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(3447 kPa gauge). and in the presence of 1) a catalyst consisting essentially of a palladlum compound in which
the palladium has a valence of zero to 2 and is complexed with atleast one acid stable, monodentate phosphine
s0 ligand freely miscible with the organic phase of the reaction medium, the phosphorus/palladium mole ratio in
sald palladium compound and ligand being atleast 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 lons from an acid which is substantially
completely ionizable in a dilute aqueous solution, e.g., of 0.1 N concentration, such that the mole ratio of hyd-
rogen ions to IBPE added to the reaction zone (H+/IBPE) is atleast about 0.15 and the mole ratio of hydrogen
55 lons to water (Hy0*H,0) is at least 0.026 ; 3) dissociated halide ions such that the mole ratio of halide lons to
IBPE added to the reaction zone (X-/IBPE) is at least about 0.15.
The term "monodentate” is intended to mean a single phosphine phosphorus atom present in the Jigand
molecule before it is complexed with palladium. The phrase "freely miscible with the organic phase of the reac-
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The dissoclated hydrogen ions and halide ions may be conveniently added fo the reaction as hydrogen
chloride, hydrogen bromide, or hydrogen iodide. However, itis also possible to add the hydrogen ions and halide
jons from separate sources. For example, other acids completsly ionizable in dilute aqueous solution, e.g., inor-
ganic acids, such as sulfuric acid, phosphoric acid or polyphosphoric acid, or arganic acids, e.g., sulfonic acids

45 such as p-toluenssulfonic acid, methanesulforilc acid, or triflucroacetic acid, may be used as the source of hyd-
rogen ions. Similarly, other water-soluble and ionizable halide compounds, as for example, halide salts wherein
the cation does not interfere with the reaction, .g., alkali metal halides such as potassium, sodium, and lithium
chlorides, bromides, and iodides may be used as the source of halide ions. The mole ratio of hydrogen lons
and halide lons to IBPE (H*/IBPE and X-/IBPE) each may be in the range, for example, of about 0.16 to 5, pref-

8¢ erably about 0.3 to 2,0,

Although not necessary for the operability of the process, in some instances, it may be advantageous to
utilize an organic solvent for the reaction. Organic solvents which can be used are, for exampie, ketones such
as methyl ethyl ketone, acetons, 2-pentanone, 3-pentanone, and acetophenone, aromatic hydrocarbons such
as benzene and toluene, and cyclic ethers such as tetrahydrofuran and dloxane. Ketones and ethers are pre-

55 fomed If a solvent is used. If the catalytic palladium as added to the system is in the metallic or zero valence
state (Pd°), then any solvent used should be non-hydrocarbon. The solvent may be present in a weight ratio
of solvent to IBPE in the range, for example, of abott 0 to 1000 : 1, preferably about 1.5t0 10: 1.

- An inorganic salt may also be present during the reaction. inorganic salts which may be used are, for
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The hydrogenation or reduction of IBAP to form IBPE proceeds In accordance with equation (I1f) where

" "HJ" represents the available hydrogen in hydrogen gas in the presence of a hydrogenation catalyst or in a
hydrogen-eomalnhg reduclng agent such as sodium borohydrlde or lithium aluminum hydride :

&0 cns - ' 3

i [H]
. CH,CHCH,, C=0 ~— cucx cn-oa (I1I)

The hydrogenation or reduction as shown in equation (lif) may be accomplished, for example, by contacting
IBAP as Is or dissolved in an appropriate solvent with a hydrogenation catalyst in the presence of hydrogen.
The solvent may be, for example, methanol, ethanol, t-butanol, aqueous alcohol, toluene, diethyl ether, tet-
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Example 2

A 300 cc stainless steel autoclave was charged with 4" isobutylaoetophanone «IBAP) (35.2 g, 0.2 moles),

100 ml of methanol, and 5 g of 5% palladium/carbon catalyst. The contents of the autoclave were warmed to

380°C under 100 psig (689 kPa gauge) of hydrogen for 1 h. The resulting mixture was filtered and the methanol

45  was removed on a rotary evaporator. The reaction was detenmined by GLC to have proceeded with 99.5% con-
version of IBAP and 96.6% selectivity to 1BPE.

Example 3 shows the production of IBPE by the hydrogenation of IBAP using a procedure similar to

Example 2 except that no solvent was employed.

% Example3

- A 500 co reactor was charged with IBAP (225 g, 1.26 mol), 5% Pd/C (10 9, 4.7 mmol), and 2N NaOH (0.2

ml). The autociave was purged three times with N,-{100 psig, 689 kPa gauge) and twice with 100 peig (689

kPa gauge) H,. It was pressured to 125 psig with H, and the contents were stirred at room temperature until

55  H,absorption ceased. The catalyst was fiitered using a small column of celite. GLC analysis of the crude mixture

showed 92% IBPE and 6.2% 1-{4*-lsobutyiphenyl ethane. The mixture was purified by distilation under reduced
pressure (bp 85-88°C at 0.5 mm HgA, 66.7 Pa) to give 96-87% pure IBPE.

Example 3A filustrates the production of IBPE by 1 hr. hydrogenation of IBAP in accordance with equation
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hydr ogenat igRdinglea{Azth | Sie odfsidb the 3copy BtRegMAnANT ai ni ng reduci ng agent such as
sodi um bor ohydride or |ithium alum num hydride: [err] 55 The hydogenati on
or reducti Examplesdmodd i N equation (l111) may be acconplished, for exanple,
bycontasting I'BAP as is or dissolved in an appropriate solvent with a
hydr ogenat i or-@alsebutylphenyliethand (IBPE{ 0w 580 minpli PdGie(RPhs)E KRS0 mgI0BE mmol)edPvahiC! (2601
exanpl e, metG8anmel HCISTHhQ* 0.085) dndbenzene (2Zmk) eetesharyedddaiI00 ¢ lddstelion s autbclgvawhich
et her, 't et wasisealed @md purgegAwics| @ithith andGQJdThe fautociaye was pressyred toB0R inelg (5:616 kPahgaugdPE
: sgvent waMtyRO andithp gontenis weee hagted 12542976 forf16 h (Bxamnis K): otk h (Bxemnle 9); with stiming.

: 100, p#ef dhemtoplayawnscooied ioroprptemperstpre, veptad of G@y ang the serpriavas sel Theprgpniglayer
for ex anpl #as sepprated pmthe,papeops jayes whish wes washedwith elini scetatp (75cml,), Thg ofgpnif Eactiens
netal s ar e‘"’ﬂﬁ‘c"k@l’"‘"’e ”ﬂaﬂ‘f@&"’%’ gqdiym sulfsie anf onsetipiad Hidereduced pryssurejg pive

| adl um pl &PF fly p [ ridium rutheniumand osm um and sone suitable
supports aieI é Qr ﬁgrrpl e car- 5 bon, alum na, silica, and polyneric
resins.®Th entration on the support In weight ratio of netal:

] '

support may f% h&%ﬁ,% g%
- il N

preferably
| BAP I's, f

1: 30 tQ 1
t he range, mpl b ' Bisd slid d@hﬂ@.smmol
pr ef er abl yoﬁmﬁwé.mam'wmmfnmﬁm dh.eﬁﬁ Imam.pnm

tenperat urgadfy be in the range, for exanple, of a out 10 to [err]

preferably abmeprodétts obtained I Exatites UiC10vRASdnaIgidd by GEC f6EIbuphsten| S(4L-BsbutyPRERNpré-Or
exanpl ess OfpioAtbadid, whick’ alifeat Borher BbUpffeni3-IPPAY, 2RbbutyltPene (1BSYarida hbaky ehdsbofpo-
Under soOITe nem(HE) whiciisbeliéviad toztheiprise polynidfs of4-lsotayistyrenp asvill ssdthe higiobollingeompeunds. o r
wi t h base, Thergsuiteard elsown irlilable | whepein"Comctiiridichtysiperapatcodversion of IBRE and thanuntersundérhe
hych;zge nat thempraded cémpnen desipipations ie gercenhseiactivities toithmse composentsnwith thawymbel "™ indi-
~equat i on ( kating afrace of Bat compamestonpl i shed, for exanple, by slowy. adding to a
cool ed ®ol ution of IBAP in an al cohol, e.g., nethanol,



et hanol, ort-butanol, or an ether such as ‘tetrahydrofuran ordiethyl ether,
a reduci ng agent containing avail abl e hydrogen, e.g., sodiumor potassium
bor ohydride or I'ithium al.um num hydri c@oﬂz@'@g{ ut i on may then be war- ned
to roomtenperature and heated at reflux, €.g., for a period of about 0.5
to 3.0 hours. 20 DESCRI PTI ON OF SPECI FI C EMBODI MENTS Exanples 1 to 98 of
the followi ng exanples illustrate the nmethod of the invention, while
conparative Exam ples Ato L illustrate &8B¥Ions and results wherein at

| east one condition |Is outside the scope of the Invention. Exanple

|l lustrateg the production of IBAP by the Friedel-Crafs acetylation of

i sobutyl benzene with acetic 25 anhydride as acet Zé&%;xéﬁ 2QSBELivity
actordance with equation (I 1), vvherer n XIS -acet oxy arrp e

i sobut yl benzene (2ZZampleg Xuprbfe CIPRA_3. HE
added to a Hastell oy C auto- 30 cl avewhr ch wast hen cool ed to [err] and
evacuat ed ©150 mm Hg&, 20 kPa). ABhydrous hyd®8gen fl uo®®de (18%F g, 94
nol ) was added and tfRe contents 9% t he aut ocl gg wer e rmed to %err] f.,or 3
h. The hydrogen fluoride was venféd through a“Caustic s fubber T ing a
nitrogen sparge. Thegcontents of gghe aul ocl avggwere poungd onto gce, ¢
neutralized to a pH of 7 with potassium hydroxide, and extracted wth ethyl
acetate. THe ethyl afetate sol utP8n was dri edé®ver anhy@sous negmesi ums

sul fate and concentrgt ed under reduced pressure to give_the 35 crude
product The reaction was determ f2d by gae- Iraﬁr d chr om?tﬁogr aphyo(GLC) 4o
have proceeded with 5% convers?ﬁa oF i sobut ygpenzene agg 81% sg’l.ecti Vigt'y

t o \LBAP. anple 2 illustrates e production of |IBPE by the hydrogenation
of | BAP using pal | ageum supportegigon carbon agga hydrogepati on gat al ystg in
accordance with equation ¢l111), and enpl oyi ng nmethanol as a solvent. 40
Exanple 2 A 3%%%54%%,%&@& eel autoclave was charged with

4' - sobutyl ac (35.2 g, 0.2 nmoles), 100 n.. of nethanol,
and 5 g ofz,5% p%&ﬁ@%ﬂl&%&tﬁﬁﬁ@&d‘ﬁhm? IRSth€ REHRE iuntity ofbbih dBsdciatel ¥Pibits
warmed to [ er &id nemse thim@ntlon pies Akt B, hotBvidd)UmAGERydfogén ibns pi6s C and
resul ting m Xb)hdthaing sitfididnEiy@dgeniiine bildnod b amiatid whizh is b@tstanilIPoOReRIY idhizédh diluls
evapor at or. Thquedus actition (Example E)dr AdtavigGufiienthdidd ionsiiExamp@FRCceeded ‘wi t h 99. 5%
con-, versi on of Thégkbredine offxakiple 8 ehsfollowed éxgept that vialdr (25 igkErgmptes A t6 BYor29% HgSO, (27
product i orse of mL)EBkaniple M) wasiugell io piaceafi10% HE. 14 Silifion, 3o patassiypt kydegan stifate wad used in
t 0. Exanpl e 2 Esaowlef ; 2ot ofaseticalid wad usediip plapedf berzene b Examle &1110 ewr@! ohlithiGrd cligride in
react or was ckeemgled. 24 minoljoHjtiung ciitifide In Exsplefhend 69 Brnolrafl batassiv® ghioritie 1h Exawbly E were
and2N NaOH 0. ¢harged to tplautociame@e  sapece wieblorider dandmwﬂdvfwmhpl n Hles P30 D, 28
psig, 689 kPamyel mammmhamaﬁg:@ Eﬁ@g °Eﬂ" ple Eyuegre
pressur ed %o asondged. The tpaction/timpes wera f b inExamplesf, ﬂﬂ%"-ﬂé’r’ pip BIch In Exampler . and 48
tenper at ur e utbinExampis D. Therepultg geghoyrinfebledlised. The catal yst was fitered
using a small colum of celite. G.Canalysis of the crudem xture showed 92%
| BPE’and 6. 2% 1- (4'-isobutyl phenyl ethane._  The mxture was purified by

di strllatrfgn under reduced pressure (bpl[-élﬁ—la-t 0.5 mMm HgA, 66.7 Pa) to

gi ve 96-9

o pure | BPE. Exanple 3A illustrat espgg%%r %g&ﬂg;g& | BPE by 1
hr. hydr ogenati on of |IBAP in accordance

Example _ cCopv. % Jbubrofen 3-IPPA IBS HE

- a 33 ) 0 8 7
B 19 tr 0 2 4
e 64 Y 0 7 19
5 D 68 R 4 tr 6 37
E " 99 - 23 54. 2 7
F 57 5 3 12 69
55

The resuits of Table Il indicate that a minimum quantity of both dissoclated hydrogen lons obtalned from’
an acid which is substantially completely ionized in dilute aqueous solution, and halide ions are necessary for
substantial yields of ibuprofen, and that reaction times of more than 15 to 20 h will probably not serve to increase

7



EP 0 284 310 B1 . (IIl), using Raney nickel as hydrogenation catalyst, and
in the absence of a.solvent Exanple 3A 5 A 500 cc stainless steel

aut odave was charged with | BAP (225gg 28s@afminol ) and Raney nickel (22.5¢g
0.38 mol ). The reactor was purged tﬁree tlrres with [err] (100 psig, 669 kPa .
gauge) and twice with 100 psig (689 kPa gauge) [err]. It was pressured with
H2 st hat the: °E"err] the total react'or pressuré was 250 psig (1,724 kPa
gauge). Reaction was stirred at [err] until [err] absorption ceased (about
out 3 hour%i'ﬂﬁ?ﬂiél&gultlng m xture was filtered. GLC anal ysi s of t he crude
m xture |nd|

to 1 BPE®10 g‘?"‘?‘ﬂ" ‘gf"%ﬁgﬁ ‘js"é'ﬁ%%‘iﬁe“q%:%g%\t“ % "ai}‘?%lﬂb‘g%

i lsl ust ratth oy %;o H amej‘ hfo%sulf

car.bonyl at g 2 l,mo "'ﬁ

I nventi on. m.fL, =

56. 0 mp ) s&dﬁfrﬁlm&im}%&e@ es&sm&:én, poia% ungchl emladddﬂne rﬁ;ﬁé 12.-and
0. 055) andgh ﬁmﬁb middRER arn pﬁé)la%s LoftiddtoHitie wére
whi ch was el i Examip muﬁ AIEmiL Yrnfethyldtriyl mnT l%ﬁ mnmbenzene.
pressured fapd ﬁggmﬁﬁéfg-bﬂlﬁediﬂcﬁol e aawg@)sxampldhzmdmmmfmpmm Y fided In
heat ed t o [ERdniglesf19&ndlfB. The(dusitiiines were 1907in Exathple FX,and8 tein Examples i Dar@t18. The fRgults 20
The aut acl awshovatinTapid IRl t 0o room tenperature,” vented of CO and the sanple
was collected. The organic |ayer was separated fromthe aqueous | ayer which
was washed with ethyl acetate (75 nmL). The-organic fractions were conbined,
dried over anhydrous sodi um sul fate, g,régl%gii%r:trat ed under reduced
pressure to give a greenish oily prod anples 6 to 10 The procedure

of Exandles 4 and 5 was followed excegt tha#&m%i%gxﬁ!ggvfused

pot assi um hydrogen sul fate (Exarrpl e sulturic acl anpl e ,

and 0.8 rrm)l of tetrabutyl anmmoni um hydro ensulfate(Exaan e9) ‘or8 ol
of cal CI um chl % de 30 (ER®nple 10), we?® al so chdbged to 2he aut &l ave
and 27 #L of yl et hyl tone In place,of benzen In Exaople 1

addition, 2. S%I acet ophgeﬁone wer e al sgzadded I n Exarrpl e§ %r?d 9, and

0.3 mmol of t-kugylcatechoggin Exanpl e 9¢gThe reactigon tkn@rvvas 1%61 in
Exanpl es 6, 7 and 8, and 6 h in Exanples 9 and 10. The products obtained in

Exanpl eg, 4t ﬁm'nY Mtﬁﬁéa‘% W en ions, that halid sam

3-(4'- Sob %E%g kil ,é%ﬁ X i o iy ot

i bupr of en zay & %ﬁgg eavy ends conpo- ne

(HE) which |s e |eve o conpri se po ymars of 4 |sobutyl styrene as vveII as
ot her high ds19 1o rrpounds The results are shown In Table I wherein
"Conv. 3,5nd| €S percent conversion of ILBPE and the nunbers under the

product conporesy exaffiésOnBkdtOhe ust 0P HBYGIs @@biircesc? igsdtinted hydfPeri instand hslide lons.
conponent s, WheprotdtaredyEsample &iwas folloved except that a 16.2% HBr (25 g, 50 mmol, H;0*/H,0=0.044) was
N\ used in Examples 14, 15 and 16 and a 22.7% HBr (25 g, 70 mmol, H;0%/H,0=0.085) was used in Example 17
in place of 10% HCI as a source of hydrogen lons and halide ions ; methyl ethyl ketone (27 mi) was used as
40  solventin Examples 16 and 17 ; 3.0 mmol of t-butylcatecho!l was added in Example 14 and 3.2 mmol of p-mer-
captoacstophenone in Example 15 ; and the reaction times were 8 h in Examples 14, 15and 17,and 5.3 hin
Example 16. The results are given in Table !V

pn Table IV
erce ivit
Exanple Conv, % Ibu o en_ - S
. 14 100 8s o 8 tr s
s 99 59 3 13 10
p X 100 62 14 0 6
5 17 100 €9 8 tr 12

The resuits of Table 1V indicate that HBr is a satisfactory source of hydrogen jons and halide fons for pur-
8



cating a trace of that conmponent. 40 45 50 ":'EP 0 284 310 Bl Table |

Percent Selectivity - -Exanple Cony % | bupr of en

3-1PPA | BS HE 10° EP 628431081 : 98 '

56 ) M 26 tr _ 4 5 L 99 ' : 56
(2)1 ' 6 g_r5 posesofthls%ve%ﬂop. : ?998 o - 69 69 18
15 tr 58 99 .. W 70

16 oRempe® g 100 ° 67

21 stT  The pmcei}urgooflﬁamglg 17 was followed Sxbept that 34 g of 24% meikanesulfonic acid
23 U (H0%H,0=0.080) WaSifiZeB bl 6 sduic8 BRidSciatedifdrbgen ons in placed? the FiBES6RIIGH A8 69
i IFlustrate thewfdrssiu adbed\é alsBiftcd oPtNdd iSHE. THY adhbdrbidh PIBPR Whd09% and the selec-

di ssoci-at ed hyidgeaofthie prodist RMponaits wéke blsrsfen 749 1PHANBY%| IBE e dndiME(SBeanpl es A
and B), not haviThg réatifsfor this @timplayisliicaty tHat rhaRmedufoniiapid &% satishidirylshurcd 9 tissbited Byd-
suf fi ci ent swhy ¢hgesiens forpamposss bfthie mdentisnom an aci d which is substantially
conpletely ionized In dilute aqueous solution (Exanple E) or not having

suf ficient haEkaepldsddto 2Fxanpl e F). The procedure of Exanple 6 was fol | owed
except that water (25 g) (Exanples A.to E) or 29%[err] (27 30 nl)

(Exanpl e F), wasThasseyampiesdjugirate the use ohyariggs additiyesid ffiereagiion systems; 83 discyssgepreviously.
hydr ogen s@l f at Theargcegduieef Example 6 yes feliopred except thel 0.3 mmol of Hhutyleateghol wasadded;inExamples
ol of be”zéww‘ porore s s 22 OnL st e o 143 e, 7 & g 2P
mrol of lithi . u I

Exanpl e E wer 1‘8%1%98?{“‘;3%' s pshan B TR Y e of chloride ions ; and
0. 8—mmol of .t-butylcatechol In Exanples Ato D, 28 mmol of acetophenone in
Exanpl es B’and. D, and 3.2 nmol of p-nerZapledtet ophenone in Exanpl e E,
were 35 also added. The reaction tinmes were 6 h in Exanples A, E and F, 8
hin Exanmple , 7 h In Exanple C, and 48 i ng s

shown I'n Table IJ; Tgble Il __ v.%
| bur pr of eny =T 7 '
0 0 29 8 o8 7 49 20 0 6
20 98 74 7 0 4
%0 21 o8 €9 5 0 3
22 100 82 4 tr 8
Examples 23 to 30
35

These examples illustrate the use of different solvents in the method of this invention. .
. The procedure of Example 6 was followed except that the benzene solvent was replaced by 27 mL each
o of other solvents as follows : toluene (Example 23), tetrahydrofuran (Example 24), dioxane (Examples 25 and
" 26), acetone (Example 27), methyl ethyl ketone (Example 28), and acetonitrile (Examples 29 and 30), and 36
40 g of 10% HCl was used in Example 25. In addition, 0.3 mmol of t-butylcatechol were added in Examples 23 to
25, 29 and 30, 2.8 mmo! of acetophenone were added in Examples 23 to 25 and 30, and 3.2 mmol of p-mer-
captoacetophenone were added in Examples 26 and 27 ; and the reaction times were 6 h in Examples 23 to
29 and 19 h in Example 30. The results are shown in Table Vi :



19 ' BT TR 0 2 4
0

B

C 64 - 0 7 19
D : ~ 68 , ‘ ' Cotr 6 37
o o ) 593234310_51 L , -
F 97 3 12 69
55. 'Tﬁe results of Table Il indicate Msa‘.’bqnl mum quantity of both

di ssoci ated hydrogen ions obtained froman a(:| d which_ I ntially

conpletely ionized in dilute aqueous s "
necessary f orgss ' s of
more. t han 15t 020 y ] ' 1 10 Bl
the yield Examgdes 11 to 1399 Theseuaxanpl es |Ihustrate;-the @e of
sulfuric acid as the source of dissociated hydrogen ions Instead of HO.

The procedure &4 Exanple 6 v@& fol |l owed e&ept that thé 10%%E was®

repl aceg by 400/ quurlc acid (26 g, 102 mmol, [err]=0.123) in Exanple 11,
or 28.4%sul fuic acid (25 271 mol, [e¥&]=0.073) | #2 Exanpl%s 12 3dnd 13,
and no pot assi hydrogen sud ate was ad i n Exanpl fg I addi tsl on, 70
mmol of 10 sodium chloride Wwere added | n.Exanple 11,7389 rrrml of pot assi um
chloride were-a2%ded in Exan@ees 12, and 68 nmol of poigsm unggr orni ¢e were
added | Exanpl e 13as sources of hal i de lons; 25 nmL of acetonitrlie were
used in Exanpl €812 and 25 nm2®f nethyl et?y| ketone i d8Exante 13 a$

sol vent replacenents for benzene; and 0.3 mol of t- buIyIcatechoI wer e
added i n Exanpl® 12, and 2. #%mol of acet@phenone wer e? added®d n Ex4fpl es 11
and_13. Thereggtlontlmas e 19 hin nple 11, ané16h|n Exaqgles 12
and 13.%The results 15 are ovvn |n TabI III Table 711 P&cent

Selectivity Exanple X | bupr of en 3- | PPA
| BS HE :tn_ol_resulbs of Table VI indicagg atavaﬁety of solvents can be yged in the method of this ipyention. How-

0 gvezgtetf?ea and cyclic ethers appegt to result in higher yields of ibupsafen than acetonitrile which tends to
tr cayge Tg mation of a larger amgunt of heavy ends than the other %:yents. 9

tr % 10-83 T results of Table Il indicate that sulfuric acid
s a satis of hydrogen ions, that halide salts are a

S0l vont | thoodh Fher sple[@cause ga?%t?l‘?éﬁ I>iJIQ"'?IIN"ncy or ré“ﬁ"éa@?/ﬂ"e‘%&?ﬁéatq%fwsm"@

solvent th
expenseg,of | %9 prabeatire of Example & was followed except that the reaction was charged with 400 psig (2,758 kPa
gauge) of CO at room temperature. In addition 3.2 mmol of p-mercaptoacetophenone was added and the reac-
_ tion time was 6 h. The conversion of IBPE was 97% and the selectivities of the product component were Ibup-
rofen 20%, 3-IPPA 3%, IBS 24% and HE 19%. These results indicate that using a pressure below 500 psig
(3,447 kPa gauge) results in a substantial reduction in the yield of ibuprofen and an increase in the formation
35  of 4-isobutylstyrene.

Examples 31 and 32 and Comparative

Examples Hto J

These examples illustrate the effects of varying the composition of the catalyst.

The procedure of Example 16 was followed except that the reaction time was 6 h in Exampies 31, 32, |,
and J, and 4.5 k in Example H ; the catalyst was 0.44 mimol of PdCl, and 1.9 mmol of triphenyl phosphine (PPhy)
added separately in Example 31, 0.37 mmol of the complex of Example 4 and 0.7 mmol of PPh, added sepa-

4 rately in Example 32, 1 g of 5% palladium supported on carbon without any phosphine ligand in Example J,
and 8.4 mmol of PdCl, without any phosphine ligand in Example L. No catalyst at all was used in Example H.
In place of HBr, 25 g of 40% HC! was the acid used in Example J, and the solvent was 27 mL of benzene in
Examples {1 and J. In Example 1, 0.6 mmol of t-butylcatechol was added while 3.2 mmol of p-mercap-
toacetophenone were added in Example J. The results are shown in Table VI,

C 10



Exanpl es 14 to 17 35.These exanples illustrate the use of HBr as a source
of dissociated hydrogen Ions and halide ions. The procedure of Exanple 6
was followed except that a 16.2% HBr (gpyg guaﬁggqm)l [err]=0.044) was used

in Exarples 14,15 and 16 and~a 22. 7% HBr - (256 g, mml [err]=0.065) was
used# n Exanple 17 In place of 10% HO as a source of hydrogen i ons and
halide ions; nethyl ethyl ketone (27 m )y d as 40 solvent In
Exanples 16 and 17 ; 3.0 mml of t- butyI 10T was added in Exanple 14
and 3.2 nmol of p-ner- captoacetophenone | n EXanpkgedd: s¢ldddigjreaction
times were 6 h in Exanples 14, 15 and 17, and53h|n Exarrple 16 The
results are gi vesXRERI8Ll o L \GONY Abupyofe v ; BE
Cony.. % uprofen 3-1 PPA - I BS "HE 5 14
100 ég - 993 62; | 1% 15 11
99 ' 5932 3 : " 10

100 10 62 914 5 W & 10
100 - 6B 72 8 otr 12 The regsults 38

Table 1V Indicate that HBr Is a satisfactory source of hydrogen ions and
halide ions for pur-I EP O 2849910 Bl pos&% of this i®venti oB6 Exardie 18
5 The procedureyof Exanple was “fol | d except _that 34 g of 24%
met hanesul #ni ¢ aci d’[err] =0. 059 vvas uti i ggﬁ as the sdurce of4dissat? ated
hydrogen ions in_place of the HBr solution and 69 mmol of sodium bromd

was added as sE’B’r t9f Table Vi indicaly,that W%HVM?G‘ 'Eﬂ“’#’ﬁ%"ﬂﬁ%'y Agfladium

t hoe sel ec- ti \Ff'f‘ b'ﬂ"?‘(g diﬁy 2.p3 :ll theresglgt:':
135155 - 1y Ol %ﬁ%}j byt gﬁ%ggg% ;&

met hanesul onlEé‘a g catpigh st

lons for purposeé 3 5 nd gBLrgl%s than was
|IIustrateth<=amgg,Td o eacmnssem
di scussed previou pr ocedur e of Exanpl e 6 was foll onwed except

that 0.3 rrgal g;m%,stggtayaﬁat echol was added In Exanples 19, 20, 21, and 22,

2.8 mol of a n Exanples 20, 21, and 22, and 3.2 mml of

p- Mer cap- toacetfyahprisedife df Ivﬁs?oﬁowea@sécam:uﬁmmmbmsnwnseﬂeéahn&em
Exanpl e 19, 2Qefatutewab180%0k Sle 83'6hd 380°C B Ekanhle 54. Irit rBatRé1Rrb Shodd in THBB VIESUI T S

are shown In Table V: 20
30

able VIT
Percent Selectivit
. Example _Conv., & - JIbuprofen 3-IPPA iss HE
o 33 | 98 75 18 tr 6
o 34 95 €9 oon tr 8

Examples 35to 38 illustrate the employment ofoperable CO pressures higher and lower than that employed
in the previous examples.

45 Examples 35 to 38

The procedure of Example 16 was followed except that the pressure was varied in each example. The
pressures employed and the results obtained are shown in Table IX.

"



Percent Selectivity Exanple Conv’ % - | bupr of en

3-1 PPA IBS .. HE 25 19 : 9B 49

20 0 6 20 Epomsw%t ' ' 74

7 i 0 4 30, 21 98 69
S o 0 3 22 100 82

4 tr 8 Exanples 23 to 30 36 These exanples Illustrate the

use of different solvents in the nmethodme mxhi s ifnvention. The procedure of
Exanpl e 6 was fol | owed except that the benzene sol vent was repl aced by 27

m_. eachg of other solvents as follows: toluene ( furan
(Exanpl e 24) @X af\Qsdutel G a&..Zéu@.sld &6Y., ¥Cet Qe LFXargize, 27}33 meghy!
et-hyl ket one 36 40
g of 10% HC used | ij Le In. agdltlon .3 mol ,pf :

t- butyl cat ech wer e adde arrpl es 23to 25 29 and 30,2.8 rrrml of

acet ophenone wf e added P% E;&iﬁpl es 23 to25 and 38, and 31® mo? of %-ner-
capt oacet ophensme were avded.i26) Exanpl es #6 and 27« and thez reaeéi omuiti nes
were 6 h in Exgmples 23 g égsgnd 19 h Ing Exarrpl e 0. The gesults arg shown

in Table VI: 46 60 55 9 284 310 Bl Tabl e . Percent Selectivity 5
Exanpl e Conv. % | bupr of en 3- | PPA | BS

HE 23 15 Examples 39 todl9 illustrate the recharging of ad@tional quantities of IBPE aftefthe initial reacdon is com-
20 24 menced. 99 56 . 14 tr

9 10 25 99 o 76 12

0 11 Bxamples 390 41 99 65 13 1
1827 ) 99 75 . 21 tr

4 15 280 The procedure of Ewple 16 was followed except thet in Example 39, 27 mL of aqefone rather than methyl

6 29 ethyl ketone was 7d as solvent, and afterthe adgition of the initia! 56 mmol of IBPE;, 196.8 mmolof additional

40 20 IBPE added aver a 30 min. and the total reaction timewag 3 h. In Example 40 an addmgnal56

lBPE were added over a 1 h period after the introduction of the [nitial 56 mmol, and the total reaction
e was 6.5 h. Example 41 was similar to Example 40 except that the solvent was 27 g of acetone and the
25 f{otal reaction time was 7 h. The results are shown in Table X.

tr

TABLE X
Pexcent Selectivity
30
Example Conv., % ‘Tbuprofen 3-IPPA IBs . HE
3. 99 48 16 18 9
- 40 9 ' 80 19 tx 5
41 99 73 20 2r . 13
v The resuits of Examples 39 to 41 indicate that after the initial charging of IBPE, an additional quantity of
IBPE may be added to the reaction, without reducing the yield of ibuprofen to an undesirably low level.
40

Examples 42 to 50

These examples Rlustrate the production of ibuprofen by the carbonylation of IBPE with different loadings
of PdCl,(PPhs), as catalyst relative to IBPE, and with varying CO pressures.

45 The examples were carried out using a 300 mL autoclave to which were added 112 mmol of IBPE, 54 mL
of methyl ethyl ketone {MEK) as added organic solvent, 50 g of 10% aqueous HCI (resulting in constant mole
ratios of HyO*IPBE=1.22 and H,0'/H,0=0.056), and varying amounts of catalyst. The autoclave has pressured
with CO to a level sufficient to result in the targeted reaction pressure at the temperature of reaction. The con-
tents were then heated to such temperature which in these examples was 125°C and CO was fed to the reactor

80 to maintain the desired pressure as the CO was absorbed during the reaction. The reaction temperature was
maintained for the desired reaction time with vigorous stirring. The amount of catalyst in millimoles (Cat.), the
resuiting mole ratios of palladium to IBPE (Pd : IBPE) and reaction times and pressures as well as the results
of the reaction in terms of percent IBPE conversion {Conv.) and percent selectivities to ibuprofen (1BU), 3-(4'-
isobutylphenyl)propionic acid (3-IPPA), 4-isobutylstyrene (IBS) and heavy ends (HE), are shown in Tabie XI.

s5 These results and those of subsequent examples were determined by GL.C which are susceptible to errors of
about + 5%. This explains why some individual selectivities and/or the sums of selectivities in some examples
are above 100%.
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The .results of Table VI indicate
the method of this I'nvention.

to result in higher yields of ibu

How ever,

that a vari'éf'.y' of solvents can be used in
ket.ones and cyclic ethers appear
pr of egphlgapsﬁgqt onitrile which tends to

cause*the formation of a larger anobunt of heavy ends than the other

solvegnts. 25 Conparative Exanple

G This exanple illustrates the effect of

reduci ng reaction pressure below the mninmumrequired by this Inven- tion.

30 The procedure of Exanplg
charged with 400 psig (2,758 a
addition 3.2 mmol of p-nercaptfoac
time was 6 h. The conversi on Hf |
prioduct conponent were | bup- gf

These results indicate that W$ing
gauge) results In a substantigl r
increase imthe formati on as#
Conpar ative Exanples Hto J
varying the conposition of tlk¢

fol |l owed except that the reac{ion time was. 6 h In Exanples 31, 32, 1, and J
and 4.5 h In Exanple H, the cqtallyst was 0.44 mmol of [err] and 1.9 mml of
tri phenyl @Hhosphine [err] addg separa.teky.ln«Ex-arrm eu311 0.37 Mol of the |
conpl ex of Exanple 4 and 0.7 f#ol] of [gr¥] saddedisapas 4 rately in
Exanple 32, 1 g of 5% pal | adi um qupported on .carbon w t hout any phosphi ne
l'igand in Exanple J. and 8.4 mmol| of PdCl 2 w thout any phosphine |ligand In
Exaspl e I.mNo catalyst at all wag used In Exanple H In place of HBr, 25 g
of 10% HA "was the acid used in Exarrple J. and the solvent was 27 nlL of
benzene in Exanples | and J. In Bxanple I, 0.6 nmmol of t-butylcatechol was
added while 3.2 mol of p-nergap-{ to acet ophenone were added in Exanple J.
The results are shown in Tabl& V|l . 85& 1§ & RPR2&4 81 Bl Percent
sel ectivity Exanple Cony. % | bupr of en 3-1 PPA
| BS 31 99 g 62 19 tr
11 32 99 - 51 20 tr
10 10 H 72 E 335; - 9 _ . &.3,5?0,‘ 44
38 & fg 8g 2z 83 0g g2z ?g
@ Fi | BcBiEcEsREEcE EcE:
b g.ﬂ ® ® MmO ® M M o o 0
o Bleggsgessgs
3 A A4 Hd & A4 A4 o |34 "
4 .
(-] (=~ 4 (-] o o o <@ o -]
% E R EEEERERE.

vwgs J ol oyed exCe;.pt < hat the reaction was
adged of €O0rat«rcomst efiperature. In

t ophenone was added and the reac- tion

PE was -97% and the selectivities of the °
20% 8- 1&PPA 3% 4 BS 2.4% and HE 19%

av presﬁur'e el BWS06 p3ig (3,447 kPa
duction in the yield of ibuprofen and an

i sobutyi styrene. Exanples 31 and 32 and
s¢ éb(ahpl‘es“‘.l I‘Pus‘trate‘the ef fects of

al yst The™ pr Pocedur eof” Exanpl e 16 was

§5
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[ 9% - . tr Co 0 86 : 13
15 94 25 2 14 17
The results of ‘Table VII Indicate tagt -gm%hosohi ne | igand may be added
separately with the pall adi um conpound to ohtain a satisfactory yield of
| buprofen, but that a palladiumcatalyst with an appropriate |igand other
t har™CO |§§EEEEEﬁéﬂﬁln order to obtain satisfactory yields of i buprof en.

Wih those 3?%3? ™ fféeé‘tq:fh res‘ﬁpﬁ*ﬂ%%ﬁ* roaption g papafit (BER R
was ut|I|z n es
G e

| and P Exgni

amoun
reaction t giﬂ&ﬁﬁ ah HditioR &itltbsdits aré 8hown In
Exanpl es 1@@@ 34" The proce ure of Exanple 16 was follomed except that t he

reaction tinme was 6 h and the reaction tem perature was [err] in Exanple

33 and jerr] in Exanple 34. The results are shown in Table VIII. Table VIII .
Percent Selectivity Exanple Conv. . % | bupr of en

3-1PPA | BS HE 35 33 B 99 75

18 tr 6 40 34 99

69 11 tr 8 Exanples 35 to 38 illustrate the

enpl oyr@nt of operabl e CO pressures hi.gherand | ower than that enployed in
t he previous exanples. 45 Exanpl es 35 to. 38 The procedure of Exanple 16
was followed except that the pressure was -varied In each exanple. The
pressures enployed and the results obtained are shown in Table I X. 50 55

- EPO, 284 310 B1 TABLE I X . Percent Selectivity Exanple
Pressur2e psig (kPa. gauge) Conv., % | bupr of en 3-1PPA  IBS HE 35
1200 (6.274) 99 ' 71 - 12 0 9 36
1000 (6. 895) 99 69 16 0 4 10 37
700 (4.626) 99 74 . 12 tr 11 38
600 (41}37) 99 58 16 tr 13

30

35
\/,

40

45

50

88
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15 .. . -Exanples 39 to 41 illustrate the recharging of additional
quantities of IBPE.after the initial reaction is com nenced. Exanples 39
to 41 20 The procedure of Exanpl gpbGsase ol | oned exceptthat In

Exanpl e 39,27 nLof acetone ratherthan nethyl ethyl ketone was used as

sol vent, and after the addition of the initial 56 mmi of |BPE, 196.8 mol
of &ddltl onal |1 BPE were added oyer a 30 mn. . -period, and the total reaction
time was 4.3 h. In Exanple 4@ ah 4Hdigi nali 58 rﬁ-ml" of? | BPEgwefie added over
al h period after the Intrqduc ion of the initial '56"rrm)| ~and t he total
reaction tjinme was 6.5 h. e 41 was similar to Exanple 40 except that
the sol vent was 27 g of ac g antl thed25g tataﬁ reaeti en &ine was 7 h.
The. results are shown In Tajl e K. TABLE X Pertent Sel ectivity 30 Exanpl e
Conv., % | bupr of 3- ' PPA | BS HE 39
29 gﬁ e e a @ B0 g g9 40

99 10 iy © A 8 « © A tg & 4 ~ ~ 5 3514]
99 20 2r 13 The
results of Exanples 39 to nfdi cate that after the initial charging of

| BPE, an additional quanti t)gf 1 BPEZmMaR bR aBded th helredctfon, without
reducing the yield of ibupr¢fent® am upidesi rablsy Bowr efel "403Exarrpl es 42

Rertéit

to 50 Theswe exanples illustrate}the production of ibuprofen by the
carbonyl ation of IBPE with diffprent Ioadl ngs of [err] as catalyst relative
to I BPE, and with varying CQ pressures. : The exanples were carried

out using a 300 nmL autoclav *to
me¢ hyl ethyl ketone (MEK) a8 ad
(resulting®ln constant nole rat
varyi.ng anmounts of catalyst. Thg
sufficient to result In the ta€
of reaction. The con- tentsyg

t hese exangl es was [err] ang
desired pre€ssure as the CO waf{
tenperature was nai ntained for
stirring. The armount of datalys
ratios of .palladiumto PEE @P
well as thg results of e Fea
(Cony.) and percent sel &gtiviti

i sobut yl phenyl ) propi oni ¢ aci g(

V\ere..a 112 a;m)l,. of ISPE, 54 mlL of
V\g ggaﬂl c” s% % %50% Bf TOO/"'aqueous HC
os of [err]/IPBE= 1.22 and [err]=0.056), and
aut ocl ave has pressured wth CO to a |level
e';g%l riac.ll on re_ssu.r,e_at ,_thg_ te.rrperature
which in
geﬁ'gkog % !:.fa ﬂgl ntain the
bs béd &Jrr-ng*-th‘e r'eaé"cl N ‘-‘ThE' reaction
he desired reaction tinme with vigorous
in mlinoles (Cat.), the resulting nole
: ml BRE)vand re¢acii en i mM8S @ndepressures as
ion In ternms of percent |BPE conversion
s to | buprofen (1BU), 3-(4'-
-1 PPA), 4-isobutylstyrene (1BS) and heavy
¥55u These reswtey and ghoge of subsequent

ends (HE), are shown in Tabl

exanpl es were determ ned by ch afie Jusge® i M eSt ojerHor¥ of about
[err] 5% &his explains why one Fndrviduat gel ett imvt Fes=and/ of t he suns of
‘selectivities In sonme exanpl es fare above 100% 12
(-] [ -] Q o (-] o < o o [~ o
40
\g § ¢ @2 ¢ ¢ 8 2 2 @ < ¥
B i 8 6 6.6 6 8 6 & & @
45.
- | 4] iy n n [~ [~ (-4 [ -] (-4 o (-]
G n wn in
BS | g gas8888¢2¢3
o .
4] 2 2 2 2 2 2 2 9% < % <%
IR EEEREERERE
. .
5 E % B 38 358 3 8 ¢
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EP 0284310B1 [err] 5 20 EP 0 284 310 Bl Exanples 51 to 61 These exanpl es
illustrate the enploynent of varying ratios of hydrogen ion and pal |l adi um

to I BPE In the-production of i bupr gbedab¥elgie carbonyl ation of IBPE. 5

The general procedure of Bxanples 42 to 50 was followed using 54 nL of MEK

as added o[ aqi C so&vent and varying anounts of |BPE and catal yst .either 25
g of~20% ﬁﬂ%ﬁeﬂ?—% 124) or 50 g of 10% HA" [err]=0. 055 and varyi ng |

pressures and reacti t . React i cniéion‘ g}%r t e shown In
Pt X1 1 KBl o yE i cnch gty b Soiion i P g S,
284 31Q; BI" 71 procedure of Examples 42 to 61 was followed using 336.0 mmol of IBPE, elther 25 g of 20% HCI
(H*/IBPE = 0.41, H;0*H,0=0.124) or 14 g of 36% HCI
(H*IBPE=0.41, H;0*/H,0 = 0.278}, 0.260 mmol of catalyst (Pd : IBPE = 1 ; 1292), and no added organic sol-
vent. The reaction temperature was 125°C and the reaction time was 2 hours. Other reaction conditions and
results are shown in Table XIIl.
10

TABLE XIII
Hel, Press., . Conv. Percent Selectivity
Example a/g paig S ] B0 3-IPPA 1BS HE
5 [kPa gauge] . '
62 20/25 2000 8 . 41.1 1.7 1.4 38.2
[13.790} :
o (] 20/25 2000 99 94.8 3.1 0.2 1.2
~ » : {13.790) .
64 20/25 3000 99 62.8 1.8 11 251
(20.684) '
65 36/14 2000 99 52.2 2.1 2.1  20.2
[13.790] :
2 66 36/14 2000 99 1.9 2.9 1.4 9.2
[13.7%0) -
Examples 67 to 70
a0 These are additional examples llustrating the suitability of hydrobromic acid as a source of hydrogen and
halide ions bath in the presence and absence of added organic solvent in the preparation of ibuprofen by the
carbonylation of {BPE.

The general procedure of Examples 42 to 66 was followed using varying amounts {BPE and MEK solvent
{including none), 16.2% HBr (H,0*/H,0=0.043) or 20% HBr (H,0*/H,0=0.056) and catalyst. The reaction tem-
35 perature was 125°C. The conditions of reaction and resuits are shown in Table XIV.
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Exanpl es 62 to 66 These exanples -illustrate the production of ibuprofen by
the carbonyi ation of | BPE w thoutthe enpl oynent of any added organic
solvent. 5 + The procedure of Exangp@gesdiosp 61 was fol |l owed using 336.0
mrol of IBPE, either 25 9 off 20% HCl ([err]=" 0.41 [err]=0.124) or 14 g of
36%. Fel ([err]/IBPE 0.41, [err] = 0.278), 0.260 mmol of catalyst (Pd: |BPE
=1: ’%92) and no added organic sol- vent The reaction tenperature was
[err] and the reaction tinme was 2 hours. Qther reaction conditions and

results are shown in Table Xl II. 'IABLE X I+ H@I ' Press., Conv.
Percent Sglectivity Exanple Wg ¥ HpsTg | BU  3-1PPA
| BS HE 15 3ig “« , ®n o [ kPa gauge] 62
20/.25 2000 96 t= M .41.1° 1.7 1.4 36.2
[13.790] 63 20/ 25 2000 99 94. 8 3.1
0.2 1.2 20 glg | = ['-13.'-?90% 64 20/ 25
3000 10 99 625'3 .8 % 1. 25.1 [20.684] 65
36/ 14 2000 99 & 52.2 2.1 2.1 20. 2
[ 13. 7901 66 36/ 14 2E§)0 23 599 77.9 2.9
1.4 9.2 [13.790] Exanples 67 tb 7¢ 80 *© €Th8se are additional exanpl es
Illustrating the suitability of hydrdbromic acid as a source of hydrogen
and hal i d¥ ions both In the presenceland absence of added organic sol vent
In the preparation of |buprofen by tHEe carbonyl ation of |IBPE. The general
procedure of Exanples 42 to 66 was Ilowed..uss 9-vary| ng anmounts | BPE and
I\/EK sol vent (including none), 16323&HB8 & ge§r§ 03643) or 20% HBr
%] =0.056) and catal yst. The ket Ore tm S g5 Bperature was [err] The
on tlons of reaction and results afje shown In Table XIV. 40 45 55 EPO
284 310 B1 .
é,ﬂ w [} ] o
25 -
E . N o~
& 5 § % R
a i - - e .
30 .
S ™~ b4 2 -4
TRRERE
35
, i 1% 3 % @
o/
40 wu o n w
Ky 3 2 v w»
82 12 % % 3
o 2 {5 3 = °
o o . e o
o Bl |5 32 3
¢
T ls 3 8 r
4
85 -
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[err] 15 25 30 45 . EP 0 284 310 Bl. Exanples 71 to 75 These exanpl es
illustrate the method under the invention of making ibuprofen by the
carbonyl ation of |BPE using-at |east one specific condition which is
sonewhat different than those showFRGR8EAMBA.es 42 to 70 includ- 5 ing a
reaction tenperature of 140C (Exanples 71 and 72) an anount of hydrogen
neaugr theplampeé7zitst of the invention (Exanples 73,74 and 75), the use of
11% HA ([err]=0.061) and the use of dioxane (D OX) as a solvent (Exanples
74 and 75). These gamplealliustrate thetwethed wilerihednvphties of dRkibgibuptbfands thb cdrbonyletibn bRBREY
speci fi ¢ cusingiatieastome speciicicbnditipniwhiokie seewhatdifferiont than thossisbovprico@obplagd2iaTnpluep h.
Such condi ing aresctigmigmpératune o£ 14010(Examples Fiband 72yan Tmbuntof Kidroge@nebier the lowver lig@ o3e 40
45 50 66 inv@bn@&@gmle@]_aﬂﬁndrlé}, Puqsgfmlgg(wm,o-o 061) and the use of dioxane (DIOX) as
) a solvent (Examples 74 and 75).

The general procedure of Exampies 42 to 70 was followed using specific conditions including those des-

cribed in the preceding paragraph. Such conditions and the results are shown in Table XV.

10

15

25
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EP 0 284 310 Bl Exanples 76 to 98 These exanples illustrate the nethod of
maki ng i buprofen by.the carbonylation if |IBPE under the invention using a 4
liter autoclave and varyjng tonditi onsgmfses@aFad on i ncl udi ng hi ghernol e
ratios of Pd to phosphine, ligand 5 and concentrations of HCl as |ow as 5%
([err]-=0.026). The gener al procedure of Exanples 42 to 70 was followed in a
4 | i%er autoclave using HC as the acid and MEK as sol vent or no sol vent,
except that the catal yst was added as separate quantities of palladium
dichloride, [err] and triphenyl phosphine, [err] such thatthe Pd: P ratio
was varied wthin the disclosed limts The speci- fic conditions of
reaction, including the nole ratios of palladiumto phosphine to |IBPE (Pd

| BPE), are shown 10 1In Table Xvli. 15 20 25 30 36 40 55 20 EP 0 284 310

Bl [err] [err] 21 EP 0284 310 BljgExprpl &b & arfl IS were carried out
under-conditions simlar to those t he Conparative Exanple 11 of Japanese
Kokai Pategt No. 8HO 59 [1984]-952 nyol-yi ng ispupy of en as a product.
Exanpl e K 6 The procedure of Exanpk 1P t & 75" usl nd the 300 nL autocl ave
was followed except that the start® s teerial sas, 84.3 mmol of | BPE, the
acid was 8% HClI (4.0 9; 8.8 mml), gg)r aP[.e'rr]-llBPEdmIe ratio of 0.10,
0.471
15 dg. |2 »n.9 o e
Bl 2 8 ¢ ¢
5 o 2
U " g*‘ 8 2 3 a
S { I B
jg| Ri8 858083
” L]
é-ﬂ o~ o~ ~ L 4 L4
% El 39 $ £ 83 7
é g 8 -
s |5 588z ¢
35 -y (] i -t -l
. 3 g € 8.8 8
N THREI -
40
[ -] [ w 8 L=
i |3 023§ 3
. O
f. |38 8§ §
& E )
50 3 E H a 8
@ 2 8 < =
Bi (4 4 & 5 4
L] .

19



mmol of catal yst was used, the solvent mas 61 g of di oxane, the CO pressure
was 1700 psig (11,721 kPa gauge) the react.i on tenperature was | 10C, and.
the reaction ti'ne was 5.5 h." The | B gﬁﬁiﬁlon ‘was 60% 10 and the
product selectivities were |buprofen 38 3-1PPA 1 A% I|IBS 2A% and HE
59. 3% Exanple L_The procedure of Exanple K was followed except that 112
moieof | BElemplgs T P8 g0/ 1y ([err]/IPBE 0. 10) 15 and 82 9 of dioxane

wer e ut|I|ze The | ers 0 8!
i bupr of en 42 PEP’E %’% "%1

ele t| ion |
_%\"9?' F mﬁ?&%ﬁ%&s ! ?mcgﬁhl‘%h

Ex | iter |ti

(ol ude®t 8 %éﬁmﬁﬁiﬁ ’s cRER QE fiada.m i
cansi der abhg ﬁg, &ﬁ ﬂeﬁa
result in sRnAGAbhek ﬁbs;)h%}b O Uk WL P P §akihod
of prepari i&ah&%léﬁé &t réeldtidn GHdRIck 'ut%gnot‘e%ttbg phosphinetoIBPE (Pd : IBPE), are shown

1- (4 -usobghyﬂpﬁﬁnyl)ethanol | BPE) mnth car - bon nmonoxide in an acidic
aqueous nedium at a tenperature of at |east about [err] and a carbon
nonoxi de pressure of atleast about 500 psig.(3447 kPa gauge), and in the
presence of (1) a catal yst consisting .essentially of a palladium conpound In
whi ch the pall adium has a val ence of zero to.2 and is conplexed with at

| east ame acid stabl e, nonodentate phosphine ligand mscible with the
organi ¢ phase of the reaction nmedium charac- tersed in that the
phosphorus/pal l adium nole ratio in said palladi umconpound and |igand is at
| east about 30 2:1 when the nole ratio of palladiumto IBPE is such that
pal adium =1 and I BPE = 10,000 ornore and further characterised In that

t he carbonyl ation |Is effected In the presence of (2) dissociated hydrogen
lons froman acid which is substantially conpletely ionizable in a dilute
aqueous solution such thatthe nole ratio of hydrogen ions to | BPE added to
the reaction zone is at |east about 0.15 and the nole ratio of hydrogen
ions to water is at |east about 0.026 ; and (3) dissociated halide ions
such t#at the nole ratio of halide ions to | BPE added to 35 the reaction
zone is at |east about 0.15. 2. The nethod of claiml wherein said |igand
is a tri(organo) phosphine. 3. The nmethod of claim2 wherein said ligand Is
tri phenyl phosphine. 4. The nethod of any of clains 1-3 wherein said
catalyg}y is a palladiumbis(triphenyl phosphine) dichloro conplex. 40

5. The nethod of any of clains 1l-4wherein the source of said hydrogen ions
and halide ons is a hydrogen halide. 6. The nethod of clain 5 wherein said
hydrogen halide is hydrogen chloride or hydrogen brom de. 7. The nethod of
any of clainms 1-6 wherein an organic solvent |s present during said
carbonggation, said solvent being a non-hydrocarbon if said palladiumis
added to the systemin a zero val ence state. 45 8. The method of. claim
7 wherein said organic solvent is a ketone. 9. The nethod of dakn 8 wherein
sai _keton is nmethyl ethyl ketone. 10. A nethod of preparing ibuprofen
conprising carbonylating 1-(4'-isobutyl phenyl)ethanol (IBPE) with car- bon
nonoxi @@ I n an acidi ¢ aqueous nmedium at a tenperature of at |east about
10C and a car bon nonoxi de



pressure of at |east "about 500 psig (3447 kPa gauge) and i.n the presence
of a catal yst consi-sting essentially 50 ofa paI | edi um

bi s(tri phonyl phosphi ne) dichioro conplgg2sdizsg®ci at ed: hydrogen and chl ori de
i ons .from hydrogen chloride such that the nole ratio of each of said
hydrogen and chloride lons to | BPE added is at |east about 02, and an
organfc solvent in an anpunt such that the weight ratio of solvent to |BPE
is at least about 1.5. 11. A method of producing ibuprofen wherein

1- (4' -i sobul phenyl )ethano(IBPE) |Is first prepared by react- ing
i sobutyl begzene with an acetylating agent in the presence of a

Fri edel -
reducing said | BAP wt
catalyst, or with a [He
produce the | BPE, i C
accordancew t h an ﬁ
L were carried out df
Exanpl e 11 of Japa §e
i buprofen as a prodjt
the 300 nlL autocl av J.vw
84.3 mmol %f | BPE, £
nol e -ratio of 0.10, 3
of di oxane. the CO pre
tenperature was [egr]
was,_60% 10, .and t hegpr

Crafts catalyst to produce 4'-isobu-

55 tyl acet ophenone (I BAP),
hydrogen in theafresence of a hydrogenati on
i G @SS pf & it b hkid 9% Ihyfdr,odért b Jox
is then transformed into | buprofien by a Tethod In
clairnssledom n P n o EP «0 284 BH)BI “oepnpless K and
. Yoffditt i i & & thdsE & 1ife Tdtpgaratt ve

Kokai Patent No. SHO 59 [1984]-95238. invol ving
-E§ Wl KIMe Procedur®e D Exgn S UH tH 73 using
ol'l owed except that the startl‘hgj3 - terd was

el aCind o\aS @8% Clm (.0 «Oim & & WTR] ) S Gf @ J ekrd/ | BPE

13l Emgoid of de& 4 o e Sal ¥ the i ehts wasB 61 g

ssure was 1700 psig (11, 721 kPa gauge), the reaction
and the reaction tine was 5.5 h. The | BPE conversi on
péu@t S &R B & & B @ F B BHR V-3 BA 1

A% | BS 2. 23% and D. 3% Exarrpl e L The procedure of Exanple K was
fol | oved except that 1L 2 zen Efo :of.-: 8% §§§L"§W‘Jg IPBE 5 $.70) 15
and 82 g of di oxane § G S
selectivities were N@f"é’ﬂ.ﬁﬁ"ﬂéﬂ ﬁ—"ﬂﬁé&:ﬁ' A 5SS ENg a':'n"'a‘—’-m % The

resul ts of,Exanpl es Ké
pat ent, mhlch I nclu
lons | n amobunts co

Pnd L confirmthat the conditions of the Japanese
RefpBef Selc® & odiSs$od at &dBhRdode@ #h@ I de
dpPabl ¢ -PeFof® Fné o M n'un's"'ré'qﬂ‘i fed i % M et 1fdd of

this . invention, resul t | n conparativel y very | ow yi elds of ibuprofen. 20
Clainms 1. A nethod egal g n lNaSighg Gabeny af i

1- (4" -isokwatyl phepys® ef aﬁo 5 §P%) %w%tg ~2§ % X irde? |5h%hr¥3 acidic
aqueous nedi um tenperature of at |east abou e r] and a ca(rgjo

monoxi de pr essuri off af ¢l gagt SaBogt 85808pg § 3 PQ ? i% t he
presence of (1) cag a| Esg BoHskisEi Bgzegsenti @l By sog & @aldl mr};} #pound
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.
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30 2:1 whenthenole ratio of palladiumto IBPE is such that palladium 1
and | BPE=10, 000 or nore and further characterised in that the carbonyl ation
is effected In the presence bf (2) gpcmRs T@éied hydr ogen | ons from an acid
which is substantially conpletely |on|zab e In a dilute aqueous sol ution

such™that th rmle atlo of h 51 iﬁ to '§,§$madd to {)ﬁ Q'
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U/ 4. The method of any of claims 1-3 wherein said catalyst is & palladium bis(triphenyl phosphine) dichloro
complex.
0 5. The method of any of claims 1-4 wherein the source of sald hydrogen lons and halide ions is a hydrogen
halide.

6. The method of claim 5 wherein said hydrogen halide is hydrogen chioride or hydrogen bromide.

7. The method of any of claims 1-6 wherein an organic solvent is present during said carbonylation, sald
solvent being a non-hydrocarbon if said palladium is added to the system in a zero valence state.

45 8. The mathod of claim 7 wherein said organic solvent Is a ketone.

9. The method of claim 8 wherein said keton is methyi ethyl ketone,

10. A method of preparing ibuprofen comprising carbonylating 1-{4'-isobutyliphenyl)ethanol (iIBPE) with car-
bon monoxide in an acidic aqueous medium, at a temperature of at least about 10°C and a carbon monoxide
pressure of at least about 500 psig (3447 kPa gauge), and in the presence of a catalyst consisting essentially

s  ofapalladium bis(triphenylphosphine) dichloro complex, dissociated hydrogen and chloride lons from hydrogen
chloride such that the mole ratio of each of said hydrogen and chioride ions to IBPE added is at least about
0.2, and an organic solvent in an amount such that the weight ratio of soivent to IBPE is at least about 1.5.

11. Amethod of producing ibuprofen wherein 1-(4"-isobutyiphenyl)ethanol (IBPE) is first prepared by react-

ing isobutylbenzene with an acetylating agent in the presence of a Friedel-Crafts catalyst to produce 4'-isobu-

55 tylacetophenone (IBAP), reducing said IBAP with hydrogen in the presence of a hydrogenation catalyst, or with
areducing agent containing available hydrogen, to produce the IBPE, which is then transfonmed into ibuprofen
by a method in accordance with any of claims 1 to 10.
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verffig b‘%f'eggl: fadst about 500 psig (3447 kPa gauge), and in lhe presenca of a catalyst consisting essentially
so  ofapalladium bis(triphenylphosphine) dichioro complex, dissociated hydrogen and chloride lons from hydrogen
chiloride such that the mole ratio of each of said hydrogen and chioride ions to IBPE added is at least about
0.2, and an organic solvent in an amount such that the weight ratio of solvent to IBPE is at least about 1.5.

11. Amethod of producing ibuprofen wherein 1-(4’-isobutylphenyl)ethanol (IBPE) is first prepared by react-

ing isobutylbenzene with an acetylating agent in the presence of a Friedel-Crafts catalyst to produce 4'-isobu-
55  fylacetophenone (IBAP), reducing said IBAP with hydrogen in the presence of a hydrogenation catalyst, or with
areducing agent containing available hydrogen, to produce the IBPE, which is then transformed into ibuprofen

by a method in accordance with any of claims 1 to 10. '
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-ethanol (IBPE) herstellt, indem man Isobutylbenzol mit einem Acetylienungsmittel in Gegenwart eines Frie-

0 del-Crafts-Kathsators zwecks Blldung von 4"-Isobutylacetophenon (IBAP) umsetzt, das IBAP mit Wasserstoff

in Gegenwart eines Hydrierungskatalysators oder mit einem Reduktionsmittel, welches verfligharen Wasser-
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Revendications

1. Procédé de préparation de I'buproféne comprenant la carbonylation du 1-(4"-isobutyiphényl)éthanol

(IBPE) avec du monoxyde de carbone dans un milieu aqueux acide, & une température d'au moins environ

s0  10°C et une pression de monoxyde de carbone d’au moins environ 500 psig (3.447 kPa manométrigues), et
en la présence de (1) un catalyseur consistant essentiellement d’'un compasé de palladium dans lequel ie pal-
ladium a une valence de zéro & 2 et est complexé avec au moins un ligand de monodentate phoaphine stable
alacide, miscible avec la phase organique du mitieu réactionnel, caractérisé en ce que le rapport molaire phos-
phore/paliadium dans ledit compasé de palladium et le ligand est d'au moins environ 2 : 1 lorsque le rapport

86 molaire de paliadium sur IBPE est tel que pafladium = 1 et IBPE = 10,000 ou plus et encore caractérisé en ce
que 1a carbonylation est effectuée en la présence (2) d'ions hydrogéne dissoclés d'un acide qui est sensible-
ment complétement ionisable dans une solution aqueuse diluée telle que le rapport molaire d'ions hydrogéne

sur I'IBPE ajouté & Ia zone réactionnelle est d'au moins environ 0,15 et le rapport molaire d'lons hydrogéne
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' Une (quedsEprSstritperidint ladité @arSdryRlIdA Bt sbivait &Qnt urt Qorﬁ@drﬂ&rlﬂﬁ srfaditghilladium est ajouté
au systdme dans un état de valence zéro, -
8. Procédé suivant la revendication 7, caractérisé en ce que ledit solvant organique est une cétone.
16 9. Procédsé suivant fa revendication 8, caractérisé en ce que ladite cétone est la méthyléthylcétone.
10. Procédé de préparation de Ibuproféne comprenant la carbonylation du 1-(4’-isobutyiphényl)éthanol
(IBPE) avec du moxoxyde de carbone dans un milieu aqueux acide, & une température d’au moins environ
10°C et & une pression de monoxyde de carbone d'au moins environ 500 psig (3.447 kPa manométriques), et
s enla présence d'un catalyseur consistant essentiellement d'un complexe dichloro palladium-bis{triphényl phos-
N~ 2 phine), d'ions chlorure et hydrogéne dissociés du chiorure d’hydrogéne, tels que ie rapport molaire de chacun
desdits ions chiorure et hydrogéne sur I'lBPE ajouté est d’au moins environ 0,2, et d'un solvant organique sul-
vant une gquantité telle que 1e rapport en poids du solvant sur 'lBPE est d'au moins environ 1,5.
114. Procédé de production de ['ibuproféne dans lequel le 1-{4’-isobutylphényl)éthanol (IBPE) est d'abord
préparé en faisant réagir I'isobutylbenzéne avec un agent d'acétylation en la présence d'un catalyseur Frie-
25  del-Crafts pour produire la 4'-Isobutylacétoxyphénone (IBAP), et en réduisant ledit IBAP avec de Fhydrogéne
en présence d'un catalyseur d’hydrogénation, ou avec un agent de réduction contenant de I'hydrogéne dispo-
nible, pour produire I'IBPE, qui est ensuite fransformé en ibuproféne par un procédé suivant'une queloonque
des revendications 1 a 10.
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