfate (Example 9), or 8 mmol of 

calcium chloride (Example 10), vere also charged to the autoclave 

and 27 ml o! methyl ethyl ketone in place o! benzene in Example 

10. In addition, 2.8 1:1.mol o! acetophenone vere also added in 

Examples 7, a and 9, and 0.3 ll'IJnol of t-butylcatechol in Example 

9. The reaction time ~as 19 h in Examples 6, 7 and 8, and 6 h in 

Ex~~ples 9 and 10. 
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Tho products obtained in Ex~mples 4 to 10 ~ere 

analyzed by GLC (or ibuproCen, 3-(4'-isobutylphenyl)propionic 

acid, which is a linear isomer o! ibuprofen (3-IPPA), 

4-isobutylstyrene (IBS), and·a heavy ends component (HE) which is 

believed to comprise polymers o! 4-isobutylstyrene as well as 

other high boiling compounds. The results are shown in Table I 

wherein "Conv." indicates percent conversion of IBP£ and the 

numbers under the product component designations are percent 

selectivities to those components, vith the symbol "tr•• 

indicating a trace of that component. 

Table I 

Percent Selec~ivity 

Example conv. ' Ibuprofen 3-IPPA IBS HE 

4 98 56 26 tr 4 

5 ·99 56 21 tr 7 

6 99 69 18 0 6 

7 98 69 15 tr 5 

8 99 70 16 0 4 

9 100 67 21 tr 4 

10 99 78 23 tr 4 

~omparative txamples A to f 

These examples illustrate the eftect of not having the 

required quantity of both dissociated hydrogen ions an~ 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 vhich is 

substantially completely ionized in dilute aqueous solution 

(Example E) or not having suf !icient halide ions (Example F) . 

The procedure of Example 6 vas followed except that 

water (25 g) (Examples A to E) or 29\ H2S04 (27 ml) (Exampl~ F), 

was used in place ot 10\ HCl. In addition, no potassium hydroqen 

sulfate was used in Example F; 27 ml ot acetic acid was used in 

place of benzene in Example E; 10 mmol ot lithium chloride in 

Example C, 24 mmol oC lithium chloride in Example D and 69 mmol 



- IS -

oC potassium chloride in Example £ vere charged to the autoclave 

as a source or chloride ions: and 0.3 mmol of t-butylcatechol in 

Examples A to D, 28 lllmol or acetophenone in Examples B and D, and 

J.2 mmol or p-mercaptoacetophenone in Example E, vere also added. 

The reaction times ".lere 6 h in Examples A, E and F, 8 h in 

.Example 8, 7 h in Example c, and 48 h in Example o. The results 

are shown in Table II: 

I~l2h II 

Pet:!;(ent ~eles;:tivit:t 

Example Conv. \ Ibupt:ofen 3-IPPA IBS HE 

A JJ 0 0 8 7 

B 19 tr 0 2 4 

c 64 0 0 7 19 
. :~·--

0 68 J tr 6 37 

E 99 23 54 2 7 

F 97 5 J 12 69 

Th"e results of Table II indicate that a minimum 

quantity ·o! both dissociated hydrogen ions obtained from an acid 

vhich is substantially complet~ly ionized in dilute aqueous 

solution, and halide ions are necessary tor substantial yields of 

ibuprofen, and that reaction times of more than 15 to 20 h vill 

probably not serve to increase the yield. 

E~amples 11 to lJ 

These· examples illustrate the use of sulfuric acid as 

the source of dissociated hydrogen ions instead o! HCl. 

The procedure of Example 6 vas .followed except that the 

10\ HCl was replaced by 40\ sulfuric acid (25 g, 102 llUllol, 

H10./H20•0.l23) in Example 11, or 28.H sulCuric acid (25 q, 71 

mmol, H10'/H10=0.073) in Exacples 12 and 13, and no potassium 

hydroqen sul fat.e ..,as added 1n Examples ll. In addition, 70 mmol 

o! sodiuc chlori~c 'Jere added in Exacple 11, 69 mmol of potassium 

chloride 'Jere added in Exa~ples 12, and 69 r.uuol of potassium 

bromide vcrc added in Exa~plo lJ as sourc~s of halide ions: 25 ml 
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ketone in Example lJ as solvent replacecents ror benzene; and 0.) 

tn.mol o! t-butylcatechol vere added in Example 12, and 2.8 mmol or 

a·cetophenone were added in Examples 11 and 13.. The reaction 

times vere 19 h in Example 9, and 6 h in Examples 12 and lJ. The 

results are shovn in Table III: 

ixample 

11 

12 

13 

C<mv. \ 

99 

96 

99 

Table III 

Percent Selectivity 

Ibu'Qrofen 

70 

42 

69 

J-IPPA 

16 

6 

9 

IBS 

0 

tr 

tr 

HE 

4 

34 

10 

The results of Table III indicate that sulfuric acid is 

a satisfactory source of hydrogen ions, that halide salts are an 

effective source of halide ions and that acetonitrile is a less 

desirable solvent than others because o! its tendency to form 

heavy ends at the expense ot ibuprofen. 

Examples 14 to 17 

These examples illustrate the use o! 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, H3o•/H20•0.044) was used in Examples 14, 

15 and 16 and a 22.7\ HBr (25 g, 70 mmol, H1o•/H20•0.065) was used 

in Example 17 in place of 10\ HCl as a source of hydrogen ions 

and halide ions1 methyl ethyl ketone (27 ml) was used as solvent 

in Examples 16 and 17: 3.0 1DJ11ol of t-butylcatechol was added in 

Example 14 and J.2 mmol ot p-mercaptoacetophenone 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: 

--~---------
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Ia bl~ IV 

eei:ceot Selectivity 

Example Conv. l Ibuprofen 3-IPPh IBS· HE 

14 100 85 8 tr 5 

15 99 59 J lJ 10 

16 100 62 14 0 6 

17 100 69 8 tr 12 

The results o! Table IV indicate that HBr is a 

satisfactory source of hydrogen ions and halide ions for purposes 

of this invention. 

Example 18 

The procedure of Example 17 was followed except tha~ 

J4 g of 24\ methanesulfonic acid {H3o·;H20=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 vas 99\ and the 

selectivities of the product components were ibuprofen 71\, 

3-IPP~ 13\, IBS "tr", and ·HE 8\. 

The resuits. of this example.indicate that 

methanesulfonic ac'id is .a·satis!ac;:tory source o! dissociated 

hydrogen ions. !or purposes of this invention. 

Examples 19 .to 22 

These examples.illustrate the use of various additives 

to the reaction·system, as discussed previously. 

The procedure of Example 6 was followed except that 

0.3 nunol of t-butylcatechol was adde~ in Examples 19, 20, 21, and 

22, 2.8 mmol of acetophenone in Examples 20, 21, and 22, and J.2 

JnJDol of p-mercaptoacetophenone 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 shovn in Table V: 
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I~bh v 

~e:r:c~at seles;;tivi~y 

Examt!l~ ~onv. i Ibu12r2t:ea 3-IEfll Ias H:t; 

19 98 49 20 0 6 

20 98 74 7 0 4 

21 98 69 5 0 3 

22 100 82 4 tr 8 

Examples 23 to 30 

These examples illustrate the use of different solvents 

in the method of this invention. 

The procedure of Example 6 was folloved 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 g of 10% .HCl was used in Example 25. In addition, 0.3 nunol of 

t-butylcatechol were added in Examples 23 to 25, 29 and 30, 2.a 

mmol.of acetophenone were added in Examples 23 to 25 and 30, and 

3.2 mmol of p-mercaptoacetophenone were added in Examples 26 and 

27; and the reaction times were 6 h in Examples 23 to 29 and 19 h 

in Example JO. The results are shovn. in Table VI: 

Table VI 

Percent Selectivity 

·Example Conv. \ Ibuprofen 3-IPPA IBS HE 

23 99 43 16 tr 20 

24 99 56 14 tr 9 

25 99 76 12 0 11 

26 99 65 13 l 18 

27 99 75 21 tr 4 

28 99 72 18 tr 6 

29 97 48 7 tr 40 

30 95 26 9 tr 47 

ii iii if 
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The results o! Table VI indicate that a variety of 

solvents can be used in the method o! this invention. However, 

ketones and cyclic ethers appear to result in higher yields of 

ibuprofen than acetonitrile which tends to cause the formation of 

a larger amount ot heavy-ends than the other solvents. 

comparative Example G 

This example illustrates the effect of reducinq 

reaction pressure below the minimum required by this invention. 

The procedure of Example 6 was followed except that the 

reaction was charged with 400 psig of co at room temperature. In 

addition J.2 mmol ot p-mercaptoacetophenone was added and the 

reaction time was 6 h. The conversion o! IBPE was 97~ and the 

sele~tivities ot the product component were ibuprofen 20%, 3-IPPA 

3%, !BS 24% and HE 19%. These results indicate that using a 

pressure below 500 psiq results in a substantial reduction in the 

yield of ibuprofen and an increase in the formation of 

4-isobutylstyrene. 
Examples Jl and 32 and 

Comparative Examples H to J 

These examples illustrate the effects of varying the 

composition o! the catalyst. 

The procedure of Example 16 was followed except that 

the reaction time was 6 h in Examples 31, 32, I, and J, and 4.5 h 

in Example H; the catalyst was 0.44 mmol of PdCl2 and 1.9 llllllOl of 

triphenyl phosphine (PPh3) added separately in Example 31, 0.37 

m.mol of the complex ot Example 4 and 0.7 mmol ot PPhJ added 

separately in Example 32, 1 q of 5~ palladium supported on carbon 

without any phosphine ligand in Example J, and 8.4 111mol of PdC12 

without any phosphine ligand in.Example I. No catalyst at all 

was used in Example H. In place of HBr, 25 q of lOt 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-mercaptoacetophenone were added in 

Example J. The results are shown in Table VII. 
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Table VII 

fers;;ent Sel~ctivity 

f;~am12l~ ~onv. ~ Ibu12x:oten J-U~f~ :rn~ HE 

31 99 62 19 tr 11 

32 99 51 20 tr 10 

H 72 0 0 44 38 

I 96 tr 0 86 13 

J 94 25 2 14 17 

The results of Table VII indicate that the phosphine 

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 r~sults of 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. 

Examples 33 and 34 

The procedure Of Example 16 was followed except that 

the reaction time was 6 h and the reaction temperature was 150°C 

in Example 33 and lOO"C in Example 34. The results are shown in 

Table VIII. 

i:;xample 

33 

34 

Conv .. 1 

99 

99 

Table VIII 

Percent Selectivity 

Ibuprofen 

75 

69 

3-IPPA 

18 

11 

IBS 

tr 

tr 

HE 

6 

8 

Examples 35 to 38 illustrate the employment of operable 

co pressures higher and lower than that employed in the previous 

examples. 



~xamples JS to J6 

The procedure of Example 16 was followed except that 

the pressure was varied in each example. The pressures employed 

and the results obtained are sho'Jll in Table .IX. 

Table IX 

Percent Selectivitv 

~~amph EX:!il:ZSUX:!il I gsig ~QDV· I i I!2UJ;![Q(!ilD J-Xff~ :xas 
JS 1200 99 71 12 0 

36 1000 99 69 16 0 

37 700 99 74 12 tr 

38 600 99 58 16 tr 

Exa~ples 39 to 41 illustrate the recharging of 

additional quantities of IBPE after the initial reaction is 

commenced. 

Example 39 to 41 

Ht; 

9 

4 

11 

13 

The procedure of Example 16 was follo.,,.ed except that in 

Example 39, 27 ml of acetone rather than methyl ethyl ketone ~as 

used as solvent, and after the addition of the in~tial 56 JnJDOl of 

IBPE, 196.8 llllDOl 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 l h period after the 

introduction of the initial 56 mmol, and the total reaction ti~e 

was 6.5 h. Example 41 was similar to Example 40 except that the 

solvent was 27 g of acetone and the total reaction time was 7 h. 

The results are shown in Table x. 

~xample 

39 

40 

4l 

Conv., \ 

99 

99 

99 

Table X 

Percent Selectivity 

Ibuprofen 

48 

80 

73 

3-IPP}. 

16 

. 19 

20 

IBS 

18 

tr 

2 

HE 

9 

5 

13 

The results of Examples 39 to 41 indicate that after the 

initial charging ot IBPE, an additional quantity of IBPE may be 

added to the reaction, without reducing the yield of ibuprofen to 

an undesirably low level. 
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Exampl~s 42 to 50 

These examples illustrate the production of ibuprofen by 

t~e carbonylation of IBPE with different loadings of PdCl 2 (PPh3 ) 2 

as catalyst relative to IBPE, and with varying co pressures. 

The examples were carried out using a 300 ml autoclave 

to which were added 112 rnmol of IBPE, 54 ml of methyl ethyl 

ketone (MEK) as added organic solvent, 50 g of 10\ aqueous HCl 

(resulting in constant mole ratios of a•;1PBE~1.22 and 

H3o•;H2o-o.055), and varying amounts of catalyst. The autoclave 

was pressured with co to a level sufficient to result in the 

targeted reaction pressure at the temperature of reaction. The 

contents were then heated to such temperature which in these 

examples was i2s·c and co was fed to the reactor 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 mil~imoles 

(Cat.), the resulting mole ratios of palladium to IBPE (Pd:IBPE) 

and ~eaction times and pressures as well as the results of the 

reaction in terms of percent !BPE conversion (Conv.) and percent 

selecti~ities to ibuprofen (!BU}, J-(4'-isobutylphenyl)propionic 

acid (J-IPPA); 4-isobutylstyrene (IBS) and heavy ends (HE), are 

shown in Table XI. These results and those·of subsequ~nt 

examples were determined by GLC which are susceptible to errors 

of about ±Si. This explains why some individual selectivities 

and/or the sums of selectivities in some examples are above 100\. 

----~----
\iii if 



taple XI 

Cat. Ti111e, Press., . Conv., Percent_ -5electivitv 

Example mmol Pdi IBPE b osig \ IBU 3-IPPA IBS HE 

42 0.185 1:605 6 1000 99 89.7 7.6 <l 7.2 

43 0.185 1:605 6 1000 99 98.4 7.3 <l J.O 

44 0.076 1:1474 3 1000 96 76.2 0.76 l4 .8 3.8 
~ 

45 0.095 1:1179 3 1000 99 83.3 1.8 4.2 3.2 (}' 

) 

46 0.076 1:1474 3 1300 98 79.2 0.6 8.3 3.6 

47 0.076 1:1474 3 1500 98 78.6 0.6 9.1 3.6 

48 0.076 1:1474 3 2000 99 87.9 0.7 o.8 0.7 

49 0.076 1:1474 3 2000 99 96.6 0.9 0.4 l.4 

-~ I . 
I 50 0.076 l: 1474 J 3100 99 99.l 0.7 O.l l. 0 

II> I 

~ 
() 

----a 
::i:: 
~ 

~o:i 
() 

~g 
~ 

ii3ij! 
--=§ 

Q. 



- 2 7-

Examples 51 to 61 

These examples illustrate the employment o! varying 

ratios o! hydrogen ion and palladium to IBPE in the production of 

ibuprofen by the carbonylation ot IBPE. 

The general procedure ot Examples 42 to so was followed 

using 54 mL of MEK as added organic solvent and varying amounts 

of IBPE and catalyst, either 25 g of 20\ HCl (H3o•;H20•0.124) or 

so g of 10\ HCl (H3o•;H20•0.055), and varying pressures and 

reaction times. Reaction conditions and results are shown in 

Table XII. 

---
1iiiif 



Table XU 

IBPE, HCl, H+/ Cat., Ti~e, Press. Conv., Percent Sele~tivitv 

~ple mmol. \/g IBPE mmol Pd:IBPE h psig t IBU 3-IPPA IBS HE 

51 112.0 20/25 1. 22 0.076 1:1474 J 2000 97 89.0 0.5 l. l 1. 2 

52 224:0 20/25 0.61 0.173 1:1295 2 1850 99 96.8 1. 6 0.2 0.6 

SJ 336.0 20/25 0.41 0.260 1:1292 2 1750 99 97.3 2.3 0.1 0.9 

54 336.0 20/25 o. 41 0.260 1:1292 2 2000 99 92.9 l.. 6 0.1 0.6 i 
N 

55 168.0 10/50 0.82 0.076 1: 2211 3 2000 94 4 i. 9 0.3 29.9 9.6 cc 

56 224.0 10/50 0.62 0.185 1:1211 2 2000 99 101. 3 1. 5 0.2 l. 4 

57 336.0 10/50 0.41 0.260 1:1292 2 4750 84 60.2 0.5 1. 2 4 8. 6. 

58 336.0 10/50 0.41 0.260 1:1292 2 2000 93 73. 7 2.1 0.6 21. l 

59 336.0 10/50 0.41 0.260 1:1292 2 3100 99 92.l l. 7 0.1 l. l 

60 336.0 .l0/50 0.41 0.260 1.: 1292 2 3000 94 74.6 l. 2 0.9 17.8 

61 336.0 10/50 0.41 0.260 1:1292 2 4550 99 102.J l. 2 0.4 2.9 
I 

~ --· -cn ==r.l.l :::r 
=8. 

::c: 
f}l 

_·c::i 
R -= 
::= -ti! 

2. 
-§ 

Q. 



~ples 62 to 66 

These examples illustrate the production of ibuprofen 

by the c~rbonylation of IBPE without the employment of any added 

organic solvent. 

The procedure o! Examples 42 to 61 was followed using 

336.0 mmol of IBPE, either 25 g Of 20\ HCl (H./IBPE=-0.41, 

H3o•/H20=-0.124} or le\ g of 36\ HCl (W/IBPE ... 0.41, H3o•;H20=-0.278}, 

o.260 minol ot catalyst (Pd:IBPE=-1:1292}, and no added organic 

solvent. The reaction temperature was 125"C and the reaction 

time was 2 hours. Other reaction conditions and results are 

shown in Table XIII. 

HCl, 

Example %/g 

62 20~25 

63 20/25 

64 20/25 

65 36/14 

66 36/14 

Table XIII 

Press., conv. Percent Selectivity 

psig 

2000 

2000 

3000 

2000 

2000 

98 

99 

99 

99 

99 

IBU 3-IPPA 

41.l 1.7 

94.8 3.l 

62.8 1.8 

52. 2 2. l 

77.9 2.9 

txamples 67 to 70 

IBS 

1.4 

0.2 

l. l 

2.1 

1.4 

HE 

38.2 

1.2 

25.1 

20.2 

9.2 

These are additional examples illustratinq the 

suitability ot 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 

usin~ varying amounts IBPE and MEX solvent (including none), 

16.2% HBr (H30./H20•0.043) or 20~ HBr (H10·1H20=-0.056) and 

catalyst. The reaction temperature was 125"C. The conditions of 

rea·ction and results are shown in Table XIV. 



~~ameh 

67 

68 

69 

70 

;! 
-E;;· 
iiimiiiioo 
-[ 
iiimiiii::i:: ===I}? 
=~ 

-9 

IBPE MEK, 

mm21. mL 

56.0 27 

112.0 54 

:)36.0 0 

336.0 0 

Table XIV 

HBr, H+/ Cat., Pd: IBPE 

lLg I De~ -~l 

16.2/25 0.89 0.37 1:151 

16.2/50 0.89 0.076 1:1474 

20/55. 5 0.41 0.260 1:1292 

20/55.5 0.41 0.260 1:1292 

" 

Time Press. Percent Selectivitiv 

h 12§ig IIUl J-n~eta IQ~ Ht; 

6 1000 69.3 24.4 <l 11.8 

3 1000 78.0 9.7 - 6.2 I.>' 
0 

2 2000 68.7 2.1 o. 3 12.l I 

2 2000 80.7 2.4 0.2 4.3 
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Examples 71 to 75 

These examples illustrate the method under the invention of 

making itiupro!en by the carbonylation of IBPE using at least one 

specit'ic condition which is somewhat different than those shown 

in Examples 42 to 70 including a reaction temperature of l4o•c 

(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 

(H3o•;H20•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 described in the preceding 

paragraph. such conditions and the results are shown in Table 

xv. 

·--·-----· 



IBPE 

Exarni:>le _mmol._~ __ 

71 

72 

7J 

74 

75 

;i 
-c;;;· 

Cl.> -r. 
f 

=~ -g -= 
-~ 
-'2. 

~ . a. 

JJ6,0 

336.0 

336.0 

132.4 

132. 4 

Solvent 

ml 

KEK/54 

MEK/54 

KEK/54 

DIOX/93 

DIOX/93 

IA12l§ 2'!£ 

HCl H+/ Ca.t., Pd: 

ll'.g IIU~f.: Jll.lll2l IIU~f.: 

20/25 o. 41 0.260 1:1292 

20/25 o. 41 0,260 1:1292 

20/10 0.16 0.260 1:1292 

11/9 0.20 0.188 1:704 

11/9 0.20 0.188 1:704 

Temp., Time, Press. , Conv. , 

• s:: b 12~ig 1 

140 2 2000 97 

140 2 2000 99 

125 2 2000 94 

125 6 1000 99 

125 6 500 99 

Percent Sel~vitv 

IIH.! l-IeeA I~~ !if.: 

69.9 0,7 0.6 4. 7 

95,5 2.5 0.1 0.5 

85.0 l. l 2.6 5. 7 

82.8 l.O 0.2 0. l 

42.6 1.9 0.2 0.2 

I 

~ 
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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 

higher mole ratios of Pd to phosphine ligand and concentrations 

of HCl as low as 5% (H1o•;H20 .. 0.026). 

The general procedure of Examples 42 to 70 ~as followed 

in a 4 liter autoclave using HCl as the acid and MEK as solvent 

or no solvent, except that the catalyst vas added as separate 

quantities of palladium dichloride, PdC12 and triphenylphosphine, 

PPh3, such that the Pd:P ratio vas varied within the disclosed 

limits. The specific conditions of reaction, including the mole 

ratios of palladium to phosphine to IBPE (Pd:P:IBPE), are shown 

in Table XVI. 



Table XVI 

IBPE HEK, HCl, W/ PdC1 2, PPhl, Temp. Time Press. Conv. P~rcent Selectivi~y 

Exp) mmol ml \Lml IBPE mmol mmol Pd;P;IBPE' 'C h;inin psig % !BU J-IPPA IB? II& 

76 1685.0 840 10/750 1.3 2.8 . 8.6 1:3:602 lJO 0.50 1000 99 92.l 7.7 <l 1.4 

77 

78 

79 

80 

81 

82 

SJ 

84 

85 

86 

87 

88 

89 

90 

91 

92 

9J 

94 

95 

96 

97 

98 

1685.0 

JJ70.0 

JJ70.0 

3370.0 

5056.0 

5056.0 

6742.0 

6742.0 

674~.o 

8426.0 

8427.0 

9831.0 

2247.0 

2247.0 

2247.0 

2247.0 

2247.0 

2247.0 

2247.0 

5056.0 

5056.0 

~056.0 

840 l0/750 1.3 2.8 

840 10/750 0.7 2.8 

840 20/375 0.66 2.8 

420 20/375 o.66 2.8 

0 20/375 0,44 2.8 

0 20/375 0.44 2.8 

0 20/525 0.47 4.0 

0 20/525 0.47 4.0 

0 20/525 0.47 2.3 

0 20/525 0.38 2.8 

0 36/525 0.74 2.8 

0 36/300 0.36 3.4 

880 20/190 0.51 0.90 

1670 5/300 0.20 0.90 

1670 5/300 

1000 20/75 

1220 5/750 

770 . 5/300 

1900 20/75 

0 20/530 

0 20/530 

0 9/1230 

0.20 

0.20 

0.48 

0.20 

0.20 

0.63 

0.63 

0.62 

0.9 

9.0 

9.0 

9.0 

0.90 

2.54 

2.54 

2.54 

8,6 

8.6 

8.6 

8.6 

8.6 

8.6 

12.0 

12.0 

9.5 

8.8 

8.8 

10.3 

9.2 

9.2 

9.2 

90.5 

90.5 

17.9 

1.9 

1.9 

67.7 

C.8. 7 

1:3:602 lJO 

1:3:1204 . 130 

1:3:1204 lJO 

1:3:1204 130 

1:3:1806 150 

1:3:1806 130 

1:3:1686 130 

1:3:1686 130 

1:4:2931 130 

1:3:3010 130 

1:3:3010 130 

1:3:2891 130 

1:10:2497 150 

1:10:2497 150 

1:10:2497 

1:10:250 

1:10:250 

1:2:250 

1:2:2497 

1:2:2497 

l: 27: 1991 

1:27:1991 

150 

iso· 
130 

130 

130 

130 

130 

lJO 

1:20 

1:35 

1:30 

1:20 

0:40 

2:45 

2:30 

2.0 

2:10 

2:45 

2:15 

J:O 

2:15 

2:35 

2:30 

3:0 

2:15 

2:00 

5:00 

5:00 

3:00 

J:OO 

1000 

2000 

2000 

2000 

2000 

2000 

2000 

2400 

2400 

2400 

2400 

2400 

1000 

1000 

1000 

2000 

2000 

1000 

2000 

2000 

2000 

2400 

99 

98 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

98 

98 

99 

99 

98 

99 

99 

99 

99 

78.7 

89.6 

93.9 

92.8 

83.4 

80.2 

85.3 

93.5 

91. l 

86.4 

89.3 

86.2 

89.9 

55.9 

74.8 

57.9 

·69.4 

71.2 

75.6 

56.9 

76.l 

68.2 

8.7 

2.2 

2.3 

2.9 

4.9 

3.6 

4.J 

4.0 

3.1 

2.1 

l. 0 

1. 3 

4.5 

4.7 

6.2 

21. 6 

22.0 

21.3· 

0.2 

0.2 

13. l 

19.6 

<l 

0.2 

0.2 

0.2 

0,J 

l. 2 

0.3 

o. l 
0.3 

0.2 

0.4 

0.2 

0.2 

7.1 

9.1 

l. 0 

0.9 

l. 3 

l. 2 

0.6 

0.7 

o.a 

2.0 

0. l 

0. 1 

0. l 

0. l 

3.9 

J. J 

l. l 

l. 6 

1. 5 

l. 5 

0.7 

2.0 

7.2 

l. 0 

lJ. 7 

4 • 4 

7.6 

9.2 

14. 5 

0. l 

9. 4 

I 

vJ 

f 

-~ 
~ 
::l" g -r 

~IP .. g 
- = ---....!iO 

(D 

.- 'E. 
--=§ 

Q. 
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Examples 99 to 10~ 

These examples illustrate that excellent IBPE 

conversions and ipuprofen selectivities can be obtained using 

particularly low Pd:P and Pd:IBPE mole ratios. 

The general procedure was similar to that of Examples 

76 to 98 using the following specific conditions: the 4 liter 

autoclave was charged with 8.43 mole of IBPE and 775 ml of 26% 

HCl {H3o•/Hz0 =- 0.173} for a W/IBPE mole ratio of 0.75. No 

solvent was used. The temperature of the reaction was lJo•c. 

Process conditions which were varied and the results of the 

examples are shown in Table XVII. 



Example 

99 

100 

101 

102 

103 

104 

105 

~ 
-II> 

VJ 
::r" g =-.-. 
:J: 
~ 
txl 
n 
g 
~ ----,s 
;;' =-g_ 

PdC1 2, 

Exp. No. mmol 

36298-43 0.56 

36298-44 o.56 

36298-45 0.56 
.. 

36298-46 1.12 

36298-49 0.56 

36320-04 0.56 

36320-07 0.28 

Table XVII 

PPh:s, Time, 

mmol Pd;P;IBPE h;min 

6.9 1:12:15050 3:00 

6.9 1:12:15050 2:35 

6.9 1:12:15050 4:00 

6.9 1:6:7524 4:00 

6.9 1:12:15050 4:00 

13.8 1:24:15050 4:00 

6.9 i:24:Joioo 4:00 

Press., Conv., ~~ Selectivitv 

psig \ IBU 3-IPPA IBS HE 

2400 99 95.8 0.8 o.o 0.9 

2400 99 96.6 1.0 o.o 0.8 

2400 99 95.7 0.8 o.o 0.6 VJ 
(i"' 

2400 99 95,l 1.1 o.o 0.7 

1500 99 91.5 1.2 0.1 l. 3 

1500 99 91.9 1.9 0.1 l.2 

2400 99 79.5 0.7 LO 6.8 
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Examples K and L ~ere carried out under conditions 

similar to those of the Comparative Example ll 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 material 

was 84.3 nunol of IBPE, the acid was 8% HCl (4.0 g, 8.8 

mmol), for a tt•/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, the reaction temperature was 11o•c, 

and the reaction time was 5.5 h. The IBPE conversion was 

60% and the product selectivities were ibuprofen 38.6%, 

3-IPPA 1.4%, 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 (H./IPBE•0.10) 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 presence of 

dissociated hydr09en and halide ions in amounts considerably 

below the minimwns required in the method of this invention, 

result in comparatively very lo'W yi'elds of ibuprofen. 

Example 106 which follows, relates particularly to the 

recovery and recycling of nobel metal catalyst complexes useful 

in the production method. 

Example 106 

The following ingredients were added to a 4 liter 

autoclave: JOO g (l.69 mole)_ 1-(4'-isobutylphenyl)ethanol, 840 

ml methylethylketone, 2 g (0.0113 mole) palladium (II) chloride, 

9 g (0.0344 mole) triphenyl phosphine, 38 g (0.34 mole) calcium 

chloride, 203 ml 36\ HCl, 547 ml water. After flushing with 

nitrogen and carbon monoxide, the autoclave was pressured to 

approximately 700 psig of carbon monoxide. The reactor was 
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stirred and heated to lJO"c during Yhich time the pressure inside 

the reactor incr~ased to approximately 1000 psig and vas 

subsequently maintained at this pressure during the 2 hour 

reaction time. After the carbon monoxide uptake was complete the 

reactor was cooled to room temperature and vented. The contents 

of the reactor were removed and the two phases were separated in 

a separatory funnel. The aqueous phase was extracted with soo ml 

ethyl acetate and the orqanic tractions were combined and the 

solvents removed on a rotary evaporator under reduced pressure. 

During evaporation 6.4 g (81\ of theoretical) yellow crystalline 

PdC1 2 (PPH3) suitable for reuse, precipitated and was recovered. 

0.2 g (16% of theoretical) of palladium metal was recovered by 

filtration of the aqueous phase. The organic product obtained 

was 348 g and contained 57\ ibuprofen. 
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WE CLAIM: 

A method of preparing ibuprofen comprising 

carbonylating 1-(4'--isobutylphenyl)ethanol (IBP£) with carbon 

monoxide in an acidic aqueous medium, at a temperature ot at 

least about io•c and a carbon monoxide pressure o! at least about 

500 psiq, and in the presence of (l} a catalyst consisting 

essentially or a palladium compound in which the palladium has a 

valence o! zero to 2 and is complexed with at least one acid 

stable, monodentate phosphine ligand miscible with the organic 

phase of the reaction medium, the phosphorus/palladium 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 paladium=l 

and IBPE~10,ooo or more: (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; (3) 

dissociated halide ions such that the mole ratio of halide ions 

to IBPE added to the reaction zone is at least about 0.15. 

2. The method of Claim 1 vherein said ligand is a 

tri(organo) phosphine. 

3. The method ot ClaiM 2 vherein said ligand is 

triphenyl phosphine. 

4. The method ot Claim 3 vherein said catalyst is a 

palladium bis(triphenyl phosphine} dichloro complex. 

s. The method of claim l vherein the source of said 

hydrogen ions and halide ions is a hydroqen halide. 

6. The method of Claim 5 vherein said hydrogen halide 

is hydrogen chloride. 

7. The method ot Claim 5 vherein said hydrogen halide 

is hydrogen bromide. 

a. The method o! claim l vherein an organic solvent is 

present during said carbonylation, said solvent being a non­

hydrocarbon i! said palladium i~ added to the system in a zero 

valence state. 
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9. The method cl~lfu S wh~rein said organic solvent 

is a ketone. 
10. The method of claim 9.wherein said ketone is 

methyl ethyl ketone. 
5 11. The method of claim 1 wherein the mole ratio of 

palladium to IBPE is from about 1:25 to 1:60,000. 

12. The method of claim 11 wherein said mole ratio of 

palladium to IBPE is from about 1:10,000 to 1:40,000. 

13. A method of producing ibuprofen comprising 

.10 reacting isobutylbenzene with an acetylatinq agent in the 

presence of a Friedel-Crafts catalyst to produce 

4'-isobutylacetophenone (IBAP), reducing said IBAP with 

hydrogen in.the presence of a hydrogenation catalyst, or 

with a reducing agent containing available hydrogen, to 

15 obtain 1-(4 1 -isobutylphenyl)ethanol (IBPE), carbonylating 

said IBPE by a method as defined in any of claims 1 to 12. 

14. A method of preparing ibuprofen comprising 

carbonylating 1-(4-isobutylphenyl)ethanol (IBPE) with 

carbon monoxide in an acidic aqueous medium, at a 

20 temperature of at least about 10°C and a carbon monoxide 

pressure of at least about 500 psig, and in the presence 

of a· catalyst consisting essentially of a palladium 

bis(triphenylphosphine) dichloro complex, dissociated 

hydrogen.and chloride ions from hydrogen chloride such 

25 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. 
15. The method of claim 1, 13, or 14, wherein a 

30 palladium-containing catalyst complex is recovered by 

precipitating said complex from an organic phase formed 

during said carbonylation, wherein said organic phase 

contains ibuprofen product. 
16. The method of claim 1 or 13 wherein an organic 

35 solvent is used as part of the.reaction medium and wherein 

a palladium-contai_ning catalyst complex is recovered by 

precipitating said complex from an organic phase formed 

during said carbonylation. 

---:----____ __ 
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17. The method o:f eiallil i~ or 16 wherein said organic . . 

phase is separated fr6m said aqueous medium prior to 
precipitation of said catalyst complex, and wherein said 
aqueous medium contains dissociated hydrogen and halide 

5 ions. 
18. The method of claim 15, 16 or 17 wherein an 

organic agent is added_ to said reaction medium to improve 
the phase separation between said organic and said aqueous 
phases. 

10 19. The method of claim 18 wherein said organic agent 
is removed to facilitate precipitation of said catalyst 
complex. 


