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TI TLE WO 98/19987 MANUFACTURE OF ADI PI C ACI D FI Do/ 18T
| NVENTION 5 This invention relates to a process for the
manuf act ure of adi pic acid. BACKGREIIRDEOF THE | NVENTI ON

One net hod by whi ch adi pi c aci V4 | 1S by

hydr ocar boxyl ati on of penteno?%n§§¥ﬁgﬁn&9‘gi&ﬂggfgéﬁsgﬂzrke in U S Pat.
No. 4,788,333 and U. S. Pat. No. 4,788,334 teaches a process for making
adi pi c aci ity o & henbegteeRr boxyl ati on of pentenoic aci ds and
their esters. Pentenoic acids and their 15 esters, in particular

3- pent enoi caci d and|ts?h%ﬁe%ﬂyentloﬁuﬁﬁlaﬁﬁﬁI?Oaﬂaprggeésff@ﬁ1bh@adlene
and but adi ene manﬁkgéﬁﬁ%%f@@d@&g?fé hyigetal catalyzed

hydr ocar boxyl ati on. Preparation of adipic acid from t hese feedstocks
has the potential of prOV|d|ng a hlgh 20 yield, high rate, [ow pollution
process for th&ACKGROINP QF ATHERFNVENTION of adi pic acid. I n
t he hydrocarboxylatlon and its.esters (hereinafter
referred to as pentenoi g;n “Pegtgfoa%]%%n@% d‘?a%‘?‘ﬁph?gﬂc?‘%v@flg %? br anched
products at@ 2Byrithemized Bus Koy (lydroParbokplan iza8eE3gpnteuglic Hdids
for the productddn Ll &l pi cedpkd by Hydr opaeboxyl aki, 98, 33306AReH gnoi C

acid i soners, h |1near selectivity Is tai ned whén~an iodide

promot ed r hodi L?rﬂ atliP yst- 748 334eﬁ%§6§}%§ PnPEeﬁFﬁﬁcﬁPEn“W‘tlﬁgs@Idé@tlé‘d

hal ocar bon 30 a&ﬂd/eiﬁ\‘iolv:\/ﬂik_ﬂﬁ@ehﬁr&fobaﬂBakyiatﬁéhl Bt pehd eplfiai ned

i n hal ocarbon sol.vents elr use results ip additi st,s

associ ated wit S d%ﬂ?a Teht ?%E%vergeﬁﬂanOlc F8&§E|8n8f%$ﬁ&§é

vol atil e, Bhvi regireers al 1y pmtaml@llar 3-pepterois. a8%d and its eBdeirs.,et al.

(U.s. Pal. No. 5200 582). Al iran Bl il 1f:50abBhe Nag BRMALAD taugh

t he use of | odi ne-pro I ri um cat
1 derived feedstocks by metal catalyze

hydrocarboxylation. Preparation of adipic acid from
these feedstocks has the potential of providing a high

20 yield, high rate, low pollution process for the
commercial manufacture of adipic acid.

In the hydrocarboxylation of 3-pentenoic acid
and its esters (hereinafter referred to as pentenoic
acid), undesirably high levels of branched products are

25 formed. Burke (U.S. Pat. No. 4,788,333) taught that,

. for the production of adipic acid by hydrocarboxylation
of pentenoic acid isomers, high linear selectivity is
obtained when an iodide promoted rhodium catalyst is
employed in conjunction with selected halocarbon

30 solvents. While better linear selectivity is obtained
in halocarbon solvents, their use results in additional
costs associated with the containment, recovery and
recycle of these volatile, environmentally hazardous
solvents.

35 Denis et al. (U.S. Pat. No. 5,227,522) and
Atadan (U.S. Pat. No. 5,218,144) taught the use of
iodine-promoted iridium catalyst for the
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hydr ocar l..on of pentenoic acid in a carboxylic FTA MY, 5'1t to‘
produce \gg?é}ilggsgci d. Burke taught in U 'S. Pat. No. 4,1839'-, 298,

t hat bra Lacl ' ggqﬁ_r |zed. t il c | heating in
t he presenceﬂgggggrgggﬁk%ﬁg%% e%a?n an% , |o%|:%g %F %?%érlnpbd%%}ﬁ%g?mt ed
rhodi um cat aPg3f. SALYERY O PHREWrUMRGILRAS SiCHht. No. 5,292, 944) and Deni s

et al. (WO 94/ 21586rkbadghghg PHOCESS fRat .| 3erd , 239 b of that branched

diacid | DI i d.und . Atad 0.and.B .S, Pat. No.
5. 200, 044) T HFORGPCEAIAC 0o REBh I it - By hrih ot e e e b pBkt cnoi c

acids at 5 hkeatengpriessivee piresatald axf demivlyo ceromxidat amd)an .
Tne most COMBRL kel 3G UM il dPLAoqi um (AL YESE. NYALG boxyl at i on
al so pronote the I5 conversion~ of pentenoic acid 1soners to valerol actones.
These | act onaBdnBriaery Eofsi Fatpr iNar iF /2 B% Yehreand Denps epl @kt one

(hereinafter (wef eulyed si8®)ataughtVadl gix%c?é‘éé)n@r Madis O] 2t DE SAN Dbe

hydr ocar boxy] at ed to g ic acjd as described in Burke EP-A 0395038 and
o Bent o) BEeBEhefo A AT £O B Rito A L GRS BRREEUre | PERYRR s 00
associ atted wahh Buwtheax piuGes®at. No. 5,292, 94w) pfutthear ttahghtt aught the
use of hal , I.c.aci ds. o ' of .orgamnic_acid W th
al kane or ar %ﬁ%&%&gﬁ‘g’ r(?%;r yt%lr?sczhgesdt celé%&/éenrﬁérg%%%ct%cgl BnVersi on of
pent enoi ¢ acitewey adiegissirsci(Go-Twlled adshydreodacoptybatignkl d of adipic

acid in these sol t e -wel ' I | It had be
| ygat fostebawehy, Hddh mt@%sc%‘zetﬂ%

used which resulted in_rather slow_redction n er
t enper at ure GPtRGEZRE MFPRCSARRXYE R R R BIP i REIrRMe? 221 nprove reaction
rates irnsanycehveleien of Pemerdiilc HEOLERSSHSmeys etdl YOBSLS1a6€60héed.

Yi el ds of adi_pi.c %ci d decre\%?%? whi | e.gi el ds of. yal eéol act one,

I ncr eased. VEPSF’SI e}(?tc 7& 5% TS o C?'Oerlﬁfr % %&f‘?%ﬁ%% °© g?%‘ﬂ@'resi dence
tines to reavelemddrctiomeprberedna3ir exfered oneliasons nmaking it
necessary toyL8a¢b1% one) .Valv%fl@ﬁﬂ%n@tcér?%%&fcﬁé%okﬁlé@@&her

vessel or to react i1t, at nore vigorous conditions. In many cases it
was sinply pGpgéélggqaq&ﬁﬂwiﬁﬂggscrl ed in Burke EP-A 0395038 and -
20

in Denis et al. EP-A 612711, but there are cost and
yield losses associated with such a process.

The prior art also taught the use of
halocarbons, organic acids or a mixture of organic acid
with alkane or aromatic hydrocarkons as the solvent for

25 the conversion of pentenoic acid to adipic acid. To
ensure the optimum yield of adipic acid in these
solvents, relatively mild reaction conditions had be
used which resulted in rather slow reaction rates.

When higher temperature or iodine levels were employed

30 in order to improve reaction rates in any of these
prioxr art processes, yield losses resulted. Yields of
adipic acid decreased while yields of valerclactone,
increased. Valerolactone is known to require extremely
long residence times to react under the prior art

35 reaction conditions making it necessary to react the
valerolactone, at reduced yields, in another vessel or
to react it at more vigorous conditions. In many cases
it was simply purged as a byproduct.
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The pres&otosiipesant i on over cones the di sadvant age and yR@husd7asses. of-
the prior art by carrying out the conversion of pentenoic acid to

adi pi ¢ acidin a rrgacph:e@emtxtmwenttfiain icfrdritoMes/ @neper cent by 5

wei ght val ergl.act.one. Sel ec t.h concentr ti,on of | er ol actone in
the reacti onghs?fifflaélttagen vé ty%elcf Ny o?rh%lrrgﬂfg RYcents al | ows
the present pryT¥dng eut tlh?erm:fn\{emrmn tdﬁa peptiebylesiabdi sheddipécnal
equi [T br i um gE;unG of GAGAI 10l Gl ARSI dita PO eftpl S0 Jo8ChLrblne by

val erol actone. Once the concentration rati o val erolact one to

pent enoi & acW818§taMﬁ¥9HQﬁﬁQH%PQﬂI:§eleCtkﬁﬁn§#ﬁn%P%Eﬁ%F?%EE?@ 6 yield

adi pi ¢ aci d whilbgdwlactomddid itnalrdaitiedn Qﬁnﬁuﬁélﬁ%@%mnmt bRis
conver si on of p%ntenmhct acid tnq:sval r ol act.one being, precluded, by 15 the

establ i shed EUPF 5 JiRtI7- perce I R PR TorRERTFEET BR of
vaIeroIactonbenefnﬂtﬂnqmtﬂharnanﬁﬁky Siagbb shyedwetggrmal the reaction
mxture ensupes bl GOGENLAId OIS REN S0k fers BChEehOsLNe
reaction m xtOre can be mai ntai ned at concenirations ucing a
reasonaBi® ragdd &@ valengractoneomRnes aﬁhfi)ﬁ%%%tm?%@ner@ﬁiﬁapifng t he

yi el d | 0ssesyaleril aAROIRS it eriiid WS 1@ 85 dPSroRONEEE1Yi 5608 tY

of the reaction m xture of_.the present v oduces Iarger crude
crystal s of BEPFERSIS #Si fpantes &9 r?i)’regl‘ga%‘%br%l‘? ﬂ‘fg‘ﬁ WL ERGHEt he reaction

m xture. Theadditiceraldef crmesttiidds ¢t stn el grieaies tphie | écyntréﬁblbhose

produced by E:Qe %rant):% ndi'd aogloé:Q.'fség%lErola&M@% lq‘: T%FJE %l\gl |d or

A process fort reparation o I'c aci

m xtures-%of paént @@maéﬂakﬁltﬁd equls?olmlslm\hl ch conpri ses: (a)
form ng a reaction m mfatih%a%%@l @h@g difent rNSYL N Cva'iféldélé’étc@i‘xét ures
t hereof, water, carbon 35 nonoxid amre- val erol actone, an iridium

cat al yst withisk dhsnanas &b oeed oF0% R deexgRt odE | BRI ¥§28E4PPoNg
aci d reaCtiOmlﬁbmﬁﬁGﬁhsﬂﬁﬁéﬂthﬁﬁthéﬂﬁﬁﬁﬁéﬁﬁréﬁﬁéﬁ of pentenoic

3 VO ggll%gln the reaction mixture can be malntalnegT/U897/18l8l
20 concentrations producing a reasonable reaction rate for
commercial purposes while eliminating the yield losses
to valerolactone. Furthermore, the reduced viscosity
of the reaction mixture of the present invention
produces larger crude crystals of adipic acid which are
25 more easily filtered from the reaction mixture. These
crude crystals also have greater purity that those

produced by the prior art processes.

SUMMARY OF THE INVENTION

30 A process for the preparation of adipic acid
from pentenocic acid or mixtures of pentenoic acid
isomers which comprises:

(a) forming a reaction mixture containing the
pentenocic acids or mixtures thereof, water, carbon

35 monoxide, gamma-valerolactone, an iridium catalyst
promoted with bromide or iodide and optionally a strong

acid reaction promoter wherein the concentration of



gama- val erol actone is from30 to 70% by wei ght of the reaction,

m xt ure; (b) reacting the mxture to co noi ¢
aci ds opwggg%%§7to adi pic acid and branched si x carbon 59§?§§?@§§§ i€ -

i somers of adipic acid. . A stron i,d.reactiaon pr ter may be
used in g em%rgggggoé?cgﬁgepRSSgﬁPmih eﬁ%i% - %ﬁé“ﬁ?éﬁﬁ}fﬂgqﬂmi acid

pronoter is S@&@Cieu fisiurhe gndup.consisting of triflic,
p-t ol uenesul f oni ¢ and(pnogphofifigdhd- miflrure to contBECPERGLSHIL the
present invention nmay be opeTated as a Batch 6r a contiAuous pr ocess.

As a comFhEBuUST pPEEREE, tPt 2Rd PR e REALe @ndo @i adigss (ddertarbon t o st ep

(b) the stepgicarboxylic isoheks’@f0udABid ReH@.on of the mixture as a 15
product stream and rggqgerin cruge adi pi,.c_aci'd and rmng a

f :
by- product stream trong acid)regd éEPiHBOFHEeEymBngﬁcPS é&mto
dehydr ocar boxly¢ apronese obfntbet paepant dhvieheilyr. Theprpadifidrdyaanched si x
car bon di car | L6 Al rs.o lapl ci.d t t | i.d | soners
formng a ré%g%%e#£°hég§?egﬁiEg%gcggg £ ofl E%e %g?ﬁgbggﬁﬁﬁﬁggfﬁécﬁgcycle
stream and f¥eshlic, pebalugnesprionsdcr east Phespberice agfidkstep (a).

The crude crystals ofrwdiprécass dof ecr¥epedsént! 1RFEhREOR! Adychest ream of
t he present &OCGSS ar e In slze, easler to separafe fromthe

| af ger >
product *EARPdnaSof h?&ﬁéroﬁuﬁiF?nFHQHOPﬁo§@°GF€ﬁUCe@ﬁxﬁ pri or
art processesontidGoBRl FFoBESER PEl O PrefHErEBAWKNGAd subsequent The

drawing is e e t] conti nuos process according to the
pr esent invg% i%%$5 tbf kﬁéT%%Eéﬁ'DESCRIPTICN OF THE | NVENTI ON 35

The present invention(®rovenesing afpbridan, of theonipbhiret asnaroute to
adipic aeid @d-0nst pdige b iU .al
89cPNg and rBEETRESHg ihdieUBaqRhid ¥§fﬁ§ andwD 98/ 19987

hydr ocar boxy] ati on of
PCT/ US97/ 181%3r™1ing ashyspredufEnfERERB aci d conpounds in a reaction
m xture (d) subjecting the by-product stream to

dehydrocarboxylation to convert a part of the by-
product branched six carbon dicarboxylic isomers of
20 adipic acid to pentenoic acid isomers forming a recycle
stream; and
(e) combining the recycle stream and fresh
feed to form the reaction mixture of step (a).
The crude crystals of adipic acid recovered
25 from the product stream of the present process are
larger in size, easier to separate from the product
stream and of higher purity than those produced by
prior art processes.

30 BRIEF DESCRIPTION OF THE DRAWING

The drawing is a representation of a continuos
process according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

35 The present invention provides an efficient,
low pollution route to adipic acid based on iodide
promoted, iridium catalyzed hydrocarboxylation of



that <is from30 to 70% by wei ght val erol act one. A reaction

m xt ure CWM98i1A987g pent enoi ¢ aci ds or esters, water, ckchusymsmaxi de,
val erol actone, an 5 iridiumcatalyst pronoted with brom de or iodide T1s
formed in whi sklektedalpemileastionecithkasnppuiddst On78 reactREHCRktRaei ght
of the reacti ur, ¢ . h rcent of

val er ol actoneelﬂn@t)r'{%'tes r%ggfﬁ]%@b;y ]?éfu“r'é tf‘f%ﬂ?ggf?‘ag?ﬁ% According to
the present 10 procesd, YeRcsignxmirgure raadtaiching quaveebopensebdic

aci d to adipi eragkteand hiaRGhedd a0 R f&étzp'Galeroéé&gneThSnbfa”Ched

I somers include, for exa‘t:ggr - et hy aric aci

2-et hyl succi nFELSdHR @adyst Pr%ﬁptﬁ%d’ﬂ%’%g brenide Qul épfdédaciie and
2-net hyl but yr Eorted dei dehich the valerdm@t&aéphn@neéaapomow he present
process, L.su tlontlrrethea ic acid f

t he reaction skgec%vfgp gjeg{yh Cr ys aﬁ}f? z%ﬁ‘?%%loprh'@lx Ure ow gFEgSEF‘ Yof the
reaction nixtthe weight mQﬁnId@QOra]a&Mcplmcmd im thgstahbtienas | arge,
relatively pup@xtureCh¥SH¥ch s0 to 70%. RL£5 08 Pha pre é al so be
operated _as a conti nuous process by sepa I Hg° a pro stré

cryst al | A8 ngPEREESEpatitiisn Pixtarys daucteatod ct@w@lvsrtfpentehelpr oduct

stream and praegaswgardh@ma@cq@ and BPEdEINICE Sohr#T QHUSS; g:.é“' tabl e
recycl e st ream lé resent i ve conti NUOUS _pProcess 1S S]l-l wn in the

Fi gure. TWEt *AOCHES, SEME R LT iR, FPRsEXRBRYS s 30

conbi ned wt h2t—tnethgdgdh1$astrcem:(daramhr2-Iatl@a:rw&ﬁdlc acp@nt eppheraci ds,
recycl e catal yst lserql n oxyl ation
reactor 5 suc%%ﬁg?g%l%g Qlcggltrﬁ%eﬁ%arla r|loén o ero? %ﬂ}gil?ﬂé%ﬁécreaction
mxture 15 128f3dtrom 30 to 70% by wei ght. Th|s mxture is fed 35 into a

hydrocar boxyl ati on reaghos BawchhohBeaetibsr of t HeP 3lcitdrs: 3%90 L tional
catal yst and rggct ed b ude adj pic acid,, The crude_a |p| c acid

crystals are FeEH\%EF‘E&eﬁtoﬁetaﬁé”‘Pé’a&% thetafiP &° 1aF i nformed
5 WD 98i198B& reaction is recovered by crystalliza®{dnUS9Thd8181

Py product SULSATEsLABLRC! ol QY AR mixe Y AR G4 AR LALCN TS

fed to a dehy rocar reac
adipic ac1d to crystalllze as large, relatively pure
crystals.

The present process may also be operated as a
continuous process by separating a product stream,
crystallizing and separating the product adipic acid

25 from the product stream and processing the various
by-products to produce a suitable recycle stream. A
representative continuous process is shown in the
Figure.

With reference to the Figure, fresh feed is

30 combined with the recycle stream (primarily converted
pentenoic acids, recycle catalyst and valerolactone)
from the dehydrocarboxylation reactor 5 such that the
concentration of valerolactone in the reaction mixture
1 is from 30 to 70% by weight. This mixture is fed

35 into a hydrocarboxylation reactor 2 with the other
reactants and additional catalyst and reacted to form
crude adipic acid. The crude adipic acid crystals are
recovered from the reaction mixture 3 forming a



The dehydrocar boxyl ati on reaction converts the 5 branched isoners of

adi pi ¢ agi d _and ot her by-products to pentenoic acid i |.n¢el udi ng
val er ol g\ﬁp;&ﬁ@?gm Si nce the dehydrocarboxyl ati on react oi%%%’wfsewe
the function to distill and separate, a portion of the pent enoi ¢ acid

i somers may PYREFGHEGThEEdea® & etMathar tolaer kXM eth® t he

hydr ocar boxy katis¢aldaitiion) whiRh FHdEd il £rdehypdidcafiBoxy DRE hyhbut yric
acid nmay be onvesrted to butenes and purged. The catalyst in the

resi dual tai Fsear"?%‘fral so be recycled to the hydr ocar boxyl ati on reactor.
It is preferred to rufhehdehyddelrpdboegyrlisddiyntiemctrieac tdamveast slesiee i bed i n

U S. Pat . 0,4 et | ted. '
references. b%n&e@%&#effrﬁjgé%g?lp(?caﬁ%? %%@gérﬂdﬁg %ﬁ%/&%gtgy

purified by FOcPPREENQIAEAGE 2 mishelitEtUdiRT KRR 2AFRORR] s art .

A suL pri si ng_sfie@teugt_eas)fdetﬂww&eﬂax;frmm? reacr']t'tértilBs@Stﬁapfr ﬁéﬁ{;@rol actone
as the reaction i ym or the .sol vent for the reaction. i pventors
oF the | prBB AR £, A AT AT 1T A ReHt a0 OF 586

val er ol act onpenternedseadin timowes tnaon takdnirevettwad andevetushegfent enoic
acid inqhe act| [ qﬁgﬁs {_ of

val er ol &c@on%%p?r?tc&[r%ollaécstgbci equi _|%cf'allﬂbnc1§&ﬂ%3%1gexr}%$§f?%h ratio

(appr oxi mat eBy -Fradnch vaeric amidanhg tirtkoHewtyrbei anidfmay be

val er ol act onedn@ it dd) 39 bt d ANGR PurRed 0 Pa byc ¥Byght 1 Qf chbe _
reaction m xture, the present % cess ens]z%és that a concentration
of pentenoicrz?(ﬁldl"}?gy tt?elelp%)é%"’éhta]i t9fe recy¢ed 5 dntRe xture such that a

hi gh reacti ohydaicedrboxyladidr creapdttbr esutt si@nsk-é fetrédlecsonarnthat i on
rati o of, 35 I { ent.enoi id is [ Dnear the

val er ol alc oné%&g\#lg%n%%a‘%#le%%i ?%érl?luorﬁl co%:e‘g T4 f%ené +a Va?ro.PaFn any
reaction sysiom &uL12H2 .19 thdtadan heet al primeorporaedi bareihebyubj ect

reaction progeeds-drted 6 VO
98/ 19987 PCT/ USQ7/ 18181 way to

establ i sh concentrat i B8 TS FiHFLF AFithgecovanrsdt faIm™aqwRe i bri um
resul ting i nparsifgred imanedtyedtthllizdtossn tD dheotleraheOhodé kabenol act one
fromt h920 iﬁme%%jt@t Rent enoic acid. The relationship of the 5

equi | i brium ¢oncéntrations and reaction rate provide
A surprising feature of the present process

is the use of valerolactone as the reaction medium orx
the solvent for the reaction. The inventors of the
present process have found that as the percentage of

25 wvalerolactone increases in the reaction mixture, the
level of pentenoic acid in the reaction also increases
to that of the valerolactone/pentenocic acid equilibrium
concentration ratio (approximately 50 to 1). By
selecting the concentration of valerolactone to be in

30 the range of 30 to 70% by weight of the reaction
mixture, the present process ensures that a
concentration of pentencic acid may be present in the
reaction mixture such that a high reaction rate to
adipic acid results and that the concentration ratio of

35 valerolactone/pentenoic acid is at or near the
valerolactone/pentenonic acid equilibrium concentration
ratio. 1In any reaction system other than that of the

present invention, the subject reaction proceeds in a



the range limts on the concentration of val erol actone that is

preferreghd wjiobde reaction m xture of the present inveptT@Re71BI®SE .
concentration range limts are from30 to 70% by wei ght of the reaction

hm xtur eI 10 : ne:t% eefﬁ%%ﬂ@i@' Moﬁ&@ﬂt:‘?gltﬁenléo%%a ke epa et qulrté{neﬁéﬂ e h
aving |l ess than abpu al.erol,act one woul d require either
a very high é:g?ﬁ}%‘?%]r o?lq‘(‘fﬁt‘egﬁfﬁ?‘egesu\'{f:épge1§n& Stgificanty 3% ed

react or and/ drosss vies ythe foomaptoheodi Vaaerdlfaeﬁ@nreatfa-m ndee t he
concentratio a S | rat conver si on
to adi pi crl_ eg%cf%;nt p@g}l@gﬁ%gc %%g{ih %?‘ Ref tarégtbr’ttsﬁﬁ 6(Bf‘ertcehact ivity of
val er ol ac® oneeqwliiera@mpc@neenaratlogynands reagivd oinn rédley drsveirdmoxy| at i on

of reaction the b:yaxpgr[;@dys;&@tgaésestﬁereaﬁhb%r@t&w efofvag_re%l%{céé}?@ 20
70% by wei ght val eyo actgne difficult to achieve I's al so

of interest tH#t AfhIPreierERe for tBpyERRSTAPRC FEFELTS: IRdr tthf?an

val er ol act onglx<serivot li@eentloﬂsed'rheséheonbeae&htnb@m&&g% nGenicider
cess C dItIO.n to produce

| actone are not on eaglive under

25 undesi r e® Y G ggb{i?a?héygﬁowﬁb?h njog e TH&T

partici pa@i ngnd ndee estaberahlngfvbmt e to 704l.erdl a@tamte/qaemmm acid

reaction equi | t ok.S n of adipic
Hd¢¥ﬂ§ ess than about! 805&SpNwd ratesﬁ?qug?aﬁ%

acid t hat addition of strong aci acce
hydr ocar boxy %4k ¥FegkirenchkBerna vesalt héﬁhoponverﬁémne ihexrafiare o

val er ol actonelaﬂrg\atéhedreﬁ@énemve) bﬁ&ﬁﬁl@&éﬁsx@factt@% RinidYorald ,vé}ﬂ)/ addi tion

of such an reaction t er contri buted t i eld
and was generlacf"f f%’%ﬁ“ﬂ%ﬁc %13 Fe8a°73 PhEBGS It?‘@r S td:ta}tdr%rhlcbteof t he
val er ol at% ongdeperemode caatddisnsbhéopr eheht theocase of comaidresi drhecgpr ocess

;3& ?inoﬁci)? ?ﬁ?ﬁgra&&hggtvery igtvf.erbﬂgt)ﬁieeloqylegs%%%dv\glt Oliggsghe

PCT/ US97/ 1818leactivityonf ualarplamseae is hde addpdsamrith realize the

advant age of é}h’&ﬁ%@f@n&n&rQﬁe§§hy§rébé958x§'§'a@10n oFf YRRl ¥Ry be used in
t he present ?Hrocess W t ho atively éeffecting the yield. of pentenoic

acid to TRTQARGES “akes a rgacFFOH BE-XEHE S FZR3LETd 5781 0 be used
in the 20 pr’HEerbypweths,vaheraﬂ.aetaheaduc&flmsﬂtbeoaanﬂnrieve.

It is also of interest that other lactone
solvents (lactones other than valerolactone) cannot be
used in the present process since other lactone are not
only reactive under the process conditions to produce

25 undesired products, but they do not enjoy the benefit
of participating in the establishing of the
valerolactone/pentenocic acid reaction equilibrium.

It is known in the synthesis of adipic acid
that the addition of strong acid accelerates both

30 hydrocarboxylation reaction and the reaction of
pentencic acid to valerolactone. In the reaction
processes of the prior art, any addition of such an
acid reaction rate promoter contributed to yield losses
and was generally avoided.

35 The equilibrium relationship of the
valerolactone/pentenocic acid in the present process
enables the process use an acid promoter without
suffering yield losses. Although the addition of a



oxi di zi ng, strong acid, having a conjugate base that is a poor ligand
such as phosphoric aC|d Exanpl es of 10 strong organic agj rs that
may be uglé)dgséﬁg%m triflic acid, p-toluenesul foni c acid. Cﬂé{."?#g}ggltsgéi ds
phosphoric preferred because of its |ow cost. ﬁre the chloride
is al so a goSFIARRFL sprO”O‘?‘?féfJf%crf?t?/ene%??%ﬂﬁyot}(?d%’?? g28cFBe, 1ike
nitric or 15admiriiage afitthe idselestpoycéde, i 4i dtvongakaligst and

shoul d be avqi ded. he cr.yst |zat|on of the.crude adipic
acid froﬁr%méxreerac“t‘a%nbemu %%el%ftlg%egré 2Lt PTRVEREI 8 o?‘l‘gi:1 uk provi des a
product of goedaniriely MW%MIWN othmlat;eemstacsd t&rude adipic
aci d cryssal $diGQveleds fromthe product mx of the present process are
| ar ge, easy to filter and have a |evel of |rrpur|t|esthat is nor e

than ten (10) tines |dds a BiFansh IRy @S ¥k Pe gised iamotvhe

processes. 2present proéﬁﬁéﬁﬂﬁﬁesﬁﬂﬁétﬂg @@ﬂaeﬁ@5§ Bei dsnbar the
process of thi Sn.di nvention incl ude ent enoic acid g gent gnm ¢ acid,
&6 F& BBFast

4- pent enoi ¢ 4P NS ? aY’n‘é%e cCEPBORGR Lhgf afSl es of
esters vvhi ch & Joor limmdrpkwcyleobs rphdmpl;wnresacnﬁ t hBxpmpient oEnventi on 30

i nclude { ’%.I;.QX:I a&%[ S S [ o i st

primaril y of -perﬁ C aC| eéfom %Iggséggé m¥“9 BQ Ps?geggg reasons
of cost and &wdifilds 1aeid, Wreﬁpluen%ml%@np@r@cbﬁ th@ffébﬁsﬁsaalééntenm c
aci d WDHOESt%ihos ho#i® prohicte iy duSOTWEr1€6 18wadbBEC agid, nonoester

35 which can hy r ol edJ sjtu in a subse t step to give
adi pi ¢ acid. Wnird Yl é/hZ.L r’r%ﬁﬁ?%a‘?a‘?@%‘? iaﬁ 8 ptBvi ded from any

source or by iaef fledtteiveal vmmdsngvl bxifiwingeacidd] uinke nitric or

8 98/ S 18181
i ons un\d/¥e%r' hydr %grlboxycf at’ o"‘rrll%:lon ?%‘f%o% the lrldllém Cat:gi:y'r;rgt %rzléal s that
are sol ubl e ishawHd heavebigdnent s of the reaction mxture. Anong the

materials which can berhe cx%}'ﬂﬂdlﬂ@&a&ﬁdrb%@o%k?@ @Eudélé)dwi@r@cml di um
metal, 5 i I‘Irﬂdl umsalts, irjdiumoxi des lladl um car pbon conmpounds,

organoi ri di u deeaiohriyi P TIRe ©f ERApBHAEE b l¥VFHFEIﬂPand m xt ures
t her eof . SpeCprfdeLdes & Xpupdhest ob £ sgmdadcpurpbu;adSndngbudehabdhage not

limted , #}J%&é#{géiéé CP&%\E#% ?é‘{&glbtéc?éﬁdé%ﬁaléore%bgkgﬁ(' ')

brom de andl iTid
from the product mix of the present process are large,

easy to filter and have a level of impurities that is
more than ten (10) times less than those recovered from
prior known processes.
25 Suitable starting pentenoic acids for the
process of this invention include 2-pentenoic acid,
" 3-pentenoic acid, 4-pentenoic acid and the esters of
these carboxylic acids. Examples of esters which can
_ be employed in the process of the present invention
30 include the methyl and ethyl esters. Feedstocks which
consist primarily of 3-pentenoic acid or its esters are
preferred for reasons of cost and availability. When
all or part of the feed is a pentenoic acid monoester,
the product may be converted to adipic acid monoester
35 which can be hydrolyzed in situ or in a subsequent step
to give adipic acid.
The iridium catalyst can be provided from any
source or by any material which will produce iridium



i odide, iridiun(ll1l) oxide, iridiumlV) oxide, iridiunm(lll)

acet yl acetwoasmeosrri diun(l11) nitrate, iridium(I11) etgrEseangigte and
dodecacar bonyl tetrairidium 15 Preferred sources of iridium
catal yst incl ufiens un'aé'trdhwﬁ:blcla)rﬁda@il@;idﬂ icindidildns acelal eiaidium
iridiun(l) di car 8?#81%0%%% acet onat.e Suitable concen;rat I ons

of iridiumaréeq ange oF%%%Bﬁ?:ﬁﬂ)ﬁﬂﬁnQQ?%ﬁxﬁfqﬁ) ?% “per
mllion) 20 bbkedreacthenwaiigitunsf. t Baongpdtheomatictiales a&himiugd:an be

hi gher |evels wlegeaﬁalsox%@ s%&&fceer%@ xu id¥&im aré;QL'lc.x.EEﬂMr@tr%@@an | ridium
Is in the range of 0 ppmto 2000

ppm rmr;{doreferab
ppm 5 Tiridiye FP#&ﬁum%ﬁ%@ﬂ%ﬂnoxkﬂﬁ%ﬂ1%? Ipen GaRAmEl 25 or
formed in situcofipstinge, pr@Qh@iirb.\d:ﬁmS(Bﬂn%Lﬁfds, cdo¥i deat o Is sol ubl e

in the other conponent,s of ti.on mxtureln rder to
satisfactory r‘émﬂJP?Ends OfAIlFH&}Q)WH aa[c fgraﬁ%e k‘éep t he

concentration @kampdeéeomrGmuhemdmgcmmdﬂumﬂcnhdﬁx)hunnéﬂh nat alimbidede
based on the gh c | ute | evel of
V\EJJ &r?hlhpﬁl leﬁ tc,Jht %erlr(rio & héHﬁ:. %sé)

i odi de i s not de to iridium
| odi de t 01Pr| dimdmmﬂéilaehmmdﬁ and Jta @W@sfedrldlmmihk i 0s

bet ween 2 and §oé§.8em)§.§:ﬂar1%ﬁrﬂﬂq oMere 33 riDQinflerv)o dxfigh um rati os of ,
greater than about | oyed, it iIs advantageous, to enpl oy | ower

iridium cohEéﬁ%Pﬁ‘t F&ﬁg aﬂ?lté’ At r S WH kot gHitrate,
9 WO 98/1P287um (III) ethylhexanoate and dodecacardzly1lS97/18181
concentration @f frge g&pgen | odi de and thus reduce t he overal

ralrrl
corrosivity of ThESFEACESH i xture. The i odi de pronpter can
be provi dégd by hydr Byefiervdddepuirgdisnef akidiumreasialiyedi des;lwdekal i ne

5 earth metal Ledhden ramganiauiad desaiim G otdhiace source which w i

provi de hydrogen i odi de under rocarboxy atron conditions. Preferred

sour ces of lFbéFH@(Fﬁcﬂ&&érﬁﬁﬂﬁiyﬁquy iAFELRBRSM i odi de,
4-i odobutyl acet ate, ar shltaande&onebat&ht%@rsr bralikylailth isad des.tmaich as
met hyl i odi de, 8886 I.odo 2-10 ane

0
1, 4-di i odobut aﬁe ougd&p())tjaompé)ﬁ“eptol' oé’pcﬁne @’ﬁﬂo t|"’Irjlpaexfjnr%u(:lalnl‘f)n)

present i @0 based on the weight of the reactlon mixture although
higher levels may be employed. Preferably, the
concentration of iridium is in the range of 400 ppm to
4000 ppm, more preferably 800 ppm to 2000 ppm.
The iridium catalyst, which can be preformed

25 or formed in situ, must be promoted by a source of
iodide that is soluble in the other components of the
reaction mixture in order to get satisfactory results.
Although it i1s generally preferable to keep the
concentration of iodide promoter below about 8,000 ppm

30 total iodide based on the weight of the reaction
mixture, the absolute level of iodide is not as
critical as the molar ratio of iodide to iridium.
Iodide to iridium ratios between 1 and 3 are preferred
and ratios between 2 and 3 are most preferred. When

35 iodide to iridium ratios of greater than about 3:1 are
employed, it is advantageous to employ lower iridium
concentrations. This serves to reduce the total



t he sane conpound, e.g., as in iridiun(lll) iodide. The nost preferred
sourcesvgﬁggﬂ%kge pronoter are 15 hydrogen iodide, aqueoupcRygé,@ed -1 odi de,
10

met hyl | de, and i odobut anes. In the synthesi's of —adi pic
acid by the ppesglae onpro%c%%e % ﬂo%{lfqﬁﬁ’d?"frﬂi Oéec}:@‘%er based on
t he pen?en0|c aci g or ester |s necessary

conver si on; tbﬁe@§?§ﬁé1ann§@§PVéﬁdUPﬁaQh&nnﬁﬁQﬁwnn|mﬂXtur%nDunt of water

i's enpl oyed. A|thouQ'ﬁ?hén1éa§§§5p95moterw@aﬁr bRBYs & iRIRE®Y i n the process
of the presgent i nventjon,, |ar e ex esses should be avoided._ |n

general, t hBYESREER: PRGAGS of el drodifes alkaline
hydr ocamoxyhathometeacmwﬂd&imuIdigimeurw sminddiaror anpbouiied 5% by vei ght

of the total react Jer 10 0 | gher reaction rates
and better p?og%g ﬂ garPnyLq? %? e et et c#%41 4#&5

concent r at i bpdwbcaxbexyda tiiies spmdlﬁﬂbnSuaZﬁrdﬁ&rnﬂ¢u$nn@¢&si@m reaction
be no nore RBan@bQﬁklﬁg@ hydﬂ@ééﬁﬂﬁﬂﬁlde, acetyl ioafil 'C acid synthesis

reaction tenper S t hé range to 220 may be enpl oyed
in the éeang%aﬂ FEQ§%tﬁveﬁFW' .‘¥%%%V% Jatlpoﬁé%bgg t enper at ur es,

Ithe re\?ﬁi : Omoaaae% a1y @weﬁnemﬁrblt h@dlde[l llrtﬁitr] etﬂfdr@,]g ivity ijs somewhat
ess, Il e at er atur.es, above 220[.err] G, . significant conposition
of - the B ORAEPTRERRN: ACiaaoRT AR, rd iUt e, ek

10 WO 9880988 Fane. The iodide and iridium can be pr&@utSDy/ 18181

t enper at ur esy ian gg\%lg@q?)%]‘%f 1%0 rr]ast ‘ldgzﬂ[led{xlnﬁﬁﬂ J[Oaﬁ%;lsfactory,

while 170[err dre preferre synt hesi s of
adi pi ¢ aC|dTHPtW@§§hPrEfQ¥r ﬁﬁMﬁ%ﬁﬁuQﬁ;#ﬁ%PQﬁaHﬁﬁﬂPtQﬁn%ﬁepressures in

t he 51rsangaya&oga@utlo@1tdé 2%%& Oy RIg el Ui 1 d 1 C nd 5y D) are the
nost conveni, e nploye%@ thes$rocess of this invention.

In a cont|n68a§ r oGBS ‘0 the present invention, the
dehydr ocar boxyl ati onInsthe sgnehesablpfraﬂuﬂua&dmmm&nauﬂmepﬁeéﬁﬁtto

ConurT L Bstien, PSR SARNHE Mg iR,
produces thpepsepslie @tqléamrofester FOamRNBIE Heinpsesiary . fas h
20 conversion; therefore at least about a st01chlometrlc
amount of water is employed. Although an excess of
water may be present in the process of the present
invention, large excesses should be avoided. 1In
general, the concentration of water at the start of the
25  hydrocarboxylation reaction should be no more than
about 15% by weight of the total reaction mixture. In
order to obtain higher reaction rates and better
product linearity, it is preferred that the
concentration of water at the start of the
30 hydrocarboxylation reaction be no more than about 10%
by weight.

Adipic acid synthesis reaction temperatures in
the range of 100° to 220°C may be employed in the
practice of this invention. However, at lower

35 temperatures, the reaction rates are slower and the
linear selectivity is somewhat less, while at
temperatures above 220°C, significant decomposition of
the product adipic acid can occur. In general

10



EXAMPLES . Example 1 A 100 m zirconium nmechanically stirred
aut ocl aveo849987ushed wi th carbon nonoxide. It was 20 the?CEHBYY8PBIN t h 87
g of a solution containing 40 grans (273 muole) of 2-nethylglutaric

acid (M3), temMgeratugegnins5iie zqogeusHI130P. 8om2BI08CHRYe 0. 31 grans (0. 89

I I 53 3.2
ﬂgglgl) Lgosp Orlgﬁ%g?gy 89&§g516%4oggpgﬁrnmn2§{ g:fe}kégé?gﬁgitgne, 4.2

grans (42 mmol es) In. Bh%eﬁ%ﬁbﬁélacpé aganig. acidamd thrughpl e)
4-pentenoi € hji h@flgregaareat faka¥e Waed)r Q;%'i:‘érle%r‘éééhx@% [ 1o Psi and
t hen heat ed to 18%% he adtocl ave pressure was en | nedi ately
adj ust ed>t o ZRIEHsPL R ﬁuéo° Bt &P §0P°("Wéisré’§tﬁls&’ﬁ"’\/%?s Jaﬂcf WEREIY run for

a tot al of Eazl“@utﬁe mosti toneendentay letlyed |iG tientmwsheedsl dhe product
di schlg . ghg.aut ocl ave was washed first with 80 nl of 0.1%

HI |n aceti c-AtTd 13&’ VA 6F8rr]C, then with 80 m of acetone at 20[err]C,

and finally with 80 nfnod& eestinuauesdp8bceas aoferdi@g Tee thier st wash was

i ncl uded wit e d uent washes were
i ecar dod. PrdSent €2 bARion, RhH %%Jﬂoc%!ﬁl&ﬁﬁ}l%tl%%sﬁgw o08g

PCT/ Us9#P1gmEeferably run atyg, temPETRtET e fth 1910 (1R FHE AR @t and the
product wer ex est€skhiredoly abeabi ng 0ion wan &fﬂaln%iduqu atThese 90[err] C for 1

h h BF3/ I f h
Coul d"be. moaSHT Ot PSS 5 SRR PR § SRR TE b0 Bl W CHSAHG nyl  aot or o

The analgsssil3ashonwnthatTallodutes the recycle stream of Tabl e
1 REAGCE! RQQUCTS VS FEEDS 10
t 7
Aver age I\/blép%/;1 e SEFage Fk%é of Feed
of Proddét 3- Pent enoi ¢ Acid 4.678 0.935 15
2- Pent enoi ¢ EXAMPLES 0. 935 0. 847
Example 1

A 100 ml zirconium mechanically stirred
autoclave was flushed with carbon monoxide. It was
20 then charged with 87 g of a solution containing 40
grams (273 mmole) of 2-methylglutaric acid (MGA), 0.40
grams 57% aqueous HI (1.8 mmole HI), 0.31 grams (0.89
mmole) Ir(CO)2(acac), 0.53 grams (29 mmoles) water,
0.31 grams (3.2 mmoles) phosphoric acid, 40 grams (400
25 mmolesg) gamma valerolactone, 4.2 grams (42 mmoles)
t-3-pentenoic acid, and 0.1 grams (1 mmole) 4-pentenocic
acid. The autoclave was pressured with CO to 10 psi
and then heated to 180°C. The autoclave pressure was
then immediately adjusted to 400 psi with CO. After
30 the reaction was allowed to run for a total of 5 hours,
it was cooled to 50°C, vented, and the product was
discharged. The autoclave was washed first with 80 ml
of 0.1% HI in acetic acid at 200°C, then with 80 ml of
acetone at 20°C, and finally with 80 ml of acetic acid
35 at 20°C. The first wash was included with the reaction
product for analysis. Subsequent washes were
discarded.

11



4- Pentenoic Acid 0. 129 0. 032 Adi pic Acid . ,
0. 006 woog/199872. 630 - Val erol actone 59. 73%cT1ruseng1sp0. 561
Val eri c/ 2- Met hyl butyric 20 Acid 0 - 0.538

2-Ethyl succinic ACi Ghree Gamples each of &kKeSreed Ridhhy! ghytapbc Acid
34. 479 34. 206 Fra tlgn of final products recovered as adipic

acid = BrRFuet werg,sfhprlsled by heatingTipsapggapPd ViRdsBtates the
recovery ofscraidior 1 hdupiwiahi BFBynethhfopr eseasidfichbgopr esent invention

when the ca rati f_valgrolactone in the.reaction 30 m xture was 30%
by wei ght. %ﬁ%%lf o%%rg%‘%glg ?oﬁgr%pgn?gléﬁtFSHl%a ecg??lsgﬁeglu}fg’yas descri bed
i n Exanpl e capillaxyrepast farovategraphivoasotheakhetbidceshersn The

reaction mxldy e 1\@s; 3020 8ynWehohh14 900 gram sanple of the product
streamwas placed in a 1-liter glass 35 crystallizer equi pped with nagnetic
stirring and a total reflux condenser (20[err]C).
12 WD 98/ 19987 Table 1 PCT/ US97/ 18181
Thi's product stream m Xt Urga Comnsd t'#égﬁg ight): 30%
gam*ra-i/ | er ol act one b§5§0 I gfs(cqyctiFE%ga 32% 2- Met hyl
Gutartc Acid 5% Tiglic,Aci o % Val eric,Acid
3% 2-Methyl Butyric Acid Av%ﬁ?%ﬁp%8%% écidAxgrage Hol&s 1%
3- Pent enoi c Acid The crgftBeedzer cont enpf Bepdubkated up
above 95[err]C to dissolve all solids and produce a honobgeneous
solution. The solutipon was_then cool ed down under stirring to 40[err]C
over a 2 hoUrPRFS¥REo”AGieId a sl urfy618 of adipi 8-8éPd crystals.
15 2-Pentenoic Acid 0.935 0.847
4-Pentenoic Acid 0.129 0.032
Adipic Acid 0.006 2.630
Valerolactone 59.734 60.561
Valeric/2-Methylbutyric
20 Acid 0] 0.538
2-Ethylsuccinic Acid 0 0.225
2-Methylglutaric Acid 34.479 34.206
Fraction of final products recovered as adipic acid =
. 83%
25
Example 2

This Example illustrates the recovery of crude
adipic acid from the process of the present invention
when the concentration of valerolactone in the reaction

30 mixture was 30% by weight. The hydrocarboxylation
reaction was carried out as described in Example 1
except the concentration of valerolactone in the
reaction mixture was 30% by weight. A 500 gram sample
of the product stream was placed in a 1l-liter glass

35 crystallizer equipped with magnetic stirring and a
total reflux condenser (20°C).

12



80 nmi. of. the product slurry was vacuum filtered in a glass-fritted
funnel tW&IBHRLEN e t he adi pic acid crystals fromthe | PGUUSITIBLEY at €.
These crystals were then washed three tines with 15 m. 20 vol unes of
val erol actone to yi elThi$ prodficadspreaactmdxtureciysisdlsting of (by The
adipic acid ‘ﬁéﬁ#ﬁi s were anal yzed by for inpurities by gas phase

chr omat ogr aphy. concentrations of nonobasic acid inpurities 25
co-crystallized in t hROadgphoaa¥aderpyschbnenwere 265 ppm val eric acid
and 565 ppm caproi c agtg.adipic Acig The ease at which the adipic acid
crystals wer e separated romth yid filtrate is neasured by t he
intrinsi € perneabilit32%Ke %%T'T‘K%dGih‘ta iz &cida/ P 30 where Qis the
flowate of liquid fissraiglibrrogl a crystal bed of thickness, L, and
cross-sectional area, nd ressure drop P. The higher the val ue of
t he intrinsic per nﬁa%af@flc ?ﬁégrmre easily the crystals are to
filter. 35 %leMethYIél BupyrieaBiclidty of the adipic crystals

formed in exanple 1 was €3,£8t8rskigt mmn.
13 WO 98/ 19987 §p &b PCT/ US97/ 18181

Exanpl e18 1% ThrRerkanpie PAFfidstrates the recovery of crude
adipic acid fromthe phecespsehllingepr e&gﬁbnlt@vwétﬁeomeatedmfgﬁ ditsre

concentratlo of, val rolatone |nt eac m xture was 50% by

vl gt TheBRgGr ERambERALLE: B L Sohisls diich Hkeda 14 APTRASIRO el i bed
i n Exanpl e lsolutiéxnoept Theesodutdwhy aaisorehehn wiarar acb:bmmamdlet he

reacti on m x %, By §fﬁrql tpﬁ duct
stream was %gggﬁm 88 %‘B F\g?bga?lassélgg }sta I zer qU| ppe ]P#)
magnet i é%tl@flﬁ@lﬁhé éc'-Ld CWtSélalrSefl ux condenser (20[err]C) This product

stream m xture coggimti nsfothébgsrwualﬂt )slurry was vacuu® %
ganmma- Val er 16% 2- Met hyl

dutaric ACIEaftered in a g%agﬁfﬁﬁﬁgqéaN§4$g§i to separate the

adipic acid crystals from the liquid filtrate. These
crystals were then washed three times with 15 ml.

20 volumes of valerolactone to yield 16 g. of adipic acid
crystals.

The adipic acid crystals were analyzed by for
impurities by gas phase chromatography. The
concentrations of monobasic acid impurities

25 co-crystallized in the adipic acid crystals were 265
ppm valeric acid and 565 ppm caproic acid.

The ease at which the adipic acid crystals
were separated from the liquid filtrate is measured by
the intrinsic permeability, K, defined as: XK = Q*L/A/P

30 where Q is the flowrate of liquid filtrate through a
crystal bed of thickness, L, and cross-sectional area,
A, under pressure drop P. The higher the value of the
intrinsic permeability, the more easily the crystals
are to filter.

35 The intrinsic permeability of the adipic
crystals formed in example 1 was 63 cm2/atm-min.

13



3.5% Val eric Acid 1.3% 2- Met hyl Butyric Acid . 1%
Capr oi ¢ woiogs19d%7 0. 6% 3-Pent enoic Acid PCT/USY€/18181
concentrations of m)nobasi c acid i mpurities co-crystallized in the

adi pi ¢ aci d Bxamgibe are 127 ppm val eric acid and 215 ppm caproic aci d.

The intrinsic pe .abl|lt I ead| ic crystals formed_in 25 exanple
2 is 393 cnferr]/at m?T}E rX gtes the TeCOVeRy sOfy Sﬁﬁgé
illustrates atdna_oxoecawiadyfnémcthdeproceadl pEcthei ﬂréserﬂ:t hﬁvpmz(iems of the

present inv nc [ N, of I ne_in.the
reaction Wr%rg%l?% Cg@ggﬁﬁfp%ﬁgn Sg Vg&fhgokg F’égar %gx?} at r%ﬁwtlonr eaction
was car rbed ot wse de%%r#?@edenWExahpl e The hydxeeprbpwla@nwnt rati on of

val erol act ongddt 18 was éé@fiéanoatxagraeweélﬁg% ms ﬁ?c'a%&e A 500 gram
sanple 35 of the product stream was placed in_a liter g ass

crystal | i zePXRRRp ke MF?%C%EJH%HEns?frYﬁﬁﬁr%ac&me ipotRe refl ux
condenser (2Yxitidn . mIktarpredsctost bgaweight XAUBEOCERSINS saRglel (by
wei ght) : Y 60%
gamma- ValeréTaé?gﬁéPIOduCt s?ream2§@€Aﬁ%8F%éACIda i-liter glano_ng

2- Met hyl0d wizirsalitizer equipped with6saFngric ativriBg and a 3%

Valeric ACiGoral reflux c9n§é§§ékhqBMBC$U§MEbCpéBcht stream 1%
Caproic acid 3% 3- Pentenoi c_ Aci d The

concentrat i Wta-fr%?%%é?’él%ﬁl af165Yi WBdBhE) és co-crystallized in the

crystals are 107 ppmso% §ahes+¥abstdll &d€ord S ppm caproi ¢ aci d.
The intrinsic permeabi%,lt of , t@g ’Sgl pi c crystals forned in exanple 3
is 510 cnR/atmmn. To Be Conpared to Exanple 2

15 16% 2- Methyl Glutaric Acid

2.6% Tiglic Acid
3.5% Valeric Acid
1.3% 2-Methyl Butyric Acid
1% Caproic acid
20 0.6% 3-Pentencic Acid
The concentrations of monobasic acid
impurities co-crystallized in the adipic acid crystals
are 127 ppm valeric acid and 215 ppm caproic acid. The
intrinsic permeability of the adipic crystals formed in
25 example 2 is 393 cm2/atm-min.

Example 4
This Example illustrates the recovery of crude
adipic acid from the process of the present invention-
30 when the concentration of valerolactone in the reaction
mixture was 60% by weight. The hydrocarboxylation
reaction was carried out as described in Example 1
except the concentration of valerolactone in the
reaction mixture was 60% by weight. A 500 gram sample
35 of the product stream was placed in a l1-liter glass
crystallizer equipped with magnetic stirring and a
total reflux condenser (20°C). This product stream
mixture consisting of (by weight) :

14



For .compari son the product adipic acid was crystallized froma product

m Xt ur ewi0,48119287 of t hat of the prior art. PCHISINSIB1" | .-
reproduced except the sinulated 20 product stream sanpl e consists of (by
wei ght): 6 030 guneaVEdegodbaticase 20% Adi pic Acid
28% 2- Methyl @G utar|§3AcAglplc Acid 14% Et hyl Succinic Acid 25
10% Di net hyl Succinic Acid 10% Val eric Acid 10%
2-Met hyl Butyric Acid0-3% 2-Methyl @duapdq &¢dik Acid 4%
Water 30 Theseomggms_eahbqa of valeric acid inpurity
co-crystallized in t ? BLS a|d crystals is 9521 ppm
The intPinsic perneabfl ?; bf-c t d|p|c crystals forned in exanple 4

is 8 cnk/atmmn. 0. 8*V\D—E&th9983utyr1c Acid
PCT/ US97/ 18181

cid
of adipic acid from gntenm C acid or mxtures of pentenoic acid
i soners whi ch conpri8ed% 35Penten°lc Aqig®) forming a reaction mxture

containing the pﬂﬁéeaghéeﬁﬁlrﬁ%l%smdﬂ Wt ddereafaiqwat er, carbon
nonoxi de, gama-yal erol act one, (fl um at al yst r onpt ed W th

brom déOor TBAVHREARE Eﬁ’[‘cd'ﬁfagltl he FNEFERCEFONL PY oRBRer
wher ei n t hevabeegpt aatidorndf 211G gmﬁm:amcﬁmlaa@i@ne is from30 to 70% by

wei ght of the re@ﬁ%egﬂtgkﬁgg P%?%%ab(}lty of t J‘ (ﬁﬁée@ctlng t he

m xture to convert pentenoic i“c aci anched si x
car bon dryakbary IEiogmeso iwy §>€ﬁmpi’cﬁp301%1053d0 qr52/atm min. 2. The
process of claim1l mhereln the strong acid pronoter is selected from

t he gr Qup 08n5|stin g, Examtflfﬂlc p-t ol uenesul foni ¢ and phosphoric aci d.

20 laim1 wherein the concentration of
gama- val er ol act one Fexf conpaliton/@e prdiduoteighipicd ddisd remet i on

m xture. crystallized from a product mixture typical of that of
the prior art.
Example 2 is reproduced except the simulated
20 product stream sample consists of (by weight):
3% gamma-Valerolactone
20% Adipic Acid

28% 2-Methyl Glutaric Acid
14% Ethyl Succinic Acid
25 10% Dimethyl Succinic Acid
10% Valeric Acid
10% 2-Methyl Butyric Acid
1% 3-Pentenoic Acid
4% Water
30 The concentration of valeric acid impurity

co-crystallized in the adipic acid crystals is 9521

ppm.
The intrinsic permeability of the adipic

crystals formed in example 4 is 8 cm2/atm-min.
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4. The process of clai Tl“mmmmmuMI sing 25 subsequent to step «(b), -the
steps: WwoO 9819987 (c) on of the m xturepesussri8i8ipr oduct
stream and recovering crudé adi pffc acid and forming a by-product ™
stream We claim: (d) subjecting the by-product streamto 30

dehydr ocar boxyl ation_to convert a part of the by- product, branched si x
carbon di carboxylic tsonBrB*8fess 19F ki QﬁQ?ﬁﬁ?ﬁ%mféﬁgﬁg%Rﬁ%iisoners
form ng a racydl érom penteamicardtid or mixtured e)f qomibtendadc tdeidecycl e

sreen s [ e Tollon TT OGO

5. The Process of clailf fosmingwRerepgtilon mixgure mantagmning tdent enoic

acid or penhefPkfiodel dcidd TR hARS ithad- 9N} appl & ackPde@poest er and
wherein he pr.qduct adi pi c .aci q_ nmonoester forped therefromis
hydr ol yzed p@npggﬁpadgﬁm@agap&gro actone, an iridium catalyst

promoted with bromide or iodide and optionally a strong
acid reaction promoter wherein the concentration of
10 gamma-valerolactone is from 30 to 70% by weight of the
reaction mixture; and
{b) reacting the mixture to convert pentenoic
acid to adipic acid and branched six carbon

dicarboxylic isomers of adipic acid.

15
2. The process of claim 1 wherein the strong
acid promoter is selected from the group consisting of
triflic, p-toluenesulfonic and phosphoric acid.
20 3. The process of claim 1 wherein the

concentration of gamma-valerolactone is from 50 to 70%

by weight of the reaction mixture.

4. The process of claim 1 further comprising
25 subsequent to step (b), the steps:

(c} removing a portion of the mixture as a
product stream and recovering crude adipic acid and
forming a by-product stream;

(d) subjecting the by-product stream to

30 dehydrocarboxylation to convert a part of the
by-product branched six carbon dicarboxylic isomers of
adipic acid to pentenoic acid isomers forming a recycle
stream; and

(e) combining the recycle stream and fresh

35 feed to form the reaction mixture of step (a).

16



17 -

o ) O FOTRTIRE
* C L M S *

5. The process of claims 1 or 4 wherein all
or a part of the pentenocic acid or pentenocic acid
5 1isomers feed is a pentenoic acid monoester and wherein
the product adipic acid monoester formed therefrom is
hydrolyzed to form adipic acid.
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