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. of the Invention This invention relates to an inproved nmethod for the
production of 2-(4"-iso6butyl phenyl)propionic acid, nore commonly known as

| buprofen. Description.of Related Art The follow ng information is

di scl osed in accordarice with the terms of 37 CFR 1.56, 1.97 and 1.98.

| buprofen is a well-known nonsteroidal anti- inflanmatory drug which has
been converted fromethical, i.e., prescription, to over-the-counter
status. Japanese Kokai Patent No. SHO 55 [1980]-27, 147, published Feb. 27,

1980 and assigned to Mtsubishi_Petrochenical Co., discloses the formation

of aryl substituted ci¥BROVED METHOD FOR PRODUCING IBUPROFEN

[err]-(4'-isobuty|phenyl)propioﬁic aéid'or’ibuprofen, by reacting an

aryl -substituted al cohol, epf~rarot: -iéy) y&ﬂ%%ﬁ Bﬁ et hanol, with carbon
nonoxi de and water in the ri de catal yst.

Japanese Kokt HFaled Drendieno9 [ 1984] - 95, 238, published June 1, 1984 and
assi gned To Mtsubishi Petrochenica

This invention relates to. an improved method for the

production of 2-(4’-isobutylphenyl)propionic acid, more commonly
known as ibuprofen.
~Description of Related Art

The following information is disclosed in accordance
with the terms of 37 CFk 1.56, 1.97 and 1.98.

Ibuprofen is a well-known nonsteroidal anti-
inflammatory drug which has been converted ffom ethical, i.e.,
prescriptién, to over-the-counter status.

Japanese Kokai Patent No. SHO 55 [1980]-27,147,
published Feb. 27, 1980 and assigned to Mitsubishi Petrochemical
Co., discloses the formation of aryl substituted carboxylic
acids, e.g., x-(4’-isobutylphenyl)propionic acid or ibuprbfen, by
reacting an aryl-substituted alcohol, e.q., 1—‘4-isobuty1pheny1)-
ethanol, with carbon monoxide and water in the presence of a
hydrogen_fluoriée catalyst.

Japéﬁese Kokai Patent No. SHO 59 [1984]-95,238,
published June 1, 1984 and assigned to Mitsubishi Petrochemical
Co., teaches the formation_pf phenylacetic acid derivatives such
as «-aryl-substituted propionic acids, where the aryl group may
be a pﬁényl 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 x-aryl
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Co., teaches the formation of phenylacetic acid derivatives such as :
[err]-aryl-substituted propionic-acids, where the ar¥s$ eplaced
phenyl group containing at | east one al koxy, aryl oxy, “ ﬂ m no
group as an el ectron-donor substituent, By reacting a I

derivative, which may be an [err]-aryl 2 substituted ethanol wherein the
aryl group isghigt3duReds eltﬁahm ﬂﬁéﬂéh&cﬂhécaﬂf}ldgﬂeﬁpvi’é ittee rya@o:wcats jwith
carbon nonoxi de and_wat er, al,cohol henol.,. 1 n the- sence

pal | adi um cat &hgst PhﬁﬁY&éF&téccoﬁ‘ﬁ&l?‘nddgﬁ'&Wa&évﬁydPG rch¥ ecﬁ‘§§’°5‘e
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el uded wi t hPn PRI A SR R oh o LR e EPyBrfiay BuEl, w3 ByRiBhey
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]} E)r #g,? |4 oﬁngf a%Zxrc?:] %%6 %éﬁ&%é?'afgérﬂg h@g&&al 'gﬁe’ d@bﬁﬁb@ﬁ% t:Lli'ﬁ:lt.uies
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.

10 Japanese Kokai Patent No. SHO 59 [1984]-95,239,
published June 1, 1984 and assigned to Mitsubishi
Petrochemical Co., discloses the formation of «-(6-methoxy-
2-naphthyl)propionic acid by reacting «-(6-methoxy-2-
naphi:hyl)_ ethyl alcohol with carbon monoxide and water in the

15 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. '

20 Japanese Kokuku Patent No. SHO 56[1981]-35,659,
pﬁblished September 4, 1978 and assigned to Ferrel
International Societe Annonim, discloses an énhydrous method
of producing a 2-(4'-isobutylphényl)propionic acid ester by
treating 1-(4'-isobutylphenyl)ethanol (IBPE) with carbon

25 monoxide in a solution containing an alkanol and a catalyst
such as palladium bis(triphenylphosphine) dichloro complex.
The .solution may also contain up to 10% of a mineral acid
such as hydrogen chloride.

our EP-A-284310 published September 28, 1988 (based

30 on USSN 28514 filed March 20, 1987 and USSN 158141 filed
March 4, 1988) provide-_.s a method for the preparation of
ibuprofen by carbonylating 1-(4'-isobutylphenyl)ethanol
(IBPE) with carbon monoxide in an acidic aqueous medium,
e.g. containing at least 10% of water based on the weight of

35 IBPE initially added, at a temperature of at least 10°C and
a carbon monoxide pressure of at least 500 psig, and in the
presence of (1) a catalyst consisting essentially of a
palladium compound in which the palladium has a valence of



2-napht hyl ) propionic agid by reacting [err]-(6-nethoxy-2- naphthyl) ethyl

al cohol with carbon nonoxidé and water in the 15 presence of a palladi um
catal yst and an aci di ¢ conpound, e.g., hydrogen chloride. The patent
publlcatlon al so states that if a non-halpgen-containing acidic conmpound is’
used, is desirable to add an ionizabl € netal halide to the reaction. 20
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contain up to H Qﬁl‘éE“nFﬁ@PQPnécP&ds R At chraptd@: lowhen the

EP- A- 2843105 publ i f@thaw I\fi)ﬁﬁﬂbe&noa& %ébasgd He1aw U§Smb28564 fil egz)
March 20, 1987_and USS %11 filed March 4, 1988) rOV|des a g? r
the preparati Fd-3FOFLRPLA1 e PHAFWEDonyORS ngTEOR4' -FR ob @SHDhel F‘f hatdl

(I1BPE) with caghbstantdxlie | complatiediyc aipreizsbbedi im dilute aqueous
solution such that the mole ratio of hydrogen ions to IBPE
added to the reaction zone is at least 0.15, and the mole

10 ratio of hydrogen ions to water is at least 0.026; and (3)
dissociated halide ions such that the mole ratio of halide
ions to IBPE added to the reaction zone is at least 0.15.
Advantageously, a hydrogen halide is the source.

Our EP-A-400892 published December 5, 1990 (based on

15 USSN 357381 filed May 24, 1989 and USSN 500645 filed March
28, 1990) provides a method for the preparation of ibuprofen
by carbonylating 1-(4'-isobutylphenyl)ethanol (IBPE) with
carbon monoxide in an acidic aqueous medium e.g. containing
at least 10% of water based on the weight of IBPE initially

20 added, at a temperature of at least 10°C and a carbon
monoxide pressure of at least 500 psig, and in the presence
of (1) a catalyst complex consisting essentially of a
palladium compound in which the palladium has a valence of
zero to 2 and is complexed with at least one monodentate

25 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 2:1 when the
palladium/IBPE mole ratio is such that palladium = 1 and
IBPE = 10,000 or more; (2) dissociated hydrogen ions from

30 an acid which is substantially. completely ionizable in
dilute aqueous solution such that the mole ratio of hydrogen
ions to IBPE added to the reaction zone is at least 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

35 0.15. Advantageously, a hydrogen halide is the source of
hydrogen ions and halide ions. The carbonylation is
preferably integrated with a method of producing IBPE from
isobutylbenzene wherein the latter compound is subjected to



e.g’ containing at |east 10% of water based on the weight of 35 |BPE
initially added, at a tenpefature of at |east 10[err]C and a carbon
nonoxi de pressure of at |east 500 psig, and in the presence of (1) a
catal yst consisting essentially of a palladi um conpound in which the

pal | adi um has a val ence of 3 zeroto 2 and is corrpl exed wth at Ieast

dent at f ot
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an acid whic IS substanti al caomplet e In ‘ute aqueous

sol uti on such ¥¢@RCing mgent aFP@tGFmHWr oyeailaniet hydmyenide§ot cokbbain
reacti on zoge igpgl |east 0.15, and the nole 10 ratio of hydrogen ions to

water is at |east 0.026; d (3) dissociated haljde ions_such that the
nmole ratio of hali de%&n?qa]gl afd aiiﬂ’ﬁi"t IRPTIRLEN | 6Nz bee Pregipitaked

0. 15. from an organic phase of the carbonylation reaction which
typically includes the ibuprofen product. The precipitated
catalyst complex can be recycled without further treatment.

10 It has surprisingly been found that the inclusion of
some ibuprofen in the initial reaction medium substantially
accelerates the overall reaction and thus results in a
significant and wvaluable reduction of the time needed to
produce a given yield of ibuprofen.

15 In one aspect, the invention relates to the use of
ibuprofen to accelerate the reaction in a process for the
production of ibuprofen by reaction of IBPE and carbon
monoxide in the presence of a carbonylation catalyst.

In another aspect, the invention relates to a process

20 for the production of 2-(4'-isobutylphenyl)propionic acid,
i.e. ibuprofen, by the carbonylation of 1-(4'-isobutyl-
phenyl)ethanol (IBPE) comprising initially contacting carbon
monoxide with a reaction mixture containing IBPE, ibuprofen
and a catalyst for the carbonylation under conditions to

25 initiate the reacti_on, and continuing to feed carbon
monoxide to the composition to produce the desired amount of
ibuprofen.

It has been found that the method of this. invention,
including the presence of ibuprofen in the initial feed

30 composition, has a significant effect in reducing the amount
of reaction time necessary to obtain a major proportion of
the possible yield of ibuprofen.

DESCRII?TION OF PREFERRED EMBODIMENTS
The method of the invention is capable of yielding an

35 advantage in reaction time using operable carbonylation
catalyst and reaction conditions in an aqueous medium. This
improvement in reaction time makes possible the use of
continuous reaction processes in addition to the batch



Advant ageously, a hydropgen halide is the source. Qur EP-A-400892 published
Decenber 5, 1990 (based on 15 USSN 357381 filed May 24, 1989 and USSN
500645 filed March 28, 1990) provides a nethod for the preparation of

i buprof en by carbonylating 1-(4'-isobutylgphenyl)ethanol (1BPE) with carbon
nmonoxi de in an acidic aqueous nediume.g.” containing at |east 10% of water
based on the weight

of | BPE initqal ed e s . :
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a carbon monoxide pressure of at least 500 psig, and in the
10 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 pho;bhine ligand freely miscible with the
organic phase of the reaction medium, the
15 phosphorus/palladium mole ratio in said palladium compound
and ligand being at least 2:1 when the mole ratio of
palladium to IBPE is such that palladium = 1 and IBPE =
10,000 or more; 2) ionizable or dissociatable hydrogen ions
in the form of an acid which is substantially ionizable in
20 a dilute aqueous solution, e.g. of 0.1N concentration, such
that the mole ratio of hydrogen ions to IBPE added to the
reaction zone (H+/IBPE) is at least 0.15; and 3) ionizable
or dissociatable halide ions such that the mole ratio of
halide ions to IBPE added to the reaction zone (X /IBPE) is

25 at least 0.15.

When the mole ratio of palladium to iBPE in the above-
described reaction is such that palladium = 1 and IBPE is
less than 10,000 the phosphorus to palladium mole ratio in
séid palladium compound and ligand typically ranges from 0.1

30 to 50, although the maximum mole ratio of phosphorus to
palladium does not appear to be critical.

35



halide ions to | BPE added to the reaction zone is at |east 35 0.15.
Advant ageousl y, a hydrogen halide is the source of hydrogen ions and

hal i de i ons. The carbonylation is preferably integrated with a nethod
of producing IBPE fromisobutyl bengene wherein the latter conpound is
subjected to  Friedel-Crafts reaction with an acetylating agent to

produce 4-isobutyl aggkORELROMEonddtithtich ;@e&n%%ﬁugadtw ﬁQaHag o dn the

presence of a hydrogenation catalyst, or with a reducing agen al ni ng

avai | abl e phyéphdee, phosphbrus dtdBRirestin: G kad UAYaAEAWYBEcENE &N be
precipitated froman organi c phase of the carbonylation reaction which

typi cal | y iithdisudewpieyedbuptbfpalladiovuct ThEhehpreeei pifratty wbsailykd with
conpl ex can be recycled without further treatment. 10 It has
sur pri si ndihe GE@#“FGUHBaFﬁa?ftFR?|¥E§QE%QH1mﬁd¥§0ﬁ9m9995r§ha§nthﬂ ligand

thus 1 esurtts o8 SOEPQRIPRORRER AHY VRFUIHIF MURAEEAGA SHChNES: R o HEMRd o
which prevents it from being freely mixed in the organic phase.

- In carrying out a batch or éontinuous plug flow
carbonylation reaction, the mole ratio of ibuprofen to IBPE at
the initiation of the reaction, i.e., when the reaction
composition is initially contacted with carbon monoxide under
reaction conditions, may be in the range of about 0.01 to 2,
preferably about 0.1 to 1.25; ﬁater nay bé 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 225°C,
preferably about 70 to 175°C; the carbon monoxide pressure'may
be, for example, in the range of about 500 to 5000 psigqg,
preferably about 700 to 3000 psig; and the total reaction time
may be, for example, in the range of about 0.25 to 2.0 hours,
preferably about 0.25 to 0.75 hour._'This compares with typical
total reaction time periods of 2 hours to 2.5 hours to obtain an
equivalent product.yield when ibuprofen is not present at the
initiation of the reaction.

In carrying out a continuous carbonylation reaction
where backmixing occurs, the required mole ratio of ibuprofen to
IBPE in the feed to the reaction system is expected to be higher,
for example, in the range of about 15 to 1,000. This mole ratio

requirement is affected by the concentration of reactants in the

This Sheet Has Been Reﬂlaced

(MR




produce a given yield of ibuprofen. 15 I n one aspect, the invention
relates to the use of' ibuprofen to accelerate the reaction in a process for
the production of ibuprofen by reaction of IBPE and carbon nonoxide in the
presence of .a carbonyl ation catalyzt. I n anot her aspect, the invention
relates to a process 20 for the production of

2-(4' -i salmdodipgie Ws)tﬂmoahanbﬁ €5¢ (oriacht 4RO beN i bAYrb 8En CAEQRIWL AL PN
of 1-(4'-isobutyl- phenyl) ethanol (1BPE) conprising initially Contacting
carbon ndHuxipreduath exitdagt the reac¢tien cytami nghkBPEefebried ieTe and a
catal yst for, the carbonylation_under conditions to 25 initiate the

react i on, T3P htiNRERGePo tPeEBPE simskherdined de mocohsivuapssition to

d t T unt _of ibuprofen. 1t has kheen found that the nethod
b thi s IRl RegesS opp e el r&\&%ﬁaﬁe& BRCKRIRANGHBCTHFE I 1§ T ocd
30 conposd;idthed'a® FatigdNickbn@lbokt f £6ed rh({,f.dum ng the anount of reaction

time necessary to obtain a nmajor proportion of the possible yield of

i buprof en. DESCRI PHdad ga1PRBEGRRES:AIEES MENER Ty Wt hedaOinbpeihnugoti on
I s capabl e of yielding an

palladium is complexed with an appropriate ligand are as follows:
bis (triphenylphosphine) dichloro complex, bis(tributylphosphine)
dichloro complex, bis(tricyclohexylphosphine) dichloro conmplex,
pi-allyltriphenylphosphine dichloro complex, triphenylphosphine
piperidine dichloro complex, bis(triphenylphosphine) dicarbonyl
complex, bis(triphenylphosphine) diacetate complex,
bis(triphenylphosphine) dinitrate complex, bis(triphenyl-
phosphine) sulfate complex, tetrakis(triphenylphosphine) complex,
and complexes in which some of the ligands are carbon monoxide
such as chlorocarbonyl bis(triphenylphosphine) complex, all

- complexes 6f palladium. Also suitablé as a catalyst is palladium
metal on a'suitable cétalyst support such as carbon, alumina,
silica, or an inert polymer which can tolerate the conditions of
reaction, complexed with oné or more of these foregoing ligands.

The palladium salts and phosphine ligands making up the

foregoin§ catalyst complexes may alsoibe added separately to the
reaction zbne. 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
' PAd:IBPE mole ratio is at least about 1:5,000. However, when the
latter ratio is below about 1:10,000, it is necessary to use an

excess of phosphine ligand such that the P:Pd ratio is at least
about 2:1. |
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35 'advantage in reaction tine using operable carbonylation catal yst and
reaction conditions in an aqueous nmedium This inprovenent in reaction tine
makes possible the use of continuous reaction processes in addition to the
batch 5 processes previously devgloped. Preferably, the reaction is
carried out in an acidic agueous nmedi um using a catal yst conpri sing

: . . . . ]
pal | adi um and a nNoONPREN¢RELL RO WHRip1Rx AP Be ﬁ?éséﬁtti‘ﬁaﬁsa%ﬁnftél%%hg

reaction, or a continuous plug flow 5 reaction, the oper e con

used are tthptcsheymoheseaticodpadladiaw tpr EBPBUSEYiAi tigsl Fhdi,4GRQ592.
These conditions include car&ging out a batch-type reaction in an acidic
aqueous nEXRERLSy aftahpekalid® t&f 1460,898, PpEpSerhalblunabout atE0 nanoxi de
pressure Qf _at |east 500 psig, and in the 10 presence of 1) a catalyst
consistiné'é@ggﬂ fally of a palladi um conpound in which the palladiumhas a

o e ohoso R8T B aBha B8 8080 L " 1 s
ions may be cqnveniently 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 dilute aqueous solution, e.g., inorganic acids, such as
sulfuric acid, phosphoric acid or polyphosphoric acid, or organic
acids, e.g., sulfonic acids such as p-toluenesulfonic acid,
methanesulfonic acid, or trifluorocacetic 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, e.g., alkali
metal halides such as potassium, sodium, and lithiunm 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 XU/IBPE) each may be in the range, for example, of about 0.15
to 5, prefetably 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 aé methyl ethyl ketone,
acetone, 2-pentanone, 3-pentanone, and acetophenone, aromatic
hydrocarbons such as benzene énd toluene, and cyclic ethers such |

as tetrahydrofuran and dioxane. Ketones and ethers are preferred
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organi c phase of t he reaction medi um t he 15 _
phosphorus/ pal | adium'nol e ratio in said palladi um conpound and |igand bei ng
at least 2:1 when the nole ratio of palladiumto IBPE is such that

pal l adium = 1 and I BPE = 10,000 or9nore; 2) ionizable or dissociatable
hydrogen ions in the formof an acid which is substantially ionizable in 20
a dil ut e ifg@esedveptuisonsed. g. IHfthe vetadytdet pallediumuas added tiwe the e
ratio of hydrogen ions to |BPE added to the reaction zone (H+/ |IBPE) is at

| east 0. BYStemd i8) inokheaBetablicies #exa y9lengs FlateohBd JucFheh@vhe

nol e rati o .of halide ions,to | BPE added to.the reaction zone (X./IBPE) is
25 at | Y ko : .usﬁﬁeﬁgf’ﬁé&ng? en?ré%%cﬁacaﬁaqnadi gﬁ]et 8°? : ilﬁé¥ RE above-
descr| edhliiy 9 o vadGHc! PAE1 9% AU IVEAE koA iRpeOE Lhe! Pafigd NAfbl 0. 000
t he phosphorus to palladiumnole ratio 1 n said palladi um conpound and
ligand t ypifidle), cEn@adsutr ontd. 1066: 1 0 b ferariguabouleonByi Tom ol e ratio

of phosphorus to pall adium does not appear to be critical. 35

An inorganic salt may also be present during the
reaction. Inorganic salts which may be used are, for example,
ﬁhose yielding anions comprising oxygen, and sulfur, phosphorus,
aluminum, or silicon, including such anions as hyd:ogenSulfate,
‘pyrosulfate, ortho-phosphate, pyrophosphate, aluminate, or
silicate and cations such as sodium, potassium, calcium, or
magnesium, or another cation which does not interfere 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, 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 polymerization inhibitor in the
reaction mass. Inhibitors which may be used for this purpose
ihclude, for example, t-butylcatechol, 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.
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6-The term "nonodentate” is intended to nmean a single phosphine phosphorus
aton1present in the I'igand nol ecul e before it is conplexed with pall adi um
The phrase "freely mscible with the organic phase of the reaction nedi unf
means that the ligand is not conpl gxed with an insol uble substrate such as
a polymer which prevents it frombeing freely mxed in the organic phase.

In carrying out a baschtatedpntheiuonwentdive methodambkag! itipossislé itn, t he
nmol.e ratio of ibuprofen to IBPE at the initiation of the reaction, i.e.,
when t he rdtadnoa @éﬁﬁﬁsptvnﬁrtkpnrﬂﬁlﬁhqj@e§9WF§cNé§1d49ﬁ tovpoptemnixi de

under reactlon cond | ons, n the range 0.01 to,2 referably
0.1to 1. ¥ B@sﬁr'é tt*f?f‘a?r? m%ﬂsef yhen, ths) éme ako to 600%

f;ﬁr{)g;g{)m&ee g}im?, BiSH-R23sf 2l 1y o oedl HBPE1LR! ELALLY S PSSR fed 1

reaction nma or- exanple, e range

225[ err] Cooriseh@stilty cdR be é:?éi@ﬂ&@ wﬁéiﬁléiaré@@“m@&ﬁ%' d8 E£§§§Héeoﬁ‘@y be,
for exanple, in the range of to 5000 psig, preferably 700 to 3000

psi g; and Bdtchwdisal, seadtcontingbusby & cdnfinticusElive, IR bhechange of 0.25
to 20 hOuor;;erat:l.on, the ibuprofen is added to the reaction with the other

components of the reaction mixture before the reaction is
initiated with CO at the reaction temperature. After the
conclusion of the reaction which requires a much shorter time
(the reaction time can be, typically, one quarter of the reaction
“time required when no ibuprofen is added initially), the CO flow
is cut off, the contents of the reactor are removed for

. purification, and the procedure is-repéated with the next batch.
In semicontinuous operation, the initial procedureois similar to
batch operation. However, after the reaction is substantially
concluded and the €O flow is cut off and the reaction vented, not
all the contents of the reactor are removed for purification.
Rather, a small amount of these contents, which contain a large
proportion of ibuprofen, may be allowed to remain in the reactor
to serve os a "heel", under the ihven;ion. Fresh amounts of the
other coﬁponents of the reaction mixture'may then be added,
including IBPE aqueous acid, and catalyst, and the reaction again
initiated by contacting the mixture with CO and reestaolishing
reaction temperature. This procedure may then be repeated as
many times as convenient. In continuous operation, if little or
no backmixing occurs in the reactor as in the case of certain

tubular reactors, the advantages of the inventive method may be



preferably 0.25 to 0.75 hour. This conpares with typical total reaction
time periods of 2 hours to 2.5 hours to obtain an equival ent product yield
when i buprofen is not present at the initiation of the reaction. In

carrying out a continuous carbonyl ation g@gction wher e backm xi ng occurs,
the required nole ratio of ibuprofen to I'BPE in the feed to the reaction

system is expeshesihned sy baheinubas1exesdttngi ibhPpLofendentd theledcOP.
This nole ratio, require t is affected by the cqncentration of. reactants
in the- 7 r SELER ORhe, CEBRT REMBPIERES. G &S SHAW D ISTRRRA HFLAP T oghM B0
in the productm&xibéngctbrmpldshedobys yeioyalifite sprefalY quromdet iat i of othe
wherei nsubst PEPAIChachA Sihy t: cHRe | S e BE, ThE" AR 38
Sone pal | adbunsebstaptislwhagkmixing gcscurahdirei bhe heopdlinagiusm reactor,
Elogl()![ ??(Sﬂe\r,]myltp o%ﬁ?%é%%’iﬁﬁ%ggggp (%)?,ﬁﬁliésr?étiri ut?/%%%sé'i r?ems of an
increase in the initial reaction raté may be obtained by
adding ibuprofen to the reactor with the other components of
the feed so that such ibuprofen is present when CO feed is
10 initiated.

Examples 1 to 20 further illustrate the inventor. 1In
these examples, the "time of reaction" is the actual time
that it takes f;i the reaction to proceed to substantial
completeness as indicated by CO uptake. Such time, which

15 may be also termed as the "period of actual reaction", is
measured from the onset of the reaction at about 130°C, when
the CO uptake ascribed to the reaction becomes significant,
to the point at which such CO uptake is at or close to zero.
Such measured time is different from the "time of reaction®

20 given in the examples of previously cited EP-A-400892 and
its predecéssor, which was a previously set time from the
onset of'the reaction at about 130°C to the point at which
the reactor contents were cooled below the necessary
reaction temperature prior to removal for subsequent

25 handling. Although the latter preset time is generally
estimated to be apprqximately equal to the period of actual
reaction measured by CO uptake as previously defined, it
could be somewhat higher or lower than such period.

30
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di chl oro conpl ex, bis(tricyclohexyl phosphine) dichloro conpl ex,

pi -al lyl tri phenyl phosphi ne di chl oro conpl ex, triphenyl phosphi ne piperidine
di chl oro conpl ex, bis(triphenyl phosphi ne) dicarbonyl conplex,

bi s(tri phenyl phosphi ne) diacetate c | ex, bis(triphenyl phosphine)
dinitrate conplex, bis(triphenyl- pHosphine) sulfate conplex,

tetraki s(tri phenyl phosphi ne) conpExamples] X dnpl2®xes i n which sone of the

| i gands are carbon nonoxi de ,such _as chl orocarbonyl bis(tri phenyl phosphi ne)
conpl ex, all conpl ex&s oft pakerdiastalley B autaslaves wereaadfedt vasying

pal | adi um = agl t st _suppor.t such_as,.carbgn, alum na,
silica, oré@rﬂtﬁgﬁé%ﬂ#@?Gﬁﬁghgé%na%?cg‘%itrg‘%?é’ dFt RGAS . oPalEagivm
conpl exed o . § f 1HQ! oM 'ﬂgﬁg . lumsalts
and phosph%%%%niri%ke?’gg Egalsﬁgll?%’r egol %dgata S‘Z't ?ggpggkégg%r%?/ 20
be added sepeXeaiclpuriged kdthefgtamh coynand BreRisaredseith o BUt Rfel

| i gand added is preferably sufficient to conplex with the palladi um present
such t hat sugfiziRhtdice nesuly in sgbargeteditrdaztsiion] pressamret Ae Bd: | BPE
nole ratio is at least 1:5 000. However, when the latter ratio is bel ow

1: 10, 000, Feashiondemparptuge, o8 AR0ER @5 sl4H° CohoBhRi Reattguneonterits hat
the P:Pd ré%éé’éﬁéé“héé%ﬁ% é% %he'latter reaction temperature and CO was

fed to the reactor to maintain the desired pressure as the CO was
absorbed during_the reaction. Substantial completion of the
reaction was determined by monitoring the CO uptake. In each
case, conversion of IBPE was at least 99%. The conditions of
reaction including quantities of reaction components (whefein
ibuprofen is indicated as "IBU"), mole ratio of hydrogen ions to
IBPE UP/IBPE) mole ratio of ibuprofen to IBPE (IBU/IBPE),
temperature, time of reaction (i.e., the period of actual
reaction measured by CO uptake as defined previously), pressure,
and results of the reaction in terms of ibuprofen selectivity

(IBU Sel.), are shown in the following table.



8 The .cat al yst..conpl ex-may be- priesent™ =i an “anolint such that the nole ratio
of palladiumto IBPE is in the range, for exanple, of about 1:25 to

1: 60, 000, preferably about 1:150 to 1:50,000. The ionizable or

di ssoci at abl e hydrogen ions and hal Lgle i ons may be conveniently added to
the reaction as hydrogen thloride, hydrogen brom de, or hydrogen iodide.
However, it is also posptble to add the hydrogen ions and halide ions from
separate sources. For e G@m@%&”ﬁ&ﬁgﬁﬁﬁ@dﬁﬁl%al%m zable in dilute
aqueous sol ution, e.g.,Rhorganic acids, such as sulfuric acid, phosphoric
acid or polyphosphorlc He d, or organic acids, e.g., sulfonic acids such as
p-t ol uenesul foni c acid, nethanesulfonlc acid, or trifluoroacetic acid, may
be used as the source of- ydr ogen ions. Sinila arly, other water-soluble and
i oni zabl e hal i de corrpoug:: , o3 ofne cexanpbe ghabicde ssabig wherein the cation

does not interfere withgidhe e #6no w63 § 8 3al k&l & Semat hal i des such as
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b
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brom des, and iodides may be used as the source of halide ions. The nole
rati o of hydrogen ions and halide ions to IBPE (Herr]/I1BPE and

X err]/1BPE) each may be in the range, for exanple, of 0.15 to 5,
preferably 0.3 to 2.0. Although not, necessary for the operability of the
process, in sone instances, it may.be advantageous to utilize an organic
solvent for the reaction. O ggonpaxatirvetBxamplehAcan be used are, for
exanpl e, ketones such as nethyl ethyl ketone, acetone, 2-pentanone,

3- pent anone, and ad%h%mﬂﬁ?ﬁﬁﬁﬂrﬁmQ§%%ﬁF@PH?d3oU%?b%@%#@ﬂﬁﬁ1Q¥§lﬁéﬁﬂsn85§nd

tol uene, and cyclic ethers sych as. tetrahydrofuran and dj oxane. Ketones and
ethers argcbr§¥8FP%dthat£P?fl Rﬁﬂﬁﬁghﬁaﬁsgagﬁﬁ.w %ht{hf(iﬁ%£¥fﬁi5eﬁglIadium

20500 LGphBReALEL RS Qe S SLackon gl ol ST (]

then any so t used s e non-hydrocarbon. e present
in a weighprakbl Qasf aBeht eNio Widdtds,| Aneh@BPBNEENVELEi S AFEY Sved 983t O
1000: 1, preferably O to 10:1. An inorganic salt nmay al so be present during
t he and the selectivity to ibuprofen ranged from about 93 to 95%.

Comparative Example B

The procedure of Example 6 was followed utilizing 36%
HCl, except that no ibuprofen was added with the initial feed
components. Thg_périod of actual reaction as determined by CO
uptake was about 130 minutes, the IBPE conversion was over 99%
and the selectivity to ibﬂpfofen ranged from about 93 to 95%.

A comparison of the results of Examples 3 and 6 with
those of pomparative Examples A and B, respectively, indicate
that the presence of ibuprofen in the feed composition when the
reaction is initiated with CO make it péssible to obtain high
selectivities of ibuprofen with substantially complete conversion
of IBPE at much shorter reaction times than if no ibuprofen is

present.



Jreaction. Inorganic salts which may be used are, for exanple, those
yi el ding ani ons conprising oxygen, and sul fur, phosphorus,. alum num or

silicon, including such anions as hydrogensul fate, pyro H“‘
ort ho- phosphat e, pyrophosphate, alum nate, or silicate Em‘m‘““mi“m as
sodi um potassium cal cium or magnesisim or anot her catkon¢wht cH ddes*not
interfere with the reaction, e.g., ammonium or al kyl ammoni um such as

t et rabutyl ammoni um O her i norganl c SARAIMSsuch as calciumchloride may al so

be_added. jhe ingroqpith&d! tfoff %%%ﬁuc‘ﬂlldn ge&erahbﬁ Psfehesw ath@

concentratlon of , _for exanp to 50% pre era Iy to 20%b WEIght of

t ot al char%%erﬂY§6ﬁé°Pnst8ﬁces 1‘6&‘?‘ 'midehytyiRhansal e tdrrek r act 1BREhay
form duri r@oﬁfsﬁlésagt i onuapsnyl y dmﬁ:at@tﬁ@ol WTEr +éabt@BneCchBRtSFe Of

ol y et B0 SEPBRE ARG ¢ By ( HebPBERERE. RBGS & nhPREROYStuNAGE mbiBe used
for this poapbefylathiose, with exaripbre, moxinxi;de:amdtw cbndliadunsoneO
O OPSREESE g LLLSSRS SRR ARInd o 1 Lr BTG L6
i ncor por at thei gompositden, tioprotaas é'—,heofde&'.nled cy:lﬁ% @f eibupbdfen. 1 to
5% by vei ght basgflORelhed"efI¥haim 1 wherein the reaction is a batch
10 reaction or a continuous plug flow reaction and the mole
ratio of ibuprofen to IBPE at the initiation of the reaction
with carbon monox1de is 1n the range of 0.01 to 2.
3. The method of claim 2 wherein the mole ratio of
ibuprofen to IBPE at the initiation of the reaction with
15 carbon monoxide is in the range of about 0.1 to 1.25.
4. The method of any of claims 1-3 wherein the reaction
is a batch reaction .or a continuous plug flow reaction and
the carbonylation is carried out in an acidic aqueous
medium, at a temperature of at least 10°C and a carbon
20 monoxide pressure of at least 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, monodeﬁtate
phosphine ligand miscible with the organic phase of the
25 reaction medium, the phosphorus/palladi'um mole ratio in said
palladium compound and ligand being at least 2:1 when the
mole ratio of palladium to IBPE is such that palladium = 1
and IBPE = 10,000 or more; (2) ionizable or dissociatable
hydrogen ions in the form of an -acid which is substantially
30 ijonizable in a dilute 'aqueous solution such that the mole
ratio of hydrogen ions to IBPE added to the reaction zone is
at least 0.15; (3) ionizable or dissoci&table halide ions
such that the mole ratio of halide ions to IBPE added to the
reaction zone is at least 0.15.

35 5. The method of claim 4 wherein the séurce of said
hydrogen ions and halide ions is a hydrogen halide. _
6. The method of claim 5 wherein said hydrogen halide is

hydrogen chloride.
- This Sheet Has Been Replaced




of | BPE. 10 As stated, the inventive nmethod makes it possible to obtain

‘a maj or proportion.of the desired yield of ibuPw HasBe tially less
time than is the case when the initial reaction ni ng | BPE
does not al so contain ibuprofen. This result ca ¢ | whet her the
method is carried out batchw se, sem 46onti nuously or continuously. In
batch operation, the ibugrofen Is added to the reaction with, the other

conponent s7ef t h&hecaBetbedn &f ucdaiar ote WHRFedhcthsn FeashioRads ®ith co
at _the reaghhed nh®HRer St &4 Etidht hakfiicong! UsubBtahtibg remdwen wbitch

requires a_nuch shorter tj the reactiqn ti can b tvpi call e
quarter of PRFEMEING oRNG e&'&m rtg’(? \Wr?g‘r? ﬁ&%ﬁl&,ﬁ%oﬂgﬁpfé‘%g&dggy rePE
initially)att BReCohitoutioncof thé, rédetiontweitls cHrlidre morssticte dise inenoved

for purification, and [ OC is repeated with the next batch. In
sem contdi n r@ﬁﬁ’eaﬁ%ﬁ,%t 2 |'?#§‘|?él procedure is sinilar to batch
oper at i on. skowevefhe afedhacheofeazkdion 7s whexebnt ithie ymole ratio of

ibuprofen to IBPE ranges from 20 to 200.
9. The method of any of claims 1-8 wherein the catalyst'
comprises palladium'and a monodentate phosphine ligand.

10 10. The method of Claim 9 wherein the palladium is added
in the form of palladium chloride.
11. The method of claim 9 or 10 wherein the ligand is a
tri (organo) phoéﬁhinef

12. The method of claim 11 wherein the ligand is triphenyl
15 phosphine.
13. Use of ibuprofen in the initial reaction mixture to
accelerate the reaction in a process for the production of
ibuprofen by reaction of 1-(4'-isocbutylphenyl)ethanol and
~ carbon monoxide in the presence of a carbonylation catalyst.
20
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.concluded and the COflowis cut off and the reaction vented, not all the
contents of the reactor,are renoved for purification. Rather, a snal
anount of these contents, which contain a |arge proportion of ibuprofen,
may be allowed to remain in the red@tor to serve as a "heel", under the

invention. Fresh anounts o M08 FEROPRDUS IR 1BbROFEACE i ON m xture
may then be added, includiégfﬁﬁyﬁg aguequs %cid and catal yst, and the
reaction again initiated by c&#ﬁggggﬂbsg%gLEFQ;§Qggﬂﬂﬂﬁ CO and |
reestablishing reactign.t r N [JKS 0 ure nay. then .Lepeated as
many tines as convenient. In 6%%#?ﬁﬁ8§%do6§%a?ﬁ%n?r??a ?%%?ﬁaég?ﬁh#%r°%en

backmi xi ng 8¢CHaEpLbAYL iR aﬁ@{-&%dﬁﬂ;ﬂyﬁ%h@ﬂ?@)@i:h&ﬁéi at BP0 With carbon
reactors, the advantages of the inventive nethod may be obt ai ned by

cont i nuous| moherddagcobppisimy imitdally reaxehctivht hikteretdsipriaingInRPE,
of the charge conposition. This nmay be acconplished by recycling a small
proportion dbuprefgnoandtasertalivsth far thieacgzbonylatiohewitnataothon |f 5

substanti al backm xi ng _occurs_jn the continuous reactor, then an advantage
of the inveNPP9§lﬁEtnganc?%ﬁ¥E9Qﬂseﬁ? initiate the reaction, and

continuing to feed carbon monoxide to the composition to produce
the desired yield of ibuprofen. Preferably the catalyst
comprises palladium and a monodentate phosphine ligand. The
presence of ibuprofen in the feed composition when the reaction
is initiated with CO makes it possible to obtain high
selectivities to ibuprofen with substantially complete conversion
of IBPE at much shorter reaction times than if no ibuprofen is

present initially.
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increase in the initial reaction rate mays be’ oblﬁéﬁﬁ%‘wpﬁ?“laééﬁ%“hl pEsiden.
to the reactor with the other components of tHelf €kdméo t haegedughta D%ﬁdo‘fen
is present when CO feed is 10 initiated. Exanygl & Dtawing@D : pagadher to p_aged .....
illustrate the invention. In these exanples, tihé& 2bstraxtof : pagedt.i.od paged.he
actual time that it takes for the reactfPon to proceed to substanti al

conpl eteness as indicated by CO uptake. Such At CI*{EéﬁLPTBYSI‘m al so
terned as t heubsdritodted emtafail miheateion'thel arysd d :

the reacti on gl @ C, cr| be 5 ‘
reaction beco?rrltgs ?gm’%l can {é a‘ﬂwbe dﬁ‘ﬁqn th E‘}%su&t' q’&%’?‘akgaﬁ"?o& or
close to zer@orﬁa@kﬂm@rwernealgomliemanphénoﬂn,t he thenprekseneacbifon”
20 given in %“Emﬁﬁﬁﬂfiﬁﬁ SLt I PV OUSAY QéiﬁchgoﬁPéggggguéﬂda t?ﬁdr°8%é%|on

pr edecessor, ich was a previously set tine fromthe onset o
at about P30CPAOEEd® Nak hsorAdes: aghRR AYRLL 1aEY crtabysand weselyeated

Eel S}N t he neﬁﬁras rl@@ﬁiéﬂ?tﬁ@ﬁp&[gétlbté BELQ! tQhéealiéehggglﬁsﬁ;ig%qqm@ 25
t hou att er ese, enera
aggr oLP?rat el eﬁﬁg Qt’ﬁ’@ p%?‘?’B 8f iRt Ugﬁch’eagPPBﬁWf@ésuVéQF by nedugedake

as previousl widfiimethei invention) is obtained in very low yield, i.e.,

17.1%, when made utilizing the described process.

10 Japanese—Kokai—Patent—No+——SHO—59—319841~95;239,
JP-A-59095239 published June 1, 1984 and assigned to Mitsubishi
Petrochemical Co., discloses the formation of «-(6-methoxy-

2-naphthyl)propionic acid by reacting «-(6-methoxy-2-
naphthyl)ethyl alcohol with carbon monoxide and water in the

15 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.

-20 Japanese—Kokuku—PRatent—No+~—SHO—56{3981+1—35:659,

JP-B-56035659, published August 19, 1981 and

assigned to Ferrer Int., discloses an anhydrous method
of producing a 2-(4'-isobutylphenyl)propionic acid ester by
treating 1-{4'-isobutylphenyl)ethanol (IBPE) with carbon
25 monoxide in a solution containing an alkanol and a catalyst
such as palladium bis(triphenylphosphine) dichloro complex.
The .solution may also contain up to 10% of a mineral acid

such as hydrogen chloride.

Our EP-A-284310 published September 28, 1988 (based
30 on USSN 28514 filed March 20, 1987 and USSN 158141 filed
'March 4, 1988) provides a method for the preparation of
ibuprofen by carbonylating 1-(4'-isobutylphenyl)ethanol
(IBPE) with carbon monoxide in an acidic aqueous medium,
‘e.g. containing at least 10% of water based on the weight of
35 IBPE initially added, at a temperature of at least 10°C and
a carbon monoxide pressure of at least 500 psig, and in the
presence of (1) a catalyst consisting essentially of a
palladium compound in which the palladium has a valence of

“ AMENDED _SHEET | -5 MG 989




coul d be sonmewhat higher or [ower than such period. 30 35 12 Exanples 1
to 20 To a 4 liter Hastall oy B autocl ave were ‘added varying anounts of

| BPE, 36% or 26% aqueous hydrochloric acid, palladiumchloride, triphenyl
phosphi ne, and i buprofen. The autocl ave was seal ed, purged with N2 and CO
and pressured with COto a |level sufficient to result in a targeted
reaction pressure at a reaction tergerature of 130[err]C or 140[err]C. The
reactor contents were then heated to the latter reaction tenperature and CO

o e SRt L O P SRS S SRS

absorbed during the reaction. stantral conp :
determ ne%h@égg}mé GBhoEpHdRsCRLBAt phkesenth BAMhL ASiRyanAORYEELELDS 196 £ RPE
0

was at | east The conditions of reaction including quantities of

reacti on GanmpenerndinpXaked eiith paplefitwni s Thedipdatask dSrekBY' hisabbke rattlo

of hydrogen ions to
the organic phase of the reaction medium"” means that the ligand
is not complexed with an insoluble substrate such as a polymer
which prevents it from being freely mixed in the oxrganic phase.

In carrying out a batch or continuous plug flow

carbonylation reaction, the mole ratio of ibuprofen to IBPE at
the initiation of the reaction, i.e., when the reaction
composition is initially contacted with carbon monoxide under
reaction conditions, may be in the range of agzﬁt 0.01 to 2,
preferably abgﬁé 0.1 to 1.25; water may be present in an amount,
for example, of aQ9ﬁt 10 to 600%, preferably abpdt 15 to 100%,
based on the weight of IBPE initially present; the temperature of

. reaction may be, for example, in the range of aépdt 10 to 225°C,

- preferably abyd% 70 to 175°C; the carbon monoxide pressure may
be, for example, in the range of abpdt S00 to 5000 psigqg,
preferably abgut 700 to 3000.psig; and the total reaction time
may be, for example, in the range of aQ9ﬁ% 0.25 to 2.0 hours,
preferably abpﬁ% 0.25 to 0.75 hour. This compares with typical
total reaction time periods of 2 hours to 2.5 hours to obtain an
equivalent product.yield when ibuprofen is not present at the
initiation of the reaction.

‘ In carrying out a continuous carbonylation reaction
where backmixing occurs, the required mole ratio of ibuprofen to
IBPE in the feed to the reaction system is expected to be higher,
for example, in the range of agzﬁf 15 to 1,000. This mole ratio

requirement is affected by the concentration of feactants in the

S - _AMENDED SHEET | -5 sug 188




IBPE (H err]/I1BPE) nole ratio of ibuprofen to IBPE (I1BU IBPE), tenperature,
time of reaction (i.e., the period of actual reaction neasured by CO uptake
as defined previously), pressure, and results of the reaction in terns of

i buprofen selectivity (1BU Sel.), are shown in the follow ng table. 13
[err] 14 Conparative Exanple A The procedure of Exanple 3 was foll owed
utilizing 26% HCO except that no ibBluprofen was added with the initial feed

OO g HLE B R .2 WP b Bl #5664 S8 AR IRE SO UBNAKESS,
| bupr of engfangedabbeMe2Peilg Thd Fedetioh08Patshi veorke @hirerBed mole
ratio of ibuprofen to IBPE in the feed to a continuous
carbonylation reaction wherein substantial backmixing occurs is
expected to fange from quﬁ% 20 to 200.

Some palladium catalysts which may be used wherein the
palladium is complexed with an appropriate ligand are as follows:
bis(triphenylphosphine) dichloro complex, bis(tributylphosphine)
dichloro complex, bis(tricyclohexylphosphine) dichloro complex,
pi-allyltriphenylphosphine dichloro complex, triphenylphosphine
piperidine dichloro complex, bis(triphenylphosphine) dicarbonyl
complex, bis(triphenylphosphine) diacetate complex,
bis(triphenylphosphine) dinitrate complex, bis(triphenyl-
phosphine) sulfate complex, tetrakis(triphenylphosphine) complex,
and complexes in which some of the ligands are carbon monoxide

' such as chlorocarbonyl bis(triphenylphosphine) complex, all
complexes 6f palladium. Also suitable as a catalyst is palladium
metal on a'suitable catalyst support such as carbon, alumina,
silica, or an inert polymer which can tolerate 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 egqual to at least agpﬁf 1:1 when the
Pd:IBPE mole ratio is at least agput 1:5,006. However, when the

latter ratio is below apgdt 1:10,000, it is necessary to use an

excess of phosphine ligand such that the P:Pd ratio is at least

agzﬁ% 2:1.
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The procedure of Exanple 6 was followed utilizing 36% HC, except that no
| buprof en was added with the initial feed conponents. The period of actual
reaction as determ ned by CO uptake was about 130 m nutes, the |BPE
conversion was over 99% and the selectivity to ibuprofen ranged from about
93 to 95% A conparison of the results of Exanples 3 and 6 wth those of
Conpar ative Exanples A and B, respectively, indicate that the presence of
i buprofen in the feed conposition when the reaction is initiated with CO
make it possible to obtain high selectivities of ibuprofen with
substantially conpl &he cahatyst srrnpledBmEYabenprRsendr ieran gasingn suches

than if no_ i buprofen_is present. 15 CLCAIMS 1. . A nethod for
product i offhags thepBelss A8y OL (PRt ladipd, FradPER 1iSofin the range, for

L OReT ) SABROL s (LRS! B oroh 0NN 2 50 10
1:50,000. '

The ionizable or dissociatable 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 dilute aqueous solution, e.g., inorganic acids, such as
sulfuric aéid, phosphoric acid or polyphosphoric acid, or organic
acids, e.g., sulfonic acids such as p-toluenesulfonic acid,
methanesulfonic acid, or trifluoroacetic acid, may be used as the
source of hydrogen ions. Similarly, other water-soluble and

- ionizable halide éompounds, as for example, halide salts wherein
the cation does hot 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 Xﬁ/IBPE) each may be in the range, for example, of apoﬁf 0.15
to 5, preferably abeGt 0.3 to 2.0. _ |

Although not necessary for the oﬁerability 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 as methyl éthyl 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
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carbonyl ation with carbon nonoxi de under conditions to initiate reaction,
and continuing to feed carbon nonoxide to the conposition to produce the
desired yield of ibuprofen. 2. The nethod of claim1 wherein the
reaction is a batch 10 reaction or a continuous plug flow reaction and the
nole ratio of ibuprof en to IBPE at the initiation of the reaction with
carbon nonoxide is in the range ofsp{01 to 2. 3. The nmethod of claim?2
wherein the nole ratio of ibuprofen to IBPE at the initiation of the

reaction weth $61¢anbods sl dafi theNchbglyei@epdM1dhiln @slad@ed4to thdhe
met hod of any of clains 1-3 wherein the reaction is a batch reaction or a

cont i nuousygtem isonnrthetnetraldrnd birezeacbwvalénte ostate q@PA’) edtibert amy an
aci dic aqueous nedium at a tenperature of at |least 10[err]C and a carbon
. 20 nonoxBaE&vVeREsYERd showld |lkeydonshydperarband | The Holyendema¥ be (1) a
pal | adi um cat al yst
t

in watch th .paIIadiEn1h s _a nce of zero to_2 and is
conpl exedPHFER™ bt *Fedst bR P N N i oﬁ%.ni(g]%lg ‘dh&g‘&fﬁé‘gf"rgﬁﬂﬁ
hosphor uSFBAP T8 o aaPac P g 1000 e P eFPEab L A e L3 2 and bei ng
at least 2:1 when tRA inorganic salt may also be present during the
f reaction. Inorganic salts which may be used are, for example,
those yielding 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 dces not interfere 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, if used, will
.generally be present at a concentration of, for example, about
0.1 to 50%, preferably a t 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 polymerization inhibitor in the
reaction mass. Inhibitors which may be used for this purpose
include, for example, t-butYléatechol, 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‘apzﬁt 0.01

to 15%, preferably abpodt 0.1 to 5% by weight based on the weight

of IBPE.
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nole. ratio of palladiumto IBPE is such that palladium= 1 and | BPE =

10, 000 or nore; (2) ionizable or dissociatable hydrogen ions in the form of
an acid which is substantially 30 onizable in a dilute aqueous sol ution
such that the nole ratio of hydrogen ions to | BPE added -to the reaction
zone is at least 0.15; (3) ionizable or X ssociatable halide ions such that
the nole ratio of _halide ions,to | BPE added to,the reactjon zqone is at

| east 0.15. 3¥PEIINCATRY GREHLBUORSLY of HPAL UMt BYRTPRENSHRTR PR Keactor
hydr ogen i onswitld bhei dehetnEomnponehidr ofethaldhiargd . .compolict it hodrivis

method of ol aFY 158nBF SO RCEREP R BBt 5O SIA TSR (T ORI LS &he -
backm xi ng ocexeductndswheami rta htheolchaxge o eaid | bfipridien rieadt8PE at Ife
ilni)f)i)at | 0ng O o { e L ARG b Oy sEHP OBBRPEX119E the! RontlilBob@%editdm, 10

’ ' then an advantage of the inventive method in terms of an

increase in the initial reaction rate may be obtained by

adding ibuprofen to the reactor with the other components of

the feed so that such ibuprofen is present when CO feed is

10 initiated.
Examples 1 to 20 further illustrate the invention. In

these examples, the "time of reaction" is the actual time

that it takes for the reaction to proceed to substantial
completeness as indicated by CO uptéke. Such time, which

15 may be also termed as the "period of actual reaction", is
measured from the onset of the reaction at about 130°C, when
the CO uptake ascribed to the reaction becomes significant, -
to the point at which such CO uptake is at or close to zero.
Such measured time is different from the "time of reaction"

.20 given in the examples of previously cited EP-A-400892 and
its predécessor, which was a previously set time from the
onset of the reaction at about 130°C to the point at which
the reactor contents were cooled below the necessary
reaction temperature prior to removal for subsequent

25 handling. Although the latter preset time is generally
estimated to be approximately equal to the period of actual
reaction measured by CO uptake as previously defined, it
could be somewhat higher or lower than such period.

30

35
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8.- The method of claim 7 wherei-nthe nole ratio of ibuprofen to |BPE
ranges from20 to 200. 9. The et hod of any of clainms 1-8 wherejn the
cat al yst conprises pall adi um and a*nonodent at’®e phosphine ligand. 10 10.
The nethod of claim9 wherein the palladiumis added in the form of

pal | adi um chl ori de. 11. The nethod of 18laim 9 or 10 wherein.the ligand is
a tri(organo) phosphine. 12. The nEt3§§¥§&§C|ainlll wherein the ligand is
tri phenyl 15 phosphine. 13. Use of i ninthe initial reaction

m xtdure to atcel er & e mbthodactfioen ipralwyrtuicass 66r tibepprodémct imn othe

ouproren DIcASSER AR e | SR MBSOt NGR): PO SN (R O
comprising initially contacting a reaction mixture
5 comprising IBPE, ibuprofen and a catalyst for the
carbonylation with carbon monoxide under conditions to
initiate reaction, and continuing to feed carbon monoxide to
the composition to produce the desired yield of ibuprofen.
2. The method of claim 1 wherein the reaction is a batch
10 reaction or a continuous plug flow reaction and the mole
ratio of ibuprofen to IBPE at the initiation of the reaction
-with carbon monoxide is in the range of 0.01 to 2.
3. The nmthoa of claim 2 wherein the mole ratio of
_ ibuprofen to IBPE at the initiation of the reaction with
15 carbon monoxide is in the range of épzﬁt 0.1 to 1.25.
4. The method of any of claims 1-3 wherein the reaction
is a batch reaction .or a continuous plug flow reaction and
the carbonylation is carried out in an acidic aqueous
medium, at a temperature of at least 10°C and a carbon
20 monoxide pressure of at least 500 psig, and in the presence
of (1) a_palladium catalyst in which the palladium has a
—eempeané—in~whieh—the—palladiumnhas—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

25 reaction.mediuﬁ, the phosphorus/palladium mole ratio in said
palladium compound and ligand being at least 2:1 when the
mole ratio of pglladium to IBPE is such that palladium = 1.
and IBPE = 10,000 or more; (2) ionizable or dissociatable
hydrogen ions in the form of an acid which is substantiatly

30 ionizable in a dilute ‘aqueous solution such that the mole
‘ratio of.hydrogen ions to IBPE added to the reaction zone is
at least 0.15; (3) ionizable or dissociatable halide ions
such that the mbleﬂratio of halide ions to IBPE added to the
reaction zone is at least 0.15.

35 5. The method of claim 4 wherein 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.
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7. The method of claim 1 wherein the reaction is a
continuous reaction where backmixing occurs, and wherein
backmixing,—and-wherein the mole ratio of ibuprofen to IBPE
at the initiation of the reaction with carbon monoxide is in
the range of 15 to 1,000. '

8. The method of claim 7 wherein the mole ratio of
ibuprofen to IBPE ranges from 20 to 200.

9. The method of any of claims 1-8 wherein the catalyst
comprises palladium and a monodentate phosphine ligand.
10. The method of claim 9 wherein the palladium is added
in the form of palladium chl_oride-.

11. The method of claim 9 or 10 wherein the ligand is a
tri(organo) phos.p:hine.

12. The method of claim 11 wherein the ligand is triphenyl
phosphine.

13. Use of ibuprofen in the initial reaction mixture to
accelerate the reaction in a process for the production of
ibuprofen by reaction of 1-(4'-isobutylphenyl)ethanocl and
carbon monoxide in the presence of a carbonylation catalyst.

* °C L M S *
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