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. BACKGHOUND OF THE [ NVENTION 1. Field of thd™ Meswiption : page ﬁ:;’%?”‘fiﬁw'” |

“invention relates to a nethod for purifying Efﬁhpmc$en @qnﬁruxtngx@t&ﬂure
of the kind which are- typically produked dyfi Dgawing@pcpaged .pr.oeamged N.......
whi ch ibuprofen (2-(4'-isobutyl phenyl) propi|pniabs@gdt d) : psgedor. B pagéd ..........
Background Art | buprofen is a meltnkﬂp“ﬁzgggﬁﬁpf0|dal anti -

vJ

i nflanmatory drug which has been converted frometticats .
prescription, MEQHODVEOR!PEREPUOABLON Sdlatnmmnorﬁﬁh@owmlgrmbemmﬂrzés a
pharmaceutical nmust neet purity requirenents specified by . S.
Food and Drug Admnistration. |In addition, the ibuprofen i s typi cal |y
BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a method for purifyiné
ibuprofen-comprising 'miitures ofl the kind which are
typically produced during a reaction process in which
ibuprofen (2-(4'-iéobutylphenyl)propionic acid) is formed.
2. Background Art
Ibupfofen is a well-knowa nonsteroidal anti-
inflammatory drug which has been cbnverted from ethical,
i.é., prescription, to OVer-the—counter"status; The
ibuprofen sold as a pharmaceutical must meet purity
requirements specified by the U.S. Foed and Drug
Administration. In addition, the ibuprofen is typically
sold over-the-counter in the form of tablets, and therefore
it is advantageous to have the ibuprofen material be in a
structural form which can be readily formed into tablets:
typically tablet formation is facilitated when the average
crystal size of the ibuprofen materi&l ranges from about 15
microns to about 70 miérons. |
Ibuprofen-comprising mixtures_ which can be
processed by the method of the ﬁresent invention to yield
purified ibuprofen which is capable of meeting U.S. Food
and Drug Administration requiréments include those produced
by the methods such as the method described in U.S. Patent
Serial No. 07/50§;645, fiied March 28, 1996. U.S. Patent

Application Serial No. 07/500,645 is hereby incorporated by
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| _
sol‘d “ovér-the-counter in the formof tablets, and therefore it is

advant ageous to have the ibuprofen material be in a structural form which
cdn be readily formed into tablets; 't%pically tablet formation is
facilitated when the average crystal %ize of the ibuprofen material ranges
fromabout 15 mcrons to about 70 m crons. | bupr of en- conpri si ng
m xtures which can be processed by the nmethod of the present invention
to yield purified ibuprofen which is capable of neeting U S. Food and
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reference for purposes @heRr ONhFtSfeRaLk OpLoditbdd L8 "BédOFibed in U.S.
Patent Applicatioh Serial No. 07/500,645, the process
involves the carbonylation of 1-(4'-isobutylphenyl)ethanol
(IBPE) with carbon monoxide while in contact with an acidic
aqueous medium at a temperature of at least about 10°C and
a cafbon monoxide pressuré of at least about S00 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 phosphinek ligand freely misaible with the
organic phase of the reaction medium, the
phosphorué: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 = 1 and IBPE =
10,000 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 2zone (Hﬂ/IBPE) is at least
about 0.15; and 3) dissociated halide ions such that the
mole ratio of halide'iohs to IBPE added to the reaction
zone (X /IBPE) is at least about 6.15.- -

The IBPE used tq produce ibuprofen may be made by

any of various means; pfeferably, "however, the
carbonylation reaction to produce ibuprofen is integratéd

with a method of producing IBPE from isobhtylbenzene,
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hefpful in under standi ng the present invention. When i buprofen
is produced as described in U S. EP-A-400, 892 Pat ent Application Serial
Nd. 07/500, 645, the process i nvol ves the carbonyl ati on of

1-(4' -isobutyl phenyl ') et hanol (IBPE)3wi th carbon nonoxi de while in contact
with an acidic aqueous nedium at a tenperature of at |east about 10[err]C
and . (3447 kPa gauge) a carbon

nonoxi de pressure of at |east about 500 psig, and in the presence of 1) a
cat al yst consheteng egmentattéey cbmpaupdl |ixli subjeopedindoi e wArtadehe

pal | adium has a valence of zero to 2 and is conplexed with at |east one
aci d stabl e Crofib8emegcdigRospiitheani geraYLrbaNY HIedth| o WwaIduedrR 4organic
phase of t he reaction medi um t he . phosphor us; pal | adi um nol e
ratio in sai GSBBPFXBI?GRFEB%BBﬂﬁ @rﬁfﬁ)l g‘é{HéICBellr% &Pepeﬁd%thﬂi when
the nole ratio_of allaqiun1to BPE is_suc

el £ E ? o Lad n&ﬁ gnd | BPE =
10, 000 or nof¥Eer9Fedi b r%ﬁe%“f‘ﬁﬁﬂ bgen- i ondY F8ﬁ1 éSPdca FERTY

bstanti al | h that
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(H[err]/lBPELbkglgtIh@gst about 0.15, and 3) dissociated halide ions such
that the

The crude reaction'product mixture obtained in
the ‘above-described cérbonylation reaction, contains
ibuprofen at a concentration range of about 70% to about
98% by weight, and typically contains about 85%-95% by
weight, having such undesirable imphrities present as
triphenylphosphine (TPP), triphenylphosphine oxide {TPPO),
and organometallic compounds/complexes (typically organo-
palladium compounds/complexes) which need to be rémoved.

Inorganic impurities typically present include
hydrochloric acid, .palladium—containing compounds and
elemental palladium which also need to be removed.

Additional organic impurities, such as (but not
limited to) 4-isobutylacetophenone, isobutylbeniene, 1,4-
isobutylethylbenzene, 1-(4'isobutylphenyi)ethyl chloride,
1-(4'-isobutylphenyl)ethanol, isopropylaléohol, isopropyl
ester of ibuprofen, 3-(4'-isobutylphenyl)propidnié acid and
2-(3'-isobutylphenyl)propionic 'acia are also typically
present in the reaction product to be purified.

Several different methods of purification.were
initially attempted, including the most commonly used

g method of purification for similar reaction product



nol‘e‘ratio of halide ions to | BPE added to the reaction zone (X err]/I|BPE)
Is at | east about O0.15. The | BPE used to produce ibuprofen may
beé nade by any of . various nmeans; preferably, however, t he
carbonyl ation reaction to produce i bugrofen is integrated with a nethod
of producing IBPE fromisobutyl benzene, 3

wherein the latter conpound is subjected to a Friedel- - Crafts reaction

with an acetyl ating .agent to produce, 4- lsobutylacetoghenone (. BAP) whi ch
is then redu®eFeFidas hy FEGEALILAZRREOPr e e 20f NEAROTREGERat T Mt al yst |
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carbony'ati one I SAL1 ORpupeBRLA! NFeakBYBROT s&toahc% CHNGRRAT WYL T 3Rge Of
sufficient to remove the TPP and TPPO. 1In fact, analytical
data confirmed that very little if any TPP was removed by
crystallization from hydrooarbon solvents.

In addition, crystallization from a hydrocarbon
solvent did not remove metallic cataiyst
compounds/complexes from the reaction product mixture.

Melt crystallization and distillation of the
ibuprofen reaction product mikture were also investigated
as possible means. of -ibuprofen purification. Melt
crystallization was investigated, but preliminary
experiments indicated that due to the high viscosity'of the
crude ibuprofen and its. individual constituents, melt
crystallization is inefficient as an individual method of
separation. For example, the TPP and TPPO combined
concentration in the melt crystallized ibuprofen product
was greater than the desired concentration of 10 ppm or
less. Melt crystallization appears to be more expensive
than distillation as a separation purification method.
Although distillation appears to be a feasible method of
purification, economic calcuiations show distillation, as
an individual separation technique, to be expensive
relative to crystallization from solvents; and,' Qhen
distillation is used, typically the 3-isomer is carried

overhead with the ibuprofen (4~isomer), requiring



98% By wei ght, and typically contains about 85% 95% by wei ght, having such
undesirable inpurities present as triphenyl phosphine (TPP),

t r¥ phenyl phosphi ne oxi de (TPPO, and organonetallic conpounds/conpl exes
(typically organo- palladi um conpounds/ conpl exes) which need to be

r enoved. Inorganic inpurities typically present include
hydrochl oric acid, palladiumcontaining conpounds and el enental palladi um
whi ch al so need to be renobved. Addi ti onal organic inpurities,

such as (but @Qibséquaﬁteobé&aeésuﬁaobfwl 2eRbORNEBEN&nd SO ymdENZEeRBe 1, 4-
i.sobut yl et hyl benzene, 1-(4'isobutyl phenyl)ethyl chloride,

1-(4' -isobut yldihsatriwnaeimambmﬁﬁppﬁmat cichdln, theopoepysdf &bl ahih is

i buprofen, 3- (4' -isobutyl phenyl ) propionic acid and

2- (3" -i sobut yqyrdea Ly omml%d/mlxﬁlw admo at ypiikllgd pdewsnt and t he
reaction product to be purifie Several different nethods of
purification \ﬁéﬁbéeq‘-ﬁerﬂttllyalfllﬁ‘kﬁflt erfAtErsinn odi Fhet HeurbRfen dhlis tsed

method of purif Igatlfgléoglglemclo%on %Ctuls% ro()dllt{gnufacture tablets is

difficult due to mechanical complexities.

Distillation, as a method of purifying an
ibuprofen reactién product mixture, is disclosed in U.S.
Patent .Application Serial No. 07/302,696, filed January 25,
.1989. This application disclosed a process for purifying
2- (4'-1sobuty1pheny1)proplonlc acid from a mixture, wherein
the 2- (4'-1sobutylphenyl)proplonlc acid is’ separated as a
distillate fraction, by subjecting the mixture to a vacuunm

rectification.

SUMMARY OF THE INVENTION -

The present invention pertains to a method'of
purification of ibup;cfen-comprising mixtures, which
purification comprises crystallization of ibuprofen from a
hydrocarbon solvent. In adcordance with the present
invention, it has been discoVe;ed-that at least one complex
comprising at least one ibuprofen molecule is present in
the ibﬁprofen—comprisimg'mixtures: this complex must be
destabilized or broken up, whereby impurities which
comprised the complex cah be separated from the ibuprofen
molecule, permiting ibuprofen of the desired purity to be

obtained.
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4 ° “mterials, crystallization froma hydrocarbon solvent. However, it
was di scovered that such crystallization alone of the ibuprofen reaction
pY¥ oduct m xture was not sufficient to renove the TPP and TPPO. In fact,
anal ytical data confirmed that very Pittle if any TPP was renoved by
crystallization from hydrocarbon sol vents. . I n addition,
crystallization froma hydrocarbon sol vent did not renove

metallic catal yst . gqq o] X fr tikgn ct

m xt ur €. Mel t cr%%ta%%lggégoﬁﬁén gaé$f#%ﬁf£oﬁgo &%qg'ﬁﬁﬁwofen
reacti on proQifelonPrede RIS a'é@eéé}&‘@Stiﬂatﬁ% aSpuPPS Be il Cond B hddf

| buprofen purification. Melt™ crystallization was I nvest’i gat ed,

but  preli mxiaftnresXReid frens s bﬁdaﬁahe(i>afr|&afofdlt¢1et GHdps h’h@‘l“eé/sia&qpaid y of
the crude ibuprofen and its individual constituents, nelt «crystallization

is inefficiertestatdniizedion duadakmsiphdidheofat iepatabnencompl.:ex dosomiteed t he

TPP and TPPO conbined concentration in the nelt crystallized ibuprofen

pr oduct above. In fact, removal of uncomplexed acid, in some
instances, is sufficient in itself to destabilize the at
least one complex. In other instances, it is necessary to
heat treat the ibuprofen-comprising mixture, whereby
uncomplexed acid is removgd, complexed acid becomes
uncomplexed and is removed, and the at least one complex is
broken up.

To destabilize or break up the at 1least one
complex between ah ibuprofen molecule and reactants,
byproducts and/or catalets which are present fhe
ibuprofen-comprising reaction product mixture, it is
necessary to substantially remove acidic compounds which
are present in the réaction product mixture. The acidic
compounds reﬁoved can be uncomplexed or complexed, but in
any éase it is necessary to remove substantially all of the
uncomplexed acidic compounds which are initially present in
the reaction product mixture, making these uncomplexed
acidic compounds unavailable for complexing and shifting
the equilibrium so that aci&ic compounds which are
complexed ténd to deComplex.. In.some:instanees, it may be
feasible'ﬁo directly decomplex acidic compounds present in
the at least one complex, thus destabilizing or breaking up

the complex comprising the ibuprofen molecule. g



was greater than the desired concentration of 10 ppmor less. Melt
crystallization appears to be nore expensive than distillation as a
separation purification nmethod. Al though distillation appears to be a
feasi bl e nmethod of purification, econom c cal cul ati ons show distillation,
as an individual separation technique, to be expensive relative to

crystallization fromsolvents; and, when distillation is used, typically

the 3-isomer

requiring

processing for renoval of the 3-1soner. The

product is in ¢hémfanmey¥ ebhpVakehAgi Them Wit cal |r¢éd1@ﬁ@|@ﬁiéﬁ| I&hflt?éi

a chilled drum and subsequent |y fl aked. Conversion of the ibuprofen

flakes to

R err] - CH( CH eF$19YesHoRY e

is carried overhead wth the ibuprofen (4- isoner)

he acidic compounds can be.%emovedsﬂg in
F istillat E prd% v

5 sey@rdctéd soze sepavatgdustrono theuf dbtprefénmbtetsrising
difficult due to nechanical conplexities. - DE-A-26 46 792

di scl oses a prm%lqné)rPItWélqir@ﬁafrt@t |eon The Qﬂlfhw [comploungisy Fan also be
substituted)-propionic acid or an este ereof of the general formula

phenoxyphenyl ,

xant henyl ,

f1ud
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up the at least one complex, while simultaneously providing
a means for. removing the acidic compounds as they become
available from the destabilized or broken up complex.

One preferred embodiment of the present invention
pertains to a method of__purifying ibqprofen-comprising
mixtures, which'mixturbé'include or comérise haliaes anﬁ
phosphorous~-containing compounds. Another preferred
embodiment of the present invention pertains to a method of
purifying ibuprofen-comprising mixtures, which nmixtures
include or comprise a metallic catalyst'compound and/or an
acidic compound cohplex. Both of these preferred
embodiments can be practiced usinq the same techniques to
destabilize or break up complexes which form with an
ibuprofen molecule.

The techniques used to destabilize or break up
complexes which form with an ibuprofen moiecule are
disclosed in terms of specific process steps below.

One preferred.embodiment-qf the present invention

comprises the steps of:



bi phenyl'enyl and Rerr] is hydrogen or |ower alkyl, wherein an aryl
substituted ethylene of the formula Rlerr]-CH=CH err], in which R err]
has the above definition, is reacted with carbon nonoxi de 15 under pressure
in the presence of a |ower alcohol of &he formula Rlerr]OH, in which
Rlerr] is lower alkyl, or water. The carbonyl ation reaction is
carried out in the presence of a pal | adi um conpl ex, in particular a
phosphi ne- cont ai ni ng conpl ex, as catalyst. In Exanple 21 of this German
pat ent 20 speC|fﬁtatl@hShlm%ea@aﬁBﬁﬁW@ﬁﬂﬂﬂFOMthﬁ%ﬂge%ﬂ%ﬁﬁ nhxtape,
presence of benzene as solvent. The resultant sol ution of crude

i bupr of en i sUEAPPadtedeRFENCRR YRERIIE SARn i'GIRRALN thesyashifgi *3eBbnat e

and the extract is then gurtherdextracted with ether and then acidified
with hydrochFBPPE*EEFd 2 TRE 28" resul tant extract is washed with water and

dried over gzem aﬂ?{ﬁ"ggf‘?-rr ec”%lg%ef)} sat,..’hej_”gte St bhl:@d ﬁf m ugder

reduced pressure d thé-“resi i zed exane

i buprof en of Eglohhngs@ﬂkﬁor75o;7[ﬁiﬂ&e comPrJ.SJ.n P‘tﬁe17@a§-ﬁgdd'f§.gggses a
met hod for producing a-(p- 30 isobutylphenyl)-propionic acid or its alkyl

esters, Whi Chpupre@ehr nS&tule) eaidalivicloading eatadkdast bnk hiydechgebut vl -
phenyl ) et hane at tenperatures of 200-650[err]C in the presence of a
proton acid catzenst fawd/ ehighsthedibupdofanaigserystallizetiuce

p-isobutyl styrene and isobutyl benzene as main 35 product; and (Il) reacting
the p-isobutyl styrene Wist Bncaiegpnative, a second preferred embodiment

[ - >page 5a] nonoxi de and water or al cohol at ‘a tenperature of
40- 150[err]CcomPQHﬁth§h§r§§§P§e°5F a metal carbonyl conplex catal yst to
produce [err]-(p- |§obut

en I ionjic Cld or s, al ter
alternatively (113 rea % égégggobuty Fe %Pi%Fﬁﬁ %%fﬂﬁﬁaﬂﬁroX|de
and hydrogen f_%tm s prrr}régdl%t%r%f%fn 4 a 'ten;lprg}act‘:dfé tﬁ&ﬂ'ﬁ%‘ﬂ{c%omca"ﬁégﬂ al

carbonyl comple _
the decompdsition of a complex which includes at least one

ibuprofen molecule, whereby tﬁe decomposition products of
such complex can subseéuently be separated from the
ibuprofen molecule; and

b) crystallizing ibuprofén at least once from a
second solution or mixture comprising the heat treated
first solution or mixture, and including at least one
hydrocarbon solvent.

Another alternative preferred. embodiment

comprises the steps of: |

a) washing an ibuprofen-comprising first mixture,
using at least one w_ashihg step, .wherein the washing #gent
comprises water;

b) heat treating a second solution or mixture
comprising the washed ib_}lprofen-comprising first mixture at

a temperature sufficient to cause the decomposition of a



a- (p-i sobut yl phenyl ) pr opi onal dehyde and then oxidi sing the latter to
produce [err]-(p-isobutyl phenyl)propionic acid. In Exanple 31 of this
European patent application p-isobutyl- 10 styrene is introduced into an
aut ocl ave together with a pal | adi¥im cat al yst in an aqueous hydrochloric
acid sol ution, benzene as a reaction solvent and acet ophenone, after
whi ch It was reacted with carbon nonoxi de.- After the reaction and
cooling of the autoclave, the benzene | ayer was separated 15 and extracted

thrice with RndlesoUshsehUtineIuabssel Ulkast BHEr QPR orehly HAGMGE! c acid
was added until the sodium hydr oxi de sol ution reached a pH of 2 and

then an extr atisredy thev dhcohiposbtbom pasdettecbed suthe caltiplieskar Bawas
renoved by reduced pressure evaporation to obtain |ight yell ow crude 20
crystals. Theubsagentist diss smart@eir ¥eoal theedbuwprofen molediiamad t o

obtain white crystals of g but yl - phenyl ) propi oni c acjd of
nel ti ng poi nt 76-??[eFFF€talllz ng 1bEP§PF?Pa&Fc%?a§£599cﬁeﬁﬁeﬁ JFERAS fyi ng

an i buprofen reaction .product X ture, Jis di n EP- A- 326, 027 25
This appli catSUMHTE I%@d%“ﬁ?o‘ﬂ'é%g f%?m%ﬁ?%% g"{"reated secdnd

I sobut yl phen ropi oni ¢ _aci.d fro erei_n th
(4 sobuty SRR G st e, Delihg AR GRe Bvgrasathon o
fraction by SURIGH LAt Woh B UHE SR IRAIUD crye@itiiblgation. 30

SUMVARY OF T The present 1 nvention pertains to a

method of  purificatigrpotdntidlUpiifeiaRAN itd BJwalb¥!t WAEE, steyhish
purification conprises crystallization of ibuprofen, 35 especially from

a hydrocar borramdwehtof lexceasordddcfromtthe cadbonylesdon mixenteomould has

been di scovered that at |east :

[ - >page 5b] be the use of azeotropy. wherein the gpeotrope comprises
the uncomplexed acid, water, and a hydrocarbon solvent.
This potential t :hnique is preséntly undef investigation.
Should use of azeotropy for the removal of uncomplexed acid
prove economically feasible, the water wash step described
herein can be replaced in the description of prefefred
embodiments throughout the method of the present invention
by such azeotropy. In addition, depending on the
temperature at which the azeotropy is carried out, the
combinatioﬁ of a water wash step and a heat treatment step
can be réplaced by at least one azedtropy step.

There are numerous additional steps which can be
used in the method of the present invention in addition to
the critical combination of steps described in the
preferred embodiments above. The discussion below
describes purification of ibuprofen from an initial
ibuprofen-comprising mixture using various auxiliary steps

in combination with the cr1t1ca1 steps, to provide éne



oné tonpl ex conprising at |east one ibuprof en nolecule is present in

t he i buprofen-conprising m xtures; this conpl ex nmust be destabilized or
broken up, whereby inpurities which conprised the conpl ex can be
separated fromthe ibuprofen 5 nolec&e, permitting i buprofen of the
desired purity to be obtained. In particular, the present

I nvention provides a nethod of purifying an ibuprofen-conprising first
m xture, which m xture conprises at |east one conplex, said conplex 10
conpri sing at o] [ ro n ecyl e, | C rising the
steps of: sk PPl a;ﬁ tQ #gatiiﬁg é';rﬁhbu%}rlof%ﬁ%%n%&s&% P ifr s"?hr% xtdr e,

thereby dest apidnh z+&@ @ HYwR2kK %m%ﬁe%h b8RSFiCRCion system. HoweWRW! ex
conprising at | east one ibuprofen 15 'nDIecu¥e,!By means of at

| east one steptsealiett atbcome immediatelyr apphirgnbeahdts ceideatmpbrt bE said

first m xture, (ii) treatnment of the said first mxture
with a nedi uneebhidey oétepssoandngven thepherbay of times one ofadindi C
conpounds in the said first mxture, which 20 mediumis then

extracted or Gebaieakd SEERSthds repeated depends of en- chheai runity

m xture, and (iiL),azeotroging unconpl exed acid fromthe
sai d requirenents fA% the, fifighed productignd thedrsirrd yform
crystal lizing_Lbuprof en, east. 25 - once froma second solution
or mxture cocr’rif)r*fs‘le ngmls&ﬁe& &od‘?&' said first ibuprofen-conprising
mxture that has In one DPBen sy echgdvhadstreBbERNpldirred
conprises step (a).

[ - >page 6] embodiments of the present invention, at least two water

wash steps are conducted; a first water wash which is used
to remove the bulk of the water soluble impurities from the

- ibﬁprofen-comprising x'nixturg: (typically the reaction
mixture), followed by a second water wash containing a
base, which base is reacted_ with any uncomplexed and
complexed acid from the ibuprofen-comprising mixture (such
as the uncomplexed acid remaining after the above-described
carbonylation step disclosed in U.S. Patent Ap'plication
Serial No. 07/500,645) which remains in the crude
ibuprofen-comprising mixture, even after the fifst water
wash. A third water wash can be used to énsure that_the
salts formed from reaction of the uncomplexed acid with the
base are removed.

These water washing steps are known to _reinove
uncomplexed and complexed acid from the ibuprbfen-
comprising mixture, which,' in some instances, makes it
possible upon subsequent crystallization of ibuprofen from
a so-j':l-ution or mixture comprising a hydrocarbon solvent, to

I
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It appears that it is desirable to renove any unconpl exed acid present in
the i buprofen-conprising mxture prior to, or as a part of the steps
necessary to destabilize or break up the at |east one conpl ex descri bed
above. In fact, renoval of unconplekxkd acid, 1in some instances, is
sufficient initself to destabilize the at |east one conplex. |In other

I nstances, it is necessary to heat treat .the ibuprofen-conprising

m xture, whereby unconplexed acid is renoved, conpl exed acid becones

unconpl exed a5tk &, ' $BBYEIreANURERR GledtR0Sin 000 LB | SeqPl UM LUP.
tﬁ F’east on

To destabilize or break up e at e conplex between®an i1 buprofen
mol ecul e and #@Rcd BidaradyfEOPIGtixy.and/ or catalysts which are present
the i buprofen-conprising reaction product mXture, it is necessary to
substantially renpove acimianchgroprdsewkedentirdinamrgseift tha imeentsiant,i on
product mxture. The acidic conpounds renoved can be unconpl exed or
conpl exed, bua solutign casanixture GemPIdsipgt dbupnofensiyssheat  treated | of
the wunconpl exed aci di c conpounds which are initially present in '
to cause the decomposition or decomplexing of the at leas
one complex previously . described, which complex is
typically intermingled with and is believed to be complexed
with at least one ibuprofen molecule, which complex is
detrimental in view of intended applications for the
ibuprofen, and which complex is not removed upon
crystallization of the ibuprofen from a solution of
ibuprofen.
Heat treatment of a solution or mixture
comprising ibuprofen accomplishes several desirable tasks:
1) The breaking down of a complex to decomposition
products which can be separated from the ibuprofen upon
crystallization of the ibuprofen from a solvent. 2)
Provision of a method for the removal of complex components
from the ibuprofen-containing solution or mixture, when the
heat treatment temperature is sufficient to cause both
decomposition of the complex, and formation of a gas which
comprises a complex component and which gas can be
withdrawn from the heat .treatment process. Also, an?
residual, volatile compounds which contain potential
complex components would tYpically be vaporized during the

heat treatment process. 3) = Provision of a method for

precipitation of non-volatile catalyst complexes and



the feaction product mixture, making these unconpl exed acidic conpounds
unavail abl e for conplexing and shifting the equilibriumso that acidic
conpounds which are conplexed tend to deconplex. In some instances, it may
be feasible to directly deconpl ex actdic conpounds present in the at

| east one conpl ex, thus destabilizing or breaking up the conplex
conprising the ibuprofen nolecule. 7

The aci di ¢ conpounds can be renoved by dissolving themin or conplexing
them wi t-h a medicompalsitigaprbducexttisntert droneparidiupdofearcbhprising

| bupr of en-conprising reaction product m xture. The acidic conpounds can
al so be renpesdUbidrest mixSukag WhRn ithephehbntreatnent gurddddonsnaxeur e
to a tenperature sufficient to destabiljize or break up the at |east one
conpl ex, whi | @dETRATCANDUILFERPBLI %R nEhe acABAkESE oFORBABIR NYithénakhei ¢

conpounds as th econe s . .
P - sé?ﬁéion, thereby permitting precipitation. Separation

techniques such as filtration or centfifugation can then be
used to remove precipitants from a solution comprising
ibuprofen.

Crystallization of ibuprofen from a solution or
mixture comprising at least one hydrocarbon solvent -(from
which ibuprofen can be crystallized) can be repeated a
number of times to provide ibuprofen of increased purity.
The number of crystallization steps'necessary depends on_
the initial composition of the ibuprofen-comprising mixture
to be pﬁrified, the degree of purification achieved-ﬁpon a
single crystéliization étep and the required purity of the
final, purified ibuprofen product.

To summarize severél of the pfeferred embodiments

of the present invention:

. A first, preferred embodiment of the present
method for purification'of én ibuprofen-comprising mixture
comprises the steps of:

a) at least -one water"washing of an ibuprofen-
comprising first mixture; and, |
b} at least one.crYStallization'df ibuprofen from a

second solution or mixture comprising the first mixture,



avail able fromthe destabilized or broken up conpl ex. One
preferred enbodi nent of the present invention pertains to a nethod of
purifying ibuprofen-conprising mxtures, which m xtures include or
conpri se halides and phosphorous-congai ning conpounds. Anot her
preferred enbodinent of the present invention pertains to a nmethod of
purifying ibuprofen-conprising mxtures, which m xtures include or-
conprise a nmetallic catal yst compound and/or an acidic conpound conplex.
Both of thaséd ipcbkidingdatehbasi nené shydnodEripsracsds bezhtisfrn tisicane
techni ques to destabilize or break up conplexes which formw th an

i bupr of en noteeuiluprofen is cryrtalddinddiues used to destabilize or break

up conplexes which form w.th an 'ib%Profen .ol ecule are disclosed
in terns of specific ptoSESSNEreREYFEIFRE embodiment CAE fher prespent

enbodi ment Or];eélqu pgoers e;p&ri Y tjlo%n of %rxrlpri %%%o%gﬁ-ééﬁggigiﬁg mixture

comprises the steps of:

a) heat treating a first solution or mixture
comprising ibuprofen at a temperature sufficient to cause
the decomposition of a complex which includes at least one
ibuprofen molecule, whereby the decomposition products of
such complex can subsequently be separated from the
ibuprofen molecule; and

b) crystallizing ibuprofen at least once from a
second. solution or mixture cqmprising the heat treated
first solution or mixture, and including at least one
hydrocarbon solvent.

A third, preferred embodiment of the present
method for purification of an-ibuprofen-containing mixture
comprises the steps of:

a) at least one water washing of an ibuprofen-~
comprising first mixture; |

b) heat treatment of”a second solution or mixture
comprising the washed first ibuprofen-containing mixture at
a temperature sufficient to caﬁse the decomposition or
decomplexing of the at least one complex which is present
in the mixture: and,

c) _at least one crystallization of ibuprofen from a

third solution or mixture comprising the heat treated



8 "+ ‘“ a) washing an ibuprofen-conprising first mxture, using at-|east
one washi ng step, wherein the washing agent conprises water; and b)
crystallizing i buprofen at | east once froma second solution or m xture
conprising the washed first ibuprofek m xture, and including at |east one
hydrocarbon solvent from which the ibuprofen is crystallized.

As an alternative, a second preferred enbodi nent conprises the steps of:
a) heat treating a first solution or mxture conprising ibuprofen
at a tenper at seeondf facdivgmniort Oogausiecturee dréonprIivdion okt a leasrl exnavhi ch
I ncludes at | east one ibuprofen nolecule, whereby the deconposition
products of Bydhocanpbex cselwitseqiaem v veiskparthed fibsgprolfen i bipr of en
nol ecul e; and b) crystallizing ibuprofen at |east once froma

second sol uti 6RYSFak kEadé conpr|3|ng the heat treated first solution or
mxture, and including gtg s(: on preferred embodiment of the present
method for purification of an ibuprofen-comprising mixture
comprises the steps of:

a) at least one water washing of an ibuprofen-
comprising first mixture:

b) melt crystallization of a second solution or
mixture comprising the washed first ibuprofen-comprising
mixture; and,

c) at least cne crystallization ef'ibuprofen from a.
third solution or mixture comprising the melt crystallized
second sdlution or mixture, and inclﬁding at least one
hydrocarbon 'solvent from .which the ibuprofen is
crystallized.

A fifth, preferred embodiment of the present
method for purification of an ibuprofen-comprising mixture
comprises the steps of:

a) at least .che water washing of an ibuprofen-
comprising first mixture:

b) a first crystalliratioq.of ibuprefen from a second
solution or mixture comprieing.the washed first mixture,
and including at least one hYdrocarbon solvent from which
the ibuprofen is crystelliied:

c) heat treatment ef the crystallized ibuprofen or a

third solution or mixture comprising the crystallized



hydrocar bon sol vent . Anot her alternative preferred

enbodi nent conprises the steps of: a) washing an _
i buprofen-conprising first mxture, using at |east one washing step,
wherei n the washing agent conprises Water; b) heat treating a

second solution or m xture conprising the washed i buprofen-conprising
first mxture at a tenperature sufficient to cause the deconposition of a

9 conpl ex which includes at |east one ibuprofen nolecule, whereby the
deconposi ti onipapgdocén, ofasuch ceshdereaumean sufifizeenent ky beaasgar@ied
fromthe ibuprofen nolecule; and c) crystallizing ibuprofen at | east

once from a tHecdmpssiticonodr at xleast waneh compileixsechidie imetudesadted

second solution or mxture, and including at |east one hydrocarbon
least one ibuprofen molecule, whereby the decomposition
products of such complexes can subsequently be separated by
crystallization from the ibuprofen.molecule: and,

d) a second crystallizat'ion of ibuprofen from a
fourth solution or mixture comprising the heat treated
third solution or mixture, and including at least one
hydrocarbon solvent from which the ibuprofen is
crystallized.

Heat treatment steps such as a) in the second
preferred gmbodimené described above, b) ih the third
preferred embodiment described above, and c) in ﬁhe fifth
preferred embodiment described above also provide a means
of precipitating metallic catalyst compounds/complexes from
an ibuprofen-comprising solution. |

Each of the preferred embodiments disclosed abéve
can include solid/liquid separation steps, and a drying
step following the 1last crystallization, whereby the
residual solvent remaining on the ibuprofen crystals is
removed. | '

Each of the preferred embodiments described above
can be carried out in a—seriés‘of batch¥type steps, in a
continuous manner, and in a semi-continuous manner. One
skilled in the art can arrange the unit operations within
the method of the invention as desired in view of process

econonics.



sol vent "from which the ibuprofen is crystallized. A potentia
alternative to a water wash step for renoval of excess acid fromthe
carbonyl ation m xture would be the use of azeotropy, wherein the azeotrope
conprises the unconpl exed acid, watedé and a hydrocarbon solvent. This
potential technique is presently under investigation. Should use of
azeotropy for the renoval of unconplexed acid prove econom cally feasible,
the water wash step described herein can be replaced in the description of

preferred enbodiments tIBRIE@EsdRIeTIENhOE UHE! DRAWIRSSNt invention by
such azeotropy. In addition, depending on the tenperature at which
the azeotropy is carri EIGURE, the sbowbi na& i oacbhématiat ecfivasdh sbegiand a

_ heat treatnment step can be replaced by at |east one azeotropy step.

There are nuldxdddcagdern Brihody epachRfénd cath IrastysEe iWatefe Widsbhodtof the

present invention in addition to the critical conpination of steps
described in t BRef g?? Pr Her9) gp¥stallizagian qf é&h‘?ﬁ%éﬁn bel ow

descri bes pugérfoigf?at [ RQdPéc%PB@ﬁOfs%@vLBQm %ﬂdi : ;Aaﬁ’on I bupr of en- coelrlr‘{%rviesi ng

m xture using'v ousfauxrirary steps {fn conb wthtt e &FVEal
steps, to pryddde Qi€ nydrocarbon solvent from the ibuprofen.

FIGURE 2 shows a schematic of a another
purification method including at least one water wash, a
heat treatment step, in the form of distillation, at least
one crystallization, and a drying Qtep.

FIGURE 3 shows a schematic of substantially the
same method as that shown in FIGURE 2, except 'i:hat -the heét
tfeatme_nt step does not comprise a distillation wherein the
ibuprofen is taken off as a distillate fraction.

FIG&RE 4 shows a schematic which includes melt
crystallizatio.n in place of the heat treatment shown in
FIGURE 3.

FIGURE 5 shows a schematic of a method which
provides a product having excellent purity. This method
includes at least one water wash, a first crystallization
of ibuprofen form hydrocarbon solvent, a heat treatment
step, a second c'ryst.allizat_ion of ibuprofen from
hydrocarbon solvent, and a dryiné step.

Note that in all o.f the proﬁbsed methods, there
are additional non-critical but. likely to be used. steps,
such as filtering, drying, and recycling steps in which

particular sidestreams are further processed to provide for



10" * skilled in the art with an understanding of what is required-to
have a conplete purification system However, it wll becone inmmediately
apparent that the nupber of auxiliary steps, and even the nunber of tines
one of the critical steps is repeated’depends on the purity requirenents
for the finished product and the desired form of the finished product.

In one of the above- descri bed preferred” enbodi nents of the present

i nvention, at least two water wash steps are conducted; a first water wash

whi ch i s usedaddDtien®Yerddwrdit lofofibupeorshesradiathland npuptdvide figym t he
| buprof en-conprising mxture (typically the reaction mxture),
foll owed by atbecoetiumat ef sadlvendist @&nd mther recyclable materials to

the main process stream.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present requirements for pharmaceutical grade
ibuprofen under U.S. and British pharmacopoeia define a
product having an assay greater than 98.5% by weight
ibuprofen by acid titration. Appearance is to be white or
nearly white. The.ibuprofen compound melting point must
range between 75.0°C and 77.5°C. Residue u§on ignition is
-required to be less than 0.1% by weight anﬁ heeby metals
content must be less than 0.001% by weight; There are also
infrared and ultraviélet standard scans which must be
matched by .the product ibuprofen. Total organic
impurities, measured by HPLC, should total no more. than
1.0% by weight, wherein no single orgenic impurity exceeds
0.3% by weight. | |

There are also generally accepted commercial
standards for the ibuprofen preduct. - Under these
standards, chlofide content of the ibuprofeq product (wet
chemistry reaction with silver;nitrate) should not reveal
any. opalescence due to silver chioride formation. Chloride
content as determined by X-Ray analysis should be less than
10 ppm. Total phosphorus as determined by wet chemical
photometric assay using the phosphomolybdate blue method

should be less than 10 ppm, and preferably less than 1 ppm.



base, which base is reacted with any unconpl exed and conplexed acid from

t he i buprofen-conprising mxture (such as the unconpl exed acid remaini ng
after the above-described carbonylatggn step disclosed in U S Patent
Appl i cation EP-A-400,892 Serial No. 7/ 500, 645) which remains in the
crude ibuprofen-conprising mxture, even after the first water wash. A
third water wash can be used to ensure that the. salts formed fromreaction
of the unconplexed acid with the base are renoved. These wat er

washi ng steps fH& kBewd RcsEABYEs oS Xftb1 ik €PIPhENErondGilind rom
the ibuprofen- conprising mxture, which, 1n sone instances, makes it

possi bl e upon grEEeqandt teiyhénylpRespinef okbaar grepoh LomTee slaitTmo OF

m xture conprising a hydrocarbon solvent, to obt ai n i buprof en

whi ch neets pheamibeedetesinineduindinehdwally using a Hewlett-Packard 5890
capillary gas chromatograph with a flame photometric
detector, to evaluate a 10% by wéight solution of the
ibuprofen product in acetonitrile, .i'f desired: this
capillary method can also be used to measure trace amounts
of other phosphorous organic impuritiés, which are
typically included in calculating the 10pp;n or less. For
processes wherein a metallic catalyst content (such as
palladium) is also monitofgd, the desired residual metal
content in the ibuprofen proéduct is iéss than 5 ppm when
measured by inductively coupled plasma or atomic absorption
spectrophotometry.

In view of the intended use of ibuprofen as an
ingested pharmaceutical, which has engendered particular
requirements and standards, it becomes readily apparent
that purification of an ibuprofen-~comprising rez-_ition
mixture is of crital importance. .

When the ibﬁprcfen product is té be sold in
tablet form, it is desirable to provide the ibuprofen in
the form of dried crystals having a mean particle diameter
falling in the range from about 15 to about 70 micrometers.
The preferred mean part_icle diameter for dried crystals
ranges from about 15 to aboutlsé micrometers.

Table I below shows the composition of f:é_evetal
crude ibuprofen reaction product mixtures which are _E&pical

R
Sheet Has Been Reﬁaced
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and standards for purity. In anot her preferred enbodi nent of the
invention, a solution or mxture conprising ibuprofen is heat treated to
cause the deconposition or deconplexing of the at |east one conplex

previ ously described, which conpl ex i & typically intermngled with and is
believed to be conplexed wth at |east one ibuprofen nolecul e, which
conplex is. detrinental in view of intended applications for the

i buprofen, and which conplex is not renoved upon crystallization of
t he i buprof encfr ahrea kixhdit iocdn Dfuprdfgn-cdeprising mixtutkleat whieat nerd of a
solution or mxture conprising ibuprofen acconplishes several desirable
tasks: 1) Oredygedid®ng RiRthdsis deRblodk insluddogpesrbrorlapionuces

whi ch can be separated fromthe ibugrofen upon crystal]ization of the

i buprof en frofR donFendescripedp BIFEISbY - a nEbRBd RHFEYTRS 1 &8Bv aPe of

| IS, the i b fen- taini | uti LXt wh
The’ heat tr SBEREREST et at 6PV o REHY | FERFSrS o258 bote deBbhSMt on
of the compl ey, A JOLORL] O Einda S WHEN cHHBYIISES 2¢SRHRLEY CoBRONEN!

and whi ch gas can
ibuprofen using the purification method of the present

invention. The Table I 'mixtufe descriptions are not
intended to place limitations upon fhe kind of ibuprofen-
containing mixtures which can be purified by the method of
the present invention, but are intended to provide one
skilled in the art with examples which are sufficiently
informative that one skilled in the art can_: apply fhé
method of the presént invention to other ibuprofen-

comprising mixtures.



wi thdrawn fromthe heat treatnent process. Al so, any residual, volatile
conpounds which contain potential conplex conponents would typically be
vaporized during the heat treatnent process. 3) Provision of a nethod
for precipitation of non-volatile catal yst conpl exes and

12 deconposition products thereof from an i buprofen-conprising

solution- or mxture, when the heat treatnent conditions are adequate to
destabilize the catal yst conpound within the solution, thereby permtting

precipitation. Separation techniques such as filtration or
centrifugation can then be wused to renpove precipitants froma sol ution
conprising ibuprofen: Crystallization of ibuprofen froma

solution or mxture conprising at |east one hydrocarbon solvent (from
whi ch i buprofen can be crystallized) can be repeated a
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nunber ‘of tinmes to provide ibuprofen of increased purity. The nunber of
crystallization steps necessary depends on the initial conposition of the
l-bupr of en-conprising mxture to be purified, the degree of purification
achi eved upon a single crystallizatiZdn step and the required purity of the
final, purified ibuprofen product. To summari ze several of the
preferred enbodi nents of the present invention: A first,
preferred enbodi nent of the.gresent met hod for purification of an

i bupr of en- conpri si ng nm¥ereé uEBﬁﬁPﬂsﬁnghésSMQleBF“rES Gesﬁflbeatlmeast
one water washi ng of an ikQuprofen-. i sing first mxture; .

at | east one T3K%E d ISCFRFASH 8Fg?’51’15r nﬁ?ﬁ ‘H:al§’é'6‘8n8°’§5?‘ﬂn?$ ¥hdch

m xture Conprégﬁrmhéégiéééét rn)dﬂy&§ogen chloride. The ibuprofen- 13

b)

comprising mixture additiocnally contains complexes which
can decompose to produce both halogen-containing and
phosphorus-containing compounds. Initial attempts to
reduce the halogen-containing and phosphorus-containing
compounds to acceptabiy‘low concentrations in the ibuprofen
product via crystallization from a solvent failed.
Applicants then discovered.that the halogen-containing and
phosphorus containing compounds were present in the form of
a complex in the ibuprofen-comprising mixtures. The
complexes are Selieved to be formed between the halogen-
containing compounds, the ?hbsphorus-containing compounds,
and the ibuprofen itself and could not be removed from the
ibuprofen by crystallization of the ibuprofen from a
solvent.

To aid in the subsequent removal of the halogen
and phosphorus—-containing compounds and complexes described
above, applicants used a water wash to solvate and remove
the halogen-containing acidic compoundé, which in some
instances resulted iﬁ decomposition of the complex itself,
permitting subsequent purificaﬁidn of the ibuprofen via
crystallization of the washed ibuprofen-containing- mixture
from a solvent. Use of a water wash containing.a'base,
which base reacts with the halogen-containing acidic

‘compounds to form a water soluble reaction product, makes



and including at |east one hydrocarbon sol vent fromwhich the ibuprofen is

crystallized. A second, preferred enbodi nent of the present
met hod for purification of an ibuprofen-conprising mxture conprises the
steps of: a) heat treating &2 first solution or mxture

conprising i buprofen at a tenperature sufficient to cause the
deconposition of a conplex which includes at |east one ibuprofen nol ecule,
wher eby the deconposition products of such conplex can subsequently be

separated frqifje thfted RIANHOHERTRESEHE Eve ADH reductin ofCihSt ﬁhhbgéng

| buprofen at |east once froma second solution or mxture conprisrng the

heat treated dJddntdimitiditaditi® cdmpbunds.and including at | east one
hydr ocar bon sol vent. . Athird, preferred enbodi nent of the

present nethod for puriReledtedon d akhebujgnukien- c diriiv v feg-woxbuie ing

conprises the steps of: a) at | east one water washing of an

i bupr of en- mixture produced by the synthe51s method descrlbed in uU.s.
Patent Application Serial No. 07/500, 645, it was discovered
that, in purification, it is critical to remove residual
acidic compounds. Without removal of such acidic compounds
(HC1l for example) which are used in the carbonylation step,
complexes are formed with phosphorus-containing compounds
and the ibuprofen. Such complexes include,'fdr example, a
triphenylphosphbnium_Usalt-HCI-ibuprofen complex, .which

‘complex is believed to have the:structure:

HCl

A complex of the type shown above is believed to

be formed when triphenylphoséhonium chloride salt complexes
with acid compounds, such as HCl, and with the ibuprofen
product. Laboratory data indicate the triphenylphosphonium
chloride salt can be removed from ibuprofen by
crystallization from a hydrocarbon solvent if a strong acid
is not present. However, dnce the acid-comprisinq complex
forms, it is extremely difficult, if not impossible, to
remove the complex from the ibuprofen product by

crystallization from a solvent.

Sheet Has Been Reﬁaced
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conprising first mxture;

b) heat treatnment of a second sol ution or

m xture conprising the washed first ibuprofen-containing mxture at a
t-enperature sufficient to cause the deconposition or deconplexing of the
at | east one conplex which is present23 in the m xture; and, c) at

| east one crystallization of ibuprofen froma third solution or m xture

conprising the heat treated - 14

sol uti on or

whi ch

.the

m xture and including at |east one hydrocarbon solvent

second

from

i bupr of eHsei of at ylstastl ppedwater wash (whenain Khepvaterred
enbodi nent of the present nethod for purification of an .
i bupr of en- coMshsi AR SARFBLN cGpPRrERs thePTP¥Pdeofa more gffechiveeast
one wat er mashin%an an ib%Profen-

remo to re

ove uncomplexed acidic compounds from the
ibuprofen-containing nixture, leading to removal of the
halogen-containing acid (or other. strong acid éuch as
sulfuric acid) present as part of the complex; results in
the production of an _ibuprofen mixture from which the
phosphorous and halogen-containing compounds can be removed
from the ibuprofen via cryst&llization from a solvent.
Applicants discovered that a reduction in the
amount of TPP, TPPO, and .tesidual halbgen or halogen
containing compounds in the purified ibuprofen can also Ee
obtained by heat treating the ibuprofen-comprising mixture.
The heat - treatment decomposes the ibuprofen-halogen-

phosphorus compound compiex so the component parts of the

complex can be separated. Some of the component parts can

“be removed from the ibuprofen-comprising mixture as a gas

(HCl for example). Other component parts can be separated
from the ibuprofen upon crystallization of the ibuprofen
from a hydrocarbon solvent. |

The heat-treatment was discovered to provide an
additional benefit in that it caused the precipitation of
elemental palladium from the ibubrofen-comprising mixture.
Laboratory data indicate ﬁhere is 1likely to be'a_seqond
complex comprising " a palladium compound, acid and
ibuprofen. The second complex behaves in a manner similar

to that for the complex described above upon water washing.



conprising first mxture; b) melt crystallization of a second
solution or mxture conprising the washed first ibuprofen-conprising
m xture; and, c) at l|least one crystallization of ibuprofen from a.
third solution or mxture conprising the nelt crystallized second solution
or mxture, and including at | east one hydrocarbon solvent from which
the 1ibuprofen is crystallized. : A fifth, preferred enbodi nent
of the present. nethod for purification of an ibuprofen-conprising mxture
conprises the &t epdddFion, thig) segand oGORPLAX i’ cleGREUPAIRA oPnameat
i buprofen- caonprising fiyst .mxture; . bé a first _crystallization of
i bupr of en f r orh*E &Y d;loﬁpt}t‘-ﬁcdﬁ’goﬁhﬁ'i 2Edfe RERGIPEFADIEH A RAGR st
m xture, andcjd?ngt c% ?n{ ory h'? :hgn_s fro ich . the
. 'L 1 o] ' d ' A¢FRERS %t 31
i buprofen is crys%l :}%e : p%‘td C) %_hea rft r%ea gre_ﬁtgl(#g{) e %}% il I"f_ S
i buprofen or aar Hd Gusididd ¥y Vry@eshdiga€2BR" bei Be {BEpELYS iz e
hydrocarbon solvent. The precipitated elemental palladium
is typically removed 'by filtration of the heat-~treated
ibuprofen-comprising mixture prior to crystallization of
the ibuprofen.
The method of the present invention is further
illustrated using FIGs. 1-5 previously discussed briefly
herein. .
FIG. 1 shows a schematic wherein crude’ ibuprofen-
comprising reaction mixture (crude IBU) 10 is water washed
16 at least once to remove chloride-containing compounds,
excess HCl, and the complexed HCl:-as discussed above from
crude IBU 10. The water washed mixture 24 is subsequently
crystaliized from a soivent tﬁice (32 and 58) to provide
the purified ibuprofen product 76. <Crude IBU 10 must be
melted, ie. heated to a temperature of about 60°C (depending
on the exact composition of the mixture) to ensure that the
mixture is a liquid entering the purification process. To
the heated mixture is added a hydfocarbon solvent
(preferably a saturated hydrocérbon solvent) 12 for the
ibuprofen is added to the crude IBU 10. The hydrocarbon
solvent 12 is used to prevent the formation of an emulsion

when the crude IBU 10 is water washed 16 and to proyide a

less viscous mixture 14. Typically, the amount of



15 ° i bupr
of at |east
wher eby t he
separ at ed by
second cryst
conprising t

ofen, at a tenperature sufficient to cause the deconposition
one conpl ex which includes at |[|east one ibuprofen nol ecul e,

f such conpl exes can subsequently be

crystallization fromtHe I bupr of en nol ecul e; and, d)

deconposition products qf

allization of ibuprofen froma fourth solution or m xture

he heat treated third solution or m xture, and including at

| east one hydrocarbon sol vent from which the ibuprofen is
crystal | i zedhydrocarbon spgyentrkatardad dsepycButiatisthy comcenéraedond
preferred enbodi nent, descri bed above, b) in the third preferred enbodi nent

descri bed ab&Fe, SEHEeC)IRH thfe £Pf t1He prehder eBBENBYRE PrEAELUL s Solvemtabove

al so provide
conpounds/ co

ﬁ%lggggﬁ rlggnrpa[neg%ispigr%tmi 19 A £t X5k 0s by weight.
Examples of saturated hydrocarbon solvents which are
preferred include, but are not limited to, hexane, heptane,
octane, cyclohexane, and mixtures thereof. ﬁnsaturated
hydrocarbon solvents such as, but not limited to, 1-hexene
and toluene, can also be used. Solvents which boil at
higher temperatures are less desirable because they are
difficult to remove from ibuprofen product during drying
step 72. Thus, a solvent like hexane is preferred over a
solvent like toluene for use iﬁ the method of éhe present
invention.' Solubility of the ibuprofen ﬁroduct in the
solvent is also important, with lower solubility of the
ibuprofen beihg preferred. Thus, a solvent like heptane or
hexane is preferred err.a.solvent like toluene.

In the water.wash step 16, at least one water
wash is conducted, wherein water 18 and/or a water/base
solution 20 is contacted with the crude IBU-hydrocarbon
solvent solution 14. Atter tbe contacting, the crude IBU-
hydrocarbon solvent solution 24 is separated from the wash
water 22 by phasing and.draining. The wash water 22 may be
filtered, neutralized, and the résulting salt solution may
be discarded. The crude IBU-comprising,_mixture—saturated
hydrocarbon solvent solution 24 may then be filtered at

step 26 to remove suspended solids (the suspended solids

a



an i bupr of en-conpri sing sol uti on. Each of the preferred

enbodi nents di scl osed above can include solid/liquid separation steps, and
a drying step following the last crystallization, whereby the residual

sol vent remaining on the ibuprofen cAfstals is renoved. Each of
the preferred enbodi nents descri bed above can be carried out in a- series
of batch-type steps, in a continuous manner, ‘and in a sem -conti nuous
manner. One skilled in the art can arrange the unit_operations within

the nmethod oRrehetYRieallyvn RIS S%d ofn PreGipitaret e lladdngni apd

16 BRI EF DESCRI PTI OF THE DRAW NGS FIGURE 1
shows a scﬁ@ﬁﬁFFElcoFatﬁrlﬁé§?cg¥%ﬂrf?ikﬁf?ﬁn2ﬁethod, i ncl udi ng at | east

one water wash, at The water washed, filtered IBU-comprising
hydrocarbon solution 30 then passés to the first solvent
crystallization 32. If desired, additional hydrocarbon
solvent 28 can be added to the iBﬁ-comprisinq hydrocarbon
solution. Typically additional solvent 28 is added to
adjust the composition.of the IBU-comprising hydrocarbon
solution 30 so that the devéloping viscosity of the first
crystallization slurry (which forms in step 32) promotes
satisfactory agitation of the slurry and improved
crystallization - efficiency’  during crystallization.
Typically the concentration of IBU in hydrocarbon solution
30 ranges-from about 10% by weight to about 60% by weight.
The temperature of solution 30 is adjusted so that it
ranges from about 55°C to about 110°C, depending oﬁ the
hydrocarbon solvent used. Solution 30 ié then cooled in
first crystallization step 32 at a rate ranging from about
0.01°C/min to about 4.0°C/min, until crystals begin to
form. The cooling rate is then reduced to range from about
0.02°C/min to about 1.0°C/min to a temperature ranging from
about 30°C to about ~5°C (depending on the solvent used and
the concentration of IBU in theiéolution),'whereby a first
crystallization slurry 34 containing IﬁU crystals is

ocbtained.
First crystallization slurry 34 is then filtered

cold (at the -5°C to 30‘c-te¢perature discussed above) in



| east one (and preferably two) crystallization of ibuprofen froma

hydr ocarbon solvent, and a drying step to renove residual hydrocarbon

sol vent fromthe ibuyprofen. FI GURE 2 shows a schematic of a
another purification nethod includirfd at | east one water wash, a heat
treatnment step, in the formof distillation, at |east one crystallization,
and a dryi ng step. FI GURE 3 shows a schematic of substantially
the sane nmethod as that shown in FIGURE 2, except that the heat treatnent
step does notfimstpristzatian iSgem fon mﬁ%ﬁ%ﬁrf%ﬂﬁ?aﬁlsﬁbﬁéfE#P¢%FQ$N&§¥ of f
as a distillate fraction GURE_4 shows a schematic whjch

i ncl udes nelts°%+®§taplFﬂﬁn%nF?FF%lﬁBEhﬁF L hEUREaEOLPEAPReAL - shdiFSth

FI GURE 3. S sche |c f..a neth d whi ¢ rovi des
a product ha\}P?\’fyh%’f(céTF‘éﬂf P?)g/ %ﬁ %‘@ 241 e?[ ﬁearat"%

wat er wash, r f aEbuprgpof f on ent,
a heat treatne %ééérg %?E%Ehgg@%thU%ng%aFffﬁ%??éﬁ%&ﬂ?HNQ&ﬁﬁgﬁgféﬁﬁﬁh¥rom
hydrocar bon sgl yeRlso fpén@ (s VANtid &ecovered and hblavg bRaE [Fedlduédf the

proposed net hods, there
46 are obtained. The IBU solids resulting from the first
filtration may be washed with additional cold hydrocarbon
solvent 38 to produce washed crystals 50, while solvent
wash (liquor) 48 can be recycled to positions such as
solvent addition 12 or 28, to prevent IBU loss.

Washed 'cfystals 50 can then be melted and
combined. with sqfficient.wafm hydrocarbon -solvent .52, or.
can be difectly dissolved in warm hfdrocarbon_solvent 52 to
prepare a diluted IBU-comprising solution 53 which is
subsequently heated to a temperature ranging from about 55°C
to about.lloﬁ:. Optionally solution 53 can be filtered 54
to remove any suspended solids. Filtered IBU;comprising
solution 56 typically contains from about 10% to about 60%
by weight IBU. IBU-containing solution 56 is then cooled
in second crystallizatibn step 58 at a rate ranging from
about 0.1°C/min to about 2°C/min until crystals begin to
form. Solution 56 is subsequently additionally cooled at
a rate ranging from about 0.0Z‘é/min to about 0.1°C/min to
a temperature ranging from about 10°C to about -5°C, to
produce a second crySéaliizatioh slurry'sb containing IBU

crystals. The IBU crystals obtained range in size from



are additional non-critical but likely to be used steps, such as
filtering, drying, and recycling steps in which particular sidestreans are
further processed to provide for _ 17

addi tional recovery of- i buprofen produg®8 and to provide for the return of
sol vents and other recyclable materials to the main process stream

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present
requi renents for pharmaceutical grade ibuprofen under U S. and British

phar macopoei a sledutne1s PIOIct PANERIvEN ASTRLD! FH-ELci 2R 1982 LED% o

wei ght ibuprofen by acid titration. Appearance€ is to be white or nearly
white. The i bugbsaite7conporo effdduiyepaiviiragespartaede Behweesy75. 0[err]C
and 77.5[err]C. Residue upon ignitionis required to be less than 0. 1% by
wei ght and heavy net al s Second crystallization slurry 60 is then filtered
in second filtering step 62. Second mother liquor 66 can
then be recycled to streams such as 12, 28; or 38. The
filtered IBU-crystalline solids can then be washed with
hydrocarbon solvent 64, with wash solvent 68 being recycled
to solvent addition points such as 12, 28, 38, or 52.
Washed IBU crystalline solids 70 are then sent on
to drying step 72, wherein residual hydrocarbon solvents 74
are removed. Typically, drying is conducted over a
‘temperature range from about 40°C to about: 60°C at a-
pressure ranging from abouf 250 mm Hg to about 2 mm Hg
vacuum for a time period ranging from about 30 min to aboﬁt
30 hours (depending  on whether a dynamic or static drying
operation is used). Hydrocarbon solvent 74 removed during
drying may be recycled to solvent addition points 12, 28,
38, 52, or 64. The dried IBU product 76 meets the product
specifications requirements previously described.
Example 1 below is substantiélly a specific
example of a laboratory execution of the process shown

schematically in FIG. 1, and described above.

Example 1
A 7009 sample of crude ibuprofen mixture,
containing about 90% by weight IBU was melted in a beaker

on a hot plate a temperature of about 75°C. The melted
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content nust be |ess than 0.001% by weight. There are also infrared and
ul traviolet standard scans which nust be matched by the product

i"bupr of en. Total organic inpurities, neasured by HPLC, shoul d total
no nore than 1.0% by wei ght, wherein2Ro single organic inpurity exceeds
0. 3% by wei ght . There are al so generally accepted conmerci a
standards for the ibuprofen product. Under these standards,

chl oride content of the ibuprofen r.%g\uc &gs/et _chenmi stry reaction with
silver nitrat®eFFul P hoforadast vi s % AtieRERse¥dRechIt$r i de

f ion. Chlorg . ) by, X- ' houl.d be |
than 10 ppmbrorbt SreeERbHIl EhERRAT Er Koyt it MR S R R o

assay using the RhosRirdd abdepd.adildie method  should be less than 10 ppm
and preferably less than 1 ppm 18

This solution was washed at a temperature of
about 60°C using about 1,050 ml of 60°C deicnized water.
The éolution was contained in a temperature-controlled,
nitrogen atmosphere blanketed vessel, and the 60°C
deionized water was charged to the vessel while the
solution was under agitation. The wash time period
(during which the solution was under agitation) was about
30 minutes. The agitation was discontinued and the
_IBU/hydrocarbcn'solutiqn phase - separated from the water; -
the water layer was decanted. The §H of the water layér
was determined. The water washing step was repeated,
typically two to three times, until the pH of the decanted
water layer was equal to or _greater than about _2.9.
Suspended solids were frequently observed in the intefface
between the IBU/hydrocarbon-comprising _soluﬁion and the
water layer. These solids wére discarded along with the
water wash. In engineering practice, the 1IBU/hydrocarbon-
comprising solution may be filtered tb.remove such solids.

One thousand and sevehty-nine (1079jg of warm
hexane was then added to the"filteréd IBU/hydrocarbon-
comprising solution to adjust the IBﬁ concentration in the
solution to about 30% by weight. The IBU/hydrocarbon-
comprising solution temperature was then adjusted to about

60°C. Subsequently, the solution was é?oled at é rate of



The total phosphorus content includes triphenyl phosphine (TPP) and

tri phenyl phosphi ne oxide (TPPO . TPP and TPPO can be determ ned

i‘'ndi vidual ly using a Hewl ett-Packard 5890 capillary gas chromat ograph with
a flame photonetric -detector, to evalbuate a 10% by wei ght sol ution of the
| buprofen product in acetonitrile, if desired; this capillary nethod can
al so be used to neasure trace amounts of other phoesphorous organic
impurities, which are typically included in calculating the 10 ppm or
less. For prageases.wheyqiin omMaballtl @soat akust neeat ait 256 8ug¢Bragpout
pall adium is also nonitored, the desired resi dual metal content in the

| bupr of en pr oduet hoaxl; esndt was bhepncobbed abas Watk f iapdutt ovel r/eeHpl ed
pl asma or atom c absorption spectrophotonetry. In view of the
i ntended use ¢b iaboptobéfi.asThe conledtsolwhiomupomaiasd a fHirslt kasrry
engendered particular requirenents and standards, it_becones readily

appar ent of IBU crystals in a hydrocarbon-compr151ng W%%ﬁ%ﬁ%ﬂlthat
urification | en-conpri si.n action cri.tiica
glxture i s of crltlcal %Ego? %ﬁ éggcribéh ‘%ove was then flltered cold

at about 10°C under vacuum (about 252 mm Hg) to produce
first crystalline solids and a first mother 1liquor
solution. The vacuum was discontinued and the first
crystalline solids were slurried with about 1,400 ml of 5°C
hexane. Then the 'vaéuunt was reconnected and the wash
hexane drawn off the crystallized solids.

The first mother liquor was fed to 'a hexane
recovery column for solvent recovery by distillation. 1In
a production process, the wash hexane would typically be
recycled. In this laboratory process, the wash hexane was
discarded. |

The first crystalline solids (crystallized IBU-
comprising residual impurities) were then melted as
previously described and ‘combined with sufficient warm
hexane to prepare a solution comprising 40 wt% of first
crystalline solids. In engineering éractice, any non-
dissolved solids observed in the solution at 60°C can be
removed by filtration. |

The 40 wt} solution_was then cocled from about
60°C to about 5°C over a time period of about 6 to é hours, -

- _ at a relatively constant cooling rate to produce a second

slurry of IBU crystals in a hydrocarbon-comprising mixture.
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When' t he | buprofen product is to be sold in tablet form it is desirable
to provide the ibuprofen in the formof dried crystals having a nean
particle diameter falling in the range from about 15 to about 70

m croneters

The preferred mean partitie diameter for dried crystals

ranges from about 15 to about 60 m croneters. Tabl e | bel ow

shows the conposition of several

which are typ

i bupr of en- conpfn 54 NedEnd W1 rYhaR 2ietePeadestd, byt aabyit hesis, MRideed

cal 19 of the kind of

i ncl udi ng carbonyl ation, of the kind described preV|oust Such

m xtures can beacyun i(fabedht 262 miefg)neeTheciileeked Usé&cond attystBrlliireh

Phar nacopoei al

crude i buprofen reaction product m xtures

St andards and conmercial standards for i buprofen using the
purification rmahisis ofwerre prashed usingtidiC heﬂ?maeil'abafe | prewkansly
descriptions are not

described.

The filtered second crystallinessolids wvere driéd
on a tray in a vacuum oven at about 50°C under about 49 mm
Hg vacuum over night. The composition of the second

crystalline solids obtained was analyzed to be:

Analyzed Composition of Second Solids

IBU Assay (by titration) _ 99.7%
Organic Impurities (HPLC) 0.15%
Total TPP and TPPO ~ : " 3.0 ppm
Elemental Palladiuﬁ (atomic absorption) ‘2.6 ppm
Chloride (by X-ray) ' S8 ppm

FIG. 2 shows a schematic wherein crude ibuprofen-
comprising reaction mixture (crude IBﬁ) 100 is water washed
at least once 120, heat treated/distilled 134, and then
solvent crystallized 152 to provide the purified ibuprofen
product 178. Again, the crude IBU 100 is melted, ie.

heated to a temperature of about 60°C, to ensure that the

mixture is a liquid entering the purification process. To

the heated mixture is added a ﬂydrocarbon solvent 112, to
provide a less viscous mixture 114 comprising about 10% by
weight to about 60% by weight crude IBU mixture 100. It is
also possible.to add reéycled sblvent.lls recovered from

solvent recovefy 166 at this point. The recycled solvent

N




i ntended to place linitations upon the kind of ibuprofen- containing

m xtures which can be purified by the nmethod of the present invention, but
are intended to provide one skilled in the art with exanples which are
sufficiently informative that one ski3Rled in the art can apply the nethod
of the present invention to other ibuprofen- conprising m xtures.

20 [err] 21 - The

i bupr of en-conprising m xtures described in Table | conprise organic

hal ogen- cont ai Ti61G-200 i WitkedMiinCAddition to hydrocarbon solvent 112 or

in place of such solvent, depending on the overall material
balance desired. The resulting mixture 118 is then sent on
to water wash step 120 wherein at least one water wash is
used to remove chloride-containing compoundé,sexcess HC1,
and the complexed HCl previously discussed, from crude IBU
100. The diluted mixture 118 typically is comprised of
about 10 wt% to about 60 wt¥ of crude iBU 100. This
diluted mixture 118 is contacted at least once with water
122 and/or a water-base solution 124. After contacting
mixture 118 with wéter 122 and/or 124, the mixture
comprising . IBU and hydfocarbqn solvent 128 ié'sepafated
from the wash water 126 by phasing and subsequent draining.
Any number of wash steps can be used. Typically water
washing is .carried out until. the pH of the decanted
(drained) water layer is 2.9 or greater._ Contacted wash
water 126 may be filtered, neutralized, énd'thé resulting
salt solution may be discarded, recycled or reused in other
plant opefations. The IBU-comprising mixture 128 ﬁay'then
be filtered at steé 130 to remove suspended solids from
mixture 128. .

The water washed, filtered IBU-cémﬁrising mixture
132 then.passes to a heat treatﬁent/distillétion step 134.

Ibuprofen (IBUj separates from a solution or
mixture as a distillate fraction at about 180°C-200°C at 10
mm Hg vacuum. It was discovered that the complex
(such as a complex including a halogen-phosphorus-

Sheet Has Been Ieilaced




can deconpose to hydrogen chloride. The ibuprofen- conprising

m xture additionally contains conpl exes which can deconpose to produce
bot h hal ogen-cont ai ni ng and phosphorus-contai ning conpounds. Initial
attenpts to reduce the hal ogen-cont @ni ng and phosphorus-cont ai ni ng
conpounds to acceptably | ow concentrations in the ibuprofen product via
crystallization froma solvent failed. Applicants then discovered that the
hal ogen- cont ai ni ng and phosphorus cont ai ni ng conmpounds were present in the

formof a co ; éanH es e

conpl exes aregghﬁ§é9% 8%%6$H@ c€§¥$ enr?ﬁﬁgha oé%%? ggﬁt%?n%?ﬁft
conpounds, th@néhﬂﬁﬂbﬁbﬂéncﬂmé@m O REtED i 1 idRd ORebirBKBh O €Nsdsel f
and could not be renoved fromthe |buprofen by crystallization of the

i buprof en froftempesatueat. at 10 mm HJOvaicthum t hatsudismarueot 6r epviady of
t he hal ogen and phosphorus-containing conpounds and conpl exes descri bed
above, applicvuacsunsethe ibuprofienisepprmaftestfirama@ sedvkdont hg mixture

hal ogen-cont ai ni ng aci di ¢ conmpounds, which in song instances resulted in

deconposi ti on28f at A&SEAAPRER fFé%F+°" %Er%????r%?%ﬁ%sé&u@ﬁﬁ gisreyesedon of
the ibuprofen VI% the complex had been broken by this temperature. As

the complex was broken, the use of a vacuum to maintain a
low pressure in the distillation unit assisted by pulling
libverated HCl away from the IBU-comprisingkiiquid mixture,
which forced the equilibrium_in the liquid mixture toward
a reduced amount of the complex. The distillation 134 can
be carried out at a t;mperature convenient in view of fhe
hydrocarbon solvent ' present. There are several
fractions of IBU-comprising mixture 136 which can be
separated in distillation 134. Typically the lowest
temperature boiling component will be the hydrocarbon
solvent(s) fraction 142. Ibuprofen light ends 140, such as
isobutylethylbenzene and isobutylacetophenone, would
comprise another fraction to be separated in distillation
134. The distillation can be carried out usin§ a method of
the kind described in U.S. Patent Application Serial No.
07/302,969. The ibuprofen prodgct fraction 138 is sent on
to the next processing step. The heavy ends or residue 144
from the distillation can be further proceSsed prior to
discarding or reco?ery for use elsewhere.

To ibuprofen product fraction 138 hydrocarbon

? solvent(s) 146 is added to produce a solution from which

Emmﬂiﬁﬁrm"ﬂﬁmxd




crystallization of the washed ibuprofen-containing mxture froma solvent.
Use of a water wash containing a base, which base reacts with the

Hal ogen- cont ai ni ng aci dic conpounds 1o forma water sol uble reaction
product, mnakes 22 1 t he water wash
nore effective in reduction of the hal ogen- 2 containing acidic

conpounds. 3 Rel ated to - the crude; ibuprofen-conprising

EP- A- 400, 892 t d th th t ho b d
5 " patent AN i catronregeRar ”Cegu$¥500%eié“ o Rt R
that, in pur{féffsaeamzael agj i L Red ST 1A Sdu&' solzfpb(gf fdec

conpounds t"hout reana aC| I.C conmpoun

exanpl e) whi cghar Ebﬂﬁ?dféﬁ-ébﬂpﬁﬁéD@@ylsaihﬁﬂoﬁtﬁﬁy bed £i1{CVEY @S @4 e
formed w th phosphorus-contai ni ng conpounds 10 and t he 1 buprof en.

Such conpl exesendwcé uday flosaexaerpbe, matedilals ehntpAtngdphias phPEbHGEen
salt-HC -i buprofen conplex, which
product fraction 138. Entrained materials typically
comprise palladium and pol'ym_er compoﬁents. The filtered
mix;ture or solution 150 is then further processed in
crystallization step 152. Typically the concentration of
IBU in solution 150 ranges from about 10% by weight to
about 60% by weight. The temperature of solution or
mixture 150 is adjusted so that it ranges from about 55°C to
about 110°C depending on th'e. hydrocarbon solvent used. The
solution or mixture 150 is Eheﬁ cooled in crystallization
step 152 at a rate ranging from about 0.01°C/min to about
0.6°C/min, until crystals begin to form, and subsequently at
a rate ranging from aboﬁt 0.02°C/min to about 0.1°C/min
until a ﬁemperature ranging_ from about 10°C to about -5°C is
obtained whereby a slurry 154 containing IBU crystals is
obtained. |
Crystallizat.ion slurry 154 is then filtered cold,
as previously described, in filtration step 156. Wash
solvent 158 (also cold) may be used to wash the filtered
crystals. A first mother liquoi' 162 is typically sent to
solvent recovery 166, such as a distillation column, from
which solvent(s) 168 are fe’covered .and_ heavy ends (residue
170 are obtained. Wash solvent 160 can be recycled in the

process, and is typically fed back into the process at



12 conplex is believed to have the structure: [err] 13 14 15

17

A conpl ex of the type shown above is believed to 18

16
be

formed when triphenyl phosphoni um chl ori de salt conpl exes 19 with acid

conpounds,

data indicate the triphenylphosphqnlun1 21 chl ori de salt can be

renoved

solvent if a strong acid 23 is not present. However, once the

aci d- conpri si ngp16AAY @¥diZ4on pbohEB116 idr a% axteenRt yvai ddd i dn

| mpossi bl e,
by 26
23

Use of at |east one water wash (wherein the water
can then be dried in drying step 174 or can be remelted and

further processed for purification. _

Typically drying 174 is conducted over the
temperature range necessary to rér'ndve hydrocarbon
solvent(s) 176. The_ temperature and pressure conditions
used during drying are provided in the drying step
description of FIG. 1. Hydrocarbon solvents 176 may be
recycled to solvent addition points such as 112, 146, or
158. Dried IBU product 176 meets the product specificaticr_x
requirements previously described.

Examplé 2 below ié a specific example of a
laboratory execution of the process shown schematically in

FIG. 2, and described above.

Example 2

A 700 gm sample of crude ibuprofen-comprising
reaction product mixture was melted in a flask over a
heated surface, combined with 554 gm of warm heptane (56
wt/wt%), and heated to 76° . |

The ibuprofen-comprising mixture-heptane solution
was washed at a témpe_raturé of about 70°C using about 1050
ml of 70°C deionized water. The solution was contained in
a temperature-controlled and nitrogen-atmosphere-blanked
vessel and was under agitation, as previously described.

The wash time period was about 30 minutes. The agitation

| nliiiil‘ |i‘ii|f““|““i‘“°"

such as HG, and with the i¥uprofen 20 product. Laboratory

from ibuprofen by 22 crystallization froma hydrocarbon

pdfinkot
to 25 renove the  conmplex from the ibuprofen product
crysi4dl i Takel 0BUf sohids spda/atdsulting from filtration step 156




wash can contain a base to provide a nore effective renoval) to renove
unconpl exed aci di ¢ conmpounds fromthe ibuprofen-containing mxture,
I"'eadi ng to renoval of the halogen-containing acid (or other strong acid
such as sulfuric acid) present as patt of the conplex, results in the
production of an ibuprofen m xture fromwhich the phosphorous and

hal ogen- cont ai ni ng conpounds can be renoved fr.omthe ibuprofen via
crystallization froma sol vent. Applicants discovered that a

reduction in the AERkifledPPrtndPRSeanthy&siiinlalalmaR) anhdhehaedgn
cont ai ni ng conpounds in the purified i buprofen can al so be obtained by

heat treatingdfheHd uptetenageppwasi agretnine®. THe Wvatalr washlimgnestep
deconposes the ibuprofen-hal ogen- phosphorus conpound conpl ex so the
conponent par tw@sofregeategonpisstaldyn thie sepdhyreed tiBess ehtihe tbenpdneddt
parts can be renoved fromthe ibuprofen-conprising mxture as a gas (HG
for exanpl e). deqRdtesyWassEnLageFt S’aéaﬁqﬁélggﬁaﬁﬁt%eatf%’brﬁ% 2i-Bupr &€en
upon crystallization of the,ibuprofen froma_ hydrocarbon, sol vent.
The heat - t r eatShERERREL d?%ﬁb‘%%rg’&rﬁo, 'b‘?to’(ﬁ%ie &h Ui resu;tlng heptane
layer, the solution was filtered to remove such solids.

The washed heptane solution from thé preceding
step was vacuum flashed at about 50°C at about 200 mm Hg.
to remove heptane solvent. The resulting residue
containing the ibuprofen product was then charged to a
vacuum distillation column (50 mm X 1.2 m) packed with
Goodloe pécking. After a ligthends fraction was removed .
at temperatures from about 20°C to about 130°C at 0.3-0.7 mm
Hg, the ibuprofen product was distilled at 130-134°C under
0.3-0.7 mm Hg. The following analyses'illustrate the

effectiveness of this distillation step:

Crude Distilled

Analysis | Ibuprofen Ibuprofen
Ibuprofen.Assay 88.6% 97.4%
3-IBU (*) _ 1.9% _ 1.6%
Other Organic Impurities (GC) 5.6% 0.2%

To£a1 TPP+TPPO _ ~ 499 ppm | 0.5 ppm

(*) 3-IBU is defined as 2-(3'-Isobutylphenyl)propionic .

Acid.

Crystallization from a solvent was carried out as -

follows. The distilled ibuprofen product from the *
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additional benefit in that it caused the precipitation of elenental

pal l adi um from the i buprofen-conprising mxture. Laboratory data indicate
there is likely to be a second conplex conprising a palladium
conpound, acid and “ibuprofen. The $écond conpl ex behaves in a manner
simlar to that for the conplex described above upon water washi ng.

24 In addition, this second conplex is deconposed on heat treatnent,
di splacing the acid, precipitating a palladium conprising conpound, and
affording a prpebedd idsted WaisCBomb8ieltr it isired cigner yahal Hépradred R oof
the i buprofen froma hydrocarbon solvent. The precipitated el enental

pal l adi um is pygpaee |§ ee8Mevgdthy sbilhtiahi andofvaishddedmd treata®d. If

| buprof en-conprising mxture prior to crystallization of the ibuprofen.
The nethod of syrPenedmolidrenergnnesed fumriag dissolution, the mixture

was filtered to remove such solids. The heated solution
mentioned above was coocled for 30 minutes in an ice bath to
produce a crystal-co_mprié_ing slurry.
| A se_cond filtration was then carried out. The
crystal—comprising slixrry generated in the preceding step
was filtered cold at temperatures ranging from'3°C to‘10°c,
under a vacuum of about 50 mm Hg. The resulting solids
were washed with 0°C heptane (200 ml heptane wash per 100 gm
of 1buprofen-gomprlslng mixture). ‘In a productlon process,
such as that shown in FIG. 2, the mother liquor and wash
solvent can be recycled to minimize solvent (such as
héptane) losé. |
Drying of the filtered and washed solids obtained
in the 'p_reviou,s step was carried out at about 50°c under 50
mm Hg Qacuum overnight. The solids thus obtained were

analyzed to be as fol]_.ows:

Ibuprofen Assay 99.8%

3-IBU 0.15%

Other Organic Impurities | (GC) Not Determined
Total TPP+TPPO ' 0.39 ppm
Chloride < 10 ppm

FIG. 3 shows a schematic of a purification

process wherein the crude ibuprofen-comprising reaction

"W



i |1 ustrated

using FI Gs. 1-5 previously discussed.briefly her ei n.

FIG 1 shows a schematic wherein crude i buprofen- conprising reaction
m xture (crude IBU) 10 is water washed 16 at |east once to renove

chl ori de-cont ai ni ng conpounds, exces& HC1, and the conpl exed HCO as
di scussed above from crude I1BU 10. The water washed m xture 24 is

subsequently

purified ibuprofen product 76. Crude IBU 10 nust be nelted, ie. heated to

crystallized froma solvent twice (32 and 58) to provide

t he

a tenper at ur @isftuzigod0060F VAL Er (VRhAHIATg LeaAtt ABCEXARE ¢ o dineasadof t he

m xture) to ensure that the

process. To

a saturated h dr.ocarb

crude | BU 10
of an enuI5|

| ess i SCOUS m Xture

%2Re e &t SPYROG (hish daffefiafF

mxture is a liquid entering.the purlflcatlon
NoEs ?ii n (9feferabl y

I added h
SHiE B oAl Y oA T kAR EPRED 4. sREUBRE Rotint i on

1ediely %a ﬁwﬁ& Lgy ?ariy? 4giea waghegd, ]z%nﬁﬁﬁa L dYfuhde a

anount
solvent. The crude lbuprofen-comprlsx.ng reaction mlxture

200 is melted as previously described, and to the melt 202
is 2ided a hydrocarbon-_-solvent(s) 204, to provide a less
viscous mixture 206, es previously described. Mixture 206
is then water washed 208 at least once to remove complexed
and uncomplexed halogen containing compou.nds, as previeusly

described. The water 210 and/or water-base solution 212 is

‘contacted with mixture 206, after which separation of a

water-comprising phase from an IBU-organic compound phase
is achieved by ﬁermitting phasing and by subsequently
draining the' water-comprising phase 214 as previously
described. The IBU-organic. compound phase 216 may then be
filtered at step 218 to remove suspended solids.

The water-washed, filtered IBU—compr'i'sing mixture
220 then passes to a heat treatment step 222. After any
light end organics (typically -solvents') 224 are flashed
off, the resulﬁing residue .'LS heat treated at temperatures
ranging from about 130°C to_. about 350°C, under an inert
atmosphere such as nitrogen, fo'r.e time period ranging from
about 0.01 hour to. about 8 hours. The heat treated
material 226 is then eooled to a temperature ranging from

about 70°C to about 160°C.



-~

25 hydrocar bon sol vent 12 added is such that the concentration of crude
I BU 10 in the crude |IBU hydrocarbon solvent solution 14 ranges from about
10% t o about 60% by wei ght. Exanpl es qf saturated hydrocarbon solvents
which are preferred include, but are™not limted to, hexane, heptane,
octane, cycl ohexane, and m xtures thereof. Unsaturated hydrocarbon

sol vents such as, but not limted to, 1-hexene - and toluene, can al so be

used. Sol vents which boil at higher tenperatures are | ess desirable
because they are diffiguldyiLRnkQEyVe ol ora iUy Oéﬁbd)reéuﬁéaéuEEQ?tgéy' ng
step 72. Thus, a solvent |ike hexane is preferred over sol vent

tol uene for us@temrithe 708 hed Prddiedr &SYY1utibHENII DN fro®Olwidh t ¥hef the
i buprofen product in the solvent is also inportant, with |ower solubility

of the i buprdbeprbfiengcpmptising. miktisre @ 2%0kcaanbe | ¢xkyes teelok dawei .or Thihisxane

Is preferred over a solvent |ike toluene. In the water wash step
16, at |east mvmttepanmEGhaﬂéeéoﬂ‘éuB%@tsm &1 Andt & B8 comdpipation

wat er / base
_ thereof. A flltratlon step 230 may be used to remove

entrapped solids from solution. The heat-treated, filtered
mixture 232 is then further processed in crystallization
step 234 in the manher described regarding FIG. 1 and FIG.
2 crystallizations, to provide a slurry 236 containing IBU
crystals. _

Crystallization slurry 236 is then filtered cold
in step 238 asﬁbrevioﬁsly described. The fifsﬁ métﬁer
liquor from filtering step 238 is tyﬁically sent solvent
recoVery7étep 244 from which solvents 246 are recovered and
hégvy ends/residue 248 is obtained. A solvent 240 can be
used to ;lean_the crystals on the filter. The wash solvent
250 recovered from the cleaning step, can be recycled into
the process, typically“ﬁash solvent 250 is fed back into
the process at solvent addition points 204, 228, and 231.
The IBU solids 252 resulting from filtration step 258 can
then be dried in drying step 254 or can be remelted and
furthér processed for purification.

Typically drying 254 is conducted over the
temperature range neceséary to remove hydrocarbon
solvent(s) 256. The témperatdre and presgure conditions
used for drying have been previously ~ described.
Hydrocarbon solvents 256 can be recycled to solvent

-
et Has Been Reﬁaced
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solution 20 is contacted with the crude | BU- hydr ocar bon sol vent sol ution
14. After the contacting,. the crude IBU- hydrocarbon sol vent solution 24
Is separated fromthe wash water 22 by phasing and drai ning. The wash

wat er 22 may be

filtered, neutralizetf and the resulting salt solution may

be di scarded. The crude | BU conprising, mxture-saturated hydrocarbon
sol vent solution 24 may then be filtered at step 26 to renove suspended

lid h ded lid . 26
Do oo AR ERR PR nk e, A 88 38f1 AR Im B WS 70ri cORdes, £BPS)

| B compr | i R3O Ry st 38 ROl GRS of 30 Chon pwisaso b Eomizements

| BU- conpri si

are

hen“passés -t 0 sol Vent

crystal | i zat i;e@vidus1y Gedesiibad, additional hydrocarbon solvent 28 can be
added to the I BU-conprising hydrocarbon solution. Typically additional

solvent 28 is added toOExample 3 below is a specific example of a

laboratory execution of the'proceSS shown schematically in

FIG. 3, and described above.

Example 3
A 700 gm sample of crude ibuprofen was melted,
combined with 554 gm of warm hexane (56 wt/wt%), heated to

60°C and washed with 1050 ml of deionized water at 60°C in

- the -manner previously described. ‘The water layer was

decanted énd the pH of the water layer was determined. The
water washing step was repeated (usually two to three
times) until the pH of decanted water 'layer was equal to or
greater than 2.9. If suspended solids were noticed in the
resulting hexane layer, the solution was filﬁered to remﬁve

such solids.

After the hexane was removed in a flashing step,

the resulting residue was heat treated at 230°C for three

hours under a nitrogen atmosphere. The resulting material
was cooled to 140°C and fiitered.

The heat-treated material from the preceding stép
was comb;.ned with sufficient warm hexane to prepare a 40

wt/wt$ solution and was heated to 60°C. If the heat-

- treated residue is colored, the heated 40% solution can be

treated witt;:'j'carbon," e.g. 5 gms carbon per 100 gms

#



adj ust the conposition of the |IBU conprising hydrocarbon solution 30 so
that the devel oping viscosity of the first «crystallization slurry (which
forms in step 32) pronbtes satisfactory agitation of the slurry and

i mproved crystallization efficienc§l during crystallization.
Typically the concentration of IBU in hydrocarbon solution 30 ranges from
about 10% by wei ght to about 60% by weight. The tenperature of solution 30
is adjusted so that it ranges from about 55[err]C to about 110[err]C,

dependi ng on iBEpr&Fék OSRARMEY SUMENE i Usadbd. SAdudh o é@rﬁ&tmﬁc@{@d in

first crystallization step 32 at a rate ranging fromabout- 0.01[err]C/ mn
to about 4. 0[kas|Kden showmtbl redysé atsldragiion.o oi:hew:.sahetmaiaatgad ate
i's then reduced to range fromabout O. 02[err]C7n1n to about 1.0[err]C/mn
to a tenperat4d® sahythagnf wam cabded 3I@padiyCtico %ﬁo@uBHdS[f@rlq @Y ddpendi ng
on the solvent used and the concentration of |BU in the solution), mhereby
a first crys?%’FP?E%’f‘i”é‘h forur9ge baurc#pdi theg Jmled $ot A°S. |

obt ai ned. i st stal |l iz urry 3 s then f Ite
Cold (ai theRESPERITE 1B UPRFF] CorYABAMINARE BN Lc FSET R QREY o o
filtration.

The crfstallization slufry generated ih the
preceding step was filtered cold under vacuum as previously
described in Example 2. The resulting solids were washed
with 1040 ml of 0-5°C hexane. 1In a production method, the
mother liquor and wash 1iquor can be recycled to minimize
ibuprofen and solvent iogsés. |

The filtered and washed solids obtained in the
previous step were dried at about 50°C, under 2-49 mm Hg
vécuum overniéht. The solids th&é obtained were analyzed

to be as follows:

Analysis
Ibuprofen ASsay 100.0%
Organic Impurities (HPLC) _ 0.33%
Total TPP+TPPO | _ 0.70 ppm
Palladium < 2 ppm'
Chloride | < 8 ppm

FIG. 4 shows a schematic wherein crude ibuprofen-
comprising reaction mixture {crude IBU) 300 is water washed
308 at least once to remove complexéd. and uncomplexed

halogen-containing compounds, as previ%usly'described; is

Sheet Has Been Reiilaced

T




27 first filtration step 36. First filtration 36 produces IBU solids
50 and a first nother |iquor solution 40. First nother liquor solution 40
is typically sent to a sol vent recoyery system 42, such as a distillation
colum, from which solvent(s) 44 are“recovered and heavy ends (residue)

46 are obtained. The IBU solids resulting fromthe first filtration may be
washed with additional cold hydrocarbon solvent 38 to produce washed

TS %0, ML ARG e S Y 6 B LENCLele:REsLY, o0

crystals 50 Eéﬁl\“,t hen. 3 JOE?HFQ aRg, CoRbi nglaM L 3yl Fi6) ent, Wﬁ%/-glrigggr bon

hydr ocar bon sol vent can be directly dissolved In warm
sol vent 52 t@pupr8pancpiodikdt 8ggl BU-conprising sol ution 53 which is

subsequently heated to a tenperature rangi ng fromabout 55[err]C to about
110[err] C. Optional | yrrel sruaa i8Uceompeiding erexbthidon mixture 300 is

melted as previéusly described, and to melt 302 is added a
hydrocarbon solvent(s) 304, to provide a less viscous
mixture 306, as described for FIGs. 1 through 3. Mixture
306 is then water washed 308 at 1least once to remove
complexed and uncomplexed halogen~containing compounds, as
- previously described. The water 310 and/or water-base
solution 312 is contacted with mixture 306, after which
separation of a water-comprising phase 314 from an IBU-
organic compound phase 316 is accomplished as previously
described. The IBU-organic compound phase 316 may then be
filtered 318'to remove any suspended solids. |

| The water-washed, filtered IBU-comprising mixture
320 then.passes to a melt-crjstallization step 322, wherein
mixture 320 is vacuum flaShed'to remove solveht'325. The
resulting residue containiﬁg the IBU is then charged to a
melt crystallization apparatus (such as a static or dyhamic
melt crystallizer) for purifiéation.' Typically the IBU-
comprising residue 15 cooled Eglow its freezing point to
_produce a crystalline mass ftom'thch any liquid residue is
drained off at a point sucﬁ as 324 shown in FIG. 4.
Subsequently, the crystalline mass can be slowly reheated,
with liquid which results from reheating being drained (at

point 324 in FIG. 4) to further purify the reduced



to remove any suspended solids. Filtered | BU conprising solution 56
typically contains from about 10%to about 60% by weight |BU

‘I BU- cont ai ni ng solutiion 56 is then cooled in second crystallization step
58 at a rate ranging from about O. 1[’érr]C/m'n to about 2[err]C/mn until
crystals begin to form Solution 56 is subsequently additionally cool ed at
a rate ranging fromabout 0.02[err]C/mn to about O0.I[err]C/mnto a
tenperature ranging fromabout 10[err]C to about -5[err]C, to produce a
second crystarystallines|msy eUERMMEIGI RFUBU reheatdng. ThES| Bthe
crystals obtained range in size from

€ . 28
about 15 ni cFemainipdt FrRsEIbt iR JAF% 1% 1 Added & FOoLYsR%H tPoPhRERON
effective averag% ggﬁticl

cffectiue Avehage BAOLUE S AIRCT sotviian o SERCLSS HEELKAERM! B0

liquor 66 Cagecond crystallization from solvent or mixture 334 can be
conducted. The sleent can be added at additiqn points
shown in FIG. 4 at 328 and 331 or can be added at a
combination thereof.

Suspended sclidé may.be removed by filtration 330
prior to further processing of the IBU-comprising, melt
crystallized solution or mixture 332.

The solution or mixture 332 is further processed
in crystallization step 334, in a manner described with
reference to previous FIGs., to provide a slurry 336

. containing IBU crystals. | |

Crystallization slurry 336 is then filtered cold
as previously described. The.first mother liquor from
filtering step 338 is typicélly sent to a solvent recovery
step 344, from which solvent(s) 346 are recovered and heavy
ends/residue 348 is obtained.

Wash solvent 340 can be used to cléan the
filteréd crystals. The wash solvent 350, resulting after
the cleaning step, can be recycled into the process, and is
typically fed back into the process at solvent addition
points such as 304, 328, and 331.

‘The IBU solids 352 resulting from filtration step
338 can then be dried in drying step 354 or can be remelted

and further processed for purification.



then be recycled to streanms such as 12, 28, or 38. The filtered

| BU-crystalline solids can then be washed with hydrocarbon sol vent 64,

Wi th wash sol vent 68.being recycled to solvent addition points such as 12,
28, 38, or 52. Washed | BU #tystalline solids 70 are then sent on
to drying step 72, wherein residual hydrocarbon solvents 74 are renoved.
Typically, drying is conducted over a tenperature range from about

40 Ct bout 60 f t 250

(35 3kba) T about 2mm HEPToVb k) SR CAREY B, nbERRy PURg nb T om
bout 30 mi 0 d t t

grggng oBLPa%%%é%?%%ﬁggd)hgﬁgdrgcgggg%ggo 82n¥Q$4qﬁgﬁ§§génggh%ﬁggrg%sih;

may be recycl ggivoneptyenbeadditioncompétstire 284 ps8ssie CbnBdtidhs
dried 1BU product 76 neets the product specifications requirenents

previ ously desssdbedfor drying Enawel e hebgl ovpreriadsiyant idelskyided.
specific exanple of a laboratory execution of the process shown
schemati cal | yHydré¢a&rbdn amdlvestsi bds6 abcare. be Bemprledl to solventA
700g sanple of «crude ibuprofen 'mxture,
addition points such as 304, 328, 331, and/or 340. Dried
IBU product 358 meets the product' specification
requirements previously described. -
Example 4 below is a specific example of a
laboratory execution of the process shown schematically in

FIG. 4 and described above.

Example 4

.A 700 gm sample of crude ibuprofen-comprising
reaction product mixture was melted, combined with 554 gm
of warm heptane (56 wt/wt%), heated to about 70°C and washed
with 1050 ml of deionized water at about 70°C. Thé water
léyer was decanted and thé pH is determined:. The water
washing step was usually repeated (two to three times)
until the pH of the deca'ﬁted water layer was equal to or
greater than 2.9. 'If 'S‘ﬁéia'ended s_oiids were noticed in the
resulting heptane layer, the solution was filtered to
remove such solids.

The washed heptane solution from the preceding
step was vacuum flashed to remove heptahe solvent. The
resulting residue containing the ibuprofen product was

charged to a static melt crystallization apparatus for



cont ai ni ng about 90% by weight I1BU was nelted in a beaker on a hot plate a
tenperature of about 75[err]C. The nelted

29 m xture was cosbi ned with about 554g of warm hexane, to produce a
sol ution conposed of about 56 wt % of #Re above crude i buprof en m xture.
This solution was washed at a tenperature of about 60[err] C using about
1,050 mM of 60[err]C deionized water. The solution was contained in a

tenperature-control |l ed ni trogen sphere bl anketed yessel, and the
60[err] C dei%‘r‘ﬁ’z’gb‘:%jr%?' was r%cg”tnﬂe FEaLY¥FeFhi Lelipkrate) uEh®n was

under agitati : ' 10 duri.ng which,the sol uti on was
under agitaIi%ﬁgeﬁggv%%%%%a§€0£%¥§dﬁ%%* égY%?é?%ﬁﬁ%ﬁiﬂqoﬁ;ﬁgs di sconti nued
and the |BU hydrocarbon sol ution phase sep@:t‘fé@d frogyebe-yeiefiidye

wat er | ayer was decanted. The pH of the water [ayer
Analysis _ Ibubrofen Material
Ibuprofen Assay - 94.8% 99.5%
3-IBU (*) | 0.3% | ND
Other Orgapic Impurities (GC) 2.9% 0.3%
Total TPP + TPPO 5400 ppm - 26 ppm

(*) 3-IBU is defined as 2-(3'-isobutylphenyl)propionic

acid.

The melt-_crysta-llized material 'frém the preceding '
step was combined with sufficient warm heptane to prepare
a 25 wt$ solution and heated to 70°C. If suspended solids’
are noted during dissolution, the'mixtufe was filtered to
remove such solids. The heated solution mentioned .above
was cooled for 30 min. in an ice bath to produce a
;rystallization slurry. |

The crystaliiiation slurry generated in the
preceding step,'waé filggred cold under vacuum to produce
ibuprofen crystéis and a mother liquor. The fesulting
ibuprofen crystals were washed with o°C heptane'(ZOO ml
heptane wash per 100 g of ibuprdfen-cpmpriéing mixture) to
produce washed crystals and wash solvent. In a production
mode, the mother liqﬁor and wash solvent_cah be re&ycled-to

minimize ibuprofen loss.
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was det er m ned. The water washing step was repeated, typically two to
three tines, until the pH of the decanted water |ayer was equal to or
greater than about 2.9. Suspended solids were frequently observed in the
interface between the |BU hydrocarbon-conprising solution and the water
| ayer. These solids were discarded al onﬁﬁwith the water wash. In
- engi neering practice, tHee|BUlhydedcaridonwasipedprsiodiidg sutustiined rpvse
filtered to renove such solids. One thousand and sevent -nlne
(1079) g of weffiehekifie ABs2PPBE BAUed NI T hed f Pt B Y2 FRYP H9 YR

conprising s I an.t.0,.ad] the IBU oncentra n t S nto
about 30% by%\/\tg%‘ghgtbhdsrhgﬂﬁéw ﬁy ?5¢&F boh CO%‘%)?I s%anrhg gg tgé)#éﬁné
t enperature m&saiyggsgdj usted to about 60[err] C. Subsequent]y, the
solution was cooled at a rate of 30
' Analysis
Ibuprofen Assay . 99.9%
Other Organic Impurities (GC) < 0.1%
Total TPP + TPPO < 5 ppm
Chloride < 10 ppm

FIG. 5 shows a schematic of a purification
process wherein the crude IBU-comprising reaction mixture

400 is water washed 408 at least once; is crystallized from

P [

a solvent a first time 426; 1is heat~treated 470; is
crystallized from a solvent a second time 484; ‘and is
typically dried 500 to remove residual solvent. >

The crude IBU~comprising reaction mixture 400 is
melted as previously described, and to melt 402 is added a
hydroéarbon solvent(s) 404, to produce IBU-comprising
mixture 406.

Mixture.406 is then water washed 408 at least
once to remove complexed and uncomplexed halogen-containing
compounds, as previously described. -The water 410 and/or
water-base solution 412 is contaéted with mixture 406,
after which separation of a water—comprising phase (wash
water) 414 from an IBU-organic compound phase 416 is

achieved by permitting phasing and by subsequent draining

nliiiin‘iii\’fﬁm“’“" T



about 0.3[err]Cmn to about 25[err]C, was held at 25[err]C for about one
hour, and was then cooled at a rate of about 0.3C/mn to about 5[err]C
The cool ed solution produced a first. slurry of IBUcrystals in a

hydr ocar bon- conpri si ng m xture. 41 The slurry descri bed above was
then filtered cold at about 10[err]C under vacuum (about 252 nm Hg) (33.6
kPa) to produce first crystalline solids and a first nother |iquor

sol ution. ?}@ 4 %iosco Ny gn.ge first. crystal.line solids
. . 414 -~
were slurrie le{ﬂ abou% 1, 400 m%gf ge??]g 5 e%gﬁ%‘?&n‘_’ﬁqb gt%‘_@‘évg‘@é'um was
reconnect ed aiythd hgeaghl tBeS@NG dr a¥Bp0ff1d NeoCrySiAd | ?ﬁgns%gf’%ﬁed
The first nother |iquor was fed to a hexane recovery colu or sol vent
recovery by d&tiddation. In a production process, the wash hexane woul d
typically be recycled. In this |aboratory process, the wash hexane was
di scar ded. Thiee f | nsttear-ystsdldd ,ne Sdllicdselcr ysiBd+comst il Blg
conprising residual inpurities) were then nelted as previously described
and conbi ned mixtuzaf42€i say ®hem beefuirtheyr phidpdres avidil galorerdom®2 si ng
40 wt % of first crystalline solids. _In e_n%i neering practice, any non-
to provide a lower viscosity mixture or solution 424 which
' can subsequently be used in crystallization step 426.
Mixture or .solution 424 is processed in
crystallization step 426 in the manner described regarding
the previous FIGs., to provide a slurry 428 containing IBU
crystals.
Crystallization slurry 428 is then filtered cold
430 as previously described. The first mother liquor 436
from filtering step 430 is typically sent to solvent
‘recovery step 438 .from which SOlvent(s) 440 are recovered
and first mother liquor residue 442 is obtained.
Mother liquor residue 442 can be processed in a
secondary recovery operatign so that the ibuprofen content
of residue 442 can be processed through a secondary
recovery operation and then recycled back into the FIG. S
purification route.
Solvent 432 can be used to clean the crystals on
‘the filter in first filter step 430. The wash solvent 434,
after the cleaning step, can be reéycled into the process,

and is typically fed back into the process at solvent '

addition points 404 and 422.



di ssol ved solids observed in the solution at 60[err]C can be renoved by
filtration. The 40 W % sol uti on was then cool ed from about
60[err]C to about 5[err]C over a tinme period of about 6 to 8 hours, at a
rel atively constant cooling rate to pridduce a second slurry of |BU
crystals in a hydrocarbon-conprising m xture.

31 This second slurry was filtered cold, at about 10[err]C, under vacuum

(about 252 mm Hg) (33.6 kPa). The fil tered second crxstal line solids were
washed using 5C hexane Thes’ BPEvFOBRF{S1iRdEs SAWEE resulting f£rpRered

second crystalline solids were dr| ed on a i vacuum Qven at, about
50[ err] C unddrt a0 SheP AgO( 878 KRy ‘%’cﬁ%ﬁi ﬁfgr t fRgler

composi tion qf [ 3RUIn ClYeheh! dike Sgkagasg?t we%hwasa@&fw& gd g0 be:

solvent 466 to produce ‘a solution 468, The solvent,
including any highly volatile impurities, is then flashed
off 472 prior to heat'treaﬁment in heat treatment step 470.
The resulting residue (after solvent flashing) is heat
treated at temperatures ranging from about 130°C to about
350°C under an inert atmosphere, such as a nitrogen
atmosphere, for a time period ranging from about 0.01 hour
to about 8.0 hours. The ineﬁt atmosphere_can be used to
" purge the vapor. space of heat treated mixture; thereby"

assisting in t;iie' removal of halogen-comprising compounds
and other'highly.volatile-iméurities. The heat treated
material 474 is then cooled to a temperature ranging from
about 70°C to about 160°C. |

A solvent(s) 476 is then typicaiiy added to
produce a solution 482 from which ibuprofen-comprising
mixture 474 can be cryétallized. A filtration step 480 may .
be used to remove entrapped solids from sclution 478. The
solvent 476 may be 'added' prior ﬁo or after such a
filtration step. The heat¥treatgd, filtered mixturé 482 is
then further prbcessed'in second crystallization étep 484
in the manner described regarding FIG. 1 and -FIG. 2
crystallizations.

The rate of cooling in second crystallization

step 484 affects the final crystal size obtained, and this



AnéTyzea Composition of Second Solids ' | BU Assay (by titration)

99. 7% Organic Inmpurities (HPLC) 0. 15% Tot al
TPP and TPPO . 3.0 ppm El emrent al Pal | adi um
(at omi ¢ absorption) 2.6 ppm 49 Chloride (by X-ray)

58 ppm FIG 2 shows a schematic wherein crude ibuprofen- conprising
reaction mxture (crude IBU 100 is water washed at |east once 120, heat

treated/distilIeg.134,'agd t hen k)solvgnt gl stallized.é%Z 0 provide the
purified i bupF8Ped™Spr bAGEL I¥8. P A§aPHS“CRhet2r FFEVIED 160°i SRS t &6,

le. heated tq skeireatyre 0f about 60[err]C to ensure that the mixture
is aliquid enféring the purtfication process. To the heated mixture is

added a hydrocarbon sol veiisthidizheichr gihée/ya4h88_§s VERGD US T tdd @otdd
conprising about 10% by weight to about 60% by wei ght crude IBU m xture

100. It is dahSestwsskdbeako prdsricerNel edesetMasd. 11Gheeceenad fdtdEr
sol vent recovery 166 at this point. The recycled solvent = . _
liquor 492 is typically recycled to points 404 or 422 as
shown in FIG. 5. Soivent 490 which is added to Qash the
crystals on the filtér is recovered as wash solvent 494,
and .can be recycled into the process; typically wash
solvent 494 may be fed back into the process at solvent
addition points 404, 422, 466, and 476. The IBU solids 496 -
resulting from filtration step 488 can then be dried in
‘drying step 500. | '
Typically drying 500 is conducted over the
temperature ' range necessary to remove  hydrocarbon
solvent(s) 502. The temperature and pressure conditions
used for drying have been ©previously described.
Hydrocarbon solQents 502 may be recycled to solvent
addition points 404, 422, 466, 476, and 490.. Dried IBU
product 504 meets the product Specificatiqns'previously
described.
Example S below is a speéific exanple of a
laboratory execution of the prbcess shown schematically in

FIG. 5, and described above.

.Exanmple S
A 700 gm sample of crude ibuprofen was melted,.

combined with 554 gm of warm hexane (56 wt/wt:), heated to %



32 " 116 can be added in addition to hydrocarbon solvent 112 or in place-
of such solvent, depending on the overall material bal ance desired. The
Tesulting mxture 118 is then sent on to water wash step 120 wherein at

| east one water wash is used to ren®ge chl ori de-contai ni ng conpounds,
excess HO, and the conplexed HO previously discussed, fromcrude |BU
100. The diluted m xture 118 typically is conprised of about 10 wt%to
about 60 wt % of crude IBU 100. ~ This diluted mxture 118 is contacted at
| east once wifhCwans vasipedy ity 1 0t vl reEcdeipnizen Wader #Afte6p°C.
contacting mxture 118 with water 122 and/or 124, the m xture conprising
| BU and hydr ctRRfenfienttheogrpde sthup e 690 maldic RéXREER Yias sfastysl py

Typi carly vttt CHAEHREd s=Rars; 2850B G (SR e CRRSR LS

(7oares) Sellade 0, Doy e LEELER mAAGST BEle A difurT) b
sodium hydroxide washes, a final water wash using 1,050 ml
of deidnized water was conducted. The final'wéter wash
layer was decanted and the pH was determined to be 5.3.
Care must be taken that the final water wash pH does not
significantly exceed about 5.7 since the sodium hydroxide
can form a surface active agent with ibuprofen, thereby
causing enulsion problemns. If suspended so0lids were
noticed in the resﬁlting hexane laﬁer, the solutidn was
filtered to rémove such solids.

After the last traces of wash water were decanted
from the preceding step, another 1,079 gm portion of warm
hexane was added to adjust the ibuprofeﬁ concentration to
about 30 wt%¥. The temperature was adjusted back to 60°C.
The solution was next_cooled_to and held at 25°C for one
hour and then further cooled to 5°C to produce a
crystallization slurry. |

.The slurry from thg prededing step was filtéred
cold under wvacuum, thus affbfdigg solids and mothef liquor
solution. Thé resulting solids-were washed with 1,400 ml
of 5°C hexane whilé the mother liquor was fed to a hexane
recovery ceclumn for solvent recovery by distillation. 1In

a production mode, the mother 1liquor residue after



salt solution may be discarded, recycled or reused in other plant
operations. The IBU-conprising mxture 128 nmay then be filtered at step
130 to renove suspended solids from mixture 128. The wat er
washed, filtered |IBU-conpri sing m xturé 132 then passes to a heat
treatnment/distillation step 134. | buprofen (1BU) separates from
a solution or mxture as a distillate fraction at about

180[err] C-200[err]C at 10 nmm (1.3 kPa) vacuum It was discovered

that the cogpkeX1168¥6H afe s v Re®bvelal UdNEL1 R as wash solvent
hal ogen- phosphor us- 33 contal ning

conpound, hal eganpeopkaiyoled 861 Prevérit aibdEPSten Adsd bupr of en nol ecul e)
was destabilized or broken at such tenperatures at 10 nmHg (1.3 kPa)
vacuum At about 0.6 TheHgqd@sPafjrowathemfiliratiom ofeep sdpacatibedf rom
a solution or mxture : _
above were transferred to a heat treatment flask and heated
to 180°C for one hour with stirring undef: é nitrogén
atmosphere. The heat-treated melt was cooled to 140°C and
filtered to remove suspended and precipitated solids.
. The heat~-treated material from the preceding step
was next combined with sufficient warm hexane to prepare a
40 wt% solution and heated to 60°C. This solution was
cooled to_ 5°c over the next 6-8 hours to. produce a
'cfystallization slgrfy. ‘

The crystallization slurry generated in the
precédiné step was filtered cold under vacuum. The
resulting solids were washed with 5°C hexane. The second
mother liquor and wash solvent can be recycled to minimize
ibuprofen loss.

The filtered solids thus obtained in the previous
Step were dried at about 50°C undef 49 mm .Hg vacuum

overnight. The solids thus obtained were sent in for -

analysis:

__/___._———————'—"-—";_;_
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as a distillate fraction at about 130[err]C; it was discovered that the
conpl ex had been broken by this tenperature. As the conplex was broken,
the use of a vacuumto nmaintain a |ow pressure in the distillation unit
assisted by pulling liberated HO awed fromthe |IBU-conprising liquid

m xture, which forced the equilibriumin the liquid mxture toward a
reduced anount of the conplex. The distillation 134 can be carried out at
a tenperature convenient in view of the hydrocarbon solvent present.

There are several fractions of | BR&LBIS sing ni xture 136 which can be
separated in di St% at| e s Typically the Iowest t enperature
boi I i ng conponent BT 1 sfﬁf‘ﬂrocar bon sol vent (s) °%*-P3ction 142.

I buprofen Iight engs, é,_éf(b{ﬁs%g{haﬁn I(e benzerbe 29%and

i sobut yl acet ophenone, rise anot ract ion"to be separated in

distillation 134.pd#ig1 dbssid|gbp®n can be carr| ed outy usi ng-a method of
EP- A- 326, 027 the kind described in U S. Patent Appli catlon er| al No.

07/ 302, 969. The i bpgyrvd@iuger oduct fraction 138 is send Dbpnt O t he next
processi ng step. The heavy ends or residue 144 fromthe distillation can
be further processeiqgeriade to discarding or recovery 4 @ ppme el sewhere.

Particle Size S 20-60 ﬁicron

Example €
SECONDARY RECOVERY OF IBUPROFEN FROM FIRST MOTHER LIQUOR
During the discussion regarding FIG. 5, it wa#
submitted that mother liquor residue 442 can be-p?océsééd
in a secondary recovery operation so.that the ibuprofen
content of residue 442 can be recycled back intoc the FIG.
5 purificatibn route. The secondary recovery can be
carried out using crystallization from a solvent, melt
crystallizatibr}, distiilation, or é combination thereof.
The more 1ikeiy techniques for.secondary processing of the
mother liquor residue ére crystallization from a solvent or

‘"distillation; both techniques are described below.

Process of First Mother Liquor Prior to Sécondagx Recovery
(For Purposes of Removing Exéesé Solvent)

A 3,727 gm sample of first mother liquor from a
purification scheme involving two stéges of.crYSéallization
(with no heat treatment, see FIG. 1) was distilled by

placing a flask containing the mother liquor in an 80°C



To i buprofen product fraction 138 hydrocarbon solvent(s) 146 is added to
produce a solution from which 34 t he

I bupr of en pr oduct can be crystallized in crystallization step
152. After addition of solvent(s) 14633the i buprof en-conprising sol ution
may be filtered 148 to renove any heavy ends materials entrained in

| buprofen product fraction 138. Entrained materials typically
conprise pall adium and pol yner comnponents. The filtered mxture or

solution 150 pdth} heRiléushbpscPingeshedfiaskCctysusl hinzald cracivpy e
Typically the concentration of |1BU in solution 150 ranges from about 10%
by weight to mphintifdPos Bistellate refowetle ey at¥cessf heclame osobrent.
m xture 150 is adjusted so that it ranges from about 55[err]C to - about
110[ err] C depetismidigtiliatipi 8E5rPH8Rdsd| 43hiomusaaprlehef sother ohigeor

m xture 150 is then cooled jn crystallization _
: residue containing "36.4% lbuprofen, 18.9% hexane, 756 ppm

TPP+TPPO and the remainder other organic and inorganic

impurities.

Secondary Recovery of Tbuprofen Involving Crystallization
The residue sample generated above was cooléd to
12°C whereby the resulting crystals were filtered and washed
with 400 ml of 10°C hexane thus affording 87.2 gms of
récé&ered ibuprofen. '
Purification of Recovered Ibuprofen. The
recovered material was purified with the "Basic
Purification Route without Heat Treatment" (see FIG. 1), as
described above thus affording a satisfactory final
purified ibuprofen product. Analytical data for the

recovered and purified material is presented below.

----- Material - - - - =
Secondary _ Further
Recovery by Pufified Using
Analysis | C;xstg;;ization FIG. 1 Route
Ibuprofen Assay | 92.4% 99.8%
Organic Impurities (HPLC) 8.51% 0.04%
Total TPP + TPPO 554 ppm 2.1 ppm

2
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step 152 at a rate ranging fromabout 0.01[err]C mn to about
0.6[err]Cmn, until crystals begin to form and subsequently at a rate
rangi ng fromabout 0.02[err]C mn to about 0.1[err]C/mn wuntil a
tenperature ranging from about 10[err}®C to about -5[err]Cis obtained
whereby a slurry 154 containing IBU crystals is obtained.

Crystallization slurry 154 is then filtered cold, as previously descri bed,
in filtration step 156. Wash sol vent 158 (also cold) nay be used to wash
the filtered g ._Radoviesty ot bhplrbgear 1h631 7 $ndypised 1 Vasbo

sol vent recovery 166, such as a distillation colum, from which sol vent(s)
168 are recovered and -hddavpnepgdelogessduanne?() arsanpieiofedings matblerent

160 can be recycled in the process, and is typically fed back into the
process at Tiquor residue was distilled un vacuum. After several

small light-ends fractions were removed{ the ibuprofen-
containing fraction was distilled at 175-180°C under 10 mm
'Hg vacuum affording 103 gms of recovered material. This
sample was purified satisfactorily using the basic
purification route without heat treatment. Analyses of

these samples are shown below:

----- Material - - - - -
Secondary Further
~ Recovery by ‘Purified Using
Analysis Distillation FIG. 1 Route
Ibuprofer Assay 89.5% 99.8%
Organic Impurities (HPLC) 12.9% 0.22%
Total TPP + TPPO 214 ppm 0.37 ppm

It will course: be undefstood_that the present invention
has been described above purely by way of example and that
modifications of detail ¢an be made within the scope of the

" invention. _

The dependencies of the subsidiary claims hereinafter
do not imply any limitation as to the possible combinations
of the features mentioned in those claims.

USSN 07/500, 645, mentioned herein, corresponds to ‘EP-
- A-0,400,892. '

[ —
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solvent addition point 116 or at alternative addition point 146. The IBU
solids 164 resulting fromfiltration step 156 can then be dried in drying
Step 174 or can be renelted and further processed for purification.

Typical ly drying 174 is conducted over’the tenperature range necessary

to renove hydrocarbon solvent(s) 176. The tenperat ur thisShdet Reédlaced
conditions wused during drying are provided in the dryi ng ﬂlﬂ ‘i m |on
e

of FIG 1. Hydrocarbon solvents 176 may be recycled to

poi nts such as 112, 146, or 158. Dri edctBiMpr oduct 176 ne

specification requirenments previously described. Exanpl e 2

bel ow i s a spét fAlaiaanpl e of a |aboratory execution of the process shown
schematically in® FIG 2, and described above. Exanpl e 2 A
700 gm sanpl e of crude ibuprOfen conpri si ng reacti on product m xture was

glpt :ﬁel ?52 fI1a.Sk Overtgod o%t eguzsl ;flrgge an i Iu%%%fvgnt-%o?ngilgg]ngf fvzl\'l.az:'rsr’I:1

mixture, which mixturé_comprise at least one complex, said
complex comprising at least one.ibuprofen mblecule, said
method-éomprising the steps of:

a) treating an ibuprofen-comprising first mixture,
thereby destabilizing or breaking up at least one
complex comprising at least one ibuprofen molecule;
and

b) subsequently crystallizing ibuprofen ét least once
from a second solution or mixture comprising said

first ibuprofen-comprising mixture.

2. The method of Cldim 1 wherein said ibuprofen-comprising
first mixture comprises halides and phosphorus-containing

compounds .

3. The method of Claim 1 wherein said ibuprofen-comprising

first mixture comprises a metallic reaction catalyst.

4. The method of Claim 1 wherein said ibuprofen-comprising
first mixture comprises halides, phosphorus-containing

compounds and a metallic reaction catalyst.

AR



wt/w%, and heated to 70[err]C. ' The 1 bupr of en-conpri si ng

m xt ure- heptane solution was washed at a terrpemtgﬁgegHnge ceZO[err] C
using about 1050 nl of 70[err]C deionized water

contained in a tenperature-controlled®nd nltro blanketed
vessel and was under agitation, as previously de sh tinme
peri od was about 30 mnutes. The agitation

36 was di scontinued, the water |ayer was decanted, and_the pH of the
wat er | ayer wa$-def BFmW“ﬂ%f v%]t"’e’rm \/\%lsmlﬁﬁeé{‘eﬁalﬂag‘eltéﬁééf:e(?e@&é'-&apl y
two to three tlngs% unt t he g canted water |ayer was equal to or
greater than 2 88885&8 sB?F&% wefe noticed in the resul ting

"heptane |layer, the solution was filtered to renove such solids.
The washed heptane solution fromthe preceding step was vacuum fl ashed at

about S0[err] Ceat abgdl médPddMddd d126n’ KPadlaim 2, Claim 3, or Claim 4
wherein said at least one complex comprising at least one
ibuprofen molecule is destabilized or broken up using at

least one water wash treatment.

7. The'method of Claim 1, Claim 2, Claim 3 or Claim 4,
wherein said at least one complex is destabilized or broken

up using at least one heat treatment.

8. The method of Claim 1, Claim 2, Claim 3, or Claim 4,
wherein said at least one complex is destabilized or borken
up using a combination of at least one water wash and at

least one heat treatment.

9. The method of Claim 6 wherein said at least one water
wash comprises a water wash with a base present in at least

one instance.

10. The method of Claim 8 wherein said at least one water
wash comprises a water wash with a base present in at least

one instance.

* c L N S *



to renove hept ane sol vent. The resutting—TESIidUE containing the

| buprof en product was then charged to a vac ﬁjeie o Bl Refiteg Ol UMM (50 MM

X 1.2 m packed with Goodl oe packing. After 's action was

renoved at tenperatures from about 28ferr]C t m ﬂL I‘r] Cat 0.3-0.7
S

mm Hg (40 - 93 Pa), the ibuprofen product wa 130-134[err] C

under 40 - 93 Pa 0.3-0.7 mmHg (40 - 93 Pa). The foll ow ng

anal yses illustrate the effectiveness of this distillation step:

Crude 139 Stighleethethod Y AVSIW® 1, claim 2, or ClaiRUR[OLBRrein

| buprof en | buprofen Assay 88, 694 §7.4% 3-1BU
(*) said complex id.88stabilized. or lbBékeRt LEr LY Gk ropANE ti es
(GO 5.6% 0.2% Total TPP+TPPO 499 ppm
0.5 ppm (*) ®ffBeubstdptinddansurts I £ wlompyleglednyt)drppesentc in saidci d.
Crystallization froma sol vent was carried out as follows. The

distilled ibdpuprefenscogpsisingomirskenixture.

12. The method of Claim 6 including an additional step
wherein solvent residue remaining on the crystallized

ibuprofen is removed using a drying step.

13. The method of Claim 7 including an additional step
wherein solvent residue remaining on the crystallized

" ibuprofen is removed .using a drying step.

14. The method of Claim 8 including an additional step
wherein solvent residue remaining on the crystallized

ibuprofen is removed us_ing_ a drying step.

15. The method of Claim 7 wherein said at least one heat
treating step comprises a distillation, and wherein said

ibuprofen is removed as a distillate fraction.

16. A method of purification of an ibuprofen-comprising
first mixture, wl-n'.ch first mixtufe_ comprises halides and
phosphotus—containing comﬁounds, said_ method comprising the
'steps of:

a) washing the ibuprofen-containing first mixture,

"using at least one water washing step:

(O



37 ' precedi ng step was conbined with sufficient warm heptane to prepare

such solids.
|n an ice

a 25 w/wt % solution and was heated to 70[errmsheétﬁasmm€b solids were

noted during dissolution, the m xture was filt
The heat ed sol uti-on nentloned above V&8s cool e

bath to produce a crystal-conprising slur

filtration was then carried out. The crystal conpri si ng slurry generated

in the preceding step was filtered cold at tenperatures ranging from

3[err]Cto 10[err] Gp) undet @ry/s?tsammﬂfngabnatwiéhmugpesfznkEaa\pnEbﬁ%
per

resulting solids were washed with O[err]C heptane (200 m heptane wa

100 gm of

ibuprofen-coﬁﬁrSSinginturereat leastproncet i bo' ppoodsse

as that shown in FIG 2, the nother liquor and wash solvent can be
recycled to minimze soFPBHFOFQDCﬁ°%Br1ﬁE%Ea§%§°¢%s§°1Ut1°n or mixture;

and,

c) crystallizing ibuprofen at least once from a third
solution or mikture'. comprising the melt
crystallized second solution or 'mixture, and
including at 1least one solvent from which .

ibuprofen is crystallized.

17. The method of Claim 16 including an additional step
wherein solvent residue remaining on the crYsta;liZed

ibuprofen is removed using a drying‘sfep.

18. A method of purification an ibuprofen-comprising first
mixture, which first mixture comprises halides and
phosphorus-containing compounds, said method comprising the

steps of:

a) washing an ibuprofen-comprising first mixture
"™ 4sing at least one water washing step; |

b) first crystallizing ibuprofen from _a second

solution or mixture comprising said washed first

mixture, and including atyleast.one hydrocarbon

solvent from which said ibuprofen is crystallized:

c) heat treating said first crystallized ibuprofen at

a - temperature sufficient to cause the

destabilization or breaking up of a complex which

’ * c L M S *
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Dryi'ng of the filtered and washed solids obtained in the previous step was
carried out at about 50[err]c under 50 mmHg (6.7 kPa) vacuum overni ght.

The solids thus obtained were analyzed to be as foll ows: | bupr of en
Assay . 99. 8% 59 3-1BU

0. 15% O her Organic Inmpurities (GO Not Det erm ned

Total TPP+TPPO 0. 39 ppm - Chl ori de

< 10 ppm FIG 3 shows a schematic of a purification process
wherein the crude i buprgfen; 213G e

38 m xture 200 is water washed at ["east ﬁgﬁggoﬂﬁrc gg?l?%ré%t%%]npw by
a-met'hod whi ch does notafd oyt dBedlé 6t bhé aib@Prd én AnoBEERES, ObhdFas) IQNS) ;

crystallized froma sol vent 234;
destabilization products of such complex can be
separated from said ibuprofen molecule; and
d) second cryStallizing ibuprofen - from a third
solution or mixture comprising said heat-treated,
first-crystali_zed ibuprofen mixture, and including

at least one hydrocarbon solvent from which said

ibuprofen is crystallized.

19. The method of Claim 18 including an additional step ..
wherein solvent residue remaining on the crystallized

ibuprofen is removed using a drying step.

20. A method of purification of an 'ibuprofe'n-comprising
first mixture, whicﬁ first mixﬁure comprises a metallic
reaction .catal.yst, said method comprising the steps of:

a) washini; an ibuprofen4comprising first mixture
using at least one water washing step;

b) first crystallizing ibuprofen from a second
solution or mixture comprising said washed firs‘t;-
mixture, and including at least one hydrocarbon
solvent frém which: said ibuprofen j.s crystallized;

c) heat treating said first crysf:allized. ibu'pro.fen at

a temperature sufficient to cause destabiliza_tion
‘'or breaking up of a complex which includes a

metallic compound and at least one ibuprofen

UL EE | —
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filtered 238; and typically dried 254 to renove residual solvent. The
crude i buprofen-conprising reaction mxture 200 is nelted as previously
described, and to the nelt 202 is adq d a hydrocarbon solvent(s) 204, to
provide a |less viscous mxture 206, as previously described. M xture 206
is then water washed 208 at | east once to renove conplexed and unconpl exed
hal ogen cont ai ni ng conpounds, as previously described. The water 210
and/ or water-base solution 212 is contacted with m xture 206, after which
separation of a water-sehprake ngherely fuhendasteBUlbrgtaPn poodunksl gfhase
is achieved by permtting phasing and by subsequent | drai nin t he
wat er - conpri si ng phase Sy cemplR% \Fagudey segasatrte F°mTﬁ%1¢Ei£¥REﬁ§ﬁQ:
conpound phase 216 may then b _f%&ﬁered at step 218 to renove suspended
sol i ds. The W%f%ﬁ9§%5h > filtered | BU-conprising mxture 220

then passes to a he@ ztzégé&q&m°§%§§af’(—2}f¥i”ﬁéﬁ§%§%eﬁi 9pfo£ndy orx_g‘?%ats

(typically sol vents are flas ulting residue is
treated at tenperaturessol @Rt iRt cokgRlidinhCshoqahem -Saddedd ) C

under an inert atnosphere such as nitrogen, for a tinme period ranging from
first-crystalized ibuprofen mixture, and including
at least one hydrocarbon solvent from which said

- ibuprofen is crystallized.

21. The method of Claim 20 including an additional step
wherein solvent residue remaining on the crystallized

‘ibuprofen is removed using a drying step. .

A



about 0.01 hour to about 8 hours.  The heat treated material 226 is then
cooled to a tenperature ranging fr.om .about 70[err]C to about 160[err]C.

39 A solvent (s) 228is then added to heat treated materia
226 to produce a solution 232 fromwhich the ibuprofen-conprising m xture
226 can be crystallized. This solvefAt can be added at points 228 or 231 or
a conbi nation thereof. Afiltration step 230 may be used to renove

ent rapped solids frontsolutlon The heat treated f||tered m xture 232 is

t hen furt herMyiedetQe urpiicarien N QORRrisIAg; ¥manner descri bed

regarding FIG 1 and FIG 2ABSTRACT |QF AFHE DBISALOGURE/i de a slurry 236
containing | BU crystals Crystallization slurry 236 is then
filtered cold . This anentlon pertains to a method of purifying

ibuprofen-comprising reaction product mlxtures. The method
of purification is based on crystallization of ibuprofen
from a hydrocarbon solvent and the discovery that there are
impurity complexes in the ibuprofen-comprising reaction
product mixtures which cannot be removed by crystallization
from -a hydrocarbon solvent.

The method of the invention includes at least one
step in which the impurity complex in a first ibuprofen-
comprising mixture is destabilized or broken up, followed

- by crystallizétion of the ibuprofen from a second solution
or mixture comprising the. first ibuprofen-comprising
mixtufe, ‘whereby the impurities which were previously
complexed can then be removed from the.ibuprofen by ﬁhe-

crystallization of ibuprofen from a solvent.

(Figure 1)



* e .
in step 238 as previously described. The first nother 242
to liquor 242 fromfiltering step 238 is typically sentLsolvent recovery
step-244 from which solvents 246 are recovered and heavy ends/residue 248
is obtained. A solvent 240 can be wused to clean the crystals on the
filter. The wash solvent 250 recovered’§romthe cleaning step, can be
recycled into the process, typically wash solvent 250 is fed back into
the process at solvent addition points 204, 228, and 231. The IBU solids
252 resulting fromfiltration step 238 can®+then be dried in drying step
254 or can be renmelted and further procese&d for purification
Typically drying 254 is conducted over theggtenperature range necessary
to renmove hydrocarbon solvent(s) 256. afhe jenperature and pressure

conditions .used for drying havg beﬁg;:*previously descri bed.

Hydr ocarbon solvents 256 can bg ™ to solvent
40 . ~
& o
o
|
o
O\ by
s [-g L4
S B
t
[Te)
Qe
[Le]

7
2nd
XTAL

52 sg
l 54 '
53 .
50 56
48
A4
}/ 42
Solvent
Recovery.
46/1

BASIC IBUPROFEN ROUTE
(WITHOUT HEAT TREATMENT)
Ist
Eliter

lst
 XTAL

18 20

12



: t Co . e

addi tion points such as 204, 228, 231, and 240. Dried IBU product 258
meets the product specification requirements previously described.

Exanple 3 below is a specific exanple of..a...laboratory execution.of_ the
process shown schematically in FIG 3, and -described above. Exanpl e 3
A 700 gm sanpl e of crude ibuprofen was?/felted, conbined with 554 gm of
war m hexane (56 wt/w 9%, heated to 60[err]C and washed with 1050 m of

dei oni zed water at 60[err]C in the manner @keviously described. The
water |ayer was decanted and the pH of theg\Sat er |ayer was determ ned. The
wat er washi:ng step was repeated (usually t\rg)&o three tinmes) until the pH
of decanted water |ayer was equal (o gp gr@ater than 2.9. |If suspended

solids were noticed in the resultEng hex | ayer, t.he solution was
filtered to remove such solids.. AFt¢r the hexane was renoved in
a flashing step, the resulting reskdue was heatf treated at 230[err] C for
three . g
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L : -
hours under a nitrogen atnosphere. The resulting material was cooled to
140[err] C and filtered. The heat-treated material fromthe
preceding step was conbined with sufficient warm hexane to preparé a 40
wt / w26 sol-uti on and was heated to 60[er r%C. If the heat- treated residué
is colored, the heated 40% sol ution cat’be treated with carbon, e.g. 5
gns carbon per 100 gns ) 41
i buprofen charged, and filtered. Such g carbon treatnent has been-shown
to reduce coloration. Oherwise, the hefed 40% solution was cool ed
rapidly to 25[err]C and held at. this tg_el%perature'for one hour and then
cooled to 5[err]C, thus affording a wiife crystallization slurry ready
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.
The crystallization slurry generated in the preceding step was filtered

col d under vacuum as -previously descri-bed. in Exanple 2. The.resulting
sol i ds were washed with 1040 m of O-5[err]C hexane. In a production

met hod, the not her |iquor and wash |iquor can be recycled to mnimze
i buprofen and sol vent | osses. 4/5 The filtered and washed solids

obtained in the previous step were dried at about 50[err]C, under 2-49 nm
Hg (0.27 - 6.5 kPa) vacuum overni ght. The sollds_thus obt ai ned were
anal yzed to be as foll ows: Anal ysi s

| bupr of en Assay 100.0§hb' : Organic Inpurities (HPLO)
0. 33% Total TPP+TPPO ‘,g 0.70 ppm Pal | adi um
<. 2 ppm Chl ori de ' 59 < 8 ppm
FIG 4 shows a schematic wherein q&udeﬂﬁbuprofen- conprising reaction
m xture (crude IBU) 300 is water vg é%°'~308 at least- once to renove
conpl exed and unconpl exed halqgen-co al ni ng conpounds, as previously
described; is AN '
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42 ‘'subsequently nelt crystallized 322; is then crystallized froma

- »solvent(s) 334 and.then dried 354 to produce ibuprofen product 358.

4he- crude | BU-conprising reaction mixture 300 is nelted as previously
escriBed,” and to nelt 302 is added a 59 drocarbon sol vent(s) 304, to

rovide a |less viscous mxture 3067"as described for FIGs. 1 through 3.

M xture 306 is then water washed 308 at | east once to renove conpl exed
and unconpl exed hal ogen- cont ai ni ng conpoginds, as previously described.
The wat er 310 and/or water-base solutich312 is contacted with m xturie
306, after which separation of a mater-%énprising phase 314 from an I BU-
organi ¢ conpound phase 316 is aqcoanisﬁgﬁ as previously described. The
| BU- organi ¢ conmpound phase 316 may tﬁgﬁ<qe filtered 318 to renove any

suspended solids. ' S
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The mé?érlmashed, filtered | BU-conprising m xt
melt-crystallization step 322, wherein m xtur
renove sol vent 325. The resulting residue con
charged to a nelt crystallization apparatus (
melt crystallizer) for purification. jTypical

residue i.s cooled belowits freezing point to

dfrTiagnshe 1miged & tiBeftged .=..
5 UG Dmwing(s)t adged ar. toypaged c...
) Mhkbstidét osuppd .SitB%paged .....
produce a crystalline nass

ir e REE%A¢EMENE33§§§? G “%
b M MDeschpticcipaged h.a 5%5&5%..w» Rl
ed .=

fromwhich any liquid residue is drained off ht ' ﬂﬁﬂpﬁs A shown
Subsequently, the crystalline nmass ngzggt@fgﬁ Vot 4

in FIG 4.

o

with liquid which results fromreheating being drained (at point 324
FIG 4) to HETHRRF I T BUFROFEN COMPRISING MIXTURES

crystalline

crystalline mass 326 i's added a solvent to place

mass remaining after reheating. To the remaining

Héa‘_ d‘(‘!:""

in
43

these solids 326 into a

solution or mixture from whi ¢}y & rd8RBNHrCiyst #iEgatb@n from sol vent or

m xture 334 can be

1. Field of the Invention

fhis invention relates to a method for purifying
ibuprofen-comprising mixtures of the kind which are
typically produced during a reaction pfocess in which
ibuprofen (2-(4'-isobutylphenyl)propionic acid) is formed.
2. Background Art

Ibupfofen is a well-known nonsteroidal anti-
inflammatory drug which has been converted from ethical,
i.e., prescription, to over-the-counter status. The
ibuprofen sold as a pharmaceutical must meet purity
requirements specified by the U.S. Food and Drug
Administration. In addition, the ibuprofen is typically
sold over-the-counter in the form of tablets, and therefore
it is advantageous to have the ibuprofen material be in a
structural form which éan be readily formed into tablets:
typically tablet formation is facilitated when the average
crystal size of the ibuprofen material ranges from about 15
microns to about 70 microns.

Ibuprofen-comprising mixtures which can be
processed by the method of the ﬁresent invention to yield
purified ibuprofen which is capable of meeting U.S. Food
and Drug Administration requirements include those produced

by the methods such as the method described in &-S—Patent
EP-A-400,892, which

2 . .

Application-Serial No.07/500,-645 is hereby incorporated by

" |_AMENDED _SHEET | o ayt w9




conducted. The sol vent can be added at addition points shown in FIG 4 at

328 and 331 or can be added at a conbination thereof. Suspended
solids may be renoved by filtration.330 prior to further processing of the
| BU-comprising, nelt «crystallized solution or m xture 332. The

solution or mxture 332 is further processed in crystallization step 334,
in a manner described-with reference 2o previous FIGs., to provide a
slurry 336 containing |IBU crystals. Crystallization slurry 336
is then filtered cold as previously described. The first nother |iquor
from filtering step 338 is typically sent to a solvent recovery step 344,

from whi ch solvent(s 346 are recover ‘ﬁgpeav nds/resi.dye 348.is
obtai nod. | retersHag dprs BRFBAESS4DE o bl Ruh tRESTRAT i8R e

crystals. The oIvent % It£ L&l Iﬁﬁéﬂ aj)i ng step, can be
recycl ed in;ofF% r}fﬁlrslocess tangigg calﬁr ? bac éEC)the process at
sol vent addition p0|nt$ﬁﬁﬂphﬁ%§fggﬁn ggspr639c§§1as described in U=§&.
EP-A-400 ) )
7 , the process
involves the carbonylation of 1-(4'-isobutylphenyl)ethanol
(IBPE) with carbon monoxide while in contact with an acidic
aqueous medium at a temperature of at least about 10°C and

.-~- (3447 kPa:gauge)
a carbon monoxide pressure of at least about 500 psiqﬁ_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 = 1 and IBPE =
10,000 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 (H'/IBPE) 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 (X /IBPE) is at least about 0.15.

The IBPE used to produce ibuprofen may be made by
any of various means; 'preferably, however, the
carbonylation reaction to produce ibuprofen is integrated

with a method of producing IBPE from isobutylbenzene,

AWENDED  SHEET
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The 1BU solids 352 resulting fromfiltration step 338 can then be dried
in drying step 354 or can be renelted and further processed for
purification. 44 i Typi cal Ly
drying 354 is conducted over the tenperature range necessary to renpbve
hydrocarbon solvent(s) 356. The tenperature and pressure conditions used
for drying have been previously sdescribed. Hydrocarbon solvents
356 can be recycled to solvent addition points such as 304, 328, 331,

and/or 340. PobgdquleBld PFrQEhicding388r MRAlcval t BE theoBicisomer. The

ppect {1 ot ong eVl STl LS 0ol X, B8 CE! D cermeof o HRLG: “thoun

schemati cal | ytypicBlGy 4 asslle@psolbeilf bbdveon a chilled drum and
;subsequentiy flaked. Conversion of the ibuprofen flakes to

5 a particle size commonly used to manufacture tablets is

difficult due to mechanical complexities. _

DE-A-~26 46 792 discloses a process for the preparation
of an a-(aryl substituted)-propionic acid or an ester
thereof of the general formula RJ'—CH(CH:;)-COOR2 in which R?

10 is isobutylphenyl, phenoxyphenyl, benzoylphenyl,  halobi-
phenylyl, lower alkoxy naphthyl, xanthenyl, fluorenyl or
biphenylenyl and R? is hydrogen or lower alkyl, wherein an
aryl substituted ethylene of the formula Rl—CH=CH2, in which
R! has the above definition, is reacted with carbon monoxide

15 under pressure in the presence of a lower alcochol of the
formula RZOH, in which R? is lower alkyl, or water. The
carbonylation reaction is carried out in the presence of a
palladium complex, in particular a phosphine—containi'ng
complex, as catalyst. In Example 21 of this German patent

20 specification, the carbonylation is carried out in the
presence of benzene as solvent. The resultant solution of
crude ibuprofen is extracted with an aqueous solution of
‘'sodium bicarbonate and the extract is then further extracted

_ with ether and then acidified with hydrochloric acid. The

" 125 resultant extract 1is washed with water and dried over
magnesium sulphate. The ether. is then distilled off under
reduced pressure and the residue is recrystallized in hexane
to yield ibuprofen of melting point 75-77°C.

EP-A-170,147 discloses a method for producing oa-(p-

30_. isobutylphenyl)-propionic acid or its alkyl esters, which
comprises (I) catalytically cracking 1,1-bis(p-isobutyl-
phenyl) ethane at temperatures of 200-650°C in the presence
of a proton acid catalyst and/or a solid acid catalyst to
produce p-isobutylstyrene and isobutylbenzene as main

35 product; and (II) reacting the p-isobutylstyrene with carbon

[page 5a]
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Exanpl e 4 A 700 gm sanpl e of crude i buprofen-conprising

reacti on product m xture was nelted, conbined with 554 gm of warm heptane
(56 wt/w%, heated to about 70[err]C and washed w th 1050 nl of dei onized
wat er at about 70[err]C. The water |ayer was decanted and the pHis
det er m ned. The water washing stepP®as usually repeated (two to three

times) until fa ng.ed | aye o_Qr , . greabear
than 2.9 If SHLJS}EO)pi(}ig Fl"é%eﬁgréfnowéﬁ o 31‘{ ée%@ﬁg #?’Lré gp'?gn&%?ag:er,
the sol ufion vids Fhet é?l@%setrts:e refroae maksht s@hrblgnyl complex Citea lpshetto

heptane ol ut igypdu@d e driiRRAitid phiRA RS pamEN hkaahegy t Citrsemgﬁgt

hept ane pol vent. The resul ti ng rési due cont aining the i buprofen
was chal ged tSteLt A% @lkernatiyedy| (I35} ixppaipheg («;ﬁlﬁsprbﬁobutylstyrene

45 puf i f3 catiitan. carbdhemohekliawi Agd aYArveRh dt lastémperatite of 40-
150°C in the presence of a metal carboriyl complex to produce
a—- (p-isobutylphenyl)propionaldehyde and then oxidising the
latter to produce a-(p-isobutylphenyl)propionic acid. 1In
Example 31 of this European patent application p-isobutyl-
10 styrene is introduced into an autoclave together with a
palladium catalyst in an aqueous hydrochloric acid solution, -
benzene as a reaction solvent and acetophenone, after which
it was reacted with carbon monoxide. After the reaction and
cooling of the autoclave, the benzene layer was separated
15 and extracted thrice with an agqueous solution of sodium
hydroxide. Hydrochloric acid was added until the sodium
hydroxide solution reached a pH of 2 and then an extraction
with chloroform was effected. The chloroform was removed by
reduced pressure evaporation to obtain light yellow crude
20 crystals. The crude crystals were recrystallized with n-
heptane to obtain white crystals of oa-(p-isobutyl-
phenyl)propionic acid of melting point 76-77°C.
Distillation, as a method of purifying an ibuprofen
reaction product mixture, is disclosed in EP-A-326,027.
25 This application disclosed a process for purifying 2-(4'-
isobutylphenyl)propionic acid from a mixture, wherein the 2-
(4'-isobutylphenyl)propionic acid is separated as a
distillate fraction, by subjecting the mixture to a vacuum
rectification.
30 ‘
SUMMARY OF THE INVENTION
The present invention pertains to a method of
purification of ibuprofen-comprising mixtures, which
purification comprises crystallization of ibuprofen,
35 especially from a hydrocarbon solvent. In accordance with
the present invention, it has been discovered that at least
[~-page 5b]
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effectiveness of this nelt crystallization step:

Crude Melt-Crystallized Anal ysi s | bupr of en

Mat erial | buprofen Assay 94. 8% 99.5% 3-1BU (*)
0. 3% : ND Oher Oganic Inpurities (GO 2. 9% 0. 3%
Total TPP + TPPO 5400 ppm 26 ppm (*) 3-IBUis
defined as 2-(3'-isobutyl phenyl)propi on?® aci d. The

melt-crystallized material fromthe preceding step was conbined w_th

sufficient wapheheemmkeX compInts g AP5least sengt iGNPERIcRe ROdeY e is

70[err]C. |If éyae%@e%ﬁcﬂﬂed%@x%mi-%@wm inBaludsON tHie dongLee
was filtered To renove such_solids. .  The heate solu$$on meniioned . abqve

was cool ed foRust Bendestakilizedngr WX KSR JiRic VRET XY STIRYS LEd €% VRACH (v
The crystalli zahp@isddirthe g Bdedcam béesepasataidngreme thenaouprtdeed

col d ‘under vacu ch.ﬁ é),r %delflfcl:nelttlil%l)'l%p rigu%rfoge%s tO% %l‘?é‘] qiés i%(f‘ %’ulli'tﬂ}" q{O be The

resulting 2 ™°
obtained.

In particular, the present invention provides a method
of purifying an ibuprofen-comprising first mixture, which
_ mixture comprises at least one complex, said complex
10 comprising at least one ibuprofen molecule, said method
comprising the steps of: _
a) treating an ibuprofen-comprising first mixture,
thereby destabilizing or breaking up at least one
complex comprising at least one ibuprofen
15 molecule, by means of at least one step selected
from (i) heat treatment of the said first
mixture, (ii) treatment of the said first mixture
with a medium capable of dissolving or complexing
i acidic compounds in the said first mixture, which
20 medium is then extracted or separated from the
ibuprofen-containing mixture, and
(iii) azeotroping uncomplexed acid from the said
first mixture; and
b) subsequently crystallizing ibuprofen at least
25 once from a second solution or mixture comprising
said first ibuprofen-comprising mixture that has
been subjected to a treatment that comprises step

(a) .

[-page 6]
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| buprofen crystals were washed with O[err] C heptane (200 m  heptane wash
per 100 g of ibuprofen-conprising mxture) to produce washed crystals and

wash solvent. |In a production node, the nother |iquor and wash sol vent
can. be recycled to mnimze ibuprofen |oss.

46 1 The filtered and washed solids obtai ned above 2
were dried at about 50[err]C under 48 mm Hg (6.4 kPa) vacuum overni ght.

3 The solids thus obtained typically had the follow ng 4

anal ysi s: 5 Anal ysi s 6 | bupr of en
Assay A 99. 9% 7 Q her. Organic Inpurities
(0 %kbl.’i%i 1’8 the art T"d‘ttgl app qnq%andlng of what is

< 5 ppm : requiregi%o haé% a complete purification system.<<chJy%r,

it will become immediately apparent that the number of
auxiliary steps, and even the number of times one of the
critical steps 1is repeated depends on the purity
requirements for the finished product and the desired form
of the finished product.

In one of the above-described preferred
embodiments of the present invention, at least two water
wash steps are conducted; a first water wash which is used
to remove the bulk of the water soluble impurities from the
ibuprofen-comprising mixture (typically the reaction
mixture), followed by a second water wash containing a
base, which base is reacted with any uncomplexed and
complexed acid from the ibuprofen-comprising mixture (such

as the uncomplexed acid remaining after the above-described

carbonylation step disclosed in Uvsf—¥%%ea%-Applieatien
EE—A 400.892

NG Q7/500,645) which remains in the crude

ibuprofen-comprising mixture, even after the first water
wash. A third water wash can be used to ensure that the
salts formed from reaction of the uncomplexed acid with the
base are removed.

These water washing steps are known to remove.
uncomplexed and complexed acid from the ibuprbfen-
comprising mixture, which, in some instances, makes it
possible upon subsequent crystallization of ibuprofen from

a solution or mixture comprising a hydrocarbon solvent, to

- _ 1 0 AUG gﬁg ) .
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10

FIG 5 shows a schematic of a purification 11

process wherein the crude | BU conprising reaction mxture 12 400 is
wat er washed 408 at |east once; is crystallized from 13 a solvent

first tine 426;

is heat-treated 470; is 14 crystallized froma

solvent a second tine 484; and is 15 ig typically dried 500 to renove

r esi dual
m Xture 400 is

added a 18
m xture 406. 20 M xture 406 is then water washed 40

19

at least 21
hal ogen-cont ai ning 22 conpounds, as previously described. The water
410 and/ or
after which separation of a water-conprising phase (wash 25

24
wat er)

by permtting ph

414

solvent. 16 The crude | BU conprising reaction

17 nelted as previously described, and to nmelt 402 is
hydrocarbon solvent(s) 404, to produce |BU conprisin

Thenceotal r phosshamonp| execerindinatadpsexedphenylphosphine

23 (TPR)gtad Hasiehssiviphosphinei oxigie aCTRRO)W t HTER xdngd eTEDG,
fr GAfaRe| BEFSFRHEE 1nddiguAdlEhus eng 13 Hewd etigPackagd 549/ d

cggqua%@ﬂ 8¥ssug§§g%§¥ggégpir“43 h a flame photometric

detector, to evaluate a 10% by weight solution of the
ibuprofen product in acetonitrile, if desired; this
capillary method can also be used to measure trace amounts
of other phosphorous organic impurities, which are
typically included in calculating the 10 ppm or less. For
processes wherein a metallic catalyst content (such as
palladium) is also monitored, the desired residﬁal metal
content in the ibuprofen product is less than 5 ppm when
measured by inductively coupled plasma or atomic absorption
spectrophotometry.

In view of the intended use of ibuprofen as an
ingested pharmaceutical, which has engendered particular
requirements and standards, it becomes readily apparent

. . . . reaction
that purification of an ibuprofen-comprising T

mixture is ofléiiigig%%portance.

When the ibuprofen product is to be sold in
tablet form, it is desirable to provide the ibuprofen in
the form of dried crystals having a mean particle diameter
falling in the range from about 15 to about 70 micrometers.
The preferred mean particle diameter for dried crystals
ranges from about 15 to about 60 micrometers.

Table I below shows the composition of several

crude ibuprofen reaction product mixtures which are typical

1.0 NG BB
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47 - of wash water 414. The | BU-organi ¢ conpound phase 416 may then be -
filtered at step 418 to renpbve any suspended solids. The

wat er - washed, filtered, | BU-conprising mxturiee 420 nay then be further
diluted with solvent 422 to provide a |ower vi.sscosity m xture or solution
424 which can subsequently be used in crystallization step 426.

M xture or solution 424 is processed in crystallization step 426 in
the manner described regarding the prdious FIGs., to provide a slurry 428
containing 1BU crystals. Crystalllzatlon slurry 428 is then

filtered gold 43Q aﬁggﬁgwbgﬂskgrgegfgégf *H*Jé q?ix%RtB%rtﬁéqHQ{oigg.

fromfiltéring step |y 'sen sol'ven recovery step

f rom whi ch soIv%@Hgalﬁgﬂgayaqdﬁgcggﬁﬁggndgnd first nmother |iquor residue
442 is obtai ned. her [T quor residue 442 can be processed in a

secondary3recovery operathuasadth&b t hend buptaBien capugpbfentcoRptisend4?
can be processed through a secondary EP-A-400,892
4 mixture produced by the synthesis method described 1nlk-rs+

5 [Patent-Application-Serini-Ne—oFr50664], it was discovered
6 that, in purification, it is critical to remove residual
7 acidic compounds. Without removal of such acidic compounds
8 (HC1l for example) which aré used in the carbonylation step,
9 complexes are formed with phosphorus-containing compounds
10 and the ibuprofen. Such complexes include, for example, a
11 triphenylphosphonium salt-HCl-ibuprofen complex, which
12 complex is believed to have the structure:
13
14 CHCH3 o ‘JO>‘
15 Phy P"’Cl
16
17 A complex of the type shown above is believed to
18 be formed when triphenylphosphonium chloride salt complexes
19 with acid compounds, such as HCl, and with the ibuprofen
20 product. Laboratory data indicate the triphenylphosphonium
21 chloride salt can be removed from ibupro.fen by
22 crystallization from a hydrocarbon solvent if a strong acid
23 ' is not present. However, once the acid-comprising complex
24 forms, it is extremely difficult, if not impossible, to
25 remove the complex from the ibuprofen product by
26 crystallization from a solvent.
N 1 0 AUG 898
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recovery operation and then recycled back into the FIG 5 purification
rout e. Sol vent 432 can be used to clean the crystals on the
filter in first filter step 430. The wash solvent 434, after the cleaning
step, can be recycled into the process, and is typically fed back into the
process at solvent addition points 404 and 422.

48 The I BU-conprising solids 464 resulting from filtration.
step 430 are then redissolved (to perm 28easier transportation within the

process) by the addition of, solvent 466 to produce a solution 468. The
sol vent, i ncl u&gﬁb‘ta@shimdﬁlrﬁnvcﬁfafﬁqtévferrpﬁ‘g‘?]ﬁ%i p|a§%1lﬁgﬁ 1RDREET oF9

esi ue (af ter SBPYEnT o PachPHof EPAohLTE ATiady Fatiie Higubeas. 10
g) IS hea treated a enperat ures rangi ng
from about 1300C to about second crystallization slurry 60 is then filtered
in second filtering step 62. Second mother liquor 66 can
then be recycled to streams such as 12, 28, or 38. The
filtered IBU-crystalline solids can then be washed with
hydrocarbon solvent 64, with wash solvent 68 being recycled
to solvent addition points such as 12, 28, 38, or 52.
Washed IBU crystalline solids 70 are then sent oh
to drying step 72, wherein residual hydrocarbon solvents 74
are removed. Typically, drying is conducted over a
temperature range- from about 40°C to about 60°C at a
pressure ranging from about 250 mm Hg/lto about 2 mm Hg
vacuum for a time period ranging from about 30 min to about
30 hours (depending on 'whether a dynamic or static drying
operation is used). Hydrocarbc;n solvent 74 removed during
drying may be recycled to solvent addition points 12, 28,
38, 52, or 64. The dried IBU product 76 meets the product
specifications requirements previously described.
Example 1 below is substantially a specific
example of a laboratory execution of the process shown

schematically in FIG. 1, and described above.

Example 1

A 700g sample of crude ibuprofen mixture,
containing about 90% by weight IBU was melted in a beaker

on a hot plate a temperature of about 75°C. The melted

0 NG WY -



350[err]C under an inert atnosphere, such as a nitrogen

at nosphere, for a tine period ranging fromabout 0.01 hour to about 8.0
hours. The inert atnosphere can be used to purge the vapor space of heat
treated m xture, thereby assisting iggthe renoval of hal ogen-conpri sing

conpounds and other highly volatile inpurities. The heat treated
material 474 is then cooled to a tenperature ranging from about 70[err]C
to about 160[err]C. A solvent(s) 476 is then typically added to

produce a solution 482 from which ibuprofen-conprisin m_xture 474 can be
crystallized. @W??Yrgt?oﬁ/’g’t%p“‘?&@b §y 2hEnusEp trbe]r‘gr‘?d'\/@seﬁt E&FpEPVS i ds

from sol uti on 47r§

d f h
filtration step. ﬁ'h Bat ljtl qgit eg’}x Iczéglriggaﬁ ?u?a ﬁ8% Oaboc’r‘ftgeﬁf%r S?:?J“r%é‘ra
processed in Se@&%&u%{sﬁa&' ' Zfﬁé %o&teﬁps%%tlbﬂ bPBaBARES ﬁ{;ﬂ:%sccréll?&qu

regarding FIG 1 and FIG crystallizations. ate o

cooling in secopd mws&a&étazpé | 0 a Hyelr ot bvahnfeehnpriBengi nakeerystal size
obt ai ned, and this

The slurry described above was then filtered cold
at about 10°C under vacuum (about 252 mmc%%fgf%&%goduce
first crystalline solids and a first mother liquor
solution. The vacuum was discontinued and the first
crystalline solids were slurried with about 1,400 ml of 5°C
hexane. Then the vacuum was reconnected and the wash
hexane drawn off the crystallized solids.

' The first mother liquor was fed to a hexane
recovery column for solvent recovery by distillation. 1In
a production process, the wash hexane would typically be
recycled. In this laboratory process, the wash hexane was
discarded.

The first crystalline solids (crystallized IBU-
comprising residual impurities) were then melted as
previously described and combined with sufficient warm
hexane to prepare a solution comprising 40 wt¥ of first
crystalline solids. In engineering practice, any non-
dissolved solids observed in the.solution at 60°C can be
removed by filtration. .

The 40 wt% solution was then cooled from about
60°C to about S;C over a time period of about 6 to 8 hours, -
at a relatively constant cooling rate to produce a second

slurry of IBU crystals in a hydrocarbon-comprising mixture.

10 AU 1999
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49, . cooling rate can be adjusted to provide the size of crystals
desired. Crystallization slurry 486 is then~filtered cold in
step 488 as previously described. The second nother [|iquor 492 is_
typically recycled to points 404 or 422 as shown in FIG 5. Solvent 490
which is added to wash the <crystals on the filter is recovered as wash
sol vent 494, and can be recycled into the process; typically wash sol vent
494 may be fed back into the process 3t solvent addition points 404, 422,
466, and 476. The IBU solids 496 resulting fromfiltration step 488 can
then be driedThis deybng sleprplbhs filtered col)i @&l hpodtyimyge f0thdexr
~conducted over the tenperature (3 e&papcessary to renove hydrocarbon
sol vent (s) 502acuﬁhe(aénpér&5%r@kéﬁg%ﬁ?ﬁfguﬁEIGGndhtBqunduseﬂstdkiinahying

have been previously descri bed. )
solids were washed using 5°C hexane, as previously

described.

The filtered second crystalline solids were dried
on a tray in a vacuum oven at about 50°C under about 49 mnm
Hg(%%tﬁlover night. 'fhe composition of the second

crystalline solids obtained was analyzed to be:

Analyzed Composition of Second Solids

IBU Assay (by titration) 99.7%

] Organic Impurities (HPLC) 0.15%
Total TPP and TPPO 3.0 ppm
Elemental Palladium (atomic absorption) 2.6 ppm
Chloride (by X-ray) ' 58 ppm

FIG. 2 shows a schematic wherein crude ibuprofen-
comprising reaction mixture (crude IBU) 100 is water washed
at least once 120, heat treated/distilled 134, and then
solvent crystallized 152 to provide the purified ibuprofen
product 178. Again, the crude IBU 100 is melted, ie.
heated to a temperaturé of about 60°C, to ensure that the
mixture is a liquid entering the purification process. To
the heated mixture is added a ﬁydrocarbon solvent - 112, to
provide a less viscous mixture 114 comprising about 19% by
weight to about 60% by weight crude IBU mixture 106. it is
also possible to add recycled solvent 116 recovered from

solvent recovery 166 at this point. The recycled solvent

1 0 AUG 1993
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Hydr ocar bon sol vents 502 may be recycled to sol vent

422, 466, 476, and 490. Dried IBU product 504 neets the product

specifications previously described. Exanple 5 belowis a
specific exanple of a . laboratory execution of the process shown
schematically in FIG 5, and described above. Exampl e 5

700 gm sanpl e of crude ibuprofen was ng&ted,

hexane (56 wt/w %, heated to

60[err] C and

50
Subsequent |y, m@‘ﬁ‘%eg:ravﬁ\%é’g %ﬁﬁlglrggf giﬂ %f%??gégﬁ; é?eﬂ?%@%éra%éﬁ%%&vﬁ%‘%bf%r?fc

usi ng about 26011 alc 8001 Rk IRl e S AUGRNALAG ofiPAH o¥ed0Q1PRALEEs 5PAT UM

- Afte

hydr oxi de.

balance desired. The resulting mixture 118 is then sent on

to water wash step 120 wherein at least one water wash is

used to remove chloride-containing compounds, excess HCIL,

and the complexed HCl previously discussed, from crude IBU
100. The diluted mixture 118 typically is comprised of
about 10 wt%¥ to about 60 wt¥ of crude IBU 100. This
diluted mixture 118 is contacted at least once with watef
122 and/or a water-base solution 124. After contacting
mixture 118 with water 122 and/or 124, the mnmixture
comprising IBU and hydrocarbon solvent 128 is separated
from the wash water 126 by phasing and subsequent draining.
Any number of wash steps can be used. Typically wgter
washing 1is carried out until the pH of the decanted
(drained) water layer is 2.9 of greater. Contacted wash
water 126 may be filtered, neutralized, and the resulting
salt solution may be discarded, recycled or reused in other
plant operations. Th% IBU-comprising mixture 128 may then
be filtered aﬁ step 130 to remove suspended solids from
mixture 128.

The water washed, filtered IBU-comprising mixture
132 then passes to a heat treatﬁent/distillation step 134.

Ibuprofen (IBU) separates from a solution or
mixture as a distillate fraction at about 180°C-260°C at 10

(1.3 kPa!
mm vacuum. It was discovered that the complex

(such as a complex including a halogen-phosphorus-
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sodi um hydr oxi de washes, a final water wash using 1,050 m of deionized
water was conduct ed. The final water wash |ayer was decanted and the pH
was determned to be 5.3. Care nust be taken that the final water wash pH
does not significantly exceed about 5.7 since the sodi um hydroxide can
forma surface active agent wth ibuprofen, thereby causing enulsion

pr obl ens. If suspended solids were noticed in the resulting hexane

| ayer, the solution was filtered to r&dove such solids. Af ter
the |ast traces of wash water were decanted fromthe precedi ng step,

anot her 1, 079 gpnioining afmpeand, hekagenwasnbdiipingcagt} using ag Lbaptof en
concentratlon to about 30 wt % The tenperature was adjusted back to
60[err]C. Then|IRYRFPIRE Nedacudsol &!ESt Ge%ﬁﬂbh%{'-ﬁe%t012§{ré?lﬁncaf'-o§u€ﬁe

o eon? {1en LS sept o Al Rhr BSOS By SRS 8o Pl
under vacuum fus &1 05l iraoled o3Rd-I0L 0Ok LhaUOLo1 SOl 10 i Tl

resul tirg solids were was C hexane Ae "ot her

Idl ggolr | Q?SOL edaé Q, ag DX P Patd eiezca@cmbnc Qleuapoher 195ekeenit rv%@‘f:ﬁrs)éoméred
| | |

that the complex had been broken by this temperature. As
the complex was broken, the use of a vacuum to maintain a
low pressure in the distillation unit assisted by pulling
liberated HCl away from the IBU-comprising liquid mixture,
which forced the equilibrium in the liquid mixture toward
a reduced amount of the complex. The distillation 134 can
be carried out at a temperature convenient in view of the
hydrocarbon solvent present... There are several
fractions of IBU-comprising mixture 136 which can be
separated in distillation 134. Typically the lowest
temperature boiling component will be the hydrocarben
solvent(s) fraction 142. Ibuprofen light ends 140, such as
isobutylethylbenzene and isobutylacetophenone, would
comprise another fraction to be separated in distillation
134. The distillation can be carried out using a method of

EP-A-326,027
the kind described in U~S+~—Patent—Application—Serial—Nd.

0#/39625963. The ibuprofen product fraction 138 is sent on
to the next processing step. The heavy ends or residue 144
from the distillation can be further processed prior to
discarding or recoVery for use elsewhere.

‘To ibuprofen product fraction 138 hydrocarbon

solvent(s) 146 is added to produce a solution from which

— 10 AUG 938
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a production node, the nother |iquor residue after

51 . ‘distillation and solvent recovered, as well as wash solvent can be
recycled to prevent ibuprofen | oss. The solids fromthe
filtration step described above were transferred to a heat treatnent flask
and heated to 180[err]C for one hour with stirring under a nitrogen

at mosphere. The heat-treated nelt was cd8l ed to 140[err]C and filtered to

renove suspended and precipitated solids. The heat-treated
material fromthe preceding step was next conbined with sufficient warm
hexane to prepare a 40 wt% solution and heated to 60[err]C. Thi s

solution was c@ieknt AdaiRibhGeVeE 1e orekt abrridtivie aldaiRi0HUESEing
crystallization slurry.
146. The IBU solids 164 resulting from filtration step 156
can then be dried in drying step 174 or can be remelted and
further processed for purification.

Typically drying 174 is conducted over the
temperature range necéssary to remove hydrocarbon
solvent(s) 176. The temperature and pressure conditions
used during drying_ are provided in the drying step
description of FIG. 1. Hydrocarbon solvents 176 may be
recycled to solvent addition points such as 112, 146, or
158. | Dried IBU product 176 meets the product specification
requirements previously described.

Example 2 below is a specific example of a

laboratory execution of the process shown schematically in

FIG. 2, and described above.

Example 2

A 700 gm sample of crude ibuprofen-comprising
reaction product mixture was melted in a flask over a
heated surfaée, combined with 554 gm of warm heptane (56
wt/wt%), and heated to 70°C.

The ibuprofen-comprising mixture-heptane solution
was washed at a temperature of about 70°C using about 1050
ml of 70°C deionized water. The solution was contained in
a temperature-con'trolled and nitrogen-atmosp%]g—az%%%eed
vessel and was under agitation, as previously described.

The wash time period was about 30 minutes. The agitation

fs -
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The erystallization slurry generated in the preceding step was filtered

cold wunder vacuum The resulting solids were washed with 5[err]C
hexane. The second nother |iquor and wash sol vent can be recycled to

m ni mze ibuprofen |oss. ' The filtered solids thus obtained in
the previous step were dried at about 50[err]C under 49 mm Hg (6.5 kPa)
vacuum over ni ght. The solids thus obtained were sent in for analysis:
52 ' Anal ysi s | bupr of en Assay

99. 9% QO her Organic Inpurities (HPLC 0.29% Total TPP + TPPO
0.72 ppm Pak| ddisgentinued, the water layer was Zegpnted, amhltthe g

<5 m
_ PP of the water layer was determined. The water washing step

was repeated (usually two to three times) until the pH of
decanted water layer was equal to or greater than 2.9. 1If
suspended solids were noticed in the resulting heptane
layer, the solution was filtered to remove such solids.
The washed heptane solution from the preceding
26.7 kPa
step was vacuum flashed at about 50°C at about(?)m'c-}[,
to remove heptane solvent. The resulting residue
containing the ibuprofen product was then charged to a
vacuunm distillation column (SO mm X 1.2 m) packed with
Goodloe packihg. After a iightfendé fraction was removed

at temperatures from about 20°C to about 130°C at 0.3-0.7 mm

( - 93 Pa

Hqi the ibuprofen product was distilled at 130-134°C under
(40_- 93 Pa)

0.3-0.7 mm Hgl The following analyses illustrate the

effectiveness of this distillation step:

Crude Distilled

Analysis | Ibuprofen Ibuprofen
Ibuprofen Assay 88.6% 97.4%
3-IBU (*) 1.9% 1.6%
Other Organic Impurities (GC) 5.6% 0.2%

Total TPP+TPPO | ~ 499 ppm 0.5 ppm

(*) 3-IBU is defined as 2-(3'-Isobutylphenyl)propionic

Acid.

Crystallization from a solvent was carried out as

follows. The distilled ibuprofen product from the

P

erensr
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Particle Size 20-60 m cron Exanpl e 6 SECONDARY
RECOVERY, OF | BUPROFEN FROM FI RST MOTHER LI QUOR During the

di scussion regarding FIG 5, it was subnmitted that nother |iquor residue
442 can be processed i.n a secondary recovery operation so that the

| buprofen content of residue 442 can be recycled back into the FIG 5
purification route. The secondary retovery can be carried out using
crystallization froma solvent, nelt «crystallization, distillation, or a
conmbi nation thereof. The nore likely techniques.for secondary processing-
of the nother liquor residue are crystallization froma solvent or

gistillation: HoidLgeng WASCORSEALOGH Pl es 1 REOGERR ocBleSEo
. S

Mot her Liquor Prior to Secoridary Eiecovery _ ors%ufrlﬁ&ge_s o% epr’rel?\}-'lar?& Rcess
Sol vent) preparfe3a’3% G¥/ee8P810tibh! 8haMaemdalt@Hok of H@P: 2
purification scheme involving two stages of crystallization (with no heat
treat nent, see dudperddedasollid wekredndyed plvatingg dd sislbaakieppt@idmigtiie
not her liquor in an 80[err]C

was filtered to remove such solids. The heated solution

mentioned above was cooled for 30 minutes in an ice bath to

produce a crystal-comprising slurry.

A second filtration was then carried out. The
crystal-comprising slurry generated in the preceding step
was filtered cold at temperatures ranging from 3°C to 10°C,

6.7 kPa) .
under a vacuum of about 50 mm Hgl. The resulting solids
were washed with 0°C heptane (200 ml heptane wash per 100 gm
of ibuprofen-comprising mixture). In a production process,
such as that shown in FIG. 2, the mother ligquor and wash
solvent can be recycled to minimize solvent (such as
heptane) loss.

Drying of the filtered and washed solids obtained
in the previous step was carried out at about 50° under 50

kPa
mm (ﬁgivacuum overnight. The solids thus obtained were

analyzed to be as follows:

Ibuprofen Assay 99.8%

3-IBU 0.15%

Other Organic Impurities (GC) Not Determined
Total TPP+TPPO - 0.39 ppm
Chloride | < 10 ppm

FIG. 3 shows a schematic of a purification

process wherein the crude ibuprofen-comprising reaction

1.0 AUb 1988
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53 s ;. (6.5 kPa) bath, while

subj ecting the flask to 49 nn1kg (6 5 kPa) vacuun1 t he prlnC|paI
distillate renmoved was excess hexane solvent. This distillation afforded a
430 gm sanpl e of nother liquor residue containing 36.4%ibuprofen, 18.9%
hexane, 756 ppm TPP+TPPO and the remmi nder other organic and inorganic

I mpurities. Secondary Recovery of 1bsgprofen Involving Crystallization
The resi due sanpl e generated above was cooled to 12[err]C whereby the
resulting crystals were filtered and washed w th 400 m of 10[err] C hexane

thus affording 87.2 gns of recovered ibuprofen.’ Purification
of Recovered | buprofen. The recovered mat eri al was purified
with t he "Basi c A solvent(s) 228 is then added to heat treated

material- 226 to produce a solution 232 from which the
ibuprofen-comprising mixture 226 can be crysEallized. This
solvent can be added at points 228 or 231 or a combination
thereof. A filtration step 230 may be used to remove
entrapped solids from solution. The heat-treated, filtered
mixture 232 is then further processed in crystallization
step 234 in the manner described regarding FIG. 1 and FIG.
2 crystallizations, to provide a slurry 236 containing IBU
crystals.

Crystallization slurry 236 is then filtered cold
in step 238 as previously described. The first mother
llquoiiirom filtering step 238 is typically sengzgolvent
recovery step 244 from which solvents 246 are recovered and
heavy ends/residue 248 is obtained. A solvent 240 can be
used to clean the crystals on the fiiter. The wash solvent
250 recovered from the cleanfng step, cah be recycled into
the process, typically wash solvent 250 is fed back into
the process at solvent addition points 204, 228, and 231.
The IBU solids 252 resulfing from filtration step 238 can
then be dried in drying step 254 or can be remelted and
further processed for purification.

Typically drying 254 ié conducted over the
temperature range necessary to remove hydrocarbon
solvent(s) 256. The temperature and pressure conditions
used for drying have been previously describéd.

Hydrocarbon solvents 256 can be recycled to solvent

. B - 1 -
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Purification Route w thout FbatﬂTfeéynanf (see FIG 1), as described
above thus affording a satisfactory final:purif.ied ibuprofen product.
Anal ytical data for the recovered and purified material is presented

bel ow. - - - - - - 'Mwaterial - - - - -

Secondary Furt her Recovery by
Purified Using Anal ysi s 41 Crystallization FIG 1 Route
| bupr of en Assay 92. 4% 99.8% Organic

| mpurities (HPLC 8.51% 0.04% Total TPP + TPPO

554 ppm 2.1 ppm 54
Secondary Recoysuproffenbdhaeteda, | an@l #ingetdss i | $@thoa carbon treatngntan
anal ogous manner, a sanple of first nother | i quor residue was distilled

under vacuum BAasebegavshad¥n to reduce coloration. Otherwise, the heated
40% solution was cooled rapidly to 25°C and held at this
temperature for one hour and then cooled to 5°C, .thus
affording a white crystallization slurry ready for
filtration. | '

The crystallization slurry generated 1in the
preceding step was filtered cold under vacuum as previously
described in Example 2. The resulting solids were washed
with 1040 ml of 0-5°C hexane. In a production method, the
mother liquor and wash liquor can be recycled to minimize
ibuprofen and solvent lo;ses.

The filtered and washed solids obtained in the
previous step were dried at about 50°C, under 2-49 mm Hg

= 5 kPa
lvacuum overnight. The solids thus obtained were analyzed

to be as follows:

Analysis
Ibuprofen Assay ; 10070%
Organic Impurities (HPLC) 0.33%
Total TPP+TPPO 0.70 ppm
Palladium < 2 ppm
Chloride . : < 8 ppm

FIG. 4 shows a schematic wherein crude ibuprofen-
comprising reaction mixture (crude IBU) 300 is water washed
308 at least once to remove complexed and uncomplexed

halogen-containing compounds, as previously described; is
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the ibuprofen-  containing

smal | light-ends fractions were rermved he | _
fraction was distilled at 175-180[err]C under:10 mm Hg (1.3 kPa) vacuum
af fording 103 gnms of recovered material. This sanple was purified

satirsfactorily using t-he basic purification route without heat treatnent.
Anal'yses of t hese sanpl es are shown bel ow

- - - - Mterial - - - - - Secondary

Further Recddery by - : Purified Using

Anal ysi s Distillation FIG 1 Route | bupr of en Assay

89. 5% 1 99. 8% Ther ghiltededpuand | vasheRL §olids Isht@dined above
0.22% Total TPP + TPPO : 214 ppm 6.4 kP@) 37 ppm I t

will courde be WRFE A%irf tatatahaws H036cnndervéht BNAFAYAPRVRA geerniget.
above purely by of _.exanple and that nodjfications oOf detail _c be nmade
within the scopér\ﬁ? tslﬁ’é'lléﬁveﬁli’?%npbtamﬁﬂe B%Béﬁﬂ%ﬁgi g8 %t %%‘ﬁe §ﬂ§£?ﬂ?‘a9y
cl ai ms hergei naf taﬁ]al%ir%)-t inply any limtation as on as to the possible
conbi nati ons of e ‘features entioned in those clains. USSN 07/ 500, 645,

menti oned gherein, corresponds to EP- Analysis

6 Ibuprofen Assay 99.9%

7 Other Organic Impurities (GC) < 0.1%

8 Total TPP + TPPO < 5 ppm

9 Chloride < 10 ppm

10 FIG. 5 shows a schematic of a purification
11 process wherein the crude IBU-comprising reaction mixture
12 " 400 is water washed 408 at least once; is crystallized from
13 a solvent a first time 426; is heat-treated 470; is
:14 crystallized from a solvent a second time 484; and is
15 typically dried 500 to remove residual solvent.

16 The crude IBU-comprising reaction mixture 400 is
17 melted as previously described, and to melt 402 is added a
i8 hydrocarbon solvent(s) 404, to produce IBU-comprising
19 mixture 406.

20 Mixture 406 is then water washed 408 at least
21 once to remove complexed and uncomplexed halogen-containing
22 compounds, as previously described. The water 410 and/or
23 water-base solution .412 is contacted with mixture 406,
24 after which separation of a water-comprising phase (wash
25 water) 414 from an IBU-organic compound phase 416 is
26 achieved by permitting phasing and by subsequent draining

"AMENDED _SHEET
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55 OLAIVE 1. A method of

purifying an i buprofen-conprising firsf-,?f'iﬁ “m xture, which mxture
conpri ses at | east one conplex, said 5 conpl ex conprising at |east one
| buprof en nol ecul e, said met hod conprising the steps of:

a) treating an ibuprofen-conprising first mxture,

t hereby destabilizing or breaking up atsfeast one

conpl ex conprising at I'east one ibuprofen 10 .+ nol ecul e, by
means of at |east one step sel ected from (i) heat
treatnment of the said first m xture, (ii) treatment of
the said first mxture with a nedi um capabl e of

di ssol ving or c@i®texiafgion and solvent recovéddl G < a@NAUAISVAdh A veaitd
first mxture, which 15 mediumis then extracted or

separated fromd¢dm be recycled to preventupbabeonfesntlassing’ m xt ure,
and (ii1) azeotroping unconpl exed acid fromthe said
first mixture; and The solpjis fyghsdthrentiytEnyienl [stePnglgssiksten
at | east 20 .once froma second sol ution or_m xture

conpri sing above were transfierred, P 3 RFAOISRAATHY SEAGRNRDTE hsatetat

has eep subjected to_a,treatpent _conprising s
oy 25 5o 1897 Raf | R° BOut D Aok TELTERnGOThIAE MY, HSaaen

conpri sing firs;tﬁgébﬂggegonyﬂéZﬁggéﬁﬁ%$¥¥%da%@ﬁﬂh%%&h%%%&éd to 140°C and

cont ai ni ng conpou o _ et ho claim 1 wherein
said ibuprofens;i)tedBaCoAPrémdVE SudpedndddXlawae pr@BIpitased BBLAALLC

reaction catal yst.

The heat-treated material from the preceding step
was next combined with sufficient warm hexane to prepare a
40 wt% solution and heated to 60°C. This solution was
cooled to 5°C over the next 6-8: hours to produce a
crystallization slurry.

The crystallization slurry generated 1in the
preceding step was filtered cold under vacuum. The
resulting solids were washed with 5°C hexane. The second
mother liquor and wash solvent can be recycled to minimize
ibuprofen loss.

The filtered solids thus obtained in the previous
step were dried at about 50°C under 49 1%%&%E¥E§gcuum

overnight. The solids thus obtained were sent in for

analysis:




4. The mnmethod of <claim 1 mhereln said ibuprofen- conpri sing
first mxture conprises halides, phospheris--* 35 containing. conpounds
and a netallic reaction catalyst 5. The nethod of claim3 or 4
wherein said netallic reaction catal yst conprises palladium [->
page 55a] 55a 6. The net hod of
any of clains 1 to 5 wherein said at 53east one conpl ex conprising at

| east one i buprofen nol ecul e is destabilized or-broken up using at |east
one water wash treatnment. 5 7. The process of claim®6 wherein the
wat er - washed mxture i s tw ce crystalllzed froma sol yents. kPa)

[ - >page 56] V\pllle sub%gctl?g the flask t05§9 meHg ZﬁgquEROd of
any of clains 1 o 5 erein

principal distillate removed was excess hexane solvent.
This distillation afforded a 430 gm sample of mother liquor
residue containing 36.4% ibuprofen, 18.9% hexane, 756 ppm
TPP+TPPO and the remainder other organic and inorganic

impurities.

Secondary Recovery of Ibuprofen Involving Crystallization

The residue sample generated above was cooled to
12°C whereby the resulting crystals were filtered and washed
with 400 ml of 10°C hexane thus affording 87.2 gms of
recovered ibuprofen. |

Purification of Recovered Ibuprofen. The
recovered material was purified with the "Basic
Purification Route without Heat Treatment” (see FIG. 1), as
described above thus affording a satisfactory final
purified ibuprofen product. Analytical data for the

recovered and purified material is presented below.

----- Material - - - - -
Secondary Further
Recovéry by Purified Using
Analysis C;xstgllization FIG. 1 Route
Ibuprofen Assay | 92.4% 99.8%
Oorganic Iﬁpurities (HPLC) 8.51% ‘0.04%
Total TPP + TPPO 554 ppm 2.1 ppm
10 AUG 1998
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| east one conplex is destabilized or broken up using at | east one heat

treat nent. 5 9. The nmethod of any of clains 1 to 5 wherein said at

| east one conplex is destabilized or broken up using a conbi nati on of
at | east one water wash and at | east one heat treat ment. 10 10. The
process of claim9 wherein the water m%gh pr ecedes t he heat treatnent.
11. The nethod of claim6, 7, 9 or wherein said at | east one water
wash conprises a water wash. with a base 15 present in at |east one

I nstance. 12. The nethod of claim 1l wherein said at- | east one

wat er wash conprises a water wash follomed by a water wash with a

base pr esent. I conda Recpvd Ve iofo dbyprol vo v bng 4D igtairldi <l d

conplex is destablllzed or broken up by azeotroping off substantlal
anounts of unconpl exed a IHaﬁ?€§€ﬁPgPHssﬁ?HH?5up?oﬁ%ﬁ?le of £d%Sti BPKBeTi r st

2 wh |
hme)z;: u: (raeat ;Sng slt]l%ﬁ‘mc%rr%%@é]g?a C%lﬁﬁ ]tTi %nor v‘\ﬂ%(rfﬁléfnnsal %gﬁf:dsgﬁg%f"gpgn
is removed as apfisiti highe-Er@st i Qctl?ﬁg Qg}e.ébﬂ@$$9d @ﬁ&orghggo%g clalm

1 for the purification of an i buprofen-conprising T17st mx
first mxture cor&@ﬁixﬁfﬁfﬁwm@eﬁw@&?dﬂaeiml‘ﬂeaust;:wsaim%guﬁazBOlinﬁm

sai d met hod ¢qnpr ikPahg the steps o washi ng t he

i bupr of en- cont ai%’(w@cﬁumsameinqe 185 gms of recousr8d Ahtéehsl.onenhwat er

washi ng step; b) melt crystallizing the washed i buprofen-

conprising firsanale ureasit pentfiedcesabipfacdtierily using the basic
purification route without heat treatment. Analyses of

these samples are shown below:

----- Material - - - -~ -
Secondary Further
- Recovery by Purified Using
Analysis Distillation FIG. 1 Route
Ibuprofen Assay 89.5% 99.8%
Organic Impurities (HPLC) 12.9% 0.22%
Total TPP + TPPO 214 ppm 0.37 ppm

has been described above purely by way of examp
modifications of detail can be made withi
invention.

e scope of the
The dependencies of th bsidiary claims hereinafter
lon as to the possible combinations
entioned in those claims.

do not imply any limj
of the featur

07/500,645, mentioned herein, corresponds to EP-

2
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57 an i buprof en-conprising second sol ution or

m xture; and, c) crystallizing i buprof en at | east once froma
third solution or mxture conprising the nelt 5 crystallized
second solution or mxture, and i ncludi ng at |east one

sol vent from which ibuprggen Is crystallized. 16.

The nmethod of any of clainms 1 to 15 wheréin the 10 solution or m xture from
whi ch the ibuprofen is crystallized €M Ns a hydrocarbon as sol vent.
17. A net hod according to claim1 for the purification of an

| buprofen-conprising first mxture, which first mxture 15 conpri ses
hal i des and phasphor s redhiod mifngpuxdmydmgdsn sibuprofenretompe isamgr ifsinsg: t he
steps of : mixtur®), wniBANhIo@k UYL g%"ggeg\étpg?és dcifp 1! Waia

[
using at |east one_water washing step: . ystal Il zI ng
i buprof en fr ofPMRleXe GAMPrAFing at least sengt ibNPEPLRNK PALECHAfpr iSH iy

sai d washed fig8thod comprising théXétéss &fd !ncluding at | east one

hydr ocar bon " sal vent %%on1 whi ch sajd .ib%fraf%p i's
crystallized; a)  cjreafdng AP LPRRECLERTCPTREIS Y HAHTY Fdgture,
i buprofen 25 dherebyt @degtalki Lizing wif breaking up atalsast tdne

destabilization or break!ngg&egf @oﬁggﬁggﬁgwhggh least one ibdﬂ?Uf%ﬂps a
hal ogen- phosphor us-cont ai ni ng conmpoun
10 molecule, by means of at least one step selected
from (i) heat treatment of the said first
mixture, (ii) treatment of the said first mixture
with a medium capable of dissolving or complexing
acidic compounds in the said first mixture, which
15 medium is then extracted or separated from the
ibuprofen-containing mixture, and
(iii) azeotroping uncomplexed acid from the said
first mixture; and
b) subsequently crystallizing ibuprofen at least
- 20 once from a second solution or mixture comprising
said first ibuprofen~comprising mixture that has
been subjected to a treatment comprising step

(a).

25 2. The method of c¢laim 1 wherein said ibuprofen-
comprising first mixture comprises halides and phosphorus-
containing compounds.

3. The method of c¢laim 1 wherein said ibuprofen-
30 comprising first mixture comprises a metallic reaction

- catalyst.

4. The method of <c¢laim 1 wherein said ibuprofen-
comprising first mixture comprises halides, phosphorus~
35 containing compounds and a metallic reaction catalyst.

5. The method of claim 3 or 4 wherein said metallic

reaction catalyst comprises palladium.
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and at | east one ibuprofen nol ecule, whereby the

destabi lizati on products of such conplex can be 30 separ at ed
fromsaid i buprofen nol ecul e; and d) second crystallizing

i buprofen from a third solution or mxture conprising
sai d heat-treated, first-crystallized ibuprofen m xture,
and i ncluding at | east one hydrocarbon sol vent from 35

whi ch said ibuprof en is crystallized. 35a

58 18. A met hod according to claim1 for the gugifhcation di at an
i bupr of en- conp®+ si ngTher BEthPRt Bfe ahidth FHATS ot xFord YRCreHRpPRaes®ta

metallic reaciéast 6Aéatoriilex eanpristhdatt leastoopei Hhuprafen yodpoude: 5
a) washi ng ap_i huprofenzco ) ir l r i at
g%ls:ﬁélgf.é%gpér SLAG% A 1% J’Qiﬁ#'satec least one waterY¥haSH

| east one wat et® crystallizing ibuprofen

from a secontreatment. solution or m xture conprising said washed
first 5 m xture, and including at |east one hydrocarbon 10
sol vent from which sai d i bupr of ep i i.zed;

IS . Cr I
¢) heat treafing s&hg fPYeFess yOfal F13LY QupPsEEin the watel&%’ta%g‘te d
tenperature gfikthgecit twice crpsis#llized from a soldesttabi | i zation or

breaki ng up of a conpl ex which 15 i ncl udes a netakUygggp@gqund
and at | east one i buprof en nol ecul e, whereby the
destabilization products of such conplex can be separated
from sai d i buprofen nol ecul e; and d) second
crystallizing ibuprofen from a third 20 solution or m xture
conprising said heat-treated, first-crystallized ibuprofen
m xt ure, and
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I ncluding at | east one hydrocarbon sol vent from whi ch said
| buprofen is crystallized. 25 19. The nethod of claim8, 9, 17 or 18
wherein the heat treatment conprises heating the ibuprofen-containing
m xture at- a tenperature of from 130[err] to 350[err] C under an inert
at nosphere for a period of fromO0.01 to 8 hours. 30 20. The net hod of
any of clains 1 to 19 wherein the iSgupr of en-conprising first mxture is

melted and m xed wit drgcarbon_sol.vent. pri a
21.  The nethtd of %?/ 18?%5?% ?rg $nY 50506 |1ﬁ'&F"udpl £ é3¥ad’?é1§%1rt(| %ﬁa ep
wher ei n sol verteassi doe roempileingiondeseabil izgdt arl |bZ@é$ehbum ofging sat

removed using g, Myl & treatment.
i ncludes a halogen phosphor us- contalnlng conpound and at | east
one i buprofen nol ecul e, whereby the ' destabilization products of

such conpl ex ocAn be The methodsepaanyedrf camina d it ps obkereabhesalie; aand
d) second Crys%eal I%ZI n% I bu ! efxeniér%@s%agﬂlriged or broﬁgllxuh.bonué){ntfh gture

conprising sa
comblnatlon of at least one water wash and at least one heat

treatment.

10 10. The process of claim 9 wherein the water wash precedes

the heat treatment.

11. The method of claim 6, 7, 9 or 10 wherein said at
least one water wash comprises a water wash with a base

15 present in at least one instance.

12. The method of claim 11 wherein said at least one water
wash comprises a water wash followed by a water wash with a
base present. )
. 20
13. The method of claim 1, 2 or 4 wherein said complex is
destabilized or broken up by azeotroping off substantial
amounts of uncomplexed acid present in said ibuprofen-
comprising first mixture.

25
14. The method of claim 8 or 9 wherein said at least one

heat treating step comprises a distillation, and wherein
said ibuprofen is removed as a distillate fraction.

30 15. A method according to claim 1 for the purification of
an ibuprofen-comprising first mixture, which first mixture
comprises halides and phosphorus-containing compounds, said
method comprising the steps of: |

a) washing the ibuprofen-containing first mixture,

35 using at least one water washing step;

b) melt crystallizing the washed ibuprofen-
comprising first mixture at least once to produce

- 10 AUG g -
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first-crystalized i buprof en m xture, and including at | east one
hydr ocar bon sel vent from whi ch said | buprofen is crystallized.

19. The nethod of Caim18 including an additional step wherein solvent
residue remaining on the crystallized ibuprofen is renpoved using a

dryi ng step. 20. A nethod of purification of an ibuprofen-conprising
first mxture, which first mxture conpri§§§ a netallic reaction catalyst,
said nethod conprising the steps of: a) washing an

i buprof en-conprising firsiym XLWEsen-compr iy aée#&?ét 298 tBLE" or

washi ng step; b) first cr sta.?|2|n Hbuprofen roma secon

solution or mxture comprP¥rf&aiandmashed fir st m xture, and

including at |east agp hyefpesdidizing ibuprégénenrit f1e4awhoabesairbm a

i buprofen is crystallized; heat treatin sai d fdr.st crgstal gzed
n

d;, . .
i bupr of en at a Y%ﬁ%%r%?ﬁ%%lgﬁf?FcF¥ﬁﬁ CAURRF ARG YT 256

or breaki nggup of a conplexystildized| sdesnd solution or mixture, and
including at 1least one solvent from which

ibuprofen is crystallized.

16. The method of any of claims 1 to 15 wherein the
10 solution or mixture from which the ibuprofen is crystallized

contains a hydrocarbon as solvent.

17. A method according to claim 1 for the purification of
an ibuprofen-comprising first mixture, which first mixture
15 comprises halides and phosphorus-containing compounds, said
method comprising the steps of: _
a) washing an ibuprofen-comprising first mixture
using at least one water washing step;
b) first crystallizing ibuprofen from a second
20 solution or mixture comprising said washed first.
mixture, and including at least one hydrocarbon
solvent from which said ibuprofen is
crystallized;
c) heat treating said first crystallized ibuprofen
25 at a temperature sufficient to cause the
destabilization or breaking up of a complex which
includes a halogen-phosphorus-containing compound
and at least one ibuprofen molecule, whereby the
destabilization products of such complex can be
30. separated from said ibuprofen molecule; and
d) second crystallizing ibuprofen from a third
solution or mixture comprising said heat-treated,

first-crystallized ibuprofen mixture, and
including at least one hydrocarbon solvent from
35 which said ibuprofen is crystallized.
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metal | i ¢ 'conpound and at |east one i buprof en

60 nol ecul e, whereby t.-he destabilization products of

such conpl ex can be separated from said ibuprofen nol ecul e; and

d) second crystallizing ibuprofen froma third -sol ution or

m xture conprising said heat-treated, first-crystalized ibuprofen
m xture, and including at Ieag% one hydrocarbon sol vent from

whi ch said i buprofen is crysta.qized 21. The nmethod of C aim
20 | ncl udi ng aﬁ!gadd' P fefhod! ScolifiFid) SAMENL E8R! BHE SRR AN dehe
crystallized uprofen is renoved using a dryin

an 1buprofen comprising first mlxture, Wthh first mixture
comprises a metallic reaction catalyst, said method
comprising the steps of:
5 a) washing an ibuprofen-comprising first mixture
using at least one water washing step;

b) first crystallizing ibuprofen from a second
solution or mixture comprising said washed first
mixture, and including at least one hydrocarbon

10 solvent from which said ibuprofen is
crystallized;

c) heat treating said first crystallised ibuprofen
at a temperature sufficient to cause
destabilization or breaking up of a complex which

15 includes a metallic compound and at least one
ibuprofen molecule, whereby the destabilization
products of such complex cah be separated from
said ibuprofen moleéule; and

d) second crystallizing ibuprofen from a third

20 solution or mixture comprising said heat-treated,
first-crystallized ibuprofen mixture, and
including at least one hydrocarbon solvent from
which said ibuprofen is crystallized.

25 19. The method of claim 8, 9, 17 or 18 wherein the heat
treatment comprises heating the ibuprofen-containing mixture
at a temperature of from 130° to 350°C under an inert
atmosphere for a period of from 0.01 to 8 hours.

30. 20. The method of any of claims 1 to 19 wherein the
ibuprofen-comprising first mixture is melted and mixed with
a hydrocarbon solvent prior to step (a).

21. The method of any of claims 1 to 20 including an
35 additional step wherein solvent residue remaining on the
crystallized ibuprofen is removed using a drying step.
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