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PROCESSES EMPLOYI NG | NDI CATOR LI GANDS . Brief Summary
of the Invention Technical Field This invention relates to
processes enploying a netal - organophosphorus |igand conpl ex catal yst and,
as indicators ofyp@pgagopol yphosphite |igand depletion in sai pcRRRSGHINS,
one or nore sterically hindered organophosphorus |igands. Background of
the I nvention Or ganophosphi ne- pronot ed r hodi um

hydr of ormyl ati on catal ysts, especially triphenyl phosphi ne pronoted rhodi um
catal ysts, have played inportant roles in the past and continue to play
important roles in the production of al ddhydes.fromterm nal ol efins.

The or ganophosphi ne |igands have several essential functions in the

catal yst system First, they noderate the chemical reactivity of rhodi um
As a result, the rate qf productign of aldehyde | o iﬁiornylation
process is a function FROGE e So b 3 DS oncentrati on.
Furthernore, the selectivity of an organophosphi ne-pronoted rhodi um

catal yst systemis often dependent on the concentration of the Iigand

present. For exanple, the hi gBQ{efSIﬁgnha%" PORIh¢ TRGeStéH Ne concentration is,
t he nore nor mal :Eacédehgsﬁ %Eroduct I'S produced. A second
it will

function of the hine ligand is to keep the precious rhodiumin
sol ution so that s bwehtion relates tooproresses employingpasetai-on to t he

reaction vessel sorgfigphdspRofisAaMAN@siler Batal iR Bddi 8s HiiBktokPoff hOdi UM the
solubility of rhodiumin orgsi}l Eiﬁsm V. niﬂ‘%i i.nclu |£{g al de(g%des I S

i ncreased. This TTRAPRRALYPhGTPEYE Iaf"f]t‘ﬁp OPHB(ﬂal‘fﬂP EPE5 ¥ ML ance of

r hodi um bei ng prsferipalinhisdered oxganppleospbarus igargdsl ut i on and beconi ng

I nactive and unrecoverable. Al so, organophosphine |igands hel p prevent

rhodi um Background of the Invention
Organophosphine-promoted rhodium hydroformylation

catalysts, especially triphenylphosphine promoted rhodium catalysts,
have played important roles in the past and continue to play important
roles in the production of aldehydes from terminal olefins.

The organophosphine ligands have several essential
functions in the catalyst system. First, they moderate the chemical
reactivity of rhodium. As a result, the rate of production of aldehyde in
the hydroformylation process is a function of the organophosphine
ligand and its concentration. Furthermore, the selectivity of an
organophosphine-promoted rhodium catalyst system is often
dependent on the concentration of the ligand present. For example,
the higher the triphenylphosphine concentration is, the more normal
aldehyde product is produced.

A second function of the organophosphine ligand is to
keep the precious rhodium in solution so that it will not be lost to
precipitation or deposition to the reaction vessels. When the
organophosphine ligand is bound to rhodium, the solubility of rhodium
in organic solvents, including aldehydes, is increased. This increase in
solubility of rhodium decreases the chance of rhodium being

- precipitated out of the reaction solution and becoming inactive and
unrecoverable. Also, organophosphine ligands help prevent rhodium
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-2 - fromformng | arge cluster conpounds which are | ess soluble in
organic solvent and are nore:likely to precipitate out of the reaction
sol uti on. Recent advancenents in hydrofornylation catalyst

technol ogy include a new cl ass of organophosphorus |igands called

or ganopol yphos M 17€87%hi ch have been shown to be superior in PEEYSI4%3ect s
t o organophosphi nes in pronoting rhodi um based catal ysis. Sone of the

or ganopol yphosphi t e- pronot ed rhodi um hydrofornylation catalysts have been
shown to be many tines as active as the triphenyl phosphi ne-pronoted
rhodium catalyst. There is one characterpstic of the

or ganopol yphosphi t e- pronot ed rhodi um systéns which differ fromthe

or ganophosphi ne- pronot ed rhodi um systens, especially fromthe

tri phenyl phosphi ne- pronot ed rhodi um system \While a stoichionetric anount

of the organopolyplasaithy tareR dildtr &fmpé il wiichare $6HsisoReble on REQAHEE
desirabl e catal yst system the tivit .adsele[g*wtx of t(ﬁe.

or ganopol yphospfP E‘-‘%f"’b m%ﬁ”?ﬁ%%?hrﬁ%é?&’?i}if;;:r Sf'g ‘Efé%ﬁmgﬂf’nbn t he
anount of or ganopol yphospRedent ladyammndrds i hydodiormnyation catalyst .

Si nce or ganopol yohos, '.tiﬁagﬁf% 61atl bf bigibbph@ionsHil heldseallignoe, they

are nore expensive. [ eref oy e, not 0 enpl.oy.any excess
or ganopol yphospﬁFE%“’Pﬁ%Yvi’iP ‘F@q‘ﬁf"r‘@ ave hegR S 8**38@%&52?9@1 Yt i on
where it coul d aspertgto orpdasphadphinesdagratmtingirhodiaun besed catadysis.ore, a
practical hydro E QP b/ phobphive 538548 08um hydroformylati
or ganopol yphos pﬁ@dﬁhmt%ﬁgﬁurﬁ can(fH'st nao hﬁ&eya gu%xﬁylaolv(\)gr | i gand
concentration i ﬁa@il‘ﬁtﬁ e pgen AovER §%hsm%ﬁm§-%ra& BA§t8Ystem As a
resul t, a desir alipherylphodphifie-pporgetedrbodimeptalyst. IThgneds ome be enpl oyed
woul d be the Saig. (ke EAIREUEMIpAROsHIAL pRimbdia sasi RyaRloyed. |0
practice, however, _1.f_wou gea a sli'ght” excess %:‘ tHe
or ganopol yphos pAvhieh gifferfaom dhe graanopbpfphing SRR ARY DoRIm SEFPS hor t of
t he organopol yplspqrhallyefroin g tdiphedylphesphinat protoseds thedivinl dysb@have as
desi gned. While a stoifflioffttit ARRANERPUR o@aRopllybhSsphincid was ool 2
ligand in the c j\ yst sys,eg1 EN ee&) I’.h%(ill um i n sol utl(%ﬂ aw 10
prevent it rhodium 1s required to produce a desirable catalyst system, the activity

and selectivity of the organopolyphosphite-promoted rhodium catalyst

are less dependent on the amount of organopolyphosphite beyond the

stoichiometric amount.

Since organopolyphosphites are more difficult to

synthesize, hence, they are more expensive. It is therefore not

desirable to employ any excess organopolyphosphite than the required

amount to the catalyst solution where it could undergo undesirable

degradation reactions. Therefore, a practical hydroformylation

catalyst system based on organopolyphosphite-promoted rhodium

catalyst may have a much lower ligand concentration in contrast to an

organophosphine-promoted system. As a result, a desirable amount of

organopolyphosphite ligand to be employed would be the same molar

concentration as that of the rhodium employed. In practice, however,

it would mean a slight excess of the organopolyphosphite ligand to

ensure that rhodium is not being short of the organopolyphosphite

ligand and the catalyst system will behave as designed.

As mentioned above, one of the functions of a ligand in

the catalyst system is to keep rhodium in solution and to prevent it
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precipitating out of solution and beconming intractable. Since it is not
chem cally and econom cally desirable to enpl oy organopol yphosphite
ligands in the amunts that organophosphine |igands are enployed in the
correspondi ng hVHPZ)'??ﬁ"hyI ation system there exists a risk of’&’é@?qﬁ:’”
rhodi umin the organopol yphosphite- pronoted catal yst system which enpl oys
only the mninum anmount of organopol yphosphite ligand required for rate
and isomer ratio purposes. Conceivably, any phosphorus |igand can undergo
reactions, expectedly or unexpectedly, hywhich it will be consunmed. Wen
this , occurs in an organophosphi ne-pronoted rhodi um catal yst system
unl ess the reaction is extensive and drastic, the effect on the rhodium is
m nimal since there is a |arge anount of organophosphine Iigand present to
absor.b any consifitemzireec pitmtingt oudfof kolgtiod andssecoifimeg inthadable Rinkelitdsi | | be
very much sol ubild Je ; SERPN ' act abl e.

y . ﬁdtzc%@nﬁ&igpéx% nnmtmiéé-lﬁfple {H‘ﬁxg&»ﬂ%’

1 e
In contrast, if by an ns. t.hat ganopo phite _ligand is
consuned, the or‘ﬁéﬁﬁﬁ%‘?lg&‘ﬁ?ﬁ#ﬁl apgds in {hig a E‘Péﬁ‘ihaﬁ%ﬁ’?ﬂ?h" €3 i ni num
or ganopol yphospHigsndsiayarthplaypd indliefcorrespatdihg dydroformylatiopesystemul d be at
ri sk of 10sing rijagl Ul tﬁﬁ of Wl AF AN G iQ/eHl orddicholybagERySe Lhe system
and t he l;ar Tatro of

does not have much excess |1 o[%gq bef or e Ol
or ganopol yphosphTeEated spilyss sysism W mployp anlythempiimumeamauat ofnce
t hat nol ar rati corganbmdgphdsphitstiigantireqnired for ratdrand isoner ratior i sk of

T st 35 POk S o MOABRARAEHS e AR,
It has been di scPEFEAD Franexpertedy, bysrhichit yilhbe genatmed. g WhepHddphor us
| i gands can be uwsedrsas amorgaabplicsphinepomiated ripdianpbatadyst isgstech,depl et i on
in chem cal procglg&sStheMieibsld ﬁs){vg'jaﬂg‘ ﬁ?ﬁicﬁiﬂé‘@ﬂé’éﬁ%ﬂ{ﬂ%@ﬁdi*&ands are
uni que in that t,h%, (;anl gl vet}l1 n |,cat1| ons att tf e or g%nop}(l), ypl, os% Ite
concentration hdsmimmal since there is a large amount of organophosphine ligan
present to absorb any considerable amount of ligand loss. The
rhodium would still be very much solubilized and protected from
becoming intractable.
In contrast, if by any means that the organopolyphosphite
ligand is consumed, the organopolyphosphite catalyst system in which
only a minimum organopolyphosphite ligand required for operation is
employed, would be at risk of losing rhodium to its intractable form.
This is because the system does not have much excess ligand to lose
before the molar ratio of organopolyphosphite ligand to rhodium falls
below stoichiometric. Once that molar ratio is less than stoichiometric,
rhodium is at risk of becoming intractable.
This invention provides a unique and highly desirable
solution to this problem.

Disclosure of the Invention

It has been discovered that certain sterically hindered
organophosphorus ligands can be used as indicators of
organopolyphosphite ligand depletion in chemical processes. The
sterically hindered organophosphorus ligands are unique in that they
can give indications that the organopolyphosphite concentration has
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whi ch needs to be increased, and they can also serve to protect the netal,
e.g., rhodium from becom ng intractable by helping to keep rhodiumin

sol uti on when organopolyphosphlte | igand concentration is depleted in
chemni cal proce¥€¥20 This invention relates in pBET/USNG/13373
process which conprises reacting one or nore reactants in the presence of
a netal - organopol yphosphite |igand conpl ex catalyst and optionally free
or ganopol yphosphite |ligand, and an anount of a sterically hindered

or ganophosphorus |igand different fronlthi_organopolyphosphite | i gand of
sai d ,net al - or ganopol yphosphite |igand conpl ex catal yst, to produce one or
nore products, wherein said sterically hindered organophosphorus |igand
(i) has a coordination strength with respect to the netal of said

net al-- or ?anﬁpol yedubieAli peint Mﬁﬂd' nééiimb@e inafeakbyd,tand By cahailsd é’éi’-ve to g
or ganopol yphosp ai an
conpl ex cat al ysE‘l' %t%c‘l’ }%\?\ﬂgta t% Fg9< {?%m%eg‘%#gé) #P{E?&Q bPﬁei};l b3
netal - sterical | ok #ﬂd phenwrganenolyphasphite digandt al yst ,
provi des a reacbbﬁénhq;tﬂnpi% dRipleted s cgéngg[ ﬁﬁ;}'@_\s&fs the reaction rate

ided by th | h hit
et al - or ganopol yphosphi t ot TS S REPS G R dn Part B & prosess BBiMnal 1y has

coordi nati on st cemgrisesvreastingnpecr meretrieactantain the presencesafal metal-

or ga?op;ﬂ yp{]os phl %&dpb%h@sﬂﬁ'ﬁ@hgén& ééxﬂblé&tcaﬁil?éi 8hd b?ﬁ@neﬁﬁf fea nonoxide,
and (iv) optiona co

retal ot erycal | JrEAnPRAPEOSRRIE g m@g&m =i 759" b Spmealvchipdersd,

provi des a nor marganophesphvrps digand di t from the oxgapepeliiphosphdte _

' gand of aZSPSd%%?ﬁ““S?a‘EE%E?‘ EirdhoB sl Dabd Romp At RoosP 1€
This invention BIE0*Fém t°§§’e?r ‘8’38‘(‘&50‘”&’1@&1 ‘g\/set n&(‘}%gg’sda i ch conprises
(i) reacting i norganophospharus ligand (i) iras emeordi eat;pnme@gth waldt xespecti n t he
presence of a nmgs e ﬁfﬁimaid’ﬂéﬂéi h& dlﬁﬂ{lﬁ hte Y GRipIY edtaBiad
optionally free or%e egﬁﬁé FH}F %nld 3 Progif(iet f relgi%:t [ oﬁﬁgr oduct
fluid corrpr|S|n98 8&?@? }gedlgan of said meta

organopolyphosphlte ligand complex catalyst, (ii) when complexed with

the metal to form a metal-sterically hindered organophosphorus ligand
complex catalyst, provides a reaction rate of at least 25 percent of the
reaction rate provided by the organopolyphosphite ligand of said
metal-organopolyphosphite ligand complex catalyst, (iii) optionally has

. a coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optionally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratio lower than the
normal:branched product isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst.

This invention also relates in part to an 1mprorved process
which comprises (i) reacting in at least one reaction zone one or more
reactants in the presence of a metal-organopolyphosphite ligand
complex catalyst and optionally free organopolyphosphite ligand to
produce a reaction product fluid comprising one or more products and
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separating in at |east one separation zone or in said at |east one
reacti on zone the one or nore products fromsaid reaction product fluid,
t he inprovenenhy sSi Ng conducting said process in the ﬁg q%%lsn
sterically hindere organophosphorus ligand different fromt

or ganopol yphosphite ligand of said nmetal- organopol yphosphite |igand
conpl ex catal yst, wherein said sterically hindered organophosphorus |igand
(i) has a coordination strength with respect to the netal of said

net al - or ganopol yphosphite |igand conpl ex-5catal yst | ess than the

or ganopol yphosphite ligand of said nmetal- organopol yphosphite |igand
conpl ex catalyst, (ii) when conplexed with the netal to forma

nmetal -sterically hindered or anophosphorus | igand conplex catalyst,
provi-des a reacti §eparatiagdn aktleast pe sepayasioncsonedir intseld akleast ane r at e

pr ?V: ded by t h?‘?ﬁﬁﬁ:ﬂ@&@é e &iﬂlﬁ‘lﬁlﬁré ?ﬂﬁﬁ@tsfﬁ'oﬁ%aijd reaction pr{)duct v h
met al - or ganopo 0 an ex cat.a ||| optionally has a
coor di nati on stér{eng HE?mveg' %SW °°H§P‘é‘¥ %Fa'éia‘?rﬂ ‘?‘Fﬁt‘ﬁltﬁ

or ganopol yphosp?ﬂeﬁglqel arﬁﬂeﬂ hmd@mthmg@noghmherus hgand diffevent nonoxi de,

and (iv) opti on@bmythélaesa gﬂ-u llaaﬁﬂ'%fé‘ﬁﬂ%eﬂaﬁ forma
Pt i e P

nor mal : br anchechipdexpdcargasemtmsphertisdigandyi dhes dayodrﬂmatmngstm;gmhmﬁesphl te
ligand of said ﬂmp@dtwtwmgl Mﬁaﬁmtél%rkhﬁémﬁpﬁd%@i A %Hac'oﬁ% ex

This i nvention h ) art t torl
or ganopol yphosphi ld%lé' ﬁ @}ﬁ%ﬁf“ ?rp‘?lﬁp}é sé’h&fé??’%ﬂféﬁ Bkl ses reacting
one or nore redFEANRRP Yﬁhqsnbltpﬂlcead@enmlemcatebat {iipwhancpoipjeedspitht e

|igand conpl ex thatrétabto ARsh Qﬂiét@lnéﬂelrﬂéaﬂi ﬁﬁx&i-g&ax%%iobﬁb {xéﬁ ghh@and to
produce one or

| es uct sald
process in the Pres qelpcacla&sg: aprg%{sggepg,m?ﬁm 2?855%8 H%e | i gand
di fferent fromrenetien rpiadoovided by the Dsganoga}yqihoép}um bgand of sa1d

met al - or ganopolyetadspidopolyplissishiEONPASK chRpRk batalyst) (i) optBHANly f&E f 1 Ci ent
to monitor sai CL coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optionally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratic lower than the
normal:branched product isomer ratio provided by the .
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst. -

This invention further relates in part to a method of
monitoring organopolyphosphite ligand depletion in a process which
comprises reacting one or more reactants in the presence of a metal-
organopolyphosphite ligand complex catalyst and optionally free
organopolyphosphite ligand to produce one or more products, which
method comprises conddcting said process in the presence of a
sterically hindered organophosphorus ligand different from the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, in an amount sufficient to monitor said
organopolyphosphite ligand depletion; wherein said sterically hindered

K=
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or ganophosphorus ligand (i) has a coordination strength with respect to
the netal of said netal-organopol yphosphite |igand conpl ex catal yst |ess
t han t he or gan®9W9tssphite |igand of said netal - organopol BREIUSIEHIATE

| i gand conpl ex catalyst, (ii) when conplexed with the netal to forma
nmetal -sterically hindered organophosphorus |igand conplex catalyst,
provides a reaction rate of at |east 25 percent of the reaction rate
provi ded by the organopol yphosphite Ilgang of said

met al - or ganopol yphosphite |igand conplex ¢atalyst, (iii) optionally has a
coor di nati on strength with respect to the netal of said netal -

or ganopol yphosphite Iigand conpl ex catal yst greater than carbon nonoxi de,

and (Jv) optiongll.y HBPH?EEM(:%EQ atchﬁrdiﬁﬁt%n L@eh Hmﬁh res pect

nmet al - sterlcall |nde ano oru ex c
provi des a nor g ¥p§{°ggﬂll ‘6&6%@ altYSt
nor mal : br anchedlqssouamthe exgmbpolgphmpintn/hghmi d:f;sandlmeta)kganopol yphosphi te

ligand of said {%aq,*,gat;,gﬁmq ek'cqaaﬂ?st ﬁﬂ%@ﬁ(c l%k&ﬂmth

This invention rea %n
conprising one e mgha tﬁrf‘é‘a%ét@efraﬁ SWH'F ?B?P {}Fehgaé“dpr epar ed
by a process whtdchpleanptalgsts prcﬁadés mgeantmnarawmfaleam pericent of thiee

presence of a I BQQW I t and
optionally frereTp“JE;)r(‘E,j1 ﬁgggl?e oés/ ﬁn’l‘&g hg% s‘bﬁﬁi&%nﬁf&f%%ﬁ sterically
hi ndered or ganoH’r?é%pWSPHQP‘P mplex RRia a3lféfr1‘?l%sphi te

i gand of said a&baidmawmgmemgm;y\phh&pbpéce td tlganxéta:icuﬁsh@meﬁlal yst, to
produce said re wher ei n
said stericall ygxcg%ngg ghé%}ﬁ ano% s XQP&I% ﬁégrﬁgggléﬁtb}g di nati on
strength with F@é’ﬁé@@ apd (iyhopienal BbWh§§|°8 shtedsphia e

| i gand conpl ex ndiladtygficallyhindehed ofdamophgspimpas ligimod pémplex dagalyst,of sai d

metal - organopglyphasbhite pgqlfcg %&b 1 ‘(,L}Qhégﬂﬁ{b conpl exed
with the netal 8{' %ﬁg n%ﬂt%&?lggee‘?P ﬁlﬁég %{;‘ganop osphorus |igand
normal branched product 1somer ratio provide

organopolyphosphite ligand of said metal-organopolyphosphite ligand

complex catalyst.

This invention yet further relates in part to a reaction
mixture comprising one or more products in which said reaction
mixture is prepared by a process which comprises reacting one or more
reactants in the presence of a metal-organopolyphosphite ligand
complex catalyst and optionally free organopolyphosphite ligand, and
an amount of a sterically hindered organophosphorus ligand different
from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, to produce said reaction
mixture comprising one or more products, wherein said sterically
hindered organophosphorus ligand (i) has a coordination strength with

. respect to the metal of said metal-organopolyphosphite ligand complex
catalyst less than the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, (i1} when complexed with
the metal to form a metal-sterically hindered organophosphorus ligand
compléx catalyst, provides a reaction rate of at least 25 percent of the
reaction rate provided by the organopolyphosphite ligand of said



conpl ex catal yst, provides a reaction rate of at |east 25 percent of the

reaction rate provided by the organopol yphosphite |Iigand of said WO
97/ 20795 PCT/ US96/ 19373
-7- met al - or ganopol yphosphite Iigand conplex catalyst, (iii) optionally

has a coordi r@bigg,gﬁgrength Wi th respect to the netal of Saipg—rﬂgliﬁllgé'rs
or ganopol yphosphrte ?I gand conpl ex catal yst greater than carbon nonoxi de,

and (iv) optionally when conplexed with the netal to forma

nmet al -sterically hindered organophosphorus |igand conpl ex catal yst,

provi des a nornmal : branched product isoner ratio | ower than the,

nor mal : branched product isoner ratio proviged by the or ganopol yphosphi te
| i gand of said netal - organopol yphosphite |igand conpl ex catal yst.

This invention also relates in part to a batchw se or conti nuously
generated reaction m xture conprising, based on 100 percent of the weight
of the reaction rms@@hpgmolaggpﬁmmehgﬁmhmnplema@lym @i pptionally has

(1) greater tham @efdihaBion shreflti #h/re8peaitethé Rfal ofaddiine?8)l- Wei ght
percent of one or nor e %’[on%ug‘tu%é i c 1&2@ Igésr;sthtaw%n gbout 30,
preferably |ess CRei %48 sphite ligand romplex catalysk ersater thag cagbon. 5 -+ ant s:
(3) less than abweenoxide, apddiwoptiopally sthenrrampdénedtwith the mestghto foemcent of
a met al - or ganopolpy@ansRbicaRy hitddidd opsaH ophosp@had ligahd complex catalyst, (4)

| ess than about 10 .Bref era Ig | es 5 an, about 5, .\I\ﬁl{)g’ht B%erﬁgent of a
sterical |y hi ndePS"8FyaRSHRE Bﬂ’dl’%‘g Prefel isomeriratiodo™er than e

or ganopol yphosphincemial:jranthed predubt nsinaér-ratiorpravigied bythesphit e | i gand

conpl ex cat al yst jorgdithpolyphosphite ligand 8f sai!i%&at-bﬁ%’&n@ﬁ%hésp}m@lfiﬁrﬁpl y less
t han about 1, welﬁg)iﬁ%‘percg’n of a netal-sterically hindered

or ganophosphor us °p Catg | ex catalyst; wherein said sterically
hi nder ed or ganophosphor us Thigdndeltion alsg relatesoiorphirt ¢ adateiwisagrh with

respect to the nebalinGéudliigendfatéd reachlbd ARDH BRI Dasb@BAD 0BONP! X

I I han th . . . .
catalyst less t %er;:[en% of the weight of the reaction mixture and exclusive of any

water present:

(1)  greater than about 25, preferably greater than
about 90, weight percent of one or more products;

(2)  less than about 30, preferably less than about 10,
weight percent of one or more reactants;

(3) less than about 10, preferably less than about 1,
weight percent of a metal-organopolyphosphite ligand complex
catalyst; :
(4)  less than about 10, preferably less than about 5,
weight percent of a sterically hindered organophosphorus ligand
different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst; and

' (8)  less than about 5, preferably less than about 1,
weight percent of a metal-sterically hindered organophosphorus ligand
complex catalyst;
wherein said sterically hindered organophosphorus ligand (i) has a
coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst less than the
organopolyphesphite ligand of said metal-organopolyphosphite ligand
complex catalyst, (ii) when complexed with the metal to form a metal-



or ganopol yphosphite Iigand of said netal-organopol yphosphite |igand
conplex catalyst, (ii) when conplexed with the netal to forma netal -
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hi nder ed organophoeﬁhorus ligand conplex catalyst, provides a reaction rate
of at |east 25WRYEM® of the reaction rate provided by the PCT/US96/19373

or ganopol yphosphite |igand of said netal - organopol yphosphite Iigand
conplex catalyst, (iii) optionally has a coordination strength with respect
to the nmetal of said netal - organopol yphosphite |igand conpl ex catal yst
greater than carbon nonoxide, and (iv) oqgtionally when conplexed with the
netal., to forma netal -sterically hindered organophosphorus |igand conpl ex
catal yst, provides a nornal:branched product isoner ratio | ower than the
nor mal : branched product isonmer ratio provided by the organopol yphosphite

l'igand of sai d stedallydtigdersdodrgphietmispherusi ligamnd mmnﬂlemxatzﬁystl yst
Tor s i ovent] o drbiHaCh rhEliiCiek br RPldast 25 Befilhiloy Blo ALERHL 3fe COTPOST Ui ON
a

conprising a it ex ca € and a

sterically hi nm‘eée‘éggéhes ﬁmbowfgémbgmd pesaidmetadm, t he
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complex catalyst and a sterically hindered organophosphorus ligand

different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, wherein said sterically
hindered organophosphorus ligand (i) has a coordination strength with
respect to the metal of said metal-organopolyphosphite ligand complex
catalyst less than the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, (ii) when complexed with
the metal to form a metal-sterically hindered organophosphorus ligand
complex catalyst, provides a reaction rate of at least 25 percent of the
reaction rate provided by the organopolyphosphite ligand of said
metal-organopolyphosphite ligand complex catalyst, (iii) optionally has
a coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optionally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratio lower than the
normal-branched product isomer ratio provided by the
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or ganopol yphosphite |igand of said netal - or ganopol yphosphite |igand
conpl ex catal yst. This invention relates in part to a
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unsaturated conpounds wi th carbon nonoxi de and hydrogen in the presence of

a netal -organopol yphosphite Iigand conpl ex catal yst and optionally free
or ganopol yphosphite |ligand, and an anount of a sterically hindered

or ganophosphorus ligand different fromthe organopol yphosphite |igand of
sai d netal - or ganopol yphosphite |igand com®ex catalyst, to produce one or
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respect to the metal of said metal-organopolyphosphlte ligand complex
catalyst less than the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, (iii) when complexed
with the metal to form a metal-sterically hindered organophosphorus
ligand complex catalyst, provides a reaction rate of at least 25 percent
of the reaction rate provided by the organopolyphosphite ligand of said
metal-organopolyphosphite ligand complex catalyst, and (iv) when
complexed with the metal to form a metal-sterically hindered
organophosphorus ligand complex catalyst, provides a
normal:branched aldehyde isomer ratio lower than the
normal:branched aldehyde isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst. '

This invention also relates in part to an improved
hydroformylation process which comprises (i) reacting in at least one
reaction zone one or more olefinic unsaturated compounds with carbon
monoxide and hydrogen in the presence of a metal-
organopolyphosphite ligand complex catalyst and optionally free
organopolyphosphite ligand to produce a reaction product fluid
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" hi ndered organophosphorus |igand different fromthe organopol yphosphite

| i gand of said netal -organopol yphosphite Iigand conplex catalyst, wherein
said sterically hindered organophosphorus ligand (i) has a coordination
strength with respect to the netal of saij¢,_netal-organopol yphosphite

| i gand conpl ex catal yst greater than carbon nonoxide, (ii) has a
coordination strength with respect to the netal of said

met al - or ganopol yphosphite Iigand conplex catalyst |l ess than the

or galnopol yfhf)sphbmpﬂsjm of mosé Jd]dmgaés grtldﬁﬁtmh aﬁéﬂ@?ﬁg?jehgt dngand
conpl ex catalys j Wi e netal,.to forma

net al - sterical %e%éﬂﬁglg%leigﬂggﬁgﬁg%ﬁlg% FaFl e reagtion Zong e.gne.on metes
provides a reac@iéphydas frops said reaction produet fuid, the impreememtt i on’ r at e

provi ded by the comgfisnzotondaetingishil hydidfiin3Aatish frocess in the presence of
tlh% en conpl exed

nmet al - or ganopol i€ L d conpl ex,cat al.yst nd
with the netal %A(FSIR o%’laﬁlr?gtegﬁ]%ﬁggpg@?ﬁwoﬁ?ﬁié%dﬁ?ﬁﬁ‘g horus |igand
conpl ex cat al ysereanopoivpbesphiteigand ofwaid ehetdl-argimopdiyphesphite ligand ‘| ower
t han t heI nﬁr mb@ﬁbﬁiﬁi&tﬂyﬁi,?ﬂ@téﬁx 338 Elﬁé’rida%'}ﬁnﬂlé&\i' &ngﬁ&}%hotsf]ﬁorus »
or ganopol yphosphi y of said netal -qar opo oSphite Jigan
conpl ex cat al ysp .gLEd h#aRs °°°rd§‘?ﬁ€‘gn Fiﬁ‘/‘é‘ﬁﬁ} %ﬁf@&fﬁsi’%‘gmi& metel ofpaidrt to a
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or ganopol yphos pHratethe ergagopdlyphesphite ligemdof sait mesdldehydes, whi ch net hod
conpri ses conducigangpsigpHosiiteRSand\complex catalyst, (iii) when complexed
with the metal to form a metal-sterically hindered organophosphorus
ligand complex catalyst, provides a reaction rate of at least 25 percent
of the reaction rate provided by the organopolyphosphite ligand of said
metal-organcpolyphosphite ligand complex catalyst, and (iv) when
complexed with the metal to form a metal-sterically hindered
organophosphorus ligand complex catalyst, provides a
-normal:branched aldehyde isomer ratio lower than the
normal:branched aldehyde isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst.
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This invention further relates in part to a method of
monitoring organopolyphosphite ligand depletion in a
hydroformylation process which comprises reacting one or more
olefinic unsaturated compounds with carbon monoxide and hydrogen
in the presence of a metal-organopolyphosphite ligand complex
catalyst and optionally free organopolyphoesphite ligand to produce one
or more aldehydes, which method comprises conducting said process in
the presence of a sterically hindered organophosphorus ligand different
from the organopolyphosphite ligand of said metal-
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ligand complex catalyst, provides a normal:branched aldehyde isomer

ratio lower than the normal:branched aldehyde isomer ratio provided

by the organopolyphosphite ligand of said metal-organopolyphosphite

ligand complex catalyst.

This invention yet further relates in part to a reaction

mixture comprising one or more aldehydes in which said reaction

mixture is prepared by a hydroformylation process which comprises

reacting one or more olefinic unsaturated compounds with carbon

monoxide and hydrogen in the presence of a metal-

organopolyphosphite ligand complex catalyst and optionally free

organopolyphosphite ligand, and an amount of a sterically hindered

organophosphorus ligand different from the organopolyphosphite

ligand of said metal-organopolyphosphite ligand complex catalyst, to

produce said reaction mixture comprising one or more aldehydes,

wherein said sterically hindered organophosphorus ligand (i) has a

coordination strength with respect to the metal of said metal-

organopolyphosphite ligand complex catalyst greater than carbon

monoxide, (ii) has a coordination strength with respect to the metal of



or ganopol yphosphite |igand conpl ex catal yst greater than carbon nonoxide,
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This invention also relates in part to a batchwise or
continuously generated reaction mixture comprising, based on 100
percent of the weight of the reaction mixture and exclusive of any
water present:

(1)  greater than about 25, preferably greater than
about 90, weight percent of one or more aldehydes;

(2)  less than about 30, preferably less than about 10,
weight percent of one or more olefinic unsaturated compounds;

(38) less than about 10, preferably less than about 1,
weight percent of a metal-organopolyphosphite ligand complex
catalyst;

(4)  less than about 10, preferably less than about 5,
weight percent of a sterically hindered organophosphorus ligand
different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst; and

(5) less than about 5, preferably less than about 1,
weight percent of a metal-sterically hindered organophosphorus ligand
complex catalyst; '

- wherein said sterically hindered organophosphorus ligand (i) has a
coordination strength with respect to the metal of said metal-
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reaction rate of at |east 25 percent of th&reaction rate provi ded by the
or ganopol yphosphite |igand of said netal - or ganopol yphosphite |igand

conpl ex catal yst, and (iv) when conpl exed vvith the netal to forma
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This invention further relates in part to a catalyst
precursor composition comprising a metal-organopolyphosphite ligand
complex catalyst and a sterically hindered organophosphorus ligand
different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, wherein said sterically
hindered organophosphorus ligand (i) has a coordination strength with
respect to the metal of said metal-organopolyphosphite ligand complex
catalyst greater than carbon monoxide, (ii) has a coordination strength
with respect to the metal of said metal-organopolyphosphite ligand
complex catalyst less than the organopolyphosphite ligand of said
metal-organopolyphosphite ligand complex catalyst, (iii) when
complexed with the metal to form a metal-sterically hindered
organophosphorus ligand complex catalyst, provides a reaction rate of
at least 25 percent of the reaction rate provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, and (iv) when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched aldehyde isomer ratio lower than the



conpl ex catalyst, and (iv) when conplexed with the netal to forma
netal -sterically hindered organophosphorus |igand conpl ex catal yst,
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conpl ex catal yst. Det ai | ed Description
General Processes The processes of this invention nmay be
asynmetric or non-asymretric, the preferred processes being
non-asymetric, and . may be conducted injgny continuous or

sem -.conti nuous fashi on and may involve any catal yst |iquid and/or gas
recycl e operation desired. The particul ar processes for producing
products from one or nore reactants, as well as the reaction conditions

and i-ngredi ents oformad:branghedcaldebydaisemeotratio providéd bgaheir es of this

nventTon. The bréganssdfphosphREBEucS sald indh g BRI AIBNEAIL5RPON 1O

any of the known combla S5 T 19 t echni ques hereto
conventional proce gx r instance, the processes can be conducted in
either the liquid or gaseous states and in a continuous, sem -conti nuous

or batch fashion and involve a |isybfed Pe¥&ifiand/ or gas recycle
operation or a Gcorrb' ation of su%‘@m‘a@%&si red. Likew se, the
manner or order —#—Lﬁ%ﬁe a of the reaction ingredients, catalyst and
sol vent are al so not cr Mhieqarbcemnes oftthidinventionmhay be dsyrim@dic or

' ' R, "I eactd roduct, fl uid"
U L, LA e A |
contai ni ng an andif¥ P5LoagNrtedin any gontinensAr semi-qoptingaps fashien and
met al - or ganopol yphay pioles dnyeatalyst ligmic hed/oe ghakagicle dperabioedesired.
Formed n’ bhe §oans bardRAe frotests ¥ priBding proftRP RAM'In 6t e (7100 ")
unreact ed react arffactanify apellgs the roagtion condjtigns ppdiingredigmts of the sai d
met al - or ganopol yHroesshes &rel ngnitical features of this invention. The processing

techniques of this invention may correspond to any of the known

processing techniques heretofore employed in conventional processes.

For instance, the processes can be conducted in either the liquid or

gaseous states and in a continuous, semi-continuous or batch fashion

and involve a liquid recycle and/or gas recycle operation or a

combination of such systems as desired. Likewise, the manner or order

of addition of the reaction ingredients, catalyst and solvent are also not

critical and may be accomplished in any conventional fashion. As used

herein, the term "reaction product fluid" is contemplated to include,

but not limited to, a reaction mixture containing an amount of any one

or more of the following: (a) a metal-organopolyphosphite ligand

complex catalyst, (b) free organopolyphosphite ligand, (¢} one or more

phosphorus acidic compounds formed in the reaction, (d) aldehyde

product formed in the reaction, (e) unreacted reactants, and () an

organic solubilizing agent for said metal-organopolyphosphite ligand

complex catalyst and said free organopolyphosphite 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



conpl ex catal yst and said free organopol yphosphite |igand. The reaction

product fluid enconpasses, but is not limted to, (a) the reaction
mediumin the reaction zone, (b) the reaction nedi um stream on its way
. to the separation zone, (c) the reaction nediumin the WO 97/ 20795
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-zone, (d) the recycle stream between the separation zone and the reaction
zone, (e) the reaction nediumw thdrawn fromthe reacti on zone or
separation zone for treatnent in the acid renoval zone, (f) the w thdrawn
reaction nediumtreated in the acid renoval zone, (g) the treated
reaction mediumreturned to the reaction zbhe or separation zone, and (h)
reaction nediumin external cooler. This i nvention
enconpasses the carrying out of known conventional syntheses in a
conventional fashion enpl oyi ng1 a metal - or ganopol yphosphite |i gand
conpl ex cat al yst sgRarakion zonectd) the peqygle stream betysersh Fafdon zepend
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am nol ysi s, al csc")aﬁ%{ayéol s,°n8;1‘r‘f6§9§)|f'§¥. elih mgﬁle%wﬁnieggér%gl_rafg%tl?%n, transfer
hydrogenati on and the |i [this inventdon egcompassessthe ¢vyingoutief knewnt i on of

DT Tt At e, oy A A farn caence

of & catalytic % aﬁf’rﬂ;’;ﬁ%‘?ﬁgigﬁl%f Qﬁigﬁ gaﬁ%%ﬁ cy%?%tpﬁﬁ 2 Tﬂ;@%ﬂ%ﬁﬁgf@i

cat al yst. The noSUTERRANOSPROIUSLEER e fneere the ensenopeiyphesphite

hydr QCéanaz i on angraxdrafenid lgihTei:anbrganopolyphosp}lxite ligh A8 ba¥ples @th@_@t,qﬁﬂ be :

carried o In acgco nce conventi on L£S,-KN IN...he art.
%, o SRty BOAAE SopBl B RS TeLEIR feld

For exanpl e, al de%y S can an o Ir’rpound,

carbon nonoxi de dn@aid ¢ppyeptjenal gyashesesdr of or myl ation conditions in the
presence of a met al - or gaNbpRkatposdbédses irichiady] farosingplecat al yst descri bed

herei n. hydroformylation, hydroacylation (intramolecular and intermolecular),
hydrocyanation, hydroamidation, hydroesterification, aminolysis,
alcoholysis, carbonylation, olefin isomerization, transfer hydrogenation
and the like. Preferred processes involve the reaction of organic
compounds with carbon monoxide, or with carbon monoxide and a third

reactant, e.g., hydrogen, or with hydrogen cyanide, in the presence of a
catalytic amount of a metal-organopolyphosphite 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-organopolyphosphite 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-organopolyphosphite ligand
complex catalyst described herein. The hydroxyaldehyde can be



Al ternatively, hydroxyal dehydes can be prepared by reacting an epoxi de,
carbon nonoxi de and hydrogen under hydrof ornyl ati on conditions in the
presence of a netal - organopol yphosphite |igand conpl ex catal yst descri bed
herein. The hydroxyal dehyde can be WD 97/ 20795

PCT/ US96/ 19373 - 16- hydr ogenat ed
to a diol, e.g.WORAWBxypropi onal dehyde can be hydrogenated P ’US996’19373
propanedi ol . Hydrof ornyl 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 with conventional procedures known in the art. For exanple,
al dehydes containing an olefinic group 3_4g.7 carbons renoved can be
converted to cyclic ketones under hydroacylation conditions in the
presence of a netal - organopol yphosphite |igand conplex catal yst described
her ei n. I nt er nol ecul ar hydroacyl ati on can be carried out in
accordance w th leydregeriatedab apdiol; e, laalréxypmopionaldehyde canber exanpl e,

xetones can be PLARBEEHI tb SRl YR PmIltidiprabdlalupe under

hydr oacyl ati on cgndi f1ons in prese or ganopol yphosphite
|i gand conpl ex céassriped mprsdplly bgreiabelpy. Hydr ocyanati on can
be carried outI i n accor darifierandlécul &ohydrdhiylation ghnbeddrded sapidh i n t he
art. For exanple,.niili . (R . reactl ng an
olefinic corrpounaofc%ﬁdc%%&gggen %}E‘%ﬁfﬁ@ﬁﬂ%’%%@%@gn%%tﬁnk%ndi tions in
the presence of €Xampgah SADHES PN P1ESING BROVDP cas0opgt al yst
oncon] Ugat o apya A ot B e gat od Lo an
cater aroup. o ity BlreS 198 il o e BT P Do
nitrile group, @nplexgatalystaesenibed hereinth a source of hydrogen cyanide
in tha p(rjesegpg of a cat ahmh' @émwﬁy&ﬂoﬁmaﬁshthﬂhe?aﬁmgdsﬁm zer o-val ent
ni ckel and a bi i . Lo a
organonitrile, e%g%l,a&ag}f?%ggl?fﬁ‘i%&kmg?ﬂgﬁocgq@%g(riftgl\(égvlnglrn a grgor?' ggr

(per f | uor oal kyl ) ¢Hesmplenketoneecarpbe prenayed by rhectinges plefinandaR ri ed out in
the presence of gldekydsundérthyiroadilation tddditibhein thee predenaydfaanietyl-

organopolyphosphite 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-organopolyphosphite 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-
(perflucroalkyl)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



processes are disclosed in U S. Patent No. 5,523,453 and WD 95/ 14659, the
di scl osures of which are incorporated 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 WO 97/ 20795
PCT/ US96/ 19373 o 9720795 - 17 - ,%gairnggiwby
reacting an ol efin, carbon monoxide and a primary or secondary am ne
anmoni a under hydroan1dat|on conditions in the presence of a

met al - or ganopol yphosphite Iigand conpl ex catal yst described herein.
Hydroesterification can be carried out in accordance with conventional
procedures known in the art. For exanple-18sters can be prepared by
react.ing an ol efin, carbon nonoxi de and an al cohol under
hydroesterification conditions in the presence of a netal -

or ganopol yphosphite |Iigand conpl ex cataly descri bed _herein.

Am nol ysi s can b@@&m‘fgﬂrﬁﬂﬂmﬁg@n&%‘@gPd%ﬁ? en FRanexideARQ ADIERBTY ®f ocedur es
known in the artsecbndaxyxamirecor aannonia anderieydroarpdatish bonditiess inthean

olefin with a pring 0 r t|onS|n
t he presence of g‘ E%{ce Jféﬁ%@%gg%?gp?ﬂsﬁwggﬂ gan&%’?ﬁé’f”&gfé’ al yst
descri bed her ei ndescribed herem Al cohol ysis can be carried out in

accordance wit h convent i d{géﬂroﬁt@ﬂﬁdaﬁ&sc&ﬂﬁé\/@ahﬁbd&@bx%ﬁccoﬂ&hc@ﬁfﬁ' e,
et her S Can be gﬁﬁgngy oﬁéa}ﬁl%pﬂng\gnQn%Le Kt a?r g{n COh Und
\ﬁ&n on can

al cohol ysi s con tions sence “of
| i gand ~conpl ex E’&P&F ‘SF’SW m@@dolﬁﬁﬁéﬁi‘b‘m monoxide and an @bﬂo oh

be carried out ihymweﬁﬁmsﬁoméﬂumemuemd bnd¥ sfaehets known in the

art. For exanpl nt o of allylic

al cohols with cart# #T‘gﬂ@?s&giﬂe&%% %ﬁﬁ%'g’hc?t% ysoﬁleﬁ%gbc? eo'ﬁgl in the
presence of a netal - orgaﬁ%ﬁ?@lm caqugaﬁdn@smdencemt&i yst descri bed
her ei n. conventibfdlRbtctRireORNGWA iR €hé art, |E&'é3slﬂmpb18 aaxs¢angR W th

conventional pr ‘g: J(p&\wnkg ttﬁgﬁg%t S)r o'ﬁé to pro uc | i.c. al cohols
t

can be isonerize er sorrer I ONn con acd (?ehydes in
the presence of apinglysisend Wﬁd@pﬁhﬁtm‘eﬁf{far?ﬁa metal-
organopolyphosphite ligand complex catalyst deseribed 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-organopolyphosphite 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-
organopolyphosphite ligand complex catalyst described herein.

Isomerization can be carried out in accordance with
conventional procedures known in the art. For example, allylic
alcohols can be isomerized under isomerization conditions to produce
aldehydes in the presence of a metal-organopolyphosphite ligand
complex catalyst described herein.

Transfer hydrogenation can be carried out in accordance
with conventional procedures known in the art. For example, alcchols
can be prepared by reacting a ketone and an alcohol under transfer



conpl ex catal yst described herein. Transfer hydrogenation can
be carried out in accordance wth conventional procedures known in the
art. For exanple, alcohols can be prepared by reacting a ketone and an

~al cohol under transfer WD 97/ 20795
PCT/ US96/ 19373 ' - 18 -
hydr ogenati on BRIV hs in the presence of a netal - or gano FSTHSAGLRTI t e
| i gand conpl ex catal yst descri bed herein. The perm ssible

starting material reactants enconpassed by the processes of this
I nvention are, of course, chosen dependi ng on the particul ar process

desired. Such starting materials are well_ fgpown in the art and can be
used in conventional anounts in accordance wth conventi onal nethods.
I[l'lustrative starting material reactants include, for exanpl e,

substituted and unsubstituted al dehydes (intranol ecul ar hydr oacyl ati on),
ol efins (hydrof ohydidpienation @andidionk dh the presenbd 6f awiedgk| ar hydroacyl ati on,

hydr ocyanati on, ' ' . o ri.tl | - apknol.ysi s,
o conolyars) ket HRERETbBRbLATre lieldbaRRIK E%iﬁ%%@% ereid
(hydrof ornyl ati on, hydr ocyBh@Penissible starting ma Bearpanisienspmpassache
It ih_ke. Al strat | g thé pswetts@éy of thizdiabation b, of c@ﬁlfslﬁPéHogen Hbgermiaggﬁs oS of
is invention a . Qut i irk- cvcl opedia o m ca
Technol ogy, Fourt.E ° Eg}l;ttmlugﬁr P %5%8 g‘fsﬁ'_'eewf%ghﬁtﬂ%ﬁg B’é’le?!i’%lﬁ rSfW%%?’F%r e
i ncor por at ed her mﬁ%&l‘tr'aét@aéhbévsed in conventional agapustsinsiceordentd withi nder ed

or ganophosphor us conitidhal fitRodie MlustrativesBaitthSiblat @RI ehttaAbhclwid/se as
i ndi cators of organo ollxpyu%ssgihlt

|.i gand .depl et i n. cheni cal, processes.
Since the desired FRdEat o oris oaﬁhcgg%ﬁ}’rsﬁg?%dg@ﬁ dfFZ“@F%‘PP@E?%
hi ndered, they badrmcylaﬁm@a,f@egnwmm umylagione gerbepiladiom, t

|'i gand- pronot ed ingetmbleealiy Hdréadyddtist, hydeseyanatiof Uhydo8iid MionIor € of the

< Taop! ot od to anArisarPRiRsH” pRUESTRS; e BohollBE) rolhestEURERR] TThose
sterical |y hi ndehzdragenation), spoxidde (hydrefermyldtion, hiydropyanation), sicalrolsol ubl e,
and not becone i (darB&iylAtien) Myd R EkaIIhstrdtive diuiabléteitaftgdause of the
ability of t heseeﬁ'&&iﬁgcﬁlel yrogéﬁgs roFﬂxis invention are set out in Kirk-Othmer,

Encyclopedia of Chemical Technology, Fourth Edition, 1996, the

pertinent portions of which are incorporated herein by reference.

Certain sterically hindered organophosphorus ligands
have been found to be suitable ligands to use as indicators of

€D

organopolyphosphite ligand depletion in chemical processes. Since the
desired indicator organophosphorus ligands are sterically hindered,
they do not interfere with the organopolyphosphite ligand-promoted
metal complex catalyst when one equivalent or more of the |
organopolyphosphite to metal is present. But when the
organopolyphosphite is depleted to a concentration less than 1
equivalent to metal, these sterically hindered ligands provide a means
for the metal to stay soluble, and not become intractable, by binding to
the metal. Also, because of the ability of these sterically hindered
organophosphorus ligands, e.g., certain organophosphine ligands and
organophosphite ligands, to promote metal catalyzed processes at
different rate and selectivity, the resulting catalyst system is able to
give a significant indication when the organopolyphosphite is depleted
below 1 equivalent to metal.



or ganophosphorus |igands, e.g., certain organophosphine |igands and

or ganophosphite |igands, to pronote netal catalyzed processes at different
rate and selectivity, the resulting catal yst systemis able to give a
significant indication when the organopol yphosphite is depleted below 1
equi val ent to npbabaors WO 97/ 20795 PCT/US96/19373
PCT/ US96/ 19373 -19-

The superior characteristics of the organopol yphosphite pronot ed rhodi um
catal yst enabl e processes to produce desirable products whil e increasing
the productivity of such processes. For exanpl e, because of the high
activity of the organopol yphosphite- predBted rhodi um catal ysts, |ess
preci ous rhodiumnetal is needed for the process leading to a | ower

I nvest ment and operating cost for the process.

Furthernore, in contrast tgq,conventional hosphi ne-.pr onoted rhodi um
catal ysts, organopol yphospﬂ‘hFé“penB’r'Baﬁa@EF % ﬂ?ec P?E‘Elg % much
less ligand to bqnpnmsethrhodlumd:dtelysyenabtetpooceamdslto prhéussyddsirableo pr oduce
al dehyde product sypiihBs wiiiihcPdsig aﬂeﬁv@* a}v] Eprlodbds@S. F&PI S aspect

Is a significant venment )Eé I'ne- pronot ed rhodi um
systens, both f%mr@e’t AHPS \f&}&ﬁ %RTgQEBPR}ﬂP O%é%?dpoi nt .
There is no neqﬂ-ohmtéthvleocﬁuhﬁﬁajalye@m p@ém&lisgﬂﬁ@lb@hﬁﬁbﬁﬂ@hé@ieldi fgand
whi ch could oc 4E e

B orBecRliRSAARE +6 b 180LH IR oSl R Srld e Reing S 6r B

cat al yst vol unme e ava e sane sSpace, nore

al dehyde  pr odud®™8®%*8n now be produced. Thus, efficiency is inproved.

As nmentioned above, organopurthEramps)incohtrgstitisconventionaich nore difficult

to make than tri fg.n,g E,Q&]r bensi ve

than triphenyl phos ? Hme&n@‘OH&@gﬁ%aﬂ%ocraéa Sﬁﬁnﬁgoﬁhﬁsﬁﬁ&e

or ganophosphi nes e‘iafléo B q;aé?.l)vsts %&Bﬁl%@c}\/\ieﬁﬁh&é{l@ﬁo be present in

or ganopol yphosphithesysteen toeealde thepystbmeotprodude)udd ehybei ;&odaaso,mhl y under
aci di e condi | onshigTAGrAHp Ml sBdeHyS raridl SPARIAANGSAhARARY O0UCES

di
g?;agg)gl ;lglho'sghlrr'?'&’%%aﬁ%o"e? the organap Psfgﬂée‘f’b"’f{‘ﬁf& Ir@gél‘%ﬂ‘ Sﬁc’) &H‘d in an
or ganopol yphosphiltosh firommrattechnical standpoint and an economic standpoint. There is

no need to have a large excess of organopolyphosphite ligand which

could occupy a substantial volume of the reactor. Since more catalyst
volume would be available with the same reactor space, more aldehyde
products can now be produced. Thus, efficiency is improved.

As mentioned above, organopolyphosphite ligands are
much more difficult to make than triphenylphosphine ligands and,
therefore, more expensive than triphenylphosphine ligands.
Furthermore, unlike most organophosphines which are not very
reactive with water, organopolyphosphites are more susceptible to
hydrolysis especially under acidic conditions. The hydrolysis of the
organopolyphosphites produces yet more acidic materials which
further help the hydrolysis of the organopolyphosphite ligands. The
result due to the loss of ligand in an organopolyphosphite promoted
rhodium catalyst system can be very costly. Rhodium metal has a
tendency to become intractable when the organophosphorus ligand is
lacking. When rhodium becomes intractable, production of aldehyde is
severely affected. To avoid any interruption in an
organopolyphosphite-promoted process and to assure smooth



rhodi um cat al yst system can be very costly. Rhodium netal has a tendency
to becone intractable when the organophosphorus ligand is | acki ng. Wen
~rhodi um becones intractable, production of aldehyde is severely affected.
To avoid any interruption in an or ganopol yphosphi t e- pr ormt ed process and
to assure snooth WO 97/ 20795

PCT/ US96/ 19373 WO 9720795 | - 20- RGBT one
must deal with potential problems with preventive neasures.

This invention provides a particular preventive measure which is effective
in performng two specific functions which largely help prevent the netal,
e.g., rhodium from becom ng intractabl e.ggbhe two specific functions are:
(1) to give indications that the organopol yphosphite concentration has
reached a point which needs to be increased; and (2) to protect the netal,
e.g., rhodium frombecomng intractable by helping to keep rhodiumin

sol uti on. operation, cfieanpstadeahwithcpotential prademe witlopeeyeativee rel at es
to addi ng one Qr. L€ certain sterically hindered organophosphorus

| i gands whi ch can %I nd to,}he netg r hodj,u

or ganophosphite ligand is n@?@ﬁ“ﬁ@?‘&&ﬂ?ﬁ%pf"’l" Fgrev,e ‘i"S“?‘?:?SHE?aI

Thi s added |i garwhmhhd; effoctivedaqerfomming twb specifio fundtioms which bengely e, t he

sterically hindqjegd Qggmap@ , rhioBARE, Héﬁ‘:cbéfc@ ﬁé‘h&ractgﬁﬁvemé ve
pur pose desirabl y rent racteristic, w pect toiIts
ability to infl J@ﬁ’é‘é’ef’ HEF%‘Pmﬁ 3re; t%&l"ﬁ f“?t“’?ﬁé %tt cal ly  hindered

l'i gand chosen f argahepolypliqgephite cohdenprationtlead Yeached alpointcwhizhyueeds ps ocess

at a different nrat: I & 0%‘]lwtyto
t he products, e.H% lﬁcﬁgaf?%qig dzggé)ér@ %%eé#t&b dﬂkﬁég{rat | ggé o ref ore,
when t he organoﬁB’F’;ﬁﬁFﬂﬁ% y me& M the 1:1 nolar ratio
to netal, the netal catal Mpremmﬁnbamasmmtamned aboverelates to

or ganopol yphosph gt SELAUR bRk By gﬁ%%aei;n pageas of this

added sterically r osph| te

concentration i élgaé’§‘§ Yish can??mdaw 5’&’96” 8§ Thadiy
characteristic argahephuaphityligangis depletedrigdow thailsl motﬂmtgm tofxnetiaé.
reaction rate anf{;grqhbg 11%%8 il 'tHerr QE@;? the/hde¥alGh dol\ion. Furthermore,

the sterically hindered organophosphorus ligand used for this
preventive purpose desirably has a different characteristic with respect
to its ability to influence the metal in the catalysis. The sterically
hindered ligand chosen for this purpose will promote the metal
catalyzed process at a different rate or, more importantly, with a
different selectivity to the products, e.g., different normal:branched
aldehyde ratios. Therefore, when the organopolyphosphite
concentration is above the 1:1 molar ratio to metal, the metal catalyst
‘system behaves as an organopolyphosphite-promoted metal system
despite the presence of this added sterically hindered ligand. But
when the organopolyphosphite concentration is less than a molar ratio
of 1:1 to metal, the characteristic of the catalyst system changes. This
change of the reaction rate and/or the change in selectivity of the
process catalyst, e.g., different normal:branched aldehyde ratios,

~ serves as a signal indicating that it is time to replenish the
organopolyphosphite ligand. -

| Organopolyphosphite ligand-promoted rhodium catalysts

have been shown to have many advantages over conventional



process catalyst, e.g., different normal:branched al dehyde rati os, serves
as a signal indicating that it is tinme to replenish the

or ganopol yphosphite |i gand. Or ganopol yphosphite

| i gand- pronot ed rhodi um cat al ysts have been shown to have nmany advant ages
over conventiongloeineres WO 97/ 20795 PCT/US96/19373
PCT/ US96/ 19373 -21 -

tri phenyl phosphi ne | i gand-pronoted rhodi um catal ysts. Sone of the

or ganopol yphosphite |igands have been shown to be excellent activity
pronoters. More inportantly, many of the organopol yphosphites have been
shown to influence the selectivity of the2hodium catal yst system For

i nstance, the rhodium catal yst systemusing Ligand A in the exanples bel ow
as a pronoter was shown to be a nuch nore active systemfor the

hydr of or myl ati on of _ prqopyl ene than the conventional ystem usin

t%ll phenyl phosphi r‘i@PhP@élﬁéO%lénf‘ﬂ@gﬁF prapted mhodium catalysts; F‘%P&béh hi gher
content of nor nalor@é:drpbmohﬂalbe liganddlesive rdeticdhosian toelse @cellamtcsktivity

Furthernore, the y ot a
function of the (?annopo'l ;Mr%g?&% ﬁaqu ﬂ‘r%nglaoﬁnﬂ? gfﬁé’%"‘!%?’gg?ﬂeﬁ?%&

or ganopol yphosphlbﬁénﬁbo‘f’ﬂéﬂmﬂ\‘?%?ltbe pelegiwsy af thqﬂwdaumwtﬁgsq system.
contrast to the @wvmhneé]&he rhodiaanydtalyes pdtam 1|191ﬁgﬁﬂgand)AQﬁRh6d rhodl um

t wh [ t
?r)elt?nteg} negrienao(r:% '%Itpiles &l}%g%ﬁ&&gﬂ@n\ggsn% !ﬁgﬁghl%{%ﬁwgé% ?l o of the
product s. system for @hg hydpfexmylgtioniof E@M@Qeﬂm@e\ﬂén’!’@ﬁm uce.
Therefore, it is sgsten asihg tFiphenfphyspHife ligAhdab theprdthotek. At the same

or ganopol yphosphifege Lk ch 3 DEGSIRARE of RoliREPaReHFEE P ARLg 10 Tuncti on

properly in the e5|r manner so as to mnimzZe e cos | gand usage.
Nevert hel ess, or@éﬁﬂhﬂ? PW}QﬁP@Qﬂs do undergo |ligand degradation under
catalysis conditions. It iFBurhelmbi)tie hbrihal:brahtled aldeRydé i-@wdft}iehe

netal -1igand cat k-Xﬁct‘{\é)HLE %?r?c fo:rj;vo%ttﬁ g%a@‘ép)ﬁy%ﬁgsﬁﬂ}ge td THo %mnﬁ"agio

rhodi um woul d b CONEe i hac
or ganopol yphosphiasdong geaﬂzpsongsé@mlyphpspmtg tp phedinmyratie ingrapterithends nore

tertiary (trival ahigisihasptestito fliesthvearmtiondl ¢ripiienylphosphine ligand-
promoted rhodium system where a certain triphenylphosphine to
rhodium ratio must be maintained in order to get a desired
normal:branched aldehyde ratio of the products.

Organopolyphosphites are expensive to produce.
Therefore, it is desirable to employ the minimal amount of
organopolyphosphite that is necessary to keep a metal catalyst to
function properly in the desired manner so as to minimize the cost of
ligand usage. Nevertheless, organopolyphosphites do undergo ligand
degradation under catalysis conditions. It is well known that, without
any ligand, the metal-ligand catalyst would deactivate quickly and the
metal, e.g., rhodium, would become inactive and intractable.

The organopolyphosphite ligands useful in this invention
contain two or more tertiary (trivalent) phosphorus atoms and include
those ligénds represented by formulas (VI) through (XII) below. The
sterically hindered organophosphorus ligands useful as indicator
ligands in this invention can be any of the organophosphine ligands
and oi'ganophosphite ligands represented by formulas (I) through (XII)



t hose ligands represented by formulas (VI) through (XiI) below The
sterically hindered organophosphorus |igands useful as indicator |igands
in this invention can be any of the organophosphine |igands and

or ganophosphite ligands represented by formulas (1) through (X 1I)

WO 97/ 20795 '
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provi ded that the chosen sterically hindered organophosphorus | i gand
neets the criteria set forth herein. Since one would like to
use the m ni mal anount of or ganopol yphosphite and, at the sane tine,
woul d not want to operate in aregine that  would risk losing netal to its

intractable form it is therefore desirable to enploy a nethod that woul d
prevent the | oss of rhodi um wi t hout using a | arge excess of the

or ganopol yphosphite ligand. It is also desirable to enploy a nmethod so
that a warni ng bdognprovided tiatdhé ehéseah stbrically hindeged opanyphospiborte | i gand

has degr aded bﬁém ﬁ}e%ﬂeﬁ%ﬁh%eﬁﬁ%ﬂﬁ%?&nto be repl eni shed. Such a
ng 1 g

met hod of indica € need 10 replenis and is very inportant from
the standpoi nt of process Sipes eng wasldliketruse theminimal @maennt ofnnecessary

ﬁ _thI dovxg or int eéﬂguﬂbpﬁyphfgmﬁecaﬂmraalthé 8&he time, would not wanthto @bﬁﬂfﬁ@' ly
I hderea or ganopno p S.l.N IS
Mvent fon (1) hoipos Bt et WANRE 4R Todthg 8] I SN abletBRE R 0 ©
sai d net al - or gandissefppndesirble to paplny a mathed thatcuewldyprevenithetlpsaoft he

or galrmpol y|tohlos p?fnoa.ilhglgmﬁo@a‘uﬁa'gd largaéé:aab?smfgﬁﬁweétumﬁmiwf spRitki gand
conpl ex catal yStiy,. exe or1o0rma

net al -stericall hﬁﬁ{ﬂndde%t\ég%ikoodreéia}%%o%eéseplﬁgroag ﬁgﬁeg‘é"ﬁqﬁ&@%‘ ; exodaral yst,

enabl e a react i ofignakeangpe detecteddhat tirsorganepelypbesphite liganstham rate
provi ded by the degragedBelotwystbiRhithét®ic dritPhébdalto bairdplenished. Such a

nmet al - or ganopol y Lt | 1 al (L) opti I 1y have
a coordination S{B’Ir;‘l %?n@#‘%dkﬁgﬂ‘%%}e‘g f)"(eég{m{’ gé?l%%sﬁel@dol% krgél? ﬂngg&g&a Y

net al - or ganopol yf?ﬁ@sfgﬁi standpainthef prosesscoperatiensbsausgitarewd aveish car bon
monoxi de, and (i ¥pnepbsarfahbydovfieor inteamiptions dusith dthbloagt al to forma

metal - sterical Iy hi nder ed my, 01,03 nORPRIPILY Srddr SRR IHOMRL RBandRb RSt

enabl e a nornmal : branched T o L
' as indicator ligands in this invention (i) have a coordination strength

with respect to the metal of said metal-organopolyphosphite ligand
complex catalyst less than the organopolyphosphite ligand of said
metal-organopolyphosphite ligand complex catalyst, (ii) when
complexed with the metal to form a metal-sterically hindered
.organophosphorus ligand complex catalyst, enable a reaction rate of at
least 25 percent of the reaction rate provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, (iii) optionally have a coordination strength with
respect to the metal of said metal-organopolyphosphite ligand complex
catalyst greater than carbon monoxide, and (iv) optionally when
complexed with the metal to form a metal-sterically hindered
organophosphorus ligand complex catalyst, enable a normal:branched
product isomer ratio lower than the normal:branched product isomer
ratio provided by the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst. The use of sterically
hindered organophosphorus ligands as indicators of
organopolyphosphite ligand depletion in hydroformylation processes



product isonmer ratio |lower than the nornal:branched product isoner ratio
provi ded by the organopol yphosphite |igand of said netal -

or ganopol yphosphite |igand conpl ex catal yst. The use of sterically

hi nder ed or ganophosphorus |igands as indicators of or ganopol yphosphite

| i gand depl et \ rof ornyl ati on processes WO 97/

PCT/ US96/ 19373%%0%/50' - 23 - 3@%’%5’3@?"@ a
nmet al - or ganopol yphosphite |igand conplex catalyst is disclosed in
copending U S. Patent Application Serial No. (D-17213-1), filed on an even
date herewith, the disclosure of which is incorporated herein by

r ef er ence. As indicated abe28; the sterically hindered

or ganophosphorus ligand of the netal-sterically hindered organophosphorus
| i gand conpl ex catal yst provides a nornmal:branched product, e.g.,

al dehyde, isoner ratio | ower than the normal:branched _product, e.g.,

al dehyde, i soneremBloyingn metakereapopdizphesphitedigsmdneauex F%taiif%aﬁd of the
met al I 0 lr3 ganoEoId)tﬁhﬂssﬂdi inecopepding U.SoPatent Axilivhyionh Seiad INv. 4D 721840, ]

nor mal : branche . r | t he
sterically hi nde@%ggﬂgaﬁig%‘ﬁeop %tg P %&g@i’?lﬂiﬁa‘hg‘gﬁﬂeﬁgw&gfgfﬁﬁf g’ﬁggg%éfiy
hi nder ed organdkﬂﬁ@%”p‘l’ﬁb?‘?ﬁrqnicgand conpl ex catalyst is no nore than about 50

percent, nore preferably &3 indicatddabovepthietst@fcalty hitderedf the

nor mal : branched pr Y e l,spLEL: | i ded by the

or ganopol yphosph&gggﬁdgﬁgog%s lﬁ%@%ﬁ(@%ﬁg?%%%Q%%%xg%%k@g%{#?e | i gand _conpl ex
catal yst. organophosphornsdigams,qomplexprialyst providpea sosmakhranched nder ed
or g?ngp hospho ][ Usprot ge)d. Uil @ékyde, isolttiratio tewér fhiandthel r&d‘tﬁhiﬁs@ﬁnﬂi@anfi_s mday
i ncl ude any of t g r ganophosphi ne | i gands
and or ganophosp |t%geft|’ @%ﬁ,ﬁ%ﬁ repr @&ﬁ?&%ﬂg?roﬁgg%yggé(l) t hrough (XI1)

bel ow, provi ded qraavorsqgﬂh@pb%tpdmang of thmetdlergagapRipplersphiteJigandgands
meet thﬁ cr ihft er i configtéx tavalysth@refefably ARl irfrd:bshrdtedaproyudy, a@elr ed .

or ganophosphite Q@Qﬂs- in thi . ator |igands

I ncl ude di or gano%ﬂo pht f%?%?&?lgﬁrégggd bgqéggiérlfgc%ggﬁld}elgg}egf

or ganopol yphospifirgaaophosphorus ligand of the metal-sterically hindered

organophosphorus ligand complex catalyst is no more than about 50
percent, more preferably no more than about 25 percent, of the
normal:branched product, e.g., aldehyde, isomer ratio provided by the
organopolyphosphite ligand of the metal-organopolyphosphite ligand
complex catalyst.

In a preferred embodiment, the sterically hindered
organophosphorus ligands useful in this invention as indicator ligands
may include any of the organophosphorus ligands, e.g.,
organophosphine ligands and organophosphite ligands, represented by
formulas (I) through (XII) below, provided that such sterically
hindered organophosphorus ligands meet the criteria set forth herein.
Preferred sterically hindered organophosphite ligands useful in this
invention as indicator ligands include diorganophosphites and oxides,
e.g., monoxides, of organopolyphosphites.

 Ilustrative sterically hindered organophosphorus ligands
include, for example, any triphenylphosphine, any
tricyclohexylphosphine, any cyclohexyl diphenylphosphine or
dicyclohexyl phenylphosphine with at least one substituent group on
the 2- or 6-position (ortho-position) of the cyclohexyl or phenyl ring of



II'lustrative sterically hindered organophosphorus |igands include, for
exanpl e, any triphenyl phosphi ne, any tricycl ohexyl phosphi ne, any

cycl ohexyl di phenyl phosphi ne or dicycl ohexyl phenyl phosphine with at | east
one substituent group on the 2- or 6-position (ortho-position) of the

cycl ohexyl or phenyl ring of WO 97/ 20795
PCT/ US96/ 19373 WO 97/20795 -24 - t he BREYUSHNE™S The
general structures of illustrative sterically hindered organophosphorus

| i gands are depicted below (the X groups may be the sane or different and
represent any perm ssible substituents that inpart steric hinderance,
e.g., a substituted or unsubstituted nonegyal ent hydrocarbon radical.
[err]. Tri phenyl phosphine with one, two or three substituent
groups on any of the ortho positions of the phenyl rings.

the phosphine. The general structures of illustrative sterically
hindered organophosphorus ligands are depicted below (the X groups
may be the same or different and represent any permissible
substituents that impart steric hinderance, e.g., a substituted or
unsubstituted monovalent hydrocarbon radical.

5

Triphenylphosphine with one, two or three substituent groups on any

©x

of the ortho positions of the phenyl rings.
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- 25 - [err] Cycl ohexyl di phenyl phosphi ne (CHDPP) with
one, two or three substituent groups on any of the phenyl or cycl ohexyl
rings. [er]

WO 97/20795 PCT/US96/19373

-95.

Cyclohexyl diphenylphosphine (CHDPP) with one, two or three
substituent groups on any of the phenyl or cyclohexyl rings.



WO 97/ 20795 PCT/ US96119373

- 26 - D ycl ohexyl phenyl phosphi ne (DCHPP) with one, two or
t hree substituent groups on any of the phenyl or cycl ohexyl rings.

[err] Tricycl ohexyl phosphine (TCHP) with one, two or three

substi t uent grougs_on any of the cycl ohexyl rings. WO 97/ 20795
PCT/ US96/ 19373 WO 97720795 PCT/US96/19373

-26 -

Diyclohexylphenylphosphine (DCHPP) with one, two or three
substituent groups on any of the phenyl or cyclohexyl rings.

X X
ke -0
Tricyclohexyiphosphine (TCHP) with one, two or three substituent
groups on any of the cyclohexyl rings.

X
P
X ;

X



- 27 - [err] - Di organophosphite or an oxide of an
or ganopol yphosphite, e.g., nonoxide of a bisphosphite, with one, two or

t hree substituent groups on any ortho positions of the rings.

The concentration of the sterically hindered organophosphorus |igands used

as indicator qu@ngga;g t he processes of this invention can b@wﬁﬂﬁw@ﬂBﬂﬁt
.8 er limt

greater than about equi val ent of the netal used. The upp

depends on the solubility of the ligand. The preferred range is about 0.1
equi val ent to about 10 equival ent of the netal enployed. _ The
sterically hindered organophosphorus |igands useful in this invention as

I ndi cator |igands may deliberately be enp2byed in the processes or forned
in situ during said processes. Oxygen may deliberately (or not) be

i ntroduced into.the reaction zone during the course of the reaction, e.g.,
a separate stream or through synthesis gas,

JoleN

O\P/O o o
\P/

|
O

X
pemey
Oy —9

)

o
Diorganophosphite or an oxide of an organopolyphosphite, e.g.,
monoxide of a bisphosphite, with one, two or three substituent groups
on any ortho positions of the rings.

The concentration of the sterically hindered
organophosphorus ligands used as indicator ligands in the processes of
this invention can be any amount greater than about 0.05 equivalent
of the metal used. The upper limit depends on the solubility of the
ligand. The preferred range is about 0.1 equivalent to about 10
equivalent of the metal employed.

The sterically hindered organophosphorus ligands useful
in this invention as indicator ligands may deliberately be employed in
the processes or formed in situ during said processes. Oxygen may

deliberately (or not) be introduced into the reaction zone during the
course of the reaction, e.g., a separate stream or through synthesis gas,
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- 28- to produce desired sterically hindered oxides, e.g., nonoxides, of
or ganopol yphosphite |i gands. [llustrative

nmet al - or ganopol yphosphite Iigand conpl ex catalysts and netal -sterically

hi nder ed organgphosphorus |igand conplex catal ysts enpl oyable in the
processes encoﬂ&i’géz&fsby this invention are known in the art BEfdUSfEPTtie
t hose disclosed in the bel ow nmentioned patents. In general such catal ysts
may be prefornmed or fornmed in situ as described in such references and
consi st essentially of metal in conplex conbination with an

or ganopol yphosphite |igand or an organopkbgsphorus |igand as the case may
be. The active species may al so contain carbon nonoxi de and/or hydrogen
directly bonded to the netal. The catal ysts useful in the
processes of this invention include a netal -organopol yphosphite |igand
conpl.ex cat al ystio produce dexirdd stexicaliyphindehedhobades eqg.gevapkidesiofr us | i gand

conpl ex catalys kG hs be optically active or non-optically
active. The pe#%Fggﬁ%ﬁ%gﬁ%*gpgﬁﬁ%@@ﬁ'nake up .t he t al - or ganopal yphosphite
li gand conpl exes and net allustrative matgl-enganepdyrhe E?p‘hﬁ?é"g‘tﬁﬂ"mle?‘i gand
conpl exes i ncl udgalgstigndmetalastdricallyrhimlesed atgambpHodphoius ligamaim ( Rh) ,
cobalt (Co), irjdi ' ' | )

pal | adi um ( Pd) ‘*°8+%‘?% %‘@ e ?mg@rﬁ%ﬂ&% p’lé’?n%%ﬁ% E’?%%’%@*%E%F@%W with the
preferred met aliaveation argkapWmin the art and mclidathose disslosed in the helow
preferably rhodmnefitiosebpatentddin géreral suoh espigstsahby belpraformied@rher

erm ssi bl e net 3 12 ' ,
Pol ybdenum (Voy oot 3 pltd e etins BEbErieRidihd (MG AU L
G oups 6, 8, 9 metalin cpmpley combipatien with apgrganqpeimhogphite ligand or The
perm ssi bl e or gaoeRnsphcgitvrtelibagd ad thabdseimapbe. The dcti®e species

T Ba1oRC MADSI o A LIS e St IR

sterically hind@W@He“%fganophosphorus | i gands whi ch make up the

metal -sterically The catalysts useful in the processes of this invention
include a metal-organopolyphosphite ligand complex catalyst and a
metal-sterically hindered organophosphorus ligand complex catalyst,
both of which can be optically active or non-optically active. The
permissible metals which make up the metal-organopolyphosphite
ligand complexes and metal-sterically hindered organophosphorus
ligand complexes include Group 8, 9 and 10 metals selected from
.rhodium (Rh), cobalt (Co), iridium (Ir), ruthenium (Ru), iron (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 ruthenium, especially
rhodium. Other permissible metals include Group 6 metals selected
from chromium (Cr), molybdenum (Mo), tungsten (W) and mixtures
thereof. Mixtures of metals from Groups 6, 8, 9 and 10 may also be
used in this invention. | _

The permissible organopolyphosphite ligands which make
up the metal-organopolyphosphite ligand complexes and free
organopolyphosphite ligand include di-, tri- and higher
palyorganophosphites. The permissible sterically hindered
organophosphorus ligands which make up the metal-sterically
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PCT/ US96/ 19373 - 29 - hi nder ed

or ganophosphorus |igand conpl exes and free sterically hindered

or ganophosphorus |igand include organophosphi nes and organophosphites which

nmeet the critery, escribed herein. Mxtures of such |igan
enpl oyed i f desi regiﬂ?] the netal - organopol yphosphite |igand gg'rn}%@%%ﬂ%s

catalyst, the netal-sterically hindered organophosphorus |igand conpl ex
catal yst, any free organopol yphosphite ligand and/or any free sterically
hi nder ed organophosphorus |igand and such m xtures may be the sane or
different. This invention is not intended29o be limted in any manner by
t he perm ssi bl e organopol yphosphite |igands or m xtures thereof or the
perm ssi ble sterically hindered organophosphorus |igands or m xtures
thereof. It is to be noted that the successful practice of this invention
does -not depend bindered organqphespharue digend chmplexes mandifrescatericaldlt t he

Lret gl 03 ganopol Yﬁﬂ@ﬁﬁh |0i‘®ﬂdpﬁ6§kﬂxdiﬁ§m;;ﬁiﬁdSﬂﬁﬁd@%rgﬁvr\nhobhﬁsﬂlﬁhé%banét eri C?I l'y
i ndered organophos X SPeci es | e present in
their rmnonucleargax?? ogclﬁékesg‘gﬁlﬁb g‘%%ﬁ@ﬁﬁﬁ%ﬁ@&??@%@% ‘I ndeed, the
exact structurel\fﬁsﬂ'ﬂmss of fucinligandsymaythe employerbif desired de théaredaln t o be

bound to any the»egyn@myrme@gm@hgsnaib&ﬁg}b&&@mly&t Qﬁ@ﬁﬂtﬁl-ét@ﬁkaﬁf'e catal ytic
species may in ht esse metal in

conpl ex combi natl' dereg%ﬁgﬂq?é’ St 02?:5 ngﬁ’ﬁretxecalt?léﬁﬁdméfr Rerically
hi nder ed or ganophesssipelyphosphjtem beny dsessterdealnbiinderdd, dr ogen when

used. or an-gibﬁoélﬂ{di‘hs ﬁgaﬂaaxs s%%h@&ﬁﬂa&@&ﬁéj‘b@ﬂ@e bdink B cl ains
means a coordin t% o.ggoulnde Qr ne ?ﬁt}y g 3&21 e or nore .

el ectronically 15 1pEenfon is.pet ip ‘Hﬁlﬁg Fﬂﬁ"ﬁ%éﬁ&ﬁﬁt’m’e‘?’@gt ence
with one or nor &ydhepermissitde brganopelypbbsphitekigandsaromxtussscthendof\whi ch i s
al so capabl e of th@ﬁ@ﬂﬁi&%s&%hﬁﬂﬁﬂ%er@'& bsfph&rhshgwa@spol yphosphite

may possess one HrAHSE Y ”dﬁpﬁaﬁ% B8 BRGA RRERhe Sucrp L Sractbe AlBS 2 ol
or unshared pai inwt@neism aat erﬁrdwawd s miqiredlaptﬂsil an e émtrshrgcialre
coordinate covabﬁﬂie ﬁ@fﬁd drglﬁmlﬁ%hbm@ ligRAd Shitplexl sheCiRBoPkhe hfetdl-. Via
chel ation) wit hsi ca“? dercg organophosphoruq ligand complex species, which

may be present in their mononuclear, dinuclear and/or higher

nuclearity forms. Indecd, the exact structure is not known. Although

it 1s 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

organopolyphosphite ligand or sterically hindered organophosphorus

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
organopoljrphosphite ligands and sterically hindered organophosphorus
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
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- 30 - nonoxi de (which is also properly classified as a |ligand) can al so
be present and conplexed with the nmetal. The ultimte conposition of the
conpl ex catalyst may al so contain an additional |igand, e.g., hydrogen or

an anion satisfying the coordination sites or nuclear charge of the netal.
Illustrative aMPPTWW | i gands ‘i nclude, for exanple, hal ogePCT/CH6/1®73 | ),
al kyl, aryl, substituted aryl, acyl, CF3, {err]Ferr], CN, (R[err]PO and
RP(O) (OH) O (wherein each Ris the same or different and is a substituted
or unsubstituted hydrocarbon radical, e.g., the alkyl or aryl), acetate,
acetyl acetonate, SO[err], PF[err], PF[er_rO_NO[err], NO[err], CHerr]O,
CH err]=CHCH err], CHerr]CHCHCH err], err]H err]CN, CH err]CN, NH err],
pyridine, (Cferr]Herr])[err]N, nono-olefins, diolefins and triolefins,
tetrahydrofuran, and the like. It is of course to be understood that the

conpl-ex speci es xR id/alks opirlyPEldssied hé QNiHandl Balhlsolyegand or
ani on that m ght $PO€I on .t he a’éﬁl‘%ﬁ% I h%vg ,f£ undue, adverse.effgct on
catal yst per f or RRHES! an"‘Pg‘PE? PR &0P FPYR § Htmate compasiEon s phi t e
ligand conpl ex ¢he ebruplec cabalyst may alsvetontaia arcaddisionsbliganditesg.be free of
hal ogen and sul fhgargehe&tdxyaljﬁﬁﬁ‘gﬁﬁsﬁ@%éﬂ?e fRkdinatioflsiteOupRuslGh MRy not be

absol utely necesSary. The n er .qf avail gbl.e coordination
sites on such mehar °fit1§em=ﬁl-kﬂwﬁweﬁw@'@?ﬁ%ﬁmsw@uﬁﬁg tic species
may conprise a esawmpleshadegen|((tBmilkalied, aryi, substitutedrasbracyl, @iayeric or

hi gher  nucl ei'ir thFst g!b{r&m«zﬂ’u't)@Bdamm((?ﬂm?hhur&ﬂlaa&cngs tE& Jamk o@lt | eiast f
one organopol yphasphi t e-c¢ont aj ni.n ecul e conpl.ex r one, ecule o
metal, 6., r WOMSTARC RBR if A SHOFRIETeq pr RESHhSERtIS hyropArbo adicahal vt i ¢
speci es of the prftherallylcananylisacetats, egetarldcatonats, @4, 3, (FE. ¥O2+ eact i on
may be conpl exel@s IEHSE, CIY-THCH CHCHAECHTUHE TT4H5 CRICHICN, Neid, he

or ganopol yphosphi t.g. | i genﬁ% I Vi ew Pff thg. fg.r bon 4 g de and hydrogen
gas enpl oyed by PRSI SPEHEN ReResletng, diofelps ahd thdtelne,© % J

or ganopol yphosphetrekydrofitramnynd ¢he tikes It iseoflcogasedo bk urideestood that the

met al - or ?a”ﬁpo' )ﬁ%%al&'”ﬂ Biek 'agégijefﬁhﬁﬂ?} %e%?%ﬂ&)éﬁh&i&&%%arﬁé figand or
organopolyp Ospalngoei\l thla e}xrl]idght %2150;1 tﬁe ggt%?gs%%r%%ee Ia?xeusn urv]a adverse effect

on catalyst performance. It is preferred in the metal-

organopolyphosphite ligand complex catalyzed reactions 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
organopolyphosphite-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 organopolyphosphite ligands in view of the carbon
monoxide and hydrogen gas employed by the hydroformylation
reaction.

The organopolyphosphites that may serve as the ligand of
the metal-organopolyphosphite ligand complex catalysts and/or free
organopolyphosphite ligand, and the organophosphines and
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- 31 - or ganophosphites that nmay serve as the sterically hindered |igand
of the netal-sterically hindered organophosphorus |igand conpl ex

catal ysts and/or free sterically hindered organophosphorus |igand of the
processes of t | tion may be of the achiral (optically j | or
chiral (optlcalr#’é Jg@)}ﬁ)e) type and are well known in the art.{ﬁ@ﬁ&rﬁé?}"”

or ganophosphorus |igands are preferred. Anmong t he

or ganophosphi nes that may serve as the sterically hindered

or ganophosphorus ligand of the metal-sterically hindered organophosphorus
conpl ex catal yst and/or free sterically .4 ndered organophosphorus |igand
of the reaction mxture starting naterials are triorganophosphines,

trial kyl phosphi nes, al kyl di aryl phosphi nes, di al kyl aryl phosphi nes,

di cycl oal kyl aryl phosphi nes, cycl oal kyl di aryl phosphi nes,

tri ar.al kyl phosphirgassophosphites Mtlmhphmwpla’srﬁhs stegrrea yrhindetedtigapdiofies, and

bi sphosphi ne m@ﬂe%ﬁtﬁ?&erﬁﬁﬁy%«?%ﬂgh% hQ%F}W}hﬁi gHRRlcoklpfex Criteria for

sterically hindere escri her cour se

Sy Of tho hydr GagA AOMAT L eralE h sy SrEpneBRoSP RS BERIS) on ¢
or ganophosphi neshewyodessaidfthis invedtion niydher aftthe aichiral toptically imduitive)

substituent that,d Iibg&zf#ﬁgwlag e 3plr et Osp%bﬁm@ﬁémeg\eg%ﬁt of

the reaction. The s organg e I'igand oyabl e
in the reaction OJEEI? ?Fd\ﬁé‘gal"éﬁaf?lﬁﬁferﬁf* paration are known in the art.

II'lustrative triorganophoamnisrpethel aqygmsisphoryhines thsmeasg satvedadbhet he f or nul a:
[err] sterically hindered organophosphorus ligand of the metal-sterically

hindered organophosphorus complex catalyst and/or free sterically
hindered organophosphorus ligand of the reaction mixture starting
materials are triorganophosphines, trialkylphosphines,
alkyldiarylphosphines, dialkylarylphosphines,
dicycloalkylarylphosphines, cycloalkyldiarylphosphines,
triaralkylphosphines, tricycloalkylphosphines, and triarylphosphines,
and bisphosphine mono oxides, and the like, all of which meet the
criteria for sterically hindered organophosphorus ligands described
herein. Of course any of the hydrocarbon radicals of such tertiary non-
ionic and ionic organophosphines may be substituted if desired, with
any suitable substituent that does not unduly adversely affect the
desired result of the reaction. The sterically hindered
organophosphine ligands employable in the reaction and/or methods
for their preparation are known in the art.

Ilustrative triorganophosphine ligands may be
represented by the formula:

(1)
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PCT/ US96/ 19373 - 32 - wher ei n
each Rlerr] is the sane or different and is a substituted or wunsubstituted
nonoval ent hydrocarbon radical, e.g., an alkyl or aryl radical. Suitable
hydr ocar bon rac%;g]uih Jey cont ain froml to 24 carbon atons or greater, the
most preferred %% bon radical bei ng phenyl, (C err]H er PEIPS96/19373
Il'lustrative substituent groups that nay be present on the aryl radicals
include, e.g., alkyl radicals, alkoxy radicals, silyl radicals such as
-Si(R2)3; amno radicals such as -N(Rlerr])[err]; acyl radicals such as
-C(ORerr]; carboxy radicals such as -C(@OR err]; . acyloxy radicals such
as -QC(O R2; amido radicals such as - C(ONR2)2 and - -N(R2) (O R2; ionic
radi cals such as -SOerr]M wherein Mrepresents inorganic or organic
cation; sulfonyl radicals such as -SO[err]Rlerr]; ether radicals such as

-ORerr]; sulfi Whefe%‘ilb%ﬂ R13y'6he saifie oPikGeht an&% ggﬂﬁé \.ES&I Sf'il S such as

-SRerr] as well_as o nit a tri r onet ydroxy
radi cal's, and th&® ﬁ"lbfﬁ t%ﬁé?%‘?‘ﬂ'aieégéﬁ"%ﬁ a}rhﬂﬁ’\‘/”r“g‘ﬁﬁffaﬁ T HH ALY AT 8r¥he same
or different subeadical Suitgble hMWIbanadltalmnayaanlﬁ;cdmdaamon radi cal ,

with the provi SOcaTrB@ﬁatdrﬂs Mteiu%éﬁoge pete &@. foca ?JJL]:QI[beerxﬁ each
e L e 0 FRAbAS Aot iy B B

forns a heteroc

substituents sucin th;! ar@l e dicaf énelpileca. g} aH{ydl radN(cE{sech]o)cyi(rE))liBaE[ s;]ly]eac h
-Rlerr] bonded t/diatdsuch a%o_tsemz)gdaxamad,&wéﬁ&ﬁag quﬁiﬁ% ?{ﬁd' cal s

i nclude, e.g., nethyl, e trative
aryl radicals ik icarhﬁ’ﬁiht'%ﬂﬁals Gﬂ%éﬁwc(q)ﬂﬁﬁ?ophenyl ,
di f I uor ophenyl , acbbxyoyﬂmn}qﬁmh;ds,—@@(mRBh@myMéals 8GéH ¥4 phenyl

et hoxyphenyl, a-—w B y

trifluoronet hyI phenyl matdhoxyet h?f@ﬁma ?ﬂxc%@t am%g%%grﬁosM

di met hyl car bany|phesieyn M repiresents jryirganicardrganic icatien; sulfonyl radicals
Il'lustrative spesichias armm%mﬁmame&als BGéHIse —ORY; sulﬁhg:l Rigeaatk ghas phi ne,

A AT YRR o e S

tris-dinethylam qyepue&w{)mmpthyl@pd hydroxy radicals, and the like, wherein
each R2 individually represents the same or different substituted or
unsubstituted monovalent hydrocarbon radical, with the proviso that
in amino substituents such as —N(R2)2, each R2 taken together can
also represent a divalent bridging group that forms a heterocyclic
radical with the nitrogen atom and in amido substituents such as
C(O)N(R2)2 and —N(Rz)C(O)R2 each —R2 bonded to N can also be
hydrogen. Illustrative alkyl radicals include, e.g., methyl, ethyl,
propyl, butyl and the like. Illustrative aryl radicals include, e.g.,
phenyl, naphthyl, diphenyl, fluorophenyl, diflucrophenyl,
benzoyloxyphenyl, carboethoxyphenyl, acetylphenyl, ethoxyphenyl,
phenoxyphenyl, hydroxyphenyl; carboxyphenyl, trifluoromethylphenyl,
methoxyethylphenyl, acetamidophenyl, dimethylcarbamylphenyl, tolyl
xylyl, and the like.

Ilustrative specific organophosphines include, e.g.,
triphenylphosphine, tris-p-tolyl phosphine, tris-p-
methoxyphenylphosphine, tris-p-fluorophenylphosphine, tris-p-
chlorophenylphosphine, tris-dimethylaminophenylphosphine,
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propyl di phenyl phosphi ne, t-butyl di phenyl phosphi ne, n-

but yl di phenyl phosphi ne, n-hexyl di phenyl phosphi ne,

cycl ohexyl di phawybpivwssphi ne, di cycl ohexyl phenyl phosphi ne, . PCT/US96/19373
tricycl ohexyl phosphi ne, tribenzyl phosphine as well as the al kali and

al kaline earth nmetal salts of sulfonated triphenyl phosphines, e.g., of
(tri-msul fophenyl)phosphi ne and of (m sul fophenyl)di phenyl- phosphine and
the Iike. More particularly, illustrative

met al - or ganophosphi ne conpl ex catal ysts-3hd illustrative free

or ganophosphi ne Iigands include, e.g., those disclosed in U S. Patent Nos.
3,527,809; 4,148,830; 4,247,486; 4,283,562; 4,400,548; 4,482,749 and

4,861,918, the disclosures of which are.incorporated herein by reference.

Among the or gandsAk fﬂ?ﬂi”é‘ﬁﬁh‘n’é&’}.‘ﬁ?ﬁyt‘gﬁ?ﬁgpg@n glosgkf_lé‘ﬁ Ral Iy hindered

or galnophost)hf)r u?odty]@ml&mﬂphdsphnm; a+he|inyhhpl_xahylphosllmm%r edh&;gﬁnopholsphor gs

conpl ex catal ys . Bisphorus |igan
BRI BhGAISAM By S p ARl o

of the reaction n pteri oQr ganpophosphi t es,

di or ganophosphi ttég}’dob‘??f}'éla}g%%ﬁ?f‘o§gﬁ?‘%’é’%§lé‘??(ﬂ’%meg%ﬁﬂﬁﬁIagﬁﬁﬁggfﬂslf 88¢ al| of

which neet the dlkalisys éarthaietal salicafl sulfoniatmictriphenytehuspheshegysf| i gands

described ' her el fLelBbRaR HHEEHARL Whd Y AR REAA@RRGRADT t es | ncl ude,
sphi yp

for exanple, diqQrganop es,” oxl des of organopo osphites, e.g.,
nmonoxi des of bi mgmetaé@?thgﬂﬁcet he like. The sterically hindered
or ganophosphi te |i gands eMureypablisulartyf iliustriativenbetah-oegedhiophosmiineds f or

their preparati %Fgﬁ& ﬁé]:gmté. Bnd ffustFdtive free organophosphi@Agaddie

or ganopol yphosphités that may serve as e 0|g 8 'yphosphi t | gand of

t he metal - or gandﬁé‘l“?ﬁh%gpﬁh?sé discloged mé&r%’p?éf(e’gi?%ﬂ[@éﬁ i rl‘ﬁr%@? |
or ganopol yphosphi, 247, 486a0)283662;10400,848; 14,482, Td X &nd d,861:918, blge mat eri al s are

or ganopol yphosphj; ' . : | tiar trival ent
phosphorus at ons%gﬁ%gdrlgﬁng?Ie %éﬁ%ﬁgﬁdga&s%egé gggﬁ%éé:%:g 8f§ ggm(n as (V) )

through (XI 1) below. TheARYEIHESr fphites that ey fe in this
i nventi on and/ asterietllyckindérsd drigenophuspharnatligamdaofehk moetnl-stericallyar t .

hindered organophosphorus complex catalyst and/or free sterically
hindered organcphosphorus ligand of the reaction mixture starting
materials are monoorganophosphites, diorganophosphites,

triorganophosphites and organopolyphosphites, all of which meet the
criteria for sterically hindered organophosphorus ligands described
herein. Preferred sterically hindered organophosphites include, for
example, diorganophosphites, oxides of organopolyphosphites, eg.,
monoxides of bisphosphites, and the like. The sterically hindered
organophosphite ligands employable in this invention and/or methods
for their preparation are known in the art.

Among the organopolyphosphites that may serve as the
organopolyphosphite ligand of the metal-organopolyphosphite ligand
complex catalyst and/or free organopolyphosphite ligand of the
reaction mixture starting materials are organopolyphosphite ligands
that contain two or more tertiary (trivalent) phosphorus atoms and
include those ligands represented by formulas (VI) through (XII)
below. The organopolyphosphite ligands employable in this invention
and/or methods for their preparation are known in the art.
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-34 - Repr esent ati ve nonoor ganophosphites nmay include those
havi ng the formul a: [err] wherein R3
represents a substituted or unsubstituted trivalent hydrocarbon radical

containing fr 40 carbon atons or greater, such as tr] yclic
and trival ent %gﬁ % adi cal s, e.g., trivalent alkylene radk%?f’g&z'ﬁ%r% as

t hose derived from1l, 2, 2-trinethylol propane and the like, or trivalent

cycl oal kyl ene radicals such as those derived from

1, 3,5-tri hydroxycycl ohexane, and the |Iike. Such nonoorganophosphites may
be found described in greater detail, farggexanple, in U S Patent No.
4,567,306, the disclosure of which is incorporated herein by reference.
Represent ati ve di organophosphites may include those having the formula:
[err] wherein R4 represents a substituted or unsubstituted dival ent

hydr ocar bon radi cal cont aRepnegeritative snanporganophbsphisesomey dnclyde iase

having the formula:

/o)
R3-—/-O§—P
N\ /
o
D

wherein RS 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.

Representative diorganophosphites may include those
having the formula:

P—0O-W
(ITD

wherein R4 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



and Wrepresents a substituted or unsubstituted nonoval ent hydrocarbon
radi cal containing from1l to 18 carbon atons or greater.
Representative substituted and unsubstituted nonoval ent hydrocarbon
radi cal s represented by Win the above WO 97/ 20795

PCT/ US96/ 19373 wo 9720795 _ ~ =35 - TpRiriisbéndsd | )
I ncl ude al kyl and aryl radicals, while representative substituted and

unsubstituted dival ent hydrocarbon radicals represented by R4 include
di val ent acyclic radicals and divalent aromatic radicals. Illustrative
di val ent acyclic radicals include, for exanple, alkylene,

al kyl ene-oxy- al kyl ene, al kyl ene- NX-al kyl e88- wherein X is hydrogen or a
substituted or unsubstituted nonoval ent hydrocarbon radical, '
al kyl ene- S-al kyl ene, and cycl oal kyl ene radicals, and the |ike. The nore
preferred dival ept

a i.c radicals are the _dival ent al kyl ene. radi cal s
P eh as i Sl osclmdia frhfintiade 4o biatarid Fadgicang, il remreenBBioe 3, 12 50
and 4, 567, 302 anshhbshiduteidkend ahsmbdtisuteddivalent hfdnoeadvnaadidats or por at ed

herein by refer %Eeseh'téfﬁ%kﬂtih}!l ad idY@dl@ﬁ‘f ae [i0 PEdikSls3d &9 n:t ncl ude, for
exanpl e, aryl ene, "bi sar eﬁié&ﬁr ene- .. a | ene,, ar,I%ne- yl ene-aryl ene,
aryl ene- oxy-aryl %‘Wé‘?at‘a‘r%f{!dé 8. \pRuStratiye divaleptacarlic sadicals include.fer anove,
aryl ene- S- ar yl enexanapld, alkylemepalkylenez-duyt aiglenapalkylenelNKealkjlene preferably
R4 is a dival ent,aLQRRK & hyddslendr SLiikeatdd iEel hotld or
exanple, in US. WP t enltb 1Nog.r %fﬁ‘g"ga 0 Fﬁjpdéalfﬁ?%%gi end‘t’%é%ﬁx{}e, t he
di scl osures of viydqeagben redical ererSralkeleneiAnd ef fﬁlYE]\SPe radicals,
Represent ati ve odndithlike.pThé atore grefemsd divaldhvageaiiopadicplidrezhar e t hose of
the formla: divalent alkylene rdd3¢d1d 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-NX-

arylene wherein X is as defined above, arylene-S-arylene, and arylene-

S-alkylene, and the like. More preferably R4 is a divalent aromatic

radical such as disclosed more fully, for example, in U.S. Patent Nos.

4,599,206 and 4,717,775, and the like, the disclosures of which are

incorporated herein by reference.

Representative of a more preferred class of
diorganophosphites are those of the formula:

(V)

wherein W is as defined above, each Ar is the same or different and
represénts 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



wherein Wis as defined above, each Ar is the sane or different and
represents a substituted or unsubstituted aryl radical, each y is the sane
or different and is a value of 0 or 1, Qrepresents a dival ent
97/ 20795

-36 -

bridg

Si(R7)[err]- a
represents hydrogen, al kyl radicals having from1l to 12 carbon atons,

phenyl

R7 is the sane or different and represents hydrogen or a nethyl

, tolyl,

WO

PCT/ US96/ 19373

?ﬁéﬁﬁp selected from-C(Rerr])[err]-, -0-, -S

wherein each R5 is the same or differBEEUSIEA

and anisyl, R6 represents hydrogen or a nmethyl radical

and mis a value of 0 or 1. Such diorganoggghosphites are described in
for exanple, in U S Patent Nos. 4,599,206, 4,717,775 and

greater detail

4, 835,

[err].

err],
err]

each

radi cal ,

299, the disclosures of which are incorporated herein by reference.
Representative triorganophosphites may include those having the formul a:

wher ei Bridgiy g%ubseldifedsiom ORI} [ ©-218-, NRB- SiR739Lhs{d & ut ed or

unsubsti t ut ed

aryl,

al karyl

a

val ent, hydrogar bon radical,_e.g., an al kyl, cycl oal kyl,
“aVAFIEIP eﬁgla %g’dﬁ shosamg fforent apa FEPESREALSt 0 24 car bon
atoms. Suit abl ehjpgrigenaalkyhradicile dlasimpfromontaid cdrbomatoms, pergd) bon at ons
or greater and ghy iRQ!Hi&1! ROFEMASSHS! }Bﬁf}og&"é{:ﬁa methyl radical, each R7

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:

Y [0):4
P \— O]@
0)14
V)

wherein each R8 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical e.g., an alkyl,
cycloalkyl, aryl, alkaryl and aralky! radicals which may contain from 1
to 24 carbon atoms. Suitable hydrocarbon radicals may contain from 1
to 24 carbon atoms or greater and may include those described above
for Rl in formula (I). Nlustrative triorganophosphites include, for
example, dialkylaryl phosphites, alkyldiaryl phosphites, triaryl
phosphites, and the like, such as, for example, tri-(2,6-
diisopropylphenyl) phosphite, tri-(2,6-di-t-butylphenyl) phosphite, tri-
(2-t-butyl-4-methoxyphenyl) phoéphite, and the like. The most
preferred triorganophosphite is tri-(2-t-butyl-4-methoxyphenyl)
phosphite. Such triorganophosphites are described in greater detail,
for example, in U.S. Patent Nos. 3,527,809 and 5,277,532, the
disclosures of which are incorporated herein by reference.



for RLin formula (1). Illustrative triorganophosphites include, for
exanpl e, dial kylaryl phosphites, alkyldiaryl phosphites, triaryl
phosphites, and the |ike, such as, for exanple, tri-(2,6-

di i sopropyl phenyl ) phosphite, tri-(2,6-di-t-butyl phenyl) phosphite, tri-
(2-t-butyl - 4- meflany nyl) phosphite, and the |ike. The nost 5610
tri organophosphite %gﬁ?ri-(2-t-buty|-4-nethoxypheny|) phosphifg&ﬁéuét

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

I ncor porated herein by reference. WO 97/ 20795

PCT/ US96/ 19373 -37- -37-

Represent ati ve or ganopol yphosphites contain two or nore tertiary
(trivalent) phosphorus atons and may include those having the formul a:

[err] wherein X err] represents a substituted or, unsubstituted n-val ent
hydr acar bon bri dgi ng r adi Bapresenkasiveionganeraiyphosphites containtwe eoreach R9
is the same or deftiayetrivalant) phodplidraslattis aydmapintedude thbise lavirgnt ai ni ng
from4 to 40 Caﬁ:ﬁg?rﬁﬁlﬂ”ﬁ’ each Rferr] is the sane or different and is a
substituted or UhSUBStTtuted nonoval ent hydr ocar bon radi cal containing from
1 to 24 carbon atons, a and b can be the sanme or different and each have a

value of 0 to 6, with e proviso t t€g;sum of a is 2 to 6 and n
equals a + b. Of coursp it ig to be updefBtoo hat when a has a val ue of 2
or nore, each R9 radicphlgafy be\the sanmejor differpntqpladd when b has a
value of 1 or nore, ea ‘RkerylPé'd y al sgbe t sane or different.
(6) R°—0
— — b
a
(VD

wherein X! represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R® is the same or different and is a divalent hydrocarbon radical
containing from 4 to 40 carbon atoms, each R10 is the same or
different and is 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+bis2to6andnequalsa+ b. Of courseit
is to be understood that when a has a value of 2 or more, each RO
radical may be the same or different, and when b has a value of 1 or
more, each R10 radical may also be the same or different.
Representative n-valent (preferably divalent) hydrocarbon
bridging radicals represented by X1, as well as representative divalent
hydrocarbon radicals represented by R 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 Q,
m and y are as defined above for formula (IV). The more preferred
acyclic radicals represented by X1 and RY above are divalent alkylene
radicals, while the more preferred aromatic radicals represented by X1
and RY above are divalent arylene and bisarylene radicals, such as



Representative n-val ent (preferably dival ent) hydrocarbon bridging radicals
represented by X1, as well as representative dival ent hydrocarbon radicals
represented by RO above, include both acyclic radicals and aromatic

radi cal s, such as al kyl ene, al kyl ene-Qm al kyl ene, cycl oal kyl ene, aryl ene,
bi saryl ene, ar ne-al kyl ene, and aryl ene-(CH2)y-Qm (CH2) y- aryl ene

radi cal s, and %dﬁ(gqeqo%es, wherein Q mand y are as defined abogﬁ'r/f»'ﬁﬁ‘"?ﬂ?rml a
(I'V). The nore preferred acyclic radicals represented by X err] and R err]
above are dival ent al kylene radicals, while the nore preferred aronatic
radi cals represented by X err] and RO above are dival ent aryl ene and

bi saryl ene radi cals, such as WO 944 20795

PCT/ US96/ 19373 ' -38 - 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
Eur opean Pat ent dignpdsedanomerfublybfor@xhinpide, ihdJ.S6PatettNosdraotM94d;i ke, the

di scl osures of WWWEhgey.& ¢ . ' ] resentative
nmonoval ent hydr %’ggfﬂoﬁi'?&éﬁgﬁjg%ﬁeﬁg%%gﬁ{feﬂd@%%*é%giégf’g’??s’r% g%j cal above
i ncl ude al kyl arfe2ehblRane 5.3644150,pad European Patent ApplisationtRuhlicptiener r ed
or ganopol yphospiiNd. 662468, and ithe tike pihepliodediires sf whidh &% ihbarporatedf or nul as
(VIT) to (IX) b %e?tyfn by refér%%(l. Representative monovalent hydrocarbon radicals

represented by each R10 radical above include alkyl and aromatic

radicals.

Illustrative preferred organopolyphosphites may include
bisphosphites such as those of formulas (VII) to (IX) below:

o N

1
R P—OX
\ /
o
—2 VI
10
R —
& l
/P— X
10_
-_—2
(VIIL)
10

O-R
Rg/o\P—o—x’—P/
N \

o/ o—R!°

(IX)

wherein each R9, R10 and Xl of formulas (VII) to (IX) are the same as
defined above for formula (VI). Preferably, each R9 and X1 represents



wherein each Rlerr], Rerr] and Xerr] of formulas (VIl1) to (IX) are the
sane as defined above for fornmula (VI). Preferably, each R err] and X err]

represents WO 97/ 20795
PCT/ US96/ 19373 - 39 - a dival ent
hydrocarbon radigéleng! ected from al kyl ene, aryl ene, PCT/USS6/19373

aryl ene- al kyl ene-aryl ene, and bisarylene, while each R err] represents a

nonoval ent hydrocarbon radical selected fromal kyl and aryl radicals.

Or ganophosphite |igands of such Formulas (VI) to (1 X) 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; 5,113,039;- 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

di scl osures of all of which are incorporated herein by reference.

Representative of myre preferred cl as orgaug?isghos hites are those
aikylene,

of the fol | owi ng divaemt Redrosgrbog restxcraf ;&Slf%;ﬁi from arylene,
arylene-alkylene-arylene, and bisarylene, while each R10 represents a
monovalent hydrocarbon radical selected from alkyl and aryl radieals.
Organophosphite ligands of such Formulas (VI) to (IX) may be found
disclosed, for example, in U.S. Patent Nos. 4,668,651, 4,748,261,
4,769,498; 4,774,361, 4,885,401, 5,113,022; 5,179,055; 5,202,297,
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 (X) to (XII):

T}r—
(CHy)y
9 m . P—0OTX
((|:H2]y
| ar—0

Xy

Ar—Q o—R!°

Ar—O o—R!°
(X1)
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[err] wherein Ar, Q, Rlerr], Rerr], Xerr], mand y are as defined
above. Most pref erably X[ err] represents a dival ent

aryI-(CH[err])&g qu m(CH err])[err]-aryl radical wherein each y
individually h Sue of 0 or 1; mhas a value of 0 or 1 BEEHUSYSNEITIO.
-S- or-C(R5)2- wherein each R5 is the sanme or different and represents a
hydrogen or nethyl radical. Mre preferably each alkyl radical of the
above defined R10 groups may contain from1l1l to 24 carbon atons and each
aryl radical of the above-defined Ar, X[egpl, Rlerr] and Rierr] groups of
t he above formulas (VI) to (XII) may contain from®6 to 18 carbon atons and
said radicals may be the sane or different, while the preferred al kyl ene
radicals of X err] may contain from 2 to 18 carbon atons and the preferred
al kyl.ene radicals of y contain fromb5 to 18 carbon atons. In

addi tion, preferabl yAfhe \val ent Ar radical :}a/? i valent aryl radicals

of X[err] of the abqCelfpr S are phenyl ene dicals in which the

bridgi ng group repregented by - rfg__rrl])b_rr (Qm( ggrr])[err]- S
bonded to said pheny e radic that ar® ortho to the
oxygen atons of the( p”'rul as connect theRhenylZne radicals to their
phosphorus at om of the2 Iae It is also preNerp&d that any substituent

radi cal when presenArcmOsuch phenyl ene radicals b bonded in the para
and/or ortho position of the phenylene radicals in relation t(gl he oxygen
atomthat bonds the given substituted phenylene radical to it ]Bhosphorus
atom

wherein Ar, Q, R9, R10, X1 m and y are as defined above. Most
preferably X1 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(R5)2- wherein each RS is the same or
different and represents a hydrogen or methyl radical. More preferably
each alkyl radical of the above defined R10 groups may contain from 1
to 24 carbon atoms and each aryl radical of the above-defined Ar, X1,
R9 and R10 groups of the above formulas (VI) to (XII) may contain
from 6 to 18 carbon atoms and said radicals may be the same or
different, while the preferred alkylene radicals of X1 may contain from
2 to 18 carbon atoms and the preferred alkylene radicals of R9 may
‘contain from 5 to 18 carbon atoms. In addition, preferably the divalent
Ar radicals and divalent aryl radicals of X1 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.

Moreover, if desired any given organophosphite in the
above formulas (II) to (XII) may be an ionic phosphite, i.e., may contain
one or more ionic moieties selected from the group consisting of:



Moreover, if desired any given organophosphite in the above fornulas (I1)

to (XIl) may be an ionic phosphite, i.e., may contain one or nore ionic
noi eties selected fromthe group consisting of: WO 97/ 20795

PCT/ US96/ 19373 _ _ _ -41 - -
SH err] Mwherein resents inorganic or organic cation, PCT/USS6/19373

PJerr]M V\herelwoml?og esents inorganic or organic cation,
N(Rerr])[err]X[err] wherein each Rerr] is the sane or different and
represents a hydrocarbon radical containing from1l to 30
carbon atons, e.g., alkyl, aryl, alkaryl, aralkyl, and

cycloal kyl radicals, and X2 represents ingfpanic or

or gani ¢ ani on, - CJerr] Mwherein Mrepresents inorganic or
organi c cation, as described, for exanple, in US. Patent Nos. 5,059, 710;
5,113, 022 5,114, 473; 5,449, 653; and European Patent Application

Publ icati on No. 435084, SOM dikeeéindMrepreséntshinorgaarie or niganpoeaticangy her ei n

by reference. Thus, _if dP@sﬁ\E he éiffo% qu?'gpéérﬁ c bt GRS BRYaSoNt ai n

from1l to 3 such ionic noi etl i’ﬁ that only oné such
i oni c noi ety be substitut eBT(B \gh%!@m 9?‘311 issthe same Hédlff'erent and

or ganophosphite ligand when t r&'% mg&%?g&, PRdiBall RRaiRNEe Al to | ONI C

noi ety. As suitable counter-ig

he | eties of
the ionic organophosphites th@? éa’r%’ﬁ %%mﬁeﬁ’lgvé ’ﬁy%&&&éna’(“} 'aBS
proton), the cations of the ai:ydadalkyirrdda:lalmIandé(%mprlasentmra*gamcarg ,
lithium sodium potassium cg&aﬂm aftigRi di um cal ci um barium magnesi um

and strontium the anmmoniu uat er nary ammn gati.ons,
phosphoni um cations, ar som@ﬁ)rc?\zi\;I w@hff‘é’qg rgﬁﬁeseﬁ A u eat sénnécuﬁté%’f e

ani oni c atons of asatﬁscrzibsd for endmlplle uf UrS. Batemt Nps s‘imw,ﬂéo, ihl&;ﬁﬂ&t e,
phosphate, chl or|5j ) -6 B @Qﬂf‘a@@r]tlA icati onP ion
course any of th ﬁﬁe erleu]p err .;]t X[err]
W Q and Ar §q%£%§ ﬁlﬁﬁ ﬁear#evha%arfbmce o %ﬁﬁlo‘b?{ tes of
formulas (11) to reférencea v, m@deshedsmhsﬁoxganqdmsbh(te§1gaads mmyc ¢ondain
suitable substitipdh 107 AidH BlichoiBibsPhikd) tqgrr?k) Ot bRt orffi&Rh  NOt

undul y adversely .affect. sLre esu 0 forﬁne/l ation
ionic moiety be su stltute on any given aryl 1ety int

organophosphite ligand when the ligand contains more than one such
ionic moiety. As suitable counter-ions, M and X2, for the anionic
moieties of the ionic organophosphites there can be mentioned
hydrogen (i.e. a protdn), the cations of the alkali and alkaline earth
metals, e.g., lithium, sodium, potassium, cesium, rubidium, calcium,
barium, magnesium and strontium, the ammonium cation and
quaternary ammonium cations, phosphonium cations, arsonium
cations and iminium cations. Suitable anionic atoms of radicals
include, for example, sulfate, carbonate, phosphate, chloride, acetate,
oxalate and the like.

Of course any of the R3, R4, R8 RY, R10 X1 X2 W, Q
and Ar radicals of such non-ionic and ionic organophosphites of
formulas (II) to (XII) 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 hydroformylation
reaction. 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



reaction. Substituents that may be on said radicals in addition of cour se

to correspondi ng hydrocarbon radi cals such as al kyl, aryl, ar al kyl ,

al karyl and cycl ohexyl substituents, may include for exanple WO
97/ 20795 PCT/ US96/ 19373

- 42 - silyl radicals such as -Si(Rerr])[err]; amno radicals such as

-N(R[ err])[err]WOME¥Ohi ne radicals such as -aryl-P(R err]) [ @Ts%40y13
radicals such as - C(ORerr]; acyloxy radicals such as -OCC(O R err];

am do radicals such as - CON(R[err])[err] and -N(R[err])COR[err]; sulfonyl
radicals such as -SOerr]Rerr]; alkoxy radicals such as -OR12; sulfinyl
radi cal s such as -SOR[err]; sulfenyl radl‘ﬁal s such as -SR12; phosphonyl
radi cal s such as - P(O)(R[err])[err] as el | as, halogen, nitro, cyano,
trifluoronmethyl, hydroxy radicals, and t he i ke, wherein each R12 radical
Is the sane or different and represents a nonoval ent hydrocarbon radi cal
having from1 t r , | hara al karyl and
cycl ohexyl radi Céé{y%?a&% shsqc ”?.(,)(&/ﬁé?.ga taﬁ‘% ¥ad§%1{8y%ucs {l&# s such as
-N(R[err])[err] ﬁmsphﬁieeradjxcalahmh amgn-yhPbe%)g,adﬂwadmplsmhtasa di val ent

0, 20, L Bl o A OMR il i
N(R err]) COR[ er r?oé'KB )a[%nd} lzp Ealiesqﬂi(ﬂso§@2m& cour se
it is to be undeggl goﬂa&bag BBl a8tORNS. é&ihﬁ%l H&;S‘ﬁf%cﬁ’%%ﬁm“t ed

hydr ocar bon radi ca #I ticu I'ven
or ganophosphi te fHifengbra éal§§h‘6héﬁ %IB?’ drhogphonyl radlcals such as 4\pr e
specifically il IB(Q)(R%Z)geaswthast hehgenmdu,udp.nqqrtnlﬂnbqusuhgnmjﬂﬁ»yx nd

Lo I s . b e el s P 2

i so-octyl, decyl lffbmmeprmti hendlndvelen&rh}’ldrombmmdlcsldtﬂvmg phenyl ,
napht hyl and thefrbmkptomaéﬂﬂbh dt3fsGaks a laﬁ SN, alkaPPeahd et hyl ,

tri phenyl met hyl, a ? such as XY, yI and
the I ke al i cycPR lga‘?@ ht'*a ecr;remsiﬁ?@n am&%fl&ﬁiﬁﬁm Sith
1- met hyl cycl ohexad -N( z)mlyR cqlmrnmﬁgheetcamalscamwmtal ikalentl koxy
radi cal s such as, L th th
OOH{ err] CH err] 0 g ou Mim (}g Jlﬁ t(?%&%(('vg j e n;trogen
-(OCH err] CH errg T’EIaP G@Q[E’gﬁ%:‘-’]s“ titpe as - 2 and -
N(R12)COR12 each R12 bonded to N can also be hydrogen. Of course
it is to be understood that any of the substituted or unsubstituted

hydrocarbon radicals groups that make up a particular given
organophosphite may be the same or different.

More specifically illustrative substituents include
primary, secondary and tertiary alkyl radicals such as methyl, ethyl,
n-propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, amyl,
sec-amyl, t-amyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals
such as phenyl, naphthyl and the like; aralkyl radicals such as benzyl,
phenylethyl, triphenylmethyl, and the like; alkaryl radicals such as
tolyl, xylyl, and the like; alicyclic radicals such as cyclopentyl,
cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, and the
like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -
OCH9CH9OCHg, A(OCH9CH9)9OCHg, (OCH9CHg)30CHg, and the
like; aryloxy radicals such as phenoxy and the like; as well as silyl"
radicals such as -Si(CHg)g, -Si(OCHg)3, -Si(C3H7)3, and the like;
amino radicals such as -NHy, -N(CHg)9, -NHCH3, -NH(CoH5), and the



| i ke; aryloxy radicals such as phenoxy and the like; as well as silyl

radi cals such as -Si (CH err])[err], -Si(OCCH err])[err],
-Si(Cerr]Herr])[err], and the like; amno radicals such as -NHerr],
-N(CH[err])[err], -NHCH err], -NH(C(Jerr]Herr]), and the WO

97/ 20795 PCT/ US96119

-43 - Iike;w‘apfﬁ“ﬁ?fosphi ne radicals such as -P((err] H[err?%ﬁgfﬁl?‘wand
the |ike; acyl radicals such as -C(OCHerr], -C(OCerr]Herr],
-C(Oderr]Herr], and the I|ike; car bonyl oxy radi cals such as

-C(OOCH err] and the like; oxycarbonyl radi cal s such as
-QCcoOderr]Herr], and the like; amdo ragf cals such as - CONH err],
-CON(CH err])[err], -NHC(O CH err], and the like; sulfonyl radicals such
as -S(0)[err]Cerr]H err] and the like; sulfinyl radicals such as

-S(OCH err] and the like; sulfenyl radicals such as -SCH err],
-SClerr]Herr],. liBefmylphfsphitie radidals sukk alsi-ReGelbsias phdtbhe likeddayhl s such as
-P(O (C err] H er khdik&¥s'sheh a8 @(())@ﬂgr-ch))ﬁ@ém ,-0(0)051619 ) 4rd ﬂ{d]]iﬂ err])ferr],

err) R 5“&%%4%&%@%@%% ACO R e g WPt ke

Speci fic ill ustr aadicalsenahpseO( gm@ﬂmdi‘ket,amxdgaadlsals suchlagde t he
fol I owi ng: CONHo, CON(CH ) -NHC(O)CHg, and
2-t- butyl - 4- met hox 3 ( ) 53 an he 11 e; su]fonyl ra 1ca1ﬁ enyl -

2,2' -diyl )phosphFPéP % ) 2‘?255?6@% ﬁlke» sulfinyi raére alsy: BF‘? SOy

and the like; sulfenyl radicals such as -SCHg, —SCzH5, -SCSH5, and
the like; phosphonyl radicals such as -P(OXCgHyg)g, -P(O)XCHg)o, -
P(OXCgHg)g, -P(OXCgHy)g, -P(OXC4Hg)g, -P(OXCgH 3)g, -
P(O)CH3(CgHz) -P(O)HXCgHs), and the like.

Specific illustrative examples of organophosphite ligands
include the following:
2-t-butyl-4-methoxyphenyl(3,3'-di-t-butyl-5,5'-dimethoxy-1,1'-biphenyl-
2,2"-diyl)phosphite having the formula:

CH,

CH,-C-CH
a” C 3 CH,

]
(o) CH;-C- CH,
P—0O OCH;

C"CH;
CHY CH,

Ligand A

methyl(3,3'-di-t-butyl-5,5"-dimethoxy-1, l'-b1pheny1 2,2'-diyl)phosphite
having the formula:



met hyl (3, 3" -di-t-butyl-5,5"-di nethoxy-1,1 '-biphenyl-2,2"-diyl )phosphite
havi ng the fornul a: WO 97/ 20795

PCT/ US96/ 19373 -44 - [err]
6,6'-[ [4,4"-bis(1,1-dinethylethyl)-[1

, 1' -bi napht hyl ] -2, 2" -di yl ] bi s(oxy)] bis-

di benzo[ d, f] [ 1V 2¥288Soxaphosphepi n havi ng the fornul a: PCT/US96/19373

-44 -

Ligand B

6,6"-[[4,4"-bis(1,1-dimethylethyl)-[1,1'-binaphthyl]-2,2'-diyl}bis(oxy)]bis-
dibenzold,f1{1,3,2]-dioxaphosphepin having the formula:

e 9 e

.4!s> C{/ \\. <!!> .

Ligand C

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



[err] 6,6 -[[3,3 -bis( 1, 1-dinmethylethyl)-5,5"-di methoxy-[ 1,

1' - bi phenyl]-2,2'- di yl ] bi s(oxy)]bis-di benzo[d, f][1, 3, 2] di oxaphosphepi n
havi ng t he formul a: WO 97/ 20795
PCT/ US96/ 19373 - 45 - [err]

,6'-[[3,3",5, Syobfpdra¥i s(1, 1-di met hyl propyl)-[1, 1" - bi phenyl ]PC'ﬁ/U3%719373
diyl ] bi s(oxy)]bi's-di benzo[d,f] [1,3,2] dioxaphosphepin having the formul a:

_45-
OCH; OCH,
@ @
\
2 R
o’ \o o \o
Ligand D

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

Ligand E

6,6"-{[3,3',5,5"tetrakis(1,1-dimethylethyl)-1,1"-biphenyl}-2,2-
diyl]bis(oxy)lbis-dibenzo[d,f][1,3,2]-dioxaphosphepin having the
formula:



[err] 6,6"-[(3,3,5 5 -tetrakis( 1,1-dinethylethyl)-1,1"-biphenyl]-2,2"-
diyl]bis(oxy)]b d| benzo[d,f] [1, 3, 2] -di oxaphosphepi n having the fornul a:
WD 97/ 20795 PCT/ US96/ 19373
-46 -

WO 97/20795 PCT/US96/19373

-46 -

3
cHf CH:,

@ ©
v~ CH,

cn/ O_ ©H

5883

Ligand F

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

CH% CH2 ,CHa

H
CoH5(CHy),C C(CHy,CoHg
C2H5(CHS)ZC o- C(CIHE)ZCZHS
C(CHy),CH;
CoHs(CHy),C CH5(CHy),C  C{CHy),CoHs

Ligand G

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



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

pentyl di phosphite having the fornul a: [err]
(2R 4R)-di[2,2'-(3,3" ,5,5" -tetrakis-tert-butyl-1, 1'-biphenyl )] 2, 4-
pent yl di phosphite having the fornmul a: WD 97/ 20795
PCT/ US96/ 19373 wo 97120795 -47 - PCT/US96/19373

-47-

. CH%' /CH CHs
CH CH
' C(CHy), C(CHy),
(CH)HC 0- P O C(CHy)s
C(CH,),
(CHyC ClCH)a ccHy),
' Ligand H

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

CH%‘1 ,cr-t3
C,Hs(CHy)y 9 gH C(CH),CoHg
CHZ0 o-P I:’I o OCH;

O
{CHCoH
CHO  CH(CH).C  OCH,
Ligand 1

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



[err] (2R 4R)-di[2,2'-(3 ,3' -di-anyl-5,5"-di methoxy- 1,1'-biphenyl)]-2,4-

pentyl di phosphite having the fornul a: [err]
(2R, 4R)-di[2,2'-(3,3 '"-di-tert-butyl-5 ,5 -dinethyl-1 ,1'-bi phenyl)]-2, 4-
pent yl di phosphite having the fornmul a: WD 97/ 20795
PCT/ US96/ 19373 -48 -
WO 97/20795 PCT/US96/19373
-48-

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

CH% CHa

CH

(C!-is):, C(CHy),
CH,CHO 0_ P" OCH,CH,
ClcHy,

CH,CH,0 CICHY  oGH,CH,

Ligand K

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



[err] (2R 4R)-di[2,2'-(3,3 -di-tert-butyl - -di et hoxy- 1,

1' - bi phenyl )] - 2,4- pentyl di phosphite having the fornmul a:

[err] (2R, 4R) - d|[2 2'-(3,3 -di-tert-butyl-5,5"-diethyl-1, 1 -bi phenyl)1-2
, 4- pentyl di phosphite having the formul a: WO 97/ 20795

PCT/ US96/ 19373 0 o7i20795 -49 - PCT/US96/19373
-49-
. CH% ,CHy  pCHa
CH CH
- G(CHY; O CICHy),
CH,CH, O" P 0 CH,CH,

C{CHy)5

CHCH, CCHYs cH,cH,

Ligand L

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

CH304 C H % CHG

(CHa)a C(CHy),
O"' OCH,
C(CHy),

CHL0 CICHYs "ok,

Ligand M

6-[{2'-[(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yl)oxyl-
3,3"-bis(1,1-dimethylethyl)-5,5"-dimethoxy[1,1'-biphenyl]-2-yljoxy]-4,8-
bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo(d,f]{1,3,2]dioxa-
phosphepin having the formula:



[err]! (2R 4R)-4i[2,2 -(3,3 -di-tert-butyl-5,5 -dimethoxy-1, 1
-2,4- pentyl di phosphite having the fornul a:
6-[[2'- [(4,6-bis(1l ,1-dinethylethyl)-1, 3, 2-benzodi oxaphosphol

' - bi phenyl )]

3,3 -bis( 1,1-dimethylethyl)-5,5" -di nethoxyl[1, 1'-Dbiphenyl]
-2-yl]oxyl - 4, 8- bis(1,1-dinethyl et hyl)-2, 10-di met hoxydi benzo[d, f] [1,3, 2]
di oxa- phospheY@9H¥WI?*ng t he fornul a: WO 97/ 20795  PCT/US96/1

PCT/ US96/ 19373

-50-
CH3 OCH,
(CH3)3C C(CHa)s
C(CH3)3 / C(CH
CHZ0 O O o (CHg),
P/
CH50 O 0 ~o CfCHa)a
C(CH3)s
Ligand N

6-[[2'-[1,3,2-benzodioxaphosphol-2-yhoxy]-3,3'-bis(1,1-dimethylethyl)-
5,5'-dimethoxy[1,1"-biphenyl]-2-yljoxyl-4,8-bis(1,1-dimethylethyl)-2,10-
dimethoxydibenzold,f1[1,3,2]dioxaphosphepin having the formula:

OCH, OCH,
(CH3)sC i i C(CH3);
0
C(CHa)a /
cHz0¢_
P ‘\\
)
S g
C(CH3)3
Ligand O

6-1[2'-[(5,5-dimethyl-1,3,2-dioxaphosphorinan-2-yl)oxy}-3,3"bis(1,1-
dimethylethyl)-5,5'-dimethoxy[1,1'-biphenyl}-2-ylloxyl-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzo(d,f][1,3,2]dioxaphosphepin
having the formula:

d802630- 5

[err]

- 2-yl) oxy] -

9373
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[err] 6-

, 3, 2- benzodi oxaphosphol - 2-yl ) oxy]
nethoxy [1, 1 biphenyl]-2-y|]oxy|
met hoxydi benzo[d, f][1, 3
6-[[2 t hyl -
dlnethyletﬁ&l) gbge dinethoxy[l 1
t hyl et hyl ) -2, 10- di met hoxydi benzo[ d, f]
formul a:

[
'odi
di
]

-3,3" -bis( 1, 1-di-net hyl et hyl) -

-4,8-bis(1 ,1-dinmethylethyl)-2,

, 2] di oxaphosphepi n havi ng the fornul a:
1 3, 2- di oxaphosphori nan- 2-yl ) oxylpe

- bi phenyl ] -2-yl | oxyl - h g”%%"?b?(

[1, 3, 2] di oxaphosphepi n havi ng

-51-

OCH; OCH;

(CH3)3C O O C(CH3)s

C(CH3)s /)

CH0 O O~
P
/

0\
P/ O CH2\ CH3

~o—cHy \ch,

Ligand P

2'-[[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethoxydibenzo[d,f][1,3,2]-
dioxaphosphepin-6-yljoxy]-3,3"-bis(1,1-dimethylethyl)-5,5'-
dimethoxy{1,1'- biphenyl]-2-y! bis(4-hexylphenyl)ester of phosphorous

acid having the formula:

OCH, OCH,

(CHs):;C C(CHg)s

C(CHs)a /
cHz0-¢_)

p
CH,0 O 0

C(CH3),

\ o-@— (CH,)sCHj
O'@' (CH3)sCH3

Ligand Q

2-[[2-[[4,8,-bis(1,1-dimethylethyl), 2,10-dimethoxydibenzo-
(d,f]11,3,2]dioxophosphepin-6-ylloxy}-3-(1,1-dimethylethyl)-5-
methofcyphenyl]methyl]-4-methoxy, 6-(1,1-dimethylethyl)phenyl
diphenyl ester of phosphorous acid having the formula:



WD 97/ 20795 PCT/ US6/ 19373
- 51 - [err] 2'-[[4 ,8-bis(1,1-dinethylethyl)-2,
10- di et hoxydi benzo[d, f] [1,3,2] - dioxaphosphepin-6-yl]oxy]-3,3"-bis(
1,1-dinmethylethyl)-5,5 - dinmethoxy[l,1 - biphenyl]-2-yl
bi s(4- hexyl pher‘vlzester of phosphorous acid having the fornul a:
0 97120795 PCT/US96/19373

.52

Q

9]

I
S
Q
O
I

w

(CH3)30©°H2©‘ C(CH3)s

- C(CHg)y /O ?
ool | D
el Do” o)

C(CH3);
Ligand R

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

OCH, _
C(CHg) O C(CH.)
o—P—0 o—P—0
(CH3)C C(CH 3
2 : 2
Ligand S

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

C(CHg)y
(CH3)3C-©—O PO 0—P—0 C(CH,),
C(CH3), . C(CH3)s C(CHj)s

Ligand T



[err] 2-[[2- [[4,8,-bis( 1,1-dinmethylethyl), 2,10-dinmethoxydi benzo-
[d,f][1,3, 2] di oxophosphepi n-6-yl]Joxy]-3-(1, 1-di methyl ethyl)-5-
met hoxyphenyl ] met hyl ] - 4- net hoxy, 6-(1, 1-dinmethyl ethyl)phenyl diphenyl

ester of phosphorous acid having the formul a: WO 97/ [2079)2
PCT/ US96/ 19373 - 52 - _ $96/19373
3- net hoxy- 1, 3- c"§‘3?'6’f1°é?<5anet hyl ene tetrakis[ 3, 6-bis(l, 1-di net hy?g?hy?ﬁf-

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

-53 -

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

@-CHz
o</ _H—o0
C(CHg)s
2

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

-0

T

o~
C(CHg),

Ligand U

3)3

0O O
CHao@-— o P P o—@ OCH;
- C(CH3)s C(CH
2 2

Ligand V

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



[err] 2,5-bis( 1,1-dinmethylethyl)-1,4-phenylene tetrakis [2,4-bis(1,1-

di net hyl et hyl ) phenyl ] ester of phosphorous acid having the fornula:

[err] WD 97/ 20795

PCT/ US96/ 19373 : - 53 -

met hyl enedi - 2, 1- phenyl ene tetrakis[2,4-bis(1 ,1- dinethylethyl)phenyl]ester
of phosphor ous WY @0TP4vi ng t he fornul a: [err] PCT/US96/19373
[1,1" - bi phenyl]-2,2"-diyl tetrakis[2-( 1,1-dinethylethyl)-4-

met hoxyphenyl | ester of phosphorous acid having the formul a:

-54 -

rhodium catalyst precursors such as rhodium dicarbonyl
acetylacetonate, RhoOg, Rhy(CO)19, Rhg(CO) 6, Rh(NO3)3 and the
like may be introduced into the reaction mixture along with the
organopolyphosphite 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 organopolyphosphite
ligand to form a catalytic rhodium-organopolyphosphite ligand complex
precursor which is introduced into the reaction zone along with excess
(free) organopolyphosphite 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 organopolyphosphite compound
are all ligands that are capable of being complexed with the metal and
that an active metal-organopolyphosphite 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-
organopolyphosphite ligand complex precursor catalyst, an organic
solvent and free organopolyphosphite 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
organopolyphosphite ligand as defined herein. Any suitable rhodium
starting material may be employed, e.g. rhodium dicarbonyl
acetylacetonate, RhgOg, Rh4(CO)q 9, Rhg(CO); 6, Rh(NOg)3, and
organopolyphosphite ligand rhodium carbonyl hydrides. Carbonyl and
organopolyphosphite 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



[err] As noted above, the netal-organopol yphosphite Iigand
conpl ex catal ysts enployable in this invention may be fornmed by nethods
known in the art. The netal - organopol yphosphite |igand conpl ex catal ysts
may be in honobgeneous or heterogeneous form For instance, preforned

r hodi um hydr i do}-n;ba!; | - or ganopol yphosphite |igand catal ysts ég

pr epar ed gnd i ntro 8ce into the reaction mxture of a particd’@?ij f’b’éé’ss.
More preferably, the metal - organopol yphosphite |igand conpl ex catal ysts
can be derived froma rhodi um catal yst precursor which may be introduced
into the reaction nediumfor in situ formation of the active catal yst. For

exanpl e, ' WO 97/ 20795 - 55 -

PCT/ US96/ 19373 - 54- r hodi um
catal yst precursors such as rhodi um di carbonyl acetyl acetonate,

Rh , Rh CO , Rh COle Rh( NO r err] and the
[k iy b | ht r DUEEE GarPONYI R ROIRAGSPhEE DERAEORBIoH RRCHter

or ganopol yphosphgdtalyst gaselvét aidéptichally! fted FgaRbpSI§pREsphiR: lagdrid e bon]
| car bony

acetyl acet onat e PERAFES By dAaEE R Pl %ﬁ%&#&ﬁwﬁ*@%@#@wﬂm he
presence of a sofWerganit splvenkans § NPy pphiteligandasdefived berein.
Dt roduced i nto | po ot epOKPOGRIL: hgald Ay DR B on O GRbo! 1 1 <
or ganopolyphosphl 849 e Thaf PR B oSy PRl SRR R E T ALIOPRY
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
organopolyphosphite ligand complex precursor are soluble can be
employed. The amounts of rhodium complex catalyst precursor,
organic solvent and organopolyphosphite ligand, as well as their
preferred embodiments present in such catalyst precursor compositions
may obviously correspond to those amounts employable in the
processes of this invention. Experience has shown that the
acetylacetonate ligand of the precursor catalyst is replaced after the
process, e.g., hydroformylation, has begun with a different ligand, e.g.,
hydrogen, carbon monoxide or organopolyphosphite ligand, to form the
active complex catalyst as explained above. The acetylacetone which is
freed from the precursor catalyst under hydroformylation conditions is
removed from the reaction medium with the product aldehyde and thus
is in no way detrimental to the hydroformylation process. The use of
such preferred rhodium complex catalytic precursor compositions
provides a simple economical and efficient method for handling the
rhodium precursor rhodium and hydroformylation start-up. The
metal-sterically hindered organophosphorus ligand complex catalysts
can be prepared in the same manner as the metal-organopolyphosphite
ligand complex catalysts described above.
Accordingly, the metal-organopolyphosphite ligand
complex catalysts used in the processes of this invention consists
essentially of the metal complexed with carbon monoxide, i.e.,



catalyst. In any event, it is sufficient for the purpose of this invention
t hat carbon nonoxi de, hydrogen and organopol yphosphite conpound are al

| i gands that are capabl e of being conplexed with the netal and that an
active metal - organopol yphosphite ligand catalyst is present in the
reaction m xture under the conditions used in the hydrofornyl.ation
reaction. WO9720795  \bre particularly, a catalyst precursBFTESHIS¥Bti on
can be formed consisting essentially of a solubilized netal -

or ganopol yphosphite |igand conpl ex precursor catalyst, an organic solvent
and free organopol yphosphite Iigand. Such precursor conpositions may be
prepared by formng a solution of a rhodiyg. starting material, such as a
r hodi um oxi de, hydride, carbonyl or salt, e.g., a nitrate, which may or
may not be in conplex conbination with a organopol yphosphite |igand as
defined herein. Any suitable rhodium starting material nay be enpl oyed,
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precursor and ' h(x)naiyubne] present as a result of being ligands bound to a precursor

catalyst and/or as a result of in situ formation, e.g., due to the

hydrogen and carbon monoxide gases employed in hydroformylation

process of this invention.

As noted above, the organopolyphosphite ligands can be
employed as both the ligand of the metal-organopolyphosphite ligand
complex catalyst, as well as, the free organopolyphosphite ligand that
can be present in the reaction medium of the processes of this
invention. In addition, it is to be understood that while the
organopolyphosphite ligand of the metal-organopolyphosphite ligand
complex catalyst and any excess free organopolyphosphite ligand
preferably present in a given process of this invention are normally the
same type of ligand, different types of organopolyphosphite ligands, as
well as, mixtures of two or more different organopolyphosphite ligands
may be employed for each purpose in any given process, if desired.

The amount of metal-organopolyphosphite ligand complex
catalyst present in the reaction medium of a given process of this
invention need only be that minimum amount necessary to provide the
given metal concentration desired to be employed and which will



or ganopol yphosphite |igand conpl ex precursor are soluble can be enployed.
The anpunts of rhodi um conpl ex catal yst precursor, organic solvent and

or ganopol yphosphite ligand, as well as their preferred enbodi nents present
in such catal yst precursor conpositions may obviously correspond to those
anounts enpl oyaRig7heyes he processes of this invention. ExperipeRaRoedfdsr
shown that the acetylacetonate |ligand of the precursor catalyst 1S

repl aced after the process, e.g., hydrofornylation, has begun with a
different ligand, e.g., hydrogen, carbon nonoxi de or organopol yphosphite
ligand, to formthe active conplex catalyst as expl ai ned above. The

acetyl acetone which is freed fromthe pr&8ursor catal yst under

hydrof ormmyl ation conditions is renoved fromthe reaction nediumw th the
product al dehyde and thus is in no way detrinmental to the hydrofornylation
process. The use_of . such preferred rhodi umconpl ex catal ytic precursor
conposi tions prBypisbd q’#’fﬁfpéabk’&ﬁbmﬁi&!&‘tﬁﬁﬂcéf‘?qué!té’ﬁfmﬁﬁ]( ReReSsHY
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nmetal -sterically,hi _ . al yst.,s can be
prepared in the c;ﬁxg%ﬁﬁg?ﬁ%@ﬂ%@%@? g“ﬁ?%%‘%?ﬁ&?’zﬁ%gg‘%ﬁ& ?ﬁ(‘fi‘{atnd

conpl ex cat al yst X0-08Q partsaer millian, calculated as free mefadrandligand tmetal

net al - or ganopol yipblesiaitios én lthe adtdlyst BphRionotingingsfromUaisaiti191 bPfesBt@cesses of
this invention Cé%’ixk%ﬁ:l\e/@sé%{fg%\g’m% bb MR fof BIHRE BrGdedlst N carbon

nonoxi de, i.e., .
PCT/ US96/ 19373 As noted above, in addition to the metakg -

Byd a OL OE | alt i omi-fanabdyplwsgmtlen;gbnaheﬁiﬁl@ﬁ @ghiyggsndhe §%cdséésg%m|4is 3ei ng
onae conpl ex ak N,a te na/ or non- chel at.e
fashi on. Mor eovgr , e_%ﬁ%ﬁ F g‘ri %E*%%‘Il%} th‘ecl%yn‘@ P@‘i”é‘%@é‘%}hﬂ"&ﬁ caé’f}‘f'“f carried” sed
herein, does notouhiBthe®resenee phirpeeraanopolypbosnhjter . Whilephexed with
lt he mét al, i E adghotéssss bPOtHIAIlRAtITRRNNY B c@ﬁﬁed&h{t in wyﬁ@d&WEbﬁgsmi t fe
I gand. Further, 9] t. +EXC gssibility o
ot her organic | i%géjn a%ﬁé%&{és | %tr?gl gtn&smr%d ° %ﬁ@8§rﬁ’§ng8 PExed with the
metal . Mat eri al OTBANeRAYRRosPhite digand g ngt %géﬂobéqely pefes#HYor undul y
deactivate the chtcardinglyaiegatiral, agafinta bl BgaddloSPoinhubousllal ¥SlessBst
desirably i's fregaf 166" MLR& ¢ Fesired, moles per mole of metal (e.g., rhodium)
present in-the reaction medium should be suitable for most purposes,
particularly with regard to rhodium catalyzed hydroformylation; said
amounts of ligand employed being the sum of both the amount of
ligand that is bound (complexed) to the metal present and the amount

of free (non-complexed) ligand present. Of course, if desired, make-up
ligand can be supplied to the reaction medium of the process, at any
time and in any suitable manner, to maintain a predetermined level of
free ligand in the reaction medium.

As indicated above, the catalysts may be in heterogeneous
form during the reaction and/or during the product separation. Such
catalysts are particularly advantageous in the hydroformylation of
olefins to produce high boiling or thermally sensitive aldehydes, so that
the catalyst may be separated from the products by filtration or
decantation at low temperatures. For example, the rhodium catalyst
may be attached to a support so that the catalyst retains its solid form
during both the hydroformylation and separation stages, or is soluble



such as netal - bound hal ogen (e.g., chlorine, and the Iike) although such
may not be absol utely necessary. The hydrogen and/or carbonyl | i gands of
an active netal -organopol yphosphite |igand conpl ex catal yst may be
present as a result of being |igands bound to a precursor catal yst and/ or
as a result of in situ formation, e.g., due to the hydr ogen and car bon
nonoxi de gases ¥ABIAIE i n hydrof or nyl ati on process of thi s PCRUSINH.

As not ed above, the organopol yphosphite |igands can be enpl oyed as both
the ligand of the netal-organopol yphosphite |igand conpl ex catal yst, as
wel | as, the free organopol yphosphite |igand that can be present in the
reaction nedi um of the processes of this _gdnvention. In addition, it is to
be understood that while the or ganopol yphosphite |igand of the

met al - or ganopol yphosphite |igand conpl ex catal yst and any excess free
or ganopol yphosphite Iigand preferably present in a given process of this
invention are noinaliguid BéactionafiediuyPat Bigh! te@iiRstatibes haARREN iy/pes of

or ganopol yphosphi.t.e.:l.| sl wel | as, m xtures of two or nore
different or ganogéﬁ%%h%gghl ceoofllné'ands may be enpl oyed for each purpose in

any given process, if desidean illustration, the rhodipme caf tmay be _
met al - or ganopol yfifipfdphiatéd bi@aiy oiduPport, SaERAY MorBARRWRIdes(ilehe reaction

medi um of a gi ven process. of 'F‘?B':.S i.nvent,i on need.onlé be that, m ni num
amount necessar y> o 0 SHiFA: HEARIE, o FESORIALCATPIN, REd0R PEGhaSE dB%IPFed o be
enpl oyed and whi The gitalyst may be sugported 09% intercalated inside the pores of, a

PCT/ US96/ 19373  zeolite, glass or clay; the catalyst may also be dissol9éd in a liguid Bih the
basis for at | eas(')tatt Shgz\tt}ﬁacat al é{.l C ar@u{nt Otl met%* hneCﬁgezar gﬂr%%cat alyze
the particul ar prOcHesthgRIres gt said zgaise oxglass, Sych zeghifessy s in the
range of from abeatelystpare paticuparly pdvantegedsfor ptai3dig pae osmpee i | | i on,
calcul ated as f r&%iélﬁéxﬁleric%'ﬂd’eﬁgdgﬁﬂﬂhi@ é&é&ivitﬂ% YetFhiifed by tBQ‘fwﬁ?t'a' yst

e surficient. f of “FLHRpARULS T8 tectagudsTor Sibposeing pekelbBRRLAY. aai 1| on
to the netal - osepnapwicipenswhiness, wiish avildekmown 4o thosstskilladiam theocesses
of this inventigh. ank Qﬁiﬂ&ﬁit&ifykt/tﬁﬁ!ﬁoﬁh@ﬂ @l 57 S8 Bk icoh pé:RARFEh 6RB oP €
carried out in [Rg BFARNGHA adHneq BH9E BRONRIGRA shen sbHE gkarydik ' © the
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
polyphenylenesulfone, as described in for example J. Mol. Cat. 1990,
63, 213-221.
The metal, e.g., rhodium, catalyst may be attached to an
insoluble polymeric support through an organsphosphorus-containing
ligand, such as a phosphite, incorporated into the polymer. The
supported catalyst is not limited by the choice of polymer or
phosphorus-containing species incorporated into it. Descriptions of
polymer-supported catalysts may be found in for example: J. Mol. Cat.
1993, 83, 17-35; Chemtech 1983, 46; J. Am. Chem. Soc. 1987, 109,
7122-7127.
In the heterogeneous catalysts described above, the
catalyst may remain in its heterogeneous form during the entire



processes of this invention may be carried out in any excess anount of
free organopol yphosphite |igand desired, the enploynent of free

or ganopol yphosphite Iigand nay not be absolutely necessary. Accordingly,
in general, anmounts of ligand of fromabout 1.1 or less to about 100, or
hi gher if desirg gs per nole of netal (e.g., rhodium ppy t he
reaction nedlun1§ho d be suitable for nost purposes, partlcuﬁgﬁﬁﬁah&Ph
regard to rhodium catal yzed hydrofornylation; said anounts of |igand

enpl oyed being the sumof both the anbunt of Iigand that is bound
(conpl exed) to the netal present and the anmobunt of free (non-conpl exed)
| igand present. O course, if desired, mals®-up |igand can be supplied to

the reaction nmediumof the process, at any tinme and in any suitable
manner, to maintain a predetermned level of free ligand in the reaction
medi um As indicated above, the catalysts may he in

het er.ogeneous f oPTRCcER Andjcatalyst apatasionrasess. dnangthanrambndigent of the

separation. Suchimehtioistife aitalyptivayde siippyried\oand polymes which/igy the
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PCT/ US96/ 19373 161;d. Org. Chem. 1989, 54, 2726-2730. - 58 - in a

l'iquid reaction nmedi um at Moghprie€sFablyQ the nsidmmﬁaﬂoh&eactameiﬁicai-ﬁed ed on
cool i ng. out in t:h I ’?%rrg LPh'asela kilsag tgtt}:%é) ﬂisglf ?hngg)ginq:s o? %{3 %?uc%a y be

i npregnat ed onto”any
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The catal yst maythm ba/fuiRraed 6 the produt Gaikehg fdrrusdadq:w ey fleFfsordf , a
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coating the pores 0 pported
catal ysts are paPetezegenepys mebelrmraanenslyphasphpitedigandgompleneatalyst

e.g., slurry, or at least a portion of the reaction product fluid may
contact a fixed heterogeneous metal-organopolyphosphite ligand
complex catalyst during the particular process. In an embodiment of
this invention, the metal-organopolyphosphite 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
particular syntheses desired. Such process conditions are well known
in the art. All of the processes of this invention can be carried out in
accordance with conventional procedures known in the art. Illustrative
reaction conditions for conducting the processes of this invention are
described, for example, in Kirk-Othmer, Encyclopedia of Chemical
Technology, Fourth Edition, 1996, the pertinent portions of which are
incorporated herein by reference. Depending on the particular process,
operating temperatures may range from about -80°C or less to about
500°C or greater and operating pressures can range from about 1 psig
or less to about 10,000 psig or greater.

The processes of this invention are conducted for a period
of time sufficient to produce the desired products. The exact reaction



regi oi sonmeri c al dehydes in high selectivity, as determi ned by the pore
size of the zeolite. The techni ques for supporting catalysts on solids,

such as incipient wetness, which will be known to those skilled in the
art. The solid catalyst thus forned may still be conplexed with one or
nore of the Ii ands def| ned above. Descriptions of such solid catal %/sts
may be found i 0%%anpl e: J. Mbl. Cat. 1991, 70, 363-368; PEA{USPEI9373 gt ¢

1991, 8, 209- 214, J Organonet. Chem 1991, 403, 221-227, Nat ure, 1989,

339, 454-455; J. Catal. 1985, 96, 563-573; J. M. Cat. 1987, 39,

243- 259. The netal, e.g., rhodium catalyst may be attached
toa thin filmor nenbrane support, suchggs cellul ose acetate or

pol yphenyl enesul fone, as described in for exanple J. M. Cat. 1990, 63,

213-221. The netal, e.g., rhodium catalyst my be attached
to an insoluble polyneric support through an organophosphorus-contai ni ng
ligand, such as templeogoyedes dependegnty it part| apan faetorpahylas teriberatau@por ted

catal yst is not drbddr80hdthrd BE cﬁ'@ioﬁfonQA m erla%' ;‘kcfcont ai ni ng
speci es incor po%d Nt o ,I t. ol yner - porte catal ysts

may be found in regetpm tune W‘ ew‘ eé'Sngq_? m gHMoBeh 1983,
46; J. Am Chemhafto. abb@8 200 lﬁaxs oﬂfxﬁi‘e 7aZ|tRI7preferably from less tHaix st

het er ogeneous c I d above, the catalyst nay remain in its
het er ogeneous fg}?lrgh %:olﬁlrllégjf éh%ﬁt ire WO 97/ 20795

PCT/ US96/ | 9373 e processes of this invention and preferaply the process and

cat al yst Separamydmfpfmgmmnﬁmcmqhhﬁbeeamww@mm relencel gf\e@nt i on, the

catal yst may. be Gpfekh Bgﬁrqheqﬂl%&gi%%{uogm%gsﬁ 1€£ﬁ¢£o%na@fea' ts

nmol ecul ar wei ght
t enper at ures, b§aty) Y%c %R‘é%ntL}BBYI alsodoptyin ‘iﬁ'ﬁ?&"eﬂa‘ﬁ?‘leﬁ‘@tmr@e cat al yst
separ ati on fromsabherativadimitn Deépendireg orbtivd partivuldy ctalyst yng li'eactﬁmpor t ed

catal ysts are d r 9 6

Chem 1989 54, %;:&gg@%i} gBﬂ:aEﬁ orEéMoﬁren%%Dﬁﬁ@:Eé f(?r e%égr[ﬁé z,[tlﬁc}ho}s

hydr of or nyl at i ortlkangs; alisenes, alliynese athessy algehydes, ketopes; esmg,earautesx o the
hi gh boi | i ng poianiinesfarohaties @fdahe 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 sufficient to provide the reaction medium with the
particular metal concentration desired for a given process. In general,
the amount of solvent when employed may range from about 5 percent
by weight up to about 99 percent by weight or more based on the total
weight of the reaction mixture starting materials.

The processes of this invention are useful for preparing
substituted and unsubstituted optically active and non-optically active
compounds. Illustrative compounds prepared by the processes of this
invention include, for example, substituted and unsubstituted alcohols

. or phenols; amines; amides; ethers or epoxides; esters; ketones;
aldehydes; and nitriles. Illustrative of suitable optically active and
non-optically active compounds which can be prepared by the processes



and to avoi d deconposition of the al dehyde products. The catal yst may then
be separated fromthe product m xture, for exanple, by filtration or
decantation. The reaction product fluid may contain a heterogeneous

met al - or ganopol yphosphite |igand conplex catalyst, e.g., slurry, or at

| east a portionypfeshihgs €action product fluid may contact a GLitRfesnoers

het er ogeneous net al - or ganopol yphosphite ligand conplex catal yst during the
particul ar process. In an enbodinment of this invention, the

nmet al - or ganopol yphosphite |igand conplex catalyst wmy be slurried in the
reaction product fluid. The perm ssible reaction conditions
enpl oyable in the processes of this inverili-on are, of course, chosen
depending on the particular syntheses desired. Such process conditions are
well known in the art. Al of the processes of this invention can be
carried out in qr dance, W|th conventional procedures known in _the art.
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Illustrative rea@i 18 pvegytion: Grphading staxting materipl camponpde as dgseibedni s
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or less to about 39599135&?1@13?&&%%% 19819 ¥hen%er§1&]3f‘t8 F])r QCeSSes of

this invention are_con pr oduce
the desired prodtdich argrpcesporated é)@ge;m(hyreference WO 97/ 20795

PCT/ US96/ 19373 The desired products of this inventiorr m@9 be recoverédth
enpl oyed 15 0ePeRgoRdiBl huolBP U BEbAE SIS AR PTan

pressure, nature 1 on 0 The
reaction time w F‘anffdpﬁ.’ﬁ ynuéomdtlmarnytmen aregessoto recovardbedesisad-  hal f

to about 200 houfeactionPro@uctdrdin pisair@debéactibhProdeasdilasuaadld  one to
about 10 hours. S?Pyaé'atl?n metrxo&is &Qﬁxd%r ?o(i' %{%ﬁ)}l@ fso VQ X gxprtagﬁt Lon and

preferably the I'n the presence
of an  organic %FWH?“P% ‘l‘#él %mfhl"aBP’Qé%féfpb Nglp%ﬁbmetveppragmm conpl ex
catal yst. The sofaling fitmayevapseativnrdrd thediles Olt wedly BaHesiredtd Renhd\@ the

products from the crude reaction mixture as they are formed through
the use of trapping agents as described in published Patent
Cooperation Treaty Patent Application WO 88/08835. A preferred
method for separating the product mixtures from the other components
of the crude reaction mixtures is by membrane separation. Such
membrane separation can be achieved as set out in U.S. Patent No.
5,430,194 and copending U.S. Patent Application Serial No.
08/430,790, filed May 5, 1995, referred to above.

The processes of this invention may involve reacting one
or more reactants in the presence of a metal-organopolyphosphite
ligand complex catalyst to produce a reaction product fluid comprising
one or more products, wherein said process is conducted at a free
organopolyphosphite ligand concentration sufficient to prevent and/or
lessen hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst.
See, for example, copending U.S. Patent Application Serial Nos. (D-
17686) and (D-17687), both filed on an even date herewith, the
disclosures of which are incorporated herein by reference.



saturation limt. Depending on the particul ar catal yst and reactants

enpl oyed, suitable organic solvents include, for exanple, alcohols, _

al kanes, al kenes, al kynes, ethers, al dehydes, ketones, esters, am des,

am nes, aromatics and the like. Any suitable solvent which does not

unduly adversely interfere with the intended processes can be enpl oyed
and such sol veM®Y38%P5i ncl ude those heretofore comonly  entCRASISABTXnown
netal catal yzed processes. Increasing the dielectric constant or polarity
of a solvent may generally tend to favor i ncreased reaction rates. O
course, mxtures of one or nore different solvents may be enpl oyed if
desired. It is obvious that the amunt ofgg_solvent enployed is not

critical to the subject invention and need?only be that anount sufficient
to provide the reaction nediumw th the particular nmetal concentration
desired for a given process. In general, t he anmount of sol vent when

Emﬂl oyeﬂt may range from atrhy r&;{eﬁ@é’sQﬂTthisipba?ﬁ&%ﬁiﬁyb@céﬁieﬁmtqsﬁ%,perCent
y wei ght or nor, 0 r .on m xture
starting materi gﬁsm&e’ B #xdf beﬁtrg%%gr,‘pe’f%% sbsegsreoP Fotrhigggﬁ%r\?/%onlﬁ on are
useful - for prepd#tirrgg tank neeetor (ESTRI on ashermp Fendtar.c §he pptimunn gizgand/e and
non-optically aghhye of tierd@alyatSwill Hépetidr ot thectype P eoddor Ricamed by the
processes of this |1n1ye|ﬁt L9 éncl de, for 1exaﬁgl.e sgblstltu%eii and
unsubst it ut ed alBEBHEY T LEP ﬁﬁ repabors,, p.spall, spherieal calglyst parte %Yoxi des;
esters; ket ones jprefenteddioy dasy fluiddzation. | With fixed bed reactare, largensatalyse

optically activeagfiéles ap@%é;@;ﬂea@b lkMe BEEN MRosSRFBRIHANS tHdF&alttdral kBpt Pr epar ed

It?CIZT; ngg/r ggg?gesreasonably low. 7é 5.9 Yegagt one reaction zone em_plwd_in thi%f this

i nvention (incl davenfion mayibexp singlervesselogmay semprise dwo or ntrd discretei nabove)
i ncl ude those peesdelsi Phe at WEIOBAE Sepdtation 2bke EMPIoyddss thidlintentiopt hner
Encycl opedi a of Che ca%ﬂ%echn%h ogm?éfourt h %dl tion, 996, the Pertl nent
portions of whi %ayap%aﬁ P y67%: & rRIPTE PO INrG AISCTRS VassEIsye ok

| ndex, An EncyclThsetilaastfoneluifferdreatnimmt gene empldied inghininyentibe wast h
Ed}tion, L1989, the sﬂﬁétei%%ﬁél d§%$§v &nﬁpﬁ&é t\)ﬁ?bﬁﬁ}o&éﬁjéc@é&rﬁféﬁﬁﬁ hergi n by
rererence. e r roaucts o | Ll nve 1 on e
ecoverod in affouidkenpdaRidinat I ERGHE Bofice] ShE sLiiEREh BPndTRY

separation 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 oceur in
the reaction zone(s).

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



zones may be enployed in any given process to recover the desired reaction
product fromits crude reaction product fluid. Suitable separation nethods
i nclude, for exanple, solvent extraction, crystallization, distillation,
vapori zation, w ped filmevaporation, falling filmevaporation and the
like. It may b ' to renove the products fromthe crud i

m xture as the;e/wgrgzbdf’?gérjned through the use of trappi ng agent gcg@g&a%lg%lrgi bed
i n published Patent Cooperation Treaty Patent Application WO 88/08835. A
preferred mnmethod for separating the product m xtures fromthe other
conponents of the crude reaction mxtures is by menbrane separation. Such
menbr ane separation can be achi eved as seté6dut in U S. Patent No.

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

I nvention may involve reacting one —or nore reactants _ in the presence of a
met al = or ganopol y PR 8iewting matexiairtothenther. cAlsa) theirepgtion stepsean becact i on
proguct L | ui d c?mbi&iedgayﬂibqf)m adﬂtﬁqrpamu@tsrﬁwﬁraeéﬁalsaivvh&ﬁo?fess i s
conducted at a X . t Lon.sufficient to
prevent and/ or F:grgglee% Eydro yﬁ?%ﬂé@%%ﬁ%é%%ﬂ&b&?ﬁ%ﬁ& glién%tﬁSTWEhosphi te
ligand and deaciatgriplffagsbe jppapateditrom dhe ppeduepifor grample byyand conpl ex
catal yst. See, Wistilktiviphad thepairtingnitePialPH e ¥echéled badkt a0 theri al Nos.
(D 17686) andwgggc#%g%@ne both filed on an even date herewith, the

di scl osures of I ch are Tncorporated herein by reference. WO
97/ 20795 The processes may be conducted in either glassiined So6/ 19373
- 62 -. stainless 3ieel oF fiaAETaFpe reddiion dquyRAbh THEYedfiohdhked out

using, for exa ' £ fil uid bed reactor, a continuous
stirred tank regmét rbe?%&#ﬁ%ﬂgf&ge éﬁeﬁ'?’?él)u%tga afl@lp.dgl"fheé‘q%l&ai?ﬁﬁﬂ# size and
shape of the cat S¥shanger(s} in erdge tricantral indug femperataze fluctuatisns, tmto

gener al, f or fl ubdedf@lﬁd ahy%ﬁsibﬁ,"rﬂpﬁxﬁﬁﬂ reagﬁﬁﬁ‘gérﬁﬁéra@ﬂﬁe%l ylst particl e s
Particl os are preferred soltEsehed 8t Bk ivenfionmay Pheopaudeash pE i opt
reasonabl y | ow. ThEoxe stepsor stages, dhetexaet nwnberofirieagtion stepsior stagesvent i on
may be a singl e willbelgovernedbytheesSeonNrdntise BBfweetl pital Gosts 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

required and maintenance concerns with separate vessels and

agitators.



vessel s. The at | east one separation zone enployed in this invention nmay
be a single vessel or may conprise two or nore discrete vessels. The at

| east one buffer treatnent zone enployed in this invention may be a single
vessel or nmay conprise two or nore discrete vessels. It should be
understood that the reaction zone(s) and separation zone(s) enployed
herein may exi YOPHRWY¥e sane vessel or in different vessels. PEDUSWANRTMI e,
reactive separation techniques such as reactive distillation, reactive
menbr ane separation and the |ike may occur in the reaction zone(s).

The processes of this invention can be conducted in a batch or continuous
fashion, with recycle of unconsuned starLng 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 batchw se
or continuously in an elongated tubular zone or series of such zones. The
mat eri al s of construction enployed should be inert to the starting
materials durin he fabrication of the equi pnent should
be able to mnthS?ir"‘rg%ﬁéré@é?&%%ﬂ%% eratures and pressures. Means to

i ntroduce and/or adj ust Amrefﬁmﬁpwe%ﬁumfalrmﬂgsm@etmaus or ingredients

i ntroduced bat Qiy&rsﬁrmylatmﬂlmlﬂ@ttfa'twelxﬁéﬁliohghr{@%laﬁ @EpKlQé\HgQHd' ng the

f th nt |
copecially to° RmEP R Ry iRSRLERon brpbesbd Seds SUiR BRESRET o i i .
The reaction staéﬁbshﬁbeéé%ﬁmplednbVSrﬁatentN@ﬁve*\ﬂ@ 83@114,5931&26,1‘ one of

WO 97/ 20795 4,769,498; 4,717,775, 4,774,361; 4,885,401; 5,264,616; 5,288,918; ,
PCT/ US96/ 19373 the starting

materials to t h& B hete: 2P%4495G: pnd 5,421,266 @Féb%"lﬁ%ﬁef)gisw}‘m €ned by the
joint addition dncqrperated herein bywefarentes. Amedlnglm@hphyd@fmdatmnon i s not

desired or not qbb@dssﬂiytﬁchﬁnbaes%iamzé fventidRiBs dy dhiresptndae ax§Naiowed from
at i,on e startin terlalsthen

ﬁﬂﬁyﬁ[gﬁuﬁéckf?r rO B telnianit - Phafhien Bhocellard HiosS sBignd GRAGRLS' Ty b
conducted in ei tmdgmsb hydrefermylaticsi prasessest eel or similar type reaction

equi pment. The reacti on zpgenerfB%ubk cﬁtaﬂ&s&%d’ul& He@%ﬁa deﬁﬁfrﬁ:jlé&&i nal
and/ or ext ernal

p%‘&sses involve the production of aldehydes by reacting an olefinic
unsaturated compound with carbon monoxide and hydrogen in the
presence of a metal-organopolyphosphite ligand complex catalyst in a
liquid medium that also contains an organic solvent for the catalyst
and ligand. Preferably free organopolyphosphite ligand is also present
in the liquid hydroformylation reaction medium. The recycle procedure
generally involves withdrawing a portion of the liquid reaction medium
containing the catalyst and aldehyde product from the
hydroformylation reactor (i.e., reaction zone), either continuously or
intermittently, and recovering the aldehyde product therefrom by use
of a composite membrane such as disclosed in U.S. Patent No.
5,430,194 and copending U.S. Patent Application Serial No.
08/430,790, filed May 5,1995, the disclosures of which are incorporated
herein by reference, or by the more conventional and preferred method
of distilling it (i.e., vaporization separation) in one or more stages
under normal, reduced or elevated pressure, as appropriate, in a
separate distillation zone, the non-volatilized metal catalyst containing
residue being recycled to the reaction zone as disclosed, for example, in
U.S. Patent No. 5,288,918. Condensation of the volatilized materials,



exchanger(s) in order to control undue tenperature fluctuations, or to
prevent any possible "runaway" reaction tenperatures. The
processes of this invention may be conducted in one or nore steps or
stages. The exact number of reaction steps or stages wll be governed by

the best conprqghes.436s Ween capital costs and achieving highp E?b%‘syﬁb
sel ectivity, activity, lifetime and ease of operability, as we as t

intrinsic reactivity of the starting materials in question and the
stability of the starting materials and the desired reaction product to

t he reaction conditions. I n an enbodi nent, the

hydr of ormyl ati on processes useful in thi-85i-nvention may be carried out in
a nul.tistaged reactor such as described, for exanple, in copending U S
Pat ent Application Serial No. (D-17425-1), filed on an even date herew th,

the disclosure of which is incorporated herein ference. Such

mul ti.st aged r eac®Bd &eraratisn anddurthe qecqvery tharep 813 %Mé'é'? | barriers that
create nore thandistiflatiohpedrebé carriedanuttin\uhydoagentiaial resismdr, thecreddeect , it
I's Iike having a d}rl?@%f@uc Sﬁ%g séeﬁsd %r?aﬁhﬁﬂhﬁnﬁ@&&bﬂfw?so?ﬁézf r ed
tank reactor vesseE rea |ve Stages Withrn a s e vessel is a
cost effective Wréﬂoﬂsﬁfﬁg&?% @éwovecmgérewrawee ghtolefinigi f i cant | y
reduces the nunbgtartihgresteeiabahdayn ghsaan kecreoptlbd ibany dgsiréd thdnmerachi eve

the sanme result S¢ ﬁxeevﬁdtréﬂ)ﬁg}la% %%%"(?egfe@&gogﬂwekﬁé?é’d ;naeltal Ja%gw& ed and

mai nt enance Concerns arate vesse
97/ 20795 containing raffinate of such membrane separatlon or recovqg]i/xlggg 6/ 19373

- 64f - I - E_ydr of-elatilized nMalFUafﬂ@lgS?ﬁﬁltalmng residue of suhpaploeizatign pr ocess
lrJthea:J O:’ gaﬁlolpgl Iyp%gars}kkgﬁgbﬁ beq %Icpeggmeiﬁ% at a ngJl%ﬁélﬂ gl’ ovgf?ﬁ/tf’a?tmon
processes |ncludén$G€#V%ﬁﬂﬂﬂé @@@nehéﬂﬂﬂﬁbrlbed for exanple in U S. Patent
Nos. 4,148, 830; 4,593, 127;In dprebétréd 8inbéditdent! 1% hydrbéfernbadtiod réddeiohO0l;
5,264,616, 5, 288,31 8res employable herein includes any mixture derived from any
corresponding hydroformylation process that contains at least some
amount of five different main ingredients or components, i.e., the
aldehyde product, a metal-organopolyphosphite ligand complex
catalyst, free organopolyphosphite ligand, free sterically hindered
organophosphorus ligand, and an organic solubilizing agent for said
catalyst and said free ligands, said ingredients corresponding to those
employed and/or produced by the hydroformylation process from
whence the hydroformylation reaction mixture starting material may
be derived. It is to be understood that the hydroformylation reaction
mixture compositions employable herein can and normally will contain
minor amounts of additional ingredients such as those which have
either been deliberately employed in the hydroformylation process or
formed in situ during said process. Examples of such ingredients that
can also be present include unreacted olefin starting material, carbon
monoxide and hydrogen gases, and in situ formed type products, such
as saturated hydrocarbons and/or unreacted isomerized olefins
corresponding to the olefin starting materials, and high boiling liquid
aldehyde condensation byproducts, as well as other inert co-solvent
type materials or hydrocarbon additives, if employed.



5, 360, 938; 5, 364, 950; and 5, 491, 266; the disclosures of which are

I ncorporated herein by reference. Accordingly, the hydrofornylation
processi ng techni ques of this invention nay correspond to any known
processi ng techni ques. Preferred process are those involving catalyst
liquid recycle_h drofornylatlon processes. I n general, such
catal yst Iiqui ¥ g’ @5 hydrofornyl ati on processes invol ve t REVHS%HBYE on
of al dehydes by reactlng an olefinic wunsaturated conpound with carbon
nonoxi de and hydrogen in the presence of a netal -organopol yphosphite

| i gand conplex catalyst in a liquid nediumthat al so contains an organic
solvent for the catalyst and |igand. Prefggr.ably free organopol yphosphite
ligand is also present in the |iquid hydrofornylation reaction nedium The
recycl e procedure generally involves withdrawing a portion of the liquid
reaction nmedium containing the catal yst and al dehyde product fromthe
hydr of ormyl ati on react or (Thessubstitatdd arumsabstituted ohefin rentdantsdhial y or

[ nterm'ttentl ,

conpost t o ey dLey HeERBhERh 1enphidhi sl bl gﬁ%%ﬁé oS5 Stfle,
copendi ng U.S. PRroseisennfi thisinventicg ingpdajgoth enticetly actiye (prachiralayds, 1995,
the disclosures efiraihand noheoptivallypetiet eathifd) definteyunsiterstede, or by the
nore conventiona :

vapori zation sep%orngém‘o%se&ﬁuﬁ%%ﬁ o ‘“'02(? an lE’1se¥“‘~’]lllfd4e1rﬂ) éé CSH?O% teoclfhced or
el evat ed pressur8uchaelefipis watar@ed|cnm@oue@§)earab%twaﬂmrrs@wrzdhe t he
non-vol atilized aidsthratedaindte ﬁ@ﬂi‘a’igl‘it-ﬂihmrmrﬂhéd eRa#MGor el ed to the

oot o, 7o oo ey Ayt oo S50 M 0 710

PCT/ US96/ 19373 oligomerization of propene, butene isobutene, etc §sjich as soggalledepar at i on
and further recodigierid, beinR@ic orcteframdéiic propyltaie and el like) tak disclszed, foe

carried out | n aeGORYEY 0Bl JIRNGE « 800 dify s dBEY IFrplgdict can be

passed on for fu urrfirecatron and sired, and
any recovered resitohagielin campounds é\‘ﬁYrﬁlEtheEtC@maiﬂhgnﬁﬁr marglethylenieyn gas, can
be recycled i n amysatafdted @growpy)and df eohrae, My¥tuséDsM b cddrt Mbre differdriteact or) .

dea: gtc ?‘éﬁr g? ?g&clghréfcq;d@a¥l§{ate& QS%ﬁbﬂh&gma?fbfe 16y a8 e 'stBRRE ane
P material if desired. For example, commercial alpha olefins containing

D-‘
M

four or more carbon atoms may contain minor amounts of
corresponding internal olefins and/or their corresponding saturated
hydrecarbon 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
containing from 4 to 20 carbon atoms as well as starting material
mixtures of such alpha olefins and internal olefins.



vol atilized nmetal catal yst containing residue of such vaporization

separation can be recycled, to the hydrofornylation zone (reactor) in any
conventi onal manner desired. In a preferred enbodi nent, the
hydr of ormyl ati on reaction m xtures enpl oyable herein includes any m xture

derived from aWo ﬁﬂ?&espondi ng hydrofornyl ation process thatp&ppdsdiissss at
| east sone am)un? of " five different main ingredients or conponents, 1.e.,

the al dehyde product, a netal -organopol yphosphite |igand conpl ex

catal yst, free organopol yphosphite ligand, free sterically hindered

or ganophosphorus |igand, and an organic solubilizing agent for said

catal yst and said free |ligands, said ingré&li-ents correspondi ng to those
enpl oyed and/ or produced by the hydroformnyl ati on process from whence the
hydrof ormyl ation reaction m xture starting material may be derived. It is
to be understood that the_hydrofornylation reaction m xjure conpositions
enpl oyabl e herein can and IHBSWQPP’?%}M apd intarnal olefing inghdenfar of

addi tional ingregisnple, sthiferis pidi3denaliisdten Ve perstiehbeI-hbgerte, dedctéiey, at el y

enpl oyed in the dr.of orymyl at i LOCESS s B i t [ aid
process. Exanpl e?ﬁgf‘g%?rclhqg?cﬁa?’gj(}flgﬁgcse%t%h%{ar()d%{aeg'egf'sgd %e%ﬁr g'ggérif? hlg%gf% ude
unr eact ed ol ef i nl<pentadesenardtheradecensal heptadnsemsi ldectaderengdl-ogen gases,
and in situ forngghddeeend)106lbsdesic, SHhitened 2-hiéthy! pianBYbobasl&w)s2-and/ or

unreacted isonerized.plefin cprrespondi n thesqlefin gtarting
Tt e ats, and HPER MR 2 meffins 2HeAghEhdniS s dicpbade 2BEALT,
wel | as ot her i nefclohezene|prepylene dimaerss pranyiene tyimense poeraiensn additives, if

enpl oyed. tet¥¥Ph 8rs] BOtEHene, piperylene, isoprene, 2-ethyl-1-hexene, styrene,
PCT/ US96/ 19373 e o e Dot 26862 alcha.
The substituted STURELEITSISAaoRIPRY FYTene A4RTDYL PN AR 1) oyed i n

t he hydr of or nmy| axiethylstyreass¢terthudyloalpba-ngethyhptygene,grdcesses) of this

i nventitpn : Incl Ud@iiédﬁ&p@ﬁﬁﬂ»éirl%bh&,:ﬁ hér){yﬂ-](-?f@%hé,f%}kéﬁ&ddienﬁm,ﬂm) anfl o
non-optically active. (achir ol efi ni'c_unsakunat e s_contai ni ng
from2 to 40, pr}é g lgéf’%ﬁyﬁ%g%,mbbéﬂﬁ%%a %ﬁt:?g.lﬁ{e’ %(%?g%? %lgl(?n%?fsat ur at ed
conmpounds can bebutadigneaplikyl etkengatesnesl, ymethyhpentengatedaienybe of

straight-chain, #ikaneiee, sikehyl Qkylcothbis; alkeilold) elgll tedls dkbnals, ol ef i n

m xtures, such aés.g.? lf)teg{er}x%ﬁjs,farng%te ﬁ{e, such as allyl alcohol, allyl butyrate, hex-1-
en-4-ol, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate,
vinyl propionate, allyl propionate, methyl methacrylate, vinyl ethyl
ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, 3-
butenenitrile, 5-hexenamide, eugenol, iso-eugenol, safrole, iso-safrole,
anethol, 4-allylanisole, indene, limonene, beta-pinene,
dicyclopentadiene, cyclooctadiene, camphene, linalool, and the like.

Illustrative prochiral and chiral olefins useful in the

asymmetric hydroformylation processes (and other asymmetric
processes) that can be employed to produce enantiomeric product
mixtures that may be encompassed by in this invention include those
represented by the formula:

(XIID)



ol i goneri zation of propene, butene, isobutene, etc. (such as so called
dinmeric, trinmeric or tetraneric propylene and the |ike, as disclosed, for
exanple, in U S Patent Nos. 4,518,809 and 4, 528,403). Moreover, such

ol efin conmpounds may further contain one or nore ethylenic unsat ur at ed
groups, and of course, mxtures of two or nore different olefinic
unsat ur at ed commysnay be enployed as the starting mater @l/U§H6/19373
desired. For exanple, comercial al pha ol efins containing four or nore
carbon atonms may contain m nor anounts of correspondi ng i nternal ol efins
and/ or their correspondi ng saturated hydr ocar bon and that such commerci al
ol efins need not necessarily be purifiegfromsane prior to being

reacted. Illustrative mxtures of olefinic starting materials that can be
enpl oyed in the hydr of ormyl ati on reactions include, for exanple, m xed
but enes, e.g., Raffinate | and Il. Further such ol efinic unsaturated

corrpounds and  wheeeindi{, (joa Rgrardshe sanherar\thﬂ‘eltelnel(mfavcdedrﬁ il so

contain one or [ S |tu t..u adversely

affect the gh@e@t §'8$’u$2n S |3nvtea§¢ iga% ¢t P %88“93“5‘?"Xexarrpl e, in
u. fS brat eﬂt N9%rog3n52fkyﬁ@ﬁbst4tlﬁ5@ aﬂ%ﬂ @eﬂld lshb@tlﬂt#tiﬂli’} be1?g selected g Most

preferably the i.nventi iS es C|a u or the production

of non-opticall Bltgﬁa@]éy lapHen§ asB?“ Wm%g%ﬁfhegﬁm&laem

al pha- ol efins csm}aammaghéxymn&eﬁmxg,oacylowsafchrastdcyto&yt hamombw,r bon at ons,

and achiral int {tlilﬂ'L tﬁ'x& Qgr&ﬁga 188 g ?{id%py&o &13; atons as wel |

as starting material mxtur nds r] ternal ol efins.
WO 97/ 20795 carboxylic ester; aryl i ing pheny subst1tute aryl incluging ()s96/ 19373

- 67 - phenyl, saillsubstitwtion/leeing pblectddromtadkyla hmihe indladingc| ude, for
exanpl e, ethyl eamilaﬁﬁﬂyéﬁé‘ﬁzalﬂylgﬂﬁﬁé‘&cﬁa@ﬁ@ﬁﬁi‘&m&o H6X 8ifenziTa %&ecene

1- nonene, 1-dec ecene tjlhtrl ene, -te
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benzylammo and dibenzylamino; acylamino and diacylamino such as

agl ene,

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-
ethenyl-5-benzoylthiophene, 3-ethenylphenyl phenyl ether,
propenylbenzene, isobutyl-4-propenylbenzene, phenyl vinyl ether and
the like. Other olefinic compounds include substituted aryl ethylenes
as described, for example, in U.S. Patent Nos. 4,329,507, 5,360,938 and
5,491,266, the disclosures of which are incorporated herein by
reference.



4- et hyl styrene, 4-isopropyl s'tyrene,' 4-tert-butyl styrene, al pha-
net hyl styrene, 4-tert-butyl-al pha-nethyl styrene, 1, 3-

di i sopropenyl benzene, 3-phenyl -1-propene, 1, 4-hexadiene, 1,7- oct adi ene,
3-cycl ohexyl -1-butene, and the like, as well as, 1, 3-dienes, but adi ene,
al kyl al kenoateﬁ, ?,95 met hyI pent enoat e, al kenyl al kanoat @graRbéiRMM!
al kyl ethers, keno pent enol s, al kenal s, e.g., pentenals, and
the like, such as allyl aIcohoI, allyl butyrate, hex-1- en- 4-ol ,
oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate, vi nyl
propi onate, allyl propionate, nethyl methacrylate, vinyl ethyl et her,
vinyl nethyl ether, allyl ethyl ether, n§2opyl-7-octenoate, 3-
butenenitrile, 5-hexenam de, eugenol, iso-eugenol, safrole, iso-safrole,
anet hol, 4-allylanisole, indene, Iinnnene bet a- pi nene,

di cycl opent adi ene, cycloo adi ene, l.i nal.ool, and the l.ike.
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the pro uct separation. Of course mixtures of such catalysts can also
be employed if desired. The amount of metal-organopolyphosphite
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 generai, metal, e.g.,
rhodium, concentrations in the range of from about 10 parts per
million to about 1000 parts per million, calculated as free rhodium, in
the hydroformylation reaction medium should be sufficient for most
processes, while it is generally preferred to employ from about 10 to
500 parts per million of metal, e.g., rhodium, and more preferably from
25 to 350 parts per million of metal, e.g., rhodium.

In addition to the metal-organopolyphosphite ligand
complex catalyst, free organopolyphosphite ligand (i.e., ligand that is
not complexed with the metal) may also be present in the
hydroformylation reaction medium. The free organopolyphosphite
ligand may correspond to any of the above-defined
organopolyphosphite ligands employable herein. It is preferred that
the free organopolyphosphite ligand be the same as the
organopolyphosphite ligand of the metal-organopolyphosphite ligand



carboxylic ester; aryl including phenyl; substituted aryl including
phenyl, said substitution being selected fromal kyl, am no including

al kyl am no and di al kyl ami no such as benzyl am no and di benzyl am no,

hydr oxy, al koxy such as net hoxy and et hoxy, acyloxy such as acetoxy, halo,
nitrile, nitro, carbo§yl, car boxal dehyde, carboxylic ester, carbonyl, and
thio; acyl oxy SURR"29P5;cetoxy; al koxy such as methoxy and et REXYS%6AMBo

i ncl udi ng al kyl am no and di al kyl ami no such as benzyl am no and

di benzyl am no; acyl am no and di acyl am no such as acetyl benzyl am no and

di acetyl am no; nitro; carbonyl; nitrile; carboxyl; carboxam de;

car boxal dehyde; carboxylic ester; and al kydmercapto such as

met hyl mercapto. It is understood that the prochiral and chiral ol efins of
this definition also include nol ecul es of the above general fornula where
the R groups are connected to formring conpounds, e.g.,
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hydroformylating achiral olefins, the more preferred

organopolyphosphite ligands are achiral type organopolyphosphite

ligands, especially those encompassed by Formula (VI) above, and

more preferably those of Formulas (VII) and (X) above. Of course, if
desired, make-up or additional organopolyphosphite 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 concentration of the sterically hindered
organophosphorus ligands used as indicator ligands in the processes of
this invention can be any amount greater than about 0.05 equivalent
of the metal used. The upper limit depends on the solubility of the
ligand. The preferred range is about 0.1 equivalent to about 10
equivalent of the metal employed.

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,



I nvol ve the use of a netal-organopol yphosphite |igand conpl ex catal yst as
descri bed herei nabove. The hydrofornylation catal ysts may be in honobgeneous
or heterogeneous formduring the reaction and/or during the product
separation. O course mxtures of such catal ysts can al so be enpl oyed if

desired. The angebpebs et al - or ganopol yphosphite |igand conpl gstriddey st
present in the reaction nmedium of a given hydrofornylation process

enconpassed by this invention need only be that m ninum anount necessary to
provi de the given netal concentration desired to be enpl oyed and which w ||l
furnish the basis for at least the catal ytic amount of netal necessary to
catal yze the particul ar hydrofornyl ati on- ptocess invol ved such as

di scl osed, for exanple, in the above-nentioned patents. In general, netal,
e.g., rhodium concentrations in the range of from about 10 parts per

mllion to about 1000.parts per m.lljon, calculated .as fre hodi um in the
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mllion of met a'azboﬁf 90,000 a6l YR G@Maﬂaa@e%ﬁiﬁ%%médomaa51;;@53;%55 parts
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per mllion of tal, e.g., rh um I'n addition, e
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ligand (i.e., |idefistartingicompotind ofijesetleahn absut 2000 puis ahdl marg al so be
present in the 5%@&9‘?@ ggg 2B hyoBREhO %ﬁﬁ”eﬂjxé‘mzm ftb&8 pressure 1S

or ganopol yphosphite |1 may c r&gsp to,any of the above-derl ned
or ganopol yphospHitpited p ng yg’y p @mpunt iof redetants necessary tqrohtain a¢ e
free organopol yplesiplirate éfirgactibrb eMvhespaifically thh eadvgamonatite pastidli t e
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catal yst enpl oydEPmEbRaY Lto a?%‘hlqqodésﬁ%bsa%@ﬁrﬁmef%‘@z’?%@'mb%gfg’r{%n&gny gi ven
process. The hydiboiibBa lpaia, erhilerthe dydradent furtial pressnte srprefeyablynaboue fr om
about 0. 1ol e o difset 507 pRBPAd Ml BRAiEFalPfrofth 6L 10°%o JUc3€ 300
or ganopol yph_osphlste_ ﬁ and . e.o r’Eet |0 1t1s rh gr(goor | ation _
reaction medi um®®Bte g%{b“'l 9]0%{96@%‘?18? B ?ﬁ/?aﬁ &R E}’%é’é 5 ofa:gﬁfls i nvention
is carried out imondxidemayeaage fiforf abomtabd@to 100:1 or higher, the more

preferred hydrogen to carbon monoxide molar ratio being from about

1:10 to about 10:1. Further, the hydroformylation process may be

conducted at a reaction temperature from about —25°C to about 200°C.

In general hydroformylation reaction temperatures of about 50°C to

about 120°C are preferred for all types of olefinic starting materials.

Of course it is to be understood that when non-optically active

aldehyde products are desired, achiral type olefin starting materials

and organopolyphosphite ligands are employed and when optically

active aldehyde products are desired prochiral or chiral type olefin

starting materials and organopolyphosphite 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-organopolyphosphite ligand complex catalyst and free
organopolyphosphite ligand. The solvent may also contain dissolved
water up to the saturation limit. Depending on the particular catalyst



to about 50 nol es of organopol yphosphite |igand, and nore preferably for
or ganopol yphosphites from about 1.1 to about 4 nol es of

or ganopol yphosphite |ligand, per nole of metal present in the reaction

nmedi um said anmounts of organopol yphosphite Iigand being the sumof both
t he amount of qr aqﬂgolyphosphlte ligand that is bound (conplexed to the
netal present (1% ke Samount  of free (non- conpl exed) organoB @5 Hgﬁﬂlte
ligand present. Since it is nore preferred to produce non-optically active
al dehydes by hydrofornylating achiral olefins, the nore preferred

or ganopol yphosphite |igands are achiral type organopol yphosphite I|igands,
especi ally those enconpassed by Fornula (3#) above, and nore preferably

t hose of Formulas (VI1) and (X) above. O course, if desired, nmake-up or
addi ti onal organopol yphosphite Iigand can be supplied to the reaction
medi um of the hydrofornylation process at any tine and in any suitable
manner, e.g. to amdineactiantsiepplafedesuitabde organiesolyentsripeludegfon@xamplde
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IPE'SI'} ?Jggg /19373 may be emp oye% if desired. In general, with regard $q the produstipp; gas

pressure of hydrfgehmirakobeptivalipactiee)caldelnydes| it is paeferred toemplond of the
hydr of or nyl ati Oﬁlﬂ%%n@ﬁnﬂé@%@ ﬁ{&@ rﬁé)Mhe]alHQh d&&sg%gn—gé kg In

general , however, i1t .Is at a total

| er at
gas pressure of h‘?ﬁ?é'@; ‘é%bl’"%ﬂe‘é‘l‘f;a cgpdensalionc onpound of
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m ni mum total prggsiyde cofidensation byproducts can also be preformed if desired and
used accordingly. Illustrative preferred solvents employable in the

production of aldehydes include ketones (e.g. acetone and methylethyl
ketone), esters (e.g. ethyl acetate), hydrocarbons {e.g. toluene},
‘nitrohydrocarbons (e.g. nitrobenzene), ethers (e.g. tetrahydrofuran
(THF) and glyme), 1,4-butanediols 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-bﬁtyraldehyde,
isobutyraldehyde, n-valeraldehyde, 2-methyl 1-butyraldehyde,
hexanal, hydroxyhexanal, 2-methyl valeraldehyde, heptanal, 2-methyl
1-hexanal, octanal, 2-methyl 1-heptanal, nonanal, 2-methyl-1-octanal,
2-ethyl 1-heptanal, 3-propyl 1-hexanal, decanal, adipaldehyde, 2-



limted predom nately by the anmount of reactants necessary to obtain a
desired rate of reaction. Mre specifically the carbon nonoxi de parti al
pressure of the hydrofornylation process of this invention is preferable
fromabout 1 to about 1000 psia, and nore preferably fromabout 3 to about
800 psia, whil gudbhpetpsdrogen partial pressure is preferably afoubsss, %
about 500 psia and nore preferably fromabout 10 to about 300 psIa.

general H2:CO nolar ratio of gaseous hydrogen to carbon nonoxi de may range
fromabout 1:10 to 100:1 or higher, the nore preferred hydrogen to carbon
nonoxi de nolar ratio being fromabout 1:10 to about 10:1. Further, the
hydr of ormyl ati on process may be conducted’3at a reaction tenperature from
about. -25[err] C to about 200[err]C. In general hydroformnylation reaction
tenperatures of about 50[err]Cto about 120[err] C are preferred for al
types of olefinic starti ngl mat er i course it is t)c’)lage understood t hat

when .non- opt i camephygiytera QFM&I@@EF}BHE@,‘P§IWdﬁe%F}%E maldenydey
olefin starting smtdeoxsqimpmndldehgdac@hydwxghmﬁaé, dlkgnaldse.gr, @- emnm}yed and

when optically aoldy 't'mpygmﬁn@@ufe&atea&%gﬁg%sp o i leafly o1 12

type olefin starti ng1
enpl oyed. O cotesyl }-desanalgodecanalo ﬂ%@fgﬁ& wéeem ?W@Cﬁyﬂ}@forrryl ation

reaction condit nm%hylelmhay@iaws-étlbﬁ Bavducansl, Bypropygl-1-ymdecina) dehyde
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Illustrative optically active aldehyde products include

(enantiomeric) aldehyde compounds prepared by the asymmetric
hydroformylation process of this invention such as, e.g. S-2-(p-
isobutylphenyl)-propionaldehyde, S-2-(6-methoxy-2-
naphthyl)propionaldehyde, S-2-(3-benzoylphenyl)-propionaldehyde, S-
2-(p-thienoylphenyl)propionaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaldehyde, S-2-[4-(1,3-dihydro-1-ox0-2H-isoindol-
2-yDphenyl]propionaldehyde, S-2-(2-methylacetaldehyde)-5-
benzoylthiophene and the like.

IMustrative 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



di scl osed heretofore commonly enpl oyed in known netal catalyzed

hydr of ornmyl ation reactions. M xtures of one or nore different solvents nmay
be enployed if desired. In general, with regard to the production of
achiral (non-optically active) aldehydes, it is preferred to enpl oy

al dehyde conmpounds corresponding to the al dehyde products desired to be
produced and/ oWORT@RBE boi |l i ng al dehyde |iquid condensation RSEWSGBIE as
the main organic solvents as is conmon in the art. Such al dehyde
condensati on byproducts can also be prefornmed if desired and used
accordingly. Illustrative preferred solvents enployable in the production
of al dehydes include ketones (e.g. acetqqq_and nmet hyl et hyl ketone), esters
(e.g. ethyl acetate), hydrocarbons (e.g. toluene), nitrohydrocarbons (e.g.
ni trobenzene), ethers (e.g. tetrahydrofuran (THF) and glyne),

1, 4- but anedi ol s and sul fol ane. Suitable solvents are disclosed in US.
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97/ 20795 roduct(s) in any manner desired. The contmuous process cBibeUS96/ 19373
-73 - met hyl u ral dehy Hé‘ids g‘e ﬁ h Aad adi paI dehyde,
3- hydr oxypr opi 0 IRRjan a@’ﬂ?ﬂr"@f? nhf: WaPKE fl\’sap"émés %¥Mr€3. and

4-pentenal , al kgdm;srq$1ogranea¢ted alefini@streting matenielahand vapetizeshal , 2-
met hyl 1-dec anamdeﬂmﬁﬁdafact isremovied| fron ¢he ﬁﬁaﬂﬁ-eacﬁx&h egen fro- net hyl
2 ot hy -1t et r AOERSAERE AEASR R Alpt gy 24d ke G olefRS! acecanal,
starting matenal(s) carbon monoxide and hydrogen are supplied to the
liquid reaction medium for the next single pass without recycling the
unreacted olefinic starting materialts). Such types of recycle procedure
are well known in the art and may involve the liquid recycling of the

metal-organopolyphosphite complex catalyst fluid separated from the
desired aldehyde reaction product(s), such as disclosed, for example, in
U.S. Patent 4,148,830 or a gas recycle procedure such as disclosed, for
example, in U.S. Patent 4,247,486, as well as a combination of both a
liquid and gas recycle procedure if desired. The disclosures of said U.S.
Patents 4,148,830 and 4,247,486 are incorporated herein by reference
thereto. The most preferred hydroformylation process of this invention
comprises a continuous liquid catalyst recycle process. Suitable liquid
catalyst recycle procedures are disclosed, for example, in U. S. Patent
Nos. 4,668,651; 4,774,361; 5,102,505 and 5,110,990.

In an embodiment of this invention, the aldehyde product
mixtures may be separated from the other components of the crude
reaction mixtures in which the aldehyde mixtures are produced by any
suitable method. Suitable separation methods include, for example,



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

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

1- hept adecanal , 3-propyl -1- hexadecanal , ei cosanal, 2-nethyl-
nonadecanal , henei cosanal, 2-nethyl-1-eicosanal, tricosanal, 2-nethyl-
1-docosanal , t al, 2-nethyl-1-tricosanal, pent acosana{,m. 596,193-,3
nmet hyl - 1-tetracosanal,” 2-ethyl 1-tricosanal, 3- propyl 1- docosana

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

oct acosanal , hentriacontanal, 2-nethy|-1-triacontana|, and the i ke.
[I'lustrative optically active al dehyde products include (enantiomneric)
al dehyde conpounds prepared by the asymwl&4i ¢ hydrof ornyl ati on process of
this invention such as, e.g. S-2-(p- isobutyl phenyl)-propional dehyde,
S- 2- (6- nmet hoxy-2- napht hyl ) propi onal dehyde,

S- 2- (3- benzoyl phenyl proplonaldehyde S e s

2- (p-t hi enoyl phealienb estrastien.qbesesepasation urysigdlization, distillation,

phenyl ) phenyl pr ez_rabeﬂa&td@hmed $in-dvhporatibng Ellidg dilic evaporitiors anddhe -
2-yl') phenyl ] pr O n?’t?rﬁgyﬁeﬁes%e%’t%%éﬁ%%@ﬂ@ﬁﬁeBgﬂ? ?i‘%ﬁ)ctssfr m the crblrie

benzoyl t hi ophen sult
substituted and rg@mwx@ees&hw&enp%mghlthema@ trePPInEHREALE si bl e

substituted and dd%ﬂ&ﬁbé&ﬁiﬁﬁbliﬂhd&mw@mmum Teeatyittent n Ki r k- O hner,
et i APHSRaEh OTHINERY i bR Biehb@Por dibaPatif tner 1 MO

portions of V\:hl eln As
i ndi cat ed above,aldghyide rgmweﬁlfrqm ﬁh@péw@amneaquf tbatcrtifleereactlon

hydr of or nyl at i omixt@&ess @? mémbRir depRition0Such Mefbirthh@Bepiratibhrean. | n
STy | oot Ve bR A Pl O BiafGNE s 356 108 and/BRYibE 8 21!

and may invol ve: rof or 795
PCT/ US96/ 19373 Patent Apphcatno erial No 08/430,790, ﬁled May 541995, refexrgdtp ng

mat eri al (s) witkbgagbon nonoxi de and hydrogen in a |iquid honobgeneous

reaction m xture conpri s'ggégdﬁgée&ea% a@%hg%{%&ltlusm SRIAGBIRSON

l'igand conpl ex catal yst free
sterically hi ndé}?@‘éﬁsépﬁbméph‘tﬁ}ims esm%mbamorfgrqdefaeml on
t enper at ure and theé @éadtion mOtdrdd wNed lﬁau@pahiees bOthis hevelmyidhofRarny| at i on of

the olefinic st ae&&h:%,@ﬁ%%&%'&ﬂéehﬁﬁ?ueg WRRl0sEE S U.S. Patents 4,148,830

and 4,247,486 can be used. For instance, in a continuous liquid

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



make-up quantities of the olefinic starting material (s), carbon nonoxide
and hydrogen to the reaction nedium as those reactants are wused up; and
(d) recovering the desired al dehyde hydrofornylation product(s) in any
manner desired. The continuous process can be carried out in a single pass
node, i.e., wherein a vaporous mxture conprising unreacted olefinic
starting nat er WO Y28 vapori zed al dehyde product is renovedP¢B¥R6HHE3
liquid reaction m xture from whence the al dehyde product is recovered and
make-up olefinic starting material (s) carbon nonoxi de and hydrogen are
supplied to the liquid reaction nmediumfor the next single pass w thout
recycling the wunreacted olefinic starting material(s). Such types of
recycle procedure are well known in the art and may involve the liquid
recycling of the netal-organopol yphosphite conpl ex catalyst fluid
separated fromthe desired al dehyde reaction product(s), such as

di scl osed, for xﬁmtg When dn dlphRaheind-olefih4B8atianit és alkogasplopal che

procedure such gis g gﬁ@ 1#: %erFSer.a:m) 1@03593@&&’9%%& aBovet 7, 486, as

wel |l as a conbin e procedure i f
desired. The di mtb%@res of said U. S Patents 4, 148 830 and 4, 247,486 are

i ncorporated herein by relferepaRiculday alistilldtion ARG sepaitihidfthe .
hydr of ornyl ati op L or asnfle p?m LRRLH O,Qetcaggorgsr@ﬁ%ﬁogpﬂﬁrr gl Ui d

cat al yst recycl pr ocess
di scl osed, for estaiystsontainipg rsacnv@n em ucNGel maerde 8 ace@tm 361;
5,102, 505 and 5s11ﬁ;9b189;@mperature desired. Inlgénafal £itho dedveitheded that sublvent i on,

the ai dehyde pr " QiLiatioh (e el AP PSRl Sudif Fe16RTP ONE N ©

of the crude Fures are pr oduced
by any suitabl 50%,land mexg m@r@bbeetaﬁ aqmbwamqq@d%xei a@éfrompr exanpl e,
WD 97/ 20795 about 50°C to about 140°C. It is also generally recommended that such
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extraction, phaslede%’e'd%lrd és[t%ar?on A ketpl %%%‘%ergﬁdu%fdslfrelsflzt e} ﬁ g vlgl%lorr zati on,

wi ped fil m evap@rapressurs thatiisgu stamlel}xém%nﬁ‘h@n thedotal €as PresUre t nmy be
desired to r em%mﬂ&y@d&iﬂﬁk&’ﬁﬁdﬂmylhﬁoﬁ indient I6@ Iesilidg aldebgdes @ng.ni xture as
they are fornmedd,Nauohs bhevdived f uﬁa@mrcrmna%ea h@%ﬁg\g&ﬂ dsn
publ i shed Pat en (Sg)er ation Tr eat 1 a& ef] AP nce ation W ract1ce81853é) A
preferred net hoéP £0 e age imgelved. For ins P
subject the hquld reaction product medium removed from the
hydroformylation 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 a much lower synthesis gas
_concentration than was present in the hydroformylafion 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.

For purposes of this invention, the term "hydrocarbon" is
contemplated to include all permissible compounds having at least one
hydrogen and one carbon atom. In a broad aspect, the permissible
hydrocarbons include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic organic
compounds which can be substituted or unsubstituted.

As used herein, the term "substituted"” is contemplated to
include all permissible substituents of organic compounds unless



al dehyde m xtures fromthe other conponents of the crude reaction m xtures
is by nmenbrane separation. Such nenbrane separation can be achieved as set
out in US. Patent No. 5,430,194 and copending U S. Patent Application
Serial No. 08/430,790, filed May 5, 1995, referred to above.

As indicated akpy@ya@bs t he conclusion of (or during) the progespssiiolfil S

i nvention, the desi red5 al dehydes nmay be recovered from the reaction

m xtures used in the process of this invention. For exanple, the recovery
techni ques disclosed in U S. Patents 4,148,830 and 4, 247,486 can be used.
For instance, in a continuous liquid catalyst recycle process the portion
of the liquid reaction mxture (containri?f¥g al dehyde product, catal yst,

etc.), i.e., reaction product fluid, renoved fromthe reaction zone can be
passed to a separation zone, e.g., vaporizer/separator, wherein the
desired al dehyde product can be separated via distillation, in one or nore

stages, under neteEwise indicatedy Tava broadaspgch the paraissihle substituentii d
reaction fl uid, inxbudtesselic and dyeliv, betrichiédi ahdaunbraddaéd, caflsicyelic awdid furt her

urified if desj j NJ - W . containin
Fi quid reacti onhrénfex ca,rligg aﬁé@%glﬁ g%&%géé%kig%hbgéﬁgﬁ ?)@%ﬁ%%rﬁ}elgcti on zong as
may if desired 89FpPowRdee lliustrative suhstitaients inclyde, for example: alkyb| ef i n,
together with aalkyldwlargearyag, bydbaty, Wpdrodydtiyd) @nitoy ethinsalkyl | i quid
reaction after P]—ftfog@ﬁ ahhWe tli'ﬂ@ix?%hih% P Lf]&b%? Qf'&ﬂ%ﬁﬁis @Ju‘i’%&)(ageefrm ofluct,,
e.g., by distilTation 1rn any conventional nmanner. Th_géener _,.dnls
preferred to sthabat0eraneres prefarably frope d Sombeut 1% Thaparmpigsiklent ai ni ng
reaction m Xt ugebstitdents'casUesheiranoty £nditltk Simé oM IfRFPEE RFUres so as to

cy o ! ; ; .
SO 97/ 20708 € afSHpRRAL biYAn®d cdniSodd32 AR INRRRANL b5t bldRRL: B, reaction

PCT/ US96/ | 9373 limited in any manner by the permissible substituentpaf organipr oduct s.
When an al pha- mesitapedefsi n reactant is al so enployed, the al dehyde

derivative thereof can allf‘;*{‘?g?}%g’ﬁ rgieégg}rg%{ﬁ’tgﬁg%%%?%‘gtesmgm&d“ms

More particular|y, distil ¢ 1 C { )
have been employed for demonstrating this invention. The testing

procedures allows one to obtain meaningful results in a much shorter
and manageable period of time than under normal hydroformylation
procedures.

Certain of the following examples are provided to further
illustrate this invention.

Glossary
For purposes of the examples below, the following terms

have the indicated meaning:
Rate -- The rate of production of aldehyde from olefin.

N/B ratio -- The mole ratio of the normal (linear) aldehyde
product to iso (branched) aldehyde product.

Syn gas -- Synthesis gas (mixture of hydrogen and carbon
monoxide).

ppm -- Parts per million parts by weight.



desired al dehyde product fromthe netal -organopol yphosphite conpl ex

catal yst containing reaction product fluid nay take place at any suitable
tenperature desired. In general, it is reconmended that such distillation
take place at relatively | ow tenperatures, such as below 150[err]C, and
nore preferabl t a tenperature in the range of from about SQ[err Cto
about 140[err]¥3’.°’17f2°'{9§ al so generally recommended that such YR e™
distillation take place under reduced pressure, e.g., a total gas pressure
that is substantially |ower than the total gas pressure enployed during
hydr of or myl ati on when | ow boiling al dehydes (e.g., {err] to (Jerr]) are

i nvol ved or under vacuum when hi gh boili.pgg .al dehydes (e.g. Cerr] or
greater) are involved. For instance, a conmon practice is to subject the
liquid reaction product nmedi umrenoved fromthe hydrofornylation reaction
zone to a pressure reduction so as to volatilize a substantial portion of
t he unreacted gases di ssdligeddiStrudiaerest i qui d medi um whi ch now contains a
much | ower synthesis gas concentration than was present in the

hydr of ormyl ati on reaction nmediumto the digtillation zone, e.g.
vapori zer/ separator, wherein the desired yde product is distilled. In
general, distillation pressures ranging f vacuum pressures on up to

total gas pressure of about 50 psi oul ¢ be sufficient for nost
pur poses. For purpose s invention, the term
"hydrocarbon” is contenplated to in de all perm ssible conpounds having

at | east one hydrogen and one carbon ato a broad aspect, the
per m ssi bl e hydrocarbons include acyclic cyclic, branched and
unbranched, carbocyclic and heterocyclic, aromati c and nonaronati c organic
conpounds whi ch can be substituted or unsubstituted. As used
herein, the term"substituted" is QeighefAplphiogphine, i nclude all perm ssible
substituents of organi c conpounds yfﬁﬁfs WO 97/ 20795
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indicated. In a broad aspect, the perm ssible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic
and nonaromatic substituents of organic

Ligand A : 6,6-[[3,3',5,5'-tetrakis(1,1-dimethylethyl)-[1,1'-
biphenyl}-2,2'-diyl]bis(oxy))bis-dibenzo(d,f]{1,3,2]dioxaphosphepin.
Ligand A as used in the examples is the same ligand as Ligand D
depicted in the specification.



compounds. Illustrative substituents include, for exanple, alkyl, alkyloxy,
aryl, aryl oxy, hydroxy, hydroxyal kyl, am no, am noal kyl, hal ogen and the
like in which the nunber of carbons can range from1l to about 20 or nore,
preferably from1 to about 12. The perm ssible substituents can be one or

nore and the sqwgoorgdi fferent for appropriate organic conpoygdsy 33?
invention is not intended to be limted in any manner by the permSS| e
substituents of organi c conpounds. In the foll owi ng exanpl es,

accel erated testing procedures have been enpl oyed for denonstrating this
invention. The testing procedures allows one to obtain neaningful results
in a much shorter and manageabl e period-d@2-ti ne than under nor mal

hydr of or myl at i on procedur es. Certain of the foll ow ng exanples
are provided to further illustrate this invention.

G ossary For purposes of the exanples below, the follow ng
terns have the indicated neaning: Rate -- The rate of

production of al dehyde from oPwfi N B rgf$o -- The nole
ratio of the normal (i ne@ﬁﬁe yde, product to iso (bkanched) al dehyde
S P :

product. Sy}rllt hesis gas (m x

car bon nonoxi de) . pm-- Parts per ml ,parts by wei ght
WD 97/ 20795 HO PCT/ US96/ 193 7% "}r-ph2
-78 - CH(CHj;),
Ligand B: - | Ligand C
Tris(2-hydroxyphenyl)-
phosphine
T-2-HOPP
HyC
P
HyC
CH;
Ligand D

Tri-2-methylphenylphosphine
T-2-MEPP



Ligand Structures: [err]

(TPP)

-dinethylethyl)-11,1" -
, 3, 2] di oxaphosphepi n

as Ligand D de
PCT/ US96/ 19373

W
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OCH,

tBu T (’)
@ 0\}, P("O @
¢

Ligand E Ligand F
' Monoxide of Ligand A

Ligand G
Tris(2-cyanophenyl)phosphine
T-2-CNPP

Example 1
This example illustrates the following: (1) that T-2-HOPP

(Ligand B) can keep rhodium in a soluble state and at the same time
hydroformylating an olefin to aldehydes; and (2) aldehyde products
with low N/B ratio were obtained with only the indicator ligand

Tri phenyl phosphi ne,
[err] Ligand A: 6,6'-[[3,3",5,5 -tetrakis(1,1
bi phenyl]-2,2"-diyl]bis( oxy)]bis-dibenzo [d,f]
Ligand A as used in the exanples is the sane |liga

[1
nd



[err] Li gand B: Ligand C

Tri s(2-hydroxyphenyl) - phosphi ne T-2-HOPP [err]

Li gand D Tri-2- et hyl phenyl phosphi ne T- 2- MNEPP

WD 97/ 20795 PCT/ US96/ 19373

-80 - WO 97120795 PCT/US96/19373
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present but products with high N/B ratio were obtained once when
stoichiometric or more than stoichiometric amount of Ligand A to
rhodium was added to the system.

A solution of 200 ppm rhodium in the form of rhodium
dicarbonyl acetylacetonate, and 2.0 equivalents (to rhodium) of T-2-
HOPP were charged into a single pass reactor employed in a
continuous single pass hydroformylation process directed to
hydroformylating propylene. The catalyst activity, measured in
rate/propylene partial pressure, was profiled as a function of time. The
isomer ratio of the normal to branched aldehyde products was obtained
at the same time by gas chromatography. After 3 days, 2.0 equivalents
of Ligand A was added. The monitoring of the catalyst activity and
ratio of aldehyde products were continued. Table 1 shows the results.

Table 1
Days Rate, N/B
in g- normal to branched
operation mol/liter product ratio
0.5 0.004 0.6
1.6 0.001 0.7
2.5 0.001 0.7
3.5 1.465 184
4.6 1.433 26.9
5.5 1.305 29.0
6.5 ' 1.13 29.9
7.0 0.985 30.9

Table 1. Hydroformylation data showing that the indicator ligand T-2-
HOPP is capable of promoting hydroformylation and keeping rhodium
in solution. Upon the addition of Ligand A to the catalyst, the system
behaved as a rhodium/Ligand A catalyst.



[err] Li gand E Li gand F

Monoxi de of Ligand A _ N
Ligand G Tri s(2-cyanophenyl ) phosphi ne
T- 2- CNPP ' Exanmple 1 Thi s exanpl e

illustrates the following: (1) that T-2-HOPP (Ligand B) can keep rhodi um
in a soluble stwba7asmds at the sanme tine hydrofornylating an coyusesians

al dehydes; and (2) al dehyde products wth low NB ratio were obtained with
only the indicator |igand - WD 97/ 20795

PCT/ US96/ 19373

-82-

Example 2
This example is to show that NMDPP (Ligand C) can

keep rhodium in solution in the absence of Ligand A. It also showed
that when Ligand A is present, the system behaves as a
rhodium/Ligand A system despite the presence of Ligand C.

A solution of 200 ppm rhodium in the form of rhodium
dicarbonylacetylacetonate, and 2.0 equivalents (to rhodium) of Ligand
C were charged into a single pass reactor employed in a continuous
single pass hydroformylation process directed to hydroformylating
propylene. The catalyst activity, measured in rate/propylene partial
pressure, was profiled as a function of time. The isomer ratio of the
normal to branched aldehyde products was obtained at the same time
by gas chromatography. After 3 days, 2.0 eq. of Ligand A was added.
The monitoring of the catalyst activity and ratio of aldehyde products
were continued. Table 2 shows the results.

Table 2
Days Rate, N/B
in g- normal to branched
operation mol/liter product ratio

0.5 0.23 1.2
09 0.19 1.3
15 0.16 1.3
2.0 0.17 } 1.3
25 0.18 1.3
2.8 0.15 1.5
3.2% 0.95 11.1
3.8 0.88 16.2

4.0 0.87 18.6



-81 - present but products with high NNB ratio were obtai ned once when
stoichionetric or nore than stoichionetric anount of Ligand A to rhodium
was added to the system A sol ution of 200 ppm rhodiumin the
form of rhodium dicarbonyl acetylacetonate, and 2.0 equivalents (to
rhodium of T-2- HOPP were charged into a single pass reactof I I n
a continuous NN¥2EBass hydrof ormyl ati on process directed tIE)('“F;UB6'%3%i
hydr of ormyl ati ng propyl ene. The catal yst activity, neasured in

rate/ propylene partial pressure, was profiled as a function of tinme. The

I somer ratio of the normal to branched al dehyde products was obtained at
the same time by gas chromatography. Aftegg3 days, 2.0 equivalents of

Li gand A was added. The nonitoring of the catalyst activity and ratio of
al dehyde products were continued. Table 1 shows the results.

Table 1 Days Rat e, N B I n

g9- . nornely § 0 branched jqperation nohblg t er pr oduct
ratio 0.5 0.(%0 1 0.6 1.6
0. 001 50 0.7 2% 5 &:%o1

0.7 3.5 54 1.463.26 - 184 4.6

1.433 26. 9 5 16.0305

29.0 6.5 6.0 1.13 1.8 ﬁ%dQ 7.0

0. 985 6.5 30.9 Tabl &30 Hydrofornylati d8Yata showi ng that

the indicator |igand.d-2- HOPP id.24apabl e of pronotilBgt hydrof ornyl ation
and keepi ng rhodi | | he addition of Ligand A to the
catal yst, the sys];‘Ji mnJi E‘eﬁ%gghg&;a&yﬁg' ) Lhrﬂ Li aﬁd A catal yst . WO
97/ 20795 Table 2. Hydroformylation data showing that the 1nd1<f§>éqx] {5@@%4} 19373
NMDPP (Ligand C), is capable of promoting hydroformylation and
keeping rhodium in solution. Upen the addition of Ligand A to the

catalyst, the system behaved as a rhodium/Ligand A catalyst.

Exa 3

This example shows that Ligand D (T-2-MEPP) can keep
rhodium in solution in the absence of Ligand A. It also shows that
when Ligand A is present, the system behaves as a rhodium/Ligand A
system despite the presence of Ligand D. '

A solution of 200 ppm rhodium in the form of rhodium
dicarbonyl acetylacetonate, and 2.0 equivalents (to rhodium) of Ligand
D were charged into a single pass reactor employed in a continuous
single pass hydroformylation process directed to hydroformylating
propylene. The catalyst activity, measured in rate/propylene partial
pressure, was profiled as a function of time. The isomer ratio of the
normal to branched aldehyde products was obtained at the same time
by gas chromatography. After 2 days, 2.0 equivalents of Ligand A was
added. The monitoring of the catalyst activity and ratio of aldehyde
products were continued. Table 3 shows the results.

Table 3




- 82 - Exanpl e 2 Thi s exanpl e
Is to show that NVMDPP (Ligand C) can keep rhodiumin solution in the
absence of Ligand A It also showed that when Ligand A is present, the
system behaves as a- rhodiuniLigand A system despite the presence of Ligand
- C. A solution of 200 ppmrhodiumin the form of rhodium

di car bonyl acet waertoeesat e, and 2.0 equivalents (to rhodium obctugmnez7zaC
were charged into a single pass reactor enployed in a continuous single
pass hydrofornylation process directed to hydrofornylating propylene. The
catal yst activity, neasured in rate/propylene partial pressure, was
profiled as a function of tine. The isonef,ratio of the normal to branched
al dehyde products was obtained at the sar 4time by gas chronat ogr aphy.
After 3 days, 2.0 eq. of Ligand A was added. The nonitoring of the

catal yst activity and ratio of al dehyde products were continued. Table 2

shows the results le 2 Days
Rat e, Days /B i nRate, A ?E normal to
branched operatiimn mol / | i ger pnorinal to latainohed 0.5
2 :233 L5 operation 1. (2) 1%101/lit¢9" 9 product ra i'oég 2 0
0.17 1.3 2.5 0.18
1.3 2.8 0.50 0.15 0.004 .5 3.2*
0. 95 11.1 . 8 88
16. 2 4.0 1.5 0.87 0'0013 1(8.76

2.6 0.001 0.7

3.5 1.01 14.8

4.5 1.00 14.1

55 0.95 12.9

6.5 0.86 126

70 0.84 12.8

*Ligand A added in day 2.0

Table 3. Hydroformylation data showing that Ligand D (T-2-MEPP) is
capable of promoting h’ydrofonnyl'ation and keeping rhodium in
solution. Upon the addition of Ligand A to the catalyst, the system
behaved as a rhodium/Ligand A catalyst.

Exampled
This example shows that Ligand E can keep rhodium in

solution in the absence of Ligand A. It also shows that when Ligand A
is present, the system behaves as a rhodium/Ligand A system despite
the presence of Ligand E.

A solution of 200 ppm rhodium in the form of rhodium
dicarbonyl acetylacetonate, and 2.0 equivalents (to rhodium) of Ligand
E were charged into a single pass reactor employed in a continuous
single pass hydroformylation process directed to hydroformylating
propylene. The catalyst activity, measured in rate/propylene partial
pressure, was profiled as a function of time. The isomer ratio of the
normal to branched aldehyde products was obtained at the same time
by gas chromatography. After 2 days, 2.0 equivalents of Ligand A was
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- 83 - 4.5 1.04 19.8 5.0
1.29 15.8 5.4 1.26

16. 4 6.0 1.30 16.0 6.5

1.30 6.5 7.0 1.24

16.
18.4  *Li gand YORH®®Hded at day 3.0. Tabl e 2. Hydr of or ny| BETYRIHE3A
showi ng that the indicator |igand NVDPP (Ligand C), is capable of
pronoti ng hydrofornylation and keepi ng rhodiumin solution. Upon the
addition of Ligand A to the catal yst, the system behaved as a
r hodi uni Li gand A catal yst. _RE Exanple 3
Thi s exanpl e shows that Ligand D (T-2- I\/EPg? can keep rhodi umin sol ution
in the absence of Ligand A It also shows that when Ligand A is present,
the system behaves as a rhodiuniLigand A system despite the presence of

Lihggnd D. y badded. Thefm?ﬁitbhtih@ﬁfﬂ{e é’él@lygﬁgbﬁhﬂﬂhﬁmrh’?o b?tﬁld%ﬁzma of D of
r hodi um i car et vl acet on . uival ents o rhodium o '
Li gand D were %ﬁé%%&vﬁrét%n nge g?@b%ar}g%horwega@[ oL =i oyed in a continuous

si ngl e pass hydroformnyl ation process directed to hydrofornylating

propyl ene. The catal yst activity, neasuspgglel4) rat e/ propyl ene parti al
pressure, was profiled as a function of tinme. The isonmer ratio of the
normal to branched al dehyde products was obtained at the sane tine by gas
chromat ogr aphy. APep$ 2 days, 2. Batguival ents of Li dBd A was added. The
moni toring of thejgatal yst activigy and rati gomhaPdoanelged Products were
continued. Table 3 shows the res .Es.

Tabl e 3 ORGHHEYN 20795 mmoVhter
PCT/ US96/ 19373

product ratio

0.5 0.41 0.8
0.8 - 0.32 0.9
1.1 0.25 1.0
15 0.23 0.9
1.8 0.21 0.9
2.5% 0.64 23
2.9 0.87 27
3.5 0.81 31
4.0 0.74 27
4.5 0.75 32

*Ligand A added at day 2.0

Table 4. Hydroformylation data showing that Ligand E is capable of
promoting hydroformylation and keeping rhodium in solution. Upon
the addition of Ligand A to the catalyst, the system behaved as a
rhodium/Ligand A catalyst.

Example 5 _
This example shows that Ligand F can keep rhodium in

solution in the absence of Ligand A. It also showed that when Ligand
A is present, the system behaved as a rhodium/Ligand A system
despite the presence of Ligand F.



-84 - Days Rat e, NB in

g- normal to branched operation mol /liter pr oduct
ratio 0. 50 0. 004 0.4 1.5

0. 001 0.7 2.6 0. 001

0.7 3.5 1.01 14.8 4.5

1.00 wo9720795 14.1 5.5 N 0. 95 PCT/US96/19373
12.9 6.5 0. 86 12. 6 7.0

0. 84 12.8 *Ligand A added in day 2.0 Table 3.

Hydr of ormyl ati on data showi ng that Ligand D (T-2-MEPP) is capable of
pronoti ng hydrofornylati on and keeping rhgdiumin solution. Upon the
addition of Ligand A to the catal yst, the system behaved as a

r hodiuni Li gand A catal yst. Exanpl e 4
This exanpl e shows that Ligand E can keep rhodiumin solution in the

absence of Ligand A It n?u% vxgzga im&dhmn&eﬁfo@fmm the

syst em behaves as a rhodi‘t pite ) f Ligand
& Givabpnyt et sircebamtpARd 5O SAINAREN 0 TRAHIBH oF Higandm

di carbonyl acet W&t @%&i intod sgnéle%ﬁs Véﬂc&ﬁ‘tanﬂoged bodicomlinabud.i gand E

were charged into n SS act single

pass hydr of or nyfs'é’lg?% ﬁq”cdgg@rmy ﬁmtcg%ilgg&g% %&?ﬁaﬂﬁgﬁg%yl ene. The

cat al yst acti vi pyopyiens uTb@camlysaaevlmtmwpwe ApEp Pmﬁﬁ’g@ﬁ LIS

plr gf 'hl gd as 3 f WREdstpd) vils profifed 88 ASARIBR of tithe.0ThE isdiRer AOI6EItheo bL anched

al dehyde produc t phy.
n@ﬂg“%ﬁ];o%ﬁagﬁggg 8@%{1 géﬁﬁoq{r%ts %Hg ob@fn&?ﬁt ﬁw SIRE DA S

After 2 days, 2
by gas chromatography. After 2 days, 2 0 equivalents of Ligand A was
added. The monitoring of the catalyst activity and ratio of aldehyde of

products were continued. Table 5 shows the results.

Table 5
Days Rate, N/B
in g- normal to branched
operation mol/liter product ratio

0.5 1.78 1.1
0.8 1.63 - 1.1
1.2 1.62 1.2
1.5 1.70 1.2
1.8 1.75 1.2
2.5% 1.35 24
2.8 118 33
3.5 1.16 35
4.1 1.07 35
45 : 1.14 38

*Ligand A added in day 2.0
Table 5. Hydroformylation data showing that Ligand F is capable of
promoting hydroformylation and keeping rhodium in solution. Upon
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- 85- added. The nonitoring of the catalyst activity and ratio of

al dehyde products were continued. Table 4 shows the results.

Tabl e 4 Days Rat e, NB in

g- normal to branched operation mol /liter groduct
ratio V@ 97/20795 0.41 0.8  PCT/UgP6HI3T

0.32 0.9 1.1 0. 25

1.0 1.5 0.23 0.9 1.8

0.21 0.9 2. 5% 0. 64

23 2.9 0. 87 _87- 27 3.5

0.81 31 4.0 0.74 27
4.5 0.75 32 *Ligand A added at day 2.0

Tabl e 4. Hydrofornylation data show ng that Ligand E is capabl e of
prompt i ng hydr ofﬂrerad(hhbmnfhfginldaﬂem tiee edtaliistithe systemibelvavedUpomn t he

addi tion of Ligagg t he system behaved as a
axfmﬂ..\%g'ﬁd AaBhigaL.

rhodi um Li gand A cat Exanpl e 5
Thi s exanpl e shows that Ligand F can keep rhodiumin solution in the
absence of Ligand A It also showed thZExampdan6li gand

This example demonstrates that rhodium/Ligand A is a
catalyst system producing high normal to branched aldehyde products.
When Ligand A concentration is below stoichiometric to rhodium,
Ligand E helps keep rhodium soluble and the resulting system
produces low normal to branched product, a differenceiwhich can serve
as a signal for the need of more Ligand A. Addition of more Ligand A
completely converted the system to a rhodium/Ligand A system.

A tetraglyme solution of 200 ppm rhodium in the form of
rhodium dicarbonyl acetylacetonate and 2.0 equivalents (to rhodium)
of Ligand E was charged into a 50 cubic centimeter autoclave reactor
equipped with temperature controls. The system was purged with
nitrogen once and syn gas twice. It was then pressurized with 100 psi
of 1:1:1 propylene: carbon monoxide: hydrogen gas mixture. After the
system reached 70°C, the rate of gas uptake was measured to obtain
the reaction rate. A sample of the reaction solution was taken to be
analyzed so as to obtain the normal to branched aldehyde products.

After the rate measurement and the sampling were done, a 0.25
equivalent of Ligand A was added. The rate measurement and product
sampling were again carried out. The procedure was again repeated.
The results of the experiment are summarized in Table 6.

ble
Indicator # of eq. of Catalf/'st Cumulative
Ligand Ligand A Activity N/B
(# of eq.) added
Ligand E 0.00 2.0 0.95

(3.0)



A is present, the system behaved as a rhodi um Li gand A system despite the
presence of Ligand F. WO 97/ 20795

PCT/ US96/ 19373 -86 - A
solution of 200 ppmrhodiumin the form of rhodi um dicarbonyl

acetyl acetonate, and 2.0 equivalents (to rhodiun) of Ligand F were charged
I nto a singl ewaswaregsact or enpl oyed in a continuous single BEEAYSI6/19373
hydr of ormyl ati on process directed to hydrofornylating propylene. The

catal yst activity, neasured in rate/propylene partial pressure, was
profiled as a function of tinme. The isonmer ratio of the normal to branched
al dehyde products was obtai ned at the sa time by gas chronat ography.
After 2 days, 2.0 equival ents of Ligand was added. The nonitoring of the
catal yst activity and ratio of al dehyde of products were continued. Table

5 shows the results. Table 5 Days
Rat e, _ . N B i - nornmal to
branched operdfproa E r’r812?’I iter 1.2 o oduct rat %8 0.5
1.78 (3.0} 1.1 0.8 1.63
1.1 1.2 Ligand E 1059 2.0 1.2 47 1.5
1.70 0 1.2 1.8 1.75
1.2 2. 5+38.0) 1.35 24 2.8
1.18 Ligand E 33 10 3.5 1.8 1.16 7.0 35
4.1 3.0yl 07 35 4.5 1.14
Ligand E 2.0 1.7 9.1
(3.0)

Table 6. Mini-reactor data showing that Ligand E is a good indicator
ligand as the N/B ratio of the products of hydroformylation are
substantially different with and without Ligand A present in the
system.

Example 7
This example demonstrates that rhodium/Ligand A is a

catalyst system producing high normal to branched aldehyde products.
When Ligand A concentration is below stoichiometric to rhodium,
Ligand F helps keep rhodium soluble and the resulting system
produces low normal to branched product, a difference which can serve
-as a signal for the need of more Ligand A. Addition of more Ligand A
completely converted the system to a rhodium/Ligand A system.

A tetraglyme solution of 200 ppm rhodium in the form of
rhodium dicarbonyl acetylacetonate and 2.0 equivalents (to rhodium)
of Ligand F was charged into a 50 cubic centimeter autoclave reactor
equipped with temperature controls. The system was purged with
nitrogen once and syn gas twice. It was then pressurized with 100 psi
of 1:1:1 propylene: carbon monoxide: hydrogen gas mixture. After the
system reached 70°C, the rate of gas uptake was measured to obtain
the reaction rate. A sample of the reaction solution was taken to be
analyzed so as to obtain the normal to branched aldehyde products.

After the rate measurement and the sampling were done, a 0.25
equivalents of Ligand A was added. The rate measurement and



*Ligand A added in day 2.0 Tabl e 5. Hydrofornyl ati on data show ng t hat
Ligand F is capabl e of pronoti ng hydrof ornyl ati on and keeping rhodi umin

sol ution. Upon WO 97/ 20795

PCT/ US96/ 19373 - 87 - the addition
of Ligand A to‘;gg.”{o%sal yst, the system behaved as a rhodi un{,&,ggq_?qgﬁs

cat al yst. Exanpl e 6 hi's
exanpl e denonstrates that rhodiumLigand Ais a catal yst system produci ng
hi gh normal to branched al dehyde products. When Ligand A concentration is

bel ow stoichionetric to rhodi um Li gand E hel ps keep rhodi um sol ubl e and
the resulting system produces | ow norma89to0 branched product, a

di fference which can serve as a signal for the need of nore Ligand A
Addition of nore Ligand A conpletely converted the systemto a

rhodi um Li gand A system i A tetraglynme solution of 200 ppm
rhodi.umin the fRIPARGsampling Wenepgair sarmad eitltet Theprocatunesvahgeaing

equi val ent' s (t o repéete@NThedbshitOoithefexparinehng age Sumiharizedit Table G.
centineter autoclave reactor equipped with tenperature controls. The
systemwas purged with nitrogen once and syn gas twice. It was then
pressurized with 100 psi of 1:1:1 propMQ& carbon nonoxi de: hydrogen gas
m xture. After the systemreached 70[err]C, the rate of gas uptake was
measured to obtgin. the reactign.rate. A sanpl f. the reaction _solution
was taken to beah?gﬁzghfzed SO as.oﬁ%q'é’gt ain th aﬁﬂ?ﬁal to br aﬁﬁgﬂ‘g}& RPdehyde
products. Ligapdr t he ratkigapdfurenment AfHVitYie sanpl i ABuwere done, a
0.25 equival ent (#bfbq.9and A veddeddded. The rate neasurenent and product

sanmpling were aqgisgn&ﬁ.rri ed o%.ooThe pr oceduq_eg,zwas again rgppated. The

results of the experiinent are sufmmarized in Table 6.
Table 6  Indicd8& # of eq. of Cat al yst Cumul ati ve
Li gand Lighhd®nd A 0.25 Activity 1.0 N B 1.7

(3.0)

Ligand F 0.50 1.2 24

(3.0)

Ligand F 1.0 1.2 28

(3.0)

Ligand F 2.0 1.1 32

(3.0)

Table 7. Mini-reactor data showing that Ligand F is a good indicator
ligand as the N/B ratio of the products of hydroformylation are
substantially different with and without Ligand A present in the
system.

Example 8
This example demonstrates the ability of the Ligand B (T-

2-HOPP) to protect rhodium from becoming intractable in case Ligand
A is depleted completely. _

To each of two separate Fisher-Porter Pressure bottles, 25
milliliters of a solution containing 300 ppm of rhodium and 0.24 % of
Ligand A (1.0 equivalents to rhodium) using a 50:50 mixture of n-
butyraldehyde/tetraglyme as solvent. To one of the bottles, 2.0
equivalents of Ligand B were added. Both bottles were then sealed



(# of eq.) added Ligand E 0. 00 2.0 0.95

(3.0) WD 97/ 20795

PCT/ US96/ 19373 - 88- Li gand E
0.25 1.2 2.8 (3.0) Ligand E 0. 50

2.0 4.7 gS.O) Li gand E 1.0 1.8

7.0 (3.0) Li3¥nhyrzem 2.0 1.7 PCT/USIB/19873

Table 6. Mni-reactor data showing that Ligand E is a good indicator

ligand as the NB ratio of the products of hydrofornylation are
substantially different with and w thout Ligand A present in the system
Exanple 7 Thi s exanpl e denpgstrates that rhodiunm Ligand Ais
a catalyst system producing high normal to branched al dehyde products.
When Ligand A concentration is below stoichionetric to rhodium Ligand F
hel ps keep rhodi um sol uble and the resulting system produces |ow normal to

branched produciunder dhfatiospiesre Ufisph gasanddested foSa ferip&rashrd sir1dsRe, need of
rore b oans A A4 Ul alRiepbhain AR SLeR CE Ll Dvsten

to a rhodi uni Li ) F
ppm rhodi um i n Prgan tr be ebservakldiin the samphowithout the LimsadBadéteasé 2. 0

eq uit val ;ent s ( E Oh:b{ii?é! iatmgnitﬁ@anuﬁaﬁﬂt Efm_salﬁb t@'f'&beﬁréc{ﬁiﬁhté caf eIt -
centineter autoclaye reactor _equipped wi e re.confrols e
system was pur ggala‘\\ﬁiopﬂn%ﬁlef?w&wbﬁ@élg éhﬁi‘ﬁm‘%gg's %ﬁ\/\#’fé’.tﬁ?’f f’@\%‘i’ thezs,
pressurized w t Were@oprecip$atelinithe samplg vétle the hidand Bronargede: hydrogen gas
m xture. After the

Example 9
This example demonstrates the ability of Ligand C

(NMDPP) to protect rhodium from becoming intractable in case Ligand
A is depleted completely.

To each of two separate Fisher-Porter Pressure bottles, 25
milliliters of a solution containing 300 ppm of rhodium and 0.24 % of
Ligand A (1.0 equivalent to rhodium) using a 50:50 mixture of n-
butyraldehyde/tetraglyme as solvent. To one of the bottles, 2.0
equivalents of Ligand C were added. Both bottles were then sealed
under an atmosphere of syn gas and heated to a temperature of 125°C.
They were examined periodically. After 48 hours, a dark precipitate
began to be observable in the sample without the Ligand C. After 96
hours, a significant amount of metallic gray precipitate came out of
solution in the sample without the Ligand C. On the other hand, there
were no precipitate in the sample with the Ligand C charged.

Example 10
This example demonstrates the ability of Ligand G (T-2-

CNPP) to protect rhodium from becoming intractable in case Ligand A
is depleted completely. _
To each of two separate Fisher-Porter Pressure bottles, 25
milliliters of a solution containing 300 ppm of rhodium and 0.24 % of
Ligand A (1.0 equivalent to rhodium) using a 50:50 mixture of n-
butyraldehyde/tetraglyme as solvent. To one of the bottles, 2.0
equivalents of Ligand G were added. Both bottles were then sealed



systemreached 70[err]C, the rate of gas uptake was neasured to obtain the
reaction rate. A sanple of the reaction solution was taken to be analyzed

so as to obtain the nornmal to branched al dehyde products. After the
rate measurement and the sanpling were done, a 0.25 equivalents of Ligand
A was added. T asurenment and WO 97/ 20795

PCT/ US96/ 19373@05@%@9@ -89 - proGHer AR ing

were again carried out. The procedure was again repeated. The results of
the experinent are summarized in Table 7.

Table 7 | ndi cat or # of eq. of Cat al yst Cunul ati ve

Li gand Li gand A Act 481y NB (# of eq.)
added Ligand F 0. 00 0. 97 1.2 (3.0)

Li gand F 0. 25 1.0 1.7 (3.0) Ligand F
0. 50 24 gand F 1.0

1.2 . undeg gn a{.gmeyhergl oé‘ &¥n gas and hea t@ a temperature of 125°G. 1

32 (3.0) Tabl &héy wéreiexandnédperiodisaliy) 0OAftor48 hatird,iagfidt ;ﬁ‘ebl itat@ood
i ndicator i ga?’gﬁgﬁ td b8 OM%@}%W t?% %}lsleo‘;@gg&g& e?% ?@X’a |9%tl on are

substantially d erent wth a system
Exanpl e 8 hours, a signjficant amenat a%ws#élw ataéspnqqmlma |cam9 owt of he Li gand

B (T- 2-HOPP) isolutiontiathe sanmplewifHoattheLipand G Ul fifelsthbehhRd Ghefe Li gand
A is depleted compl@hYr¥cipitate in the sample with the Ligand G charged.



To each of two separate Fisher-Porter Pressure bottles, 25 mlliliters of
a solution containing 300 ppm of rhodiumand 0.24 %of Ligand A (1.0

equi val ents to rhodiun) using a 50:50 m xture of n-

but yr al dehyde/tetragl yme as solvent. To one of the bottles, 2.0

equi val ents of Liyg}and B were added. Both bottles were then seal ed

WO 97/ 20795 WO 9720795 PCT/US96/19373
PCT/ US96/ 19373 -90 - under an

at nosphere of syn gas and heated to a tenperature of 125[err]C. They were
exam ned periodically. After 48 hours, a dark precipitate began to be
observable in the sanple wi thout the Ligapg.B. After 96 hours, a
significant anount of metallic gray precipitate came out of solution in
the sanple without the Ligand B. On the other hand, there were no
precipitate in the sanple with the Ligand B charged.

Exanpl e 9 TiAlthonghrthe énvimtipnshasdieen illnstrabed by yer@binléfgand C
NVDPP) to prot j: ' ' 0, Jigand Ais
( ) to protagk g}@&%ﬁ@bﬁ:ﬂméﬁﬁ%hggtghs% (ARG Kbifif B

depl et ed conpl et i ) : tWo separate er-Porter
Pressure bot t | edhedeby; hpt rather.dhe igyentiangnromnasees the gansgicaoea gpm of

rhodi um and 0. 2héreimbefdre disttbsd ( Vabioas madificatiordstarichewibodimeiith 88n #e50: 50
m xture of n- : : of the bottles,
2.0 equival ent 2“% éﬁ%‘g’g’%qg{’%?{ﬁ%g&?%Eg?%rg(gg{qulgﬁ\?\g@g t hen seal ed
under an atnosphere of syn gas and heated to a tenperature of 125[err]C.
They were exam ned periodically. After 48 hours, a dark precipitate began
to be observable in the sanple without the Ligand C. After 96 hours, a
significant anmount of metallic gray precipitate came out of solution in
the sanple without the Ligand C. On the other hand, there were no
precipitate in the sanple with the Ligand C charged.

Exanpl e 10 Thi s exanpl e denonstrates the ability of Ligand G
(T-2- CNPP) to protect rhodiumfrom becom ng intractable in case Ligand A
is depleted conpletely. '



To each of two separate Fisher-Porter Pressure bottles, 25 mlliliters of
a solution containing 300 ppmof rhodiumand 0.24 %of Ligand A (1.0
equi val ent to rhodium using a 50:50 m xture of n-

caut val ents of g G ver e acd UNHNAMANN I ver ' her sGabdsensers
* c L M s *

WD 97/ 20795

PCT/ US96/ 19373 - 91 - under an

at nosphere of syn gas and heated to a tenperature of 125[err]C. They were
exam ned periodically. After 48 hours, a dark precipitate began to be
observable in the sanple without the Lig®8d G After 96 hours, a
significant anount of netallic gray precipitate came out of solution in
the sanple without the Ligand G On the other hand, there were no
precipitate in the sanple wth the Ligand G charged. WO 97/ 20795
PCT/ US96/ 19373 -92 -

Al t hough the invention has been ill ustr@agflsby certain of t he preceding
exanples, it is not to be construed as being limted t her eby; but rather,
t he i nvention enconpasses the generic area as her ei nbef ore di scl osed.
Various nodifications andl.enbddpresessswhigh comprisgatieackingrangtordapes ting from

the spirit and s&RPstsRRtRObresence of a metal-organopolyphosphite ligand
complex catalyst and optionally free organopolyphosphite ligand, and
an amount of a sterically hindered organophosphorus ligand different
from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, to produce one or more
products, wherein said sterically hindered organophosphorus ligand (i)
has a coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst less than the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, (ii) when complexed with the metal to form a metal-
sterically hindered organophosphorus ligand complex catalyst,
provides a reaction rate of at least 25 percent of the reaction rate
provided by the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, (iii) optionally has a
coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optionally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratio lower than the
normal:branched product isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst.

2. An improved process which comprises (i) reacting
in at least one reaction zone one or more reactants in the presence of a
metal-organopolyphosphite ligand complex catalyst and optionally free
organopolyphosphite ligand to produce a reaction product fluid
comprising one or more products and (ii) separating in at least one



-93 - C ai nms 1. A
process whi ch conprises reacti tants in the presence of a

nmet al - or ganopol yphosphite |igan ex catal yst and optionally free
or ganopol yphosphi te |igand, and mﬁ u Jﬂ terically hindered
or ganophosphorus ligand differe opol yphosphite |igand of

said netal - oryaRuMIPYyphosphite |igand conplex catal yst, to BEEAISEINRHe or
nore products, wherein said sterically hindered organophosphorus |ligand (i)
has a coordination strength with respect to the netal of said netal -
or ganopol yphosphite |igand conpl ex catal yst |ess than the
or ganopol yphosphite |igand of said netang[ganopolyphosphite | i gand conpl ex
catal yst, (ii) when conplexed with the netal to forma netal- sterically
hi nder ed or ganophosphorus |igand conplex catal yst, provides a reaction rate
of at least 25 percent of the reaction rate provided by the _
or ga|r10pol y |tohfjs F%Uph?aﬂidnﬂ%&t&finsslﬁtﬂ amaeh ton@weg:!ﬁm?éoha hn? Bhé btﬁ rx}ﬁdrﬁ?ﬂd t
conpl ex catalys idii) optipnall.y has,a, coordi;nation stren with respec
S0 The mtal oibrodhts fvd Baid Rl BFomR AR bR R, Reiiting; o
greater than casobdnctingeridierocessdn the pregence abip sjerwiadly hindetedxed with the
metal to form & BRhaphcEpRbliAidand diffdfiRdrOHnahe @PEA B phvshhigand conpl ex
catal yst, provigdes ?por.émgltﬁ‘ra anchedl rgdug{ré |lson% ratll o lower than the
nor mal : br anched‘%ﬁ‘ﬁf} 1 FONEARPRP SP CRPRaty hgAny PG ARIEYSphosphi t e
ligand of sai d whemineaigstepciliyphivsiehed ergaingphosptomys bganditiahgsa.
2. An i nprovedopdinGeieh stfingth WiPFdspESt toithe nS&al bf\¢hid Méthl- €ast one
reacti on zone one or re rpgachar;tea I n the %)é?s ce glf
met al - or ganopol YFEABERMYPROSPRIE Iigand fomplex & ’Q’S ek aBg{‘Ponal ly free

organopolyphosphite ligand of said metal-organopolyphosphite ligand

complex catalyst, (ii) when complexed with the metal to form a metal-

sterically hindered organophosphorus ligand complex catalyst,

provides a reaction rate of at least 25 percent of the reaction rate

provided by the organopolyphosphite ligand of said metal-

organopolyphosphite ligand complex catalyst, (iii) optionally has a
coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optidnally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratio lower than the
normal:branched product isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst.

3. A method of monitoring organopolyphosphite
ligand depletion in a process which comprises reacting one or more
reactants in the presence of a metal-organopolyphosphite ligand
complex catalyst and optionally free organopolyphosphite ligand to
produce one or more products, which method comprises conducting
said process in the presence of a sterically hindered organophosphorus
ligand different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, in an amount sufficient
to monitor said organopolyphosphite ligand depletion; wherein said



or ganopol yphosphite ligand to produce a reaction product fluid conprising

one or nore products and (ii) Wst one WO

97/ 20795 PCT/ US96/ 19373
-94 - Zepar a]EIOH Zong or in: 3“““3“ I“mmwm‘ rﬁaC_tlon zone the one or
nore products fr id reacti t he inprove si ng
conducti ng saldw 386% S in the preséncé of assterlcally h|nd2F€§U&MHR£&
organophosphorus ligand different fromthe organopol yphosphite 1|igand of
sai d net al - or ganopol yphosphite |igand conpl ex catal yst, wherein said
sterically hindered organophosphorus ligand (i) has a coordination
strength with respect to the netal of sai-@snetal - organopol yphosphite

| i gand conpl ex catal yst | ess than the organopol yphosphite Iigand of said
nmet al - or ganopol yphosphite Iigand conplex catalyst, (ii) when conpl exed
with the netal to forma netal- sterically hindered organophosphorus

| i gand conpl ex cstericgly hindsred organophpsphoris ligand éz)hasatcopsgsatlm per cent
of the reaction g@éSethRkRKirdssk cbyoﬂthemgﬁqaﬂemlm aﬁ(ﬁ)oll ghié said

S B R Pl Tt 7o
coordination str
or ganopol yphosphsaid metgb:nrga:mpply@hosmlm ligandyeamaplex carainstcal)bmhen monoxi de,
and I(I v) opti Flnal:éﬁﬂ l\éﬁé‘dd 'uﬁﬂi'ﬁle%@ﬂal%?&rﬁ Q%éfﬁi §ilerfcﬁll§r‘?ﬁﬁl'léi—ed .

r ovi dos. a nor maPEBPARMRBROR R FUBREK RIS PEATGR haspchnp rhte of

. normal : br anchedapleeslu%ﬁ pemenbofttmneacqmmquntobﬁedmmer ganopol yphosphi te

| | gand of said

3. A et hod of rm ftsgh%;h%ﬁlgw ﬁ?&g@lgﬁxﬁ@gﬁl n |n a
process whi ch coffff? §§aﬁ3§§ﬁ ﬂg%ﬁ %B’ @ coqrdinaty & Br esence of
a et al - or ganopotespeddipthe endtabofimhid comipl-engavapaypbosphite liganidoroatplex f r ee

compr | Ses. conducyt sy Fopel Sar AR B AR RS ’§°ﬁg“&“§ W.*’%?I 'y htndered
organophosphorus ”i‘ﬁ%ﬁ?‘fﬁwﬂﬁlﬁfl’&'ﬁﬁﬁalfw&mﬁéﬂﬁﬁ jakesisal 1&?3% fte Iigand of

- said netal - organophosphorus ligand complex catalyst, provides a

| - normal:branched product isomer ratio lower than the normal:branched
product isomer ratio provided by the organopolyphosphite ligand of
said metal-organopolyphosphite ligand complex catalyst.

4. A reaction mixture comprising one or more
products in which said reaction mixture is prepared by a process which
comprises reacting one or more reactants in the presence of a metal-
organopolyphosphite ligand complex catalyst and optionally free
organopolyphosphite ligand, and an amount of a sterically hindered
organophosphorus ligand different from the organopolyphosphite
ligand of said metal-organopolyphosphite ligand complex catalyst, to
produce said reaction mixture comprising one or more products,
wherein said sterically hindered organophosphorus ligand (i) has a

- coordination strength with respect to the metal of said metal-

' organopolyphosphite ligand complex catalyst less than the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, (ii) when complexed with the metal to form a metal-
sterically hindered organophosphorus ligand complex catalyst,
provides a reaction rate of at least 25 percent of the reaction rate



or ganopol yphosphite |Iigand conpl ex catalyst, in an anmount sufficient to

noni tor sai d organopol yphosphite |igand depletion; wherein said VIO
97/ 20795 PCT/ US96/ 19373
- 95 - sterically hindered organophosphorus ligand (i) has a

coordination strength with res _ u gm of said
met al - or ganopoVPIREBhite |1i galﬁm“HMI“ ﬁ“mﬂ st | ess t han PCRAIS96/19373

or ganopol yphosphite |igand of sai & ndtal- of gahopol yphosphite |igand
conpl ex catalyst, (ii) when conplexed with the netal to forma
metal -sterically hindered organophosphorus |igand conpl ex catal yst,
provides a reaction rate of at |east 25_ggLcent of the reaction rate
provi ded by the organopol yphosphite |igand of said
nmet al - or ganopol yphosphite Iigand conplex catalyst, (iii) optionally has a
coordination strength with respect to the netal of said
net al - gr ganogol( yroeided ibyethlel opgartopobytosphite Higahyd of sgidanttail- It han ]tc:ar bon
nonoxi de, an [ t - L Dss t orma
rotal st er cal | P APAeRRsplisk Helnd SR GtatYel, il B UER, Rald o1
provi des a nor reaprdipatien strepethiwith nespent to the metalnfsaid metalk he _
InQr malj: b][.anc heg or@éﬁlﬁb&l jrphdisgmle Ifgﬁhﬂ@ﬂﬁb@éﬂl @edlygygié&fpfwal byphosphite
igand of said _netal.axor 0 Q e |igand cor x cat t.
2. """ Yeacti on HPRGKIGE AP entionaly men coppilexed Witk the mEtaltd Torma
reaction nixt ur enetalstenrallychibderedmraanenhogphernys ligandrdomplex eatelystg one or
nor eI react ?nlt S It;s}oﬁges B[r&i‘ﬁﬁﬁbr@x}fgd@drﬁb@ﬁct is&hle;amiomltmﬁlaﬁ 'th@d| I gagd
conpl ex catal yst_ and,optign ree organopo ite ligand, and an
amount of a st eﬂ°@ﬂ#\§9ﬁ?‘ﬂ'ﬁ§r‘gﬁd}"§rl %85%%5%&50%@6%‘8 fd different fromthe
or ganopol yphos ptsirgenopolyphespbite digand o€ saild-metgdovganopshnhesphide liggnd d
conpl ex cat al ysteoniplex Patatsge sai d reaction mxture conprising one or nore
products, wherein said sterically hindered organophosphorus ligand (i) has
a coordination strength with respect to the netal of said netal-
or ganopol yphosphi te | i gan&- conflatchweise oy sentinuepsiy gpnempted reaction
or ganopol yphosphhix@utd &aRerifingSBadéd ol BIO serdantodtthy Mreightofl thelregétivh
conpl ex catal ysty,bhld a)h RaGATRLF XS] wikbfpllgndlet @l O forma netal -
(1)  greater than about 25, preferably greater than
about 90, weight percent of one or more products;
(2) less than about 30, preferably less than about 10,
weight percent of one or more reactants;
(3) less than about 10, preferably less than about 1,
weight percent of a metal-organopolyphosphite ligand complex

catalyst; :
(4) less than about 10, preferably less than about 5,
weight percent of a sterically hindered organophosphorus ligand
different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst; and

(5) less than about 5, preferably less than about 1,
weight percent of a metal-sterically hindered organophosphorus ligand
complex catalyst;
wherein said sterically hindered organophosphorus ligand (i) has a
coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst less than the
organopolyphosphite ligand of said metal-organopolyphosphite ligand



sterically hindered organophosphorus |igand conpl ex catal yst, provides a

reaction rate of at |east ZSQeLcenl—ef——t—he—ﬁeac{ion rate

-96 - provi ded by the organo oI ahd of said netal -

or ganopol yphosphite I i gand COWE! ﬂ MJ ‘! ii) optionally has a
coordi nation st gMth res of said net aI

or ganopol yphospwhletge |gand conpl ex cat al yst greater than car boHT 9n6(’)l>??7

and (iv) optionally when conplexed with the netal to forma

netal -sterically hindered organophosphorus Iigand conpl ex catal yst,

provi des a nornmal : branched product isoner ratio | ower than the

nor mal : branched product isoner ratio provdded by the organopol yphosphite

| i gand of said netal - organopol yphosphite |igand conpl ex catal yst.

5. A batchwi se or continuously generated reaction m xture conpri sing,
based on 100 percent of the weight of the reaction mixture and exclusive of
any water preserfomplex catalyst, (i) when cogpriexest withdhe anetal toformpa atesahpl y

greater than abatéri@ly Weiderdd &@hﬁ&ﬁﬁos@hoﬁb&ﬁnd@rﬁ Ik @etHlY: é%

2 | ess than er JLer cent of
E)n)e or ?rzr e rea?%qgwideg g reBEt%n raa};g of a ge)a%t %5 rﬁeﬂgﬁkglb%{ﬁamﬁag rﬁt’ ef erabl y
| ess than about Provided gittheereannpobiphesphiteligend efiegidimetabsphi te | i gand
conpl ex catal yStorganopolyphosphlte ﬂ@hnd |c6§x§)léﬂ1%@a1§§9lﬂn)j€$ﬁoﬁﬁﬁ§ Wa@t&l y less

t han about 5, wej r phosphor us
ligand different® ttl?lrés% Qrk‘o‘ﬁb éﬁ? ¥lée me SBfngi?ﬁ met al -

or ganopol yphosph’irg@qpi ﬂléﬁn a@m catalyst greater than carbgip) | ess
than about 5, prAéexadd, )ﬁnlde(&a &pbi@ﬁaniawﬂenloonyrﬂéﬂéﬁ wiBthehetd tdform a

RGN et
provides a normal: branched product isomer ratio lower than the
normal:branched product isomer ratio provided by the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst.

6. A catalyst precursor composition comprising a
metal-organopolyphosphite ligand complex catalyst and a sterically
hindered organophosphorus ligand different from the
organopolyphosphite ligand of said metal-organopolyphosphite ligand .
complex catalyst, wherein said sterically hindered organophosphorus
ligand (i) has a coordination strength with respect to the metal of said
metal-organopolyphosphite ligand complex catalyst less than the
organopolyphosphite ligand of said metal-organopolyphosphite ligand
complex catalyst, (ii) when complexed with the metal to form a metal-
sterically hindered organophosphorus ligand complex catalyst,
provides a reaction rate of at least 25 percent of the reaction rate
provided by the organopolyphosphite ligand of said metal-
organopolyphosphite ligand compiex catalyst, (iii) optionally has a
coordination strength with respect to the metal of said metal-
organopolyphosphite ligand complex catalyst greater than carbon
monoxide, and (iv) optionally when complexed with the metal to form a
metal-sterically hindered organophosphorus ligand complex catalyst,
provides a normal:branched product isomer ratio lower than the



coordination strength with respect to the netal of said netal -
or ganopol yphosphite |igand conpl ex catal yst |less than the
or ganopol yphosphite |Iigand of Said metal-organopol yphosphite |igand
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o7 comtex catalyst. (1) AMMIAUIMBARPIME v ne necat o form

provi des a reaction rate of at |east 25 percent of the reaction rate
provi ded by the organopol yphosphite |igand of said netal -

or ganopol yphosphite Iigand conplex catalyst, (iii) optionally has a
coordination strength with respect to thg,netal of said netal-

or ganopol yphosphite |igand conpl ex catarggf greater than carbon nonoxi de,
and (iv) optionally when conplexed with the netal to forma

netal -sterically hindered organophosphorus |igand conpl ex catal yst,

brovi.des a nor gl ARChALANAAUG ishBAFLGS BRI PUFERd han the

nor mal : branched product I somer rati o provi by t he.or,gangpol yphgsphite

li gand of sai d qrErRPRAYRRASEBYP SRR PEsald Ie mﬁwwgo@aﬁﬁwé?nﬁ

6. A cat al ysteopiplexiestalystonposi ti on conprising a

net al - or ganopol yphosphite Iigand conpl ex catal yst and a sterically hindered
or ganophosphorus ligand different fromthe, Qrganop IypI&o phi'te ligand of
sai d metal - or ganopol yphodphi t €he P@%ﬁ?&sﬁfgﬁiaéwsc]af%‘i?ﬁ“, dIraressesy d
sterically hindghpgldyed dmelapie Spiial 41 svHicly eorfipgise a hydraformplationat i on strength

Wth respect tg.t ' - QL s]gm | d conpl ex
catal yst less t ar{%#?é&ﬁg%%Q&B%%@e%éﬁh??éﬂﬁ?gﬁ%ﬁ%% iégf'eyana%ﬂ’

net al - or ganopolWTQ%W%@H:#’Q&FRFSE‘%!W%BPD@&FHP gis, glepholypisn conpl exed with
the metal to fafaFbéenylRtioh;isemerizabn yr bfandfsrdsydoogpmatiphqepbessus | i gand
conpl ex catal yst, provides a reaction rate of at |east 25 percent of the
reaction rate provided by the organopol yphosphite Liggnd of said netal -

or ganopol yphosphi te |igafd cokppexocesses gfcfaims ] ay gpﬁfeo‘ﬁﬁﬂﬁfl ‘Pfgs a

coor di nation st¢lgigB)thé fdacties peikturles of blaimEUaindb andithe oatadyst

or ganopol yphosphi L&l 4adoGRAR!Pr1afAl @hhiteil 8 fetdhan carbon

organopolyphosphite ligénd complex catalyst is homogeneous or

heterogeneous.

9. The processes of claims 1 and 2 and the processes
employed in claims 3 and 4 wherein said processes are carried out in
the presence of from about 1.1 to about 4 moles of organopolyphosphite
ligand per mole of metal present in the reaction medium.

10. The processes of claims 1 and 2 and the processes
employed in claims 3 and 4 wherein said sterically hindered
organophosphorus ligand is present in an amount greater than about
0.05 equivalents of the metal employed.

11. The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 8 wherein said metal-
organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand represented by the
formula:



nmonoxi de, and (iv) optionally when conplexed with the netal to forma
netal -sterically hindered organophosphorus |igand conpl ex catal yst,
provi des a nornmal : branched product |soner ratio Tower than the WO

R ———T T R

or ganopol yphosWQ %2919 gand of sai d metal - or ganopol yphosph hi t e AGTEEE1937
conpl ex catal yst. 7. The processes of clains 1 and 2 and
the processes enployed in clains 3 and 4 which conprise a

hydr of ormyl ati on, hydroacyl ation (intranol ecul ar and internol ecul ar),
hydrocyanation, hydroam dation, hydroestgylification, am nolysis,

al cohol ysis, carbonyl ation, isonerization or transfer hydrogenation

pr océss. 8. The processes of clains 1 and 2, the nethod of
claim3, the reaction mxtures of clains 4 and 5 and the catal yst

precursor conposition of claimé6 mherein said netal - organopol yphosphite

| i gand conpl ex cat al yst honbgeneou terogeneo . 9.
The processes of clains |l and and th p ed in clains 3 and
4 wherein said processe i ed oyt the e of fromabout 1.1
to about 4 noles of org p\\ye/gsﬂh1 Ilgand p netal present
in the reaction nedium cess of clainms 1 and 2
and the processes enpldyed i clalns "Wﬂereln iéisterlcally

hi ndered organophosphorus ligand is pré%ent in an anount” greater than
about 0.05 equivalents of the metal enployed. 11. The

processes of clainms 1 and 2, the method of
wherein X1 represents a substituted or unsubstituted '_n_-valent

hydrocarbon bridging radical containing from 2 to 40 chrbon atoms,
each R9 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, each R10 is the same or
different and represents a substituted or unsubstituted monovalent
hydrocarboen radical containing from 1 to 24 carbon atoms, a and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum of a + b is 2 to 6 and n equals a + b.

12, The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 6 wherein said metal-
organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand having the formula
selected from:

S

— 2

1



claim3, the reaction mxtures of clains 4 and 5 and the catal yst.

precursor conposition of claim6 wherein said netal -

or ganopol yphosphi te

| i gand conpl ex catal yst conprisesThodi um——coenptexed with an

or ganopol yphosphite Iigand repn  gq.f OF MUl & WO 97/ 20795
PCT/ US96/ 19373 mlli[mﬂ ﬂum ﬂw ~99 - [err]
| s

wherei n X err | wospreeent s a subs

bstituted [er rHCTsP&INT3

hydr ocar bon bridgi ng radical containing from2 to 40 carbon atons, each RO
is the sane or different and represents a dival ent hydrocarbon radical
containing from4 to 40 carbon atons, each R err] is the sanme or different
and represents a substituted or unsubstibghgd nonoval ent hydr ocar bon

radi cal containing from1l to 24 carbon a , aand b

can be the sane or

different and each have a value of 0 to 6, with the proviso that the sum of

a+bis 2to6 and n equals a + b. 12. The processes of
claims 1 and 2, the nmethod of laim3, th eaction mxtures of clains 4
and 5 and the catal yst precur$gt© ositiofp of claim®6 wherein said
nmetal - organopol yphosphite Ii gand cogpl ex catal yst conprises rhodi um
conpl exed wi th an organopol yphgsphite |} Eé'h ving the formula selected
from
10__
R0 —2
10
O—R
7
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wherein X1 represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R? is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, and each R10 is the
same or different and represents a substituted or unsubstituted
monovalent hydrocarbon radical containing from 1 to 24 carbon atoms.

13. The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 6 wherein said metal-
organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand having the formula

selected from:



[err] WO 97/ 20795 ]
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wherein X err] represents a substituted or unsubstituted dival en'E
hydrocarbon bridgi ng radical cont ilmmmlummmumim carbon atons, each R9
is the sane or o bfshent and repr hydrocar bopcflﬁgdaﬁ%m
containing from4 to 40 carbon atorfs, ‘antl eaclt Rerr] is the sane
different and represents a substi t Gt ed or unsubstituted nonoval ent
hydrocar bon radi cal containing from1 to 24 carbon atons.

13. The processes of clainms 1 and 2, the nethod of claim 3, the reaction
m xtures of clains 4 and 5 and the catal {6l -

Pm P—O+Xx!
| Ar—0 g
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(CHyly

Ar—0 o—RI!°
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wherein X1 represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms, R?
is a divalent hydrocarbon radical containing from 4 to 40 carbon
atoms, each R10 is the same or different and represents a substituted
or unsubstituted monovalent hydrocarbon radical containing from 1 to
24 carbon atoms, each Ar is the same or different and represents a



precursor conposition of claim®6 wherein said netal -

| i gand conpl ex catal yst conprises rhodium conplexed with an
or ganopol yphosphi te |igand havi ng The formi-a—sel ected from

97/ 20795
[err]

- 102 -

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(R5)g-, -O-, -S-, -NR6-, Si(R7)2- and -CO-,
wherein each RO is the same or different and represents hydrogen,
alkyl radicals having from 1 to 12 carbon atoms, phenyl, tolyl, and
anisyl, R6 represents hydrogen or a methyl radical, each R7 is the
same or different and represents hydrogen or a methyl radical, and m
is a value of O or 1.

14. The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 6 wherein said metal-sterically
hindered organophosphorus ligand complex catalyst comprises
rhodium complexed with a sterically hindered organophosphorus
ligand having the formula selected from:

(i) a triorganophosphine ligand represented by the
formula:

Rl
P/ R!
N

Rl

wherein R1 is the same or different and represents a substituted or
unsubstituted monovalent hydrocarbon radical containing from 1 to 24
carbon atoms or greater;

(ii) 2 monoorganophosphite represented by the formula:

or ganopol yphosphite

WO

WO 97/20795 | ”!'I"cl m',” 'mhlli ” ’!'l PCT/US96/19373



wherein X err] represents a substituted or unsubstituted dival ent
hydr ocar bon bridgi ng radi cal contarnrtngfrom?2 to 40 carbon atons, RO is a
di val ent hydrocarbon radical co mmfr’@ from4 to 40 carbon atons, each

Rlerr] is the same or different jﬂ' Hﬂlsubstrtuted or
unsubsti tut ed r@@gﬁ# gt hydr oc aining from i’cll‘/%&g}wgﬁr bon
2

atons, each Ar sane or different and represents a

97/ 20795 PCT/ US96/ 19373

- 102 - substituted or unsubstituted aryl radical, each y is the sanme or
different and is a value of 0 or 1, Qrepresents a divalent bridging group
selected from-C(Rerr])[err]-, -O, -S-108\NRlerr]-, Si(Rerr])[err]- and
-CO, wherein each Rerr] is the sane or different and represents

hydr dgen, al kyl radicals having from1l to 12 carbon atons, phenyl, tolyl,
and anisyl, Rerr] represents hydrogen or a nethyl radical, each Rerr] is
the same or different and represents hydrog@m or a nethyl radical, and m
is avalue of 0 or 1. e\processes of clains 1 and 2,
the method of claim3, the reaction nlx clainms 4 and 5 and the
catal yst precursor conposition of claim®6 |n said netal -sterically

hi nder ed or ganophosphorus |igand conpl ex cat Iyst conprises rhodi um

conpl exed with a sterically hindered organophosphorus |igand having the
formul a sel ected from (i) a triorganophosphine |igand

represented by tvbﬁ’ereir? leliJeSresLsS{s zl substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;

(iii) a.diorgariophosphite represented by the formula:

o)
R4/ N
N\ /
o)

P—O~-W

wherein R4 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;
(iv) a triorganophosphite represented by the formula:

l0): 4
p-{-—ORS
AN

oR

wherein each R8 is the same or different and represents a substituted
or unsubstituted monovalent hydrocarbon radical; and

(v) an oxide of an organopolyphosphite represented by the
formula:



wherein R err] is the sane or different and represents a substituted or
unsubsti tut ed nonoval ent hydrocameemm_m ng from1l to 24 carbon

?Lgn}sofgulg;:eate'r; WO 97/ 20795, ”"I,mlmrm“ﬂanmhosr)hlte represented by

PCT/ US96/ 19373

[err] wher eMYP REY%8pr esents a substituted or unsubstitut edPEFISASI8ITS
hydr ocar bon radi cal containing from4 to 40 carbon atons or greater; _
(iii) a diorganophosphite represented by the formul a: [err] wherein

R4 represents a substituted or unsubstituted dival ent hydrocarbon radical
containing from4 to 40 carbon atons or gpgater and Wrepresents a
substituted or unsubstituted nonoval ent hydrocarbon radical containing from
1 to "18 carbon atons or greater; (iv) a triorganophosphite
represented by the fornula: [err]

RO
L 0\ O\P— x!
N y
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wherein X1 represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R? is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, each R10 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 2 + bis 2t0 6 and n equals a + b.

15. The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst |
precursor composition of claim 6 wherein said sterically hindered
organophosphorus ligand comprises a sterically hindered
organophosphine or organophosphite ligand.

16. The processes of claims 1 and 2, the method of
claim 3, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 6 wherein said sterically hindered
organophoesphine ligand comprises a substituted triphenylphosphine, a
substituted tricyclohexylphosphine, a substituted cyclohexyl
diphenylphosphine, or a substituted dicyclohexyl phenylphosphine.

17.  The processes of claims 1 and 2, the method of
claim 8, the reaction mixtures of claims 4 and 5 and the catalyst
precursor composition of claim 6 wherein said sterically hindered



wherein each R8 is the sane or different and represents a substituted or
unsubsti tut ed nonoval ent hydrocarbon radical; and - (v) an oxide
of an organopol yphosphite represented by the formul a: WO 97/ 20795

T gt M o0 3
0

n-val ent hydrocarbon bridging tadicd &ontaiming from2 to 40 carbon
atons, each RO is the sane or different and represents a dival ent
hydrocarbon radical containing from4 to 40 carbon atons, each Rerr] is
the sane or different and represents a substituted or unsubstituted
nonoval ent hydrocarbon radi cal containings-rom 1 to 24 carbon atons, a and
b can be the sane or different and each have a value of 0 to 6, with the
proviso that the sumof a + bis 2 to 6 and n equals a + b.
15. The processes of clains 1 and 2, the nethod of

organophosphite ligand comprises an oxide of an organopolyphosphite

represented by the formula:

k4

-
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claim3; the reaction mxtures of clains 4 and 5 and the catal yst

precursor conposition of claim®6 wherein said sterically hindered
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(57) Abstract

‘This invention relates to processes which comprise reacting one or more reactants in the presence of a metal-organopolyphosphite
ligand complex catalyst and optionally free organopolyphosphite ligand, and an amount of a sterically hindered organophosphorus ligand
different from the organopolyphosphite ligand of said metal-organopolyphosphite ligand complex catalyst, to produce one or more products.
The sterically hindered organophosphorus ligands are useful as indicators of organopolyphosphite ligand depletion in said processes.




