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| MPROVED METAL- LI GAND COMPLEX CATALYZED PROCESSES
Brief Summary of the Invention Technical Field Thi s

i nvention rel agsodfArd7Pr oved netal - organophosphite |igand ceepUspsioo
catal yzed processes. Mire particularly this invention relates to the use
of water to prevent and/or |essen hydrolytic degradation of the
or ganophosphite Iigand and deactivation of the netal-organophosphite
l'igand conplex catalyst of such processes. Background of the Invention
It is known in the art that various produ&ts 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 catalyst and
organophosphite ligand renains a prlnary concern of the art. Cbviously
catalyst stability is a ke . any catal yst. Loss
of catalyst or catalytic as¥ER( EDME LA ;" 355 M#ct i ons of the
hi ghlry expensive nmetal catal ysts 2R Lio8 0L Fad® to the production of
t he desired product: Likew se degradatlon of the organophosphite Iigand
enpl oyed during the process can |lead to poi soning organophosphite
conpounds or inhibitors or acBedefS hefl timn | ower the catalytic
activity of the nmetal catalyst. Mreover, production costs of the product
obvi ously increase when, productivity of the catal yst decreases.
For instance, aﬂkﬁhﬁﬂﬁbﬁgii of organophosphite |igand degradation and
cat al yst deactivation of 'iﬁhisahvextuimnmihtbspbiimprwe@andtal@ogﬁﬂ@hoephﬁé yzed
hydr of ornyl ati o h f the

y my! at qigg'hﬁccgﬁﬁﬁ% a%aglig% PocelSes Mn a;)’é:-h%ulakggﬁﬁé’we&%ho%

or ganophosphi te |tes
hydrol ysis in oiél T‘Oe*@ed%se H{aﬁ@'r R’l? ent.and/og | essenuhy ro ytlc

degradation of the organophosph1te ligand and deactivation of the
metal-organophosphite ligand complex catalyst of such processes.

Background of the Invention

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 inhjbitors or
acidic byproducts that can lower the catalytic activity of the metal
catalyst. Moreover, production costs of the product cbviously increase
when productivity of the catalyst decreases. '

- For instance, a major cause of organophosphite ligand
degradation and catalyst deactivation of metal-brganophosphite ligand
complex catalyzed hydroformylation processes is due to the hydrolytic
in§tabifity of the organophosphite ligands. All organophosphites are
susceptible to hydrolysis in one degree or another, the rate of
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or ganophosphites in general being dependent on the stereochen cal nature of
t he organophosphite. In general, the bul kier the steric environment around
t he phosphorus t he sl ower the hydrolysis rate. For exa tertlary
trlorganophosﬁﬁﬁﬁﬁgbghch as triphenyl phosphite are nore SUSCQEPWE
hydr ol ysi s than di organophosphites, such as disclosed in U S. Patent hb.
4,737,588, and organopol yphosphites such as disclosed in U S. Patent Nos.
4,748, 261 and 4,769, 498. Moreover, all such hydrolysis reactions invariably
produce phosphorus acidi ¢ conpounds whi'cdL catal yze the hydrol ysis
reactions. For exanple, the hydrolysis of a tertiary organophosphite
produces a phosphonic acid diester, which is hydrolyzable to a phosphonic
acid nonoester, which in turn is hydrolyzable to Herr]PJ err] acid.

Mor eover, hydrol

s.of . the ancil] ary. produc | de.reactjons, such as
bet ween a pho ﬁiyélsa?:fQi'gﬂﬁ‘%‘g’(‘)él’i‘gﬁ%“{)ﬁ?eﬁ‘géﬂ B?n‘b%}t\ﬁé’ewecer tain
or ganophosphi tsterdogbhemdicad ndtie ofithe bygimopbasphlmdlrt general] the¢ balkiaf
undesi rabl e Stﬁ%rbﬁe ERV¥FGEmefit Sfou il the Ha &%%]a'f%riﬂe(%‘l(n%}ﬁﬁ ) (O [err].
| ndeed even hi desi rabk, sterigca | ndered o FI sph ites which
are not very h@’ﬂi%‘yﬁfa'fﬁtﬁ aﬁ#%‘aef \T\P‘%{’r?ry ffEOLg g%pq'ﬁ qso form
poi soni ng or gariytenyjptiosphite arg more syseephibiophingirolysissthanhi ch are not only
catal ytic inhi dotdy, ghbzéwy R £ aiteRsal Pl [Paielve! A 9737 saRd {he

formati on of such a acl uct s r OX phosphoni c
aci ds, as shovi#Pd PEANER b%sP}!‘W'lﬂ aﬁélﬂic}ﬂseﬁlnggg ‘éi@’sand 5, 364, 950.

Further, the h4,@482¢%iandcf,789 Q%OMWGWWI all kudahygdralysis beactionsi der ed as
bei ng aut ocat 3i|n% orid QaHd onfn sW r acidic
conpounds, e. %?ﬁi Q;Jiﬁ r&f] e agl ds fyd fag}pbg%l?%%y%gl Kyl
phosphoni ¢ aci f"%??EP’? » thadlydralysis of 4 tertiaryichecked t he
catal yst syst eorgahoplhmphttntpmdmw a plipsptionieaend diektedy whivhnigl at i on process
wi Il beconme mojey ‘ﬁohi% cidrﬁxon-ggﬁér,'vﬂxkh'ﬁtﬁﬁ? jsevent ual
buil d-up of a ({1 Bltca‘i d reove %%%g{‘u’ suo%tﬁg'ag'cﬁl materials can
cause the tota d'egtzfl %0 taﬁ}e anop o8

products of side reactmns 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-C3H7CH(OH)P(O)(OH)2.

Indeed even highly desirable sterically-hindered

organobisphosphites which are not very hydrolyzable can react with

the aldehyde product to form poisoning 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., H3P0O3 , 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
materials can cause the total destruction of the organophosphite
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renderi ng the hydrofornylsation catalyst totally ineffective (deactivated)
and the val uabl e rhodi um netal susceptible to loss, e.g., due to
precipitation gpgleHMorgrepositing on the walls of the reactor. ferpéddhbhyY: 2
successful nmethod for preventing and/or |essening such hydrolytic
degradati on of the organophosphite |ligand and deactivation of the catal yst
woul d be highly desirable to the art. D sclosure of the Invention

It has now been discovered that water nmay be enployed to effectively renove
such phosphorus aci di ¢ conpounds and t hus3-prevent and/or |essen hydrolytic
degradati on of organophosphite |igands and deactivation of

nmet al - or ganophosphite |igand conplex catal ysts that may occur over the
course of tinme during processes which enploy netal -organophosphite Iigand

conpl ex catal yséx%sexﬁ! Eﬂé}'ég Q&?éh Eﬁhﬁ?@f&ﬁiy@aﬁéﬁciﬁ?}s@&&a’ll? the
0 Le

YLV, o LSRR GRRLA Sy ch flel Fos hdn RPsE 5

H%P ledo hi gher
| evel s of wat erlosd)ag. MtgdflﬁrpﬂeexpetaSmufamitmddep‘bhumg omehevals of the be used to

remve aci d andolefCastidifplhoh SubleadeFmeRloLLHRERIREANAD! | 02nd DY

hydr ol ysi s. as al so sin m ni mum | oss of
or ganophosphi t cleFFeRARgES 05/]*? egra ’}‘bﬁ?ﬁ'ﬁr%’&ﬁﬁ?l’hqsﬂhﬂeélgprﬂél ning a -
met al - or ganophosphdéativiagiandf therpatakyst atoald be highly desirabletowhe artyat er even
at el evated tenperatures. This invention relates in part to a

process for separating o r nor.e phosphorus acidic conmpounds from a
reaction pr oduc@%ﬁ&%&gﬁiﬂﬁ%%ai d one or nore phosphorus acidic
conpounds, a netal - or gaﬂbhhmaohiheen disgaveted dhpt exterahal betendpldyeabtd onal | y
SO it A SR O R i 5,
one or nore pho¥Pher sserch ﬁ‘g%qu ShArganepHas: %th!WaBF‘%&Hét f1uid.

deactivation of metal-organophosphlte ligand complex catalysts that

may occur over the course of time during processes which employ

metal-organophosphite ligand complex catalysts. Although both water

and acid are factors in the hydrolysis of organophosphite ligands, it has

been surprisingly discovered that reaction systems, e.g.,

hydroformylation, are more tolerant of higher levels of water than

higher levels of acid. Thus, the water can be used to remove acid and

decrease the rate of loss of organophosphite ligand by hydrolysis. It

has also 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 water even at elevated temperatures.

" 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 water sufficient to remove at least some amount of

said one or more phosphorus acidic compounds from said reaction

product fluid.
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This invention also relates in part to a process for stabilizing an

or ganophosphite |igand agai nst hydrol ytic degradation and/or a

met al - organophosphite |igand conplex catal yst against deactivation which
process conpr |‘¥‘é§ M97¥ating a reaction product fluid containi RGT/HS96/19400
nmet al - or ganophosphite |igand conpl ex catal yst and optionally free

or ganophosphite Iigand and which al so contains one or nore phosphorus
acidic compounds, with water sufficient to renove at | east sone anount of
sai d one or nore phosphorus acidic conpQgnds from said reaction product
fluid. This invention further relates in part to a process for
preventing and/ or | essening hydrolytic degradation of an organophosphite
| i gand and/ or deactivation of a netal or ganophosphite |igand conpl ex
cat al yst which process rlse atl a reactlon produgt fluid

contai ning a netal - orga?lﬁ'ﬂ agtﬁ?dfhﬂaé& Q:ﬁﬁ’é?%??"{nd optional ly

free or ganophostabilizing agamrgamphoaphxth hghnd agantsa hydraipic degradatiophosphor us

aci di ¢ conpoun aa% me anount of
sai d one (r)nr) mngdloi“’htxﬂe%ﬁl?s&)géaﬁ BB%ISHCI mcgg?lg acﬁ)con pr oduct
f1uid. deac waﬁ*npg" 'ﬁb@ﬁ?qeaﬁcvgwe& 'zrﬁe#msa repgldon prosipet flugd o

i mproved pr ocesmtaiting acoetal-osganaphasphitgligaed complexaataigstand s in the
presence of a g%ﬂg, SRS tionally
free or ganophoﬂ%au&{ﬂ |?8§9’$m’8 SIgg‘uce cti onehp%g%lg&%@rllsa% %grrprl si ng

one or nore prBYEeP °SH}W€“$%‘ Eﬁfé’ﬁ%ﬂﬂ“”é&n’ﬂ% Vaigr suicaent; tagemene 6t
| esseni ng hydr kedagt samel agrontia bf saidohearynaei ghoaphanspiridipbompohhdand and
deactivation Ofroﬁ?éﬂd?@&&ionoﬁx%ﬁﬂ phite ligand conplex catal yst by

treating at |east a portlagn of sal ction product fluid derived from
sai d process and which aﬁk‘%“@: ‘é’i“rfé‘r%ﬁﬁ Splabes in patt 40 @ REeRsa fords f or ned
during said prpmentm'gtalmdﬂm-tlessenufghydmmtxddhgredmtmefaxi east sonme anount of

e i) on BB RAR fl0 ABLA B At lbhthhic
1ganc? compl%x catalyst v%fnch process compnses treatmg 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 water
sufficient to 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 ligahd 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 water sufficient to remove
at least some amount of the phosphorus acidic compounds from said
reaction product fluid.

This invention also relates in part to an improved process
for producing one or more products which comprises (i) reacting in at



for producing one or nore products which conprises (i) reacting in at

WO 97/ 20797

PCT/ US96/ 19400 . - - 5- | east one
reacti on zone one or nore reactants in the presence of a

et al - or ganophogfysh@rey | gand conpl ex catal yst and optional |y fpe@Risoss 19400

or ganophosphite ligand to produce a reaction product fluid conprising one
or nore products and (ii) separating in at |east one separation zone or in
said at | east one reaction zone the one or nore products fromsaid '
reaction product fluid, the inprovenent conprising preventing and/or

| esseni ng hydrol ytic degradation of any sa&-d organophosphite |ligand and
deactivation of said netal -organophosphite |igand conplex catalyst by (a)
wi thdrawing fromsaid at | east one reaction zone or said at |east one
separation zone at |east a portion’ “of said reaction product fluid derived

fromsaid pr OcesﬁaaQﬂ&lé’\f'Hdéﬂoﬁ'zﬁﬂe 8RO bR bPe Bémﬁmrm&he @eesynee epgpounds
formed during said,process imtreatl ﬁ'a§ one Cﬁi ber zone at
| east” a portion BELEATEARORhASRAILe leapd; '"PE‘?"o‘&?&S PP cRHgRlY, B¥8f r om sai d
process and whi ctrganophesphitei ligandHoqyhducesa reastioh erodugtdliid sofprising dur i ng
Sﬁ' d ﬁrocess Wdtghé/‘@}ﬁ{oréﬂfédxﬁtﬁﬂdﬁﬂ seﬁ%ﬁ%ﬁﬁadl@ﬁ&tt f %‘,&f)the
phosphorus acidic ¢ rea roduc an

P urning the t r CEARATIR drisash A0e Frasie o Shhone S SE A et i)
zone or said at resstipngreductdhud.thedmprovmment comprising prevefiing and/ent i on
further rel ates |d3sfahk hyardHtit uaeion BfQﬁ?%ﬁxdﬂﬁ%aH&ﬂfBéﬁlﬁtﬂ 13@dor nore
products which co rls @& aciin ag glg react;on zone one or
nore reactants if® ﬁ@a‘% 5’?’?«:‘@ ar}élrﬁ?n?ﬂllj’éﬂ 155 JERRA COMPleXand conpl ex
catal yst and opt cactamst}oyf(a)emthdrwmmmnpmdetleagamh reactiondomeonsaidact i on
product fluid COHPfe'aét Bk sépafatibn E&i@aﬂ"eﬁ&“& bartftof(daid réﬁ%ﬁqsrbaa%e n at

| east one separa or 1n,sad ne reactiaqn zgne the one or

é zon %,}ﬁtl-ﬂol

more products frBH deraved, fgateﬁ%mcm YRishelse rentaips AT onpri si ng
preventi ng and/ oacidicamspoungs fordresl during saidrardegss oib) weaamglsaxtdeast _

or ganophosphi te bﬁ&?&ﬁbb&‘%n@%%ds’ﬁ%tﬁ&ﬁoﬂfof% Fith 2 n FeSANGRP R © ©
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acidic compounds formed during said process with water sufficient to
remove at least some amount of the phosphorus acidic 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
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 by introducing water into said



derived fromsaid process and which al so contains phosphorus acidic
conpounds fornmed durlng sai d process by introducing water into said
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reaction zone \@33@% 7sa| d at | east one separation zone sufficient to
renove at | eas amount of the phosphorus acidic conmpouRGEUSPEA#IN,; ¢
reaction product fluid. This invention relates in part to a
process for separating one or nore phosphorus acidic conpounds froma
hydrof ormyl ati on reaction product fluid containing said one or nore
phosphorus acidic conpounds, a netal-orggnophosphite |igand conpl ex
catalyst and optionally free organophosphite |igand which process
conprises treating said hydroformnylation reaction product fluid with water
sufficient to renove at | east sone anount of said one or nore phosphor us
aci di ¢ conpounds i‘ sai d p?gdrof or at i lgacé i on product fluid.

This invention &f %88 %?%feé’é: B 283¢F 80 6"”&3’8?%% st guy; separatipn gone g an

or ganophosphi t esuffigiend tagemnve ahledsbsomé embogt afithe piosphndisacidic

met al - organophog&%&ﬁldgﬂ&agag@mc%ngﬁb%%q}magal nst deactivation which
process conprises treati B%H droforgyl ati on ., reaction product fluid

contai ning a netal -organ ntion relates in parhfioa rragesy {or separating: i onal |y
free or ganophosphé txemore phospodusvacidivc coapounds fitam ashyareformybation phosphor us

acidic COWPOU“d&ac%BQrM&rﬂula‘éﬁﬁda% saﬁch'i@HPiiﬁ:ré‘ h §?Hﬁ amunt  of
said one or nore F hor us CIdICﬁ 1IEJ oms )iro orrrylatlon
reaction produf¥™PR & metal -0rganopnospiy it xf"ﬁf"t ¥erand| ates in
part to a procesptidmally ﬂneeo@mpgowedngdmbwhwhmohgsdmmﬁnsﬁesdegr adati on
of an organophgaRihk %ald Hﬁﬂq lﬂloﬁmo\ﬁa&rbﬁﬂcﬂﬁ]mﬂ with water

nmet al - or ganophos |Ie | ex cat al rocess conprises
treating a hydf It%l ‘?’Bﬂ"er%ta 'B‘FBH\?X‘PEPF%@%‘SH’F&PW%Q a netal -
or ganophosphi t ephosyhnduscmrﬂicemmuaﬂy $itona sai ddptdroforinlylatiorereaction

or ganophosphi t epli@Rpfufld Which al so contains one or nore

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 water
sufficient to 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-
organophosphite ligand complex catalyst and optionally free
organophosphite ligand and which also contains one or more
phosphorus acidic compounds, with water sufficient to remove at least
some amount of said one or more phosphorus acidic compounds from
said hydroformylation reaction product fiuid.
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anount of said one or nore phosphorus acidic conpounds from said

hydr of ormyl ati on reacti on product fl uid. WO 97/ 20797
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This invention ywal,bh4shd her relates in part to an inproved PCT/US96/19400
hydr of ormyl ati on. process whi ch conpri ses reacting one or nore SFe Ini'c

unsat urated conpounds wi th carbon nonoxi de and hydrogen in the presence
of a netal -organophosphite |igand conpl ex catal yst and optionally free

or ganophosphite ligand to produce a reaction product fluid conprising one
or nore al dehydes, the inprovenent conpri si7ag preventing and/ or | essening
hydrol yti ¢ degradati on of any said or ganophosphite |igand and
deactivation of said netal - or ganophosphite |igand conpl ex catal yst by
treating at |east a portion of said reaction product fluid derived from

i d hydr of | ati : j ' ' cidic
sai ydrofornylation  preg ﬁvgﬁﬁ%x‘fl"glremfrﬁ{éfhfé%@é?d éﬂ%%ﬁlﬁ tx‘d?ed"Jl

conpounds for nmed duyring said h at1on proceSs wt .
Sufficient Lo rehggEotormylationgrotess hidh FARPEESS FRACHREIRCH Fuorelefinic
conmpounds from sandaturatet¢ompoyrdsduith catbwndmonoxide and hydrogehhinsthenvent i on
also relates in L Dy %;% B | fior

produci ng al dehyg’gé%e\ﬁﬁggﬁgc%én%E p)slggngP . re ,ﬁdngj@egt%%ggéfanone reaction
zone one or nore°8FléP?W§reGr?§&%‘EﬂP$’l°§H“"ebgh’£%H€° ce i reaetheomprasiveki de and
hydrogen in the [fluidesmprisingone sfanate aldghyddal) tiseinh poven@nd dom pABINEX

catal yst and opt :?gg@r{%g £1§g?]re legégﬁngggggﬁggﬁé QS%‘J*‘%%?}Q{‘F’? {Hggg}&:e a reaction
[

product fluid corprisi .one C 1 eparating in at
| east one separ aCf#anophogphite ligand §ﬁ§§°ﬁ‘it“f9é%‘t°fc§4éiff@&% on zone the one
or nore al dehydesrgarophospsiitelligand tornplegrcathlest By tredting lae lédsp agpoptiont 4
conpri si ng pre ‘l ag&]{ | Ad.: VAR i of any sai
or ganophosphite }S?g%ﬁgggn d éo(gltu?t\?/gtﬁlmqﬁ&g%@ﬂgfg% gﬁ'é%gg&% or lgﬁgﬁhos hite

li gand conpl ex cX®regessandyhigh algorentaing phosphorus asidic compquads fo

reacti on zone or desfing said hgdriforanyatien pirédess wittDwatéisufficisht o renfiet i on of

a reaction produg dgstkomdSmotft of tREpRAMPhoPYSLQRRAT IV QB 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 monexide 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 sep.aration
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
at least one reaction zone or said at least one separation zone at least a
portion of a reaction product fluid derived from said hydroformylation
process and which also contains phosphorus acidic compounds formed
during said hydroformylation process, (b) treating in at least one
scrubber zone at least a portion of the withdrawn reaction product fluid
derived from said hydroformylation process and which also contains



process and whi ch al so contai ns phosphorus aci di c conpounds forned during
sai d hydrofornyl ation process, (b) treating in at |east one scrubber zone
at least a portion of the withdrawn reaction product fluid derived from
sai d hydrofornylation process and which al so contains WO 97/ 20797
PCT/ US96/ 19400 - 8- hosghor us
aci di ¢ conpouM®9287ed during said hydrofornylation  proce&F WAt er
sufficient to renove at |east sone anount of the phosphorus aci di c
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. -8This invention further relates in
part to an inproved hydr of or myl ati on process for producing al dehydes

whi ch conprises (i) reacting in at |east one reaction zone one or nore

ol ef rni ¢ unsat ur at ed conpounds w th carbon nonoxi de and hydrogen in the
presence of a t gl - or ganophosphi te | i gand conpl ex;, cat al vs nd
optionally f reepggﬂﬁtﬁﬁﬁgﬁaé‘g‘ﬁ’ﬂ&%daJPﬂg?‘ggBFBQSE‘e&(IAy%gg%ﬁ%ﬂ& ? oduct
fluid conpri si ngrocesnwitlr water sufficientytdremove atilegst sopgramonnt ofithat | east

one separation héSiHor s abidicS@inthotinds Fcth sRIEraaliith ppétuct fiRiid Hhdoee or nore
al dehydes fro% sdl (

reacti1 on.prodquct fl.uid, 1:he inoproyenent conprising
preventing and/ 5?‘5_% eﬁgﬁ*ﬁyé FS?‘&I‘?%FWQBF%%%’HQSW%? agrﬁ?ggg?%l _
or ganophosphi t e réacgivntzonedrdealat least are sepasaiion peneal - or ganophosphi te
ligand conplex catalyst by,ihgedtith Airth&a%lates BPHAHAB an Mpreed reaction
product fluid derived from sald hydrof or.nyl at |18?r}} rv@ge%s and. whj.ch al so
cont ai ns phpsphbyé‘s"’f%PH‘aémEd’_ﬁﬁfﬁ? %f_?’i?ﬂ%’&‘g a X"ﬁg FY AFRPSPOY | at i on
process by i ntr eeartinggin/etleasti ontecreaction atne oneersmorsmelefipiccunsaturatad and/ or
sai d 8ty st OREmBARARCIA o RAE morduldd @idrRaioges ATTEpREch@rTa SOTE

anount of the phos l%;q@fﬁéﬁﬁlysﬁcéﬁmﬁﬂrﬁéﬁ%ﬁhﬁ&rgOd“Ct

. or us aﬁl |
fluid. metal-organophosp
Fig. 1is a sinmpkgdnopthoppliceligatid topriiduge ameaétion produet fluideomprisivgover i ng
and returning one.Qf MR IAMIIRY 483 difBEpezdtiRY iNat Kast 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 process by introducing water into said at
least one reaction zone and/or said at least one separation zone
sufficient to remove at least some amount of the phosphorus acidic
compounds from said reaction product fluid.

Brief Description of the Drawing
Fig. 1 is a simplified process flow diagram of a process for

recovering and returning one or more aldehydes removed by water
extraction to the hydroformylation process in accordance with this

invention.

Detailed Description

n. cesses



extraction to the hydrofornylation process in accordance with this

I nventi on. Detail ed Description Cener al
Processes WO 97/ 20797
PCT/ US96/ 19400 - 9-

The processes Qiolohhgre Nventi on may be asymetric or non- asy 8?6&56’/1‘540& he
preferred processes being non-asymetric, and may be conducted I'n an

continuous or sem -continuous fashion and may invol ve any catal yst I|quid
and/ or gas recycle operation desired. The particul ar processes for
produci ng products from one or nore reactants, as well as the reaction
conditions and ingredients of the proces®es are not critical features of
this invention. The processing techni ques of this invention may
correspond to any of the known processi ng techni ques heretofore enpl oyed

“in conventional processes. For instance, the processes can be conducted
in either the liquid or 'Bﬁéﬁﬂiééss%E%Tﬁ%s%@eﬂtibrﬁm‘i?'ﬂe'd&?ﬂﬁﬁetncor

sem -conti nuous or batch fashi,o i nvol ve.a.liquid reg{ angd/ or gas
recycl e operati O,qoglasgmm%t%‘:l}paﬂem p’é‘?ﬁ’@?ﬁ?}”ﬂ'&&tﬂ”&?ﬂ@ eFBB’ ang kewi se,

the manner or or deay be eindugtiid ingmyodontinmons at semircontimealiscfashioncatdal yst and
sol vent are al Sonwmvoﬁfe'édycéltalﬁgﬁjhm Qﬂ/&cgﬂ%kdyagﬁﬁ? @'Wesﬁ%ﬂvem I onal

fashion. As used her ei ter | uct
contenpl ated to iIWREIRFTHCY nlarlb’ﬁ?ceﬁﬁsr})f’f adg‘&‘ afE‘W(S‘Herﬁ" YRefee
cont ai ning an armenntamfs asyelires theaeactmnecomﬂmdns 4l ingredights ¢fithe

met al - or ganODhosgméessés'sg«a%t EARIAI K ature8 bAUNS invenbion| T8 £ i@%ﬁ?gosph' te

ligand, (c) one nor e or us acidic conp

reaction, (d) prd ?ﬁ.}l’z?l‘q‘?e'ér gls 1Rvenfion w;feﬁeaﬁonfsa a@h? knpwreact ant s,
and (f) an organ pconresémg itédhaniqpaesagpratoforefemplopedliimeinyentiogalmobessphi t e
reacti on product {14 “@é""’hégé%si*g%“ RICBARIARE Btk A oF T
reaction medi um gﬂset(’Hé SF%SEQB |’Pfd’HBt‘nPB)‘S’tsﬁﬁ‘“c"PEEEP‘i‘%Wh%fﬁh ﬂ?@?ﬂeam on

its way to the sepdinvoleealiguid réoyyietanel/or gasaetyde op&dtiomdra t he separation

zone, (d) the regynbfhatiohtF LY REMs 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 water, (f) the withdrawn reaction medium treated with the
water, (g) the treated reaction medium returned to the reaction zone or
separation zone, and (h) reaction medium in external cooler.



the separation zone and the reaction zone, (e) the reaction nmedium

wi thdrawn fromthe reaction zone or separation zone for treatnent wth
the water, (f) the withdrawn reaction nmediumtreated with the water, (Q)
the treated reaction nmediumreturned to the reaction zone or Sseparation
zone, and (h) | medi umin external cooler. WO 97/ 20797

PCT/ US96/ 1§942)o""?’%}’i”g‘P -10-  PCT/US96/19400

This invention enconpasses the carrying out of known conventi onal

synt heses in a conventional fashion enploying a netal- organophosphite

|l i gand conpl ex catalyst in which the netal- organophosphite |igand conpl ex
catal yst containing reaction product flujgl derived fromsaid process and
whi ch al so contai ns phosphorus acidic conpounds forned during said process
is treated with water in order to neutralize and renove at | east sone
anount of the phosphorus acidic conpounds from said netal-organophosphite

l'igand conplex catalyst nt.ai ning reaction oduct fl UI revent
and/or |essen hydrolytic 85 pga%?%bﬁngqmgwg %f‘b%%ﬁﬂ% Pgﬁpgﬁﬁnd and
deact i vation ofconmnt:m eirha sprvensionialy &shlmpbmngaa aiqtat-

Ihlyljlrjzgtr:;llt la;/leogr Q,?nt ltélﬁgan& gé?g@mk?egtuﬂ?MB%%%l anat i an,
hydr oam dat i on, m@ﬁﬁﬁ?ﬁ AN ST T
car bonyl ati on, dhedderived fmm sadlwmessmdsﬁbmhm}sirmﬁmammmsplmrdst he |ike.

Preferred procesggge haxswx?astfaﬁnw%&ix@ka@a ppaaeglisqre&emm%t féh car bon
nonoxi de, or w th,carbon noxi and t.hir react ant%frfgﬁrﬂ‘ ogen

with hydrogen cPERETd@ DT Eﬁ‘fle%fst some Aoyt
met al - or ganophosypfii¢ emhpgmdt &mﬂma@rganophdsphxtﬁmganﬂrwﬁmimed
processes i ncl udgedlystrhediiid sy e'aQﬂon p‘i‘b’diic@%(ﬂ&‘% bﬁﬂreﬁf‘ dn8RrpQR¥hat i on.

oY ocedur 68 knowhYAFIZHE d%%‘{afd'a&ep"o‘é;%&%%%ﬁ Rl troseandtand deaciivaienod by
reacting an ol efofhhenmodpmgadppImphun lipand>cothplemchtalyisy.dr ogen under
hydr of ornyl ation conditi onﬁlgtfht{‘}éep,%gs%ggﬁmme,%r e%ﬁg or ganophosphite
1 gand compl ex %atd%fx fja%: o i) oacj(;‘la%lon (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 monaoxide, 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
catalyst described herein. The hydroxyaldehyde can be hydrogenated
to a diol, e.g., hydroxypropionaldehyde can be hydrogenated to



Al ternatively, hydroxyal dehydes can be prepared by reacting an epoxi de,
carbon nonoxi de and hydrogen under hydrofornyl ation conditions in the
presence of a netal ~organophosphite |igand conpl ex catal yst descri bed
herei n. The hydroxyal dehyde can be hydrogenat ed to a dial, e.qg.,

hydr oxypr opi onaygehysg; can be hydrogenated to WO 97/ 2@8¢Prlis96/19400
PCT/ US96/ 19400 -11-

propanedi ol . Hydrofornyl ati on processes are described nore fully

her ei nbel ow. I nt ranol ecul ar hydroacyl ati on can be carried
out in accordance wth conventional procedures known in the art. For
exanpl e, al dehydes containing an ol efinic-§toup 3 to 7 carbons r enoved
can be converted to cyclic ketones under hydroacyl ation conditions in the
presence of a netal - organophosphite |igand conpl ex catal yst descri bed

her ei-n. I nt er nol ecul ar hydroacyl ati on can be carried out in

accordance w th %ﬁ&%dﬂnéﬂyWEﬁ& Po¥aEselsark A@s@ibed fmbfe fuI]Sfanm e,
ket ones can be prepar %dwgy reacting an olefin and an al dehyde Under
i

hydr dacyl ation c n the presence of a nmetal-  organophosphite
li gand conpl ex cat aI yst delntrapetedulardiydroacylation can be carri¢ddoutdpanat i on can

be carried out | ncaGAanE@RAth wxﬁﬁntxoﬁﬁ%%dtﬁgéiknmﬁ(iﬁ YHE ﬁ?t W"m in the
art. For exampl e n| tr| l% npounds, can ar e&;ﬁ)r{i I ng an
ol efi ni ¢ conpound 96#?16%5&% NS 8@ 1o HPB a8 ondi tions i n
t he presence of a'emonred ahn be ganogried tihdyclic ketpnes undephpdroaeylatiypat descri bed
herein. A  pref %ﬁ& ion%Gh 2hY PPéened o4 A A q&;ta'na
nonconj ugat ed Xcl } C af‘ ﬁgp C m)%ooﬁ%iﬁflo g % &S’Ih t% co%pﬁlé)a? ed to an
ester group, a Yleneoate, or a nonool ef i n conjugated to a
nitrile gr oup, e. y 3 phmeemotacukarllwdrmwlatmrswbecameldyd:t@gen cyani de
inthe pres enC%c@erﬁnE@Why vEhfionh4] Bc thwvﬂ QHérHH ?‘
zer o-val ent ni ckel z entate B %g) é; uce a termna
organonitrile, e Sf2MP3% ?F"Esr‘ialnebe PreRgTedoy Leagting oz ole
(perfl uoroal kyl) mldghydei undeir dyydPoeefyatanl opndittmsnaa:hb ippesense oﬁa metdl-out in

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.

Hydroamidation can be carried out in accordance with
conventional procedures known in the art. For example, amides can be
prepared by reacting an olefin, carbon monoxide and a primary or



the presence of a Lewis acid pronoter. Illustrative hydrocyanation
processes are disclosed in U S. Patent No. 5,523,453 and WD 95/ 14659, t he
di scl osures of which are tncorporated herein by reference.
Hydr oam dati on can be carried out in accordance with conventi onal
procedures known in the art. For exanple, am des can be pregared b
reacting an ol ¥PPH207%% bon nonoxi de and a primary or GEIUSG/ 1 ¢pp9 7
PCT/ US96/ 19400 -12- secondary
am ne or ammoni a under hydroam dation conditions in the presence of a
met al - or ganophosphite |igand conpl ex catal yst described her ei n.
Hydroesterification can be carried out injgccordance with conventional
procedures known in the art. For exanple, esters can be prepared by
reacting an ol efin, carbon nonoxi de and an al cohol under
hydroesterification conditions in the presence of a netal -

or ganophosphite |igand conpl ex catalyst descrjbed.herein. ... .

Am nol ysi s can bsé*@'é@pw %t"riaﬁp'g% Wh‘ﬂ?@‘ﬂ’?ﬂ“‘&g{ﬂw@?ﬁ%‘ﬂhﬁ inth§cedur es
known in the artprefencesxarmpetal-onganaphosphite bzang capplexctabylystedescribgd an
olefin wth a priudfefny or secondary am ne under am nolysis conditions in

the presence of a netal - r ganophosphite Jigand conpl ex catal yst
descri bed herein. Hy%rgestexﬁﬁgagpﬂﬂ ‘ﬁ‘?ée 8%’?\"996"‘3&%"%?}' pee with
accordance wi t h congemtiemalipyoeddupeskroivn és thererin For exapleestérsrcaetanpl e,
ethers can be BRAJESY Ractifp Gl dERR taPhad bid ws&qa 8 & GRBALI W‘?‘r

g’r_sl ta

! pepay n _
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carried out in arganchosphiteligand compiext ¢adabist gessribedriteseinnown in the art.
For exanpl e, | act ones Ca”Ami%lylaf%rﬁ‘éjc%etdroﬁﬁﬂﬁ'aéorﬂgn@é ﬁiﬁli ¢ al cohol s
wi th carbon nonoxi de . ur]der arbonyl atlon conditions in the presence of a
metal -  or ganofRB¥EMIeRAl ArgcReyr %‘fv&‘k ”Eglf‘%lﬁg}st FeZampleppiesican be
| someri zati on cagreparedadry readgtiog tani dlefic sothdapeemanyt dr secandargrmimeal
procedures knownyiderh@indlysis foRditfeiA T the prebetlce 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 e)_:ample, allylic
alcohols can be isomerized under isomerization conditions to produce
aldehydes in the presence of a metal-organophosphite ligand complex
catalyst described herein.
Transfer hydrogenation can be carried out in accordance
with conventional procedures known in the art. For example, alcohols

can be prepared by reacting a ketone and an alcohol under transfer



al cohol s can be isonerized under isonerization conditions to produce

al dehydes in the presence of a netal -organophosphite |igand conpl ex

catal yst descri bed herein. Transfer hydrogenati on can be
carried out in accordance wth conventional procedures known in the art.

For exanple, alwghohdy; can be prepared by reacting a ketone URek ohol
under transfer WO 97/ 20797 PeR3lde

PCT/ US96/ 19400 -13-
hydr ogenati on conditions in the presence of a netal -organophosphite
| i gand conpl ex catal yst descri bed herein. The perm ssible

starting material reactants enconpassed -B} the processes of this

i nvention are, of course, chosen dependi ng on the particul ar process

desired. Such starting naterials are well known in the art and can be
used-i n conventional amounts in accordance with conventional nethods.

Il'lustrative st a'}iydﬁ'&géi'i&h%h'cahdﬁmﬁtiﬁ'ﬁhé féb@hé@@ﬁameﬁ:ﬂ"-m%&ﬁﬂﬂh@s hite
substituted and ynsu stlt t ed Jé' péﬁ gl nt r.anol ecul ar hydroacyl ation),
ol ef is ( hydr of onEPRAEPERIEX Catalys Adscribe

hereify o ol ecul ar hydr oacyl at i on.
hydr ocyanati on, hydr oam da'i'h@p?rmlshsbd# stactinginhaterial vepctamiisrapicymipassed

al cohol ysis), ketg Je@éb%f(ﬁfthls 1%@1519&?3?& 'oPBéursG,EéH&bQ&ﬁependm gn
bt s

(hydrofornylatio ggotéggse ?*}ck} startin n% 3 O%@Q@é@s of

like. Illustrati
this invention anme theartomd cm%nm@mmpntlom%bmdnacmdﬂlm

Technol ogy, Four TcBnEéHtidrﬁl‘ methSP. HRBtratRR'stamt mﬁﬁgﬁél%ﬁct%fnté"‘f}icﬁméir €

i ncor porated her re er.en at)ve
met al - or ganophosg lﬁa‘ﬁ‘ﬁ’s&’gﬁ’iﬁd&d upsybstifuted aéﬂr?bd{?ﬁ&”é’?‘ﬁ"]teﬁ'élar
processes encorrpé‘ls'dmcwlattdm),soleﬁmeﬂwdmfoasylatxml carkenplativngs for their
preparation are mdénﬂsmmaﬂﬁy&mcﬁ&ﬁomﬂdmeyaﬁwsﬁ ﬁmvsﬁnﬁ'aa% sed in the

bel ow nenti oned pat.en reformed or

formed in situ a E}‘é‘é%?‘?rbgé‘ift’i%ﬁ’ §ﬁ’6ﬂ°ly51r°’e‘%8?léﬂ¥%§yBﬁé’nt?ﬁngigffgéssent ially of
met al in conpl ex hydnégemation); epoxides(hydrofoymyiasinms hrdteyhngtion), alkobolct i ve

speci es my al S0 (&aBbAYIAtion iR HRAONIMrANY dsuitiionnlrdling ¢5t | v bonded

t useful in the e s |ncludes a
Ergt ;lhe metal . effecting the processes o} 31 Z fnven i%n are set out 1n oft 81;

Encyclopedia of Chemical Technology, Fourth Edition, 1996, the
pertinent portions of which are incorporated herein by reference.

INustrative 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 deseribed in such
references and consist essentially of metal in complex combination
with an organophosphite ligand. The active species may also contain
carben 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
(Ru), jron (Fe), nickel (Ni), palladium (Pd), platinum (Pt), osmium (Os)
and mixtures thereof, with the preferred metals being rhodium, cobalt,
iridium and ruthenium, more preferably rhodium, cobalt and



or ganophosphite |igand conpl ex catal yst which can be optically active or
non-optically active. The perm ssible netals which nake up the

met al - or ganophosphit® |igand conpl exes include Goup 8 9 and 10 net al s
sel ected fromrhodi-um (Rh), cobalt (Co), iridium(lr), ruthenium (Ru),
iron (Fe), nickel i ), palladium (Pd), platinum (Pt), osm um(OCs and
m xt ur es there‘g ”’éﬁ% the preferred netals being rhodi um CSS& 26/19480

i ridiumand ruthenium nore preferably rhodium cobalt and WO
97/ 20797 PCT/ US96/ 19400
-14- rut henium especially rhodium O her perm ssible netals include

G oup 11 netals selected fromcopper (Cu)igq-silver (Ag), gold (Au) and

m xtures thereof, and also Goup-6 netals selected fromchromum (Cr),
nmol ybdenum (M), tungsten (W and m xtures thereof. Mxtures of netals
fromGoups 6, 8 9, 10 and 11 may al so be used in this invention. The

et a1 - or ganophoL IR dres U9 HRPEAY SineFPE Bl Bitalainpinde | gand
i ncl ude nono-, €iroup i1 metglssel¢ciertfropoegppey fGvh sdvehiAgisgold KAl ands of such
e e sk o ot |0
i fferent . Thi stGuhErbrdsnie AE Madhen OV dad Bhies Badebn Histiainer by
t he perni ssi bl eobmgtais fteos Groups 6) §,$hAd8sangr 1 hinayalssbe heediof thist is to be
noted that the gleaBsal The prafitdibR d?%aﬁ&}iﬁ"osbﬂit@ Mghfls 4B8h ARkedfPend and
Is not predicatgd on tthe exact structure of - the t.al - or ganaophosphi te
| i gand conpl ex §bee’8FEa§:°rg%? SHEVe Exgamié:ggmleﬁeﬁ alrxrﬁet? e ?Fggﬂﬂﬁlg?s@;“;e
di nucl ear and/ olig#nd)insludemoneadi+ yrif andrbigherdebrgaiphosplitest ructure i s
not hkn_ow?_- A ghwﬁﬂdhreé bf élchTHéaﬂcﬁtxﬁt Sté e?ﬁ‘ﬂl@}é?lt itflﬁe??eé’ﬁyﬂﬂs_ i@ty ¢ he_o[ y or
T SR HAGR Sromle raoRet S £ P BS ot o' o 1
the or ganophosphkinges mpyrke thedsapey dodiffeverdx i This amehngionhig dob datendeén  used.
The term "conpl gxbe BittREH 41y BafnéBy the b&EnickdbldBrzaMBaRssphite00r di nati on
conpound for rTEd]ilgjglncish(gar rlrjnrilalct?xgesoghegggf. % is'@ 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

electrons which are each capable of forming a coordinate covalent bond

independently or possibly in concert (e.g., via chelation) with the metal.

Carbon monoxide (which is also properly classified as a ligand) can also



electronically rich nolecules or atons capabl e of independent existence
with one or nore electronically poor nolecules or atons, each of which is
al so capabl e of independent existence. For exanple, the organophosphite
| i gands enpl oyabl e herein nmay possess one or nore phosphorus donor atons,

each havi ng onewg¥ahdsep! € or unshared pair of electrons whi ClacRoREdd
capabl e of form ng a coordi nate coval ent bond independently or possibly in

concert (e.g., via chelation) with the netal. Carbon nonoxide (which is

al so properly classified as a |ligand) can al so WO 97/ 20797

PCT/ US96/ 19400 - 15- be present
and conpl exed with the netal. The ultinmatel@onposition of = the conpl ex
catal yst may al so contain an additional |igand, e.g., hydr ogen or an

ani on satisfying the coordination sites or nuclear charge of the netal.
II'lustrative additional |igands include, for exanpl e, hal ogen (O, Br,

1), alkyl, aryl, b%%ﬁ%&éﬁtlﬂrﬂﬂc&ﬁﬂﬂexe&ﬁﬂh th@"—r{l@ﬂaﬂ] The WHig{dté Eﬁﬁ 5§mo§'}if _
(R)[err]POand RP ferent and is

a substituted or 'gg’%‘?"téﬁt@@r g‘gﬁ? ﬁ%ﬁa}”aﬁ?@gaﬁmnaﬁ‘g@ t%8»al kyl or
aryl), acetate, aludn'qgemmt amanisn @{Sérlng thepgardiriationrgitesrdr nudigaer r | |

ﬁ[ Z; : } CNCHI[\IZ{ ;]r 8: hatgd & theThlal mﬁgtratgi[ @Jtﬁh (fsrlh]:lud ﬁx]'ci-r IH err] CN,
di ol efi ns’ and tr ewplgmélgé%]n QCI %3&3 4lk$ n gt?énﬁ)@ﬁ L gﬁ‘if course
to be under st ood §2E GNR2PGAN Hé@ (Hmr?}n@ﬂéhébﬁﬁhﬁﬁemecﬂr any

addi t i onal orgam&gi?f&%mdqgas@e xmea*aﬁh ShsH uRd ﬁg&&%&%ﬁk&ﬁt or have

d d h
e e e e e L
HicHg, caHsC N 36N, AFB.sul f ur

hydr of or nyl ati on, @ﬂa@HBﬁ% HaeCHEH2; 4H3GHE
directly bonded tpgrﬁdme (C@HaaéN fHohnblefthss BiolefifRyaridtritiefiafsol ut el y
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ligand complex catalyzed processes, e.g., hydroformylatmn 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
the processes and reaction product fluids of this invention may be of
the achiral (optically inactive) or chiral (optically active) type and are
well known in the art. By "free ligand” is meant ligand that is not



species of the preferred catal yst enployed in a hydrofornyl ation reaction
may be conpl exed with carbon nonoxi de and hydrogen in addition to the

or ganophosphite ligands in view of the carbon nonoxi de and hydrogen gas
enpl oyed by the hydrofornylation reaction. The

or ganophosphi t hat may serve as the ligand of the

met al - organophgécbé?ﬁ”@"l i gand conpl ex catal yst and/or free |i (EidUep/1940¢ he
processes and reaction product fluids of this invention may be of t he
achiral (optically inactive) or chiral (optically active) type and are

well known in the art. By "free ligand" is neant |ligand that is not

WD 97/ 20797 -16- PCT/ US96/ 19400
-16- 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 may be carried out in the

presence of free Qraganopho I.te,. ligand. € i ral ,organophpsphites,are
preferred. compleked %ﬁﬁ%ﬁﬁ%‘%ﬁ% ﬁgéﬁm%tég t%a‘lfj’eﬁ’aﬂ%‘é‘r %ﬁﬁ’s t he
ligand of the romplexeatalysphds motecbheneim the poogesses afdhid ipventomaadni ng
reaction product e%béﬁiﬂﬁ%%e hidrofdrnyaationg prevedd RlayBtycartied out?t? ghophosphite
| i gand that m ght al so ? resent in @ﬂdl'r ea%t l, ON. %r oduct urds are
nmonoor ganophosphiRFESERE & &%ﬁ(?mf’f ute ligand, 4ehizatrganpphosphites are
or ganopol yphosphipreferradoounds. Such  or ganophosphite |igands enpl oyable in
this invention and/or nethgdsng th@%réélﬁiﬁho@ﬁﬁ@é’sfﬁ%a&%f‘é&v%&kh?’ﬁg&ﬂdi n the
art. Rgiprelsent ati.ve nQor noglh?s hi tias may L nclude those
havi ng the for mj|°£_the etal-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:

(D

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 cyclic 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
example, in U.S. Patent No. 4,567,306, the disclosure of which is
incorporated herein by reference thereto.



¥

[err] wherein R err] represents a substituted or unsubstituted trival ent

hydr ocar bon radical containing from4 to 40 carbon atons or greater, such

as trivalent acyclic and+trivalent cyclic radicals, e.g., trivalent

al kyl ene radi cals such as those derived from1l, 2, 2-tri nethyl ol propane and

the like, or trjugh cycl oal kyl ene radi cals such as those dﬁ&i‘)(ﬁ%lydorom
osphites

1, 3,5-tri hydroxycycl ohexane, and the |ike. Such nonoor ganop may
be found described in greater detail, for exanple, in U S. Patent No.
4,567,306, the disclosure of which is i ncorporated herein by reference

t her et o. WO 97/ 20797

PCT/ US96/ 19400 -17- -17-

Represent ati ve di organophosphites may include those havi ng the formul a:
[err] wherein R2 represents a substituted or unsubstituted dival ent

hydr ocar bon radical containing from4 to 40 carbon atons or greater and W

represents a substituted oRepResdREdtiveldiBrodHOPRYPISHE maPittiadatiyae radi cal
containing from1 to 18 carbon atons or greater.

Repr ésent ati ve sUAYPE AWM nsubstituted nonoval ent  hydr ocar bon

radi cals represented by Win the above Fornula (11) i ncl ude al kyl and
aryl radicals, while representative subdwtuted and unsubsti tuted

di val ent hydrocarbon radicals repres ed\b¥ 3 L}R’Cl ude di val ent acyclic
radicals and divalent aromatic radicaks. I|TusfTa™M ve divalent acyclic
radi cal s include, for exanple, alkyleneq@dlkylene-oxy- al kyl ene,

al kyl ene- NR4- al kyl ene wherein R4 is hydrogen or a 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. Hlustrative
divalent acyclic radicals include, for example, alkylene, alkylene-oxy-
alkylene, alkylene-NR4-alky]ene 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
acyclic 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
preferably R2 is a divalent aromatic radical such as disclosed more
fully, for example, in U.S. Patent Nos. 4,599,206, 4,717,775, 4,835,299,



substituted or unsubstituted nonoval ent hydrocarbon radical, e.g., an

al kyl radical having 1 to 4 carbon atons; al kyl ene-S-al kyl ene, and
cycl oal kyl ene radicals, and the |ike. The nore preferred dival ent acyclic
radical s are the divalent alkylene radicals such as disclosed nore fully,
for exanpl e, Q,é%g Patent Nos. 3,415,906 and 4, 567, 302 and the |ike,
the discl osur e¥ ¥ 2 ch ‘are i ncorporated herein by  ref er ePGI/US96/19400
Illustrative divalent aromatic radicals include, for exanple, aryl ene,

bi saryl ene, aryl ene-al kyl ene, aryl ene-al kyl ene-aryl ene,

aryl ene-oxy-arylene, arylene-NR[err]-arylene wherein Rerr] is as defined
above, arylene-S-arylene, and aryl ene-S-alilgyl ene, and the |ike. Mre
preferably R err] is a divalent aromatic radical such as disclosed nore
fully, for exanple, in U S. Patent Nos. 4,599,206, 4,717,775, 4,835, 299,

WO 97/ 20797 PCT/ U896/ 19400
- 18- and the (o Iosure ich are ted herein by
r ef er ence. éltﬁe hkﬁ S’F dl%cﬁ Pwﬁ c&%#&”&?&%ﬁi‘& Pa%s of
d|organophosphlté@ha¥@ethose of the fornula [err] wherein W
is as defined above, each F&{ rb&ﬁtgﬁvgaﬂgnmre%&@ﬁr&rma@qq represents a
substituted or u substlzl £ adi c efeach is the sane or
di fferent and i s®¥T&AWPRC re og§ ?ﬁ‘&" di val ent

il\r—o

((?Hzly \

(CHa)y /

Ar—O

IIn

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)a-, -O-, -8-, -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: .

6
_OR
P—OR6
N 6
OR
(Iv)



bridging group selected from-C(Rerr])[err]-, -O, -S, -NRerr]-,

Si(Rerr])[err]- and - CO, wherein each R3 is the sane or different and
represents hydr ogen, an al kyl radical having from1l to 12 carbon atons,
phenyl, tolyl, and anisyl, Rerr] is as defined above, each R5 is the

same or di ff eyprabgyedl represents hydrogen or a nethyl radi C%T/U%Wl(?%d S a
val ue 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 may include those havi ng the formul a:

[err] WD 97/ 20797 -19-

PCT/ US96/ 19400 -19- wherein each R6 is the sane
or different and is a substituted or unsubstituted nonoval ent hydrocarbon
radi cal e.g., an alkyl, cycl oal kyl, aryl, alkaryl and aral kyl radicals
whi ch may contain from1 to 24 carbon atons. Illustrative

tri organophosphites inclu for exampl.e, trialkyl osphj tes,

di al Ryl aryl phosb’ﬁ?"t’&%}_“ﬁ?‘%ﬂﬁ me@ﬁ%‘?ﬁ’ﬁﬂt&f%ﬁg‘}wﬁbﬁ%ﬁmtes, and
the |ike, such asinshbstittedpianovalent hydrdenrboprmssiidalteeg., am ity phosphite,
butyl di et hyl phO%pabmﬁ;;dryx, RlkaryP aRB YralRYPEAAIEL1S wHikh n{h_-)bé&%éinﬂﬂ?%pi“ te,

tri-2-ethyl hexyl ) ., tri-n-dodec
phosphi t e, dinetﬁgggﬁg

e piopis, lstratioh beio EARORB gt ArBEREclor
met hyl di phenyl plessmiple,driati yibospinices, dialkplaogpitidsphites,i aikgldyarybhosphi t e,
trinaphthyl phos %Béf}dtég, thidrf phobphitds, and HE Yike 2s P4 B! S8R 41%! Phosphi te,
bis(3,6,8-tri-t- t%gwetﬁgl_ phosphite, triethyl phosphite, butyldiethy! 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, ethyldipheny!
phosphite, triphenyl phosphite, trinaphthyl phosphite, bis(3,6,8-tri-t-
butyl-2-naphthyl)methylphosphite, bis(3,6,8-tri-t-butyl-2-
naphthyl)eyclohexylphosphite, 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-naphthylX4-
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 incor;;orated
herein by reference.

Representative organopolyphosphites contain two or more
tertiary (trivalent) phosphorus atoms and may include those having
the formula:

7 < p_ F*8"'0\}:,_ x
N O/ B0 -
a b
V)



napht hyl ) cycl ohexyl phosphite, tris(3,6-di-t-butyl-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-butyl-2-naphthyl)(4-
benzoyl phenyl ) phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-
sulfonylphenybﬁsho§$hite, and the like. The nost preferred

tri organophos s g’triphenylphosphite. Such triorganophosﬁﬁppg?“mmﬂre
described in greater detail, for exanple, in U S. Patent Nos. 3,527, 809
and 5,277,532, the disclosures of which are incorporated herei n by

ref er ence. Represent ati ve organopol yphosphites contain two or
nore tertiary (trivalent) phosphorus atagg-and may include those having
the formula: [err] WO 97/ 20797

PCT/ US96/ 19400 - 20- wherein X

represents a substituted or unsubstituted n-val ent organic bri dgi ng
radi cal containing from2 to 40 carbon atons, each R7 is the sane or

different and represents a divalent organic radical containing from4 to
40 carbon at ons,wherein Korepresents & swkstifuted o unayhstisnted n-velent organica

substituted or ujsdhinkirh@icBledaRYAS Hoin D6 W0 caFrA atonis2eadPR7GoBkReI Ni NY
froml to 24 carbon a 8%&‘ a“?rﬁg b can be‘#‘hal s€me . Or dgi flferéant. and each
have a val ue of EW%;;G,;QJ ?:ge re&;gsiini%a .‘52;? greantq i i(;ﬁb%m'% 2 to 6
and n equal s a +from 430 4bdcarbenjatoms, & is tivecams erodifferent n a has a
val ue of 2 or NyeBrefRAtdla ShbstAdksPbr HBSubstiftdd Bondvle hlirbt&beAt . Each RS
Repr coent at | ve. AGAL AERERBESTomD i) oA ENR REGPE. 2,100 b %5 BedBeAgTadi cal s
represented by Xraliffereyrasisachiave adialue efi0 to Sgwithcthe providp dhatthe
regreslent ed bK %Ln@?ﬁgﬁpimwﬁaraq_{ @qy]fa_lk+i G. r@ﬂé&ﬁﬁéitﬂ&@olbe ftromatic

radi cal s, such as a ne- a ene [ al kyl ene,

aryl ene, bisaryl rs%’f’g&ﬁﬂ%‘”h%%%@ 221‘8 oi%ﬂréh%re SR Fadien may

be the same or different. Each R® 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, ¥
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
herein by reference. Representative preferred monovalent hydrocarbon
radicals represented by each RS radical above include alkyl and
aromatic radicals.
IMustrative preferred organopolyphosphites may include

bisphosphites such as those of Formulas (VI) to (VIII) below:



(CHerr])[err] Qn(CHerr])[err]-arylene radicals, and the |like, wherein
each Q [err] and m are as defined above in Fornmula (11l1). The nore
preferred acyclic radircal s represented by X and R7 above are dival ent

al kyl ene radicals, while the nore preferred aronmatic radicals
represented by ooerp@gf R7 above are divalent arylene and bi sggyA 880
radi cal s, such as di scl osed nore fully, for exanple, 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

Publ i cati on No. 662,468, and the |ike, the disclosures of which are

I ncor por at ed herein by reference. Repre8bntative preferred nonoval ent
hydr ocar bon radi cal s represented by each R8 radical above include al kyl
and aromatic radicals. Il lustrative preferred

or ganopol yphosphi tes may i ncl ude bi sphosphites such as those of Fornul as
(M) to (VII1) bel ow 97/ 20797

PCT/ L‘JSQG/ 19400 R7/O\P— «
~N

2
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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; 4,886,401, 5,113,022; 5,179,055, 5,202,297,
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
organobisphosphites are those of the following Formulas (IX) to (XI)



[err] (viin)
wherein each Rlerr], Rerr] and X of Formulas (VI) to (VIIl) are the sane
as defined above for Fornula (V). Preferably each R err] and X represents
a dival ent hydrocarbon radical selected from al kyl ene, aryl ene, aryl ene-
al kyl ene-aryl ene, and bisaryl ene, while each R8 radical represents a
nmonoval ent hyd¥ NOLBBBn radi cal sel ect ed fromal kyl and aryl PEHUS%$18400

Or ganophosphite |igands of such Formulas (V) to (VIIl) may be found

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,

5,235, 113; 5,254,741; 5,264,616; 5,312,98@. 5, 364,950, and 5, 391, 801, t he
di scl osures of all of which are incorporated herein by reference.
Representative of nore preferred classes of or ganobi sphosphites are those

of the follow ng Fornulas (IX) to(XI) WO 97/ 20797
PCT/ US96/ 19400 - ; -22-
A|\r-—-0
9,“ P—0O—X
Ar—0O ]
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(IX)
Jll\r-—o
Qm P—0O— X-—O-P\
CH O—R8
( 2)y
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ler—O
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Qn P—O— X--—O-P< >F?
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wherein Ar, Q, R7, R8, X , m, and y are as defined above. Most
preferably X represents a divalent aryl-(CH2)y-(Q)m-(CH2)y-aryl

radical wherein each y individually has a value of 0 or 1; m has a value
of 0 or 1 and Q is -O-, -S- or -C(R3)2 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



[err] wherein Ar, Q Rerr], Rerr], X, m and y are as defined above.
Most preferably X represents a dival ent
aryl-(CHerr])[err]-(Qm(CHerr])[err]-aryl radical wherein each y

i ndividually has a value of 0 or 1; mhas a value of 0 or 1 and Qis -0,

-S- or -C(Rerr{FHhhh; Where each Rlerr] is the same or dlfferpgﬁq.kjs?g do
radi cal

represents hydrogen or a nethyl radical. Mre preferably each

of the above defined R8 groups may WO 97/ 20797
PCT/ US96/ 19400 -23- contain
from1l to 24 carbon atons and each aryl radical. of the above- defined Ar,

X, Rlerr] and R err] groups of the above FB8nulas (I1X) to (XlI) may
contain from®6 to 18 carbon atons and said radicals may be the same 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 car boRtAhG¥sm 110 FOdirbbR BtorhE 8h8'%e8bh Yryl 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)9; phosphine radicals such as -aryl-
P(R10)9; acyl radicals such as -C(O)R10 acyloxy radicals such as -
OC(0)R19; amido radicals such as -CON(R10)2 and -N(R10)COR10;
sulfonyl radicals such as -SO9R19, alkoxy radicals such as -OR10;

sulfiny! radicals such as -SOR10, sulfenyl radicals such as -SR10,
phosphonyl radicals such as -P(OXR10)g, as well as halogen, nitro,

cyano, trifluoromethyl, hydroxy radicals, and the like, wherein each
R10 radical individually represents the same or different monovalent



the divalent Ar radicals and divalent aryl radicals of X of the above

formul as are phenylene radicals in which the bridging group r epr esent ed
-(CHerr])[err](®Q[err]-(CH err])[err]- is bonded to said phenyl ene

radicals in positions that are ortho to the oxygen atons of the fornulas

t hat connect the phenylene radicals to their phosphorus atomof th

formul ae. It i"g(’%%é’l)" "oreferred that any substituent radical %EH596’1?)1”85ent

on such phenyl ene radi cals be bonded in the para and/or ortho position of

t he phenylene radicals in relation to the oxygen atom t hat bonds t he

gi ven substituted phenylene radical to its phosphorus atom

O course any of the Rlerr], Rerr], Retgqd., Rerr], Rerr], W X Qand Ar

radi cal s of such organophosphites of Fornulas (1) to (XI) above nay 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 p ess of thjs |nvent tituents t be gn sai d

radicals in addi”V&Eﬂ?aﬁw’c ?QW% bgmgéﬁﬁﬂ’r‘?\?dar%ﬁ Bﬁnnmlaarﬂm s such

as al’kyl, aryl, apalikyk\alkarsl hadyyclahek}dyaﬂmhks&wllth theprovisuthatin may i ncl ude

for exanple sily MQH t:l';heﬁ’ckcﬁxc?isas N(RRD elcb[l%lolaken 'mrrcaﬂia«rais such
phosphi

as -N(R[err])[err ne radi cals such as -ary Ii([err err];
acyl radicals smea@t afupigntrhridging gEoyp |%‘5¥%a§’t?ﬁ?¥°§%c 1cradigal O Rl err];
am do radi cal s sgihtiasnitkdgenftemn, hnd éh ﬁ;}mdadubétl(ﬁabntsrsﬁdﬁaﬁ[-er r]; sul fonyl

radi cal s such ag 18 ab ;

sul finyl radical éoﬁfﬁrﬁé%éﬂgr ri]d@%ﬁ? eny? b ﬁ&' g@ucgﬁﬁégég%ﬂ err],
phosphonyl radi hgﬂﬁo@ucﬂf asurse(ts(ta[berurderstond thadsamebﬂ thesubstituted orni t r o,
cyano, trifl uor g %. B %l?’ﬂ&&%%af%‘x%ﬂh&ls Sa&%flﬁaf iafke dm??@i-ﬁhﬁ@ﬁh

err] radical esen erent nonoval ent
\;R&) 97} 20797 given organophospﬁﬁ;e may {)e the same or d:lcﬁ‘eren CT/ US96/ 19400

- 24- hydr ocar bon r adMoaé smmﬁcajlyhillustmtitve substituebbningludes (e. g.
?lhgl i nar y!ﬁtm no?)gig% 7 tsa%klfhg shc aﬂtﬁﬁﬁhmﬁgs?ér&ﬁ'és)mem ?Fth péﬁ;gw 50
t oget her can al $5OPY r@ﬁ?’é&?@ tb uty ?%Pgﬁgla{)g %4@%‘%’5&@ h}h 55*‘
het erocycli ¢ r adescamyl, tsampgl, tiseoctyl, degdnoctadesyl,cand the liks; doylsuadicals uent S
such as - C{ OgNRRE bhbh{Ehabhiid anbtRE eike] 2l raalcat@sliciRbEhédzybonded to
N can also be 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, -

0CH2CH2OCH3, -0(CH20H2)200H3, -0(CH20H2)3OCH3, 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(C3H7)3, and the like;

amino radicals such as -NHg, -N(CHg)g, -NHCH3g, -NH(CoHg), and the

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

radicals such as -C(O)CHg, -C(0)CgHj, -C(O)CgHjg, and the like;

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

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

CONH,, -CON(CH3g)3, -NHC(O)CHg, and the like; sulfonyl radicals

such as -S(0)oCoHg and the like; sulfinyl radicals such as -S(O)CHg

and the like; sulfenyl radicals such as -SCHg, -SCoHj, -SCgH3, and

the like; phosphonyl radicals such as -P(OXCgHg)g, -P(OXCHg)g, -




hydrogen. O course it is to be understood that any of the substituted or
unsubsti tuted hydrocarbon radicals groups that make up a particul ar gi ven

or ganophosphite nay '‘be the sane or different. Mor e
specifically illustrative substituents include pri mary, secondary and
tertiary al kyl ‘PBQ%,E@L.; such as nethyl, ethyl, n- propyl, bé'P/BE%Jmo
butyl, sec-buty utyl, neo-pentyl, n-hexyl, anyl, sec-anyl, t-anyl,
i so-octyl, decyl, octadecyl and the Ilke; aryl radicals such as phenyl
napht hyl and the I|ike; aralkyl radi cal s such as benzyl, phenyl et hyl ,
tri phenyl methyl, and the |ike; alkaryl radicals such as tolyl, xylyl,
and the like; alicyclic radicals such as bl opentyl, cycl ohexyl

1- net hyl cycl ohexyl, cycl ooctyl, cycl ohexylethyl, and the | i ke; al koxy

radi cal s such as net hoxy, ethoxy, propoxy, t-butoxy, -
OCH err]CH err]OCH err], O(CH[err]CI-l[err])[err]OCl—l[err]

CHerr]CH err t - di cal s such as
pflxenogw a]nd 'Ehe ]ﬁ(g%’(ﬁ WO (Calh ?% P@O) gﬁgﬁgﬁﬂﬁgﬁf
-Sl(CH[err])[err]IJ( Q;i{ é)r lf(ﬁ) }lﬁ[err])[err] and the

i ke; am no radi cals S ) Qﬁﬁkﬂerr )
_INH(C[err]H[err] | Ugﬁbcﬁ?q‘lllﬂ'é{x"a%ﬁrhexa ﬁ]@sﬁ%%lbgéﬂs such as ]

t
-P(Cferr]H err])%l’glf’q;‘;i ‘éfli'éd&tﬂ? R‘@mgacyl radicals such as -C(OCHerr],
-C( O d err] H err Rrt-bidyldSGhethokipleamyll(3,3Hnli- t iHusy)-b Sedimethosy- A drhpiphenyladi cal s
such as - C( O CCHpes . i ¥6&h yl radi cal s such as
-QcOderr]Herr & ’Zﬁ%ﬁgﬂﬁe E‘hkﬁragn%o r agﬁr:]al S such as - CONH err],
CCN(CH[err])[err] -NFKXC»C}{err] and the like; sulfonyl radicals such
as -S(O)[err]C[err]H[err] and the IlheCHsulflnyl radi cal s such as -S(0O) CH3
and the like: sulfenyl radicals such =§*“§CH[eQﬁi -sCerr]Herr],
-SClerr]H err], and the |ike: honylcﬁaq§6ﬁls such as

_P(O (Jerr]Herr])[err], -P(@}. (P\err], WD 97/ 20797
E%?giwligﬁ?o 1)[err], -P(O (d e er FTTP OcH

err err err|, - er er 3
-P(O (Cerr]Herr])[err], -P(@;{ @rr])[er

P(O)CH[err](C[err]H[err]) -P(O(H) \‘ rrl]H err]), and the |ike.
Specific illustrative exanpl es of succoeganophosphl te ligands include the
followi ng: 2-t-butyl-4-nmethoxyphengH{3e®, -di-t-butyl-5 ,5"-di nmet hoxy-1

, 1' - bi phenyl - 2,2'"-diyl)phosphite haV|ng the formul a:
Ligand A

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



[err]

met hyl (3,3 -di-t-butyl-5,5"-di net hoxy-1, 1" - bi phenyl -2, 2" -di yl ) phosphite

PCT/ US96/ 19400
-[[4,4' -bis

having the formula: d [err] VO 97/ 20797
-26-
11d|rrethlethl 1,1 -binaphthyl]-2,2"-diyl
S y yh -1 pht hyl ] - >;’c]'rlusmsnsmm

b| s(oxy)] bi s-

-26-

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

(Y
(CHy),C O Q C(CHy)q
O O\PP O\P/ @
(" oD

Ligand C

8,6™-113,3-bis(1,1-dimethylethyl)-5,5'-dimethoxy-[1,1'-biphenyl]-2,2'-
diyl]lbis(oxy)lbis-dibenzo[d,f][1,3,2]dioxaphosphepin having the
formula:

OCH; OCH3;

o, JOLIOL 2
I\ _CH3

H-—
/ \

/P\ ol P\

Cpeiene®

Ligand D

6,6"-1[3,3',5,5'-tetrakis(1,1-dimethylpropyl)-(1,1"-biphenyl}-2,2'-
diyl}bis(oxy)]bis-dibenzold,f1{1,3,2]dioxaphosphepin having the
formula:



di benzo[d, f][1, 3, 2] -di oxaphosphepi n having the fornmul a:

,6'-[[3,3 -bis( 1,1-dinethylethyl)-5,5"-di nethoxy-[1, 1'-bi phenyl] -2,2'-
di yl ] bi s(oxy)] bi s-di*tbenzo[d,f] [1, 3,2] dioxaphosphepin having the formula:
[err] 6,6'-[[3,3,5,5 -tetrakis(1, 1-di net hyl propyl)-[1, 1" -biphenyl]-2,2"-
diyl ] bi s(oxy) ] biveredhipnzo[ d, f][ 1, 3, 2] di oxaphosphepi n havi ng t hrusb&iddsy 2

27-

6,6'-(13,3',5,5'-tetrakis(1,1-dimethylethyl)-1,1'-biphenyl}-2,2'-
diyl]bis(oxy)}bis-dibenzold,f]{1,3,2]-dioxaphosphepin having the
formula:

CH:,\ _CH,
cn-| o CH3

ot @ @

h&l

Ligand F

(2R,4R)-di{2,2'«(3,3',5,6'-tetrakis-tert-amyl-1,1'-biphenyl)]-2,4-
pentyldiphosphite having the formula:



WD 97/ 20797 PCT/ US96/ 19400
-27- [err] _
6,6'-[[3,3,5,5'-tetrakis(1,1-dinmethylethyl)-1,1"-biphenyl]-2,2'-
di yl ] bi s(oxy) | bi s-di benzo[d, f][1, 3, 21- di oxaphosphepi n having the formul a:
[err] Li gand F

WO 97120797 PCT/US96/19400

-28-

CHs(CHY,C  CICHy)CoHs
Ligand G

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

CH,
2 A
CH
O cCHy,
Y C(CHy)3
(@]

C{CHY3 (cHy,
Ligand H

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



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

pentyl di phosphite haV| ng the fornul a: WO 97/ 20797
PCT/ US96/ 19400 : - 28- [err]
Ligand G (2R, 4R) - di [2, 2'-(3,3,5,5 -tetrakis-tert-butyl -

1' - bi phenyl )] - 3y4972070£Nt YI di phosphi te having the formla: ;)CTmsg6/19£(ﬂrr]

-29-

CH%‘% ) CHQ ,CHa

CHs(CHy), gH C(CHy)CoHs
CH,0 o-P B OCH,
8
%"(C"‘dacz”
CH0 CaHg(CHy),C OCH,
Ligand I

(2R 4R)-di[2,2'<(3,3"-di-tert-butyl-5,5'-dimethyl-1,1'-bipheny])]-2,4-
pentyldiphosphite having the formula:
CH CH3
CH
(CHy; O C(CHY,

1
o-P P—-
0
C(CHY,
CH; CICHYs cp,

Ligand J

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



Li.gand H
(2R, 4R)-di[2,2'-(3,3" -di-anyl -5, 5" -di net hoxy-1, 1' - bi phenyl )] -2, 4-

pent yl di phosphite having 't he fornmul a: WO 97/ 20797

PCT/ US96/ 19400 -29- [err]

Li gand | (2R 4R%

[2, 2 -(3,3 -diVPa ’%‘Wutyl 5,5 -di nethyl -1, 1' - bi phenyl )] - 2, 4PCT/US96/19400

pent yl di phosphite having the fornmula:

-30-

CH. CH
3"«. CHZ , °
: CH “CH
C(CH3)3 9 C(CHy)s
P.

CH,CH,0 0— C
C(CHy,

Ligand K

OCH,CH,

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

CH:», ,CHy pCHs
CH CH
(CHY; O o C{CHy)y

o-p P—0
CH,CH CH,CH,

C(CHy,
CH,CH; CICHYs Cpi,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:



Lerr] ' Li gand J
(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-di ethoxy-1,1"'-bi phenyl)]- 2, 4-

pent yl di phosphite having 't he fornmul a: WO 97/ 20797
PCT/ US96/ 19400 _ - 30- [err]
Li gand K (2R, @d)978b797 PCT/US96/19400

[2,2'-(3,3 -di-tert-butyl-5,5 -diethyl-1,1"-biphenyl)]-2,4-
pent yl di phosphite having the fornmula:

-31-

Chy,, /CH CW

(CHy)3 9 C(CHy)s

o-P OCH;
O
C(CH,

C(CHYs ocn,
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-yl]oxy]-4,8- .
bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo(d,f}{1,3,2]dioxa-
phosphepin having the formula:

OCH; OCH,4
(CHs)ac' O C(CHy)s
C(CHa)s /
CH3O C(CHS)S
cHao~_) o O (e,
C(CHg)g
Ligand N

6-f[2'-{ 1,3,2-benzodioxaphosphol-2-yl)oxy]-3',3'-bis( 1,1-dimethylethyl)-
5,5'-dimethoxy[1,1'-biphenyl]-2-yl]oxy]-4,8-b1's(1,1-dimethylethyl »-2,10-
dimethoxydibenzo[d,f] [1,3,2]dioxaphosphepin having the formula:



[err] Ligand L
(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-di net hoxy-1, 1" - bi phenyl)]-2, 4-

pent yl di phosphite having:‘the fornmul a: WO 97/ 20797

PCT/ US96/ 19400 - 31- [err]
Ligand M 6-[[2'- _i4, 6- bi s(

1, 1- di et hyl e%?’ﬂg’ 973, 2- benzodi oxaphosphol - 2-yl ) oxy] - PCT/US96/19400

3,3 -bis(1,1-dinmethylethyl)-5,5"-di met hoxy[1, 1' - bi phenyl ]-2-yl]oxy] -4, 8-
bi s(1, 1-dinethylethyl)-2,10-di net hoxydi benzo[d,f] [1, 3, 2] di oxa-
phosphepi n having the fornmul a:

-392-

C(CH3a)3
Ligand O

6-[[2'-1(5,5-dimethyl-1,3,2-dioxaphosphorinan-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-dimethoxydibenzold,fl[1,3,2]dioxaphosphepin
having the formula:

(CH3)3C C(CHj3)s
0] 0\

C(CH3); /
CHZ0 O O\P P"O_CHZ\C‘CH"
crgo< o/ 0-cH ok
C(CH3)3

Ligand P

2'-[[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethoxydibenzold,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:



[ er
6- [
5,5
di me
WO 9
-32-

]
2'
t
7

6-[[2'

Li gand N

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

di met hoxy[ 1, 1' -bi phenyl ] - 2-yl ] oxy] - 4, 8- bi s(1, 1-di net hyl et hyl ) -2, 10-

hoxydi benzo[ d, f]

[1, 3, 2] di oxaphosphepin having the fornul a:

120797  wo 920797 PCT/ US96/ 19400 perpysegrisdnn
[err] Li gand O

-1 (5, 5-di net hyl

-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-bi s(1, 1-
di met hyl et hyl ) -2, 10- di net hoxydi benzo [d,f] [1,3,2] di oxaphosphepin
-33-

OCH3; OCH,

(CHs)aC “~C(CHg)s
C(CH3);

cHz0-¢_) o\/ \ 0@— (CH,)5CH3
cHao-{' D o o-@- (CH,)sCHs

2-[[2-[[4,8,-bis(1,1-dimethylethyl), 2,10-dimethoxydibenzo-
{d,f1[1,3,2]dioxophosphepin-6-ylloxy]-3-(1,1-dimethylethyl)-5-
methoxyphenyljmethyl]-4-methoxy, 6-(1,1-dimethylethyl)phenyl
dipheny! ester of phosphorous acid having the formula:

OCH,4 OCH,4

(CH3)sC CH, C(CHg);
C(CHa)s / ?
ool | oD
CH,O O o) \o-©
C(CH3),
Ligand R

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



havi ng the fornul a: [err] Li gand P
-[[4 ,8-bis( 1,1-dinmethylethyl)-2,10-di net hoxydi benzo[d,f] [1, 3, 2] -

di oxaphosphepi n-6-yl Toxy]-=3,3" -bis( 1, 1-dinmethylethyl)-5,5"-

di met hoxy[l, 1' - bi phenyl]-2-yl bis(4-hexyl phenyl)ester of phosphorous acid

havi ng the f or nul a: WO 97/ 20797
PCT/ US96/ 19400 WO 9720797 -33- PCTUS96/19400
-34-
(CHs) & (CH3)
P—0O o—P
(CH3)C C(CHa)
Ligand S

2,56-bis(1,1-dimethylethyl)-1,4-phenylene tetrakis([2,4-bis(1,1-
dimethylethyl)phenyl]ester of phosphorous acid having the formula:

C(CHs)s
(CH3)3C-©— O0—PO Oo—P O-@-C(CH 3l
C(CH A] C(CHg), C(CH3),
Ligand T °

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

@-CHZ
o
g H—o]—r —@c(CHa)s

C(CHa)a C(CHgy),

-

Ligand U

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



r Ligand Q 2-[[2-[[4,8,-bis(1,1-dinethylethyl),
0- di nmet hoxydi benzo- [d,f] [1, 3, 2]di oxophosphepi n-6-yl]oxy]-3-(1,

i met hyl et hyl ) -5- ' net hoxyphenyl ] met hyl ] - 4- net hoxy,

1, 1-di et hyl et hyl ) phenyl di phenyl ester of phosphorous acid having the
rnula err] Li gand R

3- net hoxy- 1, 3- cycl 0 oé’?(‘{arret hyl ene tetrakis[ 3, 6-bis(1, 1-di net hyrg{,ﬁ§?6§lg4ao

2- napht hal enyl | ester of phosphorous acid having the formul a:

97/ 20797 PCT/ US96/ 19400

- 34-

[er
2,1
1-d
6- (
f

-35-

Y 'O

C(CH 3)3

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

P OCH3
C(CH )3
2

Ligand V

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,

Rh4(CO)q 9, Rhg(CO)j, 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, hydrogen and
organophosphite compound are all ligands that are capable of being
complexed with the metal and that an active metal-organophosphite



[err] Ligand S 2,5-bis(1,1-dinethylethyl)-1

, 4- phenyl ene tetrakis[2,4-bis(1,1- dinethylethyl)phenyl]ester of
phosphorous acid having the fornul a: [err]

Ligand T  net hyl enedi - 2, 1- phenyl ene tetrakis[2,4-bis(1,1-
dinethylethyl)apenxll ester of phosphorous acid having the formnul a:

[err] 0 97120797 Ligand U [1, 1 -biphenyl]-2, 2" - diRATUSIE19400
tetrakis[2-(1, 1-di methyl ethyl)-4- nethoxyphenyl]ester of phosphorous acid
havi ng the fornul a: WO 97/ 20797

PCT/ US96/ 19400 - 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 free
organophosphite ligand. Such precursor compositions may be prepared
by forming a solution of a rhodium 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, RhoOg,

Rh4(CO)y 9, Rhg(CO)y 6, RR(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] Li gand V As noted
~above, the netal - organophosphite |igand conpl ex catal ysts enpl oyable in
this invention may be formed by nmet hods known in the art. The

nmet al - organophosphite Iigand conpl ex catal ysts may be in honpbgeneous or
het er ogeneous f‘? i nst.ance, preformed rhodi um PCT/USY96/19400
hydri do- car bon organophosphl te ligand catal ysts may be prepared and

i ntroduced into the reaction mxture of a particul ar process. Mre
preferably, the netal -organophosphite |igand conpl ex catal ysts can be
derived froma rhodi um catal yst precursor whi ch may be introduced into
the reaction nmediumfor in situ formati @7-of the active catal yst. For
exanpl e, rhodi um cat al yst precursors such as rhodi um di car bonyl

acetyl acetonate, Rh[err](err], Rh4(CO) 12, Rh6(CO) 16, Rh(NGB)3 and the
i ke-may be introduced into the reaction mxture along wth the

or ganophosphi te *ﬁl%\ggﬁkdeﬂtﬂfn tll‘}f%dr{knce $iak YhbRhRAE ﬂﬁb Qéet&ﬂi@etﬁﬁht Vﬁ%&ﬁ; al yst.

In a preferred e S, . entl odi um di carb
acet yl acet onat e P%q'@rﬂﬂeﬁ‘}’ésﬂrﬁét"b’s 1§ %Pﬁcﬁiﬂeé?ﬂ’ CE - Beact ed in the
presence of a sohyéfdfomnylhtlbh,ehas bﬁmnhasthﬁﬁermtl ligpendg etgo, Hyskrogen,cat al ytic

r hodi Umorganophs;éz%'ahﬁﬁonoﬂw hied &laozo mhpihea%tfve lcoghpeed 1t o
the reaction zone de/ ree ft 4@_3 for the
insitu format F%ﬁ#ﬁftaﬂ?é‘wle?d{*? Jfﬁc S irgeq ORLME ¢ ent
for the purpos prél:‘i.lrid’rl atahyyiemdeifh}{dnaﬁormglalimn mxdmbwmha,s reydved) Bronand
organophosphite

conpl exed with t &tléﬂﬂn%ﬁi ?# g}:%%ig t?‘\i/lgatr?éta ano sq; lﬁﬁb%y

WD 97/ 20797 detnmental to the hy ation process. &35 B sue pre?erred

PCT/ US96/ 19400 rhodium complex catalytic precursor composxtlons $3B6vides a simple
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 toa .
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
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Ilgand catalyst is present in the reaction mixture under the conditions

used in the hydrofornylation reaction. More particularly, a
catal yst precursor conposition can be forned consisting essentially of a
sol ubi i zed net al - organophosphite 1igand conpl ex precursor catalyst, an

organi c solvent and free organophosphite |Iigand. Such precursor

conposi tions MY epared by forming a solution of a rhoBFUHSYIAPI ng
material, such as a rhodi um oxide, hydride, carbonyl or salt, e.g., a
nitrate, which nmay or nmay not be in conplex conbination with a

or ganophosphite ligand as defined herein. Any suitable rhodiumstarting
material may be enployed, e.g. rhodi um djgcarbonyl acetyl acetonate,
~Rhlerr]err], Rh[err](Q0)[err], Rh[err]FCO)[err] Rh(NdJ err])[err], and
or ganophosphite Iigand rhodi um carbonyl hydrides. Carbonyl and

or ganophosphite ligands, if not already conplexed with the initial

rhodi um nay be conpl exe rhodi ym ei t her . pri.ar situ during
the process.  <complexcata ys*B?“’Mgl%ﬂ“ﬂi“F r&gPF%ﬁI}OQHOSRIHBeb ‘iﬂ?%oca@at al yst

precursor co rrpbs présent i thidwenction emédiom efdhe proessessafithisinventiona

| ubilized '
catalyst, a so r%'éﬂ?fffg%ém%b%ﬂ@"%*“@ﬁﬂ%”t@#“ﬁ?s“"ﬁﬁﬂﬂ‘ﬁé’é‘gfﬁ?éézi ed by
form ng a sol ut ligandef ?%F%%EWMW“%E‘%W‘{? y&hart 8a¥i c
solvent and a oewﬁhes»pgaﬁ@hbsgmd hgandipfefemblynpraent il hgwen

of ganopnosphi 1 € plida eh?@ﬂi,)extlsﬁ%a%ﬁngngtﬂésmé eﬁ'% d,'a9adda; of  the

r hodi um acetyl aBetonat e Co ex precur room:.t uré as W tnessed
by the evol uﬂohvmoéargmwngmf @yfs aermega%m¥qr@ap B¥e PERPoN nay be
facilitated by ameﬂgoﬂghﬁopbdsﬂmmrhga‘ndsdmy bedmployedSor eadhl purpogain c

solvent in whi C%"Q%{ t Qiredi car bonyl acet yI acet onat e conpl ex
precursor and r U 17 anbphos ﬁlte Ilgand eX_pregurso are sol ubl e
can be enployed. The ar‘rﬂﬁf‘ﬁ%mBPH powe ﬁﬂ’ﬁgfl PP

organi c solvente¢ snrpgesmpIimsbdaréee;dongaadiunasfa\givlenqmcdssmfmsef er red
enbodi ment s pre;:%htioﬂ r?e‘é@*bn Lfn;‘ é«({f E}Eﬁﬁﬂﬁ%ﬁimﬁﬁ%ﬂééshwgép%meﬁ%ousl y
n Qe

correspond to those anoun e’i.n ocesse
97/ 20787 given metal concentratxo sired to be employedS anc? w 1clp&!ﬂl US96/ 19400

-37- 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 procés_s 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 d-esired, 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 hydroformy-lﬂation; said amounts of ligand employed being the
sum of both the ambﬁnt of ligand that is bound (complexed) to the
metal present and the amount of free (non-complexed) ligand present.



this invention. Experience has shown that the acetyl acetonate |igand of
the precursor catalyst is replaced after the process, e.g.,

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

car bon nonoxi de or organophosphite ligand, to formthe active conpl ex
catal yst as expygiofigpgpbove. The acetyl acetone which is freedpbiRbdisseo
precursor catal yst under hydrofornylation conditions is renoved from the
reaction nediumw th the product al dehyde and thus is in no way
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 handl 3% the rhodi um precursor

rhodi um and hydrofornyl ation start-up. Accordi ngly, the

nmet al - or ganophosphite |igand conpl ex catal ysts used in the processes of
this-invention consists essentially of t he rret al conpl exed with carbon

Imonoxi]ldg B e gx%emr mdeaifearhmﬁei&p ligthdOd: fé'&'ﬂo?:hh'rgﬁ&fbn sai d
i gand bei ng bon co exe |n ated an

non- ¢hel at ed fasﬁ?%‘i'gml\ﬂp‘ §PEP es?t‘?éanﬁhté%%?a LA Eag]l P?’B%egeéﬂ ially
of', as used her mamtainespmdetee'mhedikgvel oftfinee hgamiam thectaadtion nhedinngen

conpl exed with the netal, 1?&19&%&%'30@@ the © alyfé} q@%pgé den g
or ganophosphite H{S‘?Hd Fy h such e?m ol o oes noté& e t he

possibility of o BP&E&F‘E’P? ignand/or, '6‘7“65 °t ReRaratight o be
conpl exed with t hatalyitslare partemulatly advamtagamamlsthefhscdroiondlyﬂgtxadufer sely

Catalyst. nEZ?“LZ%]‘*?E’%F; Bﬁ*gﬁﬁfnﬁg*@oﬁgﬁﬁéﬁaﬁngﬁﬁgﬁ ‘:E"éﬂ‘n%“e

hal ogen (e.g., W
absol ut el y necessdecantafibhs altyor teraperatures: Forexabaple, theirhaditan oatadystact i ve

metal - ﬁrggﬁpgggggmgtﬁeéhgm B rts&?ga{%lt §Eaf@%s Qg;agg%&%ha ! ESUI T
ot T ormmt Pon. - dugng hatl the byBotirmylanss Sl TR B e o7 e Eiee

enpl oyed in hym aflm]um@kmqtmn mpedicasat bight teimperatoees and then is As
noted above, theg, mh%%bhﬁ ligands can be enployed as both the
A e 2 85adib S80S shodium catalyst may 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



- 38- conpl ex catalyst, as well as, the free organophosphite |igand

t hat can be present in the reaction nmedium of the processes of this

i nvention. In addition, ‘it is to be understood that while the

or ganophosphite | i gand of the netal-organophosphite |igand conpl ex

catal yst and an excess free organophosphite ligand preferably present in
a given procgésw?)q"g'f his invention are nornmally the sane tyﬁ@"%’ﬁ”’!*‘@%nd,
di fferent types of organophosphite |Iigands, as well as, m xtures of two
or nore di fferent organophosphite |igands nay be enpl oyed for each

pur pose in any given process, if desired. The amount of
net al - or ganophosphite |igand conpl ex caj@l yst present in the reaction
medi um of a given process of this i nvention need only be that m ninmm
anount necessary to provide the given netal concentration desired to be
enpl oyed and which will furnish the basis for at least that catal ytic
anount of netal necessa o catalyze the particula r ss,desired. In
general , metal po%ﬁi%??%%e’ iaﬁ%%%'ﬁ?"éﬁé‘e(%ﬁf’xm %‘b@ﬂf%tpﬁq&per _
mllion to abouté3, 2182280 parts per nillion, calculated as free netal, and

| igand to netal nol e I atrh@$ndtdl, e, ﬂﬁdﬂ%?&aﬁﬁ}#%ﬁ‘ Ig&gm&%%{&p about

1:1 or less to . ahout 200:1 .or greater, shoul d  be clent for nost
processes. indolible po?yxﬁgnﬁ ﬁPgWrém,gﬁiaﬁ‘ AP PPRIS NG seontalning

net al - or ganoghosligah_ﬂeigch@agﬂo;;ﬂﬁ'pﬂ,?xcomMmkg&impthbpommesgﬁs of 'thijs t

i nvention and egpR86sbd ¥atalldig - o fs i QN nr ?’ﬁ‘ﬂ e carried ou

I n the presence ?ﬁ?ree ao%qa%oxﬂggéﬁéyﬁeggﬁl‘ ‘%ﬁ?’éﬂ e processes of
this invention m&yswm%ca?ﬁ B cies, Ingorperated ntg dh, Hesaiptionsof

or ganophosphi t e polygaedsuppmbeted adalystsemeypbe dyusd in fifr éxaarplardyMelpasphit e

of T1gand of - frgs SR ClerbEE 1985 e, a0 (GRG0, NoBTIRIT e ed.,
nol es per nole 7&%? al (é.g., rhodi um) present in the reaction medium
should be suitable for Iothe petepigeasouspeatalysts dedeyibed aboveeghe d t o rhodi um

catal yzed hydr of Lon; | ga.r%';l | ing the sum
of both the am)lfﬁﬁﬂ%%ﬁhh 3?1 aﬁ%%%ﬁ%@g@g% eggﬁg%giﬁgﬂ net al
present and t he PERAGSSRAROCatal2st SeRaTAtigPToSsSsy)in anpther pBediment of the \\p
97/ 20797 invention, the catalyst may be supported on a polymer whichPEFAthS96/ 19400

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



- 39- O course, if desired, make-up ligand can be supplied to the
reaction medi um of the process, at any tine and in any suitable manner,
to maintain a predeternmned |level of free ligand in the reaction nmedi um
As indi cated above, the catal ysts nay be in heterogeneous formduring the
reaction and/ or,didgagy the product separation. Such cat al ysperos9e/19400
particul arly a(“/ant ageous in the hydrofornylation of ol efins to produce
high boiling or thermally sensitive al dehydes, so that t he catal yst may
be separated fromthe products by filtration or decantation at |ow
tenperatures. For exanple, the rhodi um catal yst may be attached to a
support so that the catalyst retains its €d-id form during both the

hydrof ornmyl ati on and separation stages, or is soluble inaliquid
reaction nediumat high tenperatures and then is preci pitated on cooling.
As an illustration, the rhodium catal yst nmay be | npregnat ed onto any

3 (r)| Iz:jr (S:gﬁlpg; t, - E, &graf BﬁﬂﬂﬁﬂéscdéﬁﬂeﬂeSuchlprecess cﬁhdtﬁoﬁaarswielld&mvm tani a,
supported on, or % : %?Etal‘gl?8§éf e s%%éf%ﬂ? g%“%‘fh’%n%%h %h‘?& F’éss or
clay; the cat aI y:at:cm‘dgned wmthlmndem‘ma} @uodeduzes keown in thqwrt éB&ﬁtg ra§ivehe
ar t1 cul af?'ydaéi9%%%%3‘%’%‘*@??5%%5*’“3 ﬁwgfg‘ ﬁ%}fﬁ‘*@‘*ﬁi?ﬁ%w )

| deh e 1 rﬁ%é’ber o 4
a;eol i %/CeieSTlhg P ggmwgﬁ"mdsquc;’owﬂppé‘zlgnmd%ﬁt ﬁie;&g;fnsnt%m%m O%Wmﬁh:;r;g ©
| nci pi ent wet nes ?nc&ﬁ‘?b&'ﬂe&"hla}eﬂ? ‘i—@fé‘féhéeo Eé]iéﬁﬁu?(bﬂl tigslpafticuller progéds, The

solid catal yst thu orm {\naéob? §§%ss tor%%?uge of the
e found

be co
ligands defined £BEA &%P%%PF ﬁgl%?raé’&? arm g
in for exanpl e: 50OMBlor gBaiter 494 bperabinginesaBes canrange fromeahout igmsig g,

209-214; J. O
454-455; J. Ca?:{b?’f% g%gmlé%é&%% hex2 e iga 198924339

The netal, e.g., rhodium 13%‘%’5%‘%%“{ ?@gzﬁeﬁ%gr A~ ARG

menbr ane support of$mdflsuﬁ'icmlt Itol bushma(cbe desirest products. Therexset peppyipn

PCT/ US96/ 19400  ime employed is dependent, in part, upon factors such as 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



- 40- pol yphenyl enesul fone, as described in for exanple J. Ml . Cat.

1990, 63, 213-221. The netal, e.g., rhodium catalyst may
be attached to an ‘insolubl e polyneric support through an
or ganophosphor us- cont ai ni ng | i gand, such as a phosphite, incorporated

into the polyner Tgﬁ supported catalyst is not limted by_the choice of
pol ymer or us-contai ni ng species incorporated int oPFT/US96/19400
Descri ptions of polyner-supported catal ysts may be found in for exanple:
J. Mdl. Cat. 1993, 83, 17-35; Chentech 1983, 46; J. Am Chem Soc. 1987,
109, 7122-7127. In the heterogeneous catal ysts descri bed
above, the catalyst may remain in its hgterogeneous formduring the
entire process and catal yst separation process. |n another enbodi nent of
t he Pnvention, the catal yst nmay be supported on a polymer which, by the
nature of its nol ecul ar meight is soluble in the reaction nmedi um at

el evated tenperat but n _co t hus faC|I tating
catal yst separ aﬁl‘%{?&ﬂt&ﬁp{ %ﬁoﬁf& Pg' w&bcﬁﬂ‘%pﬁﬁﬁﬂ t(?;l ner -
supported cat al y@tcsnmaémdebemdébﬂllerPremmegem ntheamgmto 3, 161;
J. Og. Chem 18§QentSdhert énfpiayedlnay range from about 5\béréet W% it Yap t he

/ gh bol 11 ng. pobtpeot % Hesesn Rt FpiEht or Bitretgtd Bp 5t kiehh Wt Lo AL
al dehyde pr oducreactivhenixturee startingynaterinlsn be separ at ed fromt he pr oduct
Tl Ul d Moy contaim a. ot ok gbioEbisel of ik ‘%ﬁ‘?”ﬁé‘ﬂ‘eﬂ.ﬁ{*ﬁ’ PRABELR ol ox
cat al yst, y eg. , r}éﬂ%}f‘fz‘iﬁe ’b‘i “gf‘r’]l?%&é‘fe %b‘?a?{yg : rsaRtic ﬁ' g’&lrjrgt
fluid may cont acempounds. X8dstretive cgexpounds maetmlretbbg she pkmspsﬁstcé thisgand
conpl ex cat aLysﬁnvenﬁ’dﬁ'lﬂEluHQ efoP@f:&irI]lﬁl—ﬂ %ﬁbﬂﬂﬁ’%@& and hﬁsﬁﬁst@ﬁﬁ@&j hIE%HBlsgf this
Slurr ed | t heor PRERLE OGP RIES! PeEe o poxiden osters: Kefgisape nt soi bl o
reacti on condi t ablebydesylandabtrilesn Illhstratlm obsutahle opticallyxastimecand on are, of
course, chosen gghapgcmMly A&tivd Compounds wit¥eh 24 e pépared by the processes
PCT/ US96/ 19400 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 evaporation,

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 sepafating 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.



-41- particul ar syntheses desired. Such process conditions are well
known in the art. Al of the processes of this invention can be carried
out in accordancew th- conventi onal procedures known in the art.
[llustrative reaction conditions for conducting the processes of this
invention are ywdemshtghed, for exanple, in Kirk-Qhner, Encyclpgaassosnsbe
Chem cal Technol ogy, Fourth Edition, 1996, the pertinent portions of

whi ch are 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 grea#sr. The

processes of this invention are conducted for a period of time sufficient
to produce the desired products. The exact reaction time enployed is
dependent, in part, upon factors such as tenperature, pressure, nature

and proportion of §T4§Dt1'92g1d81960%h&| Usn@amﬂAﬂ,}Jﬂeaatmn’B@mwtlon tinme
hour § or or 5, s Wé&g&ﬂa’{sﬁ?ﬁ%ﬁ L FRBR fo ove 0% 6 abour 10 hour s.
The processes of this |nvent’ll‘lmpmndSSpsefﬁnai}mentmmayhyﬁanﬁedqwmmgn
process may be Conﬂ,%kg %i‘atﬁ‘feﬂé‘tﬁfé%%roﬁ ﬂ%ﬁﬂbed?émgc%ah\aﬁ%sfor t he

nmet al - or ganophosphi t e at al he nt nmay al s
contain dissol ved HaFEdt F‘c’J“F r°é't‘1 éﬁrry relalcTﬂr ﬁﬁe?i’z ‘?)"rl‘a"fl

particul ar cat al ysthapecbfithecatalysts eniflidepenid on themymeatbﬂl@achogmett bol vent s

Al dehydes, ket éﬁgﬁ é‘eg?‘ew RuRtbed deanters, o small GHRSicaP LR pnPABIE L A
ny

U tabl o ol vent - WReCRTaR 2 Shg HaiERpon- Viidh GrEn DA g cipre lasesy pRIRG

i nt ended proc essespma'.rcldzseammlefa}mﬂ sihe backprbssswe within theyeactor isdeepthose

heretof ore commonl yeRERAKIYE6w. Mhe at l%%e%&&ﬁo&%r@&ﬁﬁﬁr%ﬁ?ﬁ%es-
I ncreasing the die) eCtH o con t ant

EO arl a sol vent YTR.
- general ly tend to YY¢BPORMRA% %@&"?éﬁ(‘!ﬁs& ormalya% nsedw cCYUPEEE ’%f’i?f’%r es
of one or nore difVesselst Bhel atdeast aneyseparatiorezgiiecyraployéd dethis énvention s

obvious that the amwe epgmgm Veagél &rmayzﬁqpnse tWo 8P imdreidiscedle YeBsdlbe

subj ect invention ‘.’me a? ?east gﬂcle gcru%btezh (zaone em;L)ll%yed in this m\\r/é\lx)lt?o?n/ 1%91;' 7e a

PCT/ US96/ 19400
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 reeycle 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



-42- sufficient to provide the reaction nediumw th the particular

net al concentration desired for a given process. In general, the anount
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 startlng materi al s. ‘The processes of this

i nvention ar eM&MRMY for preparing substituted and unsubstiGIHSEE19400
optically active and non-optically active conpounds. Il lustrative
conpounds prepared by the processes of this i nvention include, for
exanpl e, substituted and unsubstituted al cohols or phenol s; am nes;

am des; ethers or epoxides; esters; ketongs; al dehydes; and nitriles.
Illustrative of suitable optically active and non-optically active
conpounds whi ch can be prepared by the processes of this invention
(inckuding starting materi al conpounds as descri bed her ei nabove) i ncl ude
t hose perm ssi bl e conpoynds whi,ch.are described . in Kirk-

Encycl opedi a of r@g@%ﬁ%ﬁ%&%@ﬁﬁgm?r%%pfweggﬁtg%matqug%%e pertinent
portions of whi ckaction steps npxyr ke effechet by thdincremental additjornofbnEnef Mer ck

| ndex, An EncycliapetiRiny meheiHls 8 the (2hefS Also? Btk Péaeheﬂlsséﬂssoanﬁ!.@vent h

Ed|t|on 1989, the _per] nt, por orjpor ated herein by
ref er ence. combined %I‘Fe’ g%‘sﬁ‘ﬁﬁ%f’gﬂt&%@r%g §r‘Pﬁ‘\/ ‘&?‘Fﬂn may be
recovered in  apmpletewcontéersiom is mah desireddr nokolirinable the ptardingr s or
separation  zongs By, B Stbd oA Mhe Pri@ietPIR RS mdiOby €COVeEr the
desired react ?gn ﬁrosdg%% ?i?lts c?u ee%ﬂg tlgwp{eag:l% ?de Sui t abl e
separati on net hehgtillaton, rSt%‘St'H?ﬁﬂn@ eréq}p FR T fnto

crystallizati on,redétidn kdwa on, vaporization, w ped film evaporation,

falling filmevaporation Q‘B@p&&%s&és'&ﬁa bbcaﬁau&sdﬂ?éithadgraeslﬁeave the

products fromthe crude r ture as h t he

use of trappi ng Shajpless sige (T§§BP eTeptinem E% hﬁ"e reﬁﬂb?ibf"‘ % on
Treaty Patent Apphy bafitted WEhae@8sB6re iAteynea] end/ed extempaltumhtf or separ ati ng

the product m Xte% %rem Bﬁdalth%nﬁamﬁm@@&énpemum&ﬁyﬁm Q2¢hi On
m xtures is by rre E’&){.Ia#‘gtmn menbr ane separation can be

achi eved as set Rfﬁ’t’e‘!trP'U y Reaction temperatures.

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 starting materials and the desired

" reaction product to the reaction conditions.

In an embodiment, the 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
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and copending U S. Patent Application Serial No. 08/ 430, 790, filed May
5, 1995, referred to above. The processes of this invention
may be carri edgwdrLdfNg, for exanple, a fixed bed react orpcrudokadagy bed
reactor, a continuous stirred tank reactor (CSTR) or a slurry reactor.
The optinum si ze and shape of the catalysts will depend on the type of
reactor used. In general, for fluid bed reactors, a small, spherical
catal yst particle is preferred for easy fluidization. Wth fixed bed
reactors, |arger catalyst particles are49referred so the back pressure
within the reactor is kept reasonably | ow. The at |east one reaction
zone enployed in this i nvention may be a single vessel or may conprise
two or nore discrete vessels. The at | east one separation zone enpl oyed
in this inventionrequifédamEnmisicRahee h%efls WithRyarkReRessels &N@ Or nore

di screte vessels. ., The at |east one scrubber zone enployed in this

i nvention may be 8818054 o vessel or may conprise two or nore discrete
vessels. It should be understood that the reaction zone(s) and

separ ation zone(SHvdrofoRBYRERY MRc&ises My exist in the sanme vessel or in
di fferent vessels. or exanple, ,reactive arati.on techni ques such as
reactive  distillation, r‘ﬁ%@?&?’é@éﬂ‘iﬁ%ﬁé@‘i%&h&?i‘%ﬁ%‘Fhe li ke rmy

occur in t he r bpdraformyletien s Jllustrative metal-organoptinsphite digend soniplexi s

I nvention can be G&H&?&H?ﬁd&&o%ylatﬂﬂtﬁc&%eé:%’ié%ﬂy%xfnéﬁm&rbucﬁﬁ th
recycl e of unconsgn& stattin

. erials if required., The reacti on can
be conducted in alERFplyie degrPaafd?? gﬁ%ﬂéﬂﬁ?ﬂm@%ﬂ{;ﬁaﬁiaﬁ? Ffaytisct i on
zones, in series deadtivapiandhtiede sucbprdcbssea;asbbsc:dh;ﬂ;dhxed:dmplerﬁﬂ ES.or
Taterials of conol tiyia. 45148 84014 893 RO 760 AGRE 4T TGy AT T
b ert 1S g el el 264 18! B a1H0P o e, B sb0: el il
shoul d be abl e t othe diseloswmes ofiwhich arednronporatediereinlyesefenedcpr essur es.
Means to introduc@caidimily, theFrstbrihPRtOHGIbbd¥iny tethMigubsof fMRE Eri al s or
i ngredi ents int roduce%. bat chw se qr cog‘téll nuousl%/ L nt h{hle reaction zone
during the course!yentionanay corxesnopd to 4Ry Ro¥HREOS %‘Fﬂg%‘: 19%€%ed in the
processes especi aPreferred 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 catalyst
and ligand. Preferably free organophosphite ligand is also present in
the liguid 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
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the desired nolar ratio of the starting materials. The reaction steps
may be effected by the incremental addition of one of the starting
materials to the other. Al so, the reaction steps can be conbi ned by the
joint additi on¥?2A®7starting materials. Wen conpl et e cORFAEYSOFE0Y S
not desired or not obtainable, the starting materi al s can be separated
fromthe product, for exanple by distillation, and the starting
materials then recycled back into the reaction zone. The
processes may be conducted in either gl assygl ned, stainl ess steel or
simlar type reaction equipnent. The reaction zone may be fitted with
one or nore internal and/ or external heat exchanger(s) in order to
control undue tenperature fluctuations, or to prevent any possible

The rocesses of this

"runaway" reactio er af
i nvention may be ‘ﬁﬁi?ﬁg‘gflga ’|rﬁ35?Péi or elgyatpd presspre, asApRrppHate, imfe exact
nunber of reacti eepstatpdistillationgmme, thewéi-volatijioed metdl tytalyse cheisining
conproni se bet We%sﬂﬂ@'bb d18d 2'the rea%ﬁgh‘%l‘hé‘gs mélrbsﬁati%l‘ léﬁé Wg} m
sel ectivity, act ¥ H\g qag e opey a N
intrinsic reactl gfen(t g@?qsgpgno . ‘ﬁ" FF@FP%E‘?Balﬁae
stability of the asidasepar@mmmd ﬁaithe:amiotérg therdof,ag., by fefther on product to
the reaction congjifi®fifon, can be carned out m%‘ %hv%mQQb.mtnn %,W?\e crud

hydr of ormyl ati on ssés_ usefu nventi on Carried out
in a nmultistaged ﬁe‘iéﬁ%ﬁrprgﬁ‘é??c&? P‘%fé%‘é:PPlg d} urther be-hﬁﬂt@n 314l isemendi ng
U. S. Patent Appl iseparationSiffdesirefipand any PecbvdRid rehctanits adg.oblefiliccven date

herewi th, the disg @Aﬁaﬁ’ﬁaeénmbmyxﬁ%% b BO BRI R D15/ EldirelimbShEL °"OC:

Such mul t | staged reac s can I gne phyS| cal
barriers that créathe ’é’ formylatign zonef‘ﬁéﬁﬁoé)c V&b&‘f recexered metal sakalysd
vessel . | n effectepnidining ﬂat‘ﬁmaﬁea:flsngh fnembrangisepamitiona@ateesvered abfe a

Si ngl e cont{ nOUS oBlitdal b kadutfih'Bhtainink5356ue LR BhBaligARk Vo St ages

within a single vessel, Is e reactor
vessel vol une. | SeRAGtiom; "(?é‘rhq chdeﬁiet&fgéé‘yfiﬁ%fy%mwwn\?&?é‘&r ) ihat

ot herwi se woul d kayreeguentishdl onannexcdesired. t he sane results. Fewer vessels
reduces the overall capitajy, g 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 gsitu 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 boiling liquid
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and mai nt enance concerns wWith separate vessels and agitators.

Hydr of or myl ati on Processes A preferred process useful in
this invention y§grmgspydrofornylation. Illustrative metal-or gaperRiesididet © -

| i gand conpl ex catal yzed hydrofornyl ati on processes whi ch nay experience
such hydrol yti ¢ degradati on of the organophosphite |igand and catal ytic

deactivation include such processes as described, for exanple, in US.
Patent 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, 938:47, 364, 950; and 5, 491, 266;

t he di scl osures of which are incorporated herein by reference.

Accordi ngly, the hydroformnyl ati on processing techni ques of this

invention may correspond to any known processing techniques. Preferred

brocess are t hoseqjduyghy ot iRbaby Bypdiit iagg&at A§oﬂ1er Bycli abgph gt | on

processes. g su al yst recyc
hydr 6f or nyl ati on *yPegmataialeer HERCOED Hipes,at PRleyedal dehydes by
reacting an olefinic unsmmstﬂisMutedmrmmtbmhtﬁtedaﬂ&hnremmntsdhaand

hyd in th
rtalvet ina PRIREAREGYE R Pk &) ?ﬂmi"’éﬂﬁ‘sﬁes GAdtertle |
the catal yst aaepqeﬁsﬁhaf ﬂw WéPHBNn‘F Pé% eﬂg ved prchmaané al so

present in t hechiral) iathdryod-6tivaliy | aetive Gadhirel) bl@ﬁniﬁaﬁimsafurﬂﬁbé recycle

d t
Peact on medi om. Conpsyid hakaald ol 244 ?@a@fs?&%@%a@% ahon b,
hydr of or nyl ati on Puel olgfinie uesatur%faétcpmoyse yan Pfcml o dntarsally or
intermttently, aadss:mmedranmbé sfstrdightivldsinpbadiched icheined: @rliby use of

a conposite nmenbr S 30, 194 and
copendi ng U. S. Pa?ﬂ%fﬁ‘x%mﬁ%é% ?%%L%ggllqg JRthés Su%é?ﬁé fropsﬁhleéd I\/ay
5,1995, the di scl gigermerizatioheinronene: hntene,dvobutene, et dsushpsso salledr ence,
or by the nore cofimetic,thimheréd sk feteintéticpropsldmecand thef likk, disidisdlesgd] for(i . €.,

vapori zation sepapalhg) i B, 8" Pafint' T« 43513488 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 aipha 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
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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, 2W8%3%%7 condensation of the volatilized materi ZCIUSIE/ 19440y
separation and further recovery thereof, eg., by further distillation,
can be carried out in any conventional manner, the crude al dehyde

- product can be passed on for further purification and isoner separation,
I f desired, and any recovered reactants, e4g., olefinic starting
material and syn gas, can be recycled in any desired nanner to the
hydrof ernyl ati on zone (reactor). The recovered netal catalyst cont ai ni ng
raf fir-nate of such nenbrane separation or recovered non- vol atilized

nmetal catal yst caontai.nd S Qr.l lon._.. _separation can be
recycled, to the cﬁ?%i‘% g%ﬁé/’ﬁéfi%)?o g%r‘?é}f%r%xé%tggr‘xéf# gtar%ﬂ%“&%ﬁ?@ﬁﬁtional
manner desired. mixtures of such alpha qlefineand infgrealinlefinent , the

hydrof ornyl ation reaction Jfustrstiecdlphh dndSntefRhPYRENS ikQGAL Tot NCl Udes any

fluid derived from an orrespondi n rof grmyl ati rocess that
contains at | eastex§5wx ’ethlglﬁﬁfrrﬁlggﬁeflﬁ'g\égﬂeeﬁ' tﬁ‘é‘?’ﬂr']‘? &l @Rteley,
conponent s, i.e. l-ndnene, l-aledene deunsegens; tl-dedecene| L-tnidgeang Hbtgshadesehe,gand

conpl ex cat al yst ;]-penthd&@ne! DABRANRERE, 1 Reptaddfhed MbcBileREMENL C
sol ubi l'i zi ng agent t alyst free |

. . fﬁr sai f_ scon 3N ar%_ sgi\ {‘g ng,, saj %t

i ngredi ents cor r 2SPBRTERG tE*PRTLR 3o ROVAST BF1% Eld’nﬁil Fhe

hydr of or nyl at i on megtbyBugene,Apentenpichbexernee Sthexaoe o2-hppteneo-octeaet i on

The hydr of of nyl oty oBetee, BRUbylenctuidht, piBfylent thimdrg, Y e P e her &1 - can
and normally wil Itetd'ﬁﬁ’teﬁ?’rcputagiﬁf“ﬁb‘?lpﬁﬁﬂ%‘?’és@e%ﬁtg'?%kglw‘?ﬁ FetWESRSs such
as those whi ch hadvmethylstyreoe, bisspreiyl stiaene ef-fertrinitylstprene, alpha-

hydr of or nyl at i on RetBGESIrofe, 4-tekOhEBA alphasdethPludtyPhes 8igd process. Exanpl es
of such ingredi er&tuss t hat IbeSan aé’spg,gge 'E'r esent i nlf_bude unr ﬁa,fr‘_ft ed olefin
starting materi al, ERIORERY WooR % mﬁ?'begi; 5’586‘@,%(d|n situ
formed type prodwectaslienn,dteyclobgxylshributeneeeand $hie bkas aowsll andl Srdiemeszact ed
i soieri zed ol ef i hatadiefi6dIRFPARShSHes, .4 N ethl pentehatt, Aes@t eri al s, and
high boiling Ii qualllganoates, 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-4-0l, 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, iso-safrole,
anethol, 4-allylanisole, indene, limonene, beta-pinene,
dicyclopentadiene, cyclooctadiene, camphene, linalool, and the like.
Ilustrative prochiral and chiral olefinis 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:
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condensati on byproducts, *‘as well as other inert co-solvent type

mat erial s or hydrocarbon additives, if enployed. The
substituted or yWesddBgleht uted ol efin reactants that may be edrhsgethaon
the hydrofornylation processes (and other suitable processes) of this

i nvention include both optically active (prochiral and chiral) and
non-optically active (achiral) olefinic unsaturated conpounds cont ai ni ng
from2 to 40, preferably 4 to 20, carbon atons. Such ol efinic _
unsat urated conpounds can be termnally or'4%1ernal|y unsat urated and be
of straight-chain, branched chain or cyclic structures, as well as
olefin M xtures, such as obtained fromthe ol i goneri zati on of propene,
but ene, isobutene, etc. (such as so called dinmeric, trineric or
tetraneric propylene and the |ikeR,as disclosag, for exanple, in U S
Pat ent Nos. 4,518,809 and 4, 528, 40 Nbreoyér, such ol efi n conpounds
may further contain one or nore ethylgeises( unsaturated groups, and of
course, mixtures of two or nore différent \olefinic unsaturated conpounds

may be enployed as the starting material iRgdesired. For exanpl e,
commerci al al pha ol efins containing four or more carbd¥IBt ons may
contain m nor anmounts of correspondi ng internal olefins and/or their

correspondi ng Sat ueakisth R, REORSGANIPNaRvheldidle SHEMSAINTRRSIA] R) L1 NS

need not necessar Fidie om sane prior to being reacted.

Il lustrative nixt uliferept from Roedri Ry is differentfomdt grand) aretselectedfiome
bt ense. oo - TAFPRTADS SikeRplenii L atid dbetibfiion BhinghAlRA T e
conpounds and t fnem chiakkybpmingi sugh msdenecylaminoe and dlibéraybdmine, athkoxsl so
contain one or SRhSsThRRy Ahd PR, Bk siéd &8 aékofi) hald)diitry, adver sely
affect the processes o tth L.nventi on. such . as ﬂgacrlgggbof?r exanpl e,
in U S Pat entm?%gf.’ thiogearbapy. c“lﬁb%ﬁ‘,nEfS’S carhpxp %P’fiﬁ’e. £yl
Most preferably tharbubjlieestérpanylindnding pepotisubstitutedfaryl inchutinghe
e 7, o o e ARl M gt o1
and achiral inter najj*cy pﬁgﬁ] 1a1tkylam1no SUF():{I as enzyl)émmo 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-
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containing from4 to 20 carbon atons as well as starting material

m xtures of such al pha olefins and internal ol efins.

Il'lustrative al pha and internal ol efins include, for exa et hyl ene,
propyl ene, 1-VW&B@AI7 1-pentene, 1-hexene, 1-octene, 1-noﬁgﬁﬂj Sog/1 ene,
1-undecene, 1-dodecene, 1l-tridecene, 1l-tetradecene, 1- pent adecene,

1- hexadecene, 1-heptadecene, 1-octadecene, 1- nonadecene, 1-eicosene,
2-butene, 2-nethyl propene (isobutylene), 2- met hyl but ene, 2-pentene,
2- hexene, 3-hexane, 2-heptene, 2-octene, g cyclohexene, propylene diners
propyl ene trimers, propyl ene tetramers, butadi ene, piperylene, isoprene,
2- et hyl - 1- hexene, styrene, 4- et hyl styrene, 4-isopropyl styrene,
4-tert-butyl styrene, alpha- met hyl styrene, 4-tert- butyI alpha nethyl

styrene, 1, 3- di b
L ot ol Bl b A
;I’ ﬁegly Ienes Al ke ala;ﬂymgeﬁé JKydbutvképreperylbenzgne, pi'mﬂy%nq;éretleemmtde

E&H& I
al kenal s, SH ilgén,[();fhgﬁe&%hnﬁdéﬁﬁpo %Itnlagliﬁdlslg‘!(’: it%lt? flg’z; tﬂﬁ%gg]gl isyl
butyrat e, hex 1as deseyibed, fir exgmple, iaU £. Slatenrs; Nog. 4&%@%@/ 998 apdt at e,

3-butenyl acet ab91,266/ tﬂyﬂlsﬁro@ﬁrémﬂ‘tvﬂnchbi'g'incpf'pm'aﬂe’ahh&,ezm’ay hyI
nmet hacryl ate, vinyl et hyI . ether, vinyl methyl ether, aI I yI et hyl ether,
n- pr opyl - 7- oct eRBat B ce3- butenenitrile, 5-hexenam de enol

i so-eugenol , safrole, isollbwtrasive of suitghle swbstituted) and ‘&?ﬁ‘g’ﬁ utedngene,
| i monene, bet a- B;émﬁ@stamnglrﬁmmmmcmmse pyxﬁhﬁ@ﬁﬂ@dm]mﬁumhﬂmene

[ na! ool, and trﬁﬁls{lhsélt“te%gk?%ﬁ%mcp%un K#L ‘nkﬁr ﬁftﬂ 1ral and chiral

ol efi ns usef ul a I.on procesges (and ot her

asymretric pEoerclopediatof $themipalyte ‘%‘Gh Ardition el ¥6a e oneri ¢

product m xt %aﬁnéﬁﬁsorﬂiaus bﬁwammpaamomted Ihei'éinSbyl redeentan i ncl ude

those represented by tKS no e{mg‘hydroformylatlon 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 t0.350 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
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=49- [err] wherein R err], Rerr], Rerr] and R err] are the
sanme or different (provided Rerr] is different fromRerr] or Rerr] is
different fromRerr]) and are selected from hydr ogen; al kyl ;

substituted al kylooemglgd substitution being selected from digdeyd %@4&9
such as benzyl am no and di benzyl am no, al koxy such as net hoxy an

et hoxy, acyl oxy such as acetoxy, halo, nitro, nitrile, thio, carbonyl,
car boxam de, carboxal dehyde, carboxyl, carboxylic ester; aryl including
phenyl ; substituted aryl including phenyl, said substitution being

sel ected from al kyl, am no including al k§l-am no and di al kyl am no such as
benzyl am no and di benzyl am no, hydr oxy, al koxy such as net hoxy and

et hoxy, acyl oxy such as acet oxy, hal o, nitrile, nitro, carboxyl,

car boxal dehyde, carboxylic ester, carbonyl and thi o; acyl oxy such as
acetoxy; al koxy suel e kB blay alsBHE o g?rdf&%&lghﬁﬂ r8hétydm no
and di al kyl am no suc 29 anln am no Ianlno and

di acyl am no such dJ8e ‘%c@b? é 3%%‘??8011 ?PBV°

carbonyl; nitril e;theabbeecibfined o@mbphasp‘mle hmdbcem;ildydhldh;erelar fivisy| i c
ester; and al kyl meg R (148 Bhe pred riBAdMHOBBAESRE A bl the slAPSEThEOT that

t he prochiral and CRIT i Ton also 1n
nol ecul es of the BsdreRhogphite ligand g Fhﬂ’&'eﬁﬁ%'éﬁrﬁa‘??@ﬁ&’b}*ﬁ&‘&nﬂﬁ@n@lﬂ%ect ed

to formring conpeatalgst employed. Hbwesel)shel liggndoheednet batlth ddike in kgy
[ ustrative opt) GabdypAeLis'onil PiAghibiel 5lid ggscoftm&ﬁm%%ﬂ aaperul in

asymretric hydrof groc cesses)

of this invention IF“@Vﬁlé'é’m pbeutd. mpoles opless to phoy 40N %‘P%ﬂséﬁ igh er, of
2- Vi nyl - 6- net hoxy freedghhbph @phite Jigandgiey npdle 6§ metal iphvhieHydkcfof@lation
4- et henyl phenyl - 2- &Qétgxﬂg }niéﬁf\ﬂ'ﬁ OIPr e?#ﬁ @ML hﬁdrof&ré&lﬂﬁ%gmrg&%gﬂ' this

4- (1, 3-di hydr o- 1- gxo- I SOl nd
invention is carried out in

e presence of from about 1 to 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
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et henyl - 5- benzoyl t hi ophene, 3-et henyl phenyl phenyl ether,

propenyl benzene, isobutyl -4-propenyl benzene, phenyl vinyl ether and t he
i ke. Other olefinic conpounds include substituted aryl ethylenes as

described, forY@XHMe, in U S. Patent Nos. 4,329,507, 5, 360PGBYSAHHG400
5,491, 266, the disclosures of which are incorporated herein by

reference. Illustrative of suitable substituted and
unsubsti tut ed olefinic starting materials include those perm ssible
substituted and unsubstituted ol efini c_gonpounds described in

Kirk-CQ hmer, Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1996,
t he ertinent portions of which are incorporated herein by reference.
As noted, the hydrofornylation processes of this invention I nvol ve the

use of a netal -organo hite.ligand,conpl ex gatal yst as descri bed
her ei nabove. Theaﬂ?‘grﬁgg&ﬁwlat ilﬂﬁgﬂ‘é’faéi }g}gt{?g\’% lﬁgr%/fsﬁn'eg thatthrprasess or
het er ogeneous f oberoperated)at heotat gas pressureiofnydiogemgarbort inenpxidé umid _
separation O cofiadeiitldtaipiindoalsdiaal y@@gggm&aggndpm enpl oyed if

bresent in the rBEREPTAHAY S8 thRh Spout S BHA. TheyRORGRHIPEl PESroboss
present in ther | : ss
enconpassed by tlindtednpredbminatelycoly tivd ymbant of tdaatarts MiefassrBiMmasbitaliegessary
to provide the gj I Qnc ' ' . and

whi Bhowi 11 furni Speired Ftd of reactid '%&reaﬁtdggig“gﬁléf’gg?{ﬁgi}?ﬁ%ﬂgn%%ﬁ%’d%@ et al

[ or at. . LC ¢
necessary to cat BYSP%urg Péi‘eshyﬂé‘? PT’EH‘aaé’r‘mI'RFGF?ﬂscﬂf tasdnvention soareferphle| ved
such as di scl osefipnf about 1 txabyult 4000 psid) andhnwe prefirablyfilompatbont 3. tol N

|, tal, , . ' ' ' ' bout
00 parts por- " Efhs00 phil WhilhERRGRRLD Forder pieRpisds DRURERIIY abRBE. 2000
rhodi um in t pdo H&B\"&)?Qﬂ RYIR AndgRoreRreferahbnram skt d0ite abeut gPi ci ent
for nost pr ocpsisedn general H2:ClOsmylaraatiol of gasedusy hyslrogen tongsirbynf r om about

10 t 500 i L) . f o
fromo 25 tong@gﬁde@lQ &%&%ﬁ%@l“ﬁéﬁ?w %(fd???ﬂ-ﬂ hg?‘{}%e'mfyﬁe preferably

In addition to t ?@'Falhgfgf'%‘?dﬁﬁggmﬂ W“P%&SHE‘“%B ;’iﬂlri% eing fromabeut  free

or ganophosphi t e 1il@aochbput 20.1. IFurdher, thahydsoforabylation lpeaceds 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 1s 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 byprdducts, ketones, esters, amides, tertiary
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netal) may al so be present in the hydrofornylation reaction medi um The
free organophosphite |ligand nmay correspond to any of t he above-defi ned
or ganophosphi tewP ag4gs enmpl oyable herein. It is pref erred pkhalsodrivRod I €€
or ganophosphite ['i'gand be the sane as the or ganophosphite |igand of the
nmet al - or ganophosphite |igand conpl ex catal yst enpl oyed. However, such

| i gands need not be the same in any gi ven process. The hydrofornylation
process of this invention may i nvol ve fromabout 0.1 noles or less to
about 100 nol es or higher, of free orgar@phosphite |igand per nole of
nmetal in the hydrofornylation reaction nedium Preferably the

hydr of ormyl ati on process of this invention is carried out in the
presence of from about 1 to about 50 nol es of organophosphite |igand,

ﬁgf‘egvgg preg fg:ﬁ%&u gk, aro,rﬁ&geaaaqhxmsmﬂytﬁﬁtafmesmbﬂwmchlddete n'wo% 4
ite |i gsent in the

reacti on medi ur\’l“%é‘gfﬂg‘é%ﬁ%}ﬁt’g erSr“b‘Qﬁ@E% hﬁrﬁgwp 3? t he sum of
bot h the anpunt ofresstipmnephiosehptoyed iagdrsu Isalvenbs mundcl@deﬂ?M%Xed) to

[ gand orebent . Sipkiraen HeERALES Bl o et by
active al dehydes BY %H?JGF‘BYE%WI’E?P tr‘lﬂf‘sac%’?' “Yresy &Iéﬂ"ierfg mpKg o %n"ﬁ'@rs@ﬁ'ﬁf‘g erred
or ganophosphi t e | inganbls employed!if dedired) gim genecalywntipregapdte the plgxdmdtspn
especial ly those ¢ W?ﬁ@%ﬁi lcgﬁi'%l@e&(a\ﬁehydegbﬂ\i@ rﬁ@ﬂ‘em%% erabl y

t hose of Fornul as

e
addi ti onal organo tcemﬂogaﬂw@af-‘ﬁn?édmg @lfg’ﬁlq gﬂ“ﬁ‘%’ Rrﬁa té%é’?’i%&%?redl
of the hydr of or nylbetprodugedoeler highanoilingtaldehsalediquid zogdensatiabl e manner,

e.g. to mintain §.Bredrkeh MMeHain of \ﬁ% dﬂrertt&%g ik | b&ﬁ &gm' 1ﬁ th@‘aarf egabh on

medi um

The reactj 0 con | ons r
processes enconﬂé@"é@’@ewnﬁ?ﬁ‘%‘ 1°R it F‘%Blhfr‘dﬁ'eé% eg ?f‘%f@t%‘g
hydr of or nyl at i on amediattariimghgr Hluﬂtmtwanmfmexﬂsdluent;srmniploya@e in olpe | cal |y

active and/or non-gehidall of ASLINE &s&aﬁsi;f?@é gl A8 methfctigal 92s

pressure of hydrogen car on m) e an tartin ) or)rpoun of t he
hydr of or nyl ati on pietRedsesiexRs (P§n§ Reehete) TPCRATPONS (eg toluene

nitrohydrocarbons (e.g. nitrobenzene), 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,
heianal, 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-
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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 compound of |ess than about 2000 psia and nore preferabl | ess
t han about 500¥PB8129P The mininmumtotal pressure is i mit elC @Hﬂﬂ%ﬂately
by the amount of reactants necessary to obtain a desired rate of
reaction. More specifically the carbon nonoxi de parti al pressure of the
hydr of ormyl ati on process of this invention is preferable fromabout 1 to
about 1000 psia, and nore preferably fromsgabout 3 to about 800 psia,
whil e the hydrogen partial pressure is preferably about 5 to about 500
psia and nore preferably from about 10 to about 300 psia. I n general

H err]:CO nolar ratio of gaseous hydrogen to carbon nonoxi de may range

fromabout 1:10 to .1Q0:1 o t referred, h en to

car bon nonoxi de WSF}é}a ]Tt;ﬁaaagfﬁﬂ af’ﬁé:?é’b%?l liu; e?ﬁ?qlbtré%gé ff%

Further, the hydmethylriytridécanal2eetbyl Indgdeganal, 3qurnpylel-uad a@arm,reactlon
T Sl A ot e Rl
120[er ] C are pr BeAfegaTRbh el SR ket ekl ol Saecadl L
course it is to hethyldsheptaddcdred; novinslecamal; Smeethyl- lla,octaaxlacmal 2- chyilehyde
products are deng %Qh&lah r%asg@ Ph@h&bcahar kiaagaﬁmtzrm@d@m- and

or ganophosphite C actlv dehyde
products are desPf eﬁ?B@h?‘Pﬁ?m?ﬁa”@ﬂ ?‘aﬁe mg(}bﬂ'e’é’g qaﬂ cosERaly herl al s
and or ganophosphutdacésaglahctetmcaamahl%ymdhyla-tmcnsanel plentacssanalt%- be al so

under st ood t hat i\pe O?Qédﬁgﬁﬁlt gs&h{/ f-eﬁb&anspradpéowm.aocosﬂamh oyed wil|

be governed by tF oduct . desired The

hydr of or nyl at i on BP*@S cospnaj,nonacoganal, o-msth ¥yl o) 5o
conducted i n t heogtacsanak lmhtaacantgnaﬁ &-rsethyddttriagpntanal hand the like.

et al - or ganophosphi te | | 9ads6aRRGptiEANF b¥Eve ARRLTAE Broduct BANRRNOSPNI t e
| i gand. The sol vent nmy al omc??{]t ain di ss t.he

saturation |imnt (enaaHe yHE cpmpepp B’Fep@ﬁ?‘i\ﬁ%&e 5ﬁnm3t¥’§act ant s
enpl oyed, sui tabhydmfgmylatlsnlprewss of thib imieentionrsushaspeg; S-2-(ml cohol s,

al kanes, al kenes oo, ﬁ 1bRGinalAbBAlY $03 (@ hihoiy ol |1 ng al dehyde
condensation byp I;nggh )’prog[ona ehyge,tse l’2%3 enzoy‘iphenﬁf—proplgnaldehyde, S-
2- (p-th:enoylphenyl)propxonaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaidehyde, S-2-[4-(1,3-dihydro-1-0x0-2H-isoindol-
2-yl)phenyllpropionaldehyde, 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
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aromatics and the like. Any suitable solvent which does not undul y
adversely interfere with the intended hydrofornylation reacti on can be
enpl oyed and suwg}g';,%, nts may include those di scl osed her%g;lg; 19400
commonl y enpl oyed i nown netal catal yzed hydr of ormyl ati on reactions.
M xtures of one or nore different solvents may be enpl oyed if desired.
In general, with regard to the production of achiral (non-optically
active) aldehydes it is preferred to enpl oy al dehyde conpounds
corresponding to the al dehyde products desibed to be produced and/ or
hi gher boiling al dehyde |iquid condensation byproducts as the nain
organi c solvents as is conmon in the art. Such al dehyde condensati on
byproducts can al so be preforned if desired and used accordingly.

[llustrati f |

ol astyces | ol S HRAFR LA o et s e o,
(e.g.” ethyl acet afaé'PTaM?B‘P I’ﬁfﬁg"w ion gf nic smpteraalihons
(e. g. nitrobenzeng) supplpigsmakeGip C]ﬁntftl‘eﬁChfthelbhlﬁmc st(a?tﬂﬁg m’zﬂﬂn&lﬂ;f ol ane.

Sui tabl e sol vent Sc 811% 5 :)IX(?({;&P nd HY(H'O?EH E@Emeacﬁoh@?etﬁu%% The amount

of solvent enployed |s not cri avent ron and need
only be that arpurRactants axe uped up; ans (dresoyering t ﬂéeéléi?‘bﬁ yded free

l'igand of the hydhphwoformydation pfehrtispin dhyinan@er deh@ecbeThé eatitdilaodsn
general , the amoupl, gl cg&'fyee&trﬂ%avouma%ugéggﬁasp%e e owBEEGRY by wel ght

up to about 99 perc nore ht of
t he hydrof ornyl at Y%PPTP%EFW‘* gpSeprsingarearied ° efinigstanting matel‘lal(s
Accordingly ill UShﬂidiiraN(ﬁ'lmrthﬂﬁyMﬂoﬂu&ﬁkIrb!ﬁloﬁédiﬁhmﬁﬁle liq@ida@deéetién | ncl ude
e.g., propionalde r QQE .
n-val eral dehyde, %X&%m ?mmlj a{%ﬂﬁe]&yde ﬁr%aﬁg%génrg{: th?r& ael'§<ealr11‘3'sll
2-met hyl val er al delsfiaie Stﬁ@ﬁiﬁaﬁ’@l’ieﬂQ ‘é‘ﬁ‘ pn monpxjdeanthh hy WPH@&? 2- et hyl
1- Eept anftl dnonanﬁlpplfédrmtthyll iqhidedartioh mediudr for lié néxMﬂgmiﬁss watlrnmpyl
1- hexana ecan
2- met hyl adi pal deﬁ%@aﬂgﬁleetdﬁﬁl%ggtedqu%rﬁc a%gq'é% dr oxy r o r?glogehgde
6- hydr oxyhexanal , re&yklerpav%e uée gre wz nBW"achhe arhapérm%:hmvo ‘tﬂ the|liqui
5-f ornyl val er at e, rey¢ttrighaf thk-rﬂéh&h—ﬂﬁéanophdqﬂﬁﬁﬁdomﬂex 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 preférred
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
mixfures 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
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1-decanal , dodecanal, 2-rmethyl 1-undecanal, tridecanal, 2- nmet hyl
1-tridecanal, 2-ethyl, 1-dodecanal, 3-propyl-1-undecanal, .pent adecanal ,
2-met hyl - 1-tetradecanal , hexadecanal, 2-nethyl-1- - pent adecanal ,

hept adecanal , WOMAAY - 1- hexadecanal , oct adecanal , 2- PCT/USS6/19400

met hyl - 1- hept adecanal , nonodecanal , 2-nethyl -1-octadecanal, 2-ethyl

1- hept adecanal , 3-propyl -1-hexadecanal, eicosanal, 2-nethyl-
nonadecanal , henei cosanal, 2-nethyl-1-eicosanal, tricosanal, 2-nethyl-
1-docosanal , tetracosanal, 2-nethyl-1-triggsanal, pentacosanal, 2-

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

hept acesanal , 2-nethyl -1-octacosanal, nonacosanal, 2-nethyl-

oct acosanal , hentriacontanal, 2-nethyl-1-triacont anal and the |iKke.
Il1lustrative optically active a dehyd cts.i ude enanti oneri c)
al dehyde conpourf§8cheR FHxBHeRS tPABALR ﬂ?ﬁ#‘f"“g}‘ RIPB &§Bi%cess

of this inventi cas daseribedin publisliedPdtent Coopmlbmhyl‘qah'@npht)enpr opi onal dehyde,
S- 2- (6- net hoxy

S- 2- ( 3- benzoyl ph%%lfﬁa[e%?lm%% ﬁ%&f? d&%gﬁpyéaemethod for separating the

2- (p- t hi enoyi phealglehydeomixygesfs ﬂ‘}‘o‘é‘ e other qopngpity ofjthe crude reaction

phenyl ) phenyl pr Qm;aneémfwdﬁem&:&d deplatatenli Bydi me‘mhvm%blpamioman

2-yl') phenyl ] pr Ogﬂve ch'l gﬁlﬁy%e et Sutid %Tﬁ@éh@@ﬁ)t @'%W‘M Qntﬁco&)enfhnﬁj

benzoyl t hi ophen
substituted and ﬁ?@ﬂbéﬁ’llﬂw Serig] HEh%@ngu@Leg AL PudRIR H'ggegre

per m ssi bl e subsdhdvil ed and unsubst i tuted al dehyde conpounds descrl bed

in Kirk-O hmer, Encycl %?y@ ti on,
1996, the pert| nent por |ons %d hgéuﬁh &%@H& &ny(ofﬂﬂfﬁl )

or at
reference. process of this inyention, dhe é&sﬁﬁ‘iﬂge}'ﬁ’ eg @agéwerrea?we% f’é’l“ér red to
carry out t het}iewéaeﬂim mikAireousql dcirgarecess dfithis invemtilén. oot N a

conti nuous r;{}ﬁnep {heg;%gﬂe%te&%@éﬁ&“cﬂ ?g%gggfg%%@eswlg ﬁg@sses are

wel | known in e olefinic
starting materi a4, %7t4$6@&ﬂﬂl9ﬁlﬁ?én£ﬂr dESt&ﬁﬁe’HV(i’r%’&éW“PHS qF‘F"hw d
honbgeneous r eacédtalystiredydlecprocssp the portian sfthediquid tresctivat 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 ligahd and reaction
products. When an alpha-mono-olefin reactant is also employed, the
aldehyde derivative thereof can also be separated by the above

methods.

bIe

Do rewitc
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mai ntai ning reaction tenperature and pressure conditions favorable to the

hydr of or myl at i el gf, 47;99 olefinic starting material (s); (C) PP E%0
make- up. quanti tV2"H " he ol efinic starti ng material (s), car bon nonoxi de

and hydrogen to the reaction nedium as those reactants are used up; and
(d) recovering the desired al dehyde hydr of or myl 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 xt47e conprising unreacted olefinic
starting material (s) and vapori zed al dehyde product is renoved fromthe

| i quid reaction m xture from whence the al dehyde product is recovered and
make= up olefinic starting material(s), carbon nonoxide and hydrogen are

supplied to the liquid reaclﬁl peng g:lulgpbt %stﬁli@u&?éﬁd%éﬂﬁlaﬁioﬁ%ﬂhw t hout
er | ni

recycling the unreacted ol ta%rﬁl ng materi a

recycl e procedur edegie m ??&%%“‘%ﬂl’\?ﬁﬁ%‘é f‘ﬁgpf €Xqui d
recycling of the pa&ta st%gﬁnﬂm@%abmdrepmﬂmtﬁmd:ntaaltykepidcam anysepar at ed
exampl 6. in US B ?%t?#‘l% r%%%bbﬁﬂeﬁf@“ﬁgeﬁ*fa*Sifqpr&%%no’%%é&?'e@%@%ﬁ%?
di scl osed, for exdistilationtake slaqeaaté'ﬁkatw éénped"étureﬁew#‘é’é 1

conbi nation of botho®, ldndunerepigably ficy térepeaatesdin theirhnge défomed. The

di scl osures of sali | mxvoal 8 sq].n% rat ed
herein by ref erenf‘,‘g ‘#h@ QDt% %wﬁ“? ﬁOJC? 1t8l§% éér rék% mexﬁ* atqhgﬁg%?%cess
of this inventionaldshyde distillatioptaka equ'ﬁ e r&Fi}gF e PdPtalpr ocess.
Suitable |iquid cghab yé‘srsuf@maczh@subswﬁﬁeu ieveerathandhe dbiad gds pressuexanypl e,

in U S. Patent Nos. 6

I'n an enbodi ment g ?ye? c?unrgé ydro‘?or?x?ﬁaﬁ?%wlé ]igér igféeﬁy&@(eeds Ty be
separated fromth EE"SHB ar up ‘frhvéacb‘f" q’f’%& P4 1&5 reess in
whi ch t he al dehydé¢e.gi @t or gseater apemlmiweeﬂ bEfozamytancguNcemmnrmn@Ge is39i t abl e

separatf on et hods, el 4Sye e 4RI Buct ABINER keblEPFbEPfhe Phase

separ at i on, cryst 5}1
hydroformylatlon reaction zone to a pressure reduction so as to

volatilize a substantial portion of the unreacted gases dissolved in the
liquid medium which now contains a2 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 most purposes. |

Water 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 water sufficient to
remave at least some amount of the phosphorus acidic compounds from
the reaction product fluid. Although both water and acid are factors in
the hydrolysis of organophosphite ligands, it has been surprisingly



vaporization, w ped filmevaporati oh falling filmevaporation and the
Fike. It may be deS| red to renove the al dehyde products fromthe crude
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m xture as they are fornmed through the use of trapping agents as
described in b%b?’ﬁ”é’??@d Pat ent Cooperation Treaty Patent ARTIVEI5419400 \\O

88/08835. A preferred nethod for separating the al dehyde m xtures from

t he ot her conponents of the crude reaction m xtures is by menbrane
separation. Such nenbrane separation can be achi eved as set out in U S.
Patent No. 5,430,194 and copending U S ggPatent Application Serial No.
08/ 430,790, filed May 5, 1995, referred to above. As

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

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

m Xt ures used I n_the process of ;this |nvent|gn For exanpl e, the
recovery techni qgeoveratthatsaactipn systempsy fy ydrofammylation, argymore 247, 486
can Be used. Fortolerahtiofkighenleveloofiwates tiian highiet levels of adift s Thvershd e

process the pOr {y8fkShn HiEpbiiglyhd 6R8H 1 VRny i na gGANLE LI R dohy de

product, catalys Qn pr I eimove romthe
reaction zone ca\?sﬁ)%f‘ifﬁgﬁﬂlqsﬂh&eé’@ﬁ&ﬂ Ryrdrolysis. The useqpof water to

vapor i ze(r]I / sepa(r]I a}bl@ﬁrrnﬁl\&mﬂ& hské}ﬁhﬁ@%ﬂymdd@rd&hﬁdeo@éﬂgvgén@m duced
separated via ai I ne ~or U reauce
or el evated pr esé% dgrfd 8egmttﬁ'aml%n Ofg ?gaéc{ ? ‘ﬂ’?‘l sphite b féﬁ‘a‘gﬁ%‘é‘éf‘e" and
collected in a aliyst iny hydrofermyl amxpmqemﬁs ip disclased in coprnsing .S The

remai ni ng non- VOPaiHehi: ApplicatiéraByrihl Non(Dr17648), ﬁldﬂhxﬁaﬁ%&&ﬁ dage m xture

oy Chen be. recebedBabke hilolobtnd SAGhIOATS RAF SRR Holdtn 5 ifoh @Y

other volatile nmateria PRy
hydr ogen and car bon m)noxfr@@ TGMGIV%%FIPWQWEI meuat P%’%i’@m}mﬁiphﬂtl@r
separation ther emfid tompotinds, feneanspid, HBROI3y dkiehyde acids sacly as hydroxy

distillation in m%;dm%ﬁﬁmggiﬁ : m& and 'Eh? iRE fbm thie Hydirbfo ?Ht?oql to

separate the desir catal yst-containi’ng rea
m xture under re¥§tem aypwgwpéoamtralthwnilém%ﬂmwckgfwy tiem avoi d
possi bl e degr adateaétiow inddivemo tlgsebp btahilidihg the asefil] arghnophosdphite

ligand by preventing or lessening its hydrolytic decomposition. The
need to control the acidity in organophosphite promoted metal
catalyzed hydroformylation was explained above. Thus the purpose of

W

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 water. In this way the acidic materials
are extracted into the water 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, separation zone and/or scrubber zone. '



products. Wien an al pha-nono-olefin reactant is al so enpl oyed, the
al dehyde derivative thereof can al so be separated by the above nmet hods.
WO 97/ 20797
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More particul arpesdhmyi |1 ation and separation of the desi rReaRbEfRNFe
product fromthe netal organophosphlte conpl ex cat al yst contal ni ng
reaction product fluid may take place at any sui tabl e tenperature
desired. In general, it is recommended that such distillation take pl ace
at relatively | ow tenperatures, such as bel ow 150[err] C, and nore
preferably at a tenperature in the range o669 rom about 50[err]C to about
140[err]C. It is also generally recomended 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 hydrof of nVisghd erbabieht bpmeqﬁédauwg@mﬂmgﬁﬁ
Clerr] to (err]) arﬁ i nvol.ve under vacuum ‘g?hgagﬁ b0|g al dehydes
(e.g.” C7 or great ¥MPIgF éa’f%I"\?BEP‘Wrﬁaﬁg?%RE‘éd ﬂ‘ﬁrﬂe&'t BEDEs to
subj ect the |i qui ebndeatsd ianmny audtaitle medinemor éashien désiced thet does not
hydr of ormyl ati on

@?&@h AVe ?é%?f‘aﬁ?cﬁhg "bﬁéﬁ‘!{ r6fspx§9gd§§ie?1 sﬁlg)lcss f}r@g Jrhich

vol atilize a subs por ﬁ t he eact I'n'the
li quid medi um whi #3d Feastionpradnst Hu %Wé‘?d f Jgtanceqgthe water
concentration t hatrestiseritr mag e condtitted Io;mﬂbdmnwpaﬂnmfrthadbméﬂ medi um
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al dehyde product ener al at1on pressures

rangi ng from vacub‘ﬁi’“pé"@s% Jpaat WrGBCtP‘H’ T at} %%tsoar‘-“éesyra&mnso
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As stated above, Hig k?e”:@tﬁxcﬁded 134 t@?a%t Bfk Q&éct%fﬁac ?x% or thg % fRLE bYe t NAL

hydrol ytic deconposition an Pon as discussed
herein can be pr eﬁ@ar%fdorbfmmesé@ﬁwt&v Wat‘i"r’ééi’ |bﬁ@P5%Yq ¢ onothervissn of
t he reacti on prodadded tdothd atl@east@tiefreacticnzne orthe ae d&ust oat stparationvent i on

and whi ch al so copfaiiS R RAMHitPtd! The water layer formed may then be

separated, e.g., decanted, from the reaction product fluid.

This invention involving the use of water 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
byproducf that can be formed during certain processes and which
poisons the metal catalyst as explained therein. Nonetheless, it is to
be understood that a preferred hydroformylation process of this
invention, i.e., the embodiment comprising preventing and/or lessening
hydrolytic degradation of the organophosphite ligand and deactivation
of the 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



conpounds fornmed during the processes with water sufficient to renove at
lFeast sonme anobunt of the phosphorus acidic conpounds from the reaction

product fluid. Although both water and acid are factors in t he
hydr ol ysi s of organophosphite |igands, it has been surprisingly WO
97/ 20797 PCT/ US96/ 19400
- 58- di WOKRP8Y t hat reaction systens, e.g., hydrof or RHAVAISPHEIP400 e
nor e tol erant of higher |evels of water than higher |evels of acid.

Thus, the wat er can surprisingly be used to renove acid and decrease the
rate of | oss of ‘organophosphite |igand by hydrolysis. The use of water
to prevent and/or |essen hydrol ytic degg.adati on of an organophosphite

| i gand and deactivation of a netal - organophosphite |igand conpl ex
catal yst in hydroformylation processes is disclosed in copending U.S.
Pat ent Application Serial No. (D 17648), filed on an even date herew t h,

the di sclosure of whic S i ncprporat.ed herei e ere
The renoval of &P™PRAYRES mgéﬁﬁg‘?ﬁs‘ﬂ R Sfyh‘g%g‘ry?& §matg?ﬁs(§°é‘8npounds
for exanple, H eerjlbeleond at kehsieh pddiaoithesvichdreovinyehction prodaedtidid
phosphoni ¢ aci d%en'dk&wdnmﬁr rhcéa%fahﬁhichkaﬂso dn@Einis BRI lciiL at | on
systemal | ows one to C t({]e aci di }‘% %}f/gﬁ | on
reaction medi umCOTRERBER famediqyring,3paid °‘ff"§§f"m; & rﬁi’%h‘b‘gﬁ Q ¥MOoVeY | gand
by preventing oratIlmeuimgmmmttufdlhe)bbbsphodesauﬂusndmpmmdﬂfﬂm sardeed to
control the aci i
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hydr of or myl ati on was p ove pt? Pfse 0
i nvention is tofh ‘&éa’éra Aeagtopedeaetion snegy #t {qaghPre geparatigny)| yst
systemin order zbne rmlstulla:onsxdem(bmebe essenfially hdneh-aiqnedins® processact i on

product fluid SQvﬁdl’:‘fi‘? PH?SJHE% gfbs%t il hetfdrbtorm lé’cﬁcﬁ?ﬂ%ﬂéﬁ%ph' te

| i gands do not yiic e at an unacce tab a]'%e whi | e
keepi ng cat al ystm Pﬁﬁstﬂptﬁes&“ﬁﬁ’béﬂ(ﬁq‘?}@q%?mn to egpse &ffeELRe i nventi on
submi ts that théydesformphitionfreactiemol sdidngedinahto be ennisilerydias to extract

(remve) such phasgl ﬁgﬁngglsgb&ag@sg bllsor BB phablr L3 b QaRiduct

fluid using water. c materi extracted into
the water as di $ePBzgamshbage. s opposed to nerely bei ng scavenged
and/or neutralized and al Alsepit is bo be wnderstood that another preferred process

of this invention, i.e., the embodiment comprising preventing and/or
lessening hydrolytic degradation of the organophosphite ligand and
deactivation of the 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 by introducing water into said at least one
reaction zone and/or said at least one separation zone sufficient to
remove at least some amount of the phosphorus acidic compounds from
said reaction product fluid, is considered to be a separate aqueous or
water phase or layer in addition to an organic phase.

Thus, for example, the water 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 water 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



reaction nedium thereby avoiding accumul ati on of such scavenged and/ or
neutralized byproducts, and preventing further possible necessary
secondary chem stry*or the buildup of salt deposits in the reaction
zone, separation zone and/or scrubber zone. WO 97/ 20797

PCT/ US96/ 19400 WO g /%10797 _ _ - 59- PCT/US96/19400
Sai d treatment ‘oF Uhe metal - or ganophosphite |i gand conpl ex cat al yst

contai ning reaction product fluid with water nay be conducted in any
sui t abl e manner or fashion desired that does not undul y adversely affect
t he basi c hydrofornylation process from which said reaction product fluid
was derived. For instance, the water t r e®@tment may be conducted on all or
any portion of the desired reaction product fluid that is to be treated
and whi ch has been renoved fromthe at | east one reaction zone or the at

| east one separation zone into at | east one scrubber zone. The treated

reaction product i;ng{&n‘ée,@ﬁrefeﬁ@&%xm walldbead cbAtihiusly preaiall oppart eact i on
zone or the at |eas \%‘Ele sag@m}li on %}% e. I.terpg&ue&?ui ta%risgg% e

sprayed into or deiepHRStre B EePRE LA RALPIGHE Fedct I on” 2on& or the
at | east one sepafaydiehto theoraction zord through iadiquid estraetor comaeningithe | ayer

formed may then %aterﬁ\?%aﬁe%&%icfc&alysgS&ﬂ:@.ﬁxﬁﬂg rk&idik idgd FeS@stet e product

fluid. I's 1nvention’involving the use of water is

especial |y  adapeaphien 8f€-use in continuous |iquid catal yst recycle

hydr of or nyl ati on pr ocesses Thiuatit isriplbeyuridesstopd that the metaly S.  Pat ent No.
5,288,918, which ' Hhhd Loiplex BRaREPEARAIiINg Fsttionfredsaice of a
catal ytically act%g,gné‘%{lﬁ% lgﬁ%ggaggi '?i \'llbe, sa?@éaddi tfgﬁt;) tbe:ir?gr {,ﬁe%ct ed
fromthe class cosiddoibegreated SHER Wateray sopaun in additipn fo the Fr%‘g d (e.g.,
bi phenol ), or botdonssidedndeitscorganitt salveeskdlgelpededproducts frepound. The

enhanci ng addi Ui Ve o SLANRigafalEhibabflaRbfin i anyithed iygieditid opr even
esira

the build-up of an un e npnophosphite bypr C hat_can..be forned
during certain pr%@%‘%@%ﬂ‘eﬂm"&ﬁ’ B’HSB&%“{%@Y’E@? e%&‘}%’?@fé’?ﬁ? on

expl ai ned t her ei nproblesscfroralvelsieh said seaction prasct Aluédssarsateriviedt a preferred
hydrof ornyl ation process Ofydlibver, réMyedllof @he désifed aldeRyddProduPein

conprisin reventi ng and/ or [ essénin ) ] ]
i 9P causg concentratgons oef" tfxe gther ingredients of the reaction product

fluids to be increased proportionately. Thus for example, the
organophosphite ligand concentration in the metal-organophosphite
ligand complex catalyst containing reaction product fluid to be treated
by the water in accordance with the processes of this invention may
range from between about 0.005 and 15 weight percent based on the
total weight of the reaction product fluid. Preferably the ligz_md
concentration is between 0.01 and 10 weight percent, and more
preferably is between about 0.05 and 5 weight percent on that basis.
Similarly, the concentration of the metal in the metal-organophosphite
ligand complex reaction product fluid to be treated by the water in
accordance with the processes 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.




hydrol yti c degradati on of the organophosphite |igand and deactivation of
t*he net al - or ganophosphite |igand conpl ex catal yst by (a) W t hdrawi ng from
said at |east one reaction zone or said at |east one separation zone at

| east a portion of said reaction product fluid derived fromsaid process

and whi ch al so cont ai ns phosphorus acidic WO 97/ 20797

PCT/ US96/ 19400V0 97220797 - 60- PCT/USI(84A80ounds
formed during said process, (b) treating in at |east one scrubber zone
at least a portion of the wi thdrawn reaction product fluid derived from
sai d process and which al so contains phosphorus acidic conpounds forned
during said process with water sufficientggo 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
react-ion zone or said at | east one separation zone, is still considered

to be essentially a "non-agueous" progess ich is to say,. any water
present in the hydroforny?'g?mqeé'éﬁﬂiﬁa'the%%?&"?hﬁsl’mt@éwdi n an
anmount suf fi ci eromplexcaialystedritaining eeactiomyphodficr fiyidedridbwateranei on or said
medium to be coRshRtal alivell af il heRthilt AndftiRlsOhE LAILGRHRL BF WL o
in addition to ase. Al so

phase or | ayer | an organi c. phas ,
is to be under sMHERRPERRHYIHATEFTHE ANASIntAch tiae are nofnampwly nvent i on,

i .e., the enbodicritichl awdrpbvisusly rpedvwaly begufficibntito obtdifthe pedigt1ydr ol ytic
degradati on of g | I'g&g&H cti vat.ion of the

net al -organopho?%ﬁlrg% F?gmr%g coﬁ%ﬁgxﬁcata@g'[qa%se,ggﬁgrde% |’rx1lgan¥t | east a
portion of saidSPE2 ]lel‘tﬂ‘fsér"é'(f%?m?ﬁ;iecg-&@b’i%’%ﬂeﬁtﬂ‘&ﬂl liquid\pxtrpetotess and
whi ch al so cont aikieh phod@éos vaitabledhearmsofop chirdagh cofitaictibetvibiehi the Sai d
process by int rggéﬂigge&%ﬁr L& %P%ﬂw%%@f%a?%%regn%l&gg:g %x}e Xin 298¢ and/ or

said at | east one separati o zone suifjcie . 1°éas Bsonme
anount of the pBERHRSME prefegred togss the erganigreactioninyodustdlvidn product
fluid, is consi deroaghtthelveatar iepaidviedray eewictod tcolumn/\ii £ coitasRuefenkayer in
addition to an @rganic r | e, the water
may be used to ft?é eat .a’[[‘flg%?rﬁ-mnt °§P"iat%‘} exgplrogg%P ﬂﬁ%‘#@’%ﬁ%ﬁ@%ﬁ ao_ a

conti nuous | i un’dn‘?:&ff qﬂng,gqt vy;ébﬁ ¢ geaction product fluid need only be that which

is sufficient to remove at least some amount of the phosphorus acidic
compounds which cause hydrolytic degradation of the desirable
organophosphite ligands. Preferably the amount of water is sufficient
to at least maintain the concentration of such acidic compounds below
the threshold level that causes rapid degradation of the

It

organophosphite ligand.

For instance, a preferred quantity of water is the quantity
which ensures that any degradation of the ofganophosphite 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 water 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



hydr of ormyl ati on process that has been renoved fromthe reaction zone at
dny tinme prior to or after separation of the al dehyde product therefrom
More preferably said water treatnment involves treating all or part of
the reaction product fluid obtained after distillation of as much of the
al dehyde produgf,gasy.sd, for exanple, prior to or during PEBUSRAYAII NY
of said reaction product fluid to the reaction zone. For WO

97/ 20797 PCT/ US96/ 19400
-61- i nstance, a preferred node would be to continuously pass all or
part (e.g. a slip strean) of the recycled reaction product fluid that is
bei ng recycled to the reaction zone threffgh a |iquid extractor containing
the water just before said catalyst containing residue is to re-enter the
reaction zone. Thus it is to be understood that the netal -
or ganophosphite Iigand conpl ex catal yst containing reaction product

complex and i {5 SPihioC Y ““gh@é’|°§§§%ﬁ‘“e§“§a3"§f’a‘g [“‘%‘ggg t";ﬁéﬁﬁg@fy)iéh' te
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cloggl st eztn rsmatc hetfaﬁnroeanisw tmesad?hnngﬂlome?ihlg}mdemeaﬂwes couldbecess from
whi ch sai d react| Ongle%élfj#gltefsllfré 'E@d Eﬁfv'evﬁchas been surprisingly Moreover,

renoval of the dear € pro uct cau phc ntratlo s of the
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proportionately. rERetsord ﬁodﬁ&ﬁﬁﬁicbwritMmg amejahorgmmphosphité gt
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cont ai ni ng react i on

treat e water in
accordance with tm@mﬁi@@% e%hﬂpa](l% ,tge tregtmentos cﬁﬁ‘}ex °“P3H B PYeSiMISEL ween
about 0.005 and Yangftigdtbmpanbient theesaetionpredsares andblthé cowiaghtimefmaipe

reaction product | Pr ' LS between
reacti on pr odu gh{ rgeﬁfogneﬁtn‘%&@&ﬁbwecm@swﬂﬁpﬂest 80k ibrp s Detnee

and 5 wei ght percent on thMOYB&‘Sqrss““eSSSPrﬁ"WWgPlE‘?Fé""(?BH%EﬂB’rC tion of the
metal in the nmetadonfounds Buns e feaction lprehund fuddipkerd gt thersupjestiuct 1 ui d

to be treated by 1&1@8}#‘@%3{%}& deteARHRAY nEairidy e rdteYegtabiticnl this

i nvention may be
Y (consumptlon) of the organophosphite ligand present in the

hydroformylation reaction medium. The consumption rate can vary
over a wide range, e.g., from about < 0.6 up to about 5 grams per liter
per day, and will be governed by the best compromise between cost of
ligand and treatment frequency to keep hydrolysis below autocatalytic
levels. Preferably the water treatment of this 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 extraction of phosphorus acidic compounds
into the water proceeds; the pH of the water will decrease and become
more and more acidic. When the water reaches an unacceptable
acidity level it may simply be replaced with new water.

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 water. Alternately, water may be sprayed into or




about 5000 parts per mllion by weight based on the wei ght of the

rreacti on product fluid. Preferably the netal concentration is between

about 50 and 2500 parts per mllion by weight based on the wei ght of t he
reaction product fluid, and nore preferably is between about 70 and 2000
parts per mllion b melght based on the wei ght of the reacti on product
f 1 uid. WO 'H120797 PCT/US96/19400

PCT/ US96/ 19400 , -62-

The manner in which the netal-organophosphite |igand conpl ex catal yst
contai ning reaction product fluid and water are contacted, as well as
such treatnent conditions, as the anount gh. water, tenperature, pressure
and contact tine are not narrowy critical and obviously need only be
sufficient to obtain the results desired. For instance, said treatnent
may be carried out in ‘any sui tabl e vessel or container, e.g. any

conventi onal d extr ovides a suit bIe ans for

t hor ough cont acqb%bg'fwv&’gg aﬁﬁ‘ﬂdt}tﬁ%ﬁtﬁ.‘t& 'fﬁalcgﬂnﬁf”b‘ﬁ%ﬂ‘ 8SLORE wat er,

may be enpl oyed seprmitinn zone togshiavelacidity congrali dhecatater lm'sforxhed organic
reacti on pr odUctub) bhéh be BRRRNAI, F, ARhREed o BhEVELORBREXAARLET o0l UM
in a counter-curﬁ% r?#%b‘? The am)ﬂ,pt 0 ter e e subj ect
i nvention and vt 358 sghepe s, ﬂnﬁf‘B 19 ui d need only
be that which ingnedikiélyiawailable if aqidity fatms sathie rearton ppaduct ffaid.ne
phosphorus aci difhis lmM%om&Baeawésemw Mi}éel aﬂ&%@?%yt g of the

desirabl e organog}‘h Ite ligands. Preferabl water is
sufficient toB&F et 18T fontagt legr?c‘@ﬁf"‘? tWithcvater
conpounds bel ow(ezthh:emslrdem‘rmitdldlemf@erbwdtlonmesarrsapmdtﬂegzroadation of the

organophosphi te ligand.  Rer purposes ofthlg%vén@ﬁzha%-ccﬁxt &%ﬁ%e[t@? ﬁuant Ity
of water is theq% Blt¥ V\E @{;&ensurﬁé Rat a% egra(%'ééon 0

or ganophosphi te Pg%[ﬁ ated toynclude water fhat hagne Wémg?ﬂ as
descri bed i n " Theatdiorepraduct ﬂaicbamh\')mohcbactédltv\catent“alsywﬁtenﬁdamﬂlmria Tuldy

Mata- Perez et alyg ell%f"l"i’isﬁen conbEdLE Hit Bn pY&duct fhia No- 11,
Novenber 1987, pages 925 t 927, rather X &i‘%:cat tic rrechanl snt
described in said articl eAny means to prepare t enon- ontacted water or use

with the process of this invention can be used so long as the water is
substantially free of catalyst poisons,.inhibitors, or compounds that
would promote undesirable side reactions in the catalyst solution. A
summary of water treatment techniques can be found in the Kirk
Othmer, Encyclopedia of Chemical Technology, Fourth Edition, 1996.
Water treatment should begin with an evaluation of the

water quality needs for the process. For acid extraction from reaction
product fluids containing metal-organophosphite ligand complex
catalysts, the quality of water required is generally of boiler quality or
better. Sources of water for purification can vary greatly in purity
from river water containing logs, silt and other debris, to steam
condensate that is relatively pure. If river water is to be used,
purification starts with filtration of the largest pieces. Grates or
screens may be used for this first filtration step. A number of
techniques can be used to remove other solids that may be present in
the water including; sedimentation, centrifugal separation, filtration,
coagulation, flocculation, magnetic separation, or combinations of
these. After clarified water is obtained, the remaining dissolved solids
can also be treated in a number of ways. Distillation is still commonly



Typi cal | y maxi mum wat er concentrations are only governed by practi cal
consi derations. As noted, treatnment conditions such as t enperat ure,
pressure and contact tinme may al so vary greatly and any sui tabl e

conbi nati on of such conditions may be enpl oyed herein. For i nstance, a
decrease in On%w?L/ﬁH conditions may be conpensated for b¥cRisdsnosoase
i n one or both THe ot her conditions, while the opposite correlation is
also true. In general liquid tenperatures ranging from WO 97/ 20797
PCT/ US96/ 19400 - 63- about
10[err] C to about 120C, preferably from about 20C to about 80[err]C, and
nmore preferably from about 25[err]C to abe®®- 60[err] C should be suitable
for nost instances, although |ower or higher tenperatures could be
enployed if desired. As noted above, it has been surprisingly di scover ed
t hat “m ni rum | oss of organophosphite |igand occurs when a reaction

product f1uid containige Bisthlvad smgmmemeuamhm aci@OBPhksqa! al st

is contacted with water even at el eva ture Nor nal,l y the
treatment is car rRTEEIPYEEe FRFERIN GOMRO %sThePS{'% 3’ @fl gé“?eact i on
pressures and t hechoser based omﬁnem}ubxhtgaoﬁ/ﬂkruommumds t’cbat will be pmdj:,cedr

mnutes to a fewfha Lbrxﬁh%ﬁ%é@ra‘?mther opor?glar method P r&RYFIng BsohASsdl
renmovi ng phosphorus aci

gl]é e rea t|on 8}ng ct f|UId
according to the Ehgmost c°mmi°ﬁ\}%‘h 3 Lﬁ“’ﬁ&}mﬂ; é’tsﬁ?ﬁ? ‘?E{?r"i ng the
rate degradation othe(rcimanch:Mgart)clnﬁquése\mhgn'nt!pisaa'ﬁtyldn'@nﬂe densdmpyesent in

the.  hydrofornylag bQ@dpgéfefd' jdH{ban! B uE SN BHFRACR bonfl et bakd' Y

over a w de range, e. roma ut t o, abo rans peyr liter
per day, and wil IafEﬁ? W&WW ﬁbab h(?dﬁﬁ?%fﬁ @?9%8?{%88&“ )

| i gand and t r eat nemimbniycascare gddovbéree Membranessare stidl awether techniduet i ¢
evels. Preferablygh bts %ﬁéﬁéeéf&%@%ﬂvéﬂmﬁtgd}%ﬁa& S¥lloical GREILRY. OU!

in such a manner consu e esire n

| gane oroaont 1 rMErbrRDe: SARIFR ERPOAN Sty EleGIT SIS AR S P RGP hIbCty,

hydr of or nyl ati on @rethes phyacatmhehacaiqn}opertﬁdxf&reamsadiwerattvmmglgar{ err]
0.5 grams of |igang, tﬂ@%ﬂ@%t@f effefiaived @iseh slefl Or ans
of ligand per liter "S‘m Sh&ﬁ{ bpz?ﬂ/es fer rerv 9, Q xfi‘{ams of |igand
as oxygen a.re present ew ter can e s 1 ith'steam or

nitrogen or subjected to vacuum to remove or replace the dissolved gas.

A preferred process to purify non-contacted water necessary for the

acid removal would be a combination of some of the aforementioned

techniques.

Internal techniques where additives are used to
counteract the harmful effects of impurities can also be used to prepare
non-contacted water for use in extraction, but the external techniques
described in the preceding paragraph are more preferred.

The contacted water employable in this invention may
comprise any suitable water such that the pH of the contacted water
may range from about 2 to about 7.5, preferably :_from about 2.5 to
about 7 and more preferably from about 3 to about 6. The flowrate of
water through the extractor and/or the addition of water to the at least
one reaction zone and/or the at least one separation zone should be
sufficient to control pH of the water at desired levels. An increased
flowrate of water through the extractor may cause removal, i.e.,
through the water effluent, of certain amounts of one or more products
from the process.



per liter per day. As the extraction of phosphorus acidic conpounds into

t‘he wat er proceeds, the pH of the water will decrease and becone nor e
and nore acidic. Wien the water reaches an unacceptabl e acidity level it
may sinply be replaced with new water. The preferred met hod
of operation of this invention is to pass all or a portion of the
reacti on produ¥@249% before renoval of product or react PERUSISHEHOt
fluid concentration after renoval of product t hrough the water.
Alternately, water nay be sprayed into or - WO 97/ 20797

PCT/ US96/ 19400 - 64- ot herw se

added to the at |east one reaction zone Qggthe at |east one separati on
zone to achieve acidity control. The water |ayer forned may t hen be
separated, e.g., decanted, fromthe reaction product fluid. An advant age
of this schene is that extraction capability is I edi ately available if
acidity forns in the reacilon pr oduct This invention is not
intended to be linmited i nTRAPT em£7°¥ﬁkent°ﬁéhlﬁ11§%?r&r@,ﬁﬁaﬁ§m@|e
contacting a reaitielpneproducts rémoved biytwatenextractiqrecdrbe rédosertd aid out si de
of the reaction ﬁaﬁﬂ%eﬁ&o%ﬁ@%%?df&%ﬂgﬁgh ‘process as dePlcted mtﬁl pr%Pés%oses of

this invention, "non-contac &‘ 0. 1'ncl ude wat er
that has not bed}% th %examelseth%m)%@e& akdehyde and

"contact ed wat erprodacts mdeb@iretuened to thechydieformydition pi‘b’tbsdiﬁgs steasn
contacted with t f neans to
ﬁﬁ?ﬁ%fﬁhg%t@f 8 iel t fl'dﬂl Qhe e’t‘tﬁ'afﬁ?r and rgturéu l{ehI S

prepare the non-co

i nventi on can beorgarig phgse Gﬁ‘{:}'e&@ HESQﬂa‘itEIIPP% ea%mmydapﬂoymwla&omf

catal yst poi sonSproeersbJ MhieGigieots phaseisiithd stitippér headswhsly bé eewirRedbslesi rabl e
si de reactions i s r L did eat ment

t echni ques can bge% g&tﬂkgh&‘hﬁ%ﬂé bp‘&eh‘%*"?’pé’tém‘g’c‘%%geaﬁggg em cal
Technol ogy, Four‘ieﬁ°§89$¢18ﬂ Pprodugts from the catalyst.  \water treatnent shoul d
begin with an eval uation mahhmer entiodiment thisyinnestien Felatdshio thsragss. For

acid extracti on oM. caskieRhs tnEhAEed bl SaSON bl AL hooph

net al - or ganophosphl B %hat er
required i s genctlif 9°T§P°‘b%‘iq @F‘nﬁgzﬂ‘ﬁrﬂg %Pmceﬁ%?lf értm@m&ege 8y m@geer for
purification carsteaigybsges irito\thé at petst byie scrubber zone sufficient to neutralize

at least some amount of the phosphorus acidic compounds contained in

said water, provided the pH of the contacted water does not exceed 7.5.
The strong base treated contacted water should have the following
characteristics: (i) not reactive with the product; (ii) not so basic as to
promote aldol condensation; and (iii) basic salts are water soluble so as
to facilitate removal from the reaction zone. Preferably, the contacted
water can be recycled and the product recovered if the phosphorus
acidic compounds are neutralized. If the phosphorus acidic compounds
are not neutralized, the contacted water may not be recycled and will
most likely go to an effluent waste treatment facility. Illustrative
suitable strong bases include, for example, alkali and alkaline earth
metal hydroxides, e.g., sodium hydroxide, alkali metal phosphates, e.g.,
trisodium phosphate, disodium hydrogen phosphate and the like. The
quantity of strong base relative to contacted water will depend upon
the quantity of phosphorus acidic compounds in the contacted water.
The quantity of Strong base need only be sufficient to reduce the
phosphorus acidic compound concentration to the desired value,
provided the pH of the contacted water does not exceed 7.5.



fromriver water containing logs, silt and other debris, to steam
condensate that is relatively pure. If river water is to be used,
purification starts*with'filtration of the |argest pieces. Gates or
screens may be used for this first filtration step. A nunber of

t echni ques can‘ps ”%ﬁg7to renove other solids that may be prepgphisddhosnot e
wat er i ncl udi ng; 44 I'mentation, centrifugal separation, filtration,

coagul ation, flocculation, nagnetic separation, or conbi nations of t hese.
After clarified water is obtained, the renuaining dissolved solids can
also be treated in a nunber of ways. Distillation is still comonly

WD 97/ 20797 -67-

PCT/ US96/ 19400 ' - 65- practi ced.
Di ssol ved salts may be treated with other acids or bases to precipitate
certain conpounds. The acids or bases that are added are chosen based on

the solubility of the corrp%%él ’gnwrégnipgi%ggp@@gpound Playdedid@ede | S

anot her popul ar nmethod for renoyi g d ssoll\]/eéjésalti. . The_ nost (go n ion
exchange method 9dbegsartion Rrodust fiuig, e, hydrefarmylation reackion Pro¢uct, i ques
with protons or higido¥e seavienge thagcidichyslvolysisdiypiroduds foxtieesk ypdron can be
used to renove s | t ms ' qigagwgﬂ

present. Activat gﬁ?ﬁﬁ{%ﬁno@eu@%n C%Ei%ﬁ Qgg’ an a si’rf%gﬁ{‘é%ﬁbmanes are
still another tecHm-datent Nead,584,306¢ FTEUHE PITOBRR CHPOMPASIPAE b ot her
col | oi dal particl gsed to fdastwithemdanasutaiedhedelic sompourdsduy forming char ge,
hydr ophobi ci ty. o luchiBE brhlNcHoARk 1HORWIRA tha¥eB) Hrbveriiry Biaceqd, o Bover se

osnbsis is an e ) sing, ne to. pufi wat er . I.f dissolved

gases such as o %@%P%EM}“&W@\&EP@F‘%&%&J@@? E{S‘Efé’énﬁ\ﬁst"ﬁ‘ t eam or

nitrogen or subj eghgchdlpingatolprotdce theactivdtyoof thephekad, ¢.p. rbiodisnl, vathlyws . A

P e B S°ESS yhREL kol RS IR InBGeRSREY iy the | aci ¢
I'matT.on of sone 4

renoval woul d be a Co i S C the,a (%,rﬁment I Qne t echni ques.
I nternal techni qubkdxefermeylation: sopditionse oigs of the orgANF JTrogSe har nf ul
ef fects of inpuri tdmBporahfor!this fudicties és, iw pprip dintated bynthe desirabiitydfwat er

for use in extr ach%igg’a Paldie Mﬁeﬁ?f ﬁfaqgé sd1B618h AHE SeactidiFRelids dnd Wokh e
precedi ng paragraph are nore pre erred. . i
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 contacted water employed. Most preferably the
pKa value of the organic nitrogen compound will be essentially about
the same as the pH of the water employed. Of course it is to be .
understood that while it may be preferred to employ only one such
organic nitrogen compound at a time in any given process, if desired,
mixtures of two or more different organic nitrogen compounds may also
be employed in any given processes.



The contacted wat er enpl oyable in this invention may conpri se any

sui tabl e water such that the pH of the contacted water may range from
about 2 to about 7.5, preferably fromabout 2.5 to about 7 and nore
preferably fromabout 3 to about 6. The flowate of wat er through the
extractor and/or the addition of water to the at | east one reaction zone
and/ or the at WR¥40Hnhe separation zone shoul d be suf fi ci BETUSIS/ 19408t r ol
pH of the water at desired | evels. An increased flowate of water

t hrough the extractor may cause renoval, i.e., t hrough t he wat er
effluent, of certain anmounts of one or nore products fromthe process.
WD 97/ 20797 -68-
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In a preferred enbodi nent of this invention, one or nore al dehyde
products renoved by water extraction can be recovered and returned to the

hydr of or myl ati on process Lcted in the process | o I agram of Fi g.
1. For exanple, the one oﬁ?'ﬁg* ‘%ﬂ?fgm?lfemtmﬁpﬁﬁﬁ’&‘ﬂ’guﬁﬁ?/"!fg‘ &¢8rned to the

hydr of or nyl at i 'onriaﬂlqdamnésysuﬂeasrtneﬂwiarpmemgn{mpromﬂamrm‘, tHaent fromthe

extractor and r the: en. - ns er heads
to the hydroforwglt&?!g%e HFIS(S(:%% mﬂ%ﬁ‘é’ B@-Sié‘o pg ase qﬁﬁ&ﬁ%{dﬁggr heads

may be returned -octylamine, dime y[lé.gqur ‘P’é?el’ “BFt be&ﬁ“‘?% Jagningny
contai n the aci dnethyl-dbnapdamine rang theiltes ak mall adwubstitatedsderivatives

I n anot her enbo%grdaho d;mxﬁng%sa rn%hmﬁfe}@; ‘B@ﬁhﬂﬂlts sl hgast a

portion of the con SCryre conpounds

acte
formed during ai'é%ﬁ@?s%mb‘?sﬂfﬁf%ﬁﬂ gn P“HB? -mgtﬂwbﬁg bases into the
at | east one screthdmolamine tms#(8+lmdeontypr0pylé>annnélmﬂithealhké eHstersgfeticanount

of the phosphorl&ngfeg%ﬁa mq&gaassueﬂ@%ggp@gérb s Autfifigs, Provided the

pH of the contact rong ase treated

es not
cont acted wat er 8 ’cﬂH‘?ﬁ &W@ﬂé“ﬁeﬁ? 1B% 'dnethé’HHP sNr 2s: (i) not
reactive wth t hydpoxyeilyimorpholime tquinolirees isn-quinbline, quinskilineal dol
condensati on; angd Gidd humlﬁlé@s&%ér ‘Qﬁ&ﬁfl é%ﬂ%l@ &Qaﬁé and © facilitate

r enoval from the reaction zo a acte wat er can be
recycled and t héTBPREROMROME w‘re? ithes ﬂf‘hexbﬂ bﬁ‘?ﬁf"u’té’r 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.

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



aci dic conmpounds are neutralized. If the phosphorus acidic conpounds are

not neutralized, the contacted water may not be recycled and wll nost
likely go to an effluent *waste treatnment facility. Illustrative sui tabl e
strong bases include, for exanple, alkali and al kaline earth nmet al
hydr oxi des, e. Qug offifth!m hydroxi de, al kali netal phosphates, pcgussen9400
tri sodi um phosphate, di sodi um hydrogen phosphate and the |ike. The
guantity of strong base relative to contacted water will depend upon t he
guantity of phosphorus acidic conpounds in the contacted water. The
gquantity of strong base need only be sufficient to reduce the phosphor us
aci di ¢ conpound concentration to the desiré® val ue, provi ded the pH of

t he contacted water does not exceed 7.5. WO 97/ 20797

PCT/ US96/ 19400 ' -67-

Optionally, an organic nitrogen conpound may be added to the reaction
product fluid, e.g., hydroffgeRdint@f of@afit nitrogarocbusiound that dnayt be scavenge

t he acidic hydrol ysis hyproducts forpged j f

or ganophosphi t e Iﬁlrﬁﬁ ,1¥1§;i‘etr5%"§’r?fl,prP@ﬁ%ﬁ@?p%‘é?@"%Bg{%?’ p%é’? éﬂ‘f‘mﬁo
4,567,306. Such aucidinicompoundsypresentipcipeteaskion product;Suifsiof thetbis with and
to neutralize th%n@%ﬂ&&i&@%ﬂ?%@&eﬁﬂdﬂﬁide £ Giitentration UFadldstsal t s
therewith, thereby preventing t g nmet al .e.&.{ rhodoluu® Jrﬁ)‘@r%{anpl exi ng
with the acidic tﬁﬁﬂ&“& s SHEEE STEAMC P PRRD OISR RY BF6Pect the
activity of the rmaetion preduct floistii Imgenexabthestatio offerganic mitregey esent in the
reaction zone undgiygqatodBtal Srganophokptiltoligaid whither be@ndlivittons. The
choi ce of the organi,c nitrogen %{)ngound f,or %Rlﬁg fl{rictslto oh o ll,flaﬁgrt,
dictated by the Furp; oriRrEsept as fpe qrganopiosppitelis At SgstAbopt DL 8flp e in
the reacti on nediewenandreimeferablyoit leastcabiout §c8:3) The upper limitanithe of al dol s

and ot her condensghhQRk of dRAidGlifrogén foriipSihd bmPldyedds Bowirnbd muidlly ¥ react
wi th the product

conpounds nmay co n‘f’gy g’y%erc%ﬁ%l?{j“ggx"%%i%agﬁ?% oﬂrﬁ?rbiﬁﬁ’,itr%%h%ogégﬁ% J SI 1E : S?neg
to 24 carbon at onwgaRophasphite melai natdossofatileasteabout Lilderl td aAboutisd as sai d
organi ¢ nitrogen ghoutdBR U ent T5ehRst perpges8ani ¢ ni trogen conpounds shoul d
have a 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 heterocyelic 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 allow both desired functions to be achieved.

Accordingly the water will not only remove free _
phosphoric acidic compounds from the metal-organophosphite ligand
complex catalyst containing reaction product fluids, the water also

surprisingly removes the phosphorus acidic material of the conversion
product salt formed by the use of the organic nitrogen compound
scavenger when employed, i.e., the phosphorus acid of said conversion



di stribution coefficient that favors solubility in the organic phase. In

general nore preferred organic nitrogen conpounds useful for scavengi ng
t he phosphorus aci di‘c conmpounds present in the reaction product fluid of
this invention include those having a pKa value wthin 3 of the pH of
the contacted water enployed. Most preferably the pKa val ue of the
organi ¢ nitrogWR%&pound will be essentially about t he s&FBUS/I9ME pH
of the water enployed. O course it is to be understood that while it
may be preferred to enploy only one such organi ¢ nitrogen conpound at a
time in any given process, if desired, m xtures of two or nore different
organi ¢ nitrogen conpounds may al so be-gmpl oyed in any given processes.
WO 97/ 20797
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Il'lustrative organic nitrogen conpounds .include e. g , trial kyl am nes,
such as triethylam.ne, tri-n-pr Iamneh tri-n- | am ne,
tri-iso-butyl anipred “FW”—RQPWM t ec‘F’PteF\'th%?It regted reaction

tri-n- oct y| ami neprodusefltid, along-withihe aeadtﬁfateﬂ (fede) yrgditiz aiteegdrani ne,
met hyl -di - n-octy éo%d?ﬁrd 1§Q~gtlhjﬁ‘3dltb @ﬁ? r@a?tx“ﬁlztmés substituted derivatives

t her eof cont ai ni ng ‘one gb:ubst I tuents such as
hydroxy groups, for exanpl@@h?rermmém %ﬁﬁ?ﬂl@dlw en et hanol am ne,

tris-(3-hydroxy p@r@ahgﬂolﬁﬁhdyphm%ﬂika&ﬁq:ﬂotﬂ&ed hﬁtﬂr(ﬁ%’lghts%re eMiplepsd fan al so

be used such as ﬁ,y ceﬁeﬁ&%i%:%%;ﬁﬁ% h%ﬂ&ﬁgt’fnfsirewﬁ X‘éfd '{%ﬁsﬂg}lgﬂm i ne,

N- et hyl pi peri di
qui nol i ne, i so- oeroaesseschalin 1sh conditions sugh as geeavery pthee, as wel |

as, diazoles, trildéyde vidiovapirizepdeparatoniiel)he lopoless sn catatitidie | i ke.

A S0 St AL e LRI ol I R
N- met hyl di pheny| eomditions suqhwmttmw vanerizer employed in 'the separation and
N, N-di met hyl - 1- nxaa@b&éiyloa'ﬁh@mde dephﬂuctrﬂdﬁemsmmmdﬁ@mﬂﬁdmm two or

nore am no groups, SUC

rarret | et h ne .di am ne and
triethyl ene di arﬁnﬁ a lé%as bfeﬁ %"’%&gbl cycC 2 Qr nﬂm%’@ﬁg !t%an al so be
nent i oned. promoted rhodingt eatalyst tﬁglarwdzun errhaysh ceaﬁlﬁwaﬁéycbgef ul for
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
precipitation involves carrying out the invention described and taught
in copending U.S. Patent Application Serial No. (D-17423-1), referred
to above, which comprises carrying out the hydroformylation process
under conditions of low carbon monoxide partial pressure in the
presence of a free heterocyclic nitrogen compound as disclosed therein.
By way of further explanation it is believed the free
heterocyclic nitrogen compound serves as a replacement ligand for the



scavengi ng the phosphorus aci di c conpounds present in the reaction

product fluids of the this invention are heterocyclic conpounds sel ect ed
fromthe group consitsting of diazoles, triazoles, diazines and triazines,
such as those di scl osed and enpl oyed in copending U.S. Patent Application

Seri al (Dl‘z, ?%}, filed on an even date herewith, the pdisclogigee of
whi ch |s |ncorpora ‘fterei n by reference. For exanple, benzi'm dazol e and
benztri azole are preferred candi dates for such use.

[I'lustrative of suitable organic nitrogen conpounds i ncl ude those

perm ssi bl e organi c nitrogen conpounds described in Ki rk-Q hmer,
Encycl opedi a of Chem cal Technol ogy, Fourt-filEditi on, 1996, the pertinent

portions of which are incorporated herein by r ef er ence. WO

97/ 20797* PCT/ US96/ 19400
-69- - The amount of organic nitrogen corrpound that may be
present in the r 51‘&9146 fi

acidic comoundsqggtéésagﬁ?ﬂ &fde lgnﬁ%’%}%ﬁ ? mé?gleggﬁé?&%

i nvention is typiBatalppecies cenRrigingR ¢omplex e n?‘f%PPB?tlYB*‘OSJ-‘thl?eeast

about 0.0001 ol ehedetéroegclieiiardigen lcmbomllaﬁdpmpdwginphmﬁg swdh hérsh

reacti on product f f n conpound
to total organophosgwj‘{ns Pﬁganﬁ’?mﬂg‘{!’ﬁ %‘ﬁﬁﬁ th%?%@]bﬁﬁgg gt% present as
free or ganophospHpinimiziagthe foarmmationefa n30511° habovg mentioned fatalybicet er abl y at
| east about 0. 5: linadtiee tiP1e@E attivé inetdl spbéies. MiBfatthef theqriuedethat theogen

conpound enpl oyed | %tgﬁxgien&%a%gmx%tmgﬂl&tm nﬁﬁ%%ﬁil ofG si derations.

Organlc ni trogen COMPOUT 1 0S_ 0 at | east about

1 up to about Sienctivatiom tétrmggrmmthe;c@mse pHsugheantinpoys diguid recycle
It i's to be underggdiefbridifatdirdi dife tdi regergaation 5P thiddetive @ithlyey féni Said

scavenge sald PNORANONR. Gk SAIPNIRH I0hlBE G, HYREGBATIERR ar"ty?f

het er ocycl i c nitroge a
under harsh condi%epetien sm 0§§h@nal§tcuﬂar mm@ frapiation procgsginvolyedettyde,

vapori zer - separ atigibeliefed thighindeR thORigher Bgn PaSprédattpnhydrofdpHatian i on

Serial No. (D-174g8adiond 1%ftﬁrerrggct510 tRE Q¥fve t&t‘&@é‘% ombiexsca&ﬁjpnsmg metal,
e.g., rhodium, organopolyphosphite, carbon monoxide and hydrogen 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-
organopolyphosphite catalyst containing reaction product fluids in the
added presence of a free heterocyclic nitrogen compound having a five
or six membered heterocyclic ring consisting of 2 to 5 carbon atoms and
from 2 to 3 nitrogen atoms, at least one of said nitrogen atoms
containing a double bond. Such free heterocyclic nitrogen compounds
may be selected from the class consisting of diazole, triazole, diazine,
and triazine compounds, such as, e.g., benzimidazole or benzotriazole,



$

organi ¢ nitrogen conpound and sai d heterocyclic nitrogen conpound are
desired to be the sane and performboth said functions in a given
process, care should be taken to see that there will be a sufficient
anount of the heterocyclic nitrogen conpound present in the reaction
mediumto al sQ row de that anount of free heterocyclic n'tr§§f@§9gp9400

conpound int e.g., hydrofornylation vapori zer-se

that will allom/both deS|red functions to be achieved.

Accordingly the water will not only renove free phosphoric acidic
conpounds from the netal - organophosphite |igand conpl ex catal yst
containing reaction product fluids, the wgper also surprisingly renoves
t he phosphorus acidic material of the conversion product salt forned by
t he use of the organic nitrogen conpound scavenger when enpl oyed, i.e.,
t he phosphorus acid of said conversion WO 97/20797

PCT/ US96/ 19400 " r oduct
salt remains beh?'fﬂjﬁf%h{‘?‘iel‘%tt%?n frre’ 35 it goplies & sacfdrheeg%rtw%crlilc ni !p§aﬁct
fluid, al ong wittomprundsdsempexed t@mr@e)togxgladwnmacrd)g@tso ssshpound i s

returned to the ﬁ&@%e&@l’i‘c ﬁﬁﬂfgen compounds, i.e., saliﬁ&ﬁh &indH i@ﬁh@ﬂnb hae has been
observed when or gan p ﬂsg@me | i. and t.al cata sts are
enployed in pr R o & Q o P’Fﬁﬁ‘ W&F%FEV& J&?l

hydr of or nyl at i onprodpcbﬂanismth stulahtfreerimtemyﬂmmhmgendpmp@nsdsash as
recovery of the dlsg'gé;ggmgelwaqmaevaporl zer-separ at or i .e., the slow | oss
In catalytic activity oflthe cat a ﬁpbﬂ} e at Ieﬁ‘ﬁln part
to the harsh  conditi ons 5t REUR §°°flr¥ &y, efSrEeA 19 t he
separation and emphmmﬂyonéﬁteledw&émewntmlprogducompmndatstmaam ROF product
fluid. For i nfél@@ﬁ?rode%s hﬁaeéaﬁe‘m xﬁlﬁmsbh%o%%bram@é&ﬁa%el yphosphi te

pronot ed rhodi unj cat JS aced un e h condlltlo S such. as hi gh
tenperature and heper ?93%@‘6? Bé’glfr“ép OYFalR HeBVeRat al yst
deactivates at aproaesseanmosdr ﬁm:anmunhoiismb fret leeteroyclic Ridtogen t o t he
formation of an sérﬂﬁﬁl Hz%hrdaﬁditSBHSSE%C'tﬁéavapbhﬁhon may al so
be susceptible tolé@ CI |ta 0& er prolaon F % £ sucﬁ har sh
condi tions. SuchP&¢f geed.onlyhe EPEH RECS7RaY to furms

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
silicone side chain of sufficient size that it is immiscible in both the
reaction product fluid and in the aqueous fraction. The heterocyclic
amine may first be contacted with the reaction product fluid where
the acidity present in the reaction product fluid will be transferred to
the nitrogen of the heterocyclic amine. This heterocyclic amine layer
may then be decanted or otherwise separated from the reaction
product fluid before contacting it with the aqueous fraction where it



that the active catal yst which under hydroformylation conditions is
believed to conprise a conplex of rhodium organopol yphosphite, car bon
nonoxi de and hydrogen, |oses at |east sone of its coordinated car bon
nmonoxi de |igand during exposure to such harsh conditions as encount er ed
I n vapori zatiorwo\adp'i(m;n7 provides a route for the formation 0PCT/US96/19400
catalytically inaCtive or |ess active rhodi um species. The neans for
preventing or mnimzing such catal yst deactivation and/ or precipitation
i nvol ves carrying out the invention described and taught i n copendi ng
U S. Patent Application Serial No. (D-17423-1), referred to above, which
conprises carrying out the hydrofornyl atief-process under conditions of

| ow car bon nonoxi de partial pressure in the presence of a free

het erocyclic nitrogen conpound as disclosed therein. By way
of further explanation it is believed the free het erocyclic nitrogen

conpound serves 8Ese a ké te PRased MPhe het N athine [hRy¥
PCT/ US96/ 19400 Fiath GBI PEEEFAY a eyt pRise [The heterocye P%st car bon

: - 7d -
monoxi de | gand tR&Y Eagp Poretirreditosontact the feactipn product &Wélt al species
conprising a conpl ex of thFornptrposenofdmopuvienpionsiie teem “hydhecankorgriscycl i ¢
ni trogen poﬁpoun%oﬂ-%qnwfﬁﬂ ﬁf&@lﬂep%gsihw%pqlﬁﬂgqiam@ﬁt le@sflone
vapori zation separation. thereby. prevent i t.he formation
of any such abovewEpgs 0

or _.mninzin :
R pArbyR AZom. (SHEDRepRItble SR PRHpHS Maycalse
species. It is fdvieanetdransiedmdertoatims.hkn a breadaspeshdbe permassiblyt i
activily, oft he dibeixh éﬂﬁhﬂfe delBlic (dvstﬂ?%} Wfﬂdlﬁ%tél@éﬁ&‘%d Quid éylﬂﬁc,COU{ se
of such continuous IIqgujd ecycle of oy. i on is,due to.regeneration
of the active catmppehed ?WLP§%F%‘°he¢ré¥?FL%ﬂy° l%ﬁﬁh&rﬁfyéhﬁ’e‘l‘ré’fmaﬂfe%?‘gs in
the reactor (i.e.ndnadombticoygatic compoursdscwhizh caorte)subktittedar t i cul ar

hydr of ormyl ati on lﬁl{sgl%gﬁalgeavol ved. It I s believed that under the higher
syn gas pressure hydroformnyl ati F‘ .condi tions |D . he,reactor tge ctive
catal yst conpl ex conpri si nésr*\?ﬁg ereingthe terpn, 4 %}I‘ﬁutﬁq JEREPERRIALENE ¢ e,
car bon nonoxi de andludgdillbgemissible subgtitweards ofloxganic ¢opspdundsfurdesse of t he
carbon monoxi de | gL AgisE SABLARY. InWholdBep&] R RemliGan RYUBEATNSIHC

isge aspritnay

nitrogen |igand o recyc

That is to say, ORf %ﬂm%cyclig, ux:[arngi'teci 2}1 un gzlar?c %d,r pa?‘gl)gy%ics: Raa =
, 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.
Certain of the following examples are provided to
further illustrate this invention.
Example 1 .

Into a glass vessel was added a stock solution of 536
parts per million of hydroxy butyl phosphonic acid in butyraldehyde.
This solution was contacted with water in a weight ratio of 1.18:1
grams water to grams aldehyde/acid stock solution. The aldehyde and
water phase were contacted thoroughly to allow the separation of acid
between the organic and the aqueous layer to reach equilibrium. The



having a stronger ligand affinity for rhodium replaces the nore weakly
bonded heterocyclic nitrogen ligand of the recycled neutral I nternedi ate
r hodi um speci es. that was ‘formed during vapori zation separation as

menti oned above, thereby reform ng the active catal yst in the

hydr of ormyl ati on- r eact or. Thus the possibility of netal
catal yst deact WPH2¥A due to such harsh conditions is sai d RCGI/URE6/19400

m nim zed or prevented by carrying out such distillation of the desired
product fromthe netal - or ganopol yphosphite catal yst containing reaction
product fluids in the added presence of a free heterocyclic nitrogen
conpound having a five or six nenbered _hgterocyclic ring consisting of 2
to 5 carbon atons and from2 to 3 nitrogen atons, at |east one of said
nitrogen atons cont ai ning a doubl e bond. Such free heterocyclic nitrogen
conpounds may be selected fromthe class consisting of diazole, triazole,
d oz e, ot AR Ay ed B B trciy bty PSR ToAR R4S b9 fon

PCT/ US96/ 19400 chromatography after contact with the water giving 52.B%parts per and t he

like. The term "hil§en offiydroxyRRity15hdsPhoiit AclE FhO®4LEL &#@%&%&1@0

conpounds is enployed ., thereip to excl ude arﬁll ac) alts of suc

het erocyclic ni t"l“'ﬁi)’éﬂ?dwﬁﬁﬁﬁgwaﬁ%’f‘? e E&ﬁ‘&oﬁh%wﬁmrmsﬁy t he
reaction of any cohtmpédrild parisgier nidkigrooflslydrosg batyli phosplkornie acid. OThe
roduct fluid w 8 ' ot

p W Joltididh Robfiefert Doty e watdr arntagzgo @eﬁﬁﬁﬁﬂggﬁ?gﬁﬂ?& whil e

di scussed herein aboy 't 1s
it may be prefer"t"@bsdli)]c‘gsz'3 %r?p?%y only one free heterocyclic nitrogen

conpound at a time in any given process, if desired, m xtures of two or
nore different free  heterocyclic nigrodsp gonpounds may al so be enpl oyed
I n any given pr ocess. &(greover t he 1 f such free heterocyclic

ni trogen conpounds pr ed8H coptral sxampleillustrates thastabity of Ligand F

vapori zati on (ps ideatified, hereny) in algplutéor dwitaining 20Mpaniper m3LessAry to

furnish — the hagafnd Undd.3bR5ent Bwdlkhl B EifhhQ'F Hf byFdGRLAL VSt
it A e e S vl 0

. . n
deactivation as, m ght

i denti cal netal containingal
essenti al | y t he benzimidazole.

To a clean, dry 25 milliliter vial was added 12 grams of
the butyraldehyde solution mentioned above. Samples were analyzed
for Ligand F using High Performance Liquid Chromatography after 24
and 72 hours. The weight percent of Ligand F was determined by High
Performance Liquid Chromatography relative to a calibration curve.

"No change in the concentration of Ligand F was observed after either
24 or 72 hours.

Example 3
This Example is similar to Example 2 except that

phosphorus acid was added to simulate the type of acid that might be
formed during hydrolysis of an organophosphite.

The procedure for Example 2 was repeated with the
modification of adding 0.017grams of phosphorous acid (HsPO3) 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.



sanme conditions, in the absence of any free heterocyclic nitrogen

conpound during vaporization separation of the al dehyde product. Amount s
of such free heterocyclic nitrogen conpounds ranging from about 0.01 up
to about 10 wei ght percent, or higher if desired, based on t he total

wei ght of the r‘ﬁ@g{&og% product fluid to be distilled shoul d bgcrmsesnsses
sufficient for pur poses. An alternate nethod of

transferring acidity fromthe reaction product fluid to an agueous
fraction is through the i nternedi ate use of a heterocyclic am ne which
has a fluorocarbon or silicone side chain of sufficient size that it is
I mm scible in both the reacti on product748-luid and in the aqueous
fraction. The heterocyclic amine may first be contacted with the
reacti on product fluid where the acidity present in the reaction product
fluid will be transferred to the nitrogen of the heterocyclic am ne.

This heterocycli ﬂ,ﬁéﬂ&gg él-?&(@é’thal{t) rsg%é Ealgﬁguciggalgsga{g §é&boripoRitite! ¥f Sigand

separated fromt reaction efore contacting it with the
aquecus fractionKahere it WD 97/ 20797
PCT/ US96/ 19400 -73- agai n woul d

exi st as a separate phase. The het er oc | g ne | ayer may then be
returned to contact the reaction producT ] g&il pur poses
of this invention, the ter Fhisiwrmpleissimilasto Example2 exeept that botly yde al |
per mi ssi bl e conpqiKadshdirasisedl #id bewsinidawole whywaddmhh and one carbon atom
Such per m ssi bl e conpounds az-\ég @;] L9aihens. In a
broad aspect, the perm s_sigF§¥f&lf$§§F%i(‘:°2r on ?rﬁﬁ%@é}%gyp fﬁc Z%ﬁé? or

wi t hout het er oat anedifigatdor pfadding 0.0 8-gramspf ahesnheroys asidand yclic and
het erocyclic, ar QfahisGfdeflzimidagsle eortié solatiganNo deeompositionvdfilipandhR be
substituted or unsubsti tuted, . . o arTgeY QAGidLr M
"substituted" is %%sné%ﬁﬁea‘#%fgeqeéth_erizﬁc?ru,? eh%lrrfs'igehrlér:gig%?%% sﬂli}ﬁa{‘ﬁ uents of
organi ¢ conpoundfbensissidazale effectively buHeretheeflecto rséléﬂlga%ﬁb‘iéf‘, t he

per mi ssi bl e substghbrR sreventdthe ¢apiddeebinpositidn@f Eigand Br anched and
unbranched, carbocyclic and het erocyclic, aromatic and nonaronatic
substituents of organic

Example 5

The following series of experiments were performed in
order to determine the relationship of the pKa of a base to the
effectiveness of the base to remain in the organic phase upon contact
with an equimolar aqueous acid solution. In all cases the experiments
were performed under nitrogen, unless otherwise specified.

Solutions were prepared by dissolving a quantity of acid
or base in solvent so that the final concentration was equal to 0.1
moles/liter. The 1 x 10-3 moles/liter solutions were prepared by taking
an aliquot of the 0.1 moles/liter solution and diluting to the specified
concentration. The 1 x 105 moles/liter solutions were prepared in the
same manner as the 1 x 103 moles/liter solution with the modification
of using an aliquot of the 1 x 10- moles/liter solution in place of the 0.1
moles/liter solution. :

In each extraction experiment, 5 milliliters of base
solution in butyraldehyde was added to a clean, dry vial. To this vial
was added 5 milliliters of equimolar HgPOg solution. The resulting
mixture was rapidly shaken for several minutes and then allowed to
phase separate. A 1 milliliter aliquot of the aqueous layer was then



compounds. Illustrative substituents include, for exanple, alkyl,

al kyl oxy, aryl, aryloxy, hydroxy, hydroxyal kyl, am no, am noal kyl,

hal ogen and the like in which the nunber of carbons can range from1 to
about 20 or nore, preferably from1l to about 12. The perm ssible

substituents can _be one or nore and the same or different for E ro rlate
organi ¢ conpoP20MRi s i nvention is not intended to be | iREHEY ?

manner by the perm ssible substituents of organic .compounds.

Certain of the follow ng exanples are provided to further illustrate this
i nvention. Exanmple 1 Into a
gl ass vessel was added a stock sol ution #g§.536 parts per mllion of

hydr oxy butyl phosphonic acid in butyral dehyde. Thi s sol ution was
contacted with water in a weight ratio of 1.18:1 grans water to grans

al dehyde/ acid stock solution. The al dehyde and wat er phase were

contacted thorou al | M/th r an_of, acid et e organic
and the aqueous aﬁfléfm% E’F‘P’e“ﬁ'ﬂ f‘h#h’s jl was added % @gﬁ%‘%

PCT/ US96/ 19400 pH 7 sodxumlpotassmm phosphate buffer and 0.1 milliliter of Tergital®yde
phase was anal yzed.d Q&er&%PXThQ%MhoHWQPﬂ&ﬁ bibully, A8 an aliquot

of Pydr oty but yWabABEBHENPE bih BerforBsqeR uipiet %'%WSZ PRt S e by "
i on chr omat ogr aginyeritorThehamaantiof Hase waxt Brenpivagmred odth ai ned 414 parts per
mllion of hydrcﬂ%ﬂlo@b’x‘iﬁéﬂm‘?ﬁ%ﬂﬂ%ﬂQtﬁféﬁmgl%ncem&ﬁbﬁ' TBe‘i;Q%{:b L ent

bet ween the water _and t

ral d de, phase
Exanpl e 2 " coefii icients cglg éﬁf?g‘?'y gPﬁﬁ@tﬁ?aéFg?’?#éeg‘fgi‘ﬁ‘i‘q ity of
Ligand F ( as p}ﬂksettnfthedvdter phase amd i& definetliasiK eonhonnt ofhaOfin phas t s per

Ml ion of o "ot BBl oPBREH tﬂyorgﬁhw};hagé Q381G bfthe

butyraldehyde contalning a di nmer & tng{ I'n the absence of
added acid or ©HERFIOR gpEpiment re ‘Summarized in Table



To a clean, dry 25 mlliliter vial was added 12 grams of t he

but yr al dehyde sol uti on nenti oned above. Sanples were anal yzed for Ligand
F using H gh Performance Liquid Chromatography after 24 and 72 hours. The
wei ght percent of Li gand F was determ ned by High Per f ormance Liquid

Chr omat ogr aphy to a calibration curve. No change i #1 S96/19400
concentration o |gan F was observed after either 24 or ourss.

Exanpl e 3 This Exanple is simlar to Exanple 2 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 2 was repeated with the nodi ¥17eat i on of addi ng 0.017grans of
phosphorous acid (Herr]PJerr]) to the 12 gram solution. After 24 hours
t he concentration of Ligand F had decreased fromO0.39 to 0.12 percent by
wei ght; after 72 hours the concentration of Ligand F had decreased to

0. 04 percent by weight. WO 97/ 20797

PCT/ US96/ 19400 - 75- This data
shows™ t hat strong acids cat al yze the decorrp05|?| on of Li gand F.

Exarrpl e 4 Hait- -|:Aa|1p| e I ST | o i et
both  phosphor ugB¥ld and i m daz | ancent G [Concentrah Tﬁgﬂ
procedure for Exanpldqg 2 was repeated 't‘ﬁ‘ tih dificatipn ofBaddijin

0. 018 grans of phaspHarous acid and O (mglLe iterdt heonz|(moles/lites))i o0 tlhe

sol ution. No decdndodi t 2evenaylpyridined H 5l/v.=_s bd&dveHaPOe| dixbe? 40.28| 72
hours. This shows thdt CHenzglpyridive |ob.dodnzl wildfzof H:ROS iz 20§ H@f{mars
the effect of thg $Strlong aqaitioline t Heddby pl eddrt s| HEROs ppildk 103 |0.43

deconposi tion of |Li4gggdnd F. guinoline 48 | 1x10% |H3PO3| 1xa0®l q1320

5 3-acetylpyridine 3.3 1x103 |HsPO3| 1x103 |0.93

6 3-acetylpyridine 3.3 1x105 |H3PO3| 1x105 [0.00

7 benzotriazole 16 1x10% |H3POs| 1x103 |0.08

8 benzotriazole 1.6 1x105 |HsPOs| 1x10% [0.00

9 1-benzyl-2- -0.7 1x103 |H3PO3} 1x103 {0.02
pyrrolidinone

10 1-benzyl-2- -0.7 1x105 |HsPO3:| 1x105 |0.00
pyrrolidinone

The results show that the smaller the pKa of the base, the more
base remains in the organic phase.



The follow ng series of experinments were perfornmed in order to determ ne

the relationship of the pKa of a base to the ef fecti veness of the base
to remain in the ordani c *‘phase upon cont act wi th an equi nol ar agueous
acid solution. In all cases the experinents wer e perfornmed under

ni trogen, unl e§,§ of herw se specifi ed. Sol utions were
prepared by di ¥90/"4 a quantity of acid or base in sol vERFUSE/INM t he
final concentration was equal to 0.1 noles/liter. The 1 x 10[err]
noles/liter solutions were prepared by taking . an aliquot of the 0.1
noles/liter solution and diluting to the specified concentration. The 1
X 10[err] noles/liter solutions were preppg.ed in the sane nmanner as the
1 x 10[err] noles/liter solution with the nodification of using an
aliquot of the 1 x 10[err] noles/liter solution in place of the 0.1

nol es/liter solution. In each extraction experinent, 5

mlliliters of base sol ytj,on in,butyragld d added, o a.c]ean, dry
vial. To this vial was é@ﬂb"a‘gy]‘heﬂﬁﬁff oé’regx% ee\g‘ﬁ%‘ﬁg"laﬁ‘?dhé?‘?fm err]
sol ution. The r ofthe pregedingrexamples, itais nosio bk yonstaiethas beingdimitad m nut es
and then al | oweghéby; bityatRerS Qﬁéiﬁeﬁtioﬁge%:cmnbhbiésttﬁé gehéQb@tedds t he

ggilj-? (L)JEEG} igigom%seréirqg&ore discloseé{\%%/o%g x7nodiﬁcations and embpodiments ¢an, sf er r ed
to a clean, drybeimdde Withohi deparsingfasmdlid egirit arid édope thereof. pH 7 _
sodi unf pot assi um phosphate buffer and 0.1 mlliliter of Tergitol 15-S-9
surfactant. The sol uti on was shaken vigorously, and an ali quot was

anal yzed by high performance |iquid chromat ography for base content. The
anount of base was then conpared with a  dichl oronethane solution at the
initial concentration. The partition coefficients calculated are for
partitioning of the base fromthe organic phase to the water phase and is
defined as K = anobunt of base in the water phase/anount of base in the
organi ¢ phase. The results of the extraction experinment are summarized in
Tabl e A



WD 97/ 20797
PCT/ US96/ 19400

'_(I)'?bl e A OnRun Base Jl“l“”“l“;“ﬂ““rﬂﬁl‘ltratl AC| d Concggtsreatl
(nmoles/liter) s/liter) . 2- benzyl pyri di ne

10[err] Herr] H&%’wﬁ 1 X 10[err] 0.22 2 2- benzyl p?ﬁ%‘é{fsggbm

1 x 10[err] Herr]Pgerr] 1 x 10[err] 0.30 3 qui nol i ne
4.8 1 x 10[err] Herr]Pgerr] 1 x 10[err] 0.43 4

qui nol i ne 4.8 1 x 10[err] Herr]PJerr] 1 x 10[err] 1.20 5
3-acetyl pyridi ne 3.3 1 x 10[err] Hré&+r]PJerr] 1 x 10[err] 0.93
6 3-acetyl pyridi ne 3.3 1 x 10[err] Herr]Pderr] 1 x 10[err]
0. 00 7 benzotri azol e 1.6 1 x 10[err] Herr]PO[err] 1 x
10[err] 0.08 8 benzotri azol e 1.6 1 x 10[err]

Herr]PJ err] 1 x 10[err] 0.00 9 Claimg 1-benzyl-2- -0.7 1 x
10[ err] H[err]PCIerr] 1 x 10[err] 0.02 pyrrolidinone 10
1- benzyl - -0.7 1 x 10[err] Herr]Pgerr] 1X 10Lerr] 0. 00
pyrrolidi none 'Tha. r esAlprecesh fov separatingorerat hwire phespiiausf t he

base, (he rmore  RARE copBfids fbm! A edttidAIr6d@ATARA containing S 8¢ 39797
more phosphorus acidic compounds, a metal-organcphosphite ligand
complex catalyst and optionally free organophosphite ligand which
process comprises treating said reaction product fluid with water
sufficient to 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 water
sufficient to 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
nietal-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 water sufficient to remove at least
some amount of said one or more phosphorus acidic compounds from
said reaction product fluid.

4. 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

K
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Al t hough the inventlon has been illustrate
certain of the precedi ng exanpl es, is not to be construed as
limted

as

made without departin P fromthe d$pitit"and scope thereof. VO
97/ 20797 . ~ WO92079 PETUSY#19409400
-79- d ai s 1. A

process for separating one or nore phosphorus aci di ¢ conmpounds f
reaction product fluid containing said one or nmor e phosphorus ac

conpounds,

free organophosphite |igand which process conprises treating sai
reaction product fluid with water sufficient to renove at |east
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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
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 scrubber 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 water sufficient to remove at least some amount of the
phosphorus acidic 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.
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6. The improved process of claim 4 which comprises (i)

reacting in at least one reaction zone one or more reactants in the



conprises treating a reaction product fluid containing a netal -

of ganophosphite Iigand conplex catalyst and optionally free
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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 wherein the water
introduced into said at least one reaction zone and/or said at least one
separation zone is an amount sufficient to produce a separate aqueous
or water phase in addition to an organic phase.

9. The process of claim 6 further comprising
separating the water from the reaction product fluid.

10. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
the contacted water has a pH of from 2 to 7.5.



whi ch al so contai ns phosphorus aci di ¢ conpounds fornmed during said
process, (b) treating in at |east one scrubber zone at |east a portion of
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14. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
said reaction preduct 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.

15. The processes of claims 5 and 6 wherein said
separating of one or more products from the reaction product fluid
occurs prior to or after treating at least a portion of the reaction
product fluid derived from said processes and which also contains
phosphorus acidic compounds formed during said processes with water.

16. The processes of claims 1, 2, 3, 4, 5 and 6 further
comprising treating the contacted water which contains phosphorus
acidic compounds with a strong base sufficient to neutralize at least
some amount of the phosphorus acidic compounds.

17. The processes of claims 1, 2, 3, 4, 5 and 6 wherein
said metal-organophosphite ligand complex catalyst comprises
rhodium complexed with an organophosphite ligand selected from:



8. The process of claim6 wherein the water introduced into said at

| east one reaction zone and/ or ! gl M“Ee separation zone is an
anount sufficient to produce 4‘“&‘&“@3‘“@“‘ or water phase in
addition to an organic phase. « ¢ t ® S *9  The process of claimé
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10. The processes of ‘clains 1, 2, 3, 4, 5 and 6 wherein t he contacted
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11. The process of claim5 in which the water after treating in step (b)
contai ns one or nore al dehydes: -83- 12. The process of claim 11

further conprising recovering said one or nore al dehydes fromthe water
after treating in step (b) and returning the recovered one or nore
al dehydes to said at |east one reaction zone or said at |east one
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honmbgeneous or het erogeneous. 14. The processes of clains
1, 2, 3, 4, 5 and 6 wherein said reaction uct fluid contains a
honogeneous or het erogeneous netal-orgapp Fie | i gand conpl ex cat al yst
or at least a portion of said reaction pPQduqy luid contacts a fixed

het er ogeneous netal - organophosphite |igandQonpl ex catal yst during said
processes. 15. The processes of clains 5 and 6 wherein said
separating of one or nore products fromthe reaction product fluid occurs

prior to or afteyhbrSARINREpPEsenea suBstiited 8P uAbubstRut&P&Eivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(ii) a diorganophosphite represented by the formula:
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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 o
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(i1i) a triorganophosphite represented by the formula:
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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:



product fluid derived fromsaid processes and which al so contains
phosphorus aci di c conpounds forned during said processes with water.

16. The processes of clains \]I“I“mm 6. further conprising
treating the contacted water ! Iﬂuﬂ Lsphorus aci di ¢ conmpounds
with a strong base sufficient tb rfeutralizé at Ieast sonme anount of the
phosphor us aci™f ¥ 2% pounds. 17.” The processeEI/B64940 ns 1,
2, 3, 4, 5 and 6 wherein said netal -organophosphite |igand conpl ex

cat al yst conprises rhodium conplexed with an organophosphite |igand
selected from WO 97/ 20797

PCT/ US96/ 19400 _84- - 83- (i) a
nonoor ganophosphite represented by the fornula: [err] wherein R err]
represents a substituted or unsubstituted trival ent hydrocarbon radical
containing from4 to 40 carbon atons or greater; (i) a

di or ganophosphite represented by the fornul a: [err] wherein R2

represents a substituted]|or un%ubstltut d dl‘VSﬁ@_’[
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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, 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 + bis 2 to 6 and n 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 phosphorﬁs acidic compound and said organic nitrogen
compound are also removed by the water 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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represents a substituted or unsubsti.tuted nonoval ent hydrocarbon radical

containing from1l to 18 ecarbon atons or greater; (i) a
triorganophosphite represented by the fornul a:

[err] Eﬁ ¢h R6 is the sane or different and repr @ggnisdeP4oo
substituted or unsu tituted nonoval ent hydrocarbon radical; and

(iv) an organopol yphosphite containing twg/er nore tertiary (trivalent)
phosphorus atons represented by the formula: WO 97/ 20797

PCT/ US96/ 19400 -84- J[err]

wherein X represents a substituted or unsubstituted n-val ent hydrocarbon
bridging radical containing from2 to 40 carbon atons, each R7 i.s the sane
or different and represents a dival ent hydrocarbon radi cal containing from
4 to-40 carbon atons, each R err] is. the sane or different and represents a
substituted or unsubstituted nonoval ent hggGogar bon radi cal containing from
1 to 24 carbon atons, a and b can be the same or different and each have a

value of 0 to 6, w r OVi SO sumof a + bis 2to 6 and n
equal s a + b. EatayQ%eRJr ‘ &Q%W&gﬁn

Gas Vent

Aldehyde
back

S Condenser 10
8 process
= Organic j———g
i
Aqueouy
o
Q.
= g
Catalyst from Acidic Wat @
Reactor or Recycle cidic Water £
th.aldﬁhldﬂ.» ®  ly——
a
Steam
. >
Acidic Waste
Water .




by

‘. 18.

conpounds present

fluid and wherein at
of the conversio

conpound

treatnent. j

PCE

and sai ani ¢ nitrogen

The processes of clains 1, 2, 3, 4, 5 and 6 wherein
n-the reaction product fluid are
organi ¢ nitrogen compound that is also present in said
| east some anount of the
duct's ofy dlienh@ACkiaP B
C BiRpewiil I
NTERNATIONAL APPLIGATION TO/BRISHES UNISERCTHE P ATERTICOOWERATION TREATY @81y C

tE

78024 34~7

phosphorus aci'dic
scavenged by an
feacti og product
phosphor us aci d@fgynpound

. i . )
mg@u i,d phos B aci dic

PRATHAN
SO0 renpved by"tl he water

ni troge T T g=yoq fromrt tp—consTstTmg—of azot

Criazol o) Tmber) Paeent Chsoicgtor s © 7 (i1) ternation) Bublicafes Numperic o s <4 SV B 97/20797 |
claim19$ V\/rf&’&‘ﬁ:, %M’Sr%&nmn 318, ogdrblc £ ASichst PRAAGI Ba@aZO! €3 R 1997 (120697
benzot r iazele

3

1 Intemati_oml Application Number:
(22) International Filing Date: / 5 December 1996 (05.12.96)

PCT/US96/19400 |

50 5 74 US

1995 (06.12.95) / US
6 December 1995 (06.12.95) V’US
6 December 1995 (06.12.95) v'US
26 November 1996 (26.11.96) wUS

60/008,763
753,503

(71) Applicant: UNION CARBIDE CHEMICALS & PLASTICS
TECHNOLOGY CORPORATION [US/US}; 39/01d Ridge-
bury Road, Danbury, CT 06817-0001 (US). : \/y

(72) Inventors: BRYANT, David/Robert; 1201 Shady Way, So.
Charleston, WV 25303 (JS). NICBOLSON, James, Clair;
1204 Woodiand Avenu¢ West, So. Charleston, WVSSOB
(US).

(74) Agent: WIGGINS, Karen, Johnson; Union Carbide Chemicals
& Plastics Technology Corporation, 39 Old Ridgebury Road,
Danbury, CT 06817-0001 (US).

\//

v

T) Designated States: AL, AM, AU, BB,

BR, CA, CN, CZ,
EE, GE, HU, 1§, JP, KG, KP, KR LR, LT, LV, MD,
MG, MK, MN, MX, NO, NZ, PL, ROL@SI. SK, TR, TT,
UA, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, T™M),
European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,
GR, I, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,
CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).

BG,
LK,

Published

v

With international search repori.

v

(54) Title: IMPROVED METAL-LIGAND COMPLEX CATALYZED PROCESSES \/ V4

(57) Abstract

This invention relates to a process for separating one or more phosphorus acidic compounds from a reaction product fluid containing
said one or more phospherus acidic compounds, a metal-organophosphite ligand complex catalyst and optionally free organophosphite
ligand which process comprises treating said reaction product fluid with water sufficient to remove at least some amount of said one or

more phosphorus acidic compounds from said reaction product fluid.




