WD 97/ 20794

PCT/ US96/ 19359 ' -1-
| MPROVED METAL- LI GAND COVPLEX CATALYZED PROCESSES
Brief Summary of the Invention Technical Field ' Thi s

i nvention rel at Qg §#aebddor oved: net al - or ganophosphite 1igand co;%)},g%gﬁ 19359
cat al'yzed processes. Mdire particularly this invention relates e use

of an aqueous buffer solution to prevent and/or |essen hydrolytic
degradati on of the organophosphite |igand and deactivation of the

met al - or ganophosphite |igand conpl ex catal yst of such processes.

Background of the Invention Jit is known in the art that

vari ous products may be produced by reacting one or nore reactants in the
presence of an netal -organophosphite |igand conpl ex catal yst. However,
stabilization of the catal yst and organophosphite ligand remains a primary

concern of the art. Obvi oushypia} bi fc: SoMPEEy ssue in the :
enpl oynment of any catal yst. ]WCHVI ty due to
undesirabl e reactions of the hig v atal ysts can be
detrimental to the production of the desired product. Likew se degradation
of the organophosphite Iigand egg géed duri E% tEe process can |lead to

poi soni ng or ganophosphite conp Hom ¢ di ¢ byproduct s
that can lower the catalytic activity of the nmetal catalyst. Moreover,

production costs fLLAg1 Pigguct obviously increase when productivity of

the catal yst decreases. __ Faor instance, a major cause of
or ganophosphi te |igand This invention relates to improved metal-organophosphite

ligand complex catalyzed processes. More particularly this invention
relates to the use of an aqueous buffer solution to prevent and/or lessen
hydrolytic degradation of the organophosphite ligand and deactivation
of the metal-organophosphite ligand complex catalyst of such

processes.

Ba, ound of the Inventi

It is known in the art that various products may be
produced by reacting one or more reactants in the presence of an
metal-organophosphite ligand complex catalyst. However,
stabilization of the catalyst and organophosphite ligand remains a
primary concern of the art. Obviously catalyst stability is a key issue
in the employment of any catalyst. Loss of catalyst or catalytic activity
due to undesirable reactions of the highly expensive metal catalysts
can be detrimental to the production of the desired product. Likewise
degradation of the organophosphite ligand employed during the process
can lead to poisoning organophosphite compounds or inhibitors or
acidic byproducts that can lower the catalytic activity of the metal
catalyst. Moreover, production costs of the product obviously increase
when productivity of the catalyst decreases.

For instance, a major cause of organophosphite ligand
degradation and catalyst deactivation of metal-organophosphite ligand
complex catalyzed hydroformylation processes is due to the hydrolytic
instability of the organophosphite ligands. All organophosphites are.



degradation and catal yst deactivation of netal-organophosphite Iigand
conpl ex catal yzed hydrofornyl ati on processes is due to the hydrolytic
i.nstability of the organophosphite |igands. Al organophosphites are
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to hydrol ysi s WR%HE%egree or another, the rate of  hydrol FSTASHY19359

or ganophosphites in general being dependent on the st ereochem cal nature
of the organophosphite. In general, the bulkier the steric environment
around the phosphorus atom the slower the hydrol ysis rate. For exanple,
tertiary triorganophosphites such as trigphenyl phosphite are nore
susceptible to hydrolysis than di or ganophosphites, such as disclosed in
U. S. [Patent No. 4,737,588, and or ganopol yphosphites such as disclosed in
U. S. Patent Nos. 4,748,261 and 4,769, 498. Moreover, all such hydrolysis
r eact-i ons I nvari abl y produce_phosphoruys aci di c conpQunds whi ch catal yze
the hydrol ysi Suseantibie hydrolysisihonedegme onpaetheysthe steaf tertiary

or ganthosEhi t e Hydeolysisof argdinphbsphitesiai gbnddlHepiig depeéraient on theydr I?lli’,yégbl e
to a phosphonic n c Y. z P

aci d. Moreover, sr%%&?%&%@?%ﬁ#ﬁ\é@gﬁc?ﬁ;g% &p%?t gﬂl}gt%;lg*%s?%eg?ﬁe‘ge& I ons,

such as bet ween thegtrripearenmentcarenndtbe phogpherus atem ddelewer theet ween

certai n or ganophgeipblyie ratdaRéise laDtertial-¢l efivrganopies sbeh gsoduct i on
of undesirable GG ng%F(O)(G-l)Z
organ

t dehy. ' , H
| ndeed even hi gh .r gg%ﬁ’?’&%ﬁ’négeg?’geﬁ"‘8§? fgs_cﬁpﬁh?grtggx%ro ‘sphosphi tes
whi ch are not vdligrgapdphosphifiescsuchras digelpses inhU.S. Plagent Heh‘}aag'?,ﬁﬁgduct to
f orm poi soni ng Gin#cERAGSIN PR ERPhites Such as BisdRBEABNTRE RNt ks, Whi ch are

not only catalytj¢,d Bl bitqr r nmone. susceptible to.hydrolysis and
the formation offi’i‘tﬁqﬁgja?ﬁ‘iﬂm ’%‘ aﬁ%r%‘ﬁyﬁfjo%!ﬁ%"f%’%%&ﬁ&?%ﬁ%ggés al kyl
phosphoni ¢ aci d9nvaraklyawadudephosphrtsacdicicampondpwhich catalyze3hess, 918
and 563646950' bﬁwdtrbl%i,s rbEétionsFyFUrCé}t_é%i]ﬂe,Qﬂlle hwisaﬁmemafy g ?nds Lray be
consi dered as peln aut atal ytic | V]i£ew.ol &t r oTf suc
phosphorus aci diogggn%p&%gﬁﬁ%gf-o .°§? ,a_ M?m%?ﬁghﬁ%egé?g}schggch as hydroxy
al kyl phosphoriysrelyeekle toismbospheniciagid mpaoester Witich i tumhishecked t he

hydrolyzable to H3PO3 acid. Moreover, hydrolysis of the ancillary

products of side reactions, such as between a phosphonic acid diester

and the aldehyde or between certain organophosphite ligands and an

aldehyde, can lead to production of undesirable strong aldehyde acids,

e.g., n-CgH7CH(OH)P(OXOH)2.

Indeed even highly desirable sterically-hindered

organobisphosphites which are not very hydrolyzable can react with

the aldehyde product to form poiscning organophosphites, e.g.,

organomonophosphites, which are not only catalytic inhibitors, but far

more susceptible to hydrolysis and the formation of such aldehyde acid

byproducts, e.g., hydroxy alkyl phosphonic acids, as shown, for

example, in U.S. Patent Nos. 5,288,918 and 5,364,950. Further, the

hydrolysis of organophosphite ligands may be considered as being

autocatalytic in view of the production of such phosphorus acidic
compounds, e.g., H3PO3 , aldehyde acids such as hydroxy alkyl

phosphonic acids, H3PO4 and the like, and if left unchecked the
catalyst system of the continuous liquid recycle hydroformylation
process will become more and more acidic in time. Thus in time the
eventual build-up of an unacceptable amount of such phosphorus acidic



catal yst system of the continuous |iquid recycle hydrofornylation process
wi | L becone nore and nore acidic in tinme. Thus in time the event ual

bui [ d- up of an unacceptabl e anbunt of such phosphorus acidic WO
97/ 20794 PCT/ US96/ 19359
-3-z mater'g,yy% p cause the total destruction of the orgRARSeRRY te
present, thereby rendering the hydrofornylation catalyst totally

i neffective (deactivated) and the val uabl e rhodi um netal susceptible to

| oss, e.g., due to precipitation and/ or depositing on the walls of the
reactor. Accordingly, a successful nethod for preventing and/or | esseni ng
such hydrol ytic degradation of the organophosphite |igand and
deactjvation of the catalyst would be highly desirable to the art.

Di scl psure of the Invention It has now been discovered that
certain aqueous buffer solutions may be enployed to effectively

neutralize and rﬁﬂg&.{ﬁaﬁ%t} cauBd BSPHRAIUTesBctibh &mg}%}ﬁpﬁ%’pﬂl{ws prevent

and/ or | essen roly at i or, | i ds and
deacti vati on of Pr??éf‘%ll eﬁ’gﬁgﬁaﬁgﬁﬁ&%gﬁ@gﬁ?‘)@gﬂﬂ?& taFP%ﬂ s that may
occur over theineffectiee (deattinetedd nnd gh@vmlmabteeshodnmmhnetqb lsogcepbibld to

or ganophosphi t & jdsgang. | pmszr:ﬁmm ok e 50 {R€WAlls F4RE | SI Nl y

di scovered that or ganop g?ﬁz ) occzﬁs when a
reaction product Tacter A ‘é’° 8SHFERS g}qt ‘L’cﬁﬁe&?ﬁﬁ‘i‘%a“ _

met al - or ganophos jdsséring isgalh hydrolplie degratiatiyss of tite agahaphexphitetligamd
aqueous buffer sgliiliboRSaieh: &'nel Al SARS AL fesilmiatirild 48, |t

has al so been di scovered t an aque utio becones
entrained in a reaction product fluid, e.g., hydrofornylation, cont ai ni ng
a met al - or ganophDigioshree bf tiesthveatiphex cat al yst and which is thereafter

transferred to the reacti c’l@}%g?x%wqﬁ’e%idl éovE%%%tatggrtQEha A usqﬂ'{ﬁpl e or

S|gn|f|cant |ncreeise in the sire cts g.,
al dehyde bypr odugelatiens maysbejemp ed o p Yopgutralize Shd remove Suck, <
i nvention rel at ephbsphoatis ahdmaconrpwﬁas ahdrthﬁsepmlt agd/ordessenr nore

phosphorus aci di g 8{%{?&‘8 ﬁ&ﬂﬁ@; 8rb %b}%}; R tgqigatndya'ﬂdddeacﬁggﬁ&‘l Bfng said

one or nore phospig S acl (F‘l r‘r‘q %a #e
metal-organophoqp ite ligan complex catalysts that may occur over
the course of time during processes which employ metal-
organophosphite ligand complex catalysts. It has also been
surprisingly discovered that minimum loss of organophosphite ligand
occurs when a reaction product fluid, e.g., hydroformylation, containing
a metal-organophosphite ligand complex catalyst is contacted with an
aqueous buffer solution even at elevated temperatures. In addition, it
has also been discovered that an aqueous buffer solution which
becomes entrained in a reaction product fluid, e.g., hydroformylation,
containing a metal-organophosphite ligand complex catalyst and which
is thereafter transferred to the reaction zone does not result in an
appreciable or significant increase in the formation of undesired
byproducts, e.g., aldehyde byproducts such as dimers, trimers, etc.

This invention relates in part to a process for separating
one or more phosphorus acidic compounds from a reaction product fluid
containing said one or more phosphorus acidic compounds, a metal-
organophosphite ligand complex catalyst and optionally free
organophosphite ligand which process comprises treating said reaction
product fluid with an aqueous buffer solution sufficient to neutralize



or ganophosphite Iigand conplex catal yst and optionally free

or ganophosphite Iigand which process conprises treating said reaction
product fluid with an aqueous buffer solution sufficient to neutralize
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at least some ¥PSU#?f said one or nore phosphorus  aci di cPEHHPBIRA from
said reaction product fl uid. This invention also relates in
part to a process for stabilizing an organophosphite |igand agai nst
hydral yti c degradati on and/ or a mnetal - organophosphite |igand conpl ex
cat al yst agai nst deactivation which progess conprises treating a reaction
prodyct fluid cont ai ni ng a netal - organophosphite |igand conpl ex catal yst
and . optionally free organophosphite |igand and which al so contains one or
nor e phosphorus aci di ¢ conpounds, wi th an aqueous buffer solution
suffi.cient to neutyralize d- renove at | east.sonme anount, of .said one or
nmor e phosphor us 28ETEMOVE geme agqunt;ql spidone o more ahesPheres o

Thi s invention heidiheompaimisdfsomsaphraaction prpdwdtdbsdf or . preventing and/ or

| esseni ng hydrol ytic degr t] gsaﬂp%;n i | d and/ or
deactivation of a nﬁt,al - o?g%r%g Ot‘é’{)rg?{g%‘re%rtl gan gealérgc%gsggxp St which
process conpri s&tabiRERganoTgapephosphite ‘%Pg(ﬂ?@fnﬁtﬁl}? olytisideeradagion

nmet al - or ganophoapliora metrdratganopiosphite tighad yemplexicaiplyisb againgt f r ee

or ganophosphi t e g fiti G Wt rdodls ¥Pmpr a8 Hilabine M FodlioHHr6a RIARARCT US

aci di ¢ conpounds, w th an ag fYo) Htlon suffr¢rent .to
neutral i ze and FemM3iRing:a metalorganephosphile hgapd complexsatalyst apde phosphor us
aci di ¢ conpoundspfionally fied orgareuphiospliiteligand anfliwhidh also contains one or Thi s
nvention yet [id$hokfhdthsheldlc Bathbolis WitiBA A8lous PAAG DRutibH CN

ne or nt's e p

conprises reacting ¢ nmore. r eact 'n_t resence fpf ff
met al - or ganopho8pHicient togieniralizsand.remave afdeast sameAmenn| phsajq ere or
or ganophosphi t e nhdrg phdsploornsedidie ceampentds fromaid nedctionuprddoctrfuidsi ng one

or nmore products, the inpgp . | S| ' | essenin
hydr ol yti ¢ degradation of ﬁ%?ﬂgg%té&?ﬂﬂ&héﬂ%aﬂﬁﬁggﬂw %{1{((:1” °

| ( ] o&ganqp ap I1gan
deacti vati on of PEaventing and/ef lparrpng SyArqletie dggradlation it @ catal yst by
treating at | eastgendphobplabe igandaddioe deactivatioroefiax metalzorganophosphite

ligand complex catalyst which process comprises treating a reaction

product fluid containing a metal-organophosphite ligand complex
catalyst and optionally free organophosphite ligand and which also
contains one or more phosphorus acidic compounds, with an aqueous
buffer solution sufficient to neutralize and remove at least some

" amount of said one or more phosphorus acidic compounds from said
reaction product fluid.

This invention yet further relates in part to an improved
process which comprises reacting one or more reactants in the presence
of a metal-organophosphite ligand complex catalyst and optionally free
organophosphite ligand to produce a reaction product fluid comprising
one or more products, the improvement comprising preventing and/or
lessening hydrolytic degradation of any said organophosphite ligand
and deactivation of said metal-organophosphite ligand complex
catalyst by treating at least a portion of said reaction product fluid
derived from said process and which also contains phosphorus acidic
compounds formed during said process with an aqueous buffer solution



derived fromsaid process and which al so contains phosphorus acidic
conpounds formed during said process with an aqueous buffer sol ution
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to Aeutralize m;gg?;gve at | east sonme anount of the phosg&%é_%?%@z%gi gn

conpounds from sal action product fluid.

also relates in part to an inproved process for producing one or nore
products which conprises (i) reacting in at | east one reaction zone one
or mpre reactants in the presence of a  netal -organophosphite |igand
conpl ex catal yst and optionally free organophosphite ligand to produce a
reaction product fluid conprising one or nore products and (ii)
separating in at |east oneseparation zone or in said at |east one
reaction zone the one or nore products from said reaction product fluid,

t he i.nprovenent ¢ risin revent i and/ qr | esseni n rolytic
degradati on of asrlilyléfgllld 001?e e}ﬁ bﬁ?oaﬂﬁir: Y€ %&ﬁﬁSt sqg}?dmaggg{]%’ft}gﬁ on of said
net al - or ganophod¥iesplomisgsitic eempownds fromtsaid seachipn(prpdwgtifhddawi ng from

said at |east one reacti oTh#in®eRtior aldd relatbs I Pt t02R iBfBVEd priResPNe at
| east a portion

f_sajd.reaction produyct 11_‘1] I d derlvgfrglmsai process
and whi ch al so éﬁﬂ%ﬁ%‘g‘%‘%{bep‘?{&ﬁ%?m?&%% 'fﬁr?ﬁﬁ’é)m sﬁ PPty sai d
process, (b) trdeastegpeinsaction zanetone ayrraoraieactants bathrepresencesofat | east a
portion of the whéfatloAydhdp®asstifligai &hiplexchttifstdtld dsttbdalyfre@i d process
and which al so cant ai ks highrsghé)rus aqm dic con&ou{r_rh%s gﬁrgﬁd dur,ing said
process with an org%wglgag T 1R Lo, PrRdush adepetion RrRduch g ¢qmprising, g
renove at | east onegwmeorgrpyeductsandi) perssptiogis abdéast oneseprratids zonem sai d
reaction pr odigplinishid &b le@&ttbrleCreabifdn totd hel dife dr'BareprotifeGifran safpduct

fluid to sai d _at tl east oner tion zone or said at-1east,.one af aration
zone. reacticg} Producc A e FhipraYEment ARTSHIF BEY PO 4RUORpr oved
process for prodessenipgomedrolytientegradasinicofsanshiaid oxganwphesphitd digamhcting in

at |east one reagd dacBERRoPBEsH4 nﬂ@%ﬁﬁofg%@ﬁbﬁ@gp%iierli%m fmgsiegce of a
met al - or ganophos n . ex,.catal and optionally free

or ganophosphi t e cg%%%og# %ﬁlﬁggﬁﬁﬁ mg frggbﬁié%ttb?a& 88? regqion %"Wls?ﬁg one
or nore product $tieast one pepanationtzong at teast alpoxtion ofisaid gpaction predushe or in
said at |east OHRiddefived®fro&PSd PF6ceRB And wiith a1 Qetahs phbesRotak d

acidic compounds formed during said process, (b) treating in at least

one buffer treatment zone at least a portion of the withdrawn reaction

product fluid derived from said process and which also contains

phosphorus acidic compounds formed during said process with an

aqueous buffer solution sufficient to neutralize and remove at least

some amount of the phosphorus acidie compounds from said reaction

product fluid, and (c) returning the treated reaction product fluid to

said at least one reaction zone or said at least one separation zone.

This invention further relates in part to an improved

process for producing one or more products which comprises (i) reacting

in at least one reaction zone one or more reactants in the presence of a

metal-organophosphite ligand complex catalyst and optionally free

organophosphite ligand to produce a reaction product fluid comprising

one or more products and (ii) separating in at least one separation zone

or in said at least one reaction zone the one or more products from said

reaction product fluid, the improvement comprising preventing and/or

lessening hydrolytic degradation of any said organophosphite ligand



reaction product fluid, the inprovenent conprising preventing and/or

| esseni ng hydrol ytic degradation of any said organophosphite |igand
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deaetivation of said netal-organophosphite Iigand conpl ex catal yst by

treating at | eXQ9720W4rti on of said reaction product fluid REEVYSIEEP3FT om

sai d process and which al so contai ns phosphorus acidic conpounds f or nmed

during said process by introduci ng an aqueous buffer solution into said

at | east one reaction zone and/or said at |east one separation zone

sufficient to neutralize and renove at |east sone  anount of the
phosphorus aci di ¢ conpounds from sai d reaction product fluid.

This:invention relates in part to a process for separating one or nore
phosphorus aci di ¢ conpounds from a hydrofornylation reaction product fluid
contai ning said ong. or nore phosphorus acidic npounds, a

met al - or ganophosﬂ)‘l‘ﬁe feactivatinn of said) metalar &?‘}@ch%h@te ligand ﬁampiexr ree

(r)]r gan]?phoslphl t e datglystibyhreabingrardesst a:pﬁmfoth&ﬂ’%md fe%@hbﬁ@r&ﬁ%c? fluid ot
ydrofornyl atio t uf fer.gol ution
sufficient to nnd raai |ﬂzgﬂz§%{ g%%ve&g%g'l}%h@ rg‘n%h?ﬁp% 853 % Cone or
mor e phosphor us %EIRAURdS forprndhdnaring @m%moaessmmnémﬁumaam sgqueausct i on

product fl ui d buﬁ'er solution intd Baid atméﬂéﬁdriél’i'eabﬁ&x e PARd of Qalﬁaittleiéﬂ a

process for o hite lJ.gand, a alnst h dro tic

degr adat i on éegb.xclﬁ%ﬁ\nzo% g%% ?ﬂl?lgt a‘?fbd conp t agai nst
deacti vation Whl%o’ﬂ? tofdhe phe qr!alé@ @mmmrﬁlsﬁy@nmmcammodu@act i on
product fluid cdhiidi ning a netal -or ganophosphl te ligand conplex catalyst
and optionally free organ e || ich al S contai.ns one or
mor e phosphor us aci di c co%%ou%‘%gn W’lrﬁl% in gpgeﬁqsg ISPETE

sufficient to ndmeroximere phagpherusacidic cm@gundssfmm a hwdrofoxrmylatiod one or
nmor e phosphor us mﬁcﬁbmpﬂiﬂlﬁﬁoﬂﬂdﬁcdﬁtﬁmxng gaid diﬁédfr%&‘é%o% heFus KRAdik| on

product fl uid. hIS L nvent i gn furthe art to a
process for prec\(/nen toiuﬁss ahal qrggg%}ﬁlll% hq?&%f‘ mpﬁf@b %%3@15 ﬂgof an
or ganophosphi t e qm@aﬁHYM/qsgammspbam unnéwh;clnpmessmgammosph. te

treating said hydroformylation reaction product fluid with an aqueous
buffer solution sufficient to neutralize and remove at least some

amount of said one or more phosphorus acidic compounds from said
hydroformylation reaction product fluid.

This invention also relates in part to a process for
stabilizing an organophosphite ligand against hydrolytic degradation
and/or a metal-organophosphite ligand complex catalyst against
deactivation which process comprises treating a hydroformylation
reaction product fluid containing a metal-organophosphite ligand
complex catalyst and optionally free organophosphite ligand and which
also contains one or more phosphorus acidic compounds, with an
aqueous buffer solution sufficient to neutralize and remove at least
some amount of said one or more phosphorus acidic compounds from
said hydroformylation reaction product fluid.

This invention further relates in part to a process for
preventing and/or lessening hydrolytic degradation of an
organophosphite ligand and/or deactivation of a metal-organophosphite
ligand complex catalyst which process comprises treating a
hydroformylation reaction product fluid containing a metal-



| i gand conpl ex catal yst which process conprises treating a

hydr of ornyl ation reaction product fluid containing a netal - WO
97/ 20794 PCT/ US96/ 19359
-7- or ganophosphite Iigand conplex catal yst and optionally free

or ganophosphi tgvé)b'%ﬁ% and which al so contains one or nore ?gp@g&%:gg
aci di ¢ conpounds; "W th an aqueous buffer solution sufficien

neutralize and renove at | east sone anount of said one or nor e phosphorus
acidi ¢ conpounds from said hydrofornylation reacti on product fl uid.

This invention yet further relates in part to an inproved

hydr of ormyl ati on process which conprises r&acting one or nore olefinic
unsat urated conpounds wi th carbon nonoxi de and hydrogen in the presence
of a petal -organophosphite |igand conpl ex catal yst and optionally free

or ganophosphite ligand to produce a reaction product fluid conprising one
or note al dehyde ISk SptesH d/ or | essening
hydrol ytic degragr%g‘{bﬁ]hb?ﬂh%ﬁ bl r.g c%gél %tsagﬁte I |dl§%%@§nd
deactivation of Manpbosphite l A ey %hﬂ%e CPRERIRRIORGARMOKE cat al yst by
treating at | eastphasphworukanidic admpairds) wéthi am aqpecud batffer saluticder i ved from
sai d hydr of or ny! ibﬁfﬁentbgrxfé%%ﬁ 8haRfdbe t?&s@%%%‘d?ﬁmﬁﬂoﬂ%gfﬁbﬁe&c' dic

conpounds fornmed durin q%‘é ornylation process W th an aqueous
buf fer sol ution MArgANoEPRenusagidiecaIPRIUDAS Trom sahBydrofrmydatipn some anount
of the phospholresctivgl shodueofiidunds from said reaction product fluid.

This i ' I I
is invention also rel at Sﬁhigg %tsoé]ge@ﬁr{m@%?%m@@&gfagr mﬂrﬁ{,(ﬁ)nl cast

process for produyci ?& al d actin
one reaction zon °BFYI?I§I°§ Ra"p%qswleclaﬁeramﬁa%&awtmseﬁﬁa'ﬁme\fa% Higar bon
nonoxi de and hydmgetumteddfmmﬁﬁlemehearmn momddde and hydpdpearihithe | i gand

conpl ex catal yst p??%nﬁ@%f&%tguoxgaﬁgghoﬁhg@q SRYAE AN o, pr oduce

reaction product
separating in at opkigasl ber@e%wwmmhlte ligand &PWQ@%%PGB%UQ%B%Q““Ghe

reaction zone théluideomprisitgeont! clehytesldehydes|tlisintproeanendtompedingt - f 1 ui d,
the inmprovement %%Wnt?é‘&d/oﬁe@é’e‘?ﬁﬁé RYaAIiPhedBaS a0 BPally 4o YTi C

degradati on of a
organop

osphite ligand and deactivation of said metal-
organophosphite ligand complex catalyst by treating at least a portion
of said reaction product fluid derived from said hydroformylation
process and which also contains phosphorus acidic compounds formed
during said hydroformylation process with an aqueous buffer solution
sufficient to neutralize and remove at least some amount of the
phosphorus acidic compounds from said reaction product fluid.

This invention also relates in part to an improved
hydroformylation process for producing aldehydes which comprises (i)
reacting in at least one reaction zone one or more olefinic unsaturated
compounds with carbon monoxide and hydrogen in the presence of a
metal-organophosphite ligand complex catalyst and optionally free
organophosphite ligand to produce a reaction product fluid comprising

. one or more aldehydes and (ii) separating in at least one separation
zone or in said at least one reaction zone the one or more aldehydes
from said reaction product fluid, the improvement comprising
preventing and/or lessening hydrolytic degradation of any said
organophosphite ligand and deactivation of said metal-
organophosphite ligand complex catalyst by (a) withdrawing from said



or ganophosphite |igand and deactivation of said netal - or ganophosphi te

| i gand conpl ex catal yst by (a) withdrawing from said WO 97/ 20794
PCT/ US96/ 19359 - 8- at | east one
reaction zone or said at | east one separation zone at least a  portion of

a reaction product fluid derived from said hydrofornylation rocess and
whi ch al so con@*2%3tosphor us aci dic conpounds formed  dur iPGE/USANI3S9
hydr of ormyl ati on process, (b) treating in at |east one buffer t r eat ment
zone at |east a portion of the wi thdrawn reaction product fluid derived
from said hydrofornylation process and which al so cont ai ns phosphor us
aci di ¢ conpounds forned during said hydgof ornyl ati on process with an
aqueous buffer solution sufficient to neutralize and renove at | east sone
amount of the phosphorus acidic conpounds from said reaction product
fluid, and (c) returning the treated reaction product fluid to said at
| east. one reaction zone or said at | east. one separation zone,
This invention Phiieastenegeagtion sonepxspid af least ong 3RRagation zoneableast at i on
process for progudtliciyobh dedutithisproductfluidderivedfrdr said hpdofirngylatiomt | east
one reaction zo L . ‘ﬂﬁﬂg | car bon
nonoxi de and hyg’r?%ég%g%aﬁﬁ ‘{iﬁéﬁfﬁgggcé%@elﬁ%Pﬂgﬁﬂd’%g% gﬁfiécr,ga%p osgﬂeﬁi{l&&]l I gand
conpl ex cat al ystduzing ssid hydeafpxmylation pregegs(B) Bsasime:in ati ﬁ%ﬁﬁd’nﬁ?“%fe&duce a
reaction pr _OdUCttréldtﬂieﬁit @0nPhat Fasta poftish Oﬂthﬁm'ﬁh@fai;alﬂyéb:tioalr}ﬂ-odﬁét)
separating in atg]. . I S t one
reaction zone tﬁlé1 “ggg;‘?{g@?n%’?‘ggfgi@éfﬁ%rg‘é‘“g’&?ﬁé’?ﬁ;ré’é%é %ad;‘(’:v?l }cgnﬁgéoduct fluid,
the i nprovenent ceriains Bhogphorys acidicicomposnds frmedsdwringgald dr ol yti ¢
degr ?dat i on of aignr&aﬁdylaltmeéﬂsaﬁm ahaguegas Buffadsslatioh isuﬁldiaft tof said
nmet al - or ganophosphi [ t r lieast a

Palizb i AN 38 Thhel Bofig hhoity APYnk pROL g netdl?

g

portion of said reac ) [ rrve rom sal'd hydrofornylation
process and whi épmepypde Gienhsaid readigmprodactnid, anddpFstwadng Yh¢red duri ng
sai d hydr of or nyItpédted redctivassrolyct iuidad yaider leasteperasetibntzbee or saidl uti on

Into said at le%?tlea%@%{xfe%?ﬁﬁlia(mnéz%ﬂg. and/or said at |east one separation
ra

zone sufficient TO neu Ze and renhove at |east sone  anount of the
phosphor us aci di ¢ conpoundisingentien frrtheryelaes n parito an improved
hydroformylation process for producing aldehydes which comprises (i)

reacting in at least one reaction zone one or more olefinic unsaturated
compounds with carbon monoxide and hydrogen in the presence of a
metal-organophosphite ligand complex catalyst and optionally free
organophosphite ligand to produce a reaction product fluid comprising
one or more aldehydes and (ii) separating in at least one separation
zone or in said at least one reaction zone the one or more aldehydes
from said reaction product fluid, the improvement comprising
preventing and/or lessening hydrolytic degradation of any said
organophosphite ligand and deactivation of said metal-
organophosphite ligand complex catalyst by treating at least a portion
of said reaction product fluid derived from said hydroformylation
process and which also contains phosphorus acidic compounds formed
during said hydroformylation precess by intro. ucing an aqueous buffer
solution into said at least one reaction zone and/or said at least one
separation zone sufficient to neutralize and remove at least some
amount of the pfmsphorus acidic compounds from said reaction product
fluid.
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PCT/[ US96/ 19359 Detai |l ed Description
CGeneral Processes The processes of this invention nay be
asynmetric or non-asymretric, the preferred processes being

non: asymet ri cy, 794 TEY be conducted in any continuous or Slftfjli/ﬁs@?ﬂisis uous
fashi on and may 1 nvol ve any catalyst liquid and/ or gas recycle operation

desi red. The particul ar processes for producing products fromone or nore
reactants, as well as the reaction conditions and ingredients of the
‘processes are not critical features of this invention. The processing

t echni ques of this invention nmay correspongl to any of the known

processi ng techni ques heretofore enployed in conventional processes. For

i nstance, the processes can be conducted in either the liquid or gaseous
states and in a continuous, sem -continuous or batch fashion and invol ve

a liquid recycle and/or gas recycl el)&gﬁregtﬂe%gdggiog conbi nati on of such

systens as desired. Likew se, the of addition of the
reaction ingredi GeneralPrpegsses and sol vent are also not critical and may

be acconpl i shgd inf ?nydCOWﬂ&éh%bTBﬁﬁhbmerﬁﬁruﬁﬁﬁbe abm'aricltdire te(rjm
"reaction product uid" i.s. conte tQ | e . limted to,
a reaction mxtuP&*EEHERIHS _grP rgﬁeorgén(_fglbof&@fﬁggg_ﬁ% no_ndsr‘%orrng%‘f" Atr{?e :

fol l owi ng: (a) amastke copdyetedinaaytontinupys ariserohpindinuousdashipgand b) free
or ganophosphi t e hs33ndelve @hyQatalPst INRIiA aHAAT PR rd8ycle apérdtiondeaiednds
formed in the re tlolrlt:' ‘gd%I gorcodléct orraﬁld. I n t?ﬁctsfr ea%%opm&%) unr eact ed
reactants, and ( ﬁegﬁ of ganPeoo&d) ﬁg?ﬂn_?l 5‘“59}?58 f_f) sala

met al - or ganophospectants; amwell @s the seactiongopditicnscanshingredients of the

or ganophosphi te Er@.aé%s ar8 @of £atitd] Toatires bfthif inviedtioAC THeBESsidt 1S

R e

reaction medi um 1 ' 1 >
reacti on medi um Processing serhniquesheyetiofore eploygrd inceopventianalareresseseen

the separation zggeiraHsnde)thd prRédses cZ0Be cofdictbden eRR6E i liquEdiotm

wi thdrawn from t e J,G86tdtal afd i a WnAiRRALL sk 520 Rubd of bfieh Hltion
and involve a liquid recycle and/or gas recycle operation or a
combination of such systems as desired. Likewise, the manner or order
of addition of the reaction ingredients, catalyst and solvent are also not
critical and may be accomplished in any conventional fashion. As used
herein, the term "reaction product fluid" is contemplated to include,
but not limited to, a reaction mixture containing an amount of any one
or more of the following: (a) a metal-organophosphite ligand complex
catalyst, (b) free organophosphite ligand, (c) one or more phosphorus
acidic compounds formed in the reaction, (d) product formed in the
reaction, (e) unreacted reactants, and (f) an organic solubilizing agent
for said metal-organophosphite ligand complex catalyst and said free
organophosphite ligand. The reaction product fluid encompasses, but
is not limited to, (a) the reaction medium in the reaction zone, (b) the
reaction medium stream on its way to the separation zone, (c) the
reaction medium in the separation zone, (d) the recycle stream between
the separation zone and the reaction zone, (e) the reaction medium
withdrawn from the reaction zone or separation zone for treatment
with the aqueous buffer solution, (f) the withdrawn reaction medium
treated with the aqueous buffer solution, (g) the treated reaction



wi th the aqueous buffer solution, (f) the wi thdrawn reaction nmedi um
treated with the aqueous buffer solution, (g) the treated reaction

WO 97/ 20794

PCT/ US96/ 19359 -10- medi um
returned to the reaction zone or separation zone, and (h) reacti on nmedi um
in external codYQ@y7/20794 This invention enconpasses PEEULEAIF? ng
out of known conventional syntheses in a conventional fashion enploying a
nmet al - or ganophosphite Iigand conplex catalyst in which the netal -
organophosphite |igand conpl ex catal yst containing reaction product fluid
derived from said process and which al so ggntai ns phosphorus acidic
conpounds formed during said process is treated with an aqueous buffer
solution in order to neutralize and renove at | east sone anount of the

phosphorus acidi ¢ conpounds from said netal - or ganophosphite |igand
conpl ex cat al yst cgnt ai ning reaction Eroduct fluid to preve ;ﬁand/ or
| essen hydr ol yt i BeABYR BN tothe ypac 1°Br‘§§ﬁ8§ﬁ‘%§§"5ﬁ?"t’% zPﬁ‘%}éﬂ‘Vcﬂi

deactivation of iFdaetionneddiomgia expaamidosler. | i gand conpl ex cat al yst :
[Ilustrative processes in

hydroacyl ation (intranol ecu %&ve];lg{me%ﬁ%?sses tﬂg% m%% oc anat I.on,

hydr oam dat i on, WPBEQP@%M”&%EF% a conveRtions §aSh1°’AIe ?DF?S |‘5'smetal -
carbonyl ati on, obrghnophésplittel ligandwempled batatyst by vingetitd metal- and the |ike.

Preferred pr oces%%aaagmpmﬁ%%gd %ﬁoaxepfgéaxﬁa%&wa‘fnlpgcrgQRQ&wgﬁoqyy{ h carbon

nonoxi de, or wt dr ogen,
or with hydr ogenfleiddarined fromsaid prossasard which alse genfjns ph %Pbems of a

met al - or ganophosmmce:oinpgands €oriftldeduing shidSprocess TH eretbed withedfrer r ed
processes includg %%%L?{e%&%gioggg olrdEWEU 8&}(@%% é&{h[ %%&%HQQ H RN

Hydr of ornyl at i on accordance nven I ona
procedur es knomamﬁ“{‘héft&etp WOWW‘EFOI&PW metal- prepared by

reacting an ol ef brgagophosphitedigatidrdoaiple® 8abal ke camiciningyrdact@nprotiet
hydr of ornyl ati on Qﬂq e ganophosphite
| i gand conpl ex c%ﬁla yséﬂeg%gtcdrﬂhé&gﬁﬁ%neﬁﬁm?yt%%%ad &?{) £ tHe h droxxal dehydes
can be prepared eigapepkesphitedigand and deactivation of the metal organophosp ite
ligand complex catalyst.

Illustrative processes include, for example,
hydroformylation, hydroacylation (intramolecular and intermolecular),
hydrocyanation, hydroamidation, hydroesterification, aminolysis,
alcoholysis, carbonylation, olefin isomerization, transfer hydrogenation
and the like. Preferred processes involve the reaction of organic

" compounds with carbon monoxide, or with carbon monoxide and a third
reactant, e.g., hydrogen, or with hydrogen cyanide, in the presence of a
catalytic amount of a metal-organophosphite ligand complex catalyst.
The most preferred processes include hydroformylation,
hydrocyanation and carbonylation.

Hydroformylation can be carried out in accordance with
conventional procedures known in the art. For example, aldehydes can
be prepared by reacting an olefinic compound, carbon monoxide and
hydrogen under hydroformylation conditions in the presence of a
metal-organophosphite ligand complex catalyst described herein.
Alternatively, hydroxyaldehydes can be prepared by reacting an
epoxide, carbon monoxide and hydrogen under hydroformylation
conditions in the presence of a metal-organophosphite ligand complex



epoxi de, carbon nonoxi de and hydrogen under hydrof ornyl ati on condi tions

in the presence of a netal -organophosphite |igand conpl ex WO
97/ 20794 PCT/ US96/ 19359
-11- catal yst described herein. The hydroxyal dehyde can be hydrogenat ed

to a diol, €. Oy Q%gﬁgxypropionaldehyde can be hydrogenated t
pr opanedi ol . Fwé%o ornyl ati on processes are described nore fu
her ei nbel ow. | nt ranol ecul ar hydroacyl ati on can be carried out
in accordance with conventional procedures known in the art. For exanple,
al dehydes containing an olefinic group 3 to 7 carbons renoved can be
converted to cyclic ketones under hydroacylation conditions in the
presence of a netal -organophosphite |igand conplex catalyst described

her ei.n. I nt er nol ecul ar hydroacyl ati on can be carried out in
accordance with conventional procedures known in the art. For exanple,

ketones can be FHa‘E@ é@&eé@ﬁbé&%%}éiﬂgﬂ% d%ﬁfﬂl diand) gﬁ‘a[lg r

hydr oacyl ati on condft]jons jn_the prese q31(()1 a netal - ordapno %osp ite
ligand conpl ex @& dirl &8 davdoxyerep yde can be hydrogen Fdbcyanation can
be carried out ipropamaiiolaripdmifdrinylatiow phidesstslarpdesadhedmorefully i n t he
art. For exanpl g, r@f'nggwﬁg conpounds can be prepared by reacting an
olefinic c_orrpouncF an ydr ogen_cyani de under hydrocyanation conditions in

the presence of a netal - Rigamslacylanhydroagylation eampe earried euti® descri bed
herein. A pref eiceqrdahye witty eoiwehtionglroestureskabwadnthaait. o

nonconj ugat ed | 'ﬁl}lﬁ i | fr | ugated to an
ester group, eaeg‘)émﬂrlrge’tﬂ% pe%tcgﬂgggﬁl%?aﬁblgg?%ﬁ%ﬁggoﬁ%e?‘ ?hﬁ%gg%lj ugated to a
nitrile group, Temgved ganbricapesrted tq eycligiketongs amder bydroasylatiogen cyani de
in the presenceaonditibonsdhahy pregenee of & aietabdipanbphesphéieifgand dognplex o- val ent

ni ckel and a bi dc%@él%@c(ij&@ﬂﬁg hhfeihl 9and to produce a term nal
;o a

organonitrile, e.g. Iponrtrile, alkyl 5-cyanoval erate or 3-
(per f1 uor oal kyl ) pr opi oni t IRtesmolsculashyigrgacylatior eancbe garried atripi ed out in
the presence of scir@énse aditdconventibedl probdduits Rhowa ihtHe aety i@t | on

processes are dih6thdebndd cin IR EBhrdPby Featnp i oIoRH MR 25/ 14659,

aldehyde under hydroacylation conditions in the presence of a metal-

JU 596/19359

organophosphite ligand complex catalyst described herein.

Hydrocyanation can be carried out in accordance with
conventional procedures known in the art. For example, nitrile
compounds can be prepared by reacting an olefinic compound and
hydrogen cyanide under hydrocyanation conditions in the presence of a
metal-organophosphite ligand complex catalyst described herein. A
preferred hydrocyanation process involves reacting a nonconjugated
acyclic aliphatic monoolefin, a monoolefin conjugated to an ester group,
e.g., methyl pent-2-eneoate, or a monoolefin conjugated to a nitrile
group, e.g., 3-pentenenitrile, with a source of hydrogen cyanide in the
presence of a catalyst precursor composition comprising zero-valent
nickel and a bidentate phosphite ligand to produce a terminal
organonitrile, e.g., adiponitrile, alkyl 5-cyanovalerate or 3-
(perfluoroalkyl)propionitrile. Preferably, the reaction is carried out in
the presence of a Lewis acid promoter. Illustrative hydrocyanation
processes are disclosed in U.S. Patent No. 5,523,453 and WO 95/14659,
the disclosures of which are incorporated herein by reference.



the di sclosures of which are incorporated herein by reference. WO
97/ 20794 PCT/ US96/ 19359
-12- Hydr oam dati on can be carried out in accordance with
conventional procedures known in the art. For exanple, am des can be
prepared by reacting an olefin, carbon nonoxide and a pri matr\F/T or

secondary ami n¥08728Phoni a under hydroani dation conditions i RCT4E96/19359
presence of a netal -organophosphite |igand conpl ex catal yst descri bed

her ei n. Hydroesterification can be carried out in accordance
with . conventional procedures known in the art. For exanple, esters can
be prepared by reacting an ol efin, carlyen nonoxi de and an al cohol under

hydroesterification conditions in the presence of a netal -
or gangphosphite ligand conpl ex catal yst described herein.

Am nol ysis can be carried out in accordance with conventi onal procedures
known.in the art. For exarjg‘lé%, am, nes canbbe . prepared gy reacti ng an
olefin with a primary or ﬁﬁﬁgéfaté?ﬁf’@ € CAAREY O rRFFYSRECEWHE t i ons in

the presence of envehtibnal procedymes kinowplintthe lartjakiar exampplexamides| cantbe

descri bed herein b £ o} nfd L n
accordance with prepgrg%c{/e%{?%cnwg ar&ﬁﬁ #bb xp& %ﬁ% zf?t ._Qil.ll’fjt,)rIJ xanpl e,

roce Urgs nown |, ]

ethers can be  SESPRYZIVAIMAL MTARMORN? ¥i m@rﬂgﬁaw #trom copditings i hger
al cohol ysi s cpredendecsfa metdlherganaptesphite tigandebnalpler gaalyptidesehibed | i gand
conpl ex cat al yglejglescri bed herein. Car bonyl ati on can be
carried out in accordance[*vi th conyentional procedures known in the art.
For exanpl e, |actones can yd%@%ﬂ&ﬁﬁ?%%‘}/b‘? FRuEerkagt i acgprdance With ohol s
wi t h car bon nonowngentionsinsiecedieb khyivatindhe ast) dFér @tmple, édterspmapdsnce of a
metal - Or ganORRGSRUN b rbd R OB darhih Mol ARG hRGHRET Ghder

led O C a

| sonerization ¢ e carl | N actordance Wt nvent | on
procedur es knownYgrogsterificatiopgen i‘&ﬁﬁF’é,theaPWP'P‘E? of a gmetR)nol s can be

| sonmeri zed under onganophosphitedigardniniplex satiabysp deskrilsed hereirdehydes in the
presence of a netal -organqggmg,gig Ear b9 SR 8% ccordadt@iwigf descri bed

her ei n.

conventional procedures known in the art. For example, amines can be
prepared by reacting an olefin with a primary or secondary amine
under aminolysis conditions in the presence of a metal-
organophosphite ligand complex catalyst described herein.

Alcoholysis can be carried out in accordance with
conventional procedures known in the art. For example, ethers can be
prepared by reacting an olefin with an alcohol under alcoholysis
conditions in the presence of a metal-organophosphite ligand complex
catalyst described herein.

Carbonylation can be carried out in accordance with
conventional procedures known in the art. For example, lactones can
be prepared by treatment of allylic alcohols with carbon monoxide
under carbonylation conditions in the presence of a metal-
organophosphite ligand complex catalyst described herein.

Isomerization can be carried out in accordance with
conventional procedures known in the art. For example, allylic
alcohols can be isomerized under isomerization conditions to produce
aldehydes in the presence of a metal-organophosphite ligand complex
catalyst described herein.
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Tr ansf er hydr ogenati on can be carried out in accordance with conventional
procedures known in the art. For exanple, alcohols can be prepared by
reacting a ket opgosdpghepan al cohol under transfer hydr ogenat i gprgRskHoddsONS
In the presence of a netal-organophosphite | i gand conpl ex cat al yst

descri bed herein. The perm ssible starting materi al

react ants enconpassed by the processes of this invention are, of course,
chosen dependi ng on the particular process desired. Such starting

materials are well known in the art and-t&n be used in conventional
anounts in accordance with conventional nethods. Illustrative starting
mat er:i al reactants incl ude, for exanple, substituted and unsubstituted

al dehydes (intranol ecul ar hydroacyl ation), olefins (hydrofornylation,
car bonyl St on, i nt er nol emI@feﬂwaregéﬁ'At%ﬂ éah bWt RV 3k la@fbrdance

ydr oam dati on, eri m nol y 0 ones
(transfer  hydr Sth gﬁ?‘?"(ﬂ’#“’n@ 8’58° HV’(??"d’f‘G‘rti’ﬁlaéT hﬂr eﬁ‘@‘ﬁ?t‘fe?g’ﬂg? on),
al cohol s ( car beanlbetprepjredriy nelaetlhg Iaeketdnid and antalaohobfinder trahsfer r eact ant s
for effecting e@,g@i%ﬁecg ShiohBiis th t Q hmer
Encycl opedi a of tmfgfn‘l;hz:al ‘E;i 11 g}il ; gﬁ%&%t%ﬁlé%%lg%ogﬁbs!ﬁhggrt| nent

TheY-are

portions of whi ch&aPE PP eiBaf er ence.
IIlustrative netal -or ganop’lﬂbephrm:ssihlgatmltmgmnﬂenal rmtait:,sm°mppkse3dabl ein

the processes en%%@%?@&s@éé&ﬁ%hﬁh%ﬁﬁ&ﬁgpe e uegg }ﬁé&ﬂgﬁ%o% r their
ﬂ’re

preparation are he,art a i nclu |nthe
bel ow nenti oned V\E‘?Bﬁ lcu ?ﬁp@é’ﬁ%*r%ﬁmred [g’r'fhé’é't‘ P&%‘E@ SgEe

formed in situ asndbe;erh deticambs usdd in conventioms amnthts @n acairdeseewithal I y of
metal in conpl ex c6apdtibdal Sikthody, tﬂmuéﬁa@fvgas p%s‘a? 1'%9& ﬂts Jlfeﬁ,d%ctlve

speci es may al so  cont ai on ,no bonded
to the netal. for example, S“%th“‘i?gt g?‘é‘&@% §°‘FlﬁEI udes a

metal - or ganophéwﬁmatcylaltmglé,mieﬁ:mﬁhydmfoanylaymh mtnbohyhaamnbe optically

act | ?/e or nOR Oﬂltrllﬂe?ﬁﬂoiééu%'tﬁﬁoac ééfh&tﬁ@ﬁ?}&a%i%ﬂ.ﬁfpke up the
et al - or ganop Os%yh}'&sl;er%cggion, ino $§is' coh 815r Rei%nes (transfe

hydrogenation), epoxides (hydroformylation, hydrocyanation), alcohols
(carbonylation) and the like. Illustrative of suitable reactants for
effecting the processes of this invention are set out in Kirk-Othmer,
Encyclopedia of Chemical Technology, Fourth Edition, 1996, the
pertinent portions of which are incorporated herein by reference.

Hlustrative metal-organophosphite ligand complex
catalysts employable in the processes encompassed by this invention as
well as methods for their preparation are well known in the art and
include those disclosed in the below mentioned patents. In general
such catalysts may be preformed or formed in situ as described in such
references and consist essentially of metal in complex combination
with an organophosphite ligand. The active species may also contain
carbon monoxide and/or hydrogen directly bonded to the metal.

. The catalyst useful in the processes includes a metal-
organophosphite ligand complex catalyst which can be optically active
or non-optically active. The permissible metals which make up the
metal-organophosphite ligand complexes include Group 8, 9 and 10
metals selected from rhodium (Rh), cobalt (Co), iridium (Ir), ruthenium



metal s selected fromrhodium (Rh), cobalt (Co), iridium(lr), ruthenium
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PCT/ US96/ 19359 -14- (Ru), iron
(Fe), nickel (Ni), palladium (Pd), platinum(Pt), osm um (Os) and

m xt ur es ther:—:‘ﬁ with the preferred nmetals being rhodium cobalt,
iridiumand r ‘Hglfﬁ"u?ﬂ more preferably rhodium cobalt and P?T(Pﬁ%fﬂ%ﬁﬁ]
especi al l'y rhodium Qher pernissible netals include G oup 11 netals

sel ected from copper (Cu), silver (Ag), gold (Au) and m xtures thereof,
and also G oup 6 netals selected fromchromum (C), nolybdenum (M),
tungsten (W and m xtures thereof. Mxturgs of netals from G oups 6, 8,

9, 10 and 11 may al so be used in this invention. The perm ssible

or ganophosphite |igands whi ch make up t he netal - organophosphite |igand
conpl exes and free organophosphite | i gand i nclude nono-, di-, tri- and

hi gher pol yorga hos m s, of h |igands_may be enpl oyed if
desired in the %ﬁhl‘ Yo B %d‘l%% Plat{Rum (B %ﬁryg{mgaa? or free

l'i gand and suchandrmmtun‘essthampf tveith lthe paeferred metalebeing rhddiumn,icobehf i on is
not intended d{eﬁn Lahg‘rhﬁgedxﬂmaﬁ}'o BRbally rhidiuRe Shaf i

or ganophosphite S m xtur.es “t e not ed that the
successf ul pr aethe@éuw esppciallyrhogdiymn Qth espmmsa@b%mtalﬁdmp yde ot

predi cated on t lﬁh'oupd)laﬁétakt sabedtod Erond eamrmeﬁalsﬂoégmg)pg&amuu gndli gand
conpl ex speci es, L‘(}le‘l‘:lt;'e alaﬁ a‘iéqeé‘?me%éfiﬁﬁﬁ'g’el&?@aop}uc Yoifiinuc! ear

and/ or hi gher ure € not known.
Al though it i§ F?ofn MHH%(M% sungsten bW) padapixteres therasboMixtyres
nechani stic  dofmetslsdrom Grappe6) 8, 3,N8taridEl arlyadlys be usedii fiismay in its

sinplest form ation
with the orga?]op osoihl te ﬁ}éﬂ (}H’erg% %@%ﬁ%ﬁ#gﬁgmﬁ% a{%)‘r;gﬁ’r ogen when
used. etplongapep qsehﬁﬁé;gan Fomplexesand, ﬁe%mwamphwmeau s
means a coor di nighnd indaReriviof, Aied- bﬁdﬂi@dﬂpo@ibr@ﬁné}ﬂﬁ:s@hlt@r e

el ectroni cal ly M%P.u@'o?&&éh &l{ds%g%%ﬁgﬁf}%eed ﬁfdekl?g'c?ﬂ?ﬁgee et X! St ence

wth one or nore e L y@f of which S
al so capabl e of °T§EP ﬂﬂgﬂ epplex catalystand/er freq\ligand and ‘such

mixtures may be the same or different. This invention is not intended
to be limited in any manner by the permissible organophosphite
ligands or mixtures thereof. It is to be noted that the successful
practice of this invention does not depend and is not predicated on the
exact structure of the metal-organophosphite ligand complex species,
which may be present in their mononuclear, dinuclear and/or higher
nuclearity forms. Indeed, the exact structure is not known. Although
it is not intended herein to be bound to any theory or mechanistic
discourse, it appears that the catalytic species may in its simplest form
consist essentially of the metal in complex combination with the
organophosphite ligand and carbon monoxide and/or hydrogen when
used. '

The term "complex" as used herein and in the claims
means a coordination compound formed by the union of one or more
electronically rich molecules or atoms capable of independent existence
with one or more electronically poor molecules or atoms, each of which
is also capable of independent existence. For example, the
organophosphite ligands employable herein may possess one or more
phosphorus donor atoms, each having one available or unshared pair of



or ganophosphite |igands enpl oyabl e herein may possess one or nore
phosphorus donor atons, each having one avail able or unshared pair of
WD 97/ 20794
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which are eachywappghg of formng a coordinate coval ent bond 596119358
I ndependently or possibly in concert (e.g., via chelation) wt net al .

Car bon nonoxi de (which is also properly classified as a |igand) can al so
be present and conplexed with the nmetal. The ultinmate conposition of t he

conpl ex catal yst may al so contain an additional |igand, e.g., hydr ogen or
an anion satisfying the coordination sitedsor nucl ear charge of the
metal. Illustrative additional |igands include, for exanpl e, hal ogen (d,

Br, L), alkyl, aryl, substituted aryl, acyl, CF[err], Cerr]F[err], CN,
(R[err]PO and RP(O) (OH) O (wherein each Ris the sane or different and is

a substituted or el@@ﬁ‘H{E%ﬁ&fﬂé é}\éﬂrcfg%lg%@f&%ﬁhg@ coordﬁa&z covaléntdofd!  Of

aryl), acetate, acety cetonate rr], PFerr err err
N[ err], CH err]hdepep ]F@—Eﬂ*‘f‘@fy N cqrqerh ()8 v IEﬂNgerT‘ﬁ%%lr r] CN,
CH err] CN, NH[ er Chrbon myneéxidaéwhichlie aisohfrepenly classifid asmhgmda)fdansalso

di ol efi ns and {1 {0LelERBand ob iy Wit tﬂéaﬂxetaﬁn‘i’fﬂehn?tﬁﬁ%ﬁ% co*x;rpogﬁm fofcour se

to be understood t ex specles are pr er ee of any
addi ti onal or ganthe ?%%C%WYStﬂlbﬁlsPﬁ%taﬁéﬁta ’cﬂ‘i’é‘ c&Bal yst or have
an undue adver sehpdroget or anrantat edtysiymgethfmwmmmw kxte§orpn@:ﬂedrr ed in the

yar of o gl at i onc P HER! ’L@;f?ﬁqg{v‘“ﬁ%g ?h@%"“’ﬁgh?%&eﬁ#%ﬁﬁdﬁ S gpyena sulrur
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di rectly bonded ?’f)al?ﬁg f‘dB‘Ey
necessary. C2Fs5, CN, (Ripk© and BR(OYOFHHiv eyt exsbrRimthe ssmeot es on

such metals | Sd%k‘ént Qul}slgﬁtut% d'or.u stiflied %éﬂl‘é’éﬁ*goépae&&aqs may

compri se @ oy SomBho b A bl CUL S L i RS b BRSO
one  organophosP&I3; éllfaﬁst@HlFﬁélGIM &HBGMMH%@GMCMHBSNMB, of

metal, e. ]9 : hr hogy Mx?ﬁheF@I H@?l\?ﬂﬁﬁm-dléflihsg d?j&%h@ﬁ%&grlb?%bst he catalytic
Baction Iy be FSHIDERITARAARAhAIOHE. HobR UTsntp B BRQUBIoTIhat SRl 1 | on
t o the or ganophospitpler shedesar prieferably foée bfemycadditionaborgahitdligand or
anion that might poison the catalyst or have an undue adverse effect
on catalyst performance. It is preferred in the metal-organophosphite
ligand complex catalyzed processes, e.g., hydroformylation, that the
active catalysts be free of halogen and sulfur directly bonded to the
metal, although such may not be absolutely necessary. '
The number of available coordination sites on such metals
is well known in the art. Thus the catalytic species may comprise a
complex catalyst mixture, in their monomeric, dimeric or higher
nuclearity forms, which are preferably characterized by at least one
organophosphite-containing molecule complexed per one molecule of
metal, e.g., rhodium. For instance, it is considered that the catalytic
species of the preferred catalyst employed in a hydroformylation
reaction may be complexed with carbon monoxide and hydrogen in
addition to the organophosphite ligands in view of the carbon monoxide
and hydrogen gas employed by the hydroformylation reaction.
The organophosphites that may serve as the ligand of the
metal-organophosphite ligand complex catalyst and/or free ligand of



and hydrogen gas enpl oyed by the hydrofornyl ation reaction.

The organophosphites that may serve as the ligand of the

met-al - or ganophosphite |igand conpl ex catal yst and/or free ligand of
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-16- the processes and reaction product fluids of this invention nmay be
of ~the achiraO®B¢al 1y inactive) or chiral (optically actRTES%IBY and
are well known in the art. By "free ligand" is neant ligand that is not
conplexed with (tied to or bound to) the netal, e.g., netal atom of the
conpl ex catalyst. As noted herein, the processes of this invention and
especially the hydrofornylation process ngy be carried out in the presence
of free organophosphite Iigand. Achiral organophosphites are preferred.
Anong t he organophosphites that nay serve as the |igand of .t he

met al - or ganophosphite |igand conpl ex catal yst contai ning reaction product

m ght a1 50 be. pithe BRREoHPSIIGasHER PEFIOCt SRR TR IEStiaR ey be of
nonoor ganophos plthe achitabloptioaliy dsgutiveor chitali(optjealiyphctive) type amtiare _
thio | hventton® alaly KEOTREBAS arc™ By e BEANPR0 SRdH: 1Rt BRER A 020 © e
art.. comphexsaaeith (tied v@ onbernst (9l fop mstphieticmpta) atom, ?fgtg‘et hose
havi ng ;[/\,hhe for mlggﬂ:plex cataly8t As noted herein, the processes of thist invention alnd N
§1|ij rocar bg :1 © Ir gd i€ B%cef%l?}g ?‘gﬁnﬁf%‘g’f‘%srﬁg‘ﬁ%ﬁ&? g?c%sg%g%%%@%{rgfﬁg O?ré utglg E}éae\z;? e(ra , such
as trival ent acyrepsenceefifreeiopganaphogphits lisand)i Aghiral erganophgsphites are
preferred.
Among the organophosphites that may serve as the ligand
of the metal-organophosphite ligand complex catalyst containing
reaction product fluids of this invention and/or any free
organophosphite ligand that might also be present in said reaction
product fluids are monoorganophosphite, diorganophosphite,
triorganophosphite and organopolyphosphite compounds. Such
organophosphite ligands employable in this invention and/or methods
for their preparation are well known in the art.
Representative monoorganophosphites may include those
having the formula:

1/O\.
R—O—P
\O/

(I

wherein R1 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater,
such as trivalent acyclic and trivalent éyclic radicals, e.g., trivalent
alkylene radicals such as those derived from 1,2,2-trimethylolpropane
and the like, or trivalent cycloalkylene radicals such as those derived
from 1,3,5-trihydroxycyclohexane, and the like. Such
monoorganophosphites may be found described in greater detail, for



al kyl ene radi cals such as those derived from1, 2, 2-tri nethyl ol propane and
the |like, or trivalent cycloal kyl ene radicals such as those derived from
1, 3,5-tri hydroxycycl ohexane, and the |ike. Such nonoor ganophosphi t es may

be found described in greater detail, for WO 97/ 20794

PCT/ US96/ 1935%wo0 97720794 -17- E‘? E’

U. S. Patent No. 4,567,306, the disclosure.of which is | ncorporat e ere| n
by reference thereto. Represent ati ve di organophosphites may

i ncl ude those having the forrmula: [err] wherein R2 represents a

substjtuted or unsubstituted dival ent hydr ocar bon radi cal containing from
4 to 40 carbon atons or greater and Wrapresents a substituted or

unsubsti t ut ed nonoval ent hydr ocar bon radi cal containing from1 to 18
carbon atons or greater. Representative substituted and
unsubstituted nonoval ent hydrocarbon radicals represented by Win the
above- Forml a (|dsdambBohdS, Pokihe 950 867 506 AleCitclositliob Gridplesent al i ve
substituted and . unsubst i é‘ en ydroca on radicals represented by
Rl err] include WFVWW@@W}HW ’?92%}'385? &XRtP- di val ent aromatic radicals.
Il'lustrative divalent acRebresentativeedisrgeipiphosphifesrmay angihde tidsky! ene,

al kyl ene-oxy-  aldhehse £ s.ene- NR4-al kyl ene wherein R4 is hydrogen or a
substituted or unsubstitute nDnovaIent hydrocarbon radical, e.g., an
al kyl radical having 1 to 4 carbon ato al kyl ene- S- al kyl ene, and

cycl oal kyl ene radicals, and the |iKke. armre preferred divalent acyclic
radi cal s are the dival ent al kyl ene r&li ca ﬁ %ICWS di scl osed

(an

wherein R2 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater.
Representative substituted and unsubstituted monovalent
hydrocarbon radicals represented by W in the above Formula (II)
include alkyl and aryl radicals, while representative substituted and
unsubstituted divalent hydrocarbon radicals represented by R2 include
divalent acyclic radicals and divalent aromatic radicals. Illustrative
divalent acyclic radicals include, for example, alkylene, alkylene-oxy-
alkylene, alkylene-NR4-alkylene wherein R4 is hydrogen or a
substituted or unsubstituted monovalent hydrocarbon radical, e.g., an
alkyl radical having 1 to 4 carbon atoms; alkylene-S-alkylene, and
cycloalkylene radicals, and the like. The more preferred divalent
acyelic radicals are the divalent alkylene radicals such as disclosed
more fully, for example, in U.S. Patent Nos. 3,415,906 and 4,567,302
and the like, the disclosures of which are incorporated herein by
reference. Illustrative divalent aromatic radicals include, for example,
arylene, bisarylene, arylene-alkylene, arylene-alkylene-arylene,
arylene-oxy-arylene, arylene-NR4-arylene wherein R4 is as defined
above, arylene-S-arylene, and arylene-S-alkylene, and the like. More



nore fully, for exanple, in U S. Patent Nos. 3,415,906 and 4,567,302 and
the like, the disclosures of which are incorporated herein by reference.
Il'lustrative divalent aromatic radicals include, for exanple, arylene,

bi saryl ene, aryl ene-al kyl ene, aryl ene-al kyl ene-aryl ene,
arﬁlene-oxy-aﬁmé rylene NR[err]-arylene wherein R4 is as_defined
above, aryl ene- ary?e and aryl ene-S-al kyl ene, and the |iKeMUR5H1&359

WD 97/ 20794 PCT/ US96/ 19359
- 18- preferably R2 is a divalent aromatic radi cal such as disclosed
nore, fully, for exanple, in U S. Patent Nos. 4,599, 206, 4,717,775,

4, 835, 299, and the |ike, the disclosurgg.of which are incorporated herein
by _reference. Representative of a nore preferred cl ass of
di organophosphites are those of the formula: [err] wherein Wis
as defined above, each Ar is the sane or different and represents a
substituted or unsubstltgted aryl radical, each y is the sane or different
and is a val ue preferably R? ipadipalentaromatieiradical such as disclepedmoens sel ect ed

{qu om - C(R] eL r ]Ré fly, ¥or, exa@nple ﬁtgl sf Fﬂt@ﬂiﬁNos dﬁsﬁﬂa@s 4, 'mewﬁ -4,8851299,CO-, vl
erein eac Lffer nd represen an a
radi cal havi ng ?Jr:%r%%;ﬁ# q‘ﬁ@%’:’%%‘ﬁe%f’ﬁﬁém%pﬁ{sﬁg} PO ?heéﬂﬂ%gm syl, R4 |>/s

as defined abov&fe@@ﬁ R5 is the same or different and represents hydrogen
or a nmethyl radical, and RegrésehtifiVé!6f a more preferred class of

diorganophosphites are those of the formula:

Ar—0O

|
(C|H2) y \

Ar—0
(IID

wherein W is as defined above, each Ar is the same or different and
represents a substituted or unsubstituted aryl radical, each y is the
same or different and is a value of 0 or 1, Q represents a divalent
bridging group selected from -C(R3)2-_, -0-, -S-, -NR4-, Si(R5)9- and -
CO-, wherein each R3 is the same or different and represents
hydrogen, an alkyl radical having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, R4 is as defined above, each RS is the same or
different and represents hydrogen or a methyl radical, and m is a value
of 0 or 1. Such diorganophosphites are described in greater detail, for
example, in U.S. Patent Nos. 4,599,206, 4,717,775, and 4,835,299 the
disclosures of which are incorporated herein by reference.

Representative triorganophosphites may include those
having the formula:



of 0 or 1. Such diorganophosphites are described in greater detail, for
exanple, in U S. Patent Nos. 4,599,206, 4,717,775, and 4, 835, 299 the

di scl osures of which are incorporated herein by reference.

Representative triorganophosphites nmay include those having the fornula:

W0, 97/ 20794  wo 9720794 BeThlded 359
-19- [err] wherein each R6 is the sane or different and ﬁéig
substituted or unsubstituted nonoval ent hydrocarbon radical e.g., an al kyl,
cycloal kyl, aryl, alkaryl and aral kyl radicals which may contain from1l to
24 carbon atons. Illustrative triorganophosphites include, for exanple,
trial kyl phosphites, dialkylaryl phosphit¥s, alkyldiaryl phosphites,
triaryl phosphites, and the |like, such as, for exanple, trinmethyl
phosphite, triethyl phosphite, butyldiethyl phosphite, tri-n- propyl
phosphite, tri-n-butyl phosphite, tri-2-ethyl hexyl phosphite, tri- n-octyl
phosphite, tri-n-dodecyl phosphite, dinethyl phenyl phosphite, diethylphenyl
phosphi te, nethyl di phenyl phosphite, ethyl Eﬁ%nyl phosphite, triphenyl
phosphite, trinaphthyl phosphite, bis(3, ,gjégi-t-

XYy

but yl - 2- napht hyl ) net hyl phosphite, bis(3,B\ I -t-butyl -2-

napht hyl ) cycl ohexyl phosphite, tris(3,6-di-t{@R6tyl-2-naphthyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl) (4-bi phenyl)phosphite,_ _bis( 3,6,8-tri-t-
but yl - 2- napht hyl ) phenyl phosphite, bis(3,6,8-tri-t-but $f¥2- napht hyl ) ( 4-
benzoyl phenyl ) phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-

sul f onyl phenyl ) ptiesgini daeh R theeahieke: diffefentesid ipaafibstibsted or

tri or ganophosphighgubsidutid RRAYY ALRE AP RartiGRaldah @IANPRAYEPNI t es
cycloalkyl, aryl, alkaryl and aralkyl radicals which may contain from 1
to 24 carbon atoms. Illustrative triorganophosphites include, for
example, trialkyl phosphites, dialkylaryl phosphites, alkyldiaryl
phosphites, triaryl phosphites, and the like, such as, for example,
trimethyl phosphite, triethyl phosphite, butyldiethyl phosphite, tri-n-
propyl phosphite, tri-n-butyl phosphite, tri-2-ethylhexyl phosphite, tri-
n-octyl phosphite, tri-n-dodecyl phosphite, dimethylphenyl phosphite,
diethylphenyl phosphite, methyldiphenyl phosphite, ethyldiphenyl
phosphite, triphenyl phosphite, trinaphthyl phosphite, bis(3,6,8-tri-t-
butyl-2-naphthyl)methylphosphite, bis(3 ,6,8-tri-t-butyl-2-
naphthyl)cyclohexylphosphite, tris(3,6-di-t-butyl-2-naphthyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-biphenyl)phosphite, bis(3,6,8-tri-t-
butyl-2-naphthyl)phenylphosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)4-
benzoylphenyl)phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-
sulfonylphenyl)phosphite, and the like. The most preferred
triorganophosphite is triphenylphosphite. Such triorganophosphites
are described in greater detail, for example, in U.S. Patent Nos.
3,527,809 and 5,277,532, the disclosures of which are incorporated
herein by reference. _

Representative organopolyphosphites contain two or more

tertiary (trivalent) phosphorus atoms and may include those having
the formula:



are described in greater detail, for exanple, in US. Patent Nos. 3,527,809
and 5,277,532, the disclosures of which are incorporated herein by

refer ence. Represent ati ve organopol yphosphites contain two or
nore tertiary (trivalent) phosphorus atonms and nmay include those having

t he fornul a: WO 97/ 20794

PCT/ US96/ 19359W0 9720794 - 20- PCITAISp4/19359

(V) wherein X represents a substituted or unsubstituted n-val ent organic
bridging radical containing from2 to 40 carbon atons, each R7 is the sane
or different and represents a divalent organic radical containing from4
to 40 carbon atonms, each R err] is the sage or different and represents a
substituted or unsubstituted nonoval ent hydrocarbon radical containing
from1l to 24 carbon atons, a and b can be the sane or different and each
have a value of 0 to 6, with the proviso that the sumof a + bis 2 to 6
and n equals a + b. course it is.to be wunderstood that when a has a
value of 2 or nore, pach Reprr] radijcal ”%*L_?f the sane or different. Each
Rlerr] radical may a|sgibé fhe‘sa or |differew_any_given conpound.
Representative n-val \gpref ab I val ent) or R I dgi ng radicals
represented by X and repreeﬁﬁ?;tive div IqﬁL- gani c rfadicals represented
by R7 above, includetboth acyclic radi cals and aromatilg radicals, such as
al kyl ene, al kyl ene-Qm al kyl ene, cycl oal kyl ene, aryl ene, bisaryl ene,

aryl ene- al kyl ene, and aryl ene- (CH[err])[err]-Ch}(CHLerr])[err@Darylene
radi cals, and the |ike, wherein each Q [err] and mare as defined above

in Formula (111 Qﬁhe;rcgﬁ fpépgegén% ?Arsﬁx%gtituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R7 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R8 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, a and b can be the same
or different and each have a value of 0 to 6, with the proviso that the
sum of a + b is 2 to 6 and n equals a + b. Of course it is to be
understood that when a has a value of 2 or more, each R7 radical may
be the same or different. Each RS radical may also be the same or
different any given compound.

Representative n-valent (preferably divalent) organic
bridging radicals represented by X and representative divalent organic
radicals represented by R7 above, include both acyclic radicals and
aromatic radicals, such as alkylene, alkylene-Qm-alkylene,

cycloalkylene, arylene, bisarylene, arylene-alkylene, and arylene-
(CH2)y-Qm-(CH2)y-arylene radicals, and the like, wherein each Q, y
and m are as defined above in Formula (III). The more preferred
acyclic radicals represented by X and R7 above are divalent alkylene
radicals, while the more preferred aromatic radicals represented by X
and R7 above are divalent arylene and bisarylene radicals, such as
disclosed more fully, for example, in U.S. Patent Nos. 4,769,498,
4,774,361: 4,885,401; 5,179,055; 5,113,022; 5,202,297; 5,235,113;
5,264,616 and 5,364,950, and European Patent Application Publication
No. 662,468, and the like, the disclosures of which are incorporated



acyclic radicals represented by X and R7 above are dival ent al kyl ene

radi cals, while the nore preferred aromatic radicals represented by X and
R7 ‘above are dival ent arylene and bisaryl ene radicals, such as disclosed
nore fully, for exanple, in U S. Patent Nos. 4,769, 498; 4,774, 361:

4,885, 401; 5, 1% Pferesd, 113, 022; 5, 202, 297; 5, 235, 113; 5, 2641,(_6‘,’;@@59@&53

5, 364, 950, and European Patent Application Publication No. 662, 468, and
the Iike, the disclosures of which are incorporated VO 97/ 20794
PCT/ US96/ 19359 -21- herei n by
ref erence. Representative preferred nonoval ent hydrocarbon radicals
represented by each Rl err] radical above-2hclude al kyl and aromatic

radi cal s. Il'lustrative preferred organopol yphosphites nmay
i ncl yde bi sphosphites such as those of Formulas (VI) to (VII1) bel ow
[err] _ (V1)

- herein by reference. Representative preferred monovalent hydrocarbon
radicals represented by each R8 radical above include alkyl and
aromatic radicals. '

Illustrative preferred organopolyphosphites may include
bisphosphites such as those of Formulas (V) to (VIII) below:

7 \ X
A /
2
(VD)
RB—O\P_ )
~
-0
2
(VII)
o—nrR8
AL >P—O—X——O—P<
O—R8

(VIID

wherein each R7, R8 and X of Formulas (VI) to (VIII) are the same as
defined above for Formula (V). Preferably each R7 and X represents a
divalent hydrocarbon radical selected from alkylene, arylene, arylene-
alkylene-arylene, and bisarylene, while each R8 radical represents a
monovalent hydrocarbon radical selected from alkyl and aryl radicals.
Organophosphite ligands of such Formulas (V) to (VIII) may be found
disclosed, for example, in U.S. Patent Nos. 4,668,651; 4,748,261;
4,769,498; 4,774,361; 4,885,401; 5,113,022; 5,179,055; 5,202,297:



wherein each R7, R8 and X of Formulas (VI) to (M11) are the sane as
defined above for Fornmula (V). Preferably each R err] and X represents a
di val ent hydrocarbon radical selected from al kyl ene, aryl ene, aryl ene-

al kyl ene-aryl ene, and bisarylene, while each R8 radical represents a
nmonoval ent hy radi cal selected fromal kyl and aryl | cal

Or ganophosphi Ségﬁ%?%gs of such Fornmulas (V) to (M11) may bg%?@g%ff%jsg
di scl osed, for exanple, in U S. Patent Nos. 4,668, 651; 4,748, 261,

4,769, 498; 4,774,361; 4,885,401; 5,113,022; 5,179, 055; 5, 202, 297;

-22- 5,235, 113; 5, 254,741; 5, 264,616; 5,312,996; 5, 364, 950; and
5,391,801; the disclosures of all of whiggh are incorporated herein by
r ef er ence. Representative of nore preferred classes of

or ganobi sphosphites are those of the followng Formulas (I X) to (Xl)

iy 5,235,113; 5,254,741; 5,264,616; 5,312,996; 5,364,950; and 5,391,801,
the disclosures of all of which are incorporated herein by reference.
Representative of more preferred classes of
organcbisphosphites are those of the following Formulas (IX) to (XI)

p

Ar—0O

SHaly N\

?m P—-0O— X

(CH2)y /

Ar—OQO

(IX)

X)

XD

wherein Ar, @, R7, R8, X , m, and y are as defined above. Most

=2

preferably X represents a divalent aryl-(CH2)y-(Q}m-(CH2)y-aryl



[err] ~wherein Ar, Q Rerr], Rerr], X m and y are as defined
above. Most preferably X represents a dival ent

aryl-(CHerr])[err]-(QJerr]-(CHerr])[err]-aryl WO 97/ 20794

PCT/ US96/ 19359 - 23- radi cal
wher ei n each ywb@%d.gbplual |y has a value of 0 or 1, mhas a Vak¥Risesn9ise0 Or
1 and Qis -0-, -S -C(R[err])[err] where each Rlerr] is the sanme or

di fferent and represents hydrogen or a nethyl radical. Mre preferably
each al kyl radical of the above defined R8 groups may contain from1l to
24 carbon atons and each aryl radical of the above- defined Ar, X, Rerr]
and 'Rlerr] groups of the above Formulas ¢23) to (Xl) may contain from®6
to 18 carbon atons and said radicals may be the sanme or different, while
the preferred al kyl ene radi cals of X may contain from2 to 18 carbon
atons and the preferred al kyl ene radical s of R7 may contain from5 to 18

carhon atons. | Radiddll whe¥bin REK ?fiﬁ«i&kri/duallyheasdé valhRIif 04r 1; 36 had laSvaané
divalent aryl r 3 %%llsan(g Q>1(s 96 - Or - kg)z where each R3 is the same or

different and represents hydrogen or a methyl radical. More
preferably each alkyl radical of the above defined R8 groups may
contain from 1 to 24 carbon atoms and each aryl radical of the above-
defined Ar, X, R7 and R8 groups of the above Formulas (IX) to (XI)
may contain from 6 to 18 carbon atoms and said radicals may be the
same or different, while the preferred alkylene radicals of X may
contain from 2 to 18 carbon atoms and the preferred alkylene radicals
of R7 may contain from 5 to 18 carbon atoms. In addition, preferably
the divalent Ar radicals and divalent aryl radicals of X of the above
formulas are phenylene radicals in which the bridging group
represented by —-(CH2)y«(Q)m—(CH2)y— is bonded to said phenylene
radicals in positions that are ortho to the oxygen atoms of the formulas
that connect the phenylene radicals to their phosphorus atom of the
formulae. It is also preferred that any substituent radical when
-present on such phenylene radicals be bonded in the para and/or ortho
position of the phenylene radicals in relation to the oxygen atom that
bonds the given substituted phenylene radical to its phosphorus atom.
Of course any of the R1, R2, R6,R7 R8, W,X, Q and Ar
radicals of such organophosphites of Formulas (I) to (XI) above may be
substituted if desired, with any suitable substituent containing from 1
to 30 carbon atoms that does not unduly adversely affect the desired
result of the process of this invention. Substituents that may be on
said radicals in addition of course to corresponding hydrocarbon
radicals such as alkyl, aryl, aralkyl, alkaryl and cyclohexyl
substituents, may include for example silyl radicals such as -Si(R10)3;

amino radicals such as -N(R10)g; phosphine radicals such as -aryl-
P(R10)9: acyl radicals such as -C(O)R10 acyloxy radicals such as -
OC(OJR10; amido radicals such as -CON(R10)2 and -N(R10)COR10;
sulfonyl radicals such as -S02R10, alkoxy radicals such as -OR10;



formul as are phenyl ene radicals in which the bridging group represent ed
by -(CHerr])[err]-(Qm(CHerr])[err] is bonded to said phenyl ene

radicals in positions that are ortho to the oxygen atons of the fornul as

t hat connect the phenylene radicals to their phosphorus atom of the
formulae. It igsahsfhepreferred that any substituent radical when F)resent
on such phenyl ene 7&dl cal s be bonded in the para and/or orthFCTYBUBHN of
t he phenylene radicals in relation to the oxygen atomt hat bonds t he

gi ven substituted phenylene radical to its phosphorus atom

O course any of the Rerr], Rerr], Rerr], Rerr], Rerr], W X, Qand Ar
radi cal s of such organophosphites of Formghas (lI) to (XI) above may be
substituted if desired, with any suitable substituent containing from1

to 30 carbon atons that does not unduly adversely affect the desired

result of the process of this invention. Substituents that may be on sai d
radicals in addition of course to corrgspondi n]grah drocar bon {(ftdi cal s such

as al kyl, aryl, syl PWa,dl‘éﬂlkﬁV‘ih aumPRY6 Isgleny 1elg such a2fR V. nay i ncl ude
for exanpl e si| yphospbiony redivatdhsuch asSP(GKBAP)9, [asrwdll as haloges, iesh, cal s such

-N . ph hi dj cal h - | -, P ;
2oyl Fadi cal b 5&% ng OARREpeLhyh hidioRs sydicalh ead oie like, wbelein ebth & K or
am do radical s radicalGonjvidleally ypresentsithe sai&pe differetRm@noyalent sul f onyl

(A%digg 7“23 73 ZCh AshydP6dabbh Fhichl hawthl 2ovn 'i%gil%aéﬁb&i’%bn%sc.(ﬁ%%}r&]@ggb

- 24- sul fi AFAIEYAgRikary andeyclphexdgndisals), with thegrovisadbatans such as
-SRerr]  phos sming|substitwerits secit hs N(RIVOR4el BAPthken tdgesiserven alas

hal , nitro, .1l . [.cal .1 .1 i ke,
el ogen. i 10" sppRkaAPa oAl AR b IS Bk bR etygc | 5o
monoval ent hde'B}&éﬁf)BhtrP&?ﬂ atom, 1and; inpopidgsubstitnends suelbas- at ons (e. g. ,

al kyl, aryl,  &HEONYR1Og dmt \N(RINCOREP ehckx R1Oamidedlts N casi alsobee provi so

FENRIRI T PR RN CTARCTIN N TN
het er ocycli ¢ radinsabstitutied lhydnecanbor raglivala goopsahat mmkenipe pautietlat uent s
such as - O OghdRl 8¥gabbbRédahi@lay b Bhebak: Grifksehteach Rierr] bonded to
N can al so be hydr ogen. Pﬁr cour.ge pt ib% t%(g. b%&@nggr st ood lt at any of the
substituted or  unsubsti MEFEAPRSAFAOLINSHakyg seke P At make up a
particul ar primary, secondary and tertiary alkyl radicals such as methyl, ethyl, n- .

propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, amyl,

sec-amyl, t-amyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals

such as phenyl, naphthyl and the like; aralkyl radicals such as benzyl,

phenylethyl, triphenylmethyl, and the like; alkaryl radicals such as

tolyl, xylyl, and the like; alicyclic radicals such as cyclopentyl,

cyclohexyl, 1-methyleyclohexyl, cyclooctyl, cyclohexylethyl, and the

like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -

OCHgCH9OCHg, -O(CHoCH3)9OCHg, -O(CH9CH9)3OCHg, and the

like; aryloxy radicals such as phenoxy and the like; as well as silyl

radicals such as -Si(CHg)g, -Si(OCHg)g, -Si(CgHr)3, and the like;

amino radicals such as -NHg, -N(CHg)o, -NHCHg, -NH(C9Hj5), and the

like; arylphosphine radicals such as -P(CgH5)2, and the like; acyl

radicals such as -C(0)CHjg, -C(O)CoHj, -C(O)CgHj, and the like;

carbonyloxy radicals such as -C(O)OCHg and the like; oxycarbonyl

radicals such as -O(CO)CgHj, and the like; amido radicals such as -

CONH,, -CON(CHg)s, -NHC(O)CHg, and the like; sulfonyl radicals



gi ven organophosphite may be the sanme or different. Mor e

specifically illustrative substituents include primary, secondary and
tertiary alkyl radicals such as nethyl, ethyl, n- propyl, isopropyl,
butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, anyl, sec-anyl, t-anyl,

i sa-octyl, decwosmetsadecyl, and the |ike; aryl radicals S yehnasepsny! |
napht hyl and the |ike; aral kyl radicals such as benzyl, phenyl et hyl ,
triphenyl methyl, and the like; alkaryl radicals such as tolyl, xylyl, and
the like; alicyclic radicals such as cycl opentyl, cycl ohexyl,

1- et hyl cycl ohexyl, cyclooctyl, cycl ohexylethyl, and the i ke; al koxy

radi cal s such as met hoxy, ethoxy, propoxy25--butoxy, -

OCH err]CH err]OCH err], -OCHerr]CHerr])[err]OCCH err],

-Q(CGH err]CH err])[err]OCH err], and the | i ke; aryloxy radicals such as
phenoxy and the |ike; as well as silyl radi cal s such as

- Si (LH err]) [ er rsuch aSi-S@N0H andthe like; Sulfelye radich R such[a8r-810)CH4 t he

Nl er 1] H or ¢ [ BediR éﬂlfgﬁlkgﬁkéfﬁ%hé?%ﬁ%ﬂ SGbfls Soay el

-P(d err] H err] )thedike; pherphonz! radicals sugh as -H@ACeal 52RO EF )60 CH err ],
-C(O d err] H er ri) ) g(o})(!d[3g1 )-,,.p@gqct pfg) ,i-P?O)(C rl;) nyl oxy radical s
such as -qqgﬁpﬁéﬁﬁﬁ Iéi:fﬁ@%g%b%?n%{; %);1 di cal §%cﬁ as

-Qcoderr]H , ®&uch as - CONH[ err],
-CON(CH err])[err], -NHC( ShédifienTdstrativd etxaﬁmdléé@ﬁsu%ulcfrgmp}{ggﬂ&i |'s

WO 97/ 20794 . . lowing: PCT/ US96/ 19359

- 25- such aglg-agfiﬁ)“fcé?’?lﬁ‘ E&eefr‘o}fﬁfrég’r] and the like; sulfinyl radicals
such as - S( 0 CHZtbityldrmtethnxyphenyl(X3ididrbuityk-58/-dahethosptl, Bbiptaayl-err ],
-SCerr]Herr], 22Cdignsiddphitelhay helfBfnhike; phosphonyl radicals such as
-P(O(Cerr]Herr])[err], -P(O( err])[err], - P(O((err]Herr])[err],
-P(O(Cerr]Herr])[err] -P(O(Cerr]Herr])[err],
-P(O(Cerr]Herr])[err]- P(O)CH[Egr_E .(aerr] Herr]),
-P(O(H(Cerr]Herr]), and the |iKej} “CH, CH Specific illustrative
exanpl es of such organophosphitfa jands tna%uéﬁ the foll ow ng:

2-t-butyl -4-nmet hoxyphenyl ( 3, §H, |u 9\I -5, 5"\ di het hoxy-1, 1'-biphenyl -
2,2' -diyl ) phosphite having the formfl a: P—-O@OOH

Ligand A

methyl(3,3"-di-t-butyl-5,5"-dimethoxy-1,1"-biphenyl-2,2'-diyl)phosphite
having the formula:

CH,
CH,-c-CH,

oo
- \

P—O—-CH,

/
ano{D)-d

,C-CH,
CH; cH,



[err] thyl(3 3'-di-t-butyl-5,5" -di net hoxy-1

, 1' - bi phenyl -2, 2' -di yl ) phosphite having the fornul a: [err]
VO 97/ 20794 '
PCT/U896/19359 - 26-
Li gand B -bi s(1, 1-di net hyl et hyI )- [1,1' -binaphthyl]
-2,2' -diyl] b| S 8>[<9£7/? 7% s- i benzo[ d,f] [1, 3, 2] -di oxaphosphepiP&T29¢/1985% he

formJIa

-26-

) Ligand B

6,6'-[14,4"bis(1,1-dimethylethyl)-[1,1-binaphthyl] -2,2'-diyl]bis(oxy)}bis-
dibenzo{d,f][1,3,2]-dioxaphosphepin having the formula:

XS,
(CHYC Q Q C(CHy,
O o\f c\P/ Q
(- N

6,6'—[[3,3'-bis(1,l—dimethylethyl)-s,5'-dimethoxy-[1,1'—bipheny1] -2,2'-
diyllbis(oxy)]bis-dibenzold,fl[1,3,2]dioxaphosphepin having the

formula:
OCH; OCH;
r @ @
CHHE—\ -CHa
\

P\ P P\

O/ 0O O o

epejepe

Ligand D



[err] 6,6"- [[33 s(1, 1-di net hyl ethyl)-5,5" -di net hoxy-

[1, 1" -bi phenyl]- di yl ] bi s(oxy)]bis-di benzo[d,f] [1, 3, 2]d|oxaphosphep|n
havi ng the for mJI a [err] WO 97/ 20794
PCT/ US96/ 19359 ' -27-
i WO 9720794 PCT/US96/19359
-27-

- 6,6™-((3,3',6,5"-tetrakis(1,1-dimethylpropyl)-| 1,1'-biphenyl]-2,2'-
diyl]bis(oxy)]bis-dibenzold,f] [1,3,2]dioxaphosphepin having the
formula:

Ligand E

6,6’-{[3,3',5,5'-tetrakis(l,l-dimethylet.hyl)-l,l'-biphenyl]-2,2'-
diyllbis(oxy)lbis-dibenzo(d,f] [1,3,2]-dioxaphosphepin having the .
formula:

~
CH,—C c-ch,
chf CH,

CH:, @ ICHS
CH,—C v~ CH,
c/ O O_ %
P~ P



',5,5 -tetrakis(1, 1-dinethylpropyl)-[1,1' -biphenyl]-2,2"-
xy)] bis-dibenzo [d,f] [1, 3, 2] di oxaphosphepi n havi ng the
[err]
',5,5 -tetrakis(1,1-dinmethylethyl)-1,1 '-biphenyl]-2,2"-

xy)]‘gbﬁ_”gd_,p“enzo[d f] [1,3,2]-di oxaphosphepl n havi ”%%%9&85&3“' a:

-28-

(2R,4R)-di[2,2'-(3,3',5,5"-tetrakis-tert-amyl-1,1'-biphenyl)]-2,4-
pentyldiphosphite having the formula:

CH CH _
CoH5(CHy,C o Y G(CH,)CoHg
C,H5(CHy),C o-P R—0 6 C(CHy,CoH5
O O ‘
CICHCHs [
CoHg(CHy),C CH5(CHLC  C(CHy)CoHs
Ligand G

(2R,4R)-di[2,2'-(3,3',5,5'-tetrakis-tert-butyl-1,1'-biphenyl)}-2,4-
pentyldiphosphite having the formula:

P, ,CH )CH3
\

/
C(CFb)s C(CHy)4
(CHYC O— C(CHy)y
C(CHy)z
(CHC CCHY cicry,
Ligand H

(2R,4R)-di[2,2'-(3,3"-di-amyl-5,5"-dimethoxy-1,1'-biphenyl)}-2 4-
pentyldiphosphite having the formula:



WD 97/ 20794 PCT/ US96/ 19359

- 28- (2R, 4R)-di[2,2'-(3,3",5,5 -tetrakis-tert-anmyl-1, 1" - bi phenyl)]-2, 4-
pent yl di phosphite having the for mul a: [err]

(2R 4R)-di[2,2'-(3,3",5,5 -tetrakis-tert-butyl-1,1"-biphenyl)]-2, 4-

pent y| di phosphiwesimysang t he for nul a: [err] PCT/US96/19359

(2R, 4R)-di[2,2'-(3,3" -di-anyl -5,5" -di net hoxy-1, 1'-biphenyl)]-
pent yl di phosphite having the formul a:

-29.

C(CH),CoH;

OCH,

CH0 CoHg(CHy),C OCH,

Ligand I

(2R,4R)-di[2,2'-(3,3"-di-tert-butyl-5,5'-dimethyl-1,1"-biphenyl)]-2 4-
pentyldiphosphite having the formula:

cua,, CH2 ,cr-ns

(Crt;)a (p C(CHy),
O— F;— O
C(CHy)3

CH; C(CHYs "cpy,

Ligand J

(2R ,4R)-dil2,2'-(3,3"-di-tert-butyl-5,5'-diethoxy-1,1"-biphenyl)]- 2,4-
pentyldiphosphite having the formula:



WO 97/ 20794 PCT/ US96/ 19359
- 29- [err] _
(2R 4R)-di[2,2'-(3,3 -di-tert-butyl-55"-dinmethyl- 1, 1'-biphenyl)]-2,4-
pent yl di phosphite having the fornmula: [err]

(2R 4R)-di [ 2, 2wd Bppreadi -tert-butyl -5, 5" - di et hoxy-1, 1' - bi phenyl) ] - 4-
pent yl di phosphi teﬁﬁavgi‘ng the formula: - n'yc")"]"sgs’%”g

-30-

CCHIa oCHCH,
Ligand K

(2R,4R)-di[2,2'-(3,3'-di-tert-butyi-5,5'-diethyl-1,1"-biphenyl)]-2,4-
pentyldiphosphite having the formula:

C(CHy); CH,CH,

Ligand L

(2R,4R)-di[2,2'-(3,3"-di-tert-butyl-5,5'-dimethoxy-1,1'-biphenyl)}-2,4-
pentyldiphosphite having the formula:



WD 97/ 20794 . PCT/ US96/ 19359

- 30- [err] (2R 4R)-di
[2,2'-(3,3 -di-tert-butyl-5,5 -diethyl-1,1'-bi phenyl)] -2, 4-
pent yl di phosphite having the fornmula: [err]
. WO 97/20794 PCT/US96/19359

-31-

CCHYs o,

Ligand M
6-[[2-[(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yl)oxy]-
3,3“bis(1,1-dimethylethyl)-5,5'-dimethoxy[1,1"-biphenyl}-2-yljoxy]-4,8-

bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo[d,f)[1,3,2]dioxa-
phosphepin having the formula:

OCH; OCH,

(CH3)3CC(CH3)3
C(CHs)a
VA / \ C(CHa;
chs0_ o oSGy,
C(CHa)s
Ligand N

6'-[[2‘-[1,3,2-benzodioxaphosphol-?-yl)oxy]-3,3’-bis(1,I-dimethylethyl)-
5,5"-dimethoxy[1,1-biphenyl}-2-ylloxyl-4,8-bis(1,1-dimethylethyl)-2,10-
dimethoxydibenzold,f][1,3,2]dioxaphosphepin having the formula:



(2R 4R)-di[2,2'-(3,3 -di-tert-butyl-5,5"-dinethoxy-1, 1'-biphenyl)]-2,4-
pent yl di phosphite having the fornula: WO 97/ 20794

PCT/ US96/ 19359 -31- [err] 6-
[[2'-[(4,6-bis(1l, 1-dinethylethyl)-1,3,2-benzodi oxaphosphol -2-yl)oxy] -

3,3 -bis( 1,1-g | et hyl)-5,5" -di met hoxy[ 1, 1' - bi phenyl ] - 2-yl ] oxy] -4, 8-
bis( 1,1-dinet ﬂjﬂ%{z%ﬁ -2, 10- di net hoxydi benzo[ d, f] [1, 3, 2] di BFU&E3Hhepi n
havi ng the fornmul a:

-392-

6-[[2"-[(5,5-dimethyl-1,3,2-dioxaphosphorinan-2-yhoxy]-3,3"-bis(1, 1-
dimethylethyl)-5,5'-dimethoxy[1,1'-biphenyl}-2-yljoxy]-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzold,f}[1,3,2] dioxaphosphepin
having the formula:

OCH; OCH,

(CHg);C O O C(CHg),

0 Q
C(CH3)q / \
CHZO o .
3 O ~p ' —O~CH,, _.CHy
L

~ p
O—CH; ‘CH,

Ligand P

2'-[[4 ,8-bis(1,1-dimethylethy])-2,10-dimethoxydibenzo[d,f][1,3,2]-
dioxaphosphepin-6-ylloxy]-3,3'-bis(1,1-dimethylethyl)-5,5'-
dimethoxy(1,1'- biphenyl]-2-yl bis(4-hexylphenyl)ester of phosphorous
acid having the formula:



[err]
6-[[2'-[1, 3, 2- benzodi
575 -
di met hoxydi benzo[ d, ]

97/ 20794 WO 97/20794
[err]

-39,
6-[[2'-1(5, 5-di net hyl

di met hoxy[ 1, 1' - bi phenyl ]-2-yl] oxy]-4,8-bis( 1, 1-dinmethylethyl)

oxaphosphol - 2-yl ) oxy] - 3, 3" -bi s(1, 1-di net hyl et hyl ) -

[ 1, 3, 2] di oxaphosphepi n having the fornmul a:

-1, 3, 2-di oxaphosphori nan-2-yl)oxy]-3,3" -bis( 1, 1-

di met hyl et hyl ) -5, 5" -di net hoxy[ 1, 1' - bi phenyl ] - 2-yl ] oxy] -4, 8-bis(1 , 1-
dinethylethyl)-Z,lO-dinethoxydibenzo[d,f%3[1,3,2] di oxaphosphepi n havi

the formul a:

OCH3 OCH;

(CH3)3CC(CH

C(CH3)3

a3

ons0</ o / \ 0 D (oryaomy
CHL0 . o_ o-<':>—(CH2)SCH3

C(CH3)s
Ligand Q

2-[[2-[[4,8,-bis(1,1-dimethylethyl), 2,10-dimethoxydibenzo-
[d,f1(1,3,2] dioxophosphepin—G-yl] oxy}-3-(1,1-dimethylethyl)-5-
methoxyphenylimethyl]-4-methoxy, 6-(1,1-dimethylethyl)phenyl
diphenyl ester of phosphorous acid having the formula:

(CH3)3C©CH2é\C(CH3)3

C(CHy)y /

3—metl_10xy-1,3—cyclohexamethylene tetrakis[3,6-bis(1,1-dimethylethyl)-
2-naphthalenyl]ester of phosphorous acid having the formula:

-2, 10-
WO

PCT/ US96/ 19359  petuises19359

ng



[err] 2'- [[ 4 ,8-bis( 1,1-dinethylethyl)-2,10-di met hoxydi benzo[d, f]
[1, 3,2]- dioxaphosphepin-6-yl]oxy]-3 ,3 -bis( 1,1-dinethylethyl)-55"-
di ret hoxy [1,1' - bi phenyl]-2-yl bis(4-hexyl phenyl)ester of phosphorous acid

havi ng the fornul a: WO 97/ 20794
PCT/ US96/ 19359 - 33- sger r;

. WO 9720794 PCT/USY6/19359

-34-
OCH,
G(CH3) Q (CH3)
()0t Ho—et o)
o) -oiema
2 2
Ligand S

2,5-bis(1,1-dimethylethyl)-1,4-phenylene tetrakis[2,4-bis(1,1-
dimethylethyl)phenyl]ester of phosphorous acid having the formula:

C(CH3)3 :
(CH3)3C-©—O P O-@-O—P O—Q'CI(CHs)s
C(CHa)j ) C(CH3)3 C(CH3)a »
Ligand T

methylenedi-2,1-phenylene tetrakis{2,4-bis(1,1-
dimethylethyl)phenyllester of phosphorous acid having the formula:

C>-c|-i2
cHac</_H—o0
G(CHy)y
2

vV-0O

T

C(CHj)3
C(CH3)5

Ligand U

[1,1'-biphenyl]-2,2"-diyl tetrakis[2-(1,1-dimethylethyl)-4-
methoxyphenyllester of phosphorous acid having the formula:



2-[[2-[[4,8,-bis( 1,1-dinmethylethyl), 2,10-dinmethoxydi benzo- [d,f] [1, 3, 2]
di oxophosphepi n-6-yl ] oxy] - 3- (1, 1-di net hyl et hyl ) - 5-

met hoxyphenyl ] met hyl ] - 4- net hoxy, 6-(1, 1-di net hyl et hyl ) phenyl di phenyl
of phosphorous acid having the fornul a: [err]

-3- et hoxy- 1, 3- expdraeyanet hyl ene tetraki s 3, 6-bi s(1, 1-di met hydcqingssase
2- napht hal enyl]ester of phosphorous acid having the fornul a: WO

97/ 20794
-34-

PCT/ US96/ 19359

OCH3 [err]
-35-
Dol
CHSOQ—O P P 0—-@- OCH;
C(CHg)s , C(CHa),
Ligand V

As noted above, the metal-organophosphite ligand
complex catalysts employable in this invention may be formed by
methods known in the art. The metal-organophosphite ligand complex
catalysts may be in homogeneous or heterogeneous form. For instance,
preformed rhodium hydrido-carbonyl-organophosphite ligand catalysts
may be prepared and introduced into the reaction mixture of a
particular process. More preferably, the metal-organophosphite ligand
complex catalysts can be derived from a rhodium catalyst precursor
which may be introduced into the reaction medium for in situ

formation of the active catalyst. For example, rhodium catalyst
precursors such as rhodium dicarbonyl acetylacetonate, RhoOg,

Rhy(CO)q9, Rhg(CO)1g, Rh{NOg)g and the like may be introduced into

the reaction mixture along with the organophosphite ligand for the in
situ formation of the active catalyst. In a preferred embodiment of this
invention, rhodium dicarbonyl acetylacetonate is employed as a
rhodium precursor and reacted in the presence of a solvent with the
organophosphite ligand to form a catalytic rhodium-organophosphite
ligand complex precursor which is introduced into the reaction zone
along with excess (free) organophosphite ligand for the in situ
formation of the active catalyst. In any event, it is sufficient for the
purpose of this invention that carbon monoxide, hydrogén and
organophosphite compound are all ligands that are capable of being
complexed with the metal and that an active metal-organophosphite

ester



2,5-bis(1, 1-dinethylethyl)-1, 4-phenyl ene tetrakis[2, 4-bis( 1,1-

di met hyl et hyl ) phenyl ] ester of phosphorous acid having the forml a:
[err] net hyl enedi - 2, 1- phenyl ene tetrakis[2, 4-bis(1,1-

di et hyl et hyl ) phenyl ] ester of phosphorous acid having the fornmul a:

[err] [1,1'-biRhs -2,2'-diyl tetrakis [2-(1,1-dinmethylethyl)-4-

met hoxyphenyl ] est’er” of phosphorous aci d having the fornul a: PCT/US%/1%§y

97/ 20794 - 35- .
-36-

ligand catalyst is present in the reaction mixture under the conditions
used in the hydroformylation reaction.

More particularly, a catalyst precursor composition can be
formed consisting essentially of a solubilized metal-organophosphite
ligand complex precursor catalyst, an organic solvent and optionally
free organophosphite ligand. Such precursor compositions may be
prepared by forming a solution of a rhedium starting material, such as
a rhodium oxide, hydride, carbonyl or salt, e.g., a nitrate, which may or
may not be in complex combination with a organophosphite ligand as

defined herein. Any suitable rhodium starting material may be
employed, e.g. rhodium dicarbonyl acetylacetonate, Rhy0g,

Rh4(CO)19, Rhg(CO)y5, Rh(NOg)3, and organophosphite ligand

rhodium carbonyl hydrides. Carbonyl and organophosphite ligands, if
not already complexed with the initial rhodium, may be complexed to
the rhodium either prior to or in situ during the process.

By way of illustration, the preferred catalyst precursor
composition of this invention consists essentially of a solubilized
rhodium carbonyl organophosphite ligand complex precursor catalyst,
a solvent and optionally free organophosphite ligand prepared by
forming a solution of rhodium dicarbonyl acetylacetonate, an organic
solvent and a organophosphite ligand as defined herein. The
organophosphite ligand readily replaces one of the carbonyl ligands of
the rhodium acetylacetonate complex precursor at room temperature
as witnessed by the evolution of carbon monoxide gas. This
substitution reaction may be facilitated by heating the solution if
desired. Any suitable organic solvent in which both the rhodium
dicarbonyl acetylacetonate complex precursor and rhodium
organophosphite ligand complex precursor are soluble can be
employed. The amounts of rhodium complex catalyst precursor,
organic solvent and organophosphite ligand, as well as their preferred
embodiments present in such catalyst precursor compositions may
obviously correspond to those amounts employable in the processes of



[err] As noted above, the netal - organophosphite |igand
conpl ex catal ysts enployable in this invention may be fornmed by nethods
known in the art. The netal -oerganophosphite |igand conplex catalysts may
be in honbgeneous or heterogeneous form For instance, preforned rhodium

hydri do- car bonwogr,zgmophosphl te ligand catal ysts nmay be pr giaidds 938y
I ntroduced into the reaction m xture of a particular process. Mre

preferably, the netal -organophosphite |igand conplex catal ysts can be
derived froma rhodi um catal yst precursor which nmay be introduced into the
reaction mediumfor in situ formation of the active catalyst. For exanple,
rhodi um cat al yst precursors such as rhodi3im di carbonyl acetyl acet onat e,
Rh203, Rh[err](CO[err], Rn[err](CO[err], Rhi(NJer])[err] and the |ike
may:be introduced into the reaction mxture along with the organophosphite
ligand for the in situ formation of the active catalyst. In a preferred

enbodi ment  of th'tﬁls ihQMSéA OBxp émmeqmscthn%@x kh@a%tyla%e&haf@ﬁgamﬁ

errpl oyed as a Eglgﬁl;‘r{1w{‘):recursft()ﬂJ e};n r gf resence of a solvent
with the organof Bryor GAHYE-ds FEPAf ?;%?’a? ?ré’ ess,

r hodi um or ganophdyghefoemylatipanas begirewithr £ diffexent ligamnd) etg, hydnoge,tuced into
the reaction ZO”%arBﬁn%Gn&xHQo%Fg%%% hf:é;ﬁﬁ%e l@éélﬁl‘%l?&%?mé&tde%ﬁfh&@r the

in situ formation f t he act.i atal sufficient
for “the  pur pose SBIAYHES SARAIAEY BRoYhal bt ArasBlRoRORGRTHED iherdaar e
or ganophosphi t e guepusaaccasalysthhdérn ypddforntydation eomhpaimk & refndyed ficpm

conpl exed wi th t hge PE R onAMeaiud it Aol fctBhShy R SADERRAS R hbSvay

\Ié\(C:Z)T? Usgg/?ig 359 detrimental to the hydroformylation process. The usggf such px]ef(aé%

catal yst is presehbdium téreplezaatdlptic precumsar congmsitidns providies asisple
economical and efficient method for handling the rhodium precursor
rhodium and hydroformylation start-up.

Accordingly, the metal-organophosphite ligand complex
catalysts used in the processes of this invention consists essentially of
the metal complexed with carbon monoxide, i.e., hydroformylation, and
an organophosphite ligand, said ligand being bonded {complexed) to
the metal in a chelated and/or non-chelated fashion. Moreover, the
terminology "consists essentially of", as used herein, does not exclude,
but rather includes, hydrogen complexed with the metal, in addition to
carbon monoxide and the organophosphite ligand. Further, such
terminology does not exclude the possibility of other organic ligands
and/or anions that might also be complexed with the metal. Materials
in amounts which unduly adversely poison or unduly deactivate the
catalyst are not desirable and so the catalyst most desirably is free of
contaminants such as metal-bound halogen (e.g., chlorine, and the like)
although such may not be absolutely necessary. The hydrogen and/or
carbonyl ligands of an active metal-organophosphite ligand complex
catalyst may be present as a result of being ligands bound to a
precursor catalyst and/or as a result of in situ formation, e.g., due to
the hydrogen and carbon monoxide gases employed in
hydroformylation process of this invention.

As noted above, the organophosphite ligands can be
employed as both the ligand of the metal-organophosphite ligand



used in the hydrofornylation reaction. More particularly, a
catal yst precursor conposition can be fornmed consisting essentially of a
sol ubi li zed netal - organophosphite 1igand conpl ex precursor catalyst, an
organi ¢ solvent and optionally free organophosphite |igand. Such precursor
conpositions repared by formng a solution of a rhodiumstarting
mat eri al , suc%&igw?hodi um oxi de, hydride, carbonyl or sal tPCTAUS§6/19359
nitrate, which nmay or rmay not be in conplex conbination with a

or ganophosphite ligand as defined herein. Any suitable rhodiumstarting
mat er,ial may be enployed, e.g. rhodiumdicarbonyl acetyl acetonate,
Rhferr]err], Rnferr](CO[err], Ru[err]dgCO[err], Rui(NJerr])[err], and
or ganophosphite Iigand rhodi um carbonyl hydrides. Carbonyl and
organophosphite ligands, if not already conplexed with the initial

rhodi um may be conplexed to the rhodiumeither prior to or in situ during
t he process. By way, of il ustration, th referred catal yst
precursor  conpB¥PPies satalysh, ¥§ wieﬁ\/%in lt#’?) h'eﬁ SH@@PB"%@Eg‘h ﬁgﬁl‘q? fhafean

sol ubi lized r hbelpresenhirbtheteactiga muestivepéfithe procgases afdhis imventionur sor
catalyst, a sofygaditRR0itqRts BEdnk¥rdtb tm@b:zfn@saghhspﬁ% afd prepared by

forming a solutjon of . rhodi um di carbonyl acetylacetofiate, organic
sol vent and a ojrlé%ﬁ‘fg%%dﬂ? rOF§: o Eh‘a%f‘g coraplex fatalyat and any
or ganophosphi t eexdegsifree oegatiophosplitaligand peefefabiyhpresanbimylgivérgands of  t he

[ hodi um acet ¥ apRIERAREHREANOR §FE HbARRIA thd SRHD KPS BIHIL difiSrelt { NeSSed

by the evol ution of g¢arbon noxl de : ut' ction may be
facilitated by Wé’&ﬁi°ﬁgrwpg&nglﬁ*‘g‘ﬁgﬂﬂ?aﬂs=% 8% Wellag, maxkures pf B9 er Bogani c

sol vent in whi c@iffepett drigenopladphite ligands hoxyybe enploykd fai eavht parposeirex
precursor and rwwégg%gquggpﬁg_te | i gand conpl ex priecursor are sol uble
can be enployed.” The nt's of rhodi um conpl ex ca,tai;iyst pr ecursor,

organi ¢ sol vent and org%%‘l’ﬁ‘?‘f@? waga%?@%ml}lt% gapd remplest er r ed
enbodi nent s pr esatatyst presenh i Hieateastiop meediasosf acginpo prodesssf thiy  obvi ousl y

dt t : - . WO
gg/r 583 gzn 0 tHRIALIBARBE Inf T MR thfildlnd B 0BLP 588288 rPlo %ﬁ({%@& o 350

-37- t hi s BHEBMmetahconegpirptiondesited te ke smpleyed andwhich Wilkcet onat e

| i gand furnish the basis for at least that catalytic amount of metal necessary
to catalyze the particular process desired. In general, metal
concentrations in the range of from about 1 part per million to about
10,000 parts per million, calculated as free metal, and ligand to metal
mole ratios in the catalyst solution ranging from about 1:1 or less to
about 200:1 or greater, should be sufficient for most processes. '

As noted above, in addition to the metal-organophosphite
ligand complex catalysts, the processes of this invention and especially
the hydroformylation process can be carried out in the presence of free
organophosphite ligand. While the processes of this invention may be
carried out in any excess amount of free organophosphite ligand
desired, the employment of free organophosphite ligand may not be
absolutely necessary. Accordingly, in general, amounts of ligand of
‘from about 1.1 or less to about 100, or higher if desired, moles per mole
of metal (e.g., rhodium) present in the reaction medium should be
suitable for most purposes, particularly with regard to rhodium
catalyzed hydroformylation; said amounts of ligand employed being the
sum of both the amount of ligand that is bound (complexed) to the
metal present and the amount of free (non-complexed) ligand present.



of the precursor catalyst is replaced after the process, e.g.,

hydr of ormyl ati on, has begun with a different |igand, e.g., hydrogen,

car bon nonoxi de or organophosphite ligand, to formthe active conpl ex
catal yst as expl ai ned above. The acetylacetone which is freed fromthe
precursor cat ajygbaéseger hydrofornyl ation conditions is rerm\{,%q,ljs;@{;bsg t he
reaction nediumw th the product al dehyde and thus is in no

detrinmental to the hydrofornylation process. The use of such preferred
rhodi um conpl ex catal ytic precursor conpositions provides a sinple

econom cal and efficient nethod for handling the rhodi um precursor

rhodi um and hydrofornylation start-up. -39- Accordi ngly, the

nmet al - or ganophosphite |igand conpl ex catal ysts used in the processes of
this invention consists essentially of the netal conpl exed with carbon
nonoxi de, i.e., hydrofornylation, and an organophosphite |igand, said

li gand being bom%gul(s‘éofMegf@&l,)méﬁe-up lfét&%drﬁhade dupphicBRE kAL ech AR O

non- chel at ed fashi,on d%{béeover e rm.no Si sts essent ially

of ', as used hemfdiumpiihe process, at auy ti meaﬂét’nraé’gﬁé’l”i MAFSEr Wy dr ogen

Corrpl exed with hisntah al predeteahitidd lenel of free ligarhbin thenexctien &mﬂmﬂﬁe

or ganophosphite |igand. F S e the
ganophosp 9 A r¥idated gBQve, thé gz}ﬁlﬁgén Iﬂgaﬁ, BOR: h&%}ogg%?x‘éb}’sd

possibility of qther ar
conpl exed with {H& M‘Bgaﬂﬁ/ﬁ?@ﬁoﬁl@ d/or 4‘#‘ Lo ‘F%?Paﬁﬂ?iﬁ!‘y Suelyer seI y

poi son or undul yatdéysts avapartidetarly adedrithgedusdneths diyddeformghitionosfd so t he
catal yst nost dggriEndaRb eré&ucé rh‘i%h Bfailil? d‘r%%f’ﬂ%ﬁ%@é@mﬁ% El@&f&@é o tBQU nd

hal ogen (e.g., chlori
absol utel y necesiefata YFhé“ srperater drap the PE%f’r‘H&ﬁ?Y ﬁlﬁr@HFﬂ!@of an active

met al - or ganophodpduritatibn gaiwv tanpérakures. MQkaﬁﬁplemhe bRodinfsedatalyst a
resul t of bel ndnldyQAnta b of fhbort sdHiER HES Bheatth bkl ;i%%ﬁamna resul t

of in situ for t|on ydrogen on nonoxi de
gases enpl oyed "dhring *w?laglaﬁ Br%?roam%ﬁhmae Sepambiom; Lagesy enis i
As not ed above, it Adiquidjeerepibn spdditim it highdemparatees ardphey ixd as both t he

ligand of the npiaisiedi@aRaRBeRER! te |igand WO 97/ 20794
PCT/ US96/ 19359

As an illustration, the rhodium catalyst ﬁa%r- be
impregnated onto any solid support, such as inorganic oxides, (i.e.
alumina, silica, titania, or zirconia) carbon, or ion exchange resins.
The catalyst may be supported on, or intercalated inside the pores of, a
zeolite, glass or clay; the catalyst may also be dissolved in a liquid film
coating the pores of said zeolite or glass. Such zeolite-supported
catalysts are particularly advantageous for producing one or more
regioisomeric aldehydes in high selectivity, as determined by the pore
size of the zeolite. The techniques for supporting catalysts on solids,
such as incipient wetness, which will be known to those skilled in the
art. The solid catalyst thus formed may still be complexed with one or
more of the ligands defined above. Descriptions of such solid catalysts
may be found in for example: J. Mol. Cat. 1991, 70, 363-368; Catal.
Lett. 1991, 8, 209-214; J. Organomet. Chem, 1991, 403, 221-227;
Nature, 1989, 339, 454-455; J. Catal. 1985, 96, 563-573; J. Mol. Cat.
1987, 39, 243-259. :

The metal, e.g., rhodium, catalyst may be attached to a
thin film or membrane support, such as cellulose acetate or



conpl ex catalyst, as well as, the free organophosphite ligand that can be
present in the reaction nmedium of the processes of this invention. In
addition, it is to be understood that while the organophosphite |igand of
t he netal-organophosphite | i gand conpl ex catal yst and any excess free
organophosphitﬁ, h&and preferably present in a given process of this

i nvention are NQX the sane type of ligand, different t\6T8IS86/19359

or ganophosphite ligands, as well as, mxtures of two or nore different

or ganophosphite |igands may be enpl oyed foreach purpose in any given
process, if desired. The amount of netal - or ganophosphite

| i gand conpl ex catalyst present in the pgaction nedium of a given process
of this invention need only be that m ninmum anobunt necessary to provide
the - given netal concentration desired to be enployed and which w |
furnish the basis for at |least that catal ytic amount of netal necessary to

catal yze the par I%}ﬁl E o ess desired. I n general, netal concentrations
in the range ofP¥¥ uifone, s ‘f?é?nh?q 1 fo5 exampthe dt Mol Cagod99ir t s per
mllion, calculGd@I3&21free rretal and ligand to netal nole ratios in the

catal yst solution rangin 8 r t
gr eat gr shoﬂl 1:] (ﬁuﬁu?:‘ | gll fgr{? %b }?Mﬁuﬂ) CM%& st rﬁay gg%tac e‘Pt%% not ed

above, in addi tPeNubls Eﬂ@“ﬁﬂcéwﬁ?'@éhmﬂﬁbsﬁhPt&anophg@i@ru%mtammgt al yst s,
the processes digandj su¢hnaeatphospltits] iRcirperaabd Yntotth@ poYh &, oTrey | ati on

process can be sql?g °th]§éﬂst“%€ 19{19 ﬁbo‘t'h %%%Iggyrggnoﬁphosphl te |igand.

Wil e the procepilro nven n any excess
amount of free ﬁ%‘ﬁ'ﬁd'é’ﬁmlpglg 515{}&’(?6 ingprpprated intedt.cRgsayptions off free

or ganophosphi t eolyrgemsupgortetbéathlystinagbetfohid e ERssample AL M6 0AY! Y, 10

i aher | desi rags 83 ﬂ’agg 5 PhemfdRToBI S 5 A e esﬁsai?%t"’# %sent in the
reacti on medi ur Htﬁ}l sui tabl e for nost purposes, particularly with
r eg?r d 5 obr h(r)]dl um cat al I/ﬂelde hwmge@wué ﬁe%thg,gts a@dchdb@f(%aeé tB% oLIn gand
((a(r:n; rrglygx ed)(al t g cgﬁhqutsﬁ{gg%ﬁlrag’g ie}'n{tE %neé)rtﬁs) 5?11'“9 ?Pr‘fnige ‘f | exed)
| i gand present Process and oapalyst sg@ﬂﬁf.mn process. In another embo ment of e
PCT/ US96/ 19359 invention, the catalyst may be supported on a polymes®hich, by the

nature of its molecular weight, is soluble in the reaction medium at

elevated temperatures, but precipitates upon cooling, thus facilitating

catalyst separation from the reaction mixture. Such "soluble” polymer-

supported catalysts are described in for example: Polymer, 1992, 33,

161; J. Org. Chem. 1989, 54, 2726-2730.

More preferably, the hydroformylation reaction is carried

out in the slurry phase due to the high boiling points of the products,

and to avoid decomposition of the aldehyde products. The catalyst may

then be separated from the product mixture, for example, by filtration

or decantation. The reaction product fluid may contain a

heterogeneous metal-organophosphite ligand complex catalyst, e.g.,

slurry, or at least a portion of the reaction product fluid may contact a

fixed heterogeneous metal-organophosphite ligand complex catalyst

during the particular process. In an embodiment of this invention, the

metal-organophosphite ligand complex catalyst may be slurried in the

reaction product fluid.

The permissible reaction conditions employable in the
processes of this invention are, of course, chosen depending on the



O course, if desired, make-up ligand can be supplied to the reaction

medi um of the process, at any tinme and in any suitable manner, to maintain
a predetermned |l evel of free ligand in the reaction nedium

As indicated above, the catal ysts nmay be in heterogeneous formduring the
reaction and/ ago@ypd7eg the product separation. Such catal yshgrrissnosse
particul arly advantageous in the hydrofornylation of olefins to produce
high boiling or thermally sensitive al dehydes, so that the catalyst may be
separated fromthe products by filtration or decantation at |ow
tenperatures. For exanple, the rhodiumcatalyst mnay be attached to a
support so that the catalyst retains its-4elid form during both the
hydr of ormyl ati on and separation stages, or is soluble in a liquid reaction
medi um at high tenperatures and then is precipitated on cooling.

As an illustration, the rhodium catal yst nmay be inpregnated onto any solid

support, such agahﬁk‘?ﬂgﬁéyr&h@&s%ilreé' Such p? B%Eg.l: @&ndﬁx'ohb Gfe wEgtl@&hﬁr or-

zi rconi a) car bo | on, _ex e resin cataly e supported
on, or intercal é&@?{??‘ﬁs |‘Ac]g°ftcﬁ‘€ %89@9%?&}’? "?@BFWé’an}ea{’@g“ﬁ optHY: the
cat al yst may al accobdantiessith\convéntional phededufed knoverwid thgartthdllpsiratvef sai d

zeolite or glas §eac§\igt}oﬁﬁﬁidnts%1sémrcﬁﬁg thé& g}@dﬁééssoqulﬁ 15@%&%&};&% ly

advant ageous for cl.hg one_or ol somneri c_al I n high
selectivity, %‘f&‘% #?é&xsylpé%éngg F%‘é Eﬂqu@%ﬁ@b‘*mﬂ% techni ques
for supporti ng &‘at}aiq‘t@gss FoorttoEdition, 1996rthaspemﬁem poritionsofi@hich ael ch wi | |

be known to thogg ?éjwdrb e‘%ﬁhéx’&& B refdfdnce.] t g%ﬁh rﬁ-?{ﬂgé aﬁfncgﬁ?}rﬂé’ésgﬁd ey

still be conpl exeg one or “nore o %n ove
Descri ptions of PREFHNgIeMPeraiiuzes may rapge fom Fg‘P}HdSPerB?eSé%#bP‘& J. Mol.
Cat. 1991, 70, B86CG*CaBgreatérodnd operhting bROssurés catDfanyedronl .abougameiget . Chem

1991, 403, 221- glz%gst&\lﬁ& tgloé@ﬁa?ﬁ’}i’ ARé- 455, J. Catal . 1985, 96,

563-573; J. The netal, _e.qg.,
r hodi um catal yst may be "(B’&‘i%‘ﬂ‘eﬁef is inyention aresendusied &1 BeMddr t . such

as cel | ul ose acef time smfficient to prod@rOthe’desdred products. The exact reaction
PCT/ US96/ 19359 ¢ime employed is dependent, in part, upon factors suchOis temperature,
pressure, nature and proportion of starting materials, and the like.
The reaction time will normally be within the range of from about one-
half to about 200 hours or more, and preferably from less than about
one to about 10 hours.
The processes of this invention and preferably the

hydroformylation process may be conducted in the presence of an
organic solvent for the metal-organophosphite ligand complex catalyst.
The solvent may also contain dissolved water up to the saturation
limit. Depending on the particular catalyst and reactants employed,
suitable organic solvents include, for example, alcohols, alkanes,
alkenes, alkynes, ethers, aldehydes, ketones, esters, amides, amines,
‘aromatics and the like. Any suitable solvent which does not unduly
adversely interfere with the intended processes can be employed and
such solvents may include those heretofore commonly employed in
known metal catalyzed processes. Increasing the dielectric constant or
polarity of a solvent may generally tend to favor increased reaction
rates.. Of course, mixtures of one or more different solvents may be
employed if desired. It is obvious that the amount of solvent employed
is not critical to the subject invention and need only be that amount



pol yphenyl enesul fone, as described in for exanple J. M. Cat. 1990, 63,
213-221. The netal, e.g., rhodium catalyst nay be attached to
an i nsol ubl e polyneric support through an organophosphor us-contai ni ng

| i gand, such as a phosphite, incorporated into the polyner. The supported
catalyst is n lobHa4bgd by the choice of polynmer or phosphorus-contai ning
spécigs incorggl?g?’ga ?nto it. Descriptions of polyner-suppor PEFUSE/HPSst S
may be found in for exanple: J. M. Cat. 1993, 83, 17-35; Chentech 1983,
46; J. Am Chem Soc. 1987, 109, 7122-7127. In the

het er-ogeneous catal ysts descri bed above, the catalyst may remain in its
het erogeneous formduring the entire pragess and catal yst separation
process. In another enbodi ment of the invention, the catalyst may be
supported on a pol yner which, by the nature of its nolecular weight, is
soluble in the reaction nedium at el evated tenperatures, but precipitates

upon tooling, t facilitating catal.yst separat] fromthe reaction
m xture. Such gshgﬁ ﬁ‘ﬁﬁgi_o B’(')qv§/f#eﬁ’-e r§3gﬁ§ ng‘g'ﬂtvﬁltt{’/gggpﬁftéc BEEEtRed in for
exanpl e: Pol ynmeoncemtyatiors desirgl for a given praiessn In @%rak 4he 3nGn2 $80.
Mor e pref er abl ysolddift whidl &hBIovEd id | ' ' - he slurry
phase due to tkt(g 90 o8Ol igo?oi nﬁygﬁgéﬁ%bmg s?:é’fﬁy%%%?é
deconposi tion of &% g_é’é’ﬁ? S_r‘%‘ﬂﬁ ’ig’f_m?ﬁ"e_ ne weight Btheepar at ed
fromthe produceactiion misturestarsitgwphateridy. filtration or decantation. The
reaction product fluid MheGRi@bas o died £ivBAAPRANS usBhPlo hrdpRARDOSPNI e

i gand conplex ¢ st., e.d.,.sl.urry, or eas porticon of the
reaction pr oducﬁu%’lsgh‘%/t&drﬁi@ %ﬁ‘l’tbﬁégutﬁxf"ipg‘éﬁﬁ}ﬁé?fé\‘% BpRoptically active
met al - or ganophcpspmomgdsi @H\uﬁr@hm:)tmpmm@sl preparidrbynihetprecesaes ofthiar
process. |n an igibabiHudy, férd:En ¥ eiitseitu efd%d‘@ﬁﬁib'sﬁ"t%gﬁigt dite

The. per m S&i bl & FREPI% ATGH AERONS SEATIPSY ABPEIFR SHUSpHOEBSS o of ¢ hi s
i nvention are, al@ehysdessand vitvden destradivepfsnithble optically actie 85420794
PCT/ US96/ 19359 non-optically active compounds which can be prepared bf the processes

of this invention (including starting material compounds as described

hereinabove) include those permissible compounds which are described

in Kirk-Othmer, Encyclopedia of Chemical Technology, Fourth Edition,

1996, the pertinent portions of which are incorporated herein by

reference, and The Merck Index, An Encyclopedia of Chemicals, Drugs

and Biologicals, Eleventh Edition, 1989, the pertinent portions of

which are incorporated herein by reference.

The desired products of this invention may be recovered in
any conventional manner and one or more separators or separation
zones may be employed in any given process to recover the desired
reaction product from its crude reaction product fluid. Suitable
separation methods include, for example, solvent extraction,
crystallization, distillation, vaporization, wiped film ev: .oration,
falling film evaporation and the like. It may be desired to remove the
products from the crude reaction mixture as they are formed through
the use of trapping agents as described in published Patent
Cooperation Treaty Patent Application WO 88/08835. A preferred
method for separating the product mixtures from the other components
of the crude reaction mixtures is by membrane separation. Such
membrane separation can be achieved as set out in U.S. Patent No.



particul ar syntheses desired. Such process conditions are well known I n
the art. Al of the processes of this invention can be carried out in

accordance with conventional procedures known in the art. Illustrative
reaction conditions for conducting the processes of this invention are
descri bed, forygs , Iin Kirk-Ohner, Encycl opedia of Chem

Technol ogy, Fourt dition, 1996, the pertinent portions ofn¥ |cﬁmggg9

i ncorporated herein by reference. Depending on the particul ar process,
operating tenperatures may range from about -80[err]C or less to about
500[err] C or greater and operating pressures can range from about 1 psig

or less to about 10,000 psig or greater.-43- The processes of
this invention are conducted for a period of tine sufficient to produce

t he':«desired products. The exact reaction tinme enployed is dependent, in
part, upon factors such as tenperature, pressure, nature and proportion of

starting material | ke h ' . R ormal ly be
within the rang%’llg?’l??%#?;kggﬁ&gﬁeq'g' ﬁgf?‘?ﬁ?{odpg%g%#g?&gi l(lI)\{Jdr?s or nore, and
preferably fronP$430799fHedMayx 5, 1905, referadto aboveour s. The
processes of this inventiThe pocedses£bfthi®invention niysebota¥riad it @ingr ocess

may be conduct e%riﬁ??xtggﬁ,%rﬁ%%g%e% ﬁ%fg

cfoF %ﬂ?{)‘é&r 30kotS Aleoh Bhublle
nmet al - or ganophosp gan Eat Al yst. AT 8 ven msﬁ/ al so
cont ai n di ssol vélirregtank peacter e durgyreartoni Theppbiepamsizeand he

particul ar cat ashside offtHe eQtal§s30 will APy 66 the @Lﬂetcﬂ‘bbi&?ef g8éd.CIrbol vent s
a

i ncl ude, for ex e, calcohql s, al kanes | kenes nes, .ethers,

al dehydes, ket ée%f glég‘faret?%{a%gﬁiﬁggﬁor%rﬁ 5ra 1?’ SPE‘FB&%H%%éﬁB*‘Wée M ke. Any
sui tabl e sol venprefgiredfarasy fladdigationy WithiGised beq reactens; targengathlyshe

Ih nt etnd]fsd pr oceswfeicre%rhrbq;reﬁpiéw&ﬁu@r&ck?%&uwtw?ﬁh%gmadtmsu@tt hose
eretofore co ovegwin nown ne catal vz QCR/SSesS.

I ncreasi ng thren%gé té%{?:‘l%‘%bg‘r}fg;agrlﬁas e STCEHW@?“SM]%‘%?n l~lsmy general ly
tend to favor iWvestermaihe e single vegsebor may comprise tweiorimeresdisfreghe or

nore different gessslenTheri@iedt oneERbaYRIbN ZondReiple¥ed i tHiS irbntions that the
amount of ol vellyy SN QKB vdael WSk ok ke bl biackt iskRlee VIYRRLT 0" and
PCT/ US96/ 19359 The at least one buffer treatment zone employed in thigjinvention may

be a single vessel or may comprise two or more discrete vessels. It

should be understood that the reaction zone(s) and separation zone(s)

employed herein may exist in the same vessel or in different vessels.

For example, reactive separation techniques such as reactive

distillation, reactive membrane separation and the like may occur in

the reaction zone(s).

The processes of this invention can be conducted in a
batch or continuous fashion, with recycle of unconsumed starting
materials if required. The reaction can be conducted in a single
reaction zone or in a plurality of reaction zones, in series or in parallel
or it may be conducted batchwise or continuously in an elongated
tubular zone or series of such zones. The materials of construction
employed should be inert to the starting materials during the reaction
and the fabrication of the equipment should be able to withstand the
reaction temperatures and pressures. Means to introduce and/or
adjust the quantity of starting materials or ingredients introduced
batchwise or continuously into the reaction zone during the course of
the reaction can be conveniently utilized in the processes especially to



sufficient to provide the reaction mediumw th the particul ar netal
concentration desired for a given process. In general, the anmount of

sol vent when enpl oyed may range from about 5 percent by weight up to about
99 percent by weight or nore based on the total weight of the reaction

m xture starti J gsrl al s. The processes of this invention
are usef ul for{%g)rgg *ng substituted and unsubstituted opti CIWYSIEEEY e
and non-optically active conpounds. Illustrative conpounds prepared by the

processes of this invention include, for exanple, substituted and
unsubstituted al cohols or phenols; am nes; am des; ethers or epoxides;
esters; ketones; aldehydes; and nitritesgqlllustrative of suitable
optically active and non-optically active conpounds which can be prepared
by the processes of this invention (including starting material conpounds
as descri bed hereinabove) I ncl ude those perm ssible conpounds whi ch are

d ibed in Ki E I h , Fourth
Eglsﬁ l)nfa 1;986 Irﬁﬁlen%lenr nen?r%éé?@gsﬁg %P%ﬁ%?’@g%“} gﬁfq ordt%ed ﬁg;el n by

reference, and Teactien, eﬁeps mepyxbe effected by the intiramentaliadditien efor[ar ofys and

Bi ol ogi cal s, El G:Yn@%ti}'tﬁ:% fnhftiald 83the sthRr PANAd, BROTediBioh sPEss &in peVhi ch are
|ncorporated her ei esife roducts of this

i nventi on may be® P@’éﬂ%‘%f’%gﬁ?W“&W@'E}Wé’ﬁﬂ%ﬁtﬁmﬁﬁﬂ& Oor nore

separators or sepmpleteconyension ismpt desizep bonpetiohtairble,gheatanpingcess t o _
recover the des'xfn@ﬂzrfa‘?@ﬁéﬂB@séﬁ&g%frﬁﬁﬂﬁe'ﬂﬁdﬁ&uﬁﬂ'Jxﬁﬂﬁﬂég product fluid.

Sui t abl e separ at net hod ncl ude, for a ction,
crystalli za!tol on, di %f’r‘nlé?ﬁ“frf’ t?? H’rﬁ’?&f“?r qaftbé%cyf’ield aé‘%fdb'&?r g on,

falling filmeva‘peqrtmnmqand the like. It may be desired to remove the

products fromthe crude rTﬁG%;k&H&séEs&hH??SeégnHE&Xdﬁ{‘é‘;tBQ{ tlilg{f‘i&*llj'?gawe use

of trapping agen S
Pat ent Applicati %?H% §§§§mlﬂ' S}r%éfrgf“ftéﬂ‘ ﬁ‘é‘flﬁmf“itg& éﬁé?téﬂr} #Pa he
product m xt ur esndy bnflttted withene oo mpoednternal andier extedealrlemtt i on i xt ur es

i's by menbrane BRdfEdrQ)in sk %Wﬂ&n&@@?&xﬁﬁéﬁﬂz&%&ﬁaﬁ&ﬁ o¥gd as set
gg / Iugg g/ fggggt epreve[\k% any possible '\Q'Qna\?v/agrp reaction temperatures. ;5_

The processes of this invention may be conducted in one
or more steps or stages. The exact number of reaction steps or stages
will be governed by the best compromise between capital costs and
achieving high catalyst selectivity, activity, lifetime and ease of
operability, as well as the intrinsic reactivity of the starting materials
in question and the stability of the <tarting materials and the desired
reaction prbduct to the reaction ct. litions.

In an embodiment, ti.. hydroformylation processes useful
in this invention may be carried out in a multistaged reactor such as
described, for example, in copending U.S. Patent Application Serial No.
(D-17425-1), filed on an even date herewith, the disclosure of which is
incorporated herein by reference. Such multistaged reactors can be
designed with internal, physical barriers that create more than one
theoretical reactive stage per vessel. In effect, it is like having a
number of reactors inside a single continuous stirred tank reactor
vessel. Multiple reactive stages within a single vessel is a cost
effective way of using the reactor vessel volume. It significantly
reduces the number of vessels that otherwise would be required to
achieve the same results. Fewer vessels reduces the overall capital



5,430,194 and copending U.S. Patent Application Serial No. 08/430, 790,
filed May 5, 1995, referred to above. The processes of this

i nvention may be carried out using, for exanple, a fixed bed reactor, a
fluid bed reactor, a continuous stirred tank reactor (CSTR) or a slurry
reactor. The owbishpeesi ze and shape of the catalysts w il deperdogidzsohe
type of reactor used. In general, for fluid bed reactors, a snall

spherical catalyst particle is preferred for easy fluidization. Wth fixed
bed reactors, larger catalyst particles are preferred so the back pressure
within the reactor is kept reasonably Iow. The at |east one reaction zone
enployed in this invention may be a sing#® vessel or may conprise two or
nore discreet vessels. The at | east one separation zone enployed in this

i nvention nay be a single vessel or may conprise two or nore discrete
vessels. The at |east one buffer treatnment zone enployed in this invention

may be a singl erey@iedlandmanesaiiecofierhyvith separatevaselgtamdvessel s. |t
shoul d be understo%qgt hat the reaction zone(s) and separation zone(s)

enpl oyed herein P st in the same vessel or in different vessels. For
exanpl e, reactive separation techni ques such as reactive distillation,

reactive rrenbrangxg,m?hganmgcgsm | i ke may occur in the reaction
zone(s). racesses of thi.g . nyention.can be conducted in
a batch or continuous fa$t rﬁﬁenﬁﬁ?%‘?c?%sc‘f/s&ﬁ@I&Q%%Wﬁgﬂﬁgds starting
materials if recdeydrefermylatiors aitustrativgrmetal-oxgamophesphite igandgomplereact i on

zonebor inda |tol lkfaghlf[yh%d Bfrdx‘o?ﬁ%j‘l&%lpﬂ 99&:%'sseisﬂv}§@lih@§y@£pé;[rfén@érs§%l{ Fl or it
my e conducte wmse O con uous n n, eJ.on e ul ar zone or
Corioe of such SBeHdeErsatiatBe oreantehpuRic AR AR satebnt o bo
inert to the st adesctiyatien includesunly progesseeas dessribed, foxegample,finli.Becat i on of
the equi pment shpatedlt BRs 2D 888301, 505 1900 1684980179751 £7p£B81Ur es and

D eSS RS oo bl RSP BB A o1 8 A 01815 ORI PR S BREL D,
reaction zone duthertisdesuresof whichfareiheorperated bereim by yeferemeeeni ent | y

utilized in the REBFEBERS tI8S RPErofdrmylafion processind € dhiliqhes%f this

PCT/ US96/ 19359 . . . -éff-.
invention may correspond to any known processing techniques.

Preferred process are those involving catalyst liquid recycle
hydroformylation processes.

In general, such catalyst liquid recycle hydroformylation
processes involve the production of aldehydes by reacting an olefinic
unsaturated compound with carbon monoxide and hydrogen in the
presence of a metal-organophosphite ligand complex catalyst in a
liquid medium that also contains an organic solvent for the éatalyst
and ligand. Preferably free organophosphite ligand is also present in
the liquid hydroformylation reaction medium. The recycle procedure
generally involves withdrawing a portion of the liquid reaction medium
containing the catalyst and aldehyde product from the
hydroformylation reactor (i.e., reaction zone), either continuously or
intermittently, and recovering the aldehyde product therefrom by use
of a composite membrane such as disclosed in U.S. Patent No.
5,430,194 and copending U.S. Patent Application Serial No.
08/430,790, filed May-5,1995, the disclosures of which are incorporated
herein by reference, or by the more conventional and preferred method
of distilling it (i.e., vaporization separation) in one or more stages



maintain the desired nolar ratio of the starting materials. The
reaction.steps may be effected by the increnental addition of one of t he
stsarting materials to the other. Al so, the reaction steps can be conbi ned
by the joint addition of the starting materials. \Wen conpl ete conversion
i s not desired g oflstiofbt @i Nabl e, the starting nmaterials can be separated
fromthe product, for exanple by distillation, and the star FFRYSHEPEP| al s
then recycled back into the reaction zone. The processes
may be conducted in either glass |ined, stainless steel or simlar type
react.i on equi pnment. The reaction zone may be fitted with one or nore

I nternal and/or external heat exchanger (.gg. i n order to control undue
tenperature fluctuations, or to prevent any possible "runaway" reaction

t enper at ur es. The processes of  this invention nay be
conducted in one or nore steps or stages. The exact nunber of reaction

st eps or stages ] venned, by .t h est conprom se hetween capital
costs and achi ev%ddal ’H‘?’?ﬁ‘%ga‘t%g}‘g%‘i m)s/%lF‘é%tea\ﬂrFiﬁurﬁ’cﬁ ‘WH”)‘/’P“PH@E Pme and ease
of operability, separate(digtillation zone; the nenwelatilizedinpetal catadyss tcantaining

Bt er i 3| s i n queesidoa batnqg tdrgcieliabiche }éhc%ntzg_ﬁf ak %&é&&&d%&%&&&b&,@ﬂ? the
esired reactio ct, 40 ctJ on condi tigps. . i n an
enbodi ment, the rt%-%?%?%I}tﬁ?-aé,gg%ﬁgg.obgggt&saﬁg)&qf&ﬂe vhlatiized imaterialsn may
be carried out irand seperatiemged fuxther mecosenyttheseofdegs bylfarthef or exanpl e, in

copending U.S. Paligtillatiif)datdel @Rried ol in My cotentichaP ridmet! t!h%g:rﬂﬁ‘e an even
erein by

o orence. Such MEIEEAgeH bR ot hasses op dor HELhG fatrivsation sRckieHmer
physi cal barri er Separationy; ifdesinedr and hny recoveraduzactiitss.g); ekfiniove st age per
vessel . In effecistarting Mmatéridl d1Vdyilgss, i BE bcyied BOG1PAGIIATh GRS, S Nal e
conti nuous stlrr%gtﬂagkdﬂgqgégé. vesse%. QUIFlgke r%actlve i@ages Within a
singl e vessel is'a codyorap Fo8 ZgRe (repctor). nLhe Fecoyered;meta) gatalysty ol une.
I't significantly cortainingraffieatenfisuch femtraselsepatmionoimherwiesed wor! d be
required to achivelatilizea Metae cAtdTFsticontdiRIM re¥RRRYrSubk Fp&3zdtin overal |
(I;Eé'ﬁ)'; tuglg 6/ 19359 @ngxja/tlzo%7c%% be recycled, to the hydroformylatio_nz@_ne (reactor) in

any conventional manner desired.

In a preferred embodiment, the hydroformylation reaction
product fluids employable herein includes any fluid derived from any
corresponding hydroformylation process that contains at least some
amount of four different main ingredients or components, i.e., the
aldehyde product, a metal-organophosphite ligand complex catalyst,

free organophosphite ligand and an organic solubilizing agent for said
catalyst and said free ligand, said ingredients corresponding to those
employed and/or produced by the hydroformylation process from
whence the hydroformylation reaction mixture starting material may
be derived. It is to be understood that the hydroformylation reaction
mixture compositions employable herein can and normally will contain
minor amounts of additional ingredients such as those which have
either been deliberately employed in the hydroformylation process or
formed in situ during said process. Examples of such ingredients that
can also be present include unreacted olefin starting material, carbon
monoxide and hydrogen gases, and in situ formed type products, such
as saturated hydrocarbons and/or unreacted isomerized olefins
corresponding to the olefin starting materials, and high beiling liquid



requi red and mai nt enance concerns with separate vessels and agitators.
Hydr of ormyl ati on Processes A preferred process useful in
this invention is hydrof ormmyl ation. Illustrative netal -organophosphite

| i gand conpl ex catal yzed hydroformnyl ati on processes whi ch nay experience
such hydr ol ya 6759984 adati on of the organophosphite |igand pafhuswaiisdsyti C
deactivation include such processes as described, for exanple, in US.

Pat ent Nos. 4, 148, 830; 4,593,127; 4,769,498; 4,717,775; 4,774, 361;

4,885, 401; 5, 264, 616; 5, 288,918; 5, 360, 938; 5, 364, 950; and 5, 491, 266; t he

dlsclosures of which are incorporated herein by reference. Accordingly,
t he hydroformyl ati on processing techni qudd-of this i nvention may
correspond to any known processing techniques. Preferred process are

t hose involving catalyst liquid recycle hydr of or myl ati on processes.
In general, such catalyst |liquid recycle hydrofornylation processes

i nvol Vedt he ﬁr Ogmgeh @@c&fde@kﬁﬁbﬂdﬁ&dﬂﬁcﬁs@aﬁveﬂmm& ﬁ‘[drﬂt:@-solvféﬁlsat ur at ed
conmpoun W t car X1 esence of a
Eyﬁ’r‘? EX%%? ﬁ%ﬁgloyg qui d medi um t hat

net al - or ganopho
al so contains an organic substitated orhun Sfatlgtgd Olefhh{?alctagﬁ%@haq?r eferably

free organophosphiytife drhpRKpEd | ir§ tied Eilit_:lﬁafcﬁ'&@ﬂétmrﬂ procbbéks'(bﬂﬂ' other sultable

hydr of or ny|
i vol ves. wi ?Lh?ﬁwrcﬁ%%ta* HOPET BveBhior Rt nfe Kb BB e spTERTl o o i ng

the cat al yst anchizald ehydenpepsivably a&tlUm(qqlmraI) sigtinistunsapreatedn react or
(i.e., reacti oncglg Béundsdon B i bn"2 €650 Ypr@ferablyni ﬁf 20, ca gl él’coni?d’ld
recoverlng t he S q? ly%ngpr()d ct t erefro na éﬁ E £ g g?OSI & menbr ane
such as di scl osgHch plefinic upsalurpteq SompoRngs;can §e %ng bR 3% pat ent
Appl i cati on Serunsathvated 3@} He3ef, stegght-chasd, WCBBQQDSHI arrpycli¢ scl osures of °
which are 'ncormﬁ%ﬁés asheélﬁaéloiéﬁnrrﬁﬁ&ﬁﬁégcsuc}pés takkd fFBMaheonvent i onal
and preferred ?/%El i n e vaegrlzalon seﬂratlon) in
Wg&omenza 10N ene lSO utene (such as soca d

one or nore sta

PCT/ US96/ 19359 eric, trimeric or tetramcrxc propylene and the like, as disclosed, for

example, in U. S. Patent Nos. 4,518,809 and 4,528,403). Moreover,
such olefin compounds may further contain one or more ethylenic
unsaturated groups, and of course, mixtures of two or more different
olefinic unsaturated compounds may be employed as the starting
material if desired. For example, commercial alpha olefins containing
four or more carbon atoms may contain minor amounts of
corresponding internal olefins and/or their corresponding saturated
hydrocarbon and that such commercial olefins need not necessarily be
purified from same prior to being reacted. Illustrative mixtures of
olefinic starting materials that can be employed in the
hydroformylation reactions include, for example, mixed butenes, e.g.,
Raffinate I and II. Further such olefinic unsaturated compounds and
the corresponding products derived therefrom may also contain one or
more groups or substituents which do not unduly adversely affect the
processes of this invention such as described, for example, in U. S.
Patent Nos. 3,527,809, 4,769,498 and the like.

Most preferably the subject invention is especially useful
for the production of non-optically active aldehydes, by
hydroformylating achiral alpha-olefins containing from 2 to 30,
preferably 4 to 20, carbon atoms, and achiral internal olefins



- 46- under normal, reduced or el evated pressure, as appropriate, in a
separate distillation zone, the non-volatilized netal catalyst containing
resi due being recycled to the reaction zone as disclosed, for exanple, in
U S. Patent No. 5,288,918. Condensation of the volatilized materials, and
separation an recovery thereof, e.g., by further di stillation,
can be carri egwg)llj%b?ﬁﬁany conventional manner, the crude  alF§EfMA&1BHduct
can be passed on for further purification and isoner separation, if
desired, and any recovered reactants, e.g., olefinic starting materi al
and syn gas, can be recycled in any desired manner to the
hydrof ornyl ati on zone (reactor). The recaygred netal catalyst cont ai ni ng
raffi nate of such nmenbrane separation or recovered non- vol atilized netal
catalyst containing residue of such vaporization separation can be
recycled, to the hydrofornyl ation zone (reactor) in any conventi onal
manner desired. .. a,preferred enbodi nent, the .
hydr of or nyl at i onco?gagcle ?%ﬁom%)rt%gﬁ(??r tﬂ?%ﬁ’?‘p‘f'%ﬁﬁ??’ﬁ‘é‘ﬂ@ﬁﬁ'ﬁél udes any
fluid derived frorturgs of sughelphmwoelefing ahddnteruahglefins.on process t hat
contains at |east sone  MRsRhLIGE afpmrarmifnft&fmblémisrinuﬂﬁé% ents or

a osp

ts, i.e. .th | dehyd d . tal - ite li d
conplox cat al yeicrailp-eRylens! Bpblene Fusehel doentana obtgae, Losemeb! | | 2i ng
agent for said l-nemexneydtdesenie,slaindécene, 1-dgdevene shiridécege clitetfddecene,
correspondi ng t a-pétadecerRPIHaGde@Rd! PheplAAdLGR 106t dMehy L Of Or Ny ati on

process from V\/nen(&e t he F}a}/drofor | ati o ctron mxturé starting

re
material may  BOTGAPTRRgy1-efospre, Zbyjeng B?%’ﬁ&l(ﬂ'“?ﬁ%? GserutyleaedZor nyl at i on
reaction  m xt Urethylhitene.2-penstennp?-byatries SHeaxmine, 2-heptung, 2ottere] y Wil |

contain M nor caElgHet bl ol i J : C ose whi ch have
Se? pratend &%rf hlgghggn@ ané??%oﬁzle%rgoc ess or

Forned in sty QAPPSR iaReBEoRper isnsiarent, SEmY HITfReaPTSnat  can
al so be present 4methxlstyneneatispropydistyrent d-temdutpl styreale, alphabon
monoxi de and hy dhahoDstyeens 4-aRtlbhity1Hbha -t APOs e, Rlgoducts, such  as
saturated hydr o%;la{sgﬁl%s eanl?)/ Qr _un gpj_ﬁ;t eﬂ__ i sgmer | 2 e‘g_hol erins__corr espondi ng
to the ol efin starting fatePretes Ay ToBeRs ilrjhexafiere, 1L7- wo
97/ 20794 octadiene, 3-cyclohexyl-1-butene, and the like, as well as, 1,3/i81#ddS96/ 19359

butadiene, alkyl alkenoates, e.g., methyl pentenoate, alkenyl

alkanoates, alkenyl alkyl ethers, alkenols, e.g., pentenols, alkenals,

e.g., pentenals, and the like, such as allyl alcohol, allyl butyrate, hex-1-

en-4-ol, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate,

vinyl propionate, allyl propionate, methyl methacrylate, vinyl ethyl

ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, 3-

butenenitrile, 5-hexenamide, eugenol, iso-eugenol, safrole, 1so-safrole,

anethol, 4-allylanisole, indene, limonene, beta-pinene,

dicyclopentadiene, cyclooctadiene, camphene, linalool, and the like.

Illustrative prochiral and chiral olefins useful in the

asymmetric hydroformylation processes (and other asymmetric

processes) that can be employed to produce enantiomeric product

mixtures that may be encompassed by in this invention include those

represented by the formula:



-47- al dehyde condensati on byproducts, as well as other inert

co- sol vent type materials or hydrocarbon additives, if enployed.

The” substituted or unsubstituted olefin reactants that may be enpl oyed in
the hydrofornyl ation processes (and other suitable processes) of this

i nvention inclygde;hapbfr optically active (prochiral and  chi petaysindsse
non-optically active (achiral) ol efinic unsaturated conpounds cont ai ni ng

from2 to 40, preferably 4 to 20, carbon atons. Such ol efinic unsaturated
conpounds can be termnally or internally unsat urated and be of

strai ght-chain, branched chain or cyclic structures, as well as olefin

m xtures, such as obtained fromthe ol 4§eneri zati on of propene, butene,

i sobutene, etc. (such as so called dimeric, trinmeric or tetrameric

propyl ene and the |ike, as disclosed, for exanple, in U S. Patent Nos.
4,518, 809 and 4, 528, 403). Moreover, such ol efin conpounds may further
contain one or nore ethylenic unsat ur at e¢h groups, and of course, m xtures

of two or nore different ol e C uns ed conpounds may be enpl oyed
as the starting material if de:$t9d__§pywexanple conmer ci al al pha

ol efins containing four or nore,CarboM\Qtons may contain mnor anmpunts of
corresponding internal ol efins d/ or theln correspondi ng saturated

hydr ocarbon and that such commerxi al ol efins need not ¥fessarily be
purified from sane prior to being reacted. Illustrative mxtures of

olefinic start hat, gan b 0 r rnyl ation
reac!t i ijns i ncl :.I ?E?ﬁ‘rﬁ%’mﬁ&gﬁegﬁ? %%X§glﬁem£pﬁﬁo¥$ rfle% rT}almd : .
Furt her such ol éfffemem:tﬁnm& ()] dsdd‘fqmnhﬁs:mhg])and are sededted fimndi ng
roducts derive ere al so. c ain,o 0

Eubstituents mﬁ&%f%&n;ﬂg"tﬁuﬁwhﬁa% &VI%F‘;\@S&{%]IPHE e"ﬁﬁg 8&8@5 of this

i nvention such ﬁ%nﬂ&i&ﬂ{ylbﬁﬂno bwdh £xPefiYytamind did Gbenzyaining, dikexy 3, 527, 809,
4,769,498 and the ik

ect
i nvention is esﬁ‘é%hl kil ?‘?t}ﬁ%xé’fa(ﬂd ethlpo¥ WM?‘S %C%Sé%&% %ﬁ-ﬁﬁ!{)l ’cally active
al dehydes, by nityide.dhis egrhenyhgarkaxamife.sapberaldelmidgscarbardd ning from 2 to
30, pr ef er abl yarboklic’ékters a-Picinchiddn® phéaiyl; ssbistitated ariyd indhdiagef i ns

\é’\(C:Z)T? 6/832/7?3 359 phenyl, said substitution being selected from all‘{yl, amim.) including'
alkylamino and dialkylamino such as benzylamino and dibenzylamino,
hydroxy, alkoxy such as methoxy and ethoxy, acyloxy such as acetoxy,
halo, nitrile, nitro, carboxyl, carboxaldehyde, carboxylic ester,
carbonyl, and thio; acyloxy such as acetoxy; alkoxy such as methoxy
and ethoxy; amino including alkylamino and dialkylamino such as
benzylamino and dibenzylamino; acylamino and diacylamino such as
acetylbenzylamino and diacetylamino; nitro; carbonyl; nitrile; carboxyl;
carboxamide; carboxaldehyde; carboxylic ester; and alkylmercapto such
as methylmercapto. It is understood that the prochiral and chiral
olefins of this definition also include molecules of the above general
formula where the R groups are connected to form ring compounds,
e.g., 3-methyl-1-cyclohexene, and the like.

Illustrative optically active or prochiral olefinic
compounds useful in asymmetric hydroformylation processes (and
other asymmetric processes) of this invention include, for example, p-
isobutylstyrene, 2-vinyl-6-methoxy-2-naphthylene, 3-ethenylphenyl
phenyl ketone, 4-ethenylphenyl-2-thienylketone, 4-ethenyl-2-
fluorobiphenyl, 4-(1,3-dihydro-1-oxo-2H-isoindol-2-yl)styrene, 2-



- 48- containing from4 to 20 carbon atons as well as starting materi al
m xtures of such al pha olefins and internal ol efins.

| Flustrative al pha and internal ol efins include, for exanpl e, ethyl ene,
propyl ene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1- nonene, 1-decene,
1- undecene, 11%8 SHE 1-tridecene, 1l-tetradecene, l-pentﬁdecene
1-hexadecene, 1-heptadecene, 1-octadecene, 1- nonadecene, 1= 8&93#8,

2- butene, 2-nethyl propene (isobutylene), 2- nmet hyl but ene, 2-pentene,

2- hexene, 3-hexane, 2-heptene, 2-octene, cycl ohexene, propyl ene diners,
propyl ene trinmers, propylene tetramers, butadiene, piperylene, isoprene,
2-et hyl - 1- hexene, styrene, 4- et hyl stygpene, 4-isopropyl styrene,
4-tert-butyl styrene, al pha- met hyl styrene, 4-tert-butyl-al pha-nethyl
styrene, 1, 3- di i sopropenyl benzene, 3-phenyl -1-propene, 1, 4-hexadiene,
1, 7- oct adi ene, 3-cycl ohexyl -1-butene, and the like, as well as,

1, 3-di enes, but adi al kwl. kengat.es. :e,4. t hyl ..pent enoat e, al kenyl
al kanoat es, al kgérl?fpyg?%ﬁ’z%‘lfiﬁ@?@e%’ e g?@flpg.g’gl,pr%éﬁﬁgﬂgﬁrs, al kenal s,
e.g., pentenal sprapsayibenzenddsobsityid-propenylbienzenes iphienyhvinyl etheryandt e,
hex; 1{ en- 4- Oil;he El@é._—@tl@éi'dleﬁﬂlxiic clﬁﬁi@ﬁhn_é@ﬁ{cmt d%s%s'tﬁ{lntéﬂc@ﬁyﬂa&yié%&m e_nylI
acet at e, vi ny ropi;onate, a .Propi gn nme ylate,, viny
ethyl  ether, ¥ ﬁ?ﬁ“%‘i‘sahﬁﬂ’ A 1§|¢§r ﬁﬁ%’f&N@t ﬁ&ég’%gg’g@r@%& enoat e,
3-  but eneni t r $481,266hthecdiacioslres ofiwbaadi are incorpoyated| hereiaf iyl e,

| so-safrole, fareidhed., 4-allyl anisol e, indene, |inonene, beta-pinene,
di cycl opent adi ene, cyclo al, ool,, an Like.

Illustrative prochiral a ﬁhgef:aﬁgg b&%‘i‘?&)ggﬁgg}iﬁ%ﬁi gnfippsu 5%1]&5@ ric

hydr of or nyl at i oelefinircsiasténg featerialslincluds yhoset permisgiblecndstitytedmid can be
enpl oyed to progdigafstitaitid A8BhiccoRipatHas dedtribled i f Kit RO thigor, be- enconpassed
by in this invepliog | ncl UPe,LOSE rLRneSeH a0 PEalDS, TRpEE o WO
- 49- pertinent portions of which are incorporated herein by reference.

As noted, the hydroformylation processes of this invention
involve the use of a metal-organophosphite ligand complex catalyst as
described hereinabove. The hydroformylation catalysts may be in
homogeneous or heterogeneous form during the reaction and/or during
the product separation. Of course mixtures of such catalysts can also
be employed if desired. The amount of metal-organophosphite ligand
complex catalyst present in the reaction medium of a given
hydroformylation process encompassed by this invention need only be
that minimum amount necessary to provide the given metal
concentration desired to be employed and which will furnish the basis
for at least the catalytic amount of metal necessary to catalyze the
particular hydroformylation process involved such as disclosed, for
example, in the above-mentioned patents. In general, metal, e.g.,
rhodium, concentrations in the range of from about 10 parts per
million to about 1000 parts per million, calculated as free rhodium, in
the hydroformylation reaction medium should be sufficient for most
processes, while it is generally preferred to employ from about 10 to
500 parts per million of metal, e.g., rhodium, and more preferably from
25 to 350 parts per million of metal, e.g., rhodium.

In addition to the metal-organophosphite ligand complex
catalyst, free organophosphite ligand (i.e., ligand that is not complexed



[err] -wherein Rerr], Rerr], Rerr] and R err] are the sane or different
(provided R err] is different fromRerr] or Rerr] is different from R4)
and are selected from hydrogen; alkyl; substituted al kyl, said
substitution being sel ected from di al kyl am no such as benzyl am no and

di benzyl am no,walokgeeys such as nmet hoxy and et hoxy, acyl oxy pdeAs®?19359
acetoxy, halo, nitro, nitrile, thio, carbonyl, carboxam de,

car boxal dehyde, carboxyl, carboxylic ester; aryl including phenyl;
substituted aryl including phenyl, said substitution being selected from
al kyl, am no incl udi ng al kyl am no and di al kyl am no such as benzyl am no

and di benzyl am no, hydr oxy, al koxy suctPlas net hoxy and et hoxy, acyl oxy
such as acet oxy, hal o, nitrile, nitro, carboxyl, carboxal dehyde,
carboxylic ester, carbonyl, and thio; acyloxy such as acetoxy; al koxy

such as net hoxy and et hoxy; am no including al kyl am no and di al kyl am no
such as  benzyhath Bise AetaldnkSNA¥d Béprédent sy tithydroforechylatioy reastion such as

acet yl benzyl am no_and cetylam no, nNht.rG. C . nitrile. boxyl ;
car boxani de; car”b‘?ﬁgﬁ’r‘dgk@%ﬁ?&?%@g?ﬁp&‘éeg?%arn%{ 13’%8@*?%%4 iqoa%?sgsfs ach  as
net hyl mer capt o. the abeveidefinest arganephesphite ligands emaploxable heneiny| It iso| ef i ns of
this definition pabfeprddihlat€ife Hb 8F2HRPhOSpHIRElZARY Be fie Qi as ther nul a where
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active or prochicatdlystiemiployed. Howpeoemauchiligands needamstrhecthejsame in any
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2" Vi nyl - 6- et hol§eV st ApTeL Mol dicless {s o 199imolop or bigher, of
4- et henyl pheny| feeetdrgengphaspbite Jigand phemole of metalip rtbg?(xrsdmfymylation
4- (1, 3-di hydr 0- Jegetsriteltffth NUpéferably 1 Hy@dforndylation proces¥6f this 20794
PCT/ US96/ 19359 invention is carried out in the presence of from aboﬁtSPio about 50
moles of organophosphite ligand, and more preferably for
organopolyphosphites from about 1.1 to about 4 moles of
organopolyphosphite ligand, per mole of metal present in the reaction
medium; said amounts of organophosphite ligand being the sum of
both the amount of organophosphite ligand that is bound (complexed)
to the metal present and the amount of free (non-complexed)
organophosphite ligand present. Since it is more preferred to produce
non-optically active aldehydes by hydroformylating achiral olefins, the
more preferred organophosphite ligands are achiral type .
organophosphite ligands, especially those encompassed by Formula (V)
above, and more preferably those of Formulas (VI} and (IX) above. Of
course, if desired, make-up or additional organophosphite ligand can be
supplied to the reaction medium of the hydroformylation process at any
time and in any suitable manner, e.g. to maintain a predetermined
level of free ligand in the reaction medium.

The reaction conditions of the hydroformylation processes
encompassed by this invention may include any suitable type
hydroformylation conditions heretofore employed for producing
optically active and/or non-optically active aldehydes. For instance,
the total gas pressure of hydrogen, carbon monoxide and olefin starting
compound of the hydroformylation process may range from about 1 to



et henyl - 5- benzoyl t hi ophene, 3-ethenyl phenyl phenyl ether, propenyl benzene,
| sobut yl - 4- propenyl benzene, phenyl vinyl ether and the |Iike. Oher
olefinic conmpounds include substituted aryl ethylenes as described, for
exanple, in U S Patent Nos. 4,329,507, 5,360,938 and 5, 491, 266, the

di scl osures of whifHyréy € incorporat ed herein by reference.

IlTustrative of suitable substituted and unsubstituted ol ef i RFFUSI64PISP ng
material s include those perm ssible substituted and unsubstituted olefinic
conmpounds described in Kirk-OQ hnmer, Encycl opedia of Chem cal Technol ogy,
Fourth Edition, 1996, the pertinent portions of which are incorporated
herein by reference. . As notegp- the hydrofornyl ation processes
of this invention involve the use of a netal -organophosphite Iigand
conplex catal yst as described herei nabove. The hydrofornyl ation catal ysts
may be in honbgeneous or heterogeneous formduring the reaction and/ or

during the prod n r mxt yr.es sts can
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preferred hydrogen to carbon monoxide molar ratio being fxl? CT/ 89{5 /19359

1:10 to about 10:1. Further, the hydroformylation process may be
conducted at a reaction temperature from about —25°C to about 200°C.
In general hydroformylation reaction temperatures of about 50°C to
about 120°C are preferred for all types of olefinic starting materials.
Of course it is to be understood that when non-optically active
aldehyde products are desired, achiral type olefin starting materials
and organophosphite ligands are employed and when optically active
aldehyde products are desired prochiral or chiral type olefin starting
materials and organophosphite ligands are employed. Of course, it is
to be also understood that the hydroformylation reaction conditions
employed will be governed by the type of aldehyde product desired.
The hydroformylation processes encompassed by this
invention are also conducted in the presence of an organic solvent for
the metal-organophosphite ligand complex catalyst and free
organophosphite ligand. The solvent may also contain dissolved water
up to the saturation limit. Depending on the particular catalyst and
reactants employed, suitable organic solvents include, for example,
alcohols, alkanes, alkenes, alkynes, ethers, aldehydes, higher boiling
aldehyde condensation byproducts, ketones, esters, amides, tertiary
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with the netal) may al so be present in the hydrofornylation reaction

medi um The free organophosphite |igand may correspond to any of t he
above-defi ned organophosphite |igands enpl oyable herein. It is preferred -
that the free organophosphite |igand be the sane as the or ganophosphite

| i gand of the wBleahere4 ganophosphite Iigand conpl ex cat al yStpcerRb&WS.
However, such |igands need not be the sane in any gi ven process. The

hydr of ormyl ati on process of this invention nmay i nvol ve from about 0.1

nol es or |ess to about 100 nol es or higher, of free organophosphite
l'igand per nole of metal in the hydrofornylation reaction nmedi um
Preferably the hydrofornylation process e%3-this I nvention is carried out
in the presence of fromabout 1 to about 50 nol es of organophosphite

| i gand, and nore preferably for or ganopol yphosphites fromabout 1.1 to
about 4 nol es of or ganopol yphosphite Iigand, per nole of netal present in

of - Both the ar R e O e eonn exod)
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sui t abl e manner ,a?@‘?]'@’. etcaxmﬁuﬂﬁar- Sslfﬂ”géi‘gqﬁ’rﬁﬁer?éaehy‘f%@ré’fiu & desgd 0 gand i n
the reaction nedieroduced and/or higher biilingraldehyderlipoddondensation t he

hydrof ornyl ati o SES the RIAGR BRARIEEIPINtS HisSs eomeitd BIEnERyt] Bakiude any
suitable type (Ho orrrzl at1 on con %t |tons h%ﬁ{?ofg%e ergl géed%iorrld
producing ~ optitdf %fleai’(?f’ W%M/Wf'ﬂ Hets en ale|Re Rrefqrmef EEE™ For

i nst ance, t he uset @lccaydingly e $dusteative preferved solventsommplopableiinghend ol efin

starting cormc#mgu&io& Sl REQh M8 kbR eB{ £§ Sacet 6y afid RGfh Iyl about 1

}:’(C)ZT/ Us96/ 19\4\15)99 ke%orze%,4 esters (e.g. ethyl acetate), hydrocarbons (e.g. g)}gene],

nitrohydrocarbons (e.g. nitrobenzenc), ethers (e.g. tetrahydrofuran
(THF) and sulfolane. Suitable solvents are disclosed in U.S. Patent
No. 5,312,996. The amount of solvent employed is not critical to the
subject invention and need only be that amount sufficient to solubilize
the catalyst and free ligand of the hydroformylation reaction mixture
to be treated. In general, the amount of solvent may range from about
5 percent by weight up to about 99 percent by weight or more based on
the total weight of the hydroformylation reaction mixture starting
material.

Accordingly illustrative non-optically active aldehyde
products include e.g., propionaldehyde, n-butyraldehyde,
isobutyraldehyde, n-valeraldehyde, 2-methyl 1-butyraldehyde,
hexanal, hydroxyhexanal, 2-methyl valeraldehyde, heptanal, 2-methyl
1-hexanal, octanal, 2-methyl 1-heptanal, nonanal, 2-methyl-1-octanal,
2-ethyl 1-heptanal, 3-propyl 1-hexanal, decanal, adipaldehyde, 2-
methylglutaraldehyde, 2-methyladipaldehyde, 3-methyladipaldehyde,
3-hydroxypropionaldehyde, 6-hydroxyhexanal, alkenals, e.g., 2-, 3- and
4-pentenal, alkyl 5-formylvalerate, 2-methyl-1-nonanal, undecanal, 2-



about 10,000 psia. In general, however, it is preferred that the process

be operated at a total gas pressure of hydrogen, carbon nonoxi de and

ol*efin starting conmpound of |ess than about 2000 psia and nore pref erably
| ess than about 500 psia. The mninmumtotal pressure is limted

predom nately { dpgrgmount of reactants necessary to obtain a_ desired
rate of reaction. Morre specifically the carbon nonoxi de part|%ﬂT“B%3FE§§ure
of the hydrofornylation process of this invention is preferable from
about 1 to about 1000 psia, and nore preferably fromabout 3 to about 800
psia, while the hydrogen partial pressure is preferably about 5 to about
500 psia and nore preferably from about 134t o about 300 psia. In genera
H2: CO nol ar ratio of gaseous hydrogen to carbon nonoxi de may range from
about 1:10 to 100:1 or higher, the nore preferred hydrogen to carbon
nonoxi de nol ar ratio being from about 1:10 to about 10:1. Further, the

hydr,of ornyl ati o S ac ature from
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type of al dehydel-gpensanal, detrhgasanal, 2-methyl-1-tricosgind, hembaodsmmay; 2t i on
processes encomﬂsﬂ@d-lbbétiibwandlnﬂ-@fﬁquﬂtr?doeaﬁélsg;ﬁ~9 UchechshRal he presence

of an organic s an an ! ex
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di ssol ved wat er octgrosanal,bestniarontanad, 2- mﬁthyl—bépemtngabandl‘tbe pideet i cul ar
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tertiary Frydation process of this invention such as, e.g. S-2-(p-

PCT/ US96/ 19359 1sobutylphenyl)-propmnaldehyde, S-2-(6-methoxy-2-53-
naphthyl)propionaldehyde, S-2-(3-benzoylphenyl)-propionaldehyde, S-
2-(p-thienoylphenyl)propionaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaldehyde, S-2-[4-(1,3-dihydro-1-oxo-2H-isoindol-
2-yl)phenyl]propionaldehyde, S-2-(2-methylacetaldehyde)-5-
benzoylthiophene and the like.

Illustrative of suitable substituted and unsubstituted
aldehyde products include those permissible substituted and
unsubstituted aldehyde compounds described in Kirk-Othmer,
Encyclopedia of Chemical Technology, Fourth Edition, 1996, the
pertinent portions of which are incorporated herein by reference.

As indicated above, it is generally preferred to carry out
the hydroformylation processes of this invention in a continuous
manner. In general, continuous hydroformylation processes are well
known in the art and may involve: (a) hydroformylating the olefinic
starting material(s) with carbon monoxide and hydrogen in a liquid
homogeneous reaction mixture comprising a solvent, the metal-
organophosphite ligand complex catalyst, and free organophosphite



am nes, aromatics and the like. Any suitable solvent which does not
unduly adversely interfere with the intended hydrofornylation reaction
can be enpl oyed and such sol vents may include those di scl osed heretofore
commonly enployed in known netal catal yzed hydr of or myl ati on reactions.

M xtures of onwasromue di fferent solvents nmay be enpl oyed gdrpsi@sidsgsl- | N
general, with regard to the production of achiral (non-optically active)
al dehydes, it is preferred to enpl oy al dehyde conpounds corresponding to
t he al dehyde products desired to be produced and/or higher boiling

al dehyde Iiquid condensation byproducts as the main organic solvents as
Is common in the art. Such al dehyde com@@nsati on byproducts can al so be

preformed if desired and used accordingly. Illustrative preferred
sol vénts enpl oyable in the production of al dehydes include ketones (e.g.
acet one and net hyl et hyl ketone), esters (e.g. ethyl acetate),

hydr acar bons (e.lgaid)i(bemejntainifk trééﬁﬂb@h@ﬁi}fe?@ﬂiﬁ-e a8d reéButré ebrdERAS)
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the liquid recycling of the metal-organophosphite complex catalyst
fluid separated from the desired aldehyde reaction product(s), such as
disclosed, for example, in U.S. Patent 4,148,830 or a gas recycle
procedure such as disclosed, for example, in U.S. Patent 4,247 486, as
well as a combination of both a liquid and gas recycle procedure if
desired_. The disclosures of said U.S. Patents 4,148,830 and 4,247,486
are incorporated herein by reference thereto. The most preferred
hydroformylation process of this invention comprises a continuous
liquid catalyst recycle process. Suitable liquid catalyst recycle
procedures are disclosed, for example, in U. S. Patent Nos. 4,668,651;
4,774,361, 5,102,505 and 5,110,990.

In an embodiment of this invention, the aldehyde product
mixtures may be separated from the other components of the crude _
reaction mixtures in which the aldehyde mixtures are produced by any
suitable method. Suitable separation methods include, for example,
solvent extraction, phase separation, crystallization, distillation,
vaporization, wiped film evaporation, falling film evaporation and the
like. It may be desired to remove the aldehyde products from the crude




-54- nmet hyl 1-decanal, dodecanal, 2-nethyl 1-undecanal, tridecanal, 2-
met hyl 1-tridecanal, 2-ethyl, 1-dodecanal, 3-propyl-1-undecanal,

pernt adecanal , 2-nethyl-1-tetradecanal, hexadecanal, 2-nethyl -

pent adecanal , heptadecanal, 2-nethyl -1-hexadecanal, octadecanal, 2-

met hyl - 1- hept , nhonodecanal , 2-nethyl -1-octadecanal, Z
1-Heptadecanaﬁﬁ8§?%?%pyl-1-hexadecanal, eigosanal, 2-methy|-%ql%g‘%}l”s9
nonadecanal , henei cosanal, 2-nethyl-1-eicosanal, tricosanal, 2-nethyl-
1-docosanal, tetracosanal, 2-nmethyl-1-tricosanal, pentacosanal, 2-

nmet hyl - 1-tetracosanal, 2-ethyl 1-tricosanal, 3-propyl-1-docosanal

hept acosanal , 2-nethyl - 1- oct acosanal , norgg-osanal, 2-nethyl -

octacosanal , hentriacontanal, 2-nethyl-1-triacontanal, and the Iike.
I[l'lustrative optically active al dehyde products include (enantioneric)

al dehyde conpounds prepared by the asymretric hydr of ormyl ati on process of
this .invention suc | O de,
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PCT/ US96/ 19359 catalyst recycle process the portion of the liquid reaction mixture

(containing aldehyde product, catalyst, etc.), i.e., reaction product fluid,

removed from the reaction zone can be passed to a separation zone,
e.g., vaporizer/separator, wherein the desired aldehyde product can be
separated via distillation, in one or more stages, under normal,
reduced or elevated pressure, from the liquid reaction fluid, condensed
and collected in a product receiver, and further purified if desired. The
remaining non-volatilized catalyst containing liquid reaction mixture
may then be recycled back to the reaction zone as may if desired any
other volatile materials, e.g., unreacted olefin, together with any
hydrogen and carbon monoxide dissolved in the liquid reaction after
separation thereof from the condensed aldehyde product, e.g., by
distillation in any conventional manner. In general, it is preferred to
separate the desired aldehydes from the catalyst-containing reaction
mixture under reduced pressure and at low temperatures so as to avoid
possible degradation of the organophosphite ligand and reaction
products. When an alpha-mono-olefin reactant is also employed, the
aldehyde derivative thereof can also be separated by the above
methods.



- 55- |'i gand; (b) maintaining reaction tenperature and pressure

condi tions favorable to the hydrofornylation of the olefinic starting

matieri al (s); (c) supplying make-up quantities of the olefinic starting

material (s), car bon nonoxi de and hydrogen to the reaction nedium as those

reactants are wear2epe4 and (d) recovering the desired al dehydecT/uses/19359

hydr of ormyl ati on product(s) in any manner desired. The conti nuous process

can be carried out in a single pass node, i.e., wherein a vaporous

m xture conprising unreacted olefinic starting materials and vapori zed

al dehyde product is renoved fromthe liquid reaction m xture from whence

t he al dehyde product is recovered and nmak®7g ap olefinic starting

mat eri al (s), carbon nonoxi de and hydrogen are supplied to the liquid

reaction nediumfor the next single pass through w thout recycling the

unreacted olefinic starting material (s). Such types of recycle procedure

are well known in the art Mork payicuinrdy,\dstilldtien and)seghratiopafithg of the

net al - or ganophos f bl desired
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Patents 4, 148, 83 are 1n or pora erein er ence
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embodi ment of t hBas PFRFEWES that i3 substanfdallyilowsrdhan the total E?%E"‘?‘F&W‘be
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separati on mnet hods ent extraction, ase
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evapor ation, fal buljgetfthlertiguid pedctionprodaet hbdiund rdegoved fromythee desired to

O L 2L SRRt iBn HARoh Mnk e Epressure reddlioh dcii &bt
volatilize a substantial portion of the unreacted gases dissolved in the
liquid medium which now contains a much lower synthesis gas

concentration than was present in the hydroformylation reaction
medium to the distillation zone, e.g. vaporizer/separator, wherein the
desired aldehyde product is distilled. In general, distillation pressures
ranging from vacuum pressures on up to total gas pressure of about 50
psig should be sufficient for mest purposes.

Agueous Buffer Solution Treatment

As stated above the subject invention resides in the
discovery that hydrolytic decomposition and metal catalyst
deactivation as discussed herein can be prevented or lessened by
treating at least a portion of the reaction product fluid derived from the
processes of this invention and which also contains phosphorus acidic
compounds formed during the processes with an aqueous buffer
solution sufficient to neutralize and remove at least some amount of
the phosphorus acidic compounds from the reaction product fluid. The
use of an aqueous buffer solution to prevent and/or lessen hydrolytic



- 56- reaction mxture as they are fornmed through the use of trapping
agent s as described in published Patent Cooperation Treaty Patent
Appfication WO 88/08835. A preferred nethod for separating the al dehyde
m xtures fromthe other conponents of the crude reaction m xtures i s by
menbr ane sepa Such nenbrane separation can be achi ey out
in U S Patenm’%?%% 194 and copending U. S. Pat ent App??"g‘é?g%%%%erl al
No. 08/430,790, filed May 5, 1995, referred to above.

i ndi cat ed above, at the conclusion of (or during) the process of thi s

I nvention, the desired al dehydes nmay be recovered from the reaction

m xtures used in the process of this inveggd.ion. For exanpl e, the recovery
techni ques disclosed in U S. Patents 4,148, 830 and 4, 247,486 can be used.
For i nstance, in a continuous liquid catal yst recycle process the portion
of the liqui d reaction m xture (containi ng al dehyde product, catalyst,

etc.), i.e., cti ctflu fr eaC|onznecan
be passed to a ggﬁ?ﬁ%{‘f f@n%rgano&i(bsph a ‘f@%ﬁfgﬂy apgp © Wi’é?té n the
desired al dehydergmumhospluamhgend cmphaxmwywmhmim farimgtlation prasesses or

nore stages, UNgeHistRse®in co ehﬁﬂ&gg‘% @at@h@ﬂﬁbﬁéhﬁﬁr?S&qﬁﬁNof(@Wﬁm liquid
reaction fluid, quéldénsed an I | ect ei ver, and
{

further purified 88i3egve ef%‘ﬁﬁﬁn? gdlﬁ?}ﬁs‘ff(?l"?w}?’egésd cat al yst
cont ai ni ng Ilquunborpatatetbhemmﬂowreferen@/ t hen be recycled back to the

Lﬁ?g; ngdzglngf ?rS] maz g;{ hg'?ﬁb &aqogéxyof at W48 koM@l Ahdtt TRLhEphdsphors 9
di ssolved in thqut UI%P%nélg\Ahr%ﬁanﬁl sggagrﬁgwcgengﬁﬂgrgg% %]Rg&!%? ﬁe
condensed al deh?&b’lmb@m}@@m@‘:@s HB?04, andithe likej am theany conventi onal

manner. |n geneﬁm?rhxoibﬁns’ﬁatﬂfnegﬁféﬁ Anb@s on%%@%ﬁ‘@r@l ﬁﬂleaéilﬁi betheal dehydes

fromthe cataly

t ai reaction ced essure and

at | ow t enper at gng tion reagiion m%%?r g’élj{}’g’g&l %Ps?fﬁ‘
or ganophosphi t e orgayeuphosphite tigand by preyansihgoerslessindng its lalldpfﬂatmmno ol efin
reactant is alsqe eEHH 8166, *ﬂ?.% need'td ebN116] dﬁracmw Y€ ofgiloBRésphAde al so be
separated by the a ed j;ni gcl V\¢P 0794
PCT/ US96/ 19359 pr moted metal catalyzed hydroformy atlon was explained above.

Thus the purpose of the subject invention is to remove or reduce

excessive acidity from the catalyst system in order to maintain a

proper acidity level in the reaction product fluid so that the

consumption of the useful organophosphite ligands do not

hydrolytically degrade at an unacceptable rate while keeping catalyst

activity at a productive level. The subject invention submits that the

best means for regulating such acidity is to extract (remove) such

phosphorus acidic materials from the reaction product fluid using an
aqueous buffer solution. In this way the acidic materials are
neutralized and extracted into the aqueous solution as disclosed herein
as opposed to merely being scavenged and/or neutralized and allowed
to remain in the reaction medium, thereby avoiding accumulation of
such scavenged and/or neutralized byproducts, and preventing further
possible necessary secondary chemistry or the buildup of salt deposits
in the reaction zone and/or separatio:. zone

Said treatment of the metal-or _anophosphite ligand
complex catalyst containing reaction product fluid with the aqueous
buffer solution may be conducted in any suitable manner or fashion
desired that does not unduly adversely affect the basic



-57- More particularly, distillation and separation of

t he desired al dehyde product fromthe netal - organophosphite conpl ex

catal yst containing reaction product fluid my take place at any sui tabl e
tenperature desired. In general, it is recommended that such distillation
take place at welohpmg! y | ow tenperatures, such as bel ow 1%Hrasswé/fosseand
mere preferably at a tenperature in the range of from about 50[err]Cto
about 140[err]C It is also generally recommended that such al dehyde

distillation take place under reduced pressure, e.g., a total gas
pressure that is substantially |ower than the total gas pressure enpl oyed
during hydrofornyl ati on when | ow boiling -8Pdehydes (e.g., Cerr] to

Clerr]) are involved or under vacuum when hi gh boiling al dehydes (e.g. C7
or greater) are involved. For instance, a commobn practice is to subj ect
the liquid reaction product nediumrenoved fromthe hydr of or nyl ati on
reaction fzonﬁ t Ohydrif fittorl BFO¢ess @tlams\ﬁh_ﬁh safd reattioatprodue faid whss aﬂt i al
portion of the ugreact ases di.ss [ | now
contains a nuch %'\}\‘/'ee?i' S %ﬂﬁgt%ngg, t§§ %q“_g??%g‘cg‘ﬁ?%gﬁe%ﬁhwa’ﬁ?ﬁg °§§§‘\é@ﬁ in the
hydr of or ny! at i onorr alor jiapi porties pgthetiﬁsmé rgpetion pradush flnihthatds ¢o be

Yaporl zer{ Segf'ir ?ﬁrleléte;i%%%éhtfoh@ bufféf Steatient ?&h‘é’ﬂﬂd W€ BAs béerdi sti | | ed. t
n general, distillati Lessures r angi.n romyacu essures on up to
total gas pressiEaed it e gt least pue Forttion 2508 o v aF eapt 608 2, |

pur poses. Aqueepasatient gene. Sbhe trieatedmeeghion product fluid may then bas st at ed
above the subj ecfethihed ol the at 36dst 0fie rBadtivd zondicTABYE At Yedsh dhe BYshrakiohi C
deconposition and ma'éﬁh ca%all yiSt dg{e{ctl.vat hon as ddos%usse herei n can be
prevented or |es¥8fe natgly hyffer soljtiqn.may be Spraysq,ite pr oheTISE i on
product fluid deaddeddoithemtd¢ast onpreactionaongforithe et least ane sepagationhi ch al so
cont ai ns phosphozdie taGicHicve acidRtidnteb:. TheRMetlld biiFer RgePfoRaRASAAYW t h an
aqueous buffer sol Utsl on_suffici ﬁnt to ngsut rtﬁl i.ze .and rro?rme/ﬁ : td%seast somne
amount of  the ¥% sbpeh§P3§a 24 G EHE L EYR S FER O RIREPF WSy daftict
fluid. The usenetpdahoreitbeasberrf dissovened thasan aqysous buffenpelusion| essen

hydrol ytic which®e¥6hé8 éfitkained in a reaction product fluid containing a
PCT/ US96/ 19359

metal-organophosphite ligand complex catalyst and which is
transferred to the reaction zone does not result in an appreciable or
significant increase in the formation of higher molecular weight
products e.g., aldehydes such as dimers, trimers, etc.

This invention involving the use of an aqueous buffer is
especially adaptable for use in continuous liquid catalyst recycle
hydroformylation processes that employ the invention of U.S. Patent
No. 5,288,918, which comprises carrying out the process in the
presence of a catalytically active enhancing additive, said additive
being selected from the class consisting of added water, a weakly acidic
compound (e.g., biphenol), or both added water and a weakly acidic
compound. The enhancing additive is employed to help selectively
hydrolyze and prevent the build-up of an undesirable monophosphite
byproduct that can be formed during certain processes and which
poisons the metal catalyst as explained therein. Nonetheless, it is to
be understood that the preferred hydroformylation process of this
invention is still considered to be essentially a "non-aqueous" process,
which is to say, any water present in the hydroformylation reaction
medium is not present in an amount sufficient to cause either the



- 58- degradati on of an organophosphite |igand and deactivation of a
net al - or ganophosphite |Iigand conpl ex catal yst in hydrofornyl ation
processes is disclosed in copending U S. Patent Application Serial No.
(D-17245- 1), filed on an even date herew th, the disclosure of which is
i ncor porated ref erence. The rermval f at |east
sone anount o:‘Wt he p%yosphorus aci d conpounds, for exanple, @P?ﬁf'ﬂi’err]
al dehyde aci ds such as hydroxy al kyl phosphonic acids, Herr]PJerr], and
the like, fromthe hydr of ormyl ati on system allows one to control the
acidity of the hydr of ormyl ati on reacti on nedium thereby stabilizing the

usef ul or ganophosphite |Iigand by prever0-ng or | essening its hydrolytic
deconposition. The need to control the acidity in organophosphite
pronoted netal catal yzed hydroformnyl ati on was expl ai ned above. Thus the

pur pose of the subject I nvention is to renove or reduce excessive acidity

fromthe catal yg wdggg@gﬁg?&%%a%ﬁl&naw beDJoﬂgﬁe{%fééj' ty level in

t he reaction pro uct consu ef ul
or ganophosphi t e SRFAFAPRFSINER ABRarate, pamequsior C’%ﬁtﬁyphé@? elayex 117a$1id}hlaacept abl e
rate while keeptmgnmgahyphase activity at a productive level. The subject

I nvention submts that th eSSEO E@ﬁngexrsgoodrtﬁgw f% é}P? ferrgﬁcﬂgg{gt iIs to
I'a r on

extract (renove) such ot U5 AT ar e it e
product fluid ueftus mvent@queguéhmmbe imesit pomPpyising preventingyandfm aci di c

(rjnat elr i al 3 ﬁr e lessedinghydesiytio degeadamibhaﬂ th@bﬁgdd@ha@plgwm%a/ﬁm athd on als g
I SCI 0Se erei C n and/.ofr neutrallze
aeactﬁritﬁﬂpo(%%ﬁg n;eq:apg{ axﬂgtﬁlsl %ﬁ@r&g’ £X Szrt %

and al | owed t
accunul ati on of treaélagwtée%ﬁtm@oamﬁﬁexd meitlmprmt ﬂgaprl deme%froand

preventing furt bsid pmmssajnlalxehiahcmasafmameg;h otus Aejdis édidpdiindshe bui | dup

of salt deposit CLl one arati
" Sai d treatnent g%m}eﬁrh&&?%%gﬁ a%% shg mF."’?“c‘Pﬁg%‘ %)q“eous %ngF"e§°q83f’3| yst
cont ai ni ng r eactitefajst eicheast snareq ltlwomen@/qné%@sat leagy ifecseparstian on nay
be conducted i nzenysufitieabte rémoneit lRast Lol MMount SGiepibsphdiusdoes not

gg?_f luég g?\iggggl XmﬁI fc%ﬁ;po‘ﬁl?ﬁs lﬁ}(ﬁﬁ %aid reaction W%d%cé %leYc?,Z}s considered to be a

separate aqueous phase or layer in addition to an organic phase.

Thus, for example, the aqueous buffer solution of this
invention may be used to treat all or part of a reaction product fluid of
a continuous liquid catalyst recycle hydroformylation process that has
been removed from the reaction zone at any time prior to or after
separation of the aldehyde product therefrom. More preferably said
aqueous buffer treatment involves treating all or part of the reaction
product fluid obtained after distillation of as much of the aldehyde
product desired, for example, prior to or during the recycling of said
reaction product fluid to the reaction zone. For instance, a preferred
mode would be to continuously pass all or part (e.g. a slip stream) of
the recycled reaction product fluid that is being recycled to the reaction
zone through a liquid extractor containing the aqueous buffer solution
just before said catalyst containing residue is to re-enter the reaction
zone.

Thus it is to be understood that the metal-
organophosphite ligand complex catalyst containing reaction product
fluid to be treated with the aqueous buffer solution of this invention
may contain in addition to the catalyst complex and its organic solvent,



-59- hydr of or myl ati on process from which said reaction product fluid
was derived. For instance, the aqueous buffer treatnent nmay be conducted
on all or any portion of the desired reaction product fluid that is to be
treated in at |east one buffer treatnent zone and which has been renoved
fromthe at | esagdom@om4r eacti on zone or the at |east one S e pRrIabsseme3zone.
The treated reaction product fluid nay then be returned to the at |east
one reaction zone or the at |east one separation zone. Alternately,
buffer solution nay be sprayed into or otherw se added to the at | east
one reaction zone or the at |east one separation zone to achieve acidity
control. The aqueous buffer |ayer formed -y then be separated, e.g.,
decanted, fromthe reaction product fluid. As not ed above, it has been
di scovered that an aqueous buffer solution whi ch becones entrained in a
reaction product fluid containing a net al - or ganophosphite |igand conpl ex
catalyst and whigldehgpde plodass faseld?gahspHdaphite ighh@umeactedatefimadnd esult in
an appreciabl e ogny ot?.l gnl fi %Q% Olrrallérﬁaseec | n.sghe% Jr{gﬂr{gé 'ﬁga{'ctf%fn 195%21%
mol ecul ar wei ght*™Y PiSGHRE'SHER AR 9Rst TEN"a3 “ar TS PP etc.
Thi s i nvention iefitbediydgoforreylationairogess frpre sthich saileeattion pragvest aidsy
adapt abl e for usgelderfgti nuous |iquid catal yst recycle hydr of ormyl ati on
processes that enploy the,inhvention of .U Rat.en 5,288,918, which
conpri ses carrying out thé\h‘brf%eérsgerpﬂvﬁlﬁé_‘%e ﬂfsége%%lge%?dea%oﬁzﬂ Really
active enhanci ngcansdiconsantratiang of thie vther ingrediengs ofthecneadtion predust cl ass
consi sting of adggidsWebehincrda¥éiPitopoftsdrlitEly. ’Eﬁi%ﬁ@ﬂ@ﬁarﬁﬁlé}thebl phenol ), or
bot h added water_ and aliweg I ¥; acl dic cotémﬁgun : Thelen anci,n ditive is
enpl oyed to hel p"éaPeRRGSpBIty ligafd fpRrFepsEAtigRy _&*&faﬁﬁa PREAIRROFORISE o an
undesi rabl e nonogrrshénmplex catalyssdontainingt reschiob prdduchBaidite betrested ai n
processes and Whhethe aqiiotd BaffbF fa A8bofdarc@ivAtl She pPocBdPbRthiethvieRbibRi N.
Nonet hel ess, it 1S,t9 Fre ugc_erst o%d %ﬁgﬁ) thgﬁ efeeé ed %\ég%of 0 g?él ation
process of this ™3 {GBET FOM PEEEP APORL RIS BeIgRt RELERY PAFY
"non- agueous” prikedstal weight ofthegeadtioreyroduct/flwigd: drrefereblntheiligande
hydr of or nyl at i oncon@estrkéibn is P&Wee0.G1 8R4 10 vWAIERY pérder®) anBbiére suffi cient
to cause either tr% erably is betv\é\gengz.ét)zuq?(? 65 and 5 weight percent on that basis
PCT/ US96/ 19359 Preferadbly ' gatp :
Similarly, the concentration of the metal in the metal-organophosphite
ligand complex reaction product fluid to be treated by the aqueous
buffer in accordance with the process of this invention may be as high
as about 5000 parts per million by weight based on the weight of the
reaction product fluid. Preferably the metal concentration is between
about 50 and 2500 parts per million by weight based on the weight of
the reaction product fluid, and more preferably is between about 70
and 2000 parts per million by weight based on the weight of the
reaction product fluid.
The manner in which the metal-organophosphite ligand

complex catalyst containing reaction product fluid and aqueous buffer

solution are contacted, as well as such treatment conditions, as the
amount of aqueous buffer solution, temperature, pressure and contact
time are not narrowly critical and obviously need only be sufficient to
obtain the results desired. For instance, said treatment may be carried
out in any suitable vessel or container, e.g. any conventional liquid
extractor, which provides a suitable means for thorough contact
between the organic reaction product fluid and aqueous buffer solution,



- 60- hydr of ormyl ati on reaction or said nmediumto be considered as
enconpassi ng a separate aqueous or water phase or layer in addition to an

or gani ¢ phase. Also, it is to be understood that another
preferred process of this invention, i.e., the enbodi ment conprising
preventing ang/o | esseni ng hydrol ytic degradation of the organophosphite
|l i gand and éﬁ% P7%tion of the net al - or ganophosphite Iigaﬂﬁnﬁgﬁﬁﬁ%§9

catal yst by treating at least a portion of said reaction product fluid
derived from said process and which al so contains phosphorus acidic
conpounds formed during said process by introduci ng an aqueous buffer
sol ution into said at | east one reacti.gg zone and/or said at |east one
separation zone sufficient to renove at | east sonme anobunt of the
phosphor us aci di c conmpounds fromsaid reaction product fluid, is
considered to be a separate aqueous phase or layer in addition to an

or gani ¢ phase. Thu for ¢ le.. the. . aqueous buffer

sol ution of thi%* Pﬁ\?glrﬁl?%eﬁi% “’o?‘h% g ol%ﬁgﬁifegleﬁ t8 i) e%‘_’!gaglcr eaction
product fluid aeactiorcpradustiBuid thrquihl theaqnsgots bultey solutiopding siemg | at i on
process that hasay &aeactos BBluath il £ GbluiterLameht PAsHIONETRE afibantiof® Prior to

or after separation of.the.al.dehyd rqduct therefrom . NMore, preferably
said aqueous RHFEYS g‘r‘@%& sAlption ﬁéﬁ?f@é‘%ﬂ@m% cgll?v?f’rtmﬁ‘a‘ﬁd gf”et%re
reaction prodwsontsct with the edactidn preduct divid need pnlybethatsvhiok s of t he

al dehyde produgffidest tteuttAize R Rinfovelti 184st!fdnf addhihfér dhide recycling of
said reaction product flujd to the reﬁf&ll on zg&& I nst,ance

For , a
preferred nod HusAcidc COnPPIRAR EPich sause hyfirolytig degradatignof °g ;
stream) of théhedesirhkld oarganephosphitetigands.| Breferably theameuntof ecycl ed to

the reaction ZzRRRokdheHENsdutibfid Suffitichf s Bt 1a8DhpiRtaig thde aqueous buffer
eaction  rone concentiation of Sizholdc ohinpuinds Belonhe tbrebid Rep Y ot al
or ganophosphi t eahsesarapid degrtacation tof tlys orgavnphosphite ligarst. i on product fluid
to be treated with the agyepiitais) b Prefepidd §iRimtRly dfAgRebiandon may
contaln 10 Addi 902 % SAA) WS OIRlrE ey GegthdBBbS ofBle e
WD 97/ 20794 _
PCT/ US96/ 19359 organophosphite ligand proceeds by the "non-catalytic mechanism" as

described in "The Kinetic Rate Law for Autocatalytic Reactions" by

Mata-Perez et al., Journal of Chemical Education, Vol. 64, No. 11,

November 1987, pages 925 to 927, rather than by the "catalytic

mechanism" described in said article. Typically maximum aqueous

buffer solution concentrations are only governed by practical

considerations. As noted, treatment conditions such as temperature,

pressure and contact time may also vary greatly and any suitable

combination of such conditions may be employed herein. For instance,

a decrease in one of such conditions may be compensated for by an

increase in one or both of the other conditions, while the opposite

correlation is also true. In general liquid temperatures ranging from

-about 10°C to about 120°C, preferably from about 20°C to about 80°C

and more preferably from about 25°C to about 60°C should be suitable

for most instances, although lower or higher temperatures could be

employed if desired. As noted above, it has been surprisingly

discovered that minimum loss of organophosphite ligand occurs when a

reaction product fluid containing a metal-organophosphite ligand

complex catalyst is contacted with an aqueous buffer solution even at



- -61- al dehyde product, free organophosphite |ligand, unreacted ol efin,
and any other ingredient or additive consistent with the reaction nedium
of the hydrofornylation process fromwhich said reaction product fluids

are derived. Mor eover, renoval of the desired al dehyde
product can weuvggsrspncentrati ons of the other ingredients périkssmvssecti on
pr oduct fluids to be increased proportionately. Thus for exanple, the

or ganophosphite ligand concentration in the netal - organophosphite | i gand
conpl ex catal yst contai ning reaction product fluid to be treated by the
aqueous buffer in accordance with the process of this invention may range
from bet ween about 0.005 and 15 wei ght pt,5t3cent based on the total weight
of the reaction product fluid. Preferably the |igand concentration is

bet ween 0.01 and 10 wei ght percent, and nore preferably is between about
0.05 and 5 wei ght percent on that basis. Simlarly, the concentration of
the metal in thelevetel teasgpranpbesMorially the gaatimentrjd emrriedaut mmudepr oduct

flutd to e tregrad.py &Qg@&@@%men@ %ac?@g@o%&sﬂﬂ@@ﬁﬁd%é Podeley Pr ocess

of this inventi may be arts per I on by

wei ght based on ’F‘P\%Wl"g‘ﬁ!f’é’lmﬁﬁéatte‘? Seconsis ‘Hr‘BHHH‘FSF‘P a.faWWe?am y the
nmetal concentratde®s. i s bet ween about 50 and 2500 parts per mllion by
breferably i's betveen apgeryer S %%88*@89“95%‘*%*1&#1%#1 w6l ght based
on the wei ght opomneundsf%a@tqbsrrewmodm wid according to t esubnﬁ@ manner in

whi ch the met al isveptidvanias bbideterniiged By megopingtheattd §egradatibai ni ng
reaction produc %okgwngt@pgﬂf;‘ﬁl%e&ﬁﬂgdﬂofsgﬁlte h?%?la)&g&n%gﬂggnt acted, as well

as such treatrre con aqueous buffer soI ution,
tenperature, pr&ydrafermylationeagtion mediwm.oThe ﬁBFS‘HBPPBW glecsanvaryl and
obvi ously need owéwya hédérdriges e@nifrdrd aboabk B8 1up e abestd garde per Heer For

| nstance, Sa' d E;EFSL Ont »Ufl}’bé)g?&q%éd Sg the Bé%t éoﬂ@%xﬁhéﬁ%ﬁ cistoorc Of

cont ai ner, e. r OV
sui tabl e rreans ilg{an@ HB@GE@%W@&&P@C%@W&W@Y&%?‘E aP&%f‘fi‘ﬁléfﬁcpr oduct

fluid and aqueolerelufPreferablythediyueous buffer 86Tutidh 2adent of this
PCT/ US96/ 19359

invention is carried out in such a manner that the consumption of the
desired organophosphite ligand present in the hydroformylation
reaction medium of the hydroformylation process is maintained at an
acceptable rate, e.g., < 0.5 grams of ligand per liter per day, and more
preferably < 0.1 grams of ligand per liter per day, and most preferably
< 0.06 grams of ligand per liter per day. As the neutralization and
extraction of phosphorus acidic compounds into the aqueous buffer
solution proceeds, the pH of the buffer solution will decrease and
become more and more acidic. When the buffer solution reaches an
unacceptable acidity level it may simply be replaced with a new buffer
solution. . .

The preferred method of operation of this invention is to
pass all or a portion of the reaction product fluid before removal of
product or reaction product fluid concentration after removal of product
through the aqueous buffer solution. Alternately, buffer solution may
be sprayed into or otherwise added to the at least one reaction zone or
the at least one separation zone to achieve acidity control. The
aqueous buffer layer formed may then be separated, e.g., decanted,
from the reaction product fluid. An advantage of this scheme is that



-62- may be enpl oyed herein. In general it is preferred to pass the
organi c reaction product fluid through the aqueous buffer solution in a
si eve tray extractor columm in a counter-current fashion. The anmount of
aqueous buffer solution enpl oyed by the subject invention and tine of
contact with the tion product fluid need only be that which

sufficient to neutra i ze and renpve at |east some amount of ?ﬂEU$”““”9
phosphorus aci di ¢ conpounds whi ch cause hydrol yti c degradati on of t he
desi rabl e organophosphite ligands. Preferably the anmount of aqueous
buffer solution is sufficient to at |east maintain the concentration of
such aci di ¢ conpounds bel ow t he threshol g4l evel that causes rapid
degradati on of the organophosphite |igand. For instance, a
preferred quantity of aqueous buffer solution is the quantity which
ensures that any degradation of the or ganophosphite |igand proceeds by

Altocatal viic i “%{%‘2%23’%%?3*’?}3?&8 BEP e, availabE i oty foerg i)
Educat i on, Vol .thezeasiion product fide Bais inv@ttiopisguy iotehded tobe limieder t han

by the "cat al ytinGany WaghaPbs the gamrsswrﬂeanmx%&bhhﬁg% T%iéhﬁ@' ! Yy mar' mim
practi ca

aqueous buf fgr_sol uti.on centrations verned

consi der at i onseb hs(?ilétbm@ ST HiTe eh RSt 4%?#05‘?%8% ‘E}ﬁ)‘@{at ure,
pressure and codi¢patation ma)ray for| contacting ayresxtiop ranductfiuid witkakhe

conbi nation of fikbus BALE 6laBHoAPAtIG BT DFPhtHNEE BF the FActibAShACGE: @
decrease in one_of such conditions may be conpensated for by an I nCcr ease
in one or both 5P rb?‘ﬂ’éa? conditions, while the opposite correlation is
also true. In general i E{‘bﬁ@quem}ﬁab'aﬁ‘ensﬂuhamgemglmb in thiwinvehtiparr] C to

about 120[ err] Gna 9&&&19!-1%@%)&%1‘5&&%%&%:2:‘3{;&&%& &&tguﬁ 5 13%9& alcﬁs and

nor e preferabl Y from abo % S{Aé‘lsc?#wmc ﬁﬁﬁ hFé‘LF%E‘F& G’r'"e%“"&‘oﬁli‘l sw tabl e

for nost inst anb&é’ t'éTeth
enpl oyed if destHl eﬂth%saqmm sabdians may rasgohirem 3 to Py prefergbly fronln gcover ed

that mnimum | asB £id ﬁfogétaﬂéi’eﬁ%mﬁﬁioﬁ; 4505 06k Whid cohEskt qutam%%&tréi\n
product fluid GOl ai Y mé - Lr an h%spry {?e lda@g:rﬂ he °‘gE\DeX cat al yst
is contacted with an g‘ﬂgégf}g Sfﬁlf‘b‘f §8 Pf(?ﬁ SIFEHe gr 97/ 20794
PCT/ US96/ 19359 consisting of phosphate, carbonate, citrate and borate compounds and

cations selected from the group consisting of ammonium and alkali

metals, e.g. sodium, potassium and the like. Such buffer systems

and/or methods for their preparation are well known in the art.

Preferred buffer systems are phosphate buffers and

citrate buffers, e.g. monobasic phosphate/dibasic phosphates of an

‘alkali metal and citrates of an alkali metal. More preferred are buffer

systems consisting of mixtures of the monobasic phosphate and the

dibasic phosphate of sodium or potassium. For example, illustrative

suitable aqueous buffer solutions are those of the following table.

Aqueous Buffer Compositions and pH

NaH2PO4 NagHPO4 Buffer

wt % wt % Concentration (M . H
95 5 01 M 5.55
95 5 0.05 M 5.62
95 5 0.04 M 5.67
95 5 001 M 5.74



- 63- el evated tenperatures. Normally the treatnent is carried out
under pressures ranging fromanbient to reaction pressures and the

cont act time may vary froma nmatter of seconds or mnutes to a few hours
or nor e. Mor eover, success in renoving phosphorus acidic
conpounds fromawdwr20macti on product fluid according to the suBgTAEY6/19359

I Avention may be determ ned by neasuring the rate degradation
(consunption) of the organophosphite |igand present in the.

hydr of ormyl ati on reacti on nedium The consunption rate can vary over a
wi de range, e.g., fromabout [err] 0.6 up to about 5 grams per liter per

day, and wi'll be governed by the best cormf?oni se between cost of | i gand
and treatnment frequency to keep hydrol ysis bel ow autocatal ytic | evel s.
Pref.erably the aqueous buffer solution treatnent of this i nvention is

carried out in such a manner that the consunption of the desired
or ganophosphite |igand pggesent i nsgghe hydrad.pr il ati on 68acti on medi um of

t he hydrofornyl ati on prggess i s nggntai ned b4 an accepg®bte rate, e.g.,

[err] 0.5 grans of |iganggper litgr per daygjamgl nore pggherably [err]
0.1 grams of ligand per dgiter per;ggy, and grpsiypreferablyoaq 0.06 grans

of ligand per liter per day. As the neutralization and extraction of
phosphorus aci di ¢ conpounds into the aqueous buffer sol ution proceeds,
the pH of the buffer sol uOptionally,|anlergamisniteopdn cohpoand may be addedor e
acidic. Wen th | ALk o t L.y | evel it
ey sifmply be r§§ﬁ§%f5§f‘°§ﬁ&#§aﬁ§ﬁ§§f PE; R HRRER' ARG plilhdel 0
preferred met hodlWe rwasengsthsmacidic bydrplgsis pyprodacisformed upgp| or a
portion of the rigairblysis qithelufganiphosptits gand, asvaaghtofor gxaadhlefinor
reaction productyyfd g AN f ugh the
aqueous buf fer s%]é' ?iiag%r&qgf:géénﬁ%%?y,seéﬁk{ﬁggﬁﬂg%ﬁﬁdﬁegrfonrigq“g%aI%%{/)ed into
or otherwise add®§9it8Tears vith pad e ngHtrabize the ardirsemponnds Ry fmingast one

separati on zone doavasiinepedact wiltsythepewith| theFélsy preganting the fifetal, eayer

formed may then heg %@?@ﬁ%ﬂﬁgrgﬁgﬂﬁggdicwd%%g g@%ﬁggn@roduct

fluid. An advantage, oj . Il (
PCT/ US96/ 19359 thus helping to protect the activity of the metal, e.g., rhodium, catalyst

while it is present in the reaction zone under reaction, e.g.,
hydroformylation, conditions. The choice of the organic nitrogen
compound for this function is, in part, dictated by the desirability of
using a basic material that is soluble in the reaction medium and does
not tend to catalyze the formation of aldols and other condensation
products at a significant rate or to unduly react with the product, e.g.,
aldehyde.

Such organic nitrogen compounds may contain from 2 to
30 carbon atoms, and preferably from 2 to 24 carbon atoms. Primary
amines should be excluded from use as said organic nitrogen
compounds. Preferred organic nitrogen compounds should have a
distribution coefficient that favors solubility in the organic phase. In
general more preferred organic nitrogen compounds useful for
scavenging the phosphorus acidic compounds present in the reaction
product fluid of this invention include those having a pKa value within
* 3 of the pH of the aqueous buffer solution employed. Most preferably
the pKa value of the organic nitrogen compound will be essentially
about the same as the pH of the aqueous buffer solution employed. Of



- 64- neutralization capability is imediately available if acidity
forms in the reaction product fluid. This invention is not intended to be
lim'ted in any manner by the permni ssible neans for preparing an aqueous
buffer solution (either inside or outside of the reaction zone or

separati on zongp epbg7hpr contacting a reaction product fluid Risiio3s9
aqueous buffer solution (either inside or outside of the reaction zohe or
separation zone). The aqueous buffer solutions enployable in
this invention may conprise any suitable buffer mxture containing salts
of oxyacids, the nature and proportions of which in the m xture, are such
that the pH of their aqueous solutions s range from3 to 9, preferably
from4 to 8 and nore preferably from4.5 to 7.5. In this context suitable
buffer systenms may include m xtures of anions selected fromthe group
consi sting of phosphate, carbonate, citrate and borate conpounds and

cati.ons sel ecte r il net al s,
e.g. sodium po?oélrg??mfsgﬁ(}gtﬂ r&%@&'ﬂi ‘Egbgi @Te?ﬂfa d%m#loﬁeth ds
for their prepaPRV e sHck argrpicibRgen FP'PH@“E@? atlme m any ngen Preferred

buffer systens pracepd)ifdémiied, mikfures ofitwb oinor@tiiffreht 6ganicniroggRnobasi ¢

retal . More preofurPOSREBhg IR botpRyEl ih 852?“1%*‘8%‘%% M tures of the

nonobasi ¢ phosphat e and tRstrgtiys organip sitspgarccosrpaundsinrlydegeg-assi um  For

exanpl e, ill ust tdalkytamines] aﬁheawmhmnﬁnéfm-nqﬁbpyllaﬁﬁae Arent hose of the

}c\jg:_ll[ g‘er ]ng qt 2P|r ]ebuwa?mmi lg‘f}dso-b ylamlﬁ%q;?fféﬁ p@Hf);’lSFmgg r%oﬁll}(éxopqs%l%%d p|(-| W %

Concentration (& pq:tylamme, d1methy biso-propylamineg, dimethyl-hexadgcylamine,

5.55 me@ﬁyl-dl-n-octylaxﬁme and the likeJasivelVlas substituted deBv&tives

(9)5 01 M 5 there%f- C?Etainlr(Pé OM PR ngLs .ng}iéxﬁeéexggg substituent.s suc?xSas

PCT/ US96/ 19359 hydroxy groups, for example triethanolamine, N-methyl-di-
ethanolamine, tris-(3-hydroxypropyl)-amine, and the like. Heterocyclic
amines can also be used such as pyridine, picolines, lutidines,
collidines, N-methylpiperidine, N-methylmorpholine, N-2'-
hydroxyethylmorpholine, quinoline, iso-quinoline, quinoxaline,
acridien, quinuclidine, as well as, diazoles, triazole, diazine and
triazine compounds, and the like. Also suitable for possible use are
aromatic tertiary amines, such as N,N-dimethylaniline, N,N-
diethylaniline, N,N-dimethyl-p-toluidine, N-methyldiphenylamine,
N,N-dimethylbenzylamine, N,N-dimethyl-1-naphthylamine, and the
like. Compounds containing two or more amino groups, such as
'N,N,N',N'-tetramethylethylene diamine and triethylene diamine (i.e.
1,4-diazabicyclo-[2,2,2]-octane) can also be mentioned.

Preferred organic nitrogen compounds useful for
scavenging the phosphorus acidic compounds preSent in the reaction
product fluids of the this invention are heterocyclic compounds selected
from the group consisting of diazoles, triazoles, diazines and triazines,
such as those disclosed and employed in copending U.S. Patent
Application Serial No. (D-17423-1), filed on an even date herewith, the
disclosure of which is incorporated herein by reference. For example,

benzimidazole and benztriazole are preferred candidates for such use.



- 65- 48 52 0.1 M 6. 82

50 50 0.04 M 6.9-7.0 100 0

0.1 M 4. 64 0 100 0.1 M

9.21 Optionally, an organic nitrogen conpound may be added

to the reacti owgusgeset fluid, e.g., hydrofornylation reacti Gerasseghisase
fl.uid, to scavenge the acidic hydrol ysis byproducts formed upon hydrolysis
. of the organophosphite |Iigand, as taught, for exanple, in U S. Patent No.
4,567, 306. Such organic nitrogen conpounds nay be wused to react with and
to neutralize the acidic conpounds by formi ng conversion product salts.
therewith, thereby preventing the metal, -87gy., rhodium from conplexing
with the acidic hydrolysis byproducts and thus hel ping to protect the
acttvity of the netal, e.g., rhodium catalyst while it is present in the
reaction zone under reaction, e.g., hydrofornylation, conditions. The

choi ce of the organic nit [0gRRatiOSNRUHMbIE BFganid BitFopealdofiboundsi N part,
dictated by the.d St glﬂt af . Hsing a basi c materlaé %hat. is.soluble in
the reaction rredP_aHl 8 HhosroRsrmifgg etOé'ﬁgmtcd“_%gF%rl' Y7RPPHRYS ?Sﬁﬁlpféff’ of aldols
and ot her conderizkiQthmey, Hagycispesdia af Chgmi¢al Jenhnolagy Bnurtly Editden,y r eact

with the product1998, the per#ind@B¥6fions of which are incofptirat<d B&Riifbypi t r ogen
conpounds nay confggl n from2 to 30 carbon atons, and preferably from2 to

24 carbon atons.'® y _amines should be excluded fromuse as said
organi ¢ nitrogen conpoundbe aPammdof erganicnitrogan comppramdciduap majlse shoul d

have a distribuyjreqhtGAsht red&ivn Oﬁﬂ%ﬁ{xctf fRYia'for SQiveRkingithel phobPiorakgani ¢
phase. In general.more preferred organic n.trogen ur%g eful for
scavengi ng the rﬁ?&gﬁﬁﬁq’ﬁg"‘é BegeR. g@*ﬁr{%&b‘?’bg‘gﬁf’c?ﬂﬂgﬁeo éﬁgﬁ‘?on pr oduct
fluid of this irneentiamis typicatly sufficientttavprovide atacentrationjof bt leasferr] 3 of
the pH of the aqiRato.000l Réles of ftké BPhRYSEEn ddaiPouRdsiepAbY ¥f the pKa
val ue of the organic nitr c ound | Dbe essenti.al lt¥ about the same
2s the pH of t hdsatimmpedit fuid I rness! e seBo o oragnic mittoget \ip o7/'50764
PCT/ US96/ 19359 compound to total organophosphite ligand (whether bound with

rhodium or present as free organophosphite) is at least about 0.1:1 and

even more preferably at least about 0.5:1. The upper limit on the

amount of organic nitrogen compound employed is governed mainly

only by economical considerations. Organic nitrogen compound:

organophosphite molar ratios of at least about 1:1 up to about 5:1

should be sufficient for most purpose.

It is to be understood the organic nitrogen compound

employed to scavenge said phosphorus acidic compounds need not be

the same as the heterocyclic nitrogen compound employed to protect

the metal catalyst under harsh conditions such as exist in the product,

e.g., aldehyde, vaporizer-separator, as taught in copending U.S. Patent

Application Serial No. (D-17423-1), referred to above. However, if said

organic nitrogen compound and said heterocyclic nitrogen compound

are desired to be the same and perform both said functions in a given

process, care should be taken to see that there will be a sufficient

amount of the heterocyclic nitrogen compound present in the reaction

medium to also provide that amount of free heterocyclic nitrogen

compound in the process, e.g., hydroformylation vaporizer-separator,

that will atllow both desired functions to be achieved.



- 66- course it is to be understood that while it may be preferred to
enpl oy only one such organic nitrogen conpound at a tinme in any given
protess, if desired, mxtures of two or nore different organic nitrogen
conpounds may al so be enployed in any given processes.

Illustrative ' I trogen conmpounds include e.g., trialkylamnes, such
as triethyl am'c\!ri]’g,@%dr:’?{]n- prgpyl am'rrge, tri-n- butyl gm’ ne, PCT/US96/19359
tri-iso-butylamne, tri-iso-propylamne, tri-n-hexylam ne,

tri-n-octylam ne, dinethyl-iso-propylam ne, dinethyl-hexadecyl an ne,

met hyl -di -n-octyl am ne, and the like, as well as substituted derivatives

t hereof containing one or nore noninterfgg.ng substituents such as hydroxy
groups, for exanple triethanol am ne, N-nethyl-di- ethanol am ne,
tris=(3-hydroxypropyl)-amne, and the |like. Heterocyclic amnes can also
be used such as pyridine, picolines, lutidines, collidines,

N- net hyl pi peri di ne, N nethyl npr I ne. N2 -.. hydraxyet hyl nor phgl i ne,
qui nol i ne, i so-quinoli ne,&%ﬁﬁﬁ%é@eg}ﬁ P‘(’Jﬁf%g"qﬁ'ﬂ? ﬁfﬂal¥ﬂ'ieﬁéﬁ"’1]ds wel | as,
di azol es, tri azBplonlyramone feesdhospheri¢ addicaopmonasds fiaml thdimetalke. Al so
sui tabl e for possiadlophsiihif [frand RMESIEE cAl ét%ﬂtzﬁmr%ér
N, N- di et hyl ani *‘liuﬂfs’ tﬁhl\(léA\I- d?g%%'%l arliHI J ne, *I N-dj et hyl thé&'tggf%ﬁl&tne,
N- et hyl di phenytamné.® 2RI PHEERFP LR A SthiHerisingly removes the
N, N- di net hy| - 1- hgsphieyssiatidie matetial o€ the cdoyerstompoathats saltifomhed by two or
DI e ami No gr OUgHe uskHthe Brgdhibini¥rodbn dodk iRt L%V &S SI0E, gﬁ. /g and
triethyl ene di alrrfi} ng, ( ihe. 4- d%afzé;ét% o CI|; 0-] 2, 2, é—%ct ane .@Qﬁ’egt so be
nent i oned. -6 BEp osphpEsAcid gt 871 SAnYersion RFgHC R Alh BRRRias bebind f or
scavengi ng t he Bhidwranegus huffer solutiopowhile the treatid feactibe predutiflad, pr oduct
fluids of the tilofighAYetie AlhcbSARRLPEHSRIE AR ted fromthe
group consi sti (r;rcL o? %Zt | es, triazol eg, di azrlnne g#gﬂfproiﬁglziiq%es, such as
those di scl osed" ARHS g‘ﬁé'aa‘ftf?"c@ﬁ’@ndi ng U.S. Patent Application Serial
No. (D-17423-1), filed odrmthevmmobtam thitchalbden, olisbeveddvhed osur e of whi ch
|5 i ncor por at ecory@hahdly Bodphi810AGR prbfiot X ATRAIGataHERALT AN &1 AL
benztriazol e ar el%gr g?%hrfguedp? ngi@ga eps. 8r ?uch usa??g e . %@0794
PCT/ US96/ 19359 Processes, e.g., continuous hquid catalyst recycle hydroformylation

processes, that involve harsh conditions such as recovery of the

aldehyde via a vaporizer-separator, i.e., the slow loss in catalytic

activity of the catalysts is believed due at least in part to the harsh

conditions such as exist in a vaporizer employed in the separation and

recovery of the aldehyde product from its reaction produet fluid. For

instance, it has been found that when an organopolyphosphite

promoted rhodium catalyst is placed under harsh conditions such as

high temperature and low carbon monoxide partial pressure, that the

catalyst deactivates at an accelerated pace with time, due most likely

to the formation of an inactive or less active rhodium species, which

may also be susceptible to precipitation under prolonged exposure to

such harsh conditions. Such evidence is also consistent with the view

that the active catalyst which under hydroformylation conditions is

believed to comprise a complex of rhodium, organopolyphosphite,

carbon monoxide and hydrogen, loses at least some of its coordinated

carbon monoxide ligand during exposure to such harsh conditions as

encountered in vaporization, which provides a route for the formation
of catalytically inactive or less active rhodium species. The means for
preventing or minimizing such catalyst deactivation and/or



-67- [I'lustrative of suitable organic nitrogen conpounds
I ncl ude those perm ssi ble organic nitrogen conpounds described in

Ki rk- & hmer, Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1996,
the pertinent portions of which are incorporated herein by reference.

The anount of woparo®4ni trogen conpound that may be  presentpcriysobfvase
reaction product fluid for scavengi ng the phosphorus aci di ¢ conpounds
present in the reaction product fluids of the this invention is typically
sufficient to provide a concentration of at |east about 0.0001 nol es of
free organic nitrogen conpound per liter of reaction product fluid. In
general the ratio of organic nitrogen c¢6%pound to total organophosphite

| i gand (whet her bound with rhodi um or present as free organophosphite) is
at least about 0.1:1 and even nore preferably at |east about 0.5:1. The
upper limt on the anount of organic nitrogen conpound enpl oyed is

gover ned mai nly precipitytibiy 1mvaa@ajm QS theinveh 6iof .deSEdbéd §ndltzhig=lﬁ

conpound: Orga\fa%p{fé,@m%tfg ety ; 3156 ol RESHD2HRHA-11,heebfd 9 20O

5.1 shoul d be su 0 be
under st ood the dPGRAYS lt:he@fennéwwmgowm byéxpfemnlativnpyecesai d

phosphor us aci divnhdes Ghlitidas BERY mbo&%onosd& ﬁa@-ﬁ‘él gsestsbﬁe fetig ocyclic
ni t rogen conpour})q SRk 8( gl eﬁhegrot ecatfctptrogexéc«bmpo%x% Osegtﬁere?r?rSh

condi tions such*as ex
vapori zer-separator, as tBMg‘rﬁy() further explagatiosit Eahed-anved tlﬁ@ﬁ'leecat i on

Serial No. (D 1Hb@&o&:}c.hcrlﬁflﬁgé@@oﬂxﬁonﬁ@é’eﬁveé‘%‘féﬁlﬁéﬁ:eﬁﬁhg‘and fir4a8i C

nitrogen conpou t,er.0c u desired to
be the sanme andqgset?cP g?o%a%’g?ﬁgd ﬁlgaﬁ r‘ib?’feg’ﬁ gomﬁm§ abﬁ‘g‘gtﬁapmﬁ?’b'ﬂ%@g care
shoul d be t aken mefabgreciascomprising aicomplex of thamétal,emganoplyphuspbites he
heterocyclic ni tth@ﬂ@t’br@%ﬁ@blﬂﬁ‘oﬂr@&ﬁﬁ%odd’d éﬁlﬁhﬁ:ﬁ%@éﬁ aﬁnngfa%féhw&m al so

provi de that a free_hete clic ound in the
process, e.g., mgg alt’?);o"? §-al TR ﬁei’ﬁfa&é 33%8?’ pre‘r’T‘]tO”r%flg% Il allow both
desired functi or'u%lnﬂ@lzé'ég fosmation of any sucl\@bove mentisned catalytic

PCT/ US96/ 19359 inactive or less active metal species. It is further theorized that the

maintenance of catalytic activity, or the minimization of its
deactivation, throughout the course of such continuous liquid recycle
hydroformylation is due to regeneration of the active catalyst from said
neutral intermediate metal species in the reactor (i.e. hydroformylation
reaction zone) of the particular hydroformylation process involved. It
is believed that under the higher syn gas pressure hydroformylation
conditions in the reactor, the active catalyst complex comprising metal,
e.g., rhodium, organopolyphosphite, carbon monoxide and hjdrogen is
regenerated as a result of some of the carbon monoxide in the reactant
syn gas replacing the heterocyclic nitrogen ligand of the recycled
neutral intermediate rhodium species. That is to say, carbon monoxide
having a stronger ligand affinity for rhodium, replaces the more
weakly bonded heterocyclic nitrogen ligand of the recycled neutral
intermediate rhodium species that was formed during vaporization
separation as mentioned above, thereby reforming the active catalyst
in the hydroformylation reactor.

Thus the possibility of metal catalyst deactivation due to
such harsh conditions is said to be minimized or prevented by carrying
out such distillation of the desired product from the metal-



- 68- Accordi ngly the aqueous buffer solution treatnent
will not only renove free phosphoric acidic conpounds fromthe netal -

or ganophosphite Iigand conpl ex catal yst containing reaction product

fluids, the aqueous buffer solution also surprisingly renoves the
phosphorus ac{jfapRieri al of the conversion product salt fgféﬁ%gﬁssyt he
usé of the organic nitrogen conpound scavenger when enpl oyed, i t he
phosphorus acid of said conversion product salt remains behind in the
aqueous buffer solution, while the treated reaction product fluid, along
with the reactivated (free) organic nitrogen conpound is returned to the
reacti on zone. Anot her prappem that has been observed when
or ganopol yphosphite Iigand pronoted netal catalysts are enployed in
processes, e.g., continuous liquid catalyst recycle hydrofornylation
processes, that involve harsh conditions such as recovery of the al dehyde
Vi a a vapori zer-separ ot ., hh 0 i Proge tihvity of
the catalysts i% g%e%foﬁ)gehfs thete g?tql%%sﬁ%h?%dﬁlzﬂ?feaf gmt?%%gé%%sfﬁ{ ld%%’nt 1% i ons
such as exi st iafdgd\pxgsanice of a &rasl hgterpeyelia migrogep sempiosnd haying afiyeery of

t he al dehyde prd?%'ih@ineiﬁl%i‘bﬂhétdr@@%lib@fhgﬁédh@i&ingfdﬂﬂ%-5 Exbonigtehansd, it has
been found that Mh%ﬂﬁﬁg %Hgﬁpggqm%phgﬁy %te prognted rhodium catal yst is
pl aced under hsz%‘ﬂ c PR ERTE 20 4% '°9K e?eﬁ?ﬂ Pétfﬁgeé‘ﬁ 3 ow car bon
nonoxi de parti aontaininga doublebondhSucbfreg heteragyelic nijragen compopndecel er at ed
pace W th tine,mgyBe BRIkt fFéththe lchiskREndiSHARLE 8iaz6le, BRazdlé(ibNifeOr | €SS

active rhodi um species, which | so be susceptible to precipitation
under prol onged® gb@zﬂﬁ%cqrﬁpoﬂggﬁ%} &% ec%h%«mqna:ﬁcga_tzo %rhbeer%‘)gréﬁzg) ’i's al so
consi stent w t landthedikay Theterm Heeed msiil appliesstosaid hWeterpcyehid avtrogen

hydr of or nyl at i Qianfenes iPESployed RREFRY €6lexQuddARY bEid salts@TBUEK Of rhodi um
or ganopol yphosg{ntte, calﬁégon nonoxi de,and ps\éﬁtro en Ioggs & bI Qgst sone of
its coordinat edetEXOFESIIF HETPESP FemPOgRAs) 1§ S gco%%%f G har sh
conditions as reactdemofanyiphosphapes acidicicompounddivesgangiindhe readtivit e for t he

formation of Gabahuifisidlvith sGEE frekhelérobRtic Merlopy e coPeuRds apeci es. The
nmeans for prev(ﬁgéulsggd AL-T Rpo Zi ng such catal yst deactivation and/or

WD 97/ 20794 )

PCT/ US96/ 19359 ' It is to be understood that while it may be preferred to

employ only one free heterocyclic nitrogen compound at a time in any

given process, if desired, mixtures of two or more different free
heterocyclic nitrogen compounds may also be employed in any given
process. Moreover the amount of such free heterocyclic nitrogen
compounds present during harsh conditions, e.g., the vaporization
‘procedure, need only be that minimum amount necessary to furnish
the basis for at least some minimization of such catalyst deactivation
as might be found to occur as a result of carrying out an identical metal
catalyzed liquid recycle hydroformylation process under essentially the
same conditions, in the absence of any free heterocyclic nitrogen
compound during vaporization separation of the aldehyde product.
Amounts of such free heterocyclic nitrogen compounds ranging from
about 0.01 up to about 10 weight percent, or higher if desired, based on
the total weight of the reaction product fluid to be distilled should be
sufficient for most purposes.

An alternate method of transferring acidity from the
reaction product fluid to an aqueous fraction is through the
intermediate use of a heterocyclic amine which has a fluorocarbon or



- 69- precipitation involves carrying out the invention described and

t aught I n copending U S. Patent Application Serial No. (D 17423-1),
referred to above, which conprises carrying out the hydrofornylation
process under conditions of |ow carbon nonoxide partial pressure in the
presence of a woeezdred erocyclic nitrogen conpound as di scl osegriksdRsH-

By way of further explanation it is believed the free heterocyclic
nitrogen conpound serves as a replacenent |ligand for the 1ost carbon
nonoxi de |ligand thereby formng a neutral internediate netal species
conpri sing a conplex of the netal, organopol yphosphite, the heterocyclic
ni trogen conpound and hydrogen during sueht-harsh conditions, e.g.,

vapori zation separation, thereby preventing or mnimzing the formation of
any such above nentioned catalytic inactive or |less active netal species.
It is further theorized that the maintenance of catalytic activity, or the
i ni mi zati on of silicéne iRieCdhiav@bf Qifficiehit Sizg st itlih emedbdibR ifboth €l CONt i NuUOUS

catal yst 13 om s SR tbil A hn iy B AalebGPRRERSH. e etarBrBE i or (i .
hydr of or ny| at i oAmipe may Brst becentasted withghetreaction productfluidyherd the process
Py of or Tyl &t O e s e e alon B8RS il bO AR AR i x
cgrrpr i Si % net a }trg%?l #fftlhlg ﬁ’@&?{?ﬁxc% P&WSp;%hS&eﬁﬂﬁc ic aEQPBW%%& inge and
hydrogen is r eglmab'agwrﬁsd ar phenwiseseps ffons blae veackion predusti de i n t he

r eact ian'é sy nt grgﬂ&id Bﬁoﬁé?écfjliﬁa&dgﬁgr ir;tggﬁllij ﬁ]ﬁé’ ag%®£i ﬁ'ﬁ_ﬁﬁ?ﬂrghﬁq@ gggfn E:g(rabon
ronoxi de  havi ndoulEBENECh BobaralePheth. Thoe heroduBtetine Pt Har "t ne wore
weakly bonded hEretybgyeturnedia songect the geantionf product Buide| ed neut r al

internedi ate rhodi um specF@SpurpBies¥hisGhyBtich! the SeMAPRYdro8ArbBA" is

ho hydr of or nyl LT B PreR 13 Re1uC S potmisintie combotds BEung ot 645t gherrey al
catal yst deact i b¥drogen and ang casbeyhatemr. shudfopelimissibie compaintistmapelsei ni ni zed
or prevented byhaws éié 88mopslhetedbdtoftiss Thld Briohspbet! Bfe paRIiE{EIr 0duct from
the netal - hydrocarbons include acyclic (with or without heteroatoms) and eyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic organic compounds which can be substituted or
unsubstituted.

As used herein, the term "substituted” is contemplated to
include all permissible substituents of organic compounds unless
otherwise indicated. In a broad aspect, the permissible substituents
include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of organic
compounds. Illustrative substituents include, for example, alkyl,
alkyloxy, aryl, aryloxy, hydroxy, hydroxyalkyl, amino, aminoalkyl,
halogen and the like in which the number of carbons can range from 1
to about 20 or more, preferably from 1 to about 12. The permissible
substituents can be one or more and the same or different for
appropriate organic compounds. This invention is not intended to be
limited in any manner by the permissible substituents of organic
compounds.

In the following examples, accelerated testing procedures

have been employed for demonstrating the effectiveness of the use of
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or ganopol yphosphite catal yst containing reaction product fluids in the
added presence of a free heterocyclic nitrogen conpound having a five or
si x nmenbered lic ring consisting of 2 to 5 carbon a n from
2 to 3 nitroggﬁbgﬁgﬁ%f at | east one of said nitrogen atons %§£E§§Wﬁ#ﬁg a
doubl e bond. Such free heterocyclic nitrogen conpounds may be sel ected
fromthe class consisting of diazole, triazole, diazine, and triazine
conmpounds, such as, e.g., benzim dazole or benzotriazole, and the |iKke.
The term"free" as it applies to said hefzgtocyclic nitrogen conpounds is
enpl oyed therein to exclude any acid salts of such het er ocyclic nitrogen
conpounds, i.e., salt conpounds forned by the reacti on of any phosphorus
aci di c conmpound present in the reaction product fluid with such free

het erocyclic ni n | i 2.
It is to be undé‘i‘gﬁ%og(?%?%gggﬁgﬁ?g%?Pr%?ﬁ%g%?el e_rergel_g'd?glwﬁenpl oy only one
free het er ocycl flegradationofithephnsphitedigandiandedqastiyation °§Fh%¢ﬁt9¥96gé§s, i f
desired, m xturgsc@sell\Heréih that tadl Jcber &iking mofomymmﬁbbl@iﬂﬁ theogen

conpounds may al.so beemployed in.a L ye progess, egyer the anount
of such free hel® %’g@ﬂ?rag“ﬂ%!?rFBB%?P°%§g‘ﬁéﬁﬂgé" g%xeﬁafta%ﬁ'i ﬁéehar sh

condi tions, e. gtestingeproegdares allowsone by chteinumeaningful xasultsiie atuch ni ni num
anbunt necessar yhdrerl aHdindhagedB1€ peAdH of title fHan @fddr @Rl M Ni M zation of
such cat al yst dga%tlvatlop as @g%’; be found to occur as a result of
carrying out anhyHEFPPRARIARPESCEURes: o'y ed | quid recycl e hydrof ornyl ation
process under essentially €getain g%mfoumirxgimg}pleﬁarmprwbiﬁ@{f@e of any free
het erocycl i c ni ffrPlgEa illustraiPenib thebitiond vapori zation separation of the

al dehyde product. Amounts of such free heterocyclic nitrogen conpounds
ranging from about 0.01 up to about m;h ercent, or_higher if

t
desired, based on the tRessription@fiEquipment: e&b&wepmﬁm&hrefq(@i)d to be

distilled shoul gyi@ FisAey Pb&EFB&ttfe@Fthapﬁ'hré)étftﬁﬁﬁ&!;with a sampling port, An
al ternate nethod,of tiéatnsflerrlga a m t he rqduct fluid

tlet v eCI dlethu]c I’Oe S af §g§&iioorlre e
to an aqueous f Fﬁ%t{?‘b i Y hA PHE® 82PaE &R %1‘% &5 (SEVoP "8 %e?‘e_r ocyclic
ami ne whi ch hasThe FisherRoxterdrettles were heated in an temperature controlled oil

bath. Teflon coated mechanical stirrers were placed in the Fisher

(@@=

Porter bottles and the contents stirred magnetically.

Procedure: The ligand solution was prepared using a
nitrogen/vacuum line to minimize air contamination. 4.5076 grams of
Ligand F (as described above) was charged to a 150 milliliter bottle,
-and the atmosphere in the bottle was cycled three times with
vacuum/nitrogen. Via a gas tight syringe, 85 grams of nitrogen
sparged valeraldehyde was charged to the bottle containing Ligand F.
This bottle was then cycled through five nitrogen /racuum atmospheric
flushes.

Approximately 30 grams of the ligand-containing solution
was syringed into each of three bottles. The bottles were under
approximately one atmosphere of nitrogen during addition. One bottle
was charged with 5 milliliters of deionized water that had been
nitrogen sparged for approximately one hour. One bottle had 6
milliliters of nitrogen sparged 0.2 molar sodium phosphate buffer
{about 50:50 weight % mixture of NaH2PO4 and NagHPO4. pH about

7) added via syringe. There was nothing added to the third bottle,
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sitde chain of sufficient size that it is immiscible in both the reaction
product fluid and in the aqueous fraction. The heterocyclic am ne may
first be cont astoesgl2erssh t he reaction product fluid where the pcrasdoslidaye
présent in the reaction product fluid will be transferred to the nitrogen
of the heterocyclic am ne. This heterocyclic am ne |ayer may t hen be
decanted or otherw se separated fromthe reaction product fluid before
contacting it with the aqueous fraction where it again woul d exist as a
separate phase. The heterocyclic amine | a¥®r nmay then be returned to
contact the reaction product fluid. For purposes of this

i nvention, the term"hydrocarbon” is contenplated to include all

per m ssi bl e conpounds having at | east one hydrogen and one carbon atom

Such permi ssi bl evitichwrsthie cofroR| NitrofypresieredB0 PBigd Wil &l e'Bach N a

broad aspect, t I SSkbl e rocar.haons._ i nghude ig (wWth or

wi t hout heter oa{}’(;%rtr@?’ @83’%%@% ‘Fg%y&r#% AL %’haﬁﬁ’ﬁ‘g‘P gﬁ%?ﬁ‘f &Pdpbtb clic and
het erocyclic, arsemnleef thediganssolution wasaugon theddbOusing ahi ch can be
§ubzt It t ;Jt fddgr_ HehARSwhtdr@fadient _metlho«(ij. AnI alzé&yﬁh%ﬂ)ﬁ%:iﬂ:mﬂi?t t er{n f
substituted" is n e ude a erm ssi substituepnts o
or gani ¢ corrpound:gﬁﬁﬁﬁggggé ?§Pﬁ%?’33826§’n%?%%?%° F?Paé'ag‘f’ﬂag‘h:fs’ﬁw ,pePEe

per ni ssi bl e subsvas bigand F atra refgntian imhe of 16:@5 oyiohtes, argl was 98B % of]
unbranched, car kBe¥gtdritinganiktuRet erocyclic, aromatic and nonaronatic
substituents of organic ounds... ]l lustratiyve substi s include, for
exarmpl e, alkyl, alkyl oxy?ﬁg'??ﬁ‘flgaqf#"&‘ffis ﬁ?&FWm?‘@&%ﬁ&g{: 5® BTV&R no,
anminoal kyl, halbslpn and the like in which the nunber of carbons can range
froml to about 20 or nore, preferably from1 to about 12. The perm ssible
substituents can be one oSaniflé Besafitionhe sane orrdghiTimer ent for Ligpopriate
organi ¢ conpounds. This invention is not intendetHs0 be | i mCosdniratiaany
manner by the perm ssible substituents of organic conpounds.

In the foll owi ng exarﬁF@gF"@&@#@b’éﬁt@dﬂtﬂé’sti ng pr&cedures havedt®en

enpl oyed for denonst ridéardd fejrealdshydeConteddloss of tgaéb use of 45.5%

Ligand ¥/Valeraldehyde (Control)

0.0%

Ligand F/Valeraldehyde/Water 0 97.8%
Ligand F/Valeraldehyde/Water 18 0.0%
Ligand F/Valeraldehyde/Water 90 0.0%

Ligand F/Valeraldehyde/Buffer 0 97.8%

Ligand F/Valeraldehyde/Buffer 18 96.6%

Ligand F/Valeraldehyde/Buffer 20 93.0%

Sample Deseription Run Time Ligand F
(Hrs.) Consumption Rate
{grams/liter/day)

Ligand F/Valeraldehyde (Control) 0-18 1.248
Ligand F/Valeraldehyde (Control) 18-90 0.271
Ligand F/Valeraldehyde/Water 0-18 2.333
Ligand F/Valeraldehyde/Buffer 0-18 0.03

Ligand F/Valeraldehyde/Buffer 18-90 0.021
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buffer solutions to prevent and/or |essen hydrolytic degradation of the
phosphite |igand and deactivation of the catalyst as discussed herein that
may occur duri formylation involving the use of a
rhOdiun}organogﬂﬁgéﬁ??e | i gand conpl ex catal yst. The testlndwawg%QHHF

all ows one to obtain neaningful results in a nuch shorter and nanageable
period of time than under normal hydrofornylation procedures.

Certain of the follow ng exanples are provided to further illustrate this
i nventi on. S7dExanmpl e 1

Description of Equipnent: In this experinent three (3) ounce Fisher Porter
botties that were equi pped with a sanpling port, inlet/outlet valve, and
pressure gauge were used as reaction vessels. The Fisher Porter bottles
were heated in an tenperature controlled oil bath. Teflon coated

mechani cal stirrers were placed in the Fisher Porter bottles and the
contents stirredhesgexperiméntg.show that the control Rraddestuabout Hudf 6f igaddsol uti on

d t
‘L’l"az 0%68?;?}5 gfsmg 18 h&hﬁs&?ﬂﬁ&lﬁ é@% dF Bg gb o%@hﬁhﬁ?tﬁésﬁ a%?é]&ﬂ% ation.

mlliliter bottPest o Opfe 1HefARIINES %mP}r‘F @H@ngélsé°&§g vester-deptinntee tines
with vacuunt ni sufb’xgﬁemt tmeagapaﬁa’tglphase/ri nge, 85 grans of nitrogen

sparged val eral dehyde M%ﬁ$@£&?ﬂv/%ﬂn%og?%lgg{r#%als%9&te% epgaahe'r%aa'&qo%:q Us Th' S

bottl e vvasthenci&;ed S’Hgl vacuum.a
Appr oxi mat el y 38! gﬂi@"éﬁ; 8 hopasg Thasindicater thesriticality afayoiding ﬁged | nt 0
each of three bsépalreee witer ginise wdth oalydimitdé or napapacityred séytralige at nosphere

of nitrogen durj aﬁg?&ﬁ‘*ﬁ* m?i’l‘?e B8tk s’mﬁ%‘@?or gwithS5mlliliters of

dei oni zed water t nitro n spa a gﬂgm mat el y one hour.
One bottle had 5 millili 131"‘% Sraftgn Bengodi um

phosphat e buf f econsuaealdft&09GRowsi e %péhmmelenioriﬁaﬂtei tHeioh grtoved and

ralerr I HPCL er ] jigRih eiBiey obkaftdl Whedl theaidi8 YmpblERR #GR NOt NI NG added to
e thir © Sécomposition of the ligand are controlled.

Example 2
A stirred 1 liter stainless steel autoclave, was charged

with 1,017 grams of an n-valeraldehyde solution containing 6.63 grams
of Ligand F (as described above); 6.4 grams of octadecaphenone, an
internal standard; 10.1 grams of benzimidazole; and, 0.501 grams of
rhodium [I} dicarbonyl 3,5-pentanedionate, to give a solution
containing 4.2 grams of "free", i.e., uncoordinated, Ligand F. Carbon
monoxide and hydrogen were fed to the reactor at a flow rate of one
liter per hour each. The pressure of the system was maintained at 75
psig with an external Grove back pressure regulator. The internal
temperature of the reactor was maintained at 80°C with an external
heated oil bath. The reactor solution was pumped from the reactor at a
‘rate of 1.67 milliliters per minute by an Eldex circulating pump,
through an external 24" by 1/4" stainless steel coil of 10 milliliters
internal volume, thermostated with an oil bath maintained at 105°C,
and from there through a 82 milliliter Fisher Porter Pressure vessel,
containing 42 milliliters of a 0.1 M sodium phosphate buffer (about
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the control. Nitrogen pressure (30 psig) was placed on each bottle; the
bottles were then put into an oil bath at 90[err]C. An initial sanpl e of

the |igand sol wig®wnrewas run on the HPLC using a met hanol / waicarusgépdssent
met hod. An anal ytical Dynamax HPLC colum (Cl18 / Code D410709) was used
for separation. The major peak was Ligand F at a retention time of 16.75

m nut es and was 97. 8% of the starting mxture. The results
of the tests as determ ned by HPLC are given bel ow Sampl e
Descri ption Run Ti ne -75- Ligand F

(Hrs.) Concentration Li gand F/ Val er al dehyde (Control)

0o - 97. 8% Li gand F/ Val er al- dehyde (Control) 18
45. 5% Li gand F/ Val er al dehyde (Control). 90

8-7008/%/ Lscnw?eg}it/aelb %iﬁtﬂ@hﬁ%ﬁ?@ rand NagHPO40 pH about 7)

0. 0% RS eataA b AR i gyteral ol bath, g from there back 006

Li gand F/ Val er alidehthereBotdre The buffer solition was replaced with feesh@affer
Li gand F/ Vval er al f £ sai i to 6826
Li gand F/ Val er alﬁg%ﬁ.g@g{]ftgé pH of said s:é% on had dropped to agéﬁg 7 10

Sanpl e Descri pt i4f¥S the amount of3free'tLigand F in the reactqr; sg(lﬂfépq:as

(Hrs.) CGahisnatet ibyrHRECovas 3.2 grams, indicating that only 21% of "free"
(grans/liter/dayp; h | I %lgfg : 18
1.248 Limgﬁﬁdg( Vil lé%a'?ﬁ%ﬁzg{é’a( gc‘;o’ﬁ%sg’gp b PlirlsBiglption ratd of
0.271 12837 o 7k £E B8 Hgand per literperday. o . 13

2.333

Example 3
The process of Example 2 was repeated using a similar

solution, but with no benzimidazole and containing initially 3.9 grams
of "free” Ligand F (as described above). At the end of 7 days of
hydroformylation carried out in a manner similar to that described in
Example 2, the amount of "free" Ligand F in the reactor solution as
estimated by 31P nmr, was 0.6 grams of Ligand F, indicating that
84.6% of Ligand F had been consumed over the 7 day period,
corresponding to a consumption rate of Ligand F of 0.471 grams of
ligand per liter per day.

Examples 4 to 8 illustrate the in situ buffering effect of
nitrogen containing additives such as benzimidazole and the ability of
these additives to transfer the acidity to an aqueous buffer solution.

Example 4
This control example illustrates the stability of Ligand F

(as identified herein) in a solution containing 200 parts per million of
rhodium, and 0.39 percent by weight of Ligand F in butyraldehyde
containing aldehyde dimer and trimer in the absence of added acid or
benzimidazole, '

To a clean, dry 25 milliliter vial was added 12 grams of
the butyraldehyde solution mentioned above. Samples were analyzed



Li gand F/ Val er al dehyde/ Buf f er 0- 18 0.03

| i gand F/ Val er al dehyde/ Buf f er 18 - 90 0. 021 WO
97/ 20794 PCT/ US96/ 19359
-74- These experinments show that the control had | ost about half of

Ligand F by hours and all of Ligand F by 90 hours under these

accel erat ed %ggygggaditions. The control sanple contai ned AP hat er,
but not sufficient to forma separate phase. The experi nent
containing a discrete water |layer had lost all of Ligand F by 18 hours.
This indicates the criticality of avoiding a separate water phase with
only limted or no capacity to neutral i zgg. acids formed during the

deconposition of Ligand F. Ligand F after 18 hours and only
about 5 percent consuned after 90 hours. The experinent denonstrates the
i mproved |igand stability obtai ned when the acidic conponents from

d t he | d |

ErarmPosht O Ghr Liand P {0tng R PR iaste Lignid Chromptogranhy SRFLIe. was
charged with @172 hourss The vaerxghtrpaxbmmﬁaggn@Fsmwdemmmdw Higly 6. 63
grams of Li garpbioéﬁﬁxc@%ﬁﬁid@%%%‘égﬂa 1@1&5% @&alﬁﬁ%ﬁ@ﬁ%ﬂ%none an

i nternal stand ans o enzi Azo
rhodium [1] di gg? 6]6‘?'85‘“ %eﬁeﬂ‘f%ﬁﬂ??}h ]g‘gaf‘é W(?ﬁogs%?‘g?ﬂgﬁ ngﬁ’ht ai ni ng

4.2 grans of "f24e@"72 howrs, uncoordi nated, Li gand F. Carbon nonoxi de and
hydrogen were fed to the reactor at a flow rate of one liter per hour
each. The pressure of the system was E;-i ntgi Eed at 75 psig with an
external Grove back pressure regul at o nternal tenperature of the
reactor was naintai ned aTh§0Erample isisimilan teExempdé 4 Tteﬂiabil bat h. The

react or tso' ot | %} EQM'H%?&'wfaEtQHHé&‘Eo ESRQLES e tyDe of @b thht MKt B2 I i 1iters
per mnute by urx(l:'xlgrhyltjiro yISIr; of I%lrjxrI)FI)'ganophosphlte

The procedure for Example 4 was repeated with the
modification of adding 0.017grams of phosphorous acid (HsPOs3) to the
12 gram solution. After 24 hours the concentration of Ligand F had
decreased from 0.39 to 0.12 percent by weight; after 72 hours the
concentration of Ligand F had decreased to 0.04 percent by weight.
This data shows that strong acids catalyze the decomposition of Ligand
F.

Example 6
This Example is similar to Example 4 except that both

phosphorus acid and benzimidazole were added.

The procedure for Example 4 was repeated with the
modification of adding 0.018 grams of phosphorous acid and 0.0337
grams of benzimidazole to the solution. No decomposition of Ligand F
was observed after either 24 or 72 hours. This shows that the addition
of benzimidazole effectively buffers the effect of the strong acid and
thereby prevents the rapid decomposition of Ligand F.

Example 7
This example shows that an aqueous buffer can recover

the acidity from the nitrogen base in situ buffer and allow the nitrogen



t hrough an external 24" by 1/4" stainless steel coil of 10 mlliliters

I nternal volunme, thernostated with an oil bath maintained at 105[err]C,
and fromthere through a 82 milliliter Fisher Porter Pressure vessel,
containing 42 milliliters of a 0.1 M sodi um phosphate buffer (about

WO 97/ 20794 WO 97/20794 PCT/US96/19359
PCT/ US96/ 19359 - 75- 50: 50

wei ght % m xture of NaHP(d err] and Na[err]HP(J err]; pH about 7)
thernostated at 400C with an external oil bath, and fromthere back into
the reactor. The buffer solution was replaced W|th fresh buffer sol ution
when t he pH of said solution had dropped 8- 6.4. After 10 days, the
anount of "free" Ligand F in the reactor solution as estimated by HPLC
was -3. 2 grans, indicating that only 21% of "free" Li gand F had been
consuned, corresponding to a consunption rate of Ligand F of 0.1 grans of
| i gand per | it erbgsertogaytition mto the organic phase, where it can be redychstiploethd

The process of Eﬁ(ﬂﬂﬁ eimﬁr eated usi ng a simlar solution, but with
no benzi m dazol e “an gal ni ng i'ni tiall grans of "free" Ligand F
(as described above) .Solid (bpaziatidazale)/HqR s)voaspremmdabbpla%g 1d8 carried
out in a manner giafid @0 rhmole)af beazietidasdle ima 25E>iﬁﬂnht?er%eakbﬁaﬂamunt of

" f Li d F t | P
A
consumed over t h@llﬁ’s a;wrpe‘rasmiow y addeddp grarmagf 86 per@@héwmlgbhofi ate of
Li gand F of 0. 47ghdsphbFEc atid (HsPORNAUPSh allilitiin ¢fehe &3id a precxpxtate

Exanpl es 4 {0 8 tobhial TRk rblBblk Fhi toBt Pl ARl eP oAl iy B! 00"

cont ai ni ng addi t1Ves s t hese
addi tives to trawasked yith taaﬁhytlsnftltaxa nLbersuiting selidwas @mdneda with

Exanpl e 4 the applicatidh oS vadiitini @hd axssdWithdut langifasfiRy pubicatiehi | ity of
Ligand F - (as 16989 bHd (868 btholel oftrWiliek QB! 2 M g 200 parts per

mllion of
(benzimidazole)(HsPOx) solid prepared in the previous step was

dissolved in 10 grams of 0.1 M pH 7 sodium phosphate buffer solution.
The resulting solution was extracted with 10 grams of valeraldehyde.
The organic layer was then separated from the aqueous layer using a
separatory funnel. The volatile components were then removed from
the organic layer by distillation at 100°C to yield a solid. The solid
was identical to authentic benzimidazole as shown by thin layer
chromatography utilizing a 1:1 by volume mixture of chloroform and
acetone as the eluent and silica as the stationary phase. Based on
recovery of the solid, benzimidazole was completely transferred to the
organic phase. |

This data shows that an organic soluble nitrogen base
which exists as a strong acid salt can be regenerated by contact with
an aqueous buffer and returned to the organic phase.

Example 8 _
This example shows that a buffer solution is effective at

neutralizing an organic soluble salt of a weak base and strong acid
thus allowing the base to return to the organic phase and effectively
removing the acid from the organic phase.



rhodium and 0.39 percent by weight of Ligand F in butyral dehyde
contai ni ng al dehyde dinmer and triner in the absence of added acid or

benzi m dazol e. To a clean, dry 25 mlliliter vial was added
12 grans of t he butyral dehyde sol uti on nentioned above. Sanples were

anal yzed wo oAbyeq 7/ 20794

PCT/ US96/ 19358 76 PCTASOMPand F

usi ng Hi gh Performance Liquid Chromatography after 24 and 72 hours. The
wei ght percent of Ligand F was determ ned by High Per f ormance Liquid

Chr amat ogr aphy relative to a calibration curve. No change in the
concentration of Ligand F was observed aff8er either 24 or 72 hours.
Exanmpl e 5 This Exanple is simlar to Exanple 4 except that
phosphorus acid was added to sinulate the type of acid that m ght be

formed during hydrolysis of an organophosphite. The procedure

for Exanple 4 was repeat a,ye{gy; Eﬁfdc JREbA Wit r[QTP R{d&ﬂ%xﬁ 1@17granms of

phosphorous acid (H[err] ution ter 24 hours
t he concent r at i REFCHt by We %F"tnaééﬁegi‘éé" 0 yasthemanalyzedby cent by

wei ght; after 7@ashiCHrémbtvgraplopfordehtetriazbledfontérgandefveada teferansed to
Qooaher cent  PYaatihialirg the KiiticiArpBRANR dfreRibbl Uty rhe alR g7 LN

deconposi tion ot
This Exanpl e i smglerﬂqrua‘fal%tsaf Fhosrhorous agigdi(HsR9s)- sy ¢ one pidglass us aci d and
benzi m dazol e vissttle aelthesided 50 grams of the blltfraddelydd wobuticn cdntaiiphg 4 was

reneated Wth UihaonfAIL LEASH Al FAHERY, 60AR1a0ARR aBliR0CT Ous aci d

and 0. 0337 rans o enzim e’ solu . 1posi tion of
Li gand F vvas ftarsplution.  Bhe myixhre was sirred forddy minutep angibeB t hat t he
addition of bgagsifeiddaclasephistory Aainel bThe agaedlElagbs aak thént he strong

acid and t her&%&rﬁreﬁ Y&k $hé Qfdei@a.b ?aﬂ?.c m%%iurebt%lla?rfer Uagasﬂﬁ]}:zed
for HsPO3 content by Ion Chromatography. The aldehyde layer was
analyzed for benzotriazole content by Gas Chromatography and H3sPOs3
content by Ion Chromatography. The H3PO3 was found to be
completely transferred into the aqueous layer. Complete return of
benzotriazole to the butyraldehyde layer was also found.
This data shows that an organic soluble salt of a weak

base and strong acid can be completely neutralized by contacting the
organic phase with an aqueous buffer solution and that the free base is
thereby returned to the organic phase.



Exanple 7 Thi s exanpl e shows that an aqueous buffer can
recover the acidity fromthe nitrogen base in situ buffer and all ow the

ni trogen WO 97/ 20794

PCT/ US96/ 19359 -77- base to
partition intowog2amgani c phase, where it can be recycl ed t ecrimses19359
hydr of or nyl ati on zone. Solid (benzimdazole)(Herr]PJerr]) was
prepared by placing 1.18 grans (10 nmol e) of benzim dazole in a 250
mlliliter beaker and di ssolving the benzim dazole in 30 mlliliters of

tetrrahydrofuran. To this solution was slowy added 0.5 granms of 86
percent by wei ght of phosphoric acid (H’f%‘rr] PJerr]). Upon addition of
the acid a precipitate formed. The precipitate was collected on a
sintered glass frit and washed with tetrahydrofuran. The resulting solid
was air-dried with the application of vacuum and used w thout any further
E)gri fi ca’Ej i onI )(0 109 gr ansAlthoughithenniejtiad hadbeavnilhistratbd by @ertain

enzi m dazol e p was
Lpenzy m cazol e) dé:[tﬂé f:léé‘@h: iix)a L-&/Ht B a‘?"&a‘[’%%oclgﬁﬁ"trpgd %@Q ﬁ% P he
resul ting sol utit sbuk s \?\PYW"E’@ ijawaﬁes\ﬁéme@eapaenmas The
organi c | ayer wdmreilmbafoseﬁ&rcbdsedl Vasisus heodificstivns driily@hboditit@itfican

separatory funn i e r from the
organi c |ayer b?/J stll glto?%r?leg?ﬁ%%? F}]‘%sp‘é{%/?%#‘lg&é’eggﬁ{%g The solid
was identical to aut henti c benzi mi dazol e as shown by thin |ayer

chromat ography utilizing a 1:1 by volune m xture of chloroform and
acetone as the eluent and silica as the stationary phase. Based on
recovery of the solid, benzim dazole was conpletely transferred to the
or gani ¢ phase. This data shows that an organi c sol uble
nitrogen base which exists as a strong acid salt can be regenerated by
contact with an aqueous buffer and returned to the organi c phase.
Exampl e 8 Thi s exanpl e shows that a buffer solution is
effective at '




neutralizing an organic soluble salt of a weak base and str _aci

allowing the base to return to the organi c phase and effect Wﬂﬂlﬂmlﬂjm{mﬂ;l“l
the acid fromthe organi c phase. WD 97/ 20794 e
PCT/ US96/ 19359 - 78-

A butyral dehyd&ﬁs?g}zg_;ion was prepared containing 1.0 percent by wei ght of
benzotri azol e. futi on was then anal yzed by Gas Chro é‘? or
benzotriazole content to serve as a reference sanple. To the solution
prepared in the previous step was added 0. 25 nol e equi val ents of
phosphorous acid (Herr]PJerr]). In a one pint glass bottl e was added 50
granms of the butyral dehyde sol uti on cont aggi ng benzotri azol e and 50 grans
of a pH 7, 0.2 nolar sodi um phosphate buffer solution. The m xture was
stirred for 15 minutes and then transferred to a separatory funnel. The
aqueous | ayer was then separated fromthe al dehyde | ayer. The aqueous

| ayer was anal yzed for Herr]PJ err] nt ent by |on Chromat ography. The
al dehyde | ayer was anal yzed for benzo | e content by Gas

Chr omat ogr aphy and H err]PJ err] content by lon Chromatography. The

Herr]Pderr] was found tg be A predERS &rilepabdtiitsésd b:Lmhotrd bRodpHeragueous
| ayer. Conplete re&.urn of benzotri aﬁol et qﬁHQUt {fﬁﬁll'deg‘é‘ | ayer was
al so found. acidic compoundy fro 4 teag 8%’?% (S’Pé 108 Pre%5alt of a
weak base and raereqiwspbomiscagidib eorapowids, al metadorgandphespluye igandict i ng t he
organi ¢ phase Wichihpddk GRHBAYANA piiBhaltP ek oPsa obpidte iigﬁné Wicipase is
thereby returned to the or.%ankc Bhase. . f{ 25)7 %1
PCT/ USO6/ 19359 Process comprises treating said reaction product fluid with an aqueous
buffer solution sufficient to neutralize and remove at least some
amount of said one or more phosphorus acidic compounds from said

reaction product fluid.

2. A process for stabilizing an organophosphite ligand
against hydrolytic degradation and/or a metal-organophosphite ligand
complex catalyst against deactivation which process comprises treating
a reaction product fluid containing a metal-organophosphite ligand
complex catalyst and optionally free organophosphite ligand and which
also contains one or more phosphorus acidic compounds, with an
aqueous buffer solution sufficient to neutralize and remove at least
some amount of said one or more phosphorus acidic compounds from
said reaction product fluid.

3. A process for preventing and/or lessening hydrolytic
degradation of an organophosphite ligand and/or deactivation of a
metal-organophosphite ligand complex catalyst which process
comprises treating a reaction product fluid containing a metal-
organophosphite ligand complex catalyst and optionally free
organophosphite ligand and which also contains one or more
phosphorus acidic compounds, with an aqueous buffer solution
sufficient to neutralize and remove at least some amount of said one or
more phosphords acidic compounds from said reaction product fluid.



-79- Al t hough the invention has been illus
certain of the preceding exanples, it is not to be construeﬂlm H H“III"HII'
limted t hereby; but rather, the i nventi on enconpasses the generi a arneas *

as her ei nbef ore di scl osed. Various nodifications and enbodlnents can

made without dgeakhing fromthe spirit and scope thereof. PCT/US9S/{9359
97/:20794 _ PCT/ US96/ 19359

- 80- Cl ai ms : 1. A
process for separatlng one or nore phosphorus aci di ¢ conmpounds from a
reaction product fluid containing said one or nore phosphorus acidic
conpounds, a netal - organophosphite |iganeBl- conpl ex catal yst and optionally
free organophosphite |igand which process conprises treating said
react.i on product fluid with an aqueous buffer solution sufficient to
neutralize and renove at | east sone anount of said one or nore phosphorus

S?ggggscggﬁ’og?gz | T |rg|mn3a:'£ oré%ﬁgl% P&reﬁrﬁg&!‘s& wHikh gompr1se§[ reactlnglonte 2
ns ic
degradati on and/95merefeaganty B%WFPEaIW%éﬂﬁrggmﬁwlgﬁﬁT?‘gt agai nst
deacti vation \Ahlceh:pﬂxrmabrstan@bpaenalﬂy frat ionganophosphité tigand beipraduck ui d
containing a rret oYanaly S nd optionall
gﬁ?ﬁg?&ﬁﬂg ;l:l id & 1 fo hﬂ@ﬁ? onfe &re (ol attssthe p y

free organophos SO C ntalns onsg& nore phosphorus

acidic corrpound§mRXP‘f%n compmnepgngﬁ T, lgpsening PXERAIYLS o neutral i ze
and renove at | eRgradativmeofamyuaid ofganephosphdtedigarst ang Heagshvation ofci di c

compounds from <o g £ 896G EhASpHYsBHNHE JighhH cOmplex catalyst by treating at
least a portion of said reaction product fluid derived from said process
and which also contains phosphorus acidic compounds formed during
said process with an agueous buffer solution sufficient to neutralize
and remove at least some amount of the phosphorus acidic compounds

from said reaction product fluid.

5. The improved process of claim 4 which comprises (i)
reacting in at least one reaction zone one or more reactants in the
presence of a metal-organophosphite ligand complex catalyst and
optionally free organophosphite ligand to produce a reaction product
fluid comprising one or more products and (ii) separating in at least
one separation zone or in said at least one reaction zone the one or
more products from said reaction product fluid, the improvement
comprising preventing and/or lessening hydrolytic degradation of any
said organophosphite ligand and deactivation of said metal-
organophosphite ligand complex catalyst by (a) withdrawing from said
at least one reaction zone or said at least one separation zone at least a
portion of said reaction product fluid derived from said process and
which also contains phosphorus acidic compounds formed during said
process, (b) treating in at least one buffer treatment zone at least a
portion of the withdrawn reaction product fluid derived from said
process and which also contains phosphorus acidic compounds formed
during said process with an aqueous buffer solution sufficient to
neutralize and remove at least some amount of the phosphorus acidic
compounds from said reaction product fluid, and (c) returning the



3. A process for preventing and/or |essening hydrolytic ' p—
an organophosphite |igand and/or deactivation of a net al oijﬁﬂmﬁﬂ&mmm‘élum :
| i gand conpl ex catal yst which process conprises treating a I moos
product fluid containing a netal - or ganophosphite |igand conpl ex catal yst

and optionally free  organophosphite |igand and which al so contains_one or
nore phospho\yﬂgwé‘g?"di c conpounds, with an aqueous buffer s SR {YSaH19359
sufficient to neutralize and renove at |east sonme anpbunt of said one or

nore phosphorus aci di ¢c conpounds from said reaction product fl uid.

WD 97/ 20794
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4, An i nproved process which conprises reacting one or nore reactants

in the presence of a netal-organophosphite |igand conpl ex catal yst and
optionally free organophosphite |ligand to produce a reaction product

fluid conprising one, or nore odyct.s, th | nprovenent. conprisin
prevénting and/ HreatgLeeasting m%%m&@ sa’?eﬁrlﬁ g FegFhgm gone prsal

or ganophosphi t eat lezationesepatatiohizené.i on of sai d net al - organophosphite

| i gand conpl ex catal yst by treating at | east a portion of said reaction

product fluid derived from said process and I,ch al so. contains ..
phosphor us aci di ¢ conpourfis fﬁf?e‘t?‘?ﬁ??’?‘ﬂ@mce%;ﬁdmgé'g@c icPPRPLEes (R eous
buf f er sol uti onreattingdneattiesss onewrenetionz eone @redorr more/eeagtanteas thesome anount
of the phosphor o] B?H#’QP— Jodh ar ' fluid.

5. The irrprovgge,s%%(&)%gfs:% 0 c{’%q%o h_(g h(?%j??@aqﬁgrtﬁgg‘gé%%@%g%ﬂ ?g I n at

| east one react PBYioBalheiresarganophpephite ligand to prpduge a regetion.pradugt ~ 5

net al - or ganophoflpid temprigiiponeanmhere modakissindiiil sepaatipgnal dtjedstee

or ganophosphi t ¢ bt gatkal BniYoflf fn Bafat@Uehbrlbn sofd tlshifeagr |91 ng one

or nore products an separating i.n at | east., .phe separation zone or
in said at | easMBAPTPHILE fisen saiddrepstion, REodyct ﬁufﬂ)rtge FPBHTEREYr om sai d
reaction produckomptisihg preventing and/veriéssenigrigrdrelyiiy dugeadatiomef ansd/ or

| esseni ng hydr O'intéfl %g%g%l?&?hitgriig%fndw deRBvEtioh 9AEARANASRIN te |igand and

deactivation of s o . .
organophosphite ligand complex catalyst by treating at least a portion

of said reaction product fluid derived from said process and which also
contains phosphorus acidic compounds formed during said process by
introducing an aqueous buffer solution into said at least one reaction
zone and/or said at least one separation zone sufficient to neutralize
and remove at least some amount of the phosphorus acidic compounds
from said reaction product fluid.

7. The processes of claims 1, 2, 3, 4, 5 and 6 which
comprise a hydroformylation, hydroacylation (intramolecular and
intermolecular), hydrocyanation, hydroamidation, hydroesterification,
aminolysis, alcoholysis, carbonylation, isomerization or transfer
hydrogenation process.

8. The process of claim 6 further comprising
separating the aqueous buffer solution from the reaction product fluid.

9. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
the aqueous buffer solution comprises a mixture of salts of oxyacids
having a pH of 3t0 9.



or ganophosphite Iigand conplex catalyst by (a) w thdraw at

| east one reaction zone or said at |east one separation zone iEMIﬁﬂH "I"I"""
portion of said reaction product fluid derived fromsaid prac M

whi ch al so contains phosphorus acidic conpounds fornmed during said

process, (b) twggr,,?{gg in at |east one buffer treatnent zone gtrhSsivoss
portion of the withdrawn reaction product fluid derived fromsaid process
and whi ch al so contai ns phosphorus aci di ¢ conpounds forned during said
process with an aqueous buffer solution sufficient to neutralize and

remove at | east sone anount of the phosphorus acidic conpounds from said

reaction product fluid, and (c) returning83he WO 97/ 20794

PCT/ US96/ 19359 - 82- treated
reaction product fluid to said at |east one reaction zone or said at |east
one separation zone. 6. The inproved process of claim4

whi ch conprises (i) reacti ng in at Ieast one reaction zone one or nore
reactants in the presenc nmet aI n i te l.igand conpl ex
catalyst and optionally ﬁp @P %ﬂ?ﬁgﬁw&hﬁﬁwﬁw a reaction
product fluid durffﬁrlsslutg)mwnsmmumuwuﬁwaam gelected Enom the grpupn at

| east oge tsep?ré?:hhﬂﬁ Q}?%hgéplizﬂe S«.%kﬂox?éttehﬁﬁ-‘&e Q{Qﬁbb%tcbﬁﬁmﬁﬁa@ahbﬁ one or
more products from sal i on produc e inprove conpri sing
preventing and/ dAHoBSE E?ﬁgg' I%f?‘l‘%cﬁféﬁj?t%f’ﬁ?fﬁ UE ﬁkﬁl

or ganophosphi t e meigdsd and deactivation of said netal- organophosphite

| i gand conpl ex catal yst by treating at Ieast a portion of said reaction

product fluid derived fromsai ,ggggjg&gg%g &l MI&?"H%#’%%JB%%&E‘%&% phosphor us
aci di ¢ conmpounds fornmed duoring gueous
buffer sol uti on buffer sshitibra¢ont prasss aoméxtuge of inonobasie phosplages/dibasicat | east

one separation Z;S}i’tﬁ ﬁHtfefs'o?'aﬁ%tlkéan{}ﬁHHnaAhﬁfhur@'&?‘c{tﬁdﬁ@%faﬁ allgast sone
anount of the ph os Borus aci dic conmpounds fromsaid reaction product

fluid. The processes of clains 1, 2, 3, 4, 5 and 6
whi ch conprise a hydr of ornyl ation, hydroacyl ation (| nt rarml ecul ar and

12. The processes of claim 11 wherein the aquecus
buffer solution comprises a mixture of monobasic phosphates/dibasic
phosphates of sodium or potassium and has a pH of from 4.5 to 7.5.

13. The processes of claim 9 wherein the aqueous
buffer solutlon comprises a mixture of NaH2PO4 and NagHPO4 or a

mixture of KH2P0O4 and K9HPO4.

14. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
said metal-organophosphite ligand complex catalyst is homogeneous or
heterogeneous.

15. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
said reaction product fluid contains a homogeneous or heterogeneous
metal-organophosphite ligand complex catalyst or at least a portion of
said reaction product fluid contacts a fixed heterogeneous metal-
organophosphite ligand complex catalyst during said processes.

’ 16. The processes of claims 5 and 6 wherein said
separating of one or more products from the reaction preduct fluid



i nternol ecul ar), hydrocyanati on, hydroam dation, hydroesteri

am nol ysi s, al coholysis, carbonylation, isonerization or tir Mﬂ& E iml “le" I“|
hydr ogenati on process. 8. The process of:

conpri sing separating the aqueous buffer solution fromthe reaction

product fl uid. 9. The processes of clains 1 , 5
and 6 wher ei n WOPH® ¥ ueous buffer solution conprises a nixt BFEl%ﬁ?G%g%ﬁ%ts of
oxyaci ds having a pH of 3 to 9. WO 97/ 20794

PCT/ US96/ 19359 - 83-

10. The processes of claim9 wherein the aqueous buffer solution
conprises a mxture of an anion sel ected.gg.om the group consi sting of
phosphat e, carbonate, citrate and borate conpounds and a cation selected
fromthe group consisting of amoni um and al kal i met al s.

11. The processes of claim9 wherein the aqueous buffer solution

KA | ot al or O8F°FE BEiST B OF SDFL MARRREAF 16t HiEoR of ipfAighes of an

12. The procespexiust fluididerivad fuouy sdid processesand whichalse emntamst i on
conprises a m Xguﬁiplﬁfrugﬁei‘amnfpdmﬁwwﬁﬂdhhg%hm proobsseiatieanof sodi um
or potassium an of . from4.5 to 7.5. 13. The

|

processes of cl &AHFBSHE "erﬁ‘?l‘{tf'f’é' aqueous buffer solution conprises a
m xture of NaH err]PJ err] and Na[err]HPO[err] or a m xt ure of

KH err] P err] and K[ err] i"Pq ef'iid processes of claims 1, 2, 3,14 5 an@whesgiasses of
claims 1, 2, 3, Sald metaq organop%osphﬂ:e ligand complex catalyst comprises
rhodium complexed with an organophosphite ligand selected from:

(i) a monoorganophosphite represented by the formula:

PALN
O-—P
o/

wherein R1 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(ii) a diorganophosphite represented by the formula:

o

/7N
K P-O—W
N o’

wherein R2 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(iii) a triorganophosphite represented by the formula:



et erogeneous L O O Geeeska. of Scf‘ifrﬁge?ﬂm L ) P

and 6 wherein sai'd reaction product fluid contains

het er ogeneous nmet al - or ganophosphite |igand conpl ex catalyst or at Ieast a,
portion of tion product fluid contacts a fixed he

net-al - organgﬁﬁgégﬁgte | i gand conpl ex catal yst during saldﬁgﬁgggggggﬁ

16. The processes of clains 5 and 6 wherein said separating of one or
nore products fromthe reaction product fluid WO 97/ 20794

PCT/ US96/ 19359 - 84- occurs prior to or
aftér treating at least a portion of the.ggaction product fluid derived
fromsaid processes and which al so contains phosphorus acidi c conpounds
fornmed during said processes with an aqueous buffer solution.

17. The processes of clains 1, 2, 3, 4, 5 and 6 wherein said

net al - or ganophosphi te |igand conplex catalyst conprlses r hodi um conpl exed

wi t i an organophosphite |igand selected fro( (1) a
nonoor ganophosphite represented by the ngE*% [err] wherein Rl
represents a substituted or unsubstitute alent hydr ocar bon radi cal

containing from4 to 40 carbon atons or gr (i) a
di or ganophosphite represented by the fornul a:

wherein each RS is the same or different and represents a substituted
or unsubstituted monovalent hydrocarbon radical; and

(iv) an organopolyphosphite containing two or more
tertiary (trivalent) phosphorus atoms represented by the formula:

R7/\
~ //’ . B CT//’

wherein X represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R7 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, each R8 is the same or
different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a2 and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum of a + bis 2to 6 and pn equals a + b.

18. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
phosphorus acidic compounds present in the reaction product fluid are
scavenged by an organic nitrogen compound that is also present in said
reaction product fluid and wherein at least some amount of the
phosphorus acidic compound of the conversion products of the reaction
between said phosphorus acidic compound and sald ‘organic nitrogen



hydrocarbon radi cal containing from4 to 40 carbon atons or &mﬁ!ﬂﬂﬁlml
represents a substituted or unsubstituted nonoval ent hydro x
containing from1l to 18 carbon atons or greater; ? i) a

tri organophosphite reJor esented by the formnul a: WO 97/ 20794

[err] wherein R2 represents a substituted or unsubst i t ut Eﬂm
(

PCT/ US96/ 19359V0 9772079 - 85- PCT/UB96[19359
wherein each R6 is the sane or different and represents a substituted or
unsubstituted nonoval ent hydrocarbon radical; and (iv) an
or ganopol yphosphite containing two or nore tertiary (trival ent)
phosphorus atons represented by the forn_lgb_a: [err] wherein X

ed n-val ent

represents a substituted or unsubstitut

compound are also neutralized and removed by the aqueous buffer
solution treatment.

19. The processes of claim 18 wherein the organic
nitrogen compound is selected from the group consisting of diazoles,
triazoles, diazines and triazines.

20. The processes of claim 19 wherein the organic
nitrogen compound is benzimidazole or benzotriazole.
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This invention relates to a process for separating one or more phosphorus acidic compounds from a reaction product fiuid containing
said one or more phosphoms acidic compounds, a metal-organophosphite ligand complex catalyst and optionally free organophosphite
ligand which process comprises treating said reaction produét fluid with an aqueous buffer solution sufficient to neutralize and remove at
least some amount of said one or more phosphorus acidic compounds from said reaction product fluid.




