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PROCESSES Brief Sunmary of the Invention Technical Field This invention
rel ates to waguimysel netal - organophosphorus |igand conpl excrasel2ezsed
processes. More particularly this invention relates to

nmet al - or ganophosphorus |igand conplex catal yzed processes in which the
desired product can be selectively separated fromthe reaction product
fluid by phase separation. Background of the Invention It is known in the
art that various products may be produéed.by reacting one or nore
reactants in the presence of an netal-organophosphorus |igand conpl ex
catal yst. However, stabilization of the catal yst and organophosphorus
ligand remains a primry concern of the art. CbV|oust catal yst stability
is a key issue. in the eilMPROF BTy A BX of catal yst or
catalytic.-activity due to undRHTAEHEEH)PROBEBEESﬁ t he hi ghly expensive
metal catalysts can be detrinmental to the production of the desired
product. Moreover, production costs of the product obviously increase when
productivity of the catal yst decreases For |nstance a cause of

or ganophosphorus |igand degBriefSummar fihe Inventioneact i vati on of

net al - or ganophosphorus |igand conplex catal yzed hydrofornyl ation processes
is due in par tpd Anih PR 4 Zer conditions present during, for exanple, in the
vapori zation ‘en%?%yed—rn the separation and recovery of the al dehyde"
product, from the reactmlﬁﬂ%ﬂ%@rﬁﬁaﬂpémpm@dm%‘iﬂx‘g a vaporizer to
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complex catalyzed processes in which the desired product can be

selectively separated from the reaction product fluid by phase

separation.

Background of the Invention
It is known in the art that various products may be

produced by reacting one or more reactants in the presence of an
metal-organophosphorus ligand complex catalyst. However,
stabilization of the catalyst and organophosphorus ligand remains a
primary concern of the art. Obviously catalyst stability is a key issue
in the employment of any catalyst. Loss of catalyst or catalytic activity
due to undesirable reactions of the highly expensive metal catalysts
can be detrimental to the production of the desired product. Moreover,
production costs of the product obviously increase when productivity of
the catalyst decreases.
For mstance, a cause of organophosphorus ligand

' degradatmn and catalyst deactivation of meta.l-organophosphorus _
ligand complex catalyzed hydroformylatmn processes is due in partto
vaporizer conditions present during, for example, in the vaporization
employed in the separation and recovery of the aldehyde product from
the reaction product mixture. When using a vaporizer to facilitate
separation of the aldehyde product of the process, a harsh environment



of a high tenperature and a | ow carbon nonoxi de partial pressure than

enpl oyed during hydrofornylation is created, and it has been found that
when a or gan¥PREB%0r us pronot ed rhodi um catal yst is pl acBETUBILPRSL ych
vaporizer conditions, it wll deactivate at an accelerated pace with tine.
It is further believed that this deactivation is |likely caused by the
formation of an inactive or less active rhodium species. Such is
especially evident w th organophosphites n the carbon nonoxide parti al
pressure is very low or absent. It has al s0© been observed that the rhodi um
beconmes susceptible to precipitation under prolonged exposure to such
vapori zer conditions. For instance, it is theorized that under harsh
conditions such as exist in a vaporizer, the active_ catalyst, which under
hydr of or nyl at i on el Bigh temparatuse amé alow earbpamaonaxide BXes§ure r hodi um
or ganophosphor us thgoasployad darinFliydeofdemehididyidicagitad, ahdiehagbedreast sone
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loses at least some of its coordinated carbon monoxide, thereby

providing a route for the formation of such a catalytically inactive or

less active rhodium. Accordingly, a successful method for preventing

and/or lessening such degradation of the organophosphorus ligand and

deactivation of the catalyst as occur under harsh separation conditions
in a vaporizer would be highly desirable to the art.

Disclosure of the Invention

It has now been discovered that in metal-
organophosphorus ligand complex catalyzed processes, the desired
product can be selectively separated from the reaction product fluid by
phase separation. By the practice of this invention, it is now possible
to separate the desired product from the reaction product fluid without
the need to use vaporization separation and the harsh conditions
associated therewith. This invention provides a highly desirable
separation method which prevents and/or lessens degradation of the
organophosphorus ligand and deactivation of the catalyst as occur
under harsh conditions with vaporization separation. It has been



-3 discovered that in a reaction systemcontaining a non-polar solvent,
the introduction of certain hydrocarbon groups, e.g., an al dehyde group,’
onto the riWQO¥eBcture of certain cyclic reactants inparPEI/USPORNS cyclic
products produced therefromsufficient polarity to nake the cyclic
products imm scible with the non-pol ar solvent. Phase separation may occur
spont aneously or may be induced by a change in tenperature or pressure or
the addition of an additive, e.g., salt, 9‘{. conbi nati ons thereof. The
addi tion of an external polar solvent to nduce phase separation is not
required by this invention. This invention relates in part to a process for
separating one or nore cyclic products froma reaction product fluid
conprising one gr nore cyclic reactants, a netal-organophosphorus |igand
conpl ex cat al ystiscoysredHiatiin arreaction epstersirontaininga perrRalar salvesh- pol ar

sol vent and( s ?i thedneroductiox Ofcky‘ﬁd.ih(hyﬂf&dﬂlﬁdlﬁigrdubﬁ,r@'g.oaﬁ%il&’ehyrdGCeSS

conpri ses: 1 t] ' LG T S | e.nresence
of said netal- o%?&b%%gﬁﬁg% L?g&?‘il&{érn%g:%ﬁp e?’@’aﬂ%ﬁ%@, lainpllt’%%lgq T‘h;'/e free
or ganophosphor uscyICﬁgamﬂ% roducgshiherefsom sufiicient palaritytamike these

reacti on productcykclicpradueteingmjscibd otk fheondimpelafBolvemt) Blgasecact i on
product fluid t I - C | S0 1:6..0 r re
Cyalic react ant S Pacfich Bay Yo ey RE) L MR by e R
optional |y free STPSERINS 95 REgssurq ogthecpddiiom ehan additiveoe gesaltapri a  pol ar
phase conpri si ngcossbidatioes theresf! he\additiorpoDdahexterndlPolar svlwanititon furt her
relates in part hiufe PRAGSEPaldton BLRENGIRPRP URE Wity C) [C ProduCt s

ToL Bl - or ganophbsphor Us. | THRHAvERRH SalateRIAIPASE i & PrOcapedor porsgting .
or ganophosphor usonei qyamarecoydliapradmotspfvdrara realction préoduct fiuid eompitisinghase
reaction productgdl di'irﬂéread%lit( ?Qacra?tﬁg,as{ ﬁfe'tﬂ%r%ﬁh&l)lmé BbMQ%%nﬁ% hap
product fluid toagﬁbl%aédn {;\1 n -go ar ' p gse C rrpii si Ng sai d one or nore
cyclic reactant SAHERLOP 8?%2% B# 8YEARGP Aesnhogus, ngn-polag solvent
optional |y free anskspid opé os pivwe ayclicipyaducta,wherein paidprossk vemprisest a pol ar
phase (1) reacting said one or more cyclic reactants in the presence of said
metal-organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and non-polar solvent to form a multiphase
reaction product fluid; and (2) separating said multiphase reaction
product fluid to obtain a non-polar phase comprising said one or more
cyclic reactants, metal-organophosphorus ligand complex catalyst,
optionally free organophosphorus ligand and non-polar solvent and a
polar phase comprising said one or more cyclic products.
This invention further relates in part to a process for
producing one or more cyclic products comprising: (1) reacting one or
more cyclic reactants in the presence of a metal-organophosphorus
ligand complex catalyst, optionally free organophosphorus ligand and a
non-polar solvent to form a multiphase reaction product fluid; and (2)
separating said multiphase reaction product fluid to obtain a non-polar
phase comprising said one or more cyclic reactants, metal-
organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and non-polar solvent and a polar phase
comprising said one or more cyclic products.




conprising said one or nore cyclic products. WO 01/07382 PCT/USOJ 20251 -4
This invention yet further relates in part to a process for producing one
or nore cych@“ﬁ?@%ydes conprising: (1) reacting a cycli ECBUSH202Y

unsat urated conpound with carbon nonoxi de and hydrogen in the presence of
a net al - organophosphorus |igand conplex catalyst, optionally free

or ganophosphorus |igand and a non-polar solvent to forma nultiphase
reaction product fluid; and (2) separating_4§aid nmul ti phase reaction
product fluid to obtain a non-polar phase <cConprising said- cyclic olefinic
unsat urat ed conpound, netal - organophosphorus |igand conpl ex catal yst,
optionally free organophosphorus Iigand and non-polar solvent and a polar

phase conprising said cycljc al dehydes. Detailed Description GCeneral
Processes The processes of i#@YW%X%M?rE@aWFQﬁBIO%SSf0r

non-asymmetric, theoduchigonest porcortic aldubydes canprsing g1y reactiafd Ny be
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critical and may PRd4R }P&aﬁgﬁwtwnmﬁ@@t&wérﬁ?p tpin o nompelenpbage used
herein, the term tompxisingrsajit exblic oldfinic dnsataraﬁédrcbﬁmahﬁﬂeﬂetal- i ncl ude, but
not limted to, agf ﬁﬁf)hﬁ%h%ﬁﬂéfud 1@&% L any one or nore
of the follow ng ah onpel ex_catal yst,

(b) free or ganoph@ﬁ? 5P F‘ésa]d@an E‘)‘ 69E1PPI@TF§P§@@&@P§)3HQ3?WS% t he

reaction, (d) unrecmpesingmsaiteyrlic@idehydesl (e) sol vent(s). As used herein,
the term"cyclic" is contenplated to include, but not limted to,

nmonocyclic, bicyclic, . . .
y y Detailed Description

General Processes

The processes of this invention may be asymmetric or
non-asymmetric, the preferred processes being non-asymmetric, and
may be conducted in any continuous or semi-continuous fashion. The
product/catalyst separation is a critical feature of this invention and
may be conducted as described herein. The processing techniques used
in this invention may correspond to any of the known processing
techniques heretofore employed in conventional processes. Likewise,
the manner or order of addition of the reaction ingredients and catalyst
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-
organophosphorus ligand complex catalyst, (b) free organophosphorus
ligand, (c) cyclic product(s) formed in the reaction, (d) unreacted
reactant(s), and (e) solvent(s). As used herein, the term “cyclic” is
contemplated to include, but not limited to, monocyclic, bicyclic,
tricyclic and higher cyclic, e.g., polycyclic, substituents and compounds.



tricyclic and higher cyclic, e.g., polycyclic, substituents and conpounds.
WO 01/07382 PCTI USOQY 20251 -5 This invention enconpasses the carrying out
of known cwoewmssonal syntheses in a conventional fashi OPCEHVOR®S! carrying
out of product/catalyst separations in accordance with this invention. By
the practice of this invention, it is now possible to separate the desired
cyclic product fromthe netal -organophosphorus |igand conpl ex catal yst

Wi thout the need to use vaporization sepagation and the harsh conditions
associated therewith. Illustrative processes include, for exanple,

hydr of or myl ati on, hydroacyl ation (intranol ecul ar and internol ecul ar),

hydr ocyanati on, hydroam dati on, hydroesterification am nol ysi s,

al cohol ysi s, hydrocarbony| ati.on, droxycar bonyl ation, carb | at i on,
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e, a cat t| c
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processes i ncl uceycliyprodiuct fipinathieanetalprgarophnsgtiorns liginydicmoplelsonyl at i on,
hydr oxycar bony| al aePRitnGat H1RNed'ch Mo vEKSHAlRTMpAkASh 53A chehsA | ed out

i n accordance wt conventlon hgroct?beures known in-the art. For exanple,
cyclic al dehydé?né’éﬂ?nﬁé‘s 19 eacting a cyclic ol efinic conpound,
car bon nonoxi de and hydr ofjbustratiterprioyeised Dicindeafirexavpdeli ti ons in  the
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containing an Olcﬁéﬁﬁ'is%ngz'i'ﬂﬁﬁoﬁ &Qngfefﬁj}m%natﬁ&ﬂ'&ﬁ&@h&ﬁﬁe beréferédrted to
cyclic ketones upr}'ogerssegl mvof%e ){:Le reactmn of cyclic 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-organophosphorus ligand complex catalyst. The
most preferred processes include hydroformylation, hydrocyanation,
hydrocarbonylation, hydroxycarbonylation and carbonylation.

Hydroformylation can be carried out in accordance with
conventional procedures known in the art. For example, cyclic
aldehydes can be prepared by reacting a cyclic olefinic compound,
carbon monoxide and hydrogen under hydroformylation conditions in
the presence of a metal-organophosphorus ligand complex catalyst
described herein. Hydroformylation processes are described more fully
hereinbelow.

Intramolecular hydroacylation can be carried out in
accordance with conventional procedures known in the art. For
example, cyclic aldehydes containing an olefinic group 3 to 7 carbons
removed can be converted to cyelic ketones under hydroacylation
conditions in the presence of a metal-organophosphorus ligand complex
catalyst described herein.




conditions in the presence of a netal - organophosphorus |igand conpl ex
cat al yst described herein. illl[lIl WD 01107382 PCT/USOO/ZOZS{]iJ ﬁﬁy

I nt er nol ecuMXAOM2 oacyl ation can be carried out in accofGafS&YERIh
conventional procedures known in the art. For exanple, cyclic ketones can
be prepared by reacting a cyclic olefin and an al dehyde under

hydr oacyl ati on conditions in the presence of a netal-organophosphorus

| i gand conpl ex catal yst descri bed herein. Jgydrocyanation can be carried out
i n accordance with conventional procedures known in the art. For exanple,
cyclic nitrile conmpounds can be prepared by reacting a cyclic olefinic
conpound and hydrogen cyani de under hydrocyanation conditions in the

presence of a nmetal-organgphosphorus .l.i dy GO cat ) scri bed
herei n. Hydroam dation canf_)'u &°C eﬂfjéﬁ W&?gq%xlagﬁog'g‘lfa%%ec%ﬁ%ﬁ%ggnvent i onal
procedur es known dcpondaacgwith qgrewsiongl nrocedpzey knowm o the avtn Far prepared by
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Hydr oest eri f i cat iTestad-areansphesnhorys ligand pomplescatalyet dgscribed bareint i onal
procedures known in the arHydrstyafieioncsn b ¥atridd 68 i@ fecofmcd &ith epar ed by

eacti 2, €1l ol SAABALIIEB R0 R b5 Wit 1.
| i gand conpl ex cHoEmppsndg ear be peepared byreacting s rydicolefinic sgemparpd agdout in
acc;).r dance with lydnvgi cyanide widuaedrocyanacion conditidas d the prasefsaofd €,
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or ganophosphorus |igand cobydssamidatiopsanhesarripdguhity ageardanee Wbl ysi s can
be carried out i reoacanticitlpeossdufes known in the art. For example, cyclic amides
can be prepared by reacting a cyclic olefin, carbon monoxide and a
primary or secondary amine or ammonia under hydroamidation
conditions in the presence of a metal-organophosphorus ligand complex
catalyst described herein.
Hydroesterification can be carried out in accordance with
conventional procedures known in the art. For example, cyclic esters
can be prepared by reacting a cyclic olefin, carbon monoxide and an
alcohol under hydroesterification conditions in the presence of a metal-
organophosphorus ligand complex catalyst described herein.
Aminolysis can be carried out in accordance with
conventional procedures known in the art. For example, cyclic amines
can be prepared by reacting a cyclic olefin with a primary or secondary
amine under aminolysis conditions in the presence of a metal-
organophosphorus ligand complex catalyst described herein.
Alcoholysis can be carried out in accordance with
conventional procedures known in the art. For example, cyclic ethers
can be prepared by reacting a cyclic olefin with an alcohol under
alcoholysis conditions in the presence of a metal-organophosphorus
ligand complex catalyst described herein.




conventional procedures known in the art. For exanple, cyclic ethers can
be prepared b% reacting a cyclic olefin with an al cohol 05& phonS|s
condi tions W ﬁ@”bresence of a netal - organophosphor us Ilgan3 conplex

cat al yst descrlbed herein. WD 01/07382 PCr/USOQ 20251 -7

Hydr ocar bonyl ati on can be carried out in accordance wth conventi onal
procedures known in the art. For exanple, cyclic alcohols can be prepared
by reacting a cyclic olefinic conpound, c&r-bon nonoxide, hydrogen and a
pronot er under hydrocarbonylation conditions in the presence of a

met al - or ganophosphorus |igand conpl ex catalyst described herein.

Hydr oxycar bonyl ation can be carried out in accordance w th conventional
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Carbonyl ation cag,g gﬂiﬁrﬁ*cﬁ%ggﬁ'ﬁn Fx%'ﬁm%r‘ﬂ ydPocatHshyRakisP N2l
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mat eri al s. are wetatakysv\describedtbezeim:t and can be used in conventlonal
amounts in accordance Wi t foarhonylation can be carried out in accordance with

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

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

The permissible starting material reactants encompassed
by the processes of this invention are, of course, chosen depending on
the particular process desired. Such starting materials are well known
in the art and can be used in conventional amounts in accordance with
conventional methods. Ilustrative starting material reactants include
cyclic olefins, preferably cyclic olefins derived from Diels Alder
reactions, such as 3-cyclohexene-1-carbonitrile, 1,2,3,6-
tetrahydrobenzaldehyde, 3-cyclohexene-1-methanol, 1,2,3,6-
tetrahydrophthalic anhydride, 1,4-cyclohexadiene, 5-norbornene-2-
carboxaldehyde, 5-norbornene-2-carbonitrile, 4-acetyl-1-cyclohexene, 1-

et




conventional nethods. Illustrative starting material reactants include
cyclic olefins, eferably cyclic olefins derived fromDi els Al der
reacti ons, m%g 23-cycl ohexene-1-carbonitrile, 1,2,3,6- PCT/US0020251
tetrahydrobenzaldehyde, 3-cycl ohexene- 1- net hanol , 1, 2, 3, 6-

t et rahydr opht hal i ¢ anhydri de, 1,4-cyc|ohexadiene, 5-norbornene-2-

car boxal dehyde, 5-norbornene-2-carbonitrile, 4-acetyl-I-cyclohexene, 1
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nmet hyl - 3- cycl ohexene- | - car boxal dehyde, 1-nethyl -4-cycl ohexene- 2-

car boxal dehyde, 1-nethyl-3-cycl ohexene-1|-carbonitrile, nethyl-3-
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Di e: st dgr r eactlulmm-u udﬂsx eCA1ERrHRRAN R hGAE %}mdohbkéﬁet Al twe dienes
i ncl ude or exa | Sopr ene,
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Erel ng{uelkl I 1338 A. anlPéHeSelbtion Qﬁlﬂﬁ&e’ﬂ% é@a@bﬁ%ﬁtﬁ“ﬁ%ﬁce Rens bl on' W ley:
w Yor m s n
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acrol ein, net hacriels Aldecmeatmmbdndydedlemsayﬂdwmphlbs Mmstaaim onitrile,
crotonitrile, acrdbhésdehde, fo&‘ékﬁﬂirp‘le acs ﬁutadi@ﬁ&xéop&@ﬁé/ Ip3périlenBl )3
nethacrylate net ﬁﬂﬁ¥$?>i 4 H% %@ fUCCL c aq dri de,
ci nnamal dehyde, %ﬁ Htaciene, 3&%? ne et one,
acetyl ene and t heqyploh@mdleg%an@mlehpmﬂQBSellﬂquABti&e suitableidienesiareol ve t he
reaction of an ol @istAbéd iHFaF#HFaAH and A. Taticchi, “Dienes in the Diels-Alder
Reaction”, Wiley: New York, 1990, and Z. Rapporport, “The Chemistry
of Dienes”, Vol. 1, Wiley, New York, 1997. Illustrative dienophiles
include, for example, acrolein, methacrolein, crotonaldehyde,
acrylonitrile, methacrylonitrile, crotonitrile, acrylic acid, crotonic acid,
methyl acrylate, methyl methacrylate, methyl crotonate, allyl alcohol,
succinic anhydride, cinnamaldehyde, cinnamonitrile, cinnamamide,
methyl vinyl ketone, acetylene and their homologs. Preferred Diels
Alder reactions involve the reaction of an olefinic unsaturated
compound, e.g., butadiene, with a functional olefinic unsaturated
compound, e.g., acrylonitrile or acrolein, to give a functional cyclic
olefinic unsaturated compound, e.g., 3-cyclohexene-1-carbonitrile or
1,2,3,6-tetrahydrobenzaldehyde. Illustrative of suitable dienes,
dienophiles and cyclic olefin reactants for effecting the processes of this
invention are set out in J. March, Advanced Organic Chemistry, Wiley,
New York, 1992, 839-862, the pertinent portlons of which are
incorporated herein by reference.




conpound, e.g., butadiene, with a functional olefinic unsaturated

conpound, e ylonitrile or acrolein, to give a functj cyelic

ol efinic uns H?%@éd conpound, e.g., 3-cyc|ohexene-1-carbé%ﬁp$kpg%gr
1,2,3,6-tetrahydrobenza|dehyde. Illustrative of suitable dienes,

di enophil es and cyclic olefin reactants for effecting the processes of this
I nvention are set out in J. March, Advanced Organic Chem stry, Wley, New
York, 1992, 839-852, the pertinent portiong of which are incorporated
herein by reference. WD 01/07382 PGI/USOQ 20251 -9 It is noted that any

di ene can serve as a dienophile at the same tine so that it can react with
itself or with another diene. D enophiles cont ai ni ng conj ugat ed doubl e

bonds (such as acrolein org ﬁ&%g %?}en(é%ﬁflssgf%a dg%@ﬁﬁ?ﬁgﬂl can al so

react with thensel ves, or Iustr Ive ¢ I ons of
di ene, di enophil §a‘§ﬁ&‘m%§‘éﬂ?%t IBP%#FW wathyitealfor withanothey diepe) ow. Tabl e

Di ene Di enophi | e]ﬁbudp}ﬁleﬁc@iﬂamlﬁgwm&@htedm bdiﬁlsa(ﬁﬁdi &4 fcrolein or

1,2,3,6-tet rahyd
1- net hyl - 3-cycl o t%%ne ﬂ% car %%gap‘gh%‘qiﬁggﬁgr@h%e v ot t(%lntgleamsﬁlvgs or
1- et hyl - 4- cycl ofieEsdenophiles,o s&@#yw nsrf diene dinnoph ;eénd

3- cycl ohexene- 1- cydiclobsfirt sxe @vémimﬁxﬂable"rwbﬁc_ryl onitrile

1- net hyl - 3-cycl ohexene- 1l-carbonitrile butadi ene nethyl acryl ate mnethyl
3-cycl ohexene 1-carboxyl ate butadi ene nethyl nethacryl ate nethyl

1- net hyl - 3- cydo- hexene- 1-car boxyl at e Table :

Diene Dienophile Cyclic Olefin Reactant

butadiene acrolein 1,2,3,6-tetrahydrobenz-
aldehyde

butadiene methacrolein 1-methyl-3-cyclohexene-
1-carboxaldehyde

butadiene crotonaldehyde 1-methyl-4-cyclohexene-
2-carboxaldehyde

butadiene acrylonitrile 3-cyclohexene-1-

- carbonitrile

butadiene methacrylonitrile 1-methyl-3-cyclohexene-

_ 1-carbonitrile

butadiene methylacrylate methyl 3-cyclohexene-
1-carboxylate

butadiene methyl methacrylate methyl 1-methyl-8-cyclo-
hexene-1-carboxylate

butadiene methyl crotonate methyl 1-methyl-4-cyclo-
hexene-2-carboxylate

butadiene acrylic acid 3-cyclohexene-1-
carboxylate

butadiene crotonic acid 1-methyl -4-cyclo-
hexene-2-carboxylate

butadiene allyl alcohol 3-cyclohexene-1-methanol

butadiene " succinic anhydride 1,2,3,6-tetrahydro-

' ' phthalic anhydride
butadiene acetylene - 1,4-cyclohexadiene
butadiene cinnamaldehyde 1-phenyl-4-cyclohexene-

2-carboxaldehyde
butadiene methylvinyl ketone 4-acetyl-1-cyclohexene

butadiene diethylazodicarboxylate 1,2-dicarbethoxy-1,2,3,4-



but adi ene net hyl crotonate nethyl 1-nethyl-4-cyclo- hexene-2-carboxyl ate
but adi ene” acrylic acid 3-cycl ohexene-|1 carboxyl ate butadiene crotonic acid
1- met hyl - 4W®l0t882 hexene- 2--car boxyl at e but adi ene al | yl alREFAE00/20251

3-cycl ohexene-| - net hanol  but adi ene succi ni ¢ anhydride 1, 2,3, 6-tetrahydro-
pht hal i ¢ anhydri de but adi ene acetyl ene 1, 4-cydohexadi ene but adi ene

ci nnamal dehyde 1-phenyl - 4-cycl ohexene- 2-carboxal dehyde but adi ene

met hyl vi nyl ketone 4-acetyl -1-cycl ohexene _yhut adi ene

di et hyl azodi car boxyl at e 1,2-dicarbethoxy-1} , 3,4 cnm WO 01/ 07382

PCT/ USO0/ 20251 -10 tetrahydropyridazine Illustrative

nmet al - or ganophosphorus |igand conplex catalysts enployable in t he
processes enconpassed by this invention as well as r.their
preparation are well known in the art and |nclude“*%§§ ?H ﬂﬁgﬁﬂ in the

bel ow nentioned patents. In general such catalysts may be prefornmed or
formed in situ as descri belllistratisehmetadiozgioptosphictus tigandicompkent i al | y of

metal in conplex tﬂ%’ﬂ active
speci es may al so ggﬁ?%i{g%ﬂﬁ%%ﬁ% mt%ﬁﬁ%ggpg@ﬁﬁgr ogg 1T, ectt%%arn SOnded
to the netal: Th@saaqlhmme%%rthﬂrmpwaeeﬁwe

or ganophosphor us ih¢lgde theserdisctoseddhahy belowhinehtionad betemm i Imgér;erahct ive or

ticall tghy
otal Cor ginoéhﬁéphéﬁaﬁfﬂ?%ﬁ B2 bitfGEd ﬁ%@@%‘%@ sﬂﬁ% *%mf’%fml%u b als
sel ected from r hd&fexanqerpnd copsigt esseatinllyof matakin qomp ex BBt (Ru) ,
iron (Fe), nickelwifRah, orgahdpldsphivriBdigand| AtHeruotive fpecies may also contain

carbon monoxide and/or hydrogen directly bonded to the metal.

The catalyst useful in the processes includes a metal-
organophosphorus ligand complex catalyst which can be optically
active or non-optically active. The permissible metals which make up
the metal-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 11 metals selected from copper (Cu), silver (Ag), gold
(Au) and mixtures thereof, and also Group 6 metals selected from
chromium (Cr), molybdenum (Mo), tungsten (W) and mixtures thereof.
Mixtures of metals from Groups 6, 8, 9, 10 and 11 may also be used in
this invention. The permissible organophosphorus ligands which make
up the metal-organophosphorus ligand complexes and free
organophosphorus ligand include organophosphines, e.g.,
bisphosphines and triorganophosphines, and organophosphites, e.g.,
mono-, di-, tri- and polyorganophosphites. Other permissible
organophosphorus ligands include, for example, organophosphonites,
organophosphinites, organophosphorus amides and the like. Mixtures
of such ligands may be employed if desired in the metal-
organophosphorus ligand complex catalyst and/or free ligand and such



osmum (Os) and m xtures thereof, with the preferred netals being rhodium
cobalt, iridiumand ruthenium nore preferably rhodium cobalt and

rut henium wewen?sstly rhodium O her permssible netals PEBPUSHEIZBioup 11

netal s sel ected fromcopper (Cu), silver (Ag), gold (Au) and m xtures

t hereof, and also G oup 6 netals selected from chromum (Cr), nolybdenum

(Mo), tungsten (W and m xtures thereof. Mxtures of netals from G oups 6,
8, 9, 10 and 11 may also be used in this_jjnvention. The permi ssible

or ganophosphorus |igands which make up the netal -organophosphorus |igand

conpl exes and free organophosphorus |igand include organophosphi nes, e.g.,
bi sphosphi nes and triorganophosphines and organophosphites e.g., nono-,

11 gands. 1 nol ude, THSFIER A B s SR ARUBFA (L3S I GRGaR I ROCPIPREs

or ganophosphor us tabe tiesteain diyemhnker byvthe pemnsmble ta*gaholhhqgnhclsusrray be
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rend

and/or free Ilgan res my be

025 m.xt u
the sane or dlffBF%‘i‘i’fce"%'Fhlél?YﬁPé ]tptrﬁ tedign theq i n” any
manner by the peemassthicmmroj‘ahe)ptemab&ugansphdspbaruﬂlgandnomplelesp&cﬁm eof. It

Is to be noted tQajicy §9%It th&&%&do%%cléﬁrtdihﬁclb&ﬁ’ﬁﬁ&lb?ﬁxéiﬁﬁs not

depend and i s not exact ructure

net al - or ganophosBHglrreG%‘W ﬁ’@%ﬁd%ee  the exprt;s g?cg Wﬁeﬂgkﬂﬁwﬁe%ﬂﬁ’gg}}t -in

t hei r nmononucl ealtlsdlotnu(ﬂendedheuéimtobegmdtmmtﬁmotyyrmhmlstlmeed t he
exact structure pschise)igQ! em@tmpﬂ%atawc%p@aas ity SRAR I For D
bound to any theor Wﬂ-{] Sft fcour ars tﬁ%ﬁ t he

catal ytic speci e§°‘¥ﬂt§}qsﬁel} ¥s§ r?b?é%“lta ‘é’é‘n‘ﬂ $ of the
metal in conpl exorganbpheaphonuw\hgandmcmbganmpMMmﬂgrhY@msanmncar bon
nmonoxi de and/ or Qy&g.ogen when wused. The term "conpl ex" as used herein and

0 the claims  means a cogl Aat] A CRIRQNYded BLARH aRY thite AR O one of

ore 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

‘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 monoxide (which is also properly classified as a ligand) can also
be present and complexed with the metal. The ultimate composition of
the complex catalyst may also contain an additional ligand, e.g.,
hydrogen or an anion satisfying the coordination sites or nuclear
charge of the metal. Illustrative additional ligands include, for
example, halogen (C}, Br, I), alkyl, aryl, substituted aryl, acyl, CF3,
C2F5, CN, (R)2PO and RP(O)(OH)O (wherein each R is the same or
different and is a substituted or unsubstituted hydrocarbon radical,
e.g., the alkyl or aryl), acetate, acetylacetonate, SO4, PF4, PFg, NOg,
NO3, CH30, CH2=CHCH2, CH3CH=CHCH2, C¢H5CN, CH3CN, NO,
NH3, pyridine, (C2H5)3N, mono-olefins, diolefins and triolefins,



el ectronically rich nol ecul es or atons capabl e of independent existence
with one or nore electronically poor nolecules or atons, each of which is
al so capabl ¥Q1073ependent ‘exi stence. For exanmpl e, the JFHVNEBEbhorus

| i gands enpl oyabl e herein may possess one or nore ' phosphorus donor atons,
each having one avail able or unshared pair of electrons which are each
capabl e of form ng a coordi nate coval ent bond independently or possibly in
concert (e.g., via chelation) with the neLq?J Car bon nonoxi de (which is

al so properly classified as a ligand) can also be present and conpl exed
with the netal. The ultinmate conposition of the conplex catalyst may al so
contain an additional |igand, e.g., hydrogen or an anion satisfying the

coordi nation sites or, nucl ear r of the.nmetal, Jllustrati,v di ti onal
li gands i ncl ude, febrahyd %,an%%ﬁﬁw- (R&is ofgourse fo by W&";’@Pﬁﬁﬁagghe
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S04, PF4, PF6, m%éatﬂg?gpﬁéﬁna@%m%%ﬁémgm%m CH3CN, NO,
NH3, pyridine, (C2igahephospbomsdigmidmplextatalyredgndcessésobati ns, WO

Lo be_under st ood [Ty pylation B e At @lalyth be 6 of idloedd abdt 2y
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directly bonded t¥ERREPHASP apf samp _ ‘not be absolutely
necessary. Preferred net al Theqaumbexnfisivailabletcabrdinatiom eitegien such metals
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catal yti c speci esnwigarighioringewhich are preferably characterized by at least one
organophosphorus-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 organophosphorus ligands in view of the carbon
monoxide and hydrogen gas employed by the hydroformylation
reaction. '

The organophosphines and organophosphites that may
serve as the ligand of the metal-organophosphorus ligand complex
catalyst and/or free ligand of the processes of this invention may be of
the achiral (optically inactive) or chiral (optically active) type and are
well known in the art. By "free ligand" is meant ligand that is not
complexed with (tied to or bound to) the metal, e.g., metal atom, of the
complex catalyst. As noted herein, the processes of this invention and
especially the hydroformylation process may be carried out in the
presence of free organophosphorus ligand. Achiral organophosphines
and organophosphites are preferred. The organophosphorus ligands
useful in this invention are preferably lipophilic. As used herein, the



conpl ex catalyst mxture, in their nmononeric, dineric or higher nuclearity
forms, which are preferably characterized by at |east one )

or ganophospworoirs?z3gont ai ni ng- nol ecul e conpl exed per one noPEKUSIB2ES et al |
e.g., rhodium For instance, it is considered that the catalytic species
of the preferred catal yst enployed in a hydrofornylation reaction nmay be
conpl exed with carbon nonoxi de and hydrogen in addition to the

or ganophosphorus ligands in view of the c rbon nonoxi de and hydrogen gas
enpl oyed by the hydrofornylation reactior The or ganophosphi nes and

or ganophosphites that may serve as the Ilgand of the

net al - organophosphorus ligand conplex catalyst and/or free ligand of the
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suitable substituent that does not unduly adversely affect the desired
result of the hydroformylation reaction. The organophosphine ligands
employable in the reactions and/or methods for their preparation are
known in the art.

ITlustrative triorganophosphine ligands may be
represented by the formula: - :

R!
7
P—R
\Rl
@

wherein each R1 is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical, e.g., an alkyl or aryl
radical. Suitable hydrocarbon radicals may contain from 1 to 24
carbon atoms or greater. Illustrative substituent groups that may be
present on the aryl radicals include, for example, alkyl radicals, alkoxy
radicals, silyl radicals such as —Si(R2)3; amino radicals such as —



al kyl and/or aryl bisphosphines and bi sphosphi ne nono oxi des, and the

like. OF ¢ourse a of the hydrocarbon radicals of such t ' - ionic
organophospl’fY‘h%‘é""?éy be substituted if desired, with any eé'{}il,@goé/ﬁ@gp

substituent that does not unduly adversely affect the desired result of

t he hydrofornylation reaction. The organophosphi ne Iigands enployable in
the reactions and/or nethods for their preparation are known in the art.
II'lustrative triorganophosphi ne |igands may4be represented by the fornul a:
R PRL \RlL (I) wherein each R1L is the same or different and is a
substituted or wunsubstituted nonoval ent hydrocarbon radical, e.g., an

al kyl or aryl radical. Suitable hydrocarbon radicals may contain fromlto

24 carbon atons r eat IlJustrativ uent ro hat __may be

present on the arﬁ{Rgad?‘E}’ radicals|sug a*”f_&@fxﬁ::?S %box&rg ca al koxy
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01/07382 - PCT/ USO 9 D vl

carboxy radicals sucé%@% )2@%@) C@ ?@gxys‘pg"gu cg{i&c%%ﬁcg?s %@
am do radical s suethensadiesls @l RS )-20RAsulfinfiadic@lRauchsas +IYR4r adi caI s
such as -SO02R2;  gj ltmbﬂélsﬁcﬁush-saza%naﬁs%ﬂb , Hifid] @ﬁin% such as

- SOR2; sul fenyl cal s ntro ano,
trifluoromethyl aﬁgéwmnﬁ%ﬁlﬁﬁ’m roxy Zad g\glﬁeaqaqs%@%]@ﬁé‘aﬁrﬁme%% %
individually r eprmdendgallheemmtsthdsdmeloedtﬂ'%‘abtsﬁhstﬁttﬁtﬁdmr unsubsti t ut ed
nonoval ent hydr ocghiitit@edGabnovaiiddt Mo&&ﬁ&ﬁ sadibdlatvith ihe%ﬁ‘oﬂﬁo that

oL e e i SPR iR bubh i e BRI B AlgbthdiSghesent @
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(R2)C(O)R2 each —R2 bonded to N can also be
hydrogen. Illustrative alkyl radicals include, for example, methyl,
ethyl, propyl, butyl and the like. Illustrative aryl radicals include, for
example, phenyl, naphthyl, diphenyl, fluorophenyl, difluorophenyl,
benzoyloxyphenyl, carboethoxyphenyl, acetylphenyl, ethoxyphenyl,
phenoxyphenyl, hydroxyphenyl; carboxyphenyl, trifluoromethylphenyl,
methoxyethylphenyl, acetamidophenyl, dimethylcarbamylphenyl, tolyl,
xylyl, and the like.

INlustrative specific organophosphines include, for
example, triphenylphosphine, tris-p-tolyl phosphine, tris-p-
methoxyphenylphosphine, tris-p-fluorophenylphosphine, tris-p-
chlorophenylphosphine, tris-dimethylaminophenylphosphine,
propyldiphenylphosphine, t-butyldiphenylphosphine, n-
butyldiphenylphosphine, n-hexyldiphenylphosphine,
cyclohexyldiphenylphosphine, dicyclohexylphenylphosphine,
tricyclohexylphosphine, tribenzylphosphine and the like, which are
substituted with at least one C4 to C30 aliphatic group sufficient to
render the ligand lipophilic.

More particularly, illustrative metal-organophosphine
complex catalysts and illustrative free organophosphine ligands




radical with the nitrogen atomand in am do substituents such as
C(ONR2)2 and -N(R2)C(O R2 each -R2 bonded to N can al so be hydrogen.

Il lustrati vOMRII2 r adi cal s ‘i ncl ude, for exanple, nethyl, pcewboo202spr opyl ,
butyl and the like. Illustrative aryl radicals include, for exanple,
phenyl, naphthyl, diphenyl, fluorophenyl, difluorophenyl,

benzoyl oxyphenyl, carboet hoxyphenyl, acetyi phenyl, ethoxyphenyl,
phenoxyphenyl, hydroxyphenyl; carboxyphenyl, trifluoronmethylphenyl,

met hoxyet hyl phenyl, acetam dophenyl, dinmethyl carbanyl phenyl, tolyl, xylyl,
and the like. Illustrative specific organophosphines include, for exanple,
tri phenyl phosphine, tris-p- tonI phosphine tris-p- nethoxyphenyl phosphi ne,

tris-p-fluorophen hi ne, chI phosphi ne
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di cycl ohexyl phenyl phosphi n I C 0S ne; tribenz hosphi ne
and the like, which are &g?g §aRPR tpggl;thgg%smetag ég‘gapﬂphatlc
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tri organophosphilis®&ngtbe forhagopol yphosphites. The organophosphite |igands
enpl oyable in this invention and/or nmethods for their preparation are

known in the
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wherein R3 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 whlch is
incorporated herein by reference. '

Representative diorganophosphites may include those
having the formula:




art. Representative nonoor ganophosphites may include those having the

formul a: 0\ .~ - O7/P
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R4/ P-O- W y({\Ul) wherein R4 represents a
tuted di vgient phbygtgcarbon radical containing from
greater and AVrepresents a substituted or

unsubstitut ed nonoval ent hydrocar b&h radical containing from1 to 18

carbon atons or greater

. Representative substitutedgIpnd unsubstituted

nonoval ent hydrocarbon radicals represented by Win the above fornul a

(1)

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

hYdrocarbbn radical containing from 1 to 18 carbon atoms or greater.

Representative substituted and unsubstituted monovalent

hydrocarbon radicals represented by W in the above formula (III)
include alkyl and aryl radicals, while representative substituted and
unsubstituted divalent hydrocarbon radicals represented by R4 include
divalent acyclic radicals and divalent aromatic radicals. Illustrative
divalent acyclic radicals include, for example, alkylene, alkylene-oxy-
alkylene, alkylene-NX-alkylene wherein X is hydrogen or a substituted
or unsubstituted monovalent hydrocarbon radical, alkylene-S-alkylene,
and cycloalkylene radicals, and the like. The more preferred divalent
acyclic radicals are the divalent alkylene radicals such as disclosed
more fully, for example, in U.S. Patent Nos. 3,415,906 and 4,567,302

" and the like, the disclosures of which are incorporated herein by
reference. Illustrative divalent aromatic radicals include, for example,
arylene, bisarylene, arylene-alkylene, arylene-alkylene-arylene,
arylene-oxy-arylene, arylene-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:



include al kyl and aryl radicals, while representative substituted and
unsubstituted dival ent hydrocarbon radicals represented by R4 include

di val ent acwolenm73sadi cal s and di val ent aromatic radical s. PCT/AUSEORO28L | ve

di val ent acyclic radicals include, for exanple, alkylene, alkylene-oxy-

al kyl ene, al kyl ene- NX- al kyl ene wherein X is hydrogen or a substituted or
unsubsti tut ed nonoval ent hydrocarbon radical, al kyl ene-S-al kyl ene, and
cycl oal kyl ene radicals, and the |iKke. Thelgore preferred divalent acyclic
radi cal s are the dival ent alkylene radical™s such as disclosed nore fully,
for exanple, in U S Patent Nos. 3,415,906 and 4,567,302 and the like, the
di scl osures of which are incorporated herein by reference. Illustrative
di valent aromatic radicals include, for exanple, arylene, bisarylene,

aryl ene-al kyl ene, aryl ene-alkylgne-aryl ene, arylene-oxy-arylene,

aryl ene- NX-aryl ene wherein X is asdefined above, arylene-S-arylene, and
aryl ene- S-al kyl ene, and thdcﬁzk,e preferably R4 is a dival ent

aromatic radical such as di Iosed pfy-ly for exanple, in U 'S Patent
Nos. 4,599,206 and 4,717, 77%,™and l'i ke, the disclosures of which are
i ncor porat ed herein by ref QCHQ present ative of a nore preferred cl ass

of di organophosphites are h(cj:l—ﬁ of the formula: WD 01/07382 PMUS00120251
-17- Ar -0 (CH2))Y MP-Ow 2) YAr-0 {IV) wherein Wis as defined
above, each Ar is the same or different and represent@Vd substituted or
unsubstituted aryl radical, each y is the sane or different and is a val ue

of 001 1. Q r Pl goent vy, dLuBhED] andble ST &' RaRR) ik U CC7S) 2

’ represents a subst1tuted 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-, -NRS-, Si(R7)2- and -
CO-, wherein each RS is the same or different and represents
hydrogen, alkyl radicals having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, RS 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 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:
8
OR
/ 8
P—OR
N 8
OR

V)

wherein each RS is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical e.g., an alkyl,
cycloalkyl, aryl, alkaryl and aralkyl radicals which may contain from 1



CO, wherein each R5 is the sane or different and represents hydrogen,
alkyl radicals having from1 to 12 carbon atons, phenyl, tol and

ani syl , R6 MQPEIts hydrogen or a nmethyl radical, each F!’FT"%/Sé""?%é‘ sane or
different and represents hydrogen or a nethyl radical, and mis a val ue of
0O or 1. Such diorganophosphites are described in greater detail, for
exanple, in U S. Patent Nos. 4,599,206, 4,717,775 and 4, 835,299, the

di scl osures of which are incorporated hereyg by reference. Representative
tri organophosphites may include those having the formula: /OR8 P -COR8
OR8 (V) wherein each R8 is the sane or different and is a substituted or

unsubsti tuted nonoval ent hydrocarbon radical e.g., an alkyl, cycloalkyl,
aryl, al karyl and aral kyl radicals which may contain from1.H S | WO
01/ 07382 PCT/ USodp2domarbon atoms, and wheneimprafenably ahleasianeRf contains abl y at

: east OIolne R8hclonte4 66 C30 aﬁfbhhﬁc Iﬂéumbiehtgogénlmptwhgmd Hpbphilicr ender tzze
|gan I popni il o on radl ca t to
carbon atons or ngr eifqétri&gﬁo& a% %gﬁ%%glaghcgg e }sozzaﬁ)i t%?l %&Qoﬁ %‘ Porpl%il in

formula (1). || |oFETeaterva tma:oug&mmmgg desaribed aboye) éox Rﬂm formul
trial klyl EQSSE.“{ lule%tradivalti% b h@égg%fé%hh@%deafok&k&hlgreytn@{k%phl t es
ooyt PP '*%%éﬁﬁkgiwﬁe{msa e panaiy
phosphite, tri-n- plmppxtesp like, swgh 7s, do 94trpn phasphite, - n- oct y|
8_hots Eh : t ﬁé nt Ir i-n trﬂa@HﬁCpﬂosphitté nlkutsrmlemwphbsﬂh@twmln p{wg})bhésphml, tri-n-
plhgspﬁi !toe %/I’I phenyP f:ﬁ%sgs {H tBP %]tﬁ&f % e %Ii'l-n ot (HOBPAAY tri-n-
bis(3,6,8-tri-t- fadgryl osph1te dmethylp henyl phOSphlte d1ethylphenyl phosphite,
methyldiphenyl phosphite, ethyldiphenyl phosphite, triphenyl
phosphite, trinaphthyl phosphite, bis(3,6,8-tri-t-butyl-2-
naphthyl)methylphosphite, bis(3,6,8-tri-t-butyl-2-
naphthyl)cyclohexylphosphite, tris(8,6-di-t-butyl-2-naphthyl)phosphite,
bis(3,6,8-tri-t-butyl-2-naphthyl)(4-biphenyl)phosphite, bis(3,6,8-tri-t-
butyl-2-naphthyphenylphosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-
benzoylphenyl)phosphite, and the like. The most preferred
triorganophosphite is triphenylphosphite which is substituted with at
least one C4 to C30 aliphatic group sufficient to render the igand
Lipophilic. Such triorganophosphites are described in greater detail, for
example, in U.S. Patent No. 3,527,809, the disclosure of which is
incorporated herein by reference.

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

< > >P-o X!



napht hyl ) net hyl phosphite, bis(3,6,8-tri-t-butyl-

napht hyl ) cycl ohexyl phosphite, tris(3,6-di-t-butyl-2-naphthyl)phosphite,

bi s( 3, 6, 8- twD-01/682 y| - 2- napht hyl ) (4- bi phenyl ) phosphite, bPCRUSO2@5t i -1 -
but yl - 2- napht hyl ) phenyl phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-
benzoyl phenyl ) phosphite, and the |ike. The nost preferred

tri organophosphite is triphenyl phosphite which is substituted with at

| east one C4 to C30 aliphatic group suffi_gb_ent to render the |igand

l'i pophilic. Such triorganophosphites are described in greater detail, for
exanple, in U S. Patent No. 3,527,809, the disclosure of which is

I ncorporated herein by reference. Representative organopol yphosphites
contain two or nmore tertiary (trivalent) phosphorus atons and nmay i ncl ude
those having the formula: R~-O OEc>i "p.OXl b (VI) W) 01/07382
PCT/ USCO' 20251 wﬁ&re\M\ml%ﬁre%énfsai)ﬁtﬂ&ﬁmﬁ&dmrambsmmted pevalemtsubst i t ut ed

n-valent hydr Ocﬁfﬂﬁ%ﬂ%%ﬁdgﬂu%ﬂﬁc%%o g%}g 2 Jb%&rﬂ%é%n&ar bon

atons, each RO ent and | va%_ent bon
radi cal cont ai riash sememy diffonent anddsa & ent hyidroparbp é'a
different and i scontsinbieg frbmut £€b 40 carbon assrms,ueach R&0 dw tHecsame brydr ocar bon

radi cal containi e{ erIRan:h 1&3 s%%sﬁﬁ.{tgggr ﬁ%%ﬂtﬁt&ﬂﬁohom be the same or

different and eacC provi so téﬁ]g& t he sum
of a+bis 2 tdlSGh'a‘Fﬁ}‘ gn@@@g@]scogtamyg@mclom%c onjatomg, ,and A faRst ood
that when a has ke thel dagnedbr differenitand, caeh blavea valae vf£@ ko Gpwithghehe same or

different, and h UPa §f & efiBitdla F18. OrdbhiAde ifBY al so
be the sane or \(I)g}??lsgtﬂ?l% Hp%ta?fgsvééEOGHB enef r%ferablﬁ/ @ val ent)
hydr ocar bon 1s to be understoodt at when a has a value of 2 or more, each R

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 R9 above, include both acyclic
radicals and aromatic radicals, such as alkyleng, 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 R9 above are divalent alkylene
radicals, while the more preferred aromatic radicals represented by x1
and R9 above are divalent arylene and bisarylene radicals, such as
disclosed more fully, for example, in U.S. Patent Nos. 4,769,498;
4,774,361: 4,885,401; 5,179,055; 5,113,022; 5,202,297; 5,235,113;
5,264,616 and 5,364,950, and European Patent Application Publication
No. 662,468, and the like, the disclosures of which are incorporated
herein by reference. Representative monovalent hydrocarbon radicals
represented by each R10 radical above include alkyl and aromatic

radicals.

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



bridging radicals represented by X1, as well as representative dival ent
hydr ocar bon i represented by R9 above, include both i
radi cal s andwg?gﬁg%?c radi cal s, such as al kyl ene, aIkerneygggﬁg*ﬁﬁ?ene,
cycl oal kyl ene, aryl ene, bisarylene, arylene-al kyl ene, and
arylene-(CH2)y-Qm (CH2) y-aryl ene radicals, and the like, wherein Q mand
y are as defined above for formula (IV). The nore preferred acyclic
radi cal s represented by XI and R9 above ar£0di val ent al kyl ene radical s,
while the nore preferred aromatic radicals represented by X1 and R9 above
are divalent arylene and bisarylene radicals, such as disclosed nore
fully, for exanple, in U S Patent Nos. 4,769,498, 4,774,361. 4,885, 401,
5,179, 055; 5,113, 022; 5,202,239 5, 235, 113;—5, 264,616 and 5, 364, 950, and
Eur opean Patent Application Pyblicapion No. |662,468, and the |ike, the
di scl osures of which are inco g@?ﬁfed Lg% y reference. Representative
nt
di

nonoval ent hydrocar bon radi cal \{Fpr each R10 radical above

i ncl ude al kyl and aromatic r cale” Illustgative preferred

or ganopol yphosphites may i ncl bi sphosphittes such as those of fornul as
(M1) to (IX) below. ~IIlil WO 01/07382 PCT/ USOQ 202%VII)-20 R P-O X1 2
(Vil) Po-oP-x1 LR10-0 2 (M1l1) ORIO 9/-O 1-P R P-OX ~ 0-R10 wherein
each R9, R10 and X1 of forrmulas (VIl1) to (I X) are the sane as defined
above for fornmula (VI). Preferably, each RO and X1 represents

R1'—o0

™~

P—Ot+X!
R“’—o/
2
(VIID)
o 0—R"
R9/ \ :
X /P-O—X —P
o 0—R10

)

wherein each R9, R10 and X1 of formulas (VII) to (IX) are the same as
defined above for formula (VI). Preferably, each R9 and X1 represents
a divalent hydrocarbon radical selected from alkylene, arylene,
arylene-alkylene-arylene, and bisarylene, while each R10 represents a
monovalent hydrocarbon radical selected from alkyl and aryl radicals.
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.



a dival ent hydrocarbon radical selected from al kyl ene, aryl ene, _

aryl ene- al kyl ene-aryl ene, and bi saryl ene, while each R10 represents a
nonoval ent wodi/amgr bon radi cal sel ected from al kyl and arRGT/US96pQ3ad s.
Organophosphite |igands of such Formulas (VI) to (I 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; 5,113,022; 5,179, 055; 5,202, 297;

5,235, 113; 5,254, 741; 5,264,616; 5,312,996y 5,364,950; and 5,391,801; the
di scl osures of all of which are incorporated herein by reference. WO

01/ 07382 PCT/ USOQ 20251 -21 Representative of nore preferred cl asses of

or ganobi sphosphites are those of the fol | ow ng formulas (X) to (XIl): Ar-O

=~ QR)y P-OX 1 (CH2)y Ar-O .12 (X) O*~~ /OR., (CH)y P-O-XI-OP
?M (CH2)y Ar -0 O RIO ( rewltafe}’q‘e I(lmfffef&‘idf@ﬁﬁs@fx_l 0-P RO (CH2)y
Ar -0 O organobisphosphites are those of the following formulas (X) to (XII):
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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



(XI'1) wherein Ar, Q, R9, R10, XI, mand y are as defined above. Mst
preferably Xi represents a dival ent aryl-(CHR)y-(Qm(CH)y-aryl 1111111 WO
01/ 07382 PCWQ@B@E@¥20251 -22 radical wherein each y indiviRETA§2REL o
value of 0 or 1; mhas a value of 0 or 1 and Qis -0-, -S or-C(R5)2-
wherein each R5 is the sane or different and represents a hydrogen or
nmet hyl radical. Mre preferably each al kyl radical of the above defined
R10 groups may contain from1l to 24 carbgggatons and each aryl radical of
t he above-defined Ar, X1, RO and R10 groups of the above fornulas (VI) to
(XI'l) may contain from6 to 18 carbon atons and said radicals may be the
sane or different, while the preferred al kyl ene radi cals of X1 may contai n
from 2 to 18 carb ns .and er aIk cal.s of
contain froms to“’%é"ailé‘a’(% naﬁ"&%‘rﬂ ‘g‘bec}iﬁ d%/%sd’l P%nt Ar
radical s and di vasféher hayﬂQmDeaSsonC(R@mrwheheumwh R isrthelsameone
phenyl ene radi cal

&ﬁ’ePeﬁ‘Ml Hn‘aon;te eﬁfs' é’g& g%%i%étﬁgf Fétﬁl & «ther?lr??é( Breferably

(CHR)y-(Qm(CH2)y sal It1Qns that
are ortho to the her?é’ove ﬁfiﬁﬁﬂﬁl’m‘%ﬂﬁé‘é’?n ‘HESEB’H% | ene
radi cal s to thei rtoffegrbor atoms and eick gyl rﬁdrcahd)ﬁxhe afbbve-ﬂeﬁhed)Ap,rﬁler red

t hat bstii t uga | erre
that any subs Ipar g?,@l@%)}ﬁ@‘&ﬂhepdb%%%r R cd gi als be

oSl t1.0n. 0 ne ra s in
relation to the to,18 Fa H'&tat"r%ﬁﬁé mﬁ?fg& %enyl ene
radical to its prthﬁﬁemntuwhdbdrhe pﬁfen'eﬂratlgrlem/rmilcalbefm méY coritdin 89m R10,

XL, X2, W Q and%ar 18 280118l R0 o ?ﬂﬁﬂe%‘i@% hﬁﬁh&@éﬁ&&ﬁ&%@g (11) to

(X11) above e substitute |tuent
cont ai ni ng from‘f° YNIEOIR 7 19 ‘@F?i'%atcﬁ‘é‘f ER)@ »&T‘?&H@%ﬁ%f"e €e§‘ af f ect

the desired result raﬂm&llaanli;divaiémramilaadmmlsroé&ltofahe aBovesfortndsd aret hat nmay

be on said radi caieryledi d RAUYLS § RRBEREtdd/Ey acar bon
radi cal s such as @ﬁ%l (@ —(Cﬂ%y—g Emde %gijdép%@ cFé QREXY in

positions that are ortho to the oxygen atoms of the formulas that
connect the phenylene radicals to their phosphorus atom of the
formulae. It is also preferred that any substituent radical when
present on such phenylene radicals be bonded in the para and/or ortho
position of the phenylene radicals in relation to the oxygen atom that
bonds the given substituted phenylene radical to its phosphorus atom.
Of course any of the R3, R4, RS, R9, R10, X1 X2 W, Q
and Ar radicals of such 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 silyl radicals such as -Si(R12)3;

amino radicals such as -N(Rlz)z; phosphine radicals such as -aryl-
P(R12)2; acyl radicals such as -C(O)R12; acyloxy radicals such as -
OC(O)R12; amido radicals such as -CON(R12)5 and -N(R12)COR12;
sulfonyl radicals such as -SOlez; alkoxy radicals such as -OR12;



substituents, may include for exanple silyl radicals such as -Si (R12)3;
am no radicals such as -N(R12)2; phosphine radicals such as -aryl- P(R12)2;
acyl radi caveoymssR as - C(O) R12; acyl oxy radicals such as BCTXS0ORRSD: ani do
radi cal s such as -CON(R12)2 and -N(R12) COR12; sulfonyl radicals such as
-S02R12; al koxy radicals such as -OR12; WD 01/07382 PCT/US00120251 -23
sul finyl radicals such as -SOR12; sulfenyl radicals such as -SR12;
phosphonyl radicals such as -P(O (R12)2; ag.well as, halogen, nitro,

cyano, trifluoronethyl, hydroxy radicals, and the |like, wherein each RI12
radical is the same or different and represents a nonoval ent hydrocarbon
radi cal having from1 to 18 carbon atoms (e.g., alkyl, aryl, aralkyl,

al karyl and cycl ohexyl radical s), w %he I‘OVI SO that in _amino
substituents suc$hlAgyl radicals sugpas Sﬁl&r}l pnylygdicads suchasgBRG% r epresent a

di val ent bri dgi nﬂ%@phbﬁylﬂgﬂical@ﬁdﬂhﬁ -PRORRIBYc hswd%ﬁoge?ﬁdge
nitrogen atom and in 0 S nts u

“N(RL2) COR12 eact3@eotmllvpromethylzpy x&lré ¢ the, ebebe it is to
be under stood t hBi2 aadicakistthe samb ot idifférert and represénds iatronevalentr ocar bon
radi cal s groups hiifiocdFbos rH&c? h&’ﬁﬁ&‘fﬁ')ﬁ!\@rtoQB\éﬁPbcﬁf% SHlkyEafpy be the
sane or dlfferen%u?l%ﬂd Cl ca*lyﬁrgg?(@jﬁtlv gg’zt‘hﬁ? t3|n(r:]I:Jde

pri mary, seconda ak@%f §§ Mt hyl, n-
propyl, isopr opyamnmﬁghstltmms isucly hs -N(Ibl?t geach pekarytogethemmylalwarryl
stch a8 phenyl . TEE H@F‘t‘%‘% Jof el e il Pl s itfotort e 20 eL?SI cal s
phenyl et hyl, " triPH 5&;‘? %ﬂlw gitupn ﬁ"%{‘éﬁhc%ﬁ S such

tolyl, xylyl, anG(Q)MRJl?)gaa,thW@DG@Rﬂg@achBé gmﬂe@go Nycanogdemby | |

cycl ohexyl 1. mef by @g %u Ig%@eg;um'ﬁsuse/ﬂha%&.\gl by bebtBflgre, 11 ke

al koxy radlcals
- (OCH2CH2) 20CH3, orle caabnmardecawmpsé 9#65@}@% cals such as

phenoxy and the ﬂ)dﬂﬁiéula&sgﬂfﬁi brganophdsphite asly batle saind ondifferentCH3) 3,

-SIH(OCH3) 3, -Si (G3HT) 3, aM‘orte @seéxhéﬁly 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,
phenylethy), 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, -
OCH3CH50CHjg, -(OCH5CHg)9OCHg, -(OCH9CHg)3OCHg, 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(CgH?7)3, and the like;
amino radicals such as -NHy, -N(CHg)g, -NHCHg, -NH(CoHp), and the
like; arylphosphine radicals such as -P(CgH5)2, and the like; acyl
radicals such as -C(O)CHg, -C(0)CgHp, -C(O)CgHp, and the like;
carbonyloxy radicals such as -C(O)OCHg and the like; oxycarbonyl
radicals such as -O(CO)CgHp, and the like; amido radicals such as -
CONHy, -CON(CHg), -NHC(0)CHg, and the like; sulfonyl radicals



am no radicals such as -NH2, -N(CH3)2, -NHCH3, -NH(C2H5), and the |Iike;
aryl phosphi |cals such as -P(C6H5)2, and the |ike; ac radi cal s such
as -C(0O CH3, @?‘%B%ZHS -C(O) C6H5, and the |ike; carbonyl%’ﬁ”&g‘kg‘als such
as -C(O OCH3 and the |ike; oxycarbonyl radicals such as -Q CO) C6H5, and
the like; amdo radicals such as - CONH2, -CON(CH3)2, -NHC(O) CH3, and the
i ke; sulfonyl radicals sl1lli WO 01/07382 PCT/ US00/ 20251 -24 such as

-S(0O) 2C2H5 and the like; sulfinyl radical 246uch as -S(OCH3 and the |iKke;
sul fenyl radicals such as -SCH3, -SC2H5, -SC6H5, and the |ike; phosphonyl
radi cal s such as -P(O (C6H5)2, -P(O(CH3)2, - P(O (C2H5)2, -P(O (C3H7) 2,
-P(O (C4H9) 2, -P(O) (C6HL3)2, P(OCH3(C6H5), -P(O (H) (C6H5), and the like.

Speci f i cd! N uat g %hiéuas GS@’Z?C Hgﬁnmgﬂ&?BﬁﬁﬂM&&%@l&isﬁa@% ﬁoaggj% i brerg
in copending U.S. ent / ﬁgl | an Seri , 'l e venber
26, 1996, the di ?@f’%&‘ﬁ oy Yiﬁa‘?lgalsiSHEEPngQﬁ@d%%?S%&né&B fef8ence. The
net al - or ganophos gheliks; phagphonydaagicals siwhasy-P(Q)(EgEs) pr-B(@NEH 9. -n

honogeneous f or mp@yC,;! o) H% r.w)(b |) WP(O)(CG )9, -

hydri do- car bonyl - 9&&%% h O% |§’ cafaly&t.s  may EIJ p?"epared and

i ntroduced into tPI(zQ 3616 E?,gllgéé G’lll)é gﬂ%%"é’rtthe €ar process. Mre
preferably, the netal -orgw kbl S can be
derived froma rhodi um cat al yst m}g’?&?n’gr& : marE%%.i n?#%?ﬁ% into the
reaction medi um fSPREH2AEY %?fcég??lrg'ﬂ eenenging HeS-FatepbApplicatinny .en‘gg?b'exarrpl e,
rhodi um cat al yst 08f754\i4So filedsNoveraber 26 31996 ehecdistlosure of sbdtlyisacet onat e,

Rh203, Rh4(CO) 12 jndgepératddlRereii b feritad the |ike may be introduced into
the reaction m xture al ong,wth or igand for the in

he anophosphor | i
situ formation of the actiVve® talqrgapo pﬁB’E‘Egh ?ﬂpﬁ%cata ysts are
or ganophosphor us Préefgeatds in hamiogenesmp forred Fas inssance, peefbimged dhadinghe

net al - or ganophos pRarids-chikbdyllorganophosphorus ligand catalysts may be prepared
and introduced into the reaction mixture of a particular process. More
preferably, the metal-organophosphorus ligand complex catalysts can
be derived from a rhodium catalyst precursor which may be introduced
into the reaction medium for in situ formation of the active catalyst.
For example, rhodium catalyst precursors such as rhodium dicarbonyl
acetylacetonate, RhyO3, Rbh4(CO);19, Rhg(CO)14, RK(NO3)g and the
like may be introduced into the reaction mixture along with the
organophosphorus ligand for the in situ formation of the active
catalyst.

As noted above, the organophosphorus ligands can be
employed as both the ligand of the metal-organophosphorus ligand
complex catalyst, as well as, the free organophosphorus 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 organophosphorus
ligand of the metal-organophosphorus ligand complex catalyst and any
" excess free organophosphorus ligand preferably present in a given
process of this invention are normally the same type of ligand, different
types of organophosphorus ligands, as well as, mixtures of two or more



conpl ex catalyst, as well as, the free organophosphorus |igand that can be
present in the reaction nediumof the processes of this invention. 'In

addi ti on, iwoioso1382 be understood that whil e the. organophoRE¥iU$00820251 | gand of
t he netal - organophosphorus |igand conpl ex catal yst and any excess free

or ganophosphorus ligand preferably present in a given process of this

I nvention are nornmally the sanme type of ligand, different types of

or ganophosphorus |igands, as well as, mXxbgres of two or nore WO 01/07382
PCT/ US00/ 20251 -25 different organophosphorus |igands nmay be enpl oyed for
each purpose in any given process, if desired. The amount of
netal-organophosphorus Iigand conplex catalyst present in the reaction

medi um of a given. rocess of 131 rehgen i on 0{‘1% ?e th |rmm
amount necessary" SFBARCRHpsPhorUS f maye (f’n%ﬂ ved fo ®to be
enpl oyed and \Ahiuhanvgivenmtpmss.hfdtmrddam s for at |east that cat aI ytic

amount of netal necessaryT&%&tﬁ&%@&@%ﬁh@mﬁmaﬂ?&xred In
in per

general, netal entrations romabout 1

mllion to aboutca& @/ gaﬁe af%thﬁeqeapﬁl?quﬂxu%gfgﬂvetne%rog%ss erg‘lsmst al, and
ligand to netal lrmant;onaeetbgnlyrbqth@tmnanymtam@mmmmsmﬁﬂgO‘fl%thabout
1:1 or less t0 tmet@DechcOhtratiBA dekired tiohe dn?ﬁyﬁ&ﬁhﬂ@tlﬁﬁh willl nost

Pl gand conpl ex cliraiae basigdod i leasthaSatalyid Endyos ff ABRATMESRRRI 05 ||
t he hydr of or nyl atq@tabzeﬂ@%nmmax@meﬁssude@re@ulngwetrnbnpﬁtekence of free
or ganOPhOS phor UScdrcemtdtion¥irl ﬁletﬁﬁ e Bf ﬁﬁﬁﬁﬂﬁﬁltqudrh p8r hiillivat toGibot®y be

d t t d,
The empl oyrrent ol PSS %ngﬁ%@h% ﬁﬁ e‘t REAR0aRISE B‘Q?r‘%?ndbtw&f‘gfi' '
necessary. Accomelewrsitips in theeqtalvst umg@g Q@:ﬂ‘?&“ﬁ)ﬂ kordasstfout 1.1 or
less to about 24kbut®@OON @hgreatdr, aﬁﬁﬂdadsuﬂﬁmfaemommc@éseﬁet al (e.g.

rhodium) present in the reé Coﬁ;é@ﬁb%%?%&’%&gﬁﬂltgt %Iq%%lt abl e for nost

pur poses, particularly rum ca zed hy gr of ornyl ati on;
sai d organophosphorus hgand complex catalysts, the processes (e}

invention and especially the hydroformylation process can be carried
out in the presence of free organophosphorus ligand. While the
processes of this invention may be carried out in any excess amount of
free organophosphorus ligand desired, the employment of free
organophosphorus ligand may not be absolutely necessary.
Accordingly, in general, amounts of ligand of from about 1.1 or less to
about 200, or higher if desired, moles per'mole of metal (e.g., rhodium)
present in the reaction medium should be suitable for most purposes,
particularly with regard to rhodium catalyzed hydroformylation; said
amounts of ligand employed being the sum of both the amount of
ligand that is bound (complexed) to the metal present and the amount
of free (non-complexed) ligand present. Of 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.

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



anounts of ligand enpl oyed being the sum of both the anobunt of |[|igand that

is bound (conpl exed) to the netal present and the anopunt
(non- conpl ei@?”qﬁs@and present. O course, if desired, nakl;ijTﬁJpg;)&ﬁz%land can

be supplied to the reaction medi umof the process, at any tinme and in any
sui table manner, to maintain a predetermned level of free ligand in the
reacti on nedium The perm ssible reaction conditions enployable in the
processes of this invention are, of courseg6chosen depending on the
particul ar syntheses desired. Such process conditions are well known i 1i al
WD 01/07382 PCT/ USOQ 20251 -26 in the art. Al of the processes of this

I nvention can be carried out in accordance wth conventional procedures

known in thfe aL t -iﬂ_ﬂﬂelh&t._rAIIIdffthe@g&%&é@mfgﬁﬁ?h&é%éfﬁb@mdwdmgnt he
processes of this_inyention.are ri be [ i Z r,
Encycl opedi a of Ché Tft%ﬂce%“ﬂéﬁﬁ?{b‘iealg@?‘a‘pg{?ﬁ%“%a@?@@“ﬁ@@é&'t l,fe‘iéf)lgrt{l’ig‘r?\ent
portions of whi chrefctionicorditions farcanpueting the prosesses abthis Deatign®deon t he
Ioart i tcul aL p{ chgﬁescribﬁe,rﬁi‘ %ﬂﬁnﬁlﬁ”ﬁﬁ, mmmﬁﬁﬂﬁ@ﬂwe&ihmﬁ(mémibal% 80C OL t
ess to abou r e [ ope Q. R s T m abou
1 psig or less tg&%ghﬁ% JEE%P Bbﬁ%ér’égf g?%é"%%?%%gs\gs g*‘a%%i S

i nvention are conth$expogategrneyeyneny regee.t Pependingiop;tha pardcyapprrcess, he
desitred CyC:ciCtpré}fbiﬁfiﬁgtaihﬁtefﬁtﬁﬁés?hﬁﬁﬁﬁé@ﬁohiﬂfmﬁm*ﬂ’@dleb&diﬁimdtent, i]p
part, upon factor enper Le,  pr ur ion o
starting materi al é?ﬁ%ﬁig;&o eo.p%f%tén$ Bgzgsg}slgens %%Pr%%\%ng ﬁ%nﬁgﬁ%&rf%%e

wi thin the range ofless$ Qhesig ar graatembout 200 hours or nore, and
preferably from |ess than Tieqiocssses bfthadiivention aee conduthel for agmaiods of
this invention argey @fsukﬁé%{t tqu?Q&i&en&e d%gﬂ‘ﬁ&'c#&iceﬂ‘oaﬂ&spgﬂégﬁ% guted
optically active and non-optical .active Cycl1C ‘compounds. ustrative
conpounds pr epar e¥eastion kime employedds dependent, ipmashiynon fasforyench a5,

exanpl e, substi t uteniperathrenptdssate, nhtitke and proportion of starting materials,

and the like. The reaction time will normally be within the range of
from about one-half to about 200 hours or more, and preferably from
less than about one to about 10 hours.

The processes of this invention are useful for preparing
substituted and unsubstituted optically active and non-optically active,
cyclic compounds. Iltustrative compounds prepared by the processes of
this invention include, for example, substituted and unsubstituted,
cyclic alechols or phenols; amines; amides; ethers or epoxides; esters;
ketones; aldehydes; and nitriles. Illustrative of suitable optically
active and non-optically active cyclic compounds which can be prepared
by the processes of this invention (including starting material
compounds as described hereinabove) include those permissible
compounds which are described in Kirk-Othmer, Encyclopedia of
Chemical Technology, Fourth Edition, 1996, the pertinent portions of
which are incorporated herein by reference, and The Merck Index, An
Encyclopedia of Chemicals, Drugs and Biologicals, Eleventh Edition,
1989, the pertinent portions of which are incorporated herein by
reference.
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cyclic alcohols or phenols; am nes; am des; ethers or epoxides; esters;
ket ones; al dehydes; and nitriles. Illustrative of suitable optically active
and non- opt wexdilegasact i ve cyclic conpounds which can be pr @EEUSP2085} t he
processes of this invention (including starting material conpounds as
descri bed herei nabove) include those perm ssible conpounds which are
described in Kirk-Q hner, Encyclopedia of Chem cal Technol ogy, Fourth
Edition, 1996, the pertinent portions of _g#hich are incorporated herein by
reference, and The Merck Index, An Encyclopedia of Chem cals, Drugs and

Bi ol ogi cal s, Eleventh Edition, 1989, the pertinent portions of which are

I ncorporated herein by reference. WO 01/07382 PCTNS00/ 20251 -27 In

accordance with one enbodigjrent of this.inventjo one. .ar.nore.cyclic

reactants are reacted in t@cﬁ?’g‘@éﬁ%gl@f@f ?fﬁt’%‘ﬁineé'rtﬁié%ﬁﬁ%‘% ¥Pu? i gand

conpl ex cat al yst pr optre oydlici rgaétants axergactegdlio shé presente ofmmetald a non- pol ar

sol vent Lo or M g ghlebhBlitbfus g bk estityer] bptishallydrédii s T1uid st hen
0 non-

separated to obtal j@}oase. ar _phase 1GOMAL LS ngtth . Qne _or nore
cyclic react ant s Or8anepapsahiogus,li REODRYAT, E?}}%Pé'?(m& ’3?"@ ase
optionally free rm@bn@hdw%ﬁdmﬂitw&dtmsmﬂed%Io_btarmOémd at | east
one other phaseppgl ﬁ'{gm%ﬁeﬂhé‘s‘émxh S8z AE oflE of BidRe CYdld readta@eijct s. This
reaction is' fol Pomeeﬁ ase, separati.,on tq obt ain a _non-Qpol.ar. phase
conprising the ofet °'%%PE‘%‘§FE’PP’EP% mplex gatalyst, oplio S%’ﬁ’or us |igand
conpl ex cat al yst prgamophospHoyus Ligandand nopipolarteolvent and s deast @ne gtherpol ar
sol vent, and a pghage Ha88onfiriding bRe 6P Sadé cfdicrodadtsC Thiy oduct s.
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Phase separation nm ?ggﬁfp 830('Eaneous or. By . ndLﬁ: 91 p)b a hange in
s SHloped Byokiese spbemtan i gauin 4 AOH B itk O

tenperature or p : _
conbi nat i ons t hecemprisifigehade or axore cyelic reagtants ahetgdprganophoshorsy i nduce

phase separati onjgaNd BSmpRatabilyst, Sptitiilly R6slbfshoplodphiofud hy@id and.
et e POl o SOl el ok b Sl 56k Uikl g S
products. Phase separation may occur spontaneously or may be
induced by a change in temperature or pressure or the addition of an
additive, e.g., salt, or combinations thereof. The addition of an
external polar solvent to induce phase separation may be used but is
not required by this invention. Illustrative polar solvents and the use
thereof are described in U.S. Patent Application Serial No. 09/017,456,
filed February 2, 1998, the disclosure of which is incorporated herein
by reference.

As indicated above, the processes of this invention are
conducted in the presence of a non-polar solvent. Depending on the
particular catalyst and reactants employed, suitable non-polar solvents
include, for example, alkanes, cycloalkanes, alkenes, aldehydes,
ketones, ethers, esters, amines, aromatics, silanes, silicones, carbon
dioxide, and the like. Dense gasés such as ethane, propane, butane .
and carbon dioxide may be utilized as the non-polar phase. Examples
of unsuitable non-polar solvents include fluorocarbons and fluorinated
hydrocarbons. These are undesirable due to their high cost, risk of
environmental pollution, and the potential of forming multiphases.

il



filed February 2, 1998, the disclosure of which is incorporated herein by
reference. As indicated above, the processes of this invention are
conduct ed i nWOH&BBEsence of "a non-pol ar. sol vent. Dependi n§CHHS0R6251
particul ar catal yst and reactants enpl oyed, suitable non-polar solvents

I nclude, for exanple, alkanes, cycloal kanes, al kenes, al dehydes, ketones,
ethers, esters, amnes, aromatics, silanes, silicones, carbon dioxide, and
the |ike. Dense gases such as ethane, propage, butane and carbon dioxide
may be utilized as the non-pol ar phase. Exanples of unsuitabl e non-pol ar
sol vents include fluorocarbons and fluorinated hydrocarbons. These are
undesirable due to their high cost, risk of environnental pollution, and

the potential of formng l,ti.phases. H MWD 01/ 07382 PGII USQ0/ 20251 - 28
M xtures of one or nore d% i ﬁ%ﬁﬁalnéqméib&%ﬁfgoﬂ%%rbs@ VERES B\ i f
desired. The anmpuhe estplessd-ipdesireds cTheamovnpvfoyacpolar solventemployed it o t he
subj ect inventi onnanetifieado ehd ¥ubigct'idbn sl neédl&féiz,%edhtgttaﬁl gyl de the
reacti on medi um arti.cul.ar net.a oncen; ion desired for a
gi ven process angﬁéﬁ?%gﬁ?@B&P?@%hﬁhﬁ?%&°% ?Hﬁ?#i‘ ¢R et# nore
cyclic products. fencgefretigh desired farmgiven process apd afford desiest plersel oyed nay
range from about BerReAfieRwithbthe Sl mbf dydlidprdductd Hﬁééh%%l e Wei ght or
nore based on t hea{n%'{lg% e 8% of, t h€ re ct(llon m Xt ure. Iab usirative
non-pol ar sol ventS Us€ of nqcPplar solvent erplayed may Trnze from aboutd percesf opane,
2, 2- di met hyl pr opab® weightapeto ghomt 99inencent by weight ommotrabased @othedptdl et her ,
hexane, triethyl aweipght of tiepPicdidtion 6iktx@, nonane, decane, isobutyl '
i sobutyrate, tributylanm ne, ndecane, 2.2, 4strinmet eptyl acetate,
i sobutyl heptyl ketone, dilpg%ﬁﬂ V¥ n%'t"(?#&,%oﬁvfﬁ%}ﬂ%e%gﬁe&%we&ﬁ%ane,
i sobut yl benzene, Weludsnforisxample propaes, 2 Hdimethylprapans, Huvers, &2 p- xyl ene,
ethyl benzene, 1, Ginfethylbueiny lpeated) tsopbapsi bERS,; ht AN Blethylanifene, decene,
docenene, heptane, octane, nonane, decane, isobutyl isobutyrate, tributylamine,
undecane, 2,2,4-trimethylpentyl acetate, isobutyl heptyl ketone,
diisobutyl ketone, cyclopentane, cyclohexane, isobutylbenzene, n-
nonylbenzene, n-octylbenzene, n-butylbenzene, p-xylene, ethylbenzene,
1,3,5-trimethylbenzene, m-xylene, toluene, o-xylene, decene, docenene,
tetradecene, and heptadecanal. The Hildebrand solubility parameters
of illustrative non-polar solvents are given in the Table below.

Table - Hildebrand Solubility Parameters of
IHustrative Non-Polar Solvents

Non-Polar Solvent OSolvent OSolvent
(cal/em3)¥2  (kJ/m3)12
Propane 5.76 373
2,2-Dimethylpropane 6.10 395
Butane 6.58 426
2,2-Dimethylbutane 6.69 433
Pentane 7.02 454
Isopropyl Ether 7.06 457
Hexane 7.27 470
Triethylamine 7.42 480

Heptane ' 7.50 485



tetradecene, and heptadecanal. The Hildebrand solubility paraneters of
illustrative non-polar solvents are given in the Table bel ow. Table -

Hi | debrand S&aovIsety Paraneters of |llustrative Non- Pol ZETUS00/20281s

Non- Pol ar Sol vent Ssoi vent Ssolvent (cal/cnmB)1"2 (kJ/nB)1/2 Propane 5.76
373 2,2-Di nethyl propane 6.10 395 Butane 6.58 426 2, 2-D net hyl butane 6. 69
433 Pentane 7.02 454 |sopropyl Ether 7.06 457 Hexane 7.27 470
Triethylamne 7.42 480 Heptane 7.50 485 Mg.01/07382 PCT/ US00/ 20251 -29
OCctane 7.54 488 Nonane 7.64 494 Decane 7.72 499 |sobutyl Isobutyrate
7.74 501 Tributylamne 7.76 502 Undecane 7.80 505 2,2,4-Trinethyl pentyl
Acetate 7.93 513 |Isobutyl Heptyl Ketone 7.95 514 Diisobutyl Ketone 8.06

521 Cycl opentane 8.08 ?; Cycl ohexane 8.19 530 n-%&yl benze%% 8.49 549
- Y 8
No: 95

n- Oct yl benzene 8.56 554 - 328ut yl benzene 8.57 554 p- £ne 8. 71

Nonane _ .

Decane 792 499
Isobutyl Isobutyrate 7.74 501
Tributylamine 7.76 502
Undecane o 7.80 505
2,2,4-Trimethylpentyl Acetate 7.93 513
Isobutyl Heptyl Ketone 7.95 514
Diisobutyl Ketone 8.06 521
Cyclopentane ' 8.08 523
Cyclohexane 8.19 530
n-Nonylbenzene 8.49 549
n-Octylbenzene 8.56 5564
n-Butylbenzene 8.57 554
p-Xylene 8.83 571
Ethylbenzene _ 8.84 572
1,3,5-Trimethylbenzene 8.84 572
m-Xylene 8.88 574
Toluene 8.93 578
o-Xylene 9.06 586

As indicated above, the one or more cyclic products form a
separate phase (polar phase) from the reaction product fluid
comprising one or more cyclic reactants, a metal-organophosphorus
ligand complex catalyst, optionally free organophosphorus ligand and

| non-polar solvent (non-polar phasé). It is to be understood that the
processes of this invention are considered to be essentially "non-
aqueous” processes, which is to say, any water present in the reaction
mediums is not present in an amount sufficient to cause either the
particular reaction or said medium to be considered as encompassing a
separate aqueous or water phase or layer in addition to the organic
phases.

The efficiency of phase separation can be measured by a
partition coefficient Kp of the organophosphorus ligand which is
defined as follows:
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Tol uene 893 578 0o-Xylene 9.06 586 As indicated above, tﬁ%ﬂgﬂﬁ re
cyclic prodwg“qﬂ?ﬁzma separate phase (pol ar phase) from E(g‘%f on
product fluid conprising one or nore cyclic reactants, a

met al - or ganophosphorus |igand conplex catal yst, optionally free

or ganophosphorus |igand and non-pol ar solvent (non-polar phase). It is to
be understood that the processes of this-d0vention are considered to be
essentially "non- aqueous" processes, which is to say, any water present in
the reaction mediuns is not present in an anmount sufficient to cause
either the particular reaction or said nediumto be considered as
enconpassi hg a separate aqueous or water phase or layer in addition to the
organi ¢ phases. The ficiency of phase separatdon can,he neasured by a
partition coefficient%kﬁmﬂym??é§9£':ﬁB SRR s digg lﬁghghich is defined

as foll ows: ~~n i §1/,0738ncn-polar phasyaterphase separatioment r at i on of
or ganophosphor us | i gaénkéhtrdtson sfbrganéphdapharusiiagd iafther phase separation

Concentration of or ganophos(ﬁgorﬂs I; arnq in the Rol ar phase after phase
separation Wen the one or PHBF REAREHIFE iils WP partitioned fromthe

reaction product fluid, the Kp val ue of the organophosphorus |igand can be
mai ntained at a |evel greaWi{en!thadnaeniore debired pradilcys a PadriRionedan about

R O e
separation ef fi ciligaagd opn/bie maintaiged at a level greater than about 5, preferably
greater than about 7.5, and more preferably greater than about 10,
depending on the efficiency of the phase separation. If this Kp value is
high, the phase separation efficiency will be high.
The efficiency of the phase separation can be measured by
a partition coefficient Kp of the one or more cyclic products which is
defined as follows:

oy

Concentration of products in the
Kp = polar phase after phase separation
' Concentration of products in the
non-polar phase after phase separation

When the one or more desired products are partitioned
from the reaction product fluid in accordance with this invention, the
Kp value of the products can be maintained at a level greater than
about 0.5, preferably greater than about 0.75, and more preferably
greater than about 1, depending on the efficiency of the phase
separation. Ifthis Kp value is high, the phase separation efficiency
will be high.

Following the reaction, the desired products of this
invention may be recovered by phase separation in which a layer of the
one or more cyclic products is separated from a layer of the reaction
product fluid. The phase separation techniques may correspond to



The efficiency of the phase separation can be neasured by a partition
coefficient Kp of the one or nore cyclic products which is defined as

foll ows: CoWOOMIT3&2i on of products in the Kp = polar pha®2€TAfW&025hase
separation Concentration of products in the non-polar phase after phase
separation Wien the one or nore desired products are partitioned fromthe
reaction product fluid in accordance with this invention, the Kp value of
the products can be maintained at a |level ggreater than about 0.5,
preferably greater than about 0.75, and nore preferably greater than about
1, depending on the efficiency of the phase separation. If this Kp val ue
I's high, the phase separation efficiency wll be high. Follow ng the

reaction, the de ireg raduct ohgthl S mv(&ﬂt’l on NB?{ recover d by phase
separation i n whiigyedetipjayeshereipiore splgyed i convoppipnal nrocasses;

separ at ed from afdraexempdé, Havedhookof SeparapiondRroteds| Tactinololgy. Bidited byepar ation
techni ques may cRl yPTeRRtedw® MELWIEY SEoRCNNSERIIREY.  -31 those

t echni ques heretofore enployed I n conventional processes. See, for
exanpl e, Handbook of SeparBrona fldeanesgy stantipsiht| tg\attdinidissdlution . W

Rousseau, John V\ngéf }ngl%%%[é% F?lt;&m%m ﬁg&ﬁ%rog SFHANS Siveritandpoi nt,

to attain dissolytion or cigg Praﬁq T%gandln
BE

a particul ar sol tisgnthaipyofamixing sho ﬁﬁ?@Hﬁg
possi bl e. The enmmnsjAHm) qEnheRpRroXimated by be&b%ﬁe&xa%@wtw @he

Hi | debrand equation (1) 2 LHm= ~3 (DL V( SSol vent SLigand) (1) using the
solubility paraneters of the sqlvent ( soI nt) gand (SLigand), where
Vis the nolar volune of the nﬁi{mr@s% smenazg-aé-@b are the %I une
fractions of the solvent and |igand, respectively. Based .

using the solubility parameters of the solvent (8solvent) and higand

(8Ligand), where V is the molar volume of the mixture, and ®s and ¢L

are the volume fractions of the solvent and ligand, respectively. Based

on equation (1), the ideal solvent for a ligand would have the same

solubility parameter as the ligand itself, so that AH,,, = 0. However,

for each ligand there is a characteristic range originating from its

solubility parameter which encloses all liquids that are solvents for the

ligand. In general, a solvent or a solvent blend having a solubility

parameter that is within two units of the solubility parameter of the

ligand will dissolve the ligand; however, relatively large deviations

from this value can sometimes occur, especially if there are strong

hydrogen bonding interactions. Therefdre, equation (2)

Sgotvent - SLigana < 2.0 (callem?)1/2 @

Solvent

can be used semi-quantitatively to determine whether a liquid is a
good solvent for a given ligand. In equation (2), 8g,yen 804 8y 50004

represent the solubility parameters of the solvent and ligand
respectively.

For purposes of this invention, the solubility parameters
for solvents can be calculated from equation (3)
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8Gas = 1.25P01,2[p/ pLIQ] (4)

in which Pg is the critical pressure, pis the gas density, and puq is the
liquid density. The solubility parameters for a wide variety of gases
have been reported by Rizvi, Supercritical Fluid Processing of Food
and Biomaterials, Blackie Academic & Professional, New Yor_k, 1994,

Pp. 6-7.

The heat of vaporization for phosphorous containing
compounds cannot be easily measured since many of these compounds
decompose at higher temperatures. Furthermore, since many
phosphorous containing compounds are solids at room temperature,
measurements of density are not convenient. The solubility
parameters, in units of (cal/cm?)1/2, for phosphorus containing ligands
can be calculated using equation (5)

SLigana = CFr+ 185.1) / (0.01211 + XN;V3;)1000 (6))



liquid density. The solubility paraneters for a wide variety of gases have
been reported by Rizvi, Supercritical Fluid Processing of Food and’ )
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tenperatures. Furthernore, since many phosphorous contai ni ng conpounds are
solids at roomtenperature, measurenentsg@f density are not convenient.
The solubility paraneters, in units of (cal/cnB)1"2, for phosphorus
containing ligands can be cal cul ated using equation (5) Sl igand = EFT+
135.1) / (0.01211 + ENiVIi)lOOO (5) WO 01107382 PCT/ US00/ 20251 -33 from
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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 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. For example, a backmixed reactor may be employed in
series with a multistaged reactor with the backmixed reactor being
first. 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
concentrations of the starting materials. The reaction steps may be
effected by the incremental addition of one of the starting materials to
the other. Also, the reaction steps can be combined by the joint
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the quantity of starting materials or ingredients introduced batchw se or
continuously into the reaction zone during the course of the reaction can
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operability, as VWhinbasof Rction steps and reactive stages will be governed by the
best compromise between capital costs and achieving high catalyst
selectivity, activity, lifetime and ease of operability, as well as the
intrinsic reactivity of the starting materials in question and the
stability of the starting materials and the desired reaction product to
the reaction conditions.

The cyclic products, e.g., aldehydes, produced by the
processes of this invention can undergo further reaction(s) to afford
desired derivatives thereof, e.g., diamines, diols, diacids, hydroxyacids,
diisocyanates, amino alcohols or amino acids. Such permissible
derivatization reactions can be carried out in accordance with

conventional procedures known in the art. Illustrative derivatization
reactions include, for example, hydrogenation, esterification,
etherification, amination, alkylation, dehydrogenation, reduction,
acylation, condensation, carboxylation, carbonylation, oxidation,
cyclization, reductive amination, silylation, polymerization,
copolymerization and the like, including permissible combinations
thereof. Preferred derivatization reactions and derivatives of cyclic
aldehydes include, for example, reductive amination to give amines
and amino alcohols, e.g., cyclic diamines, hydrogenation or reduction to



intrinsic reactivity of the starting materials in question and the
stability o &aﬁ%arting materials and the desired react| 5oducr to
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below.

Table
Intermediate Derivatization Product
1,3- and 1,4-cyclohexane- Amination Diamine
dicarboxaldehyde '
1,3- and 1,4-cyclohexane- Amination/ Polyamide
dicarboxaldehyde Copolymerization
1,3- and 1,4-cyclohexane- Hydrogenation Diol
dicarboxaldehyde
1,3- and 1,4-cyclohexahe- Hydrogenation/ Polyester/
dicarboxaldehyde Copolymerization Polyurethane
1,8- and 1,4-cyclohexane- Oxidation Diacid
dicarboxaldehyde
3- and 4-(hydroxymethyl)-1- Amihation Diamine

cyclohexanecarboxaldehyde

o



Il'lustrative derivatization reactions are given in the table below Table
I nt er medi at | I zation Product 1,3- and 1, 4-cycl ohex - 1 nation
D ami ne dicar bo’géla%ehyde 1,3- and 1, 4-cycl ohexane- Am nat ?gﬁ s@%o m de
di car boxal dehyde Copol ynmerization 1, 3- and 1, 4-cycl ohexane- Hydrogenati on
D ol di carboxal dehyde 1, 3- and 1, 4-cycl ohexane- Hydrogenation/ Pol yester/
di car boxal dehyde Copol yneri zati on Pol yurethane 1,3- and 1, 4-cycl ohexane-
Oxi dation Diacid dicarboxal dehyde 3- and -$6¢ hydroxynet hyl)-1- Ani nation
D am ne cycl ohexanecar boxal dehyde F: Mn? WD 01/ 07382 PCT/ US00/ 20251 -36 3-
and 4- (hydroxynet hyl)-1- Am nation/ Polyam de cycl ohexanecarboxal dehyde
Copol yneri zation 3- and 4-(hydroxynethyl)-1- Hydrogenation Di ol
cycl ohexanecar boxal dehyde 3- and 4- (hydroxynet hyl)-1- Hydrogenati on/
Pol yester/ cycl oBexad eqBydoxsmdelpiyle. CopghviRidngat i on Pol ytp@&%m 3- and
4- (hydr oxynet hyl ) eylloHexhfadarBoxdP e dd cy@(l,ﬁngﬂqﬁgﬁéoxal dehyde 3- and

al dehy

4-cyano-|l- Am nation D am ne cycl ohexanecar box e 3- and 4-cyano-1-

Am nation/ Pol yangdgng gxﬁﬁmﬁﬁ@%ﬁﬁ?pxalﬁymggnﬁ%ﬁ)l yneri zeﬁi'oi)n 3- and
a¥

4-cyano-1 - Hydr o9gngiHQ0n oxaldehyde
3- and 4-(hydroxymethyl)-1- Hydrogenation/ Polyester/
cyc_:lohexanecarboxaldehyde Copolymerization Polyurethane
3- and 4-(hydroxymethyl)-1- Oxidation Diacid
cyclohexanecarboxaldehyde
3- and 4-cyano-1- Amination Diamine
cyclohexanecarboxaldehyde
. 3- and 4-cyano-1- Amination/ Polyamide
cyclohexanecarboxaldehyde Copolymerization
3- and 4-cyano-1- Hydrogenation Diol
cyclohexanecarboxaldehyde
3- and 4-cyano-1- Hydrogenation/ Polyester/
cyclohexanecarboxaldehyde Copolymerization Polyurethane
3- and 4-cyano-1- Oxidation Diacid
cyclohexanecarboxaldehyde
(R)- and (S)-1,2-dicarbethoxy- Oxidation 3-Piperazic
3-formylhexahydropyridazine acid

Illustrative amine derivatives are useful, for example, in
the production of lubricants, nylon intermediates, diisocyanate
intermediates and polyurethanes therefrom, and epoxy coatings.
Ilustrative alcohol derivatives are useful, for example, in the
production of polyesters, polyurethanes and fatty acid diesters, e.g.,
fatty acid diesters of cyclohexanedimethanols which are useful as low
calorie fat mimetics (fat replacements). Ilustrative acid derivatives
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Oxi dat i on DiV¥@P#738ycl ohexanecar boxal dehyde (R)- and (S)- lrcyulowznsict hoxy-
Oxi dation 3-Piperazic 3-fornyl hexahydropyridazine acid Illustrative am ne
derivatives are useful, for exanple, in the production of |ubricants, nylon
I nternmedi ates, diisocyanate internedi ates and pol yuret hanes therefrom and
epoxy coatings. |Illustrative alcohol deriggatives are useful, for exanple,
in the production of polyesters, polyurethanes and fatty acid diesters,
e.g., fatty acid diesters of cycl ohexanedi net hanols which are useful as
low calorie fat mnetics (fat replacenents). Illustrative acid derivatives
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Hydroformylation Processes

A preferred process useful in this invention is
hydroformylation. Illustrative metal-organophosphorus ligand
complex catalyzed hydroformylation processes as described, for
example, in U.S. Patent Nos. 4,148,830; 4,593,127; 4,769,498;
4,717,775; 4,774,361; 4,885,401; 5,264,616; 5,288,918; 5,360,938;
5,364,950; and 5,491,266; the disclosures of which are incorporated
herein by reference. Accordingly, the hydroformylation processing
techniques of this invention may correspond to any known processing
techniques. Preferred process are those involving catalyst liquid
recycle hydroformylation processes. _

In general, such catalyst liquid recycle hydroformylation
processes involve the production of cyclic aldehydes by reacting a cyclic
olefinic unsaturated compound with carbon monoxide and hydrogen in
the presence of a metal-organophosphorus ligand complex catalyst in a
liquid medium that also contains a non-polar solvent for the catalyst
and ligand. Preferably free organophosphorus 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

i
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Preferred process are those involving catalyst liquid recycle
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reaction mxture %orﬂ) fg)rmsr;l?atmn reaélnon mn:t%.rree Icc?mposmons 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, e.g., polar
solvent, type materials or hydrocarbon additives, if employed.

The substituted or unsubstituted cyclic olefin reactants
that may be employed in the hydroformylation processes (and other
suitable processes) of this invention include both optically active
(prochiral and chiral) and non-optically active (achiral) olefinic
unsaturated compounds containing from about 6 to 40 or more,
preferably 6 to 20, carbon atoms. Such cyclic olefinic unsaturated
compounds can be terminally or internally unsaturated as well as
olefin mixtures. Moreover, such cyclic olefin compounds may further



can and normally will contain m nor anmounts of additional ingredients such
as those which have either been deliberately enployed in the ' '
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type products, such as saturated hydrocarbons and/or unreacted isonerized
ol efins corresponding to the olefin starggng materials, and high boiling
i quid al dehyde condensation byproducts, as well as other inert co-solvent,
e.g., polar solvent, type materials or hydrocarbon additives, if enployed.
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or nmore carbon beiB&Zeantyd.c Bhustrative misturaesd elefinis stasting matedinlsdhaht er nal
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can be enpl oyed $-Bvélpkedeparlomgthanokil. 28, 6-irahvdnephthalicasbydride, ledanp e,
3- cycl ohexene- | - geldhegadiené,c5-ndrbdrterte-2-chrboyldehpds) Hahaibbyitbhe-2-

3-cycl ohexene- 1- 6:. r ahy.dr lql i de, 1, 4-

cycl>/ohex adi ene, %?Bor @gireh%{ae- 9{%-&1-?%502161{@ e }%@Q{‘@‘Tﬁa%l%?%%@g |
carboxaldehyde, 1-methyl-4-cyclohexene-2-carboxaldehyde, 1-methyl-3-
cyclohexene-1-carbonitrile, methyl-3-cyclohexene-1-carboxylate, methyl
1-methyl-3-cyclohexene-1-carboxylate, methyl 1-methyl-4-cyclohexene-
2-carboxylate, 3-cyclohexene-1-carboxylate, 1-methyl-4-cyclohexene-2-
carboxylate, 1-phenyl-4-cyclohexene-2-carboxaldehyde, and the like.
Preferred cyclic olefins are derived from Diels Alder reactions as
described above. -

Most preferably the subject invention is especially useful

for the production of cyclic, non-optically active aldehydes, by
hydroformylating cyclic achiral alpha-olefins containing from about 6
to 30, preferably 6 to 20, carbon atoms, and cyclic achiral internal
olefins containing from about 6 to 20 carbon atoms as well as starting
material mixtures of such alpha olefins and internal olefins.
Illustrative of suitable substituted and unsubstituted cyclic olefinic
starting materials include those permissible substituted and
unsubstituted cyclic olefinic compounds described in J. March,
Advanced Organic Chemistry, Wiley, New York, 1992, 839-852, the
pertinent portions of which are incorporated herein by reference.
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carbonitrile, 4-acetyl-I-cycl ohexene, 1-nethyl-3-cycl ohexene-1-

car boxal deh t hyl - 4- cycl ohexene- 2- car boxal dehyde,

cyclohexenemg cgﬁggﬁltrlle nmet hyl - 3- cycl ohexene- I-carboxyrgﬁgg%hgghyl

1- met hyl - 3- cycl ohexene-| - car boxyl ate, methyl 1-nethyl-4-cycl ohexene-

2- car boxyl ate, 3-cycl ohexene-|-carboxyl ate, 1-nethyl-4-cycl ohexene- 2-

car boxyl ate, 1-phenyl-4-cycl ohexene-2-carboxal dehyde, and the |ike.
Preferred cyclic olefins are derived from##-els Alder reactions as

descri bed above. Mst preferably the subject invention is especially useful
for the production of cyclic, non-optically active al dehydes, by

hydr of ornyl ating cyclic achiral al pha-ol efins containing fromabout 6 to
30, preferably 6 to 20, caAbsmoted,she hydroformyylhtion peocessds of thizrinséntiod ef i ns
cont ai ni ng fron1nguke lighh erlal

m xtures of such aége Q}éigiﬁzﬁg& %%&%?%&gr?ﬁﬂslns f‘f‘ﬂfhﬁggﬁ tt

sui t abl e substi t (AStPSEH SSIRAROV R cEWl%‘I"@PMﬂﬁE" cata X%@al}rat erials
i ncl ude those peralsshé ginplayet sf désitedd ‘B:rechmummfahetaﬂl-toeghmphbspho@hefl ni c

conpounds descri t;%qn t ey, New
York, 1992, 839- ﬁy@ﬁgoﬁlplé\%ﬁtlﬁlnygﬁ ps%?lflﬁgﬁg ar%clyf)rflic y%ﬂorat ed
herein by refere npxl PELESSRCPIBPASE lfwenmen,@e galycbe t he

hydr ?)f or nyl at ihon tbablmsmmcdmwnisrlmcammy toprovide the/givehenetak of a ]
met al - or ganophos ove.
O cour sg m )et ur %ﬁ%%ﬁgitgaﬁg%gﬁq@tb?&éﬁﬂb a(*lg%d ngﬁ%lfi@ﬁ% ﬁﬁ* {}g{% ?%d The
anount of netal - ?ﬁ%ﬁﬂ?ﬁﬁ g’ﬁ H’r?ﬁ?]e‘ke"@ﬁaﬁfﬁlca in the
hvont ?Sn”ﬁﬁieﬁmommmwmm”m“mmm S eca Loy e the ol ven
metal concentr a{@x%g}ﬁ%ﬁ;%?%& a%cff ﬂghﬂﬁﬂ@iﬁ&:%éé?ﬁ%ﬂherﬁp !19&?1/ d?s h t hg
basis for at |ea: centtatgn fit2Bf $RfTcat al yze the
particul ar hydr oflmﬂwl mabmt;w@e@@sts perchillioh, gyaldmlmdckssﬁ:éetﬁmd;uxﬁm :

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 400 parts per million of metal, e.g., rhodium.

In addition to the metal-organophosphorus ligand complex

catalyst, free organophosphorus ligand (i.e., ligand that is not

complexed with the metal) may also be present in the hydroformylation

reaction medium. The free organophosphorus ligand may correspond

to any of the above-defined organophosphorus ligands employable

herein. It is preferred that the free organophosphorus ligand be the

same as the organophosphorus ligand of the metal-organophosphorus

ligand complex catalyst employed. However, such ligands need not be

the same in any given process. The hydroformylation process of this

invention may involve from about 0.1 moles or less to about 400 moles

or higher, of free organophosphorus ligand per mole of metal in the

hydroformylation reaction medium. Preferably the hydroformylation

process of this invention is carried out in the presence of from about 1

to about 200 moles of organophosphorus ligand, and more prefefably

for organopolyphosphites from about 1.1 to about 4 moles of




exanple, in the above-nentioned patents. In general, netal, e.g., rhodium

concentratl he range of from about 10 parts per m]ll] about
1000 parts per n‘ﬁ’ ion, calculated as free rhodium in Wgr'n?sgo/%ogsl

hydr of ormyl ati on reacti on nedi um should be sufficient for nbpst processes,
while it is generally preferred to enploy fromabout 10 to 500 parts per
mllion of nmetal, e.g., rhodium and nore preferably from 25 to 400 parts
per million of netal, e.g., rhodium In addrtion to the

met al - or ganophosphorus |igand conplex catalyst, free organophosphorus
ligand (i.e., ligand that is not conplexed with the netal) may al so be
present in the hydrofornylation reaction nmedium The free organophosphorus
| i gand may cor r espgandpolyphasphitaf ligand, ahdmldqﬁ'éﬁeiblplf@ﬁnophosphor us |igands

enpl oyabl e here ﬁ]g?m pi gand
be the sane as g4cl)ltrm él%ﬁ%‘?é&%fﬁg&%ﬁﬁ%lﬁﬁgﬁt?ﬁ% a orga ruE gzphorus
li gand conpl ex c&% \ \HE\FEPrg"é’&Ehoﬁﬂbg t he

sane in any gi vemqmabpnesmtﬁfthehyabmhahaﬂﬂum |satdm0umfof th| s invention

(T e or ganophosp R Aoppbephors fgafl beifigEhd Sudy ¥ tocif it “ﬁt’ﬁ oyl ot ion
reaction medi um °¥§3€PE %ﬁﬂ%?“ﬁ]]ég hat 33 hoynd (complexed) to; eo‘Pe'é% si nvention
is carried out iprdseatanésknamonht bf foce eimutonﬂplexaal) abguatiopRosphorhes of

S LA SRS A A e Gucigapi < (1on
or ganopol yphosphP¢tave aldehydes hyhydsp %%H}’F Bbhosphi t es and
tri or ganophosphi peeferred m@mpho@homsahgands]m achn'lakmforganomsphbmp hite
medi U ai - anopRtas, pelidiily Bake HRiofuun i 4T Bl ol 08 £ &0 bt he
amount of or gan%ﬁ%d&ué‘?% F‘tfgﬁ ‘ﬁ g2y PRYIMS ﬁaﬁ‘ B8 net al
present and t he bereuppliedftofthe ze4ativm- medanlneuﬁil)e hyrdyaﬁouphlat;dnmmsesslatgand
present. Since ihny fintPasd M ShFEdiesblt DARIUSE. R aRRhiInCRbledetermined

level of free ligand in the reaction medium.

The reaction conditions of the hydroformylation processes

encompassed by this invention may include any suitable type

hydroformylation conditions heretofore employed for producing

optically active and/or non-optically active aldehydes. For instance,

the total gas pressure of hydrogen, carbon monoxide and olefin starting

compound of the hydroformylation process may range from about 1 to

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

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

olefin starting compound of less than about 2000 psia and more

preferably less than about 1000 psia. The minimum total pressure is

limited predominately by the amount of reactants necessary to obtain a

desired rate of reaction. More specifically the carbon monoxide partial

pressure of the hydroformylation process of this invention is preferable

from about 1 to about 1000 psia, and more preferably from about 3 to

about 800 psia, while the hydrogen partial pressure is preferably about

5 to about 500 psia and more preferably from about 10 to about 300
psia. In general H2:CO molar ratio of gaseous hydrogen to carbon

s



active al dehydes by hydr of ormyl ati ng achiral ol efins, the nDre preferred
organophosphﬁ; ands are achiral type organophosphorus hﬂ$nds
especially those enconpassed by Forrmula (V) above. cour&ETUSI2Qs 1 ed,
make-up or additional organophosphorus 1igand can be supplied to the
reaction nedi um of the hydrofornylation process at any tinme and in any
suitable manner, e.g. to nmaintain a predetermned |level of free ligand in
the reaction nedium The reaction conditio#8- of the hydrofornylation
processes enconpassed by this invention may include any suitable type
hydr of ormyl ati on condi ti ons heretofore enployed for producing optically
active and/or non-optically active al dehydes. For instance, the total gas

Ergss]yre O}‘ Pydrmenomdamdﬂgatﬁ@xﬂ%baﬁﬂ%qm&Imoqt&rmgn& tﬁ@gig&und of }he
ydr of or nyl ati on rom abou ia. In
general , however, ﬂ?&@é&hwg?ﬁgggﬁ ﬁaeoglé’iast a%@%fbﬁgpgﬂag‘?ua t ot al
gas pressure of hJ;fAP&gehoufcm Boﬁmxﬂwehsedmform&tmnBltoaesS|ngberrpound of
|T ﬁss t han ab?ut fdmaumd&ta%aaﬁéﬁtexﬁﬁ&fa@ﬁ@&ml ?»%;at Lhgrc %)Qbﬁut%@C?S' a.
e nininumtota at e e 0

reactants nec essaI£é€ﬁ§%§ydr§f°5mygge%an ’ée(DTcﬁgPéelﬁfPeﬁé’& 05 i 0%%@%

speci fical |y the &2oubJdR0ve assprriersed forall types of olefinist stattindiyatefialsiy| at i on
process of this iOfenirsoft is $o bé ahAeidsd tHat GRedIH-optidall 1000 psi a,

part 'l pressur o e SRRy atpsfndu bbb oé%%u“% Samages

partial pressure 1S
preferably from sl ereapopkp S&é@l‘}ls ligzmdsare gmnlwwuhemgpwlboa@twer atio

of gaseous hydrogﬂdehyﬂecmamsmrddm&il ﬂ%ﬁﬁ%l&ﬂﬁﬁbﬂ&%@@?e‘% staf‘b@n%mnOX' de
o o o e e R s i i 41 0
Further, the hydrthbGrﬂf?‘? 'é’é‘il‘&'ﬁt%ﬂébégﬁh &rmyémrmtlan condigi®nsi on

t enper ature fromentployed &4Cbé govdrasd b&&ﬁ@typé of gelie allehbdéippddricery| at i on
reaction tenperatggcfaqof about 50C to

Accordingly illustrative non-optically active cyclic
aldehyde products include, for example, trans-1,3-
cyclohexanedicarboxaldehyde, cis-1,3-cyclohexanedicarboxaldehyde,
trans-1,4-cyclohexanedicarboxaldehyde, cis-1,4-
cyclohexanedicarboxaldehyde, 3-(hydroxymethyl)-1-
cyclohexanecarboxaldehyde, 4-(hydroxymethyl)-1-
cyclohexanecarboxaldehyde (cis and trans forms for each isomer), 8-
cyano-1-cyclohexanecarboxaldehyde, 4-cyano-1-
cyclohexanecarboxaldehyde (cis and trans forms for each isomer), exo,
exo-2,5-norbornanedicarboxaldehyde, exo, exo-2,6-
norbornanedicarboxaldehyde, exo, endo-2,5-
norbornanedicarboxaldehyde, exo, endo-2,6-
norbornanedicarboxaldehyde, endo, endo-2,5-

. norbornanedicarboxaldehyde, endo, endo-2,6-
norbornanedicarboxaldehyde product (endo and exo mixture), exo, exo-
2-cyano-5-norbornanecarboxaldehyde, exo, exo0-2-cyano-6-

_norbornanecarboxaldehyde, exo, endo-2-cyano-5-
norbornanecarboxaldehyde, exo, endo-2-cyano-6-



about 120C are
course it ist

preferred for all types of olefinic starting materials. O
o0 be understood that when non-optically active aldehyde

products aMOMEEB2 ed, achiral type olefin starting mater PEI/S020a81

or ganophosphor
products are d
and or ganophos

us ligands are enployed and when optically active al dehyde
esired prochiral or chiral type olefin starting materials
phorus |igands are enployed. O course, it is to be also

understood that the hydrofornylation reaggion conditions enployed will be

governed by th
illustrative n
exanpl e, trans-
cis-1, 3- cycloh
trans-1, 4-cycl
cyclohexanedlc
cycl ohexanecar
(cis and trans g
cyano- I-cycloh
(cis and trans
exo- 2, 5- nor bor

endo-2,6- norb

e type of cyclic al dehyde product desired. Accordingly
on-optically active cyclic al dehyde products include, for
1, 3- cyclohexanedicarboxaldehyde

o I@%a?ﬁﬁfﬂ)ﬁlﬂ«%yﬁndo endo- -cIano-ﬁ' |
aa%' gﬁaémfa@x 3 M@ﬁﬁﬁﬂ@wyawﬁ-
hmxbﬂzﬂahgmboxhl(léhwepséjmmylicyclohemyl)bﬁdpanahél;@lebox al dehyde

ﬁﬁﬁﬁy e ésufoﬁm leyclohexyl)pro
g‘éﬁgﬁﬁg@ egﬁé:y ]f:y &1 anecar(%oxal dehyde

n a nedi car bmmtniﬁivy Gbptmdi}o activeoey2]i6 aldehyde products

nor bor nanedi Cag’?‘ﬁaﬁég QAEIO ;ﬁ:%*ﬁgg& rgpoms?}gg%g%yc&reboxal dehyde, exo,

nor bor nanedi ca@SBREeH! ﬁ

product (endo

- nor bor nanecar box

‘8ﬂ§6°°28%° $ Bﬂ’reﬂé'ﬁﬁc? 1eh A8 & §ehyde
and R 2- dmaxhethx)xy -3 formydhexahydropyridazine, S-2-(p-

2- cyan- 5- nor borgag azgé' HVRb dele; SX@ Rty 6-

exo, endo-2-cy

o oot & b e hoh o nanceat basal dehyde,

nor bor nanecar b@x(mthednpuh)heamhmopmxﬂd&yﬂyaﬂd-@ﬂuombor nanecar boxal dehyde,

endo, endo-2-c
3-(3-fornyl cyclo

ABRyIvhenyRbpRLATRRG AL, 1% 44 L BVHRy dro- 1-0x0-2H-isoindol-
])p)%ngrﬂpro%mnalldehydi S-2- @methylacetaldehyde)~5—
benzoylthiophene and the like. —

Ilustrative of suitable substituted and unsubstituted
cyclic aldehyde products include those permissible substituted and
unsubstituted aldehyde compounds described in J. March, Advanced
Organic Chemistry, Wiley, New York, 1992, 839-852, the pertinent
portions of which are incorporated herein by reference.__

This invention also is directed to reaction mixtures
comprising cyclic aldehydes in which said reaction mixtures are
prepared by a process which comprises: (1) reacting a cyclic olefinic
unsaturated compound with carbon monoxide and hydrogen in the
presence of a metal-organophosphorus ligand complex catalyst,---
optionally free organophosphorus ligand and a non-polar solvent to -
form a multiphase reaction product fluid; and (2) separating said T
multiphase reaction product fluid to obtain a non-polar phase
comprising said cyclic olefinic unsaturated compound, metal-
organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and non-polar solvent and a polar phase
comprising said cyclic aldehydes, and optionally further comprising

anm



fornyl cycl ohexyl ) propanal , 2-(3-fornyl cycl ohexyl)propanal, 2-(4- ---

fornyl cyclo panal and the like. - - Illustrative gptjcally active
cyclic al dewg)ea%@g%uct s include (enantioneric) al dehyde 8%]%98 1

prepared by the asymetric hydrofornylation process of this invention such
as, e.g., S and R-1, 2-diva.rbethoxy-3-fornyl hexahydropyri dazi ne; S-2-(p-
I sobut yl phenyl ) - pr opi onal dehyde, S-2-(6-net hoxy-2-
napht hyl ) pr opi onal dehyde, S-2-(3-benzoyl phéhkyl) - propi onal dehyde, S--
2- (p-t hi enoyl phenyl ) propi onal dehyde, S-2-(3-fluor-o0-4- - - - -
phenyl ) phenyl pr opi onal dehyde, S-2-[4-(1, 3-di hydro-I|-o0xo0-2H-isoi ndol -
2-yl) phenyl ] propi onal dehyde, S-2-(2 nethyl acet al dehyde) -5- -
begzoyl tBi ophene demivatizing fHeaycli¢ hldohyads. VRarti ‘cullsﬂi ,QbiﬁEin%hlﬂﬁéﬁ jgit _egl
and- unsubsti t ut edy; C e ucts qinclu ose. perm.ssi bl e
substituted and ddtﬁ\ﬁ%dstol %E%%g%%d%lﬁéfglgm%ﬁ%l&%ﬂgr%é5??_%5’3‘ PRI Vo ch,
Advanced O gani COBHEHIRg frans\li3-exclohexangdicarboxabiehyds ais3- t he pertinent
- porti Fns pfcﬁphef?wd@ammmyﬂe,eckahguﬂ-eyomhe&ahemeaﬂiﬁxaldleiwé
i nvention also i o6t L i OR i [ es [iSi c i C
al dehydes in whi quh s‘?ratllg ,f%rg&%eggﬁ%&fﬁ l?lp Eglfag#%&?-’ 9nﬁ?3n?i§ﬁ‘é'?§ge%§§%epr ocess
whi ch” conpri ses: abpye legcompxizing digmintesndiols, diasida, bydeaxyasidsound wit h
Icar bo 3 m)noid de ah?iémaegae aniifio _ﬁaltﬂh?llaroelfaﬁiiﬁﬁ a@fds,aaﬂ@tﬁﬂﬁﬁﬁw&fémﬂﬁghor gs
i gand conpl ex cafialsds diols . O r £ ganophosphor us,li,gand and a
non- pol ar sol venteHl to - E(:ho}s’ Pg#trlﬁisa%%&f‘%éfyﬁﬁ@g’e&?sgﬁﬁxf%ﬁs’pa%ﬂﬁ&k ¥ and
(2) separating s&Y0oAGids; pigaPeliestars; palyamisieacrolynsthanes, igscpanurate
non- lpol ar phase d:nimnr's&hdrhg;ﬁfdtsl_a&ﬂ:ﬂlieqmﬂ. ?ﬂhaitﬁiﬁlﬁwhﬁbﬁmﬁaﬁwd,
metal- - - - org ale Yol : optlQna ree
or ganophosphor us h]gand anﬁ%ﬁ%ﬁq}}r‘) ﬁggﬁ eggr@Y%g}rl\%agiﬁaac?mﬁrﬂggu%eorrpri si ng
said cyclic al delfyEpEsmg gopsSiyanelyeyclpberanecathaxeaidshygde. cigB-qyanoA3g2
PCT/ US00/ 20251  -cstdlobexsaneesibvxaljehiide, eydrts-4-cpdehydes. Particularly, this
Invention is cyclohexanecarboxaldehyde and cis-4-cyano-1-
cyclohexanecarboxaldehyde, and to derivatives of the above aldehydes
comprising diamines, diols, diacids, hydroxyacids, diisocyanates, amino
alcohols or amino acids, and to derivatives of the diamines, diols,
diacids, hydroxyacids, diisocyanates, amino alcohols or amino acids,
e.g., polyesters, polyamides, polyurethanes, isocyanurate trimers and
biurets, and the like.
In accordance with 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
phase separation as described above. Phase separation may occur
spontaneously or may be induced by a change in temperature or
pressure or the addition of an additive, e.g., salt, or combinations
thereof.

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 cyclic olefinic starting
material(s) with carbon monoxide and hydrogen in a liquid



directed to a batchw se or continuously generated reaction m xture
conprising trans-1, 3-cycl ohexanedi car boxal dehyde, cis-1, 3- )

cycl ohexaneWoda138xal dehyde, trans- 1, 4-cycl ohexanecl i car POKESM@ERRHe and
ci s-1, 4-cycl ohexanedi car boxal dehyde, and to derivatives of the above

al dehydes conprising diam nes, diols, diacids, hydroxyacids,

di i socyanates, am no al cohols or amno acids, and to derivatives of the
di am nes, diols, diacids, hydroxyacids, dyg-socyanates, anm no al cohols or
am no acids, e.g.,-polyesters, polyanm des, polyurethanes, isocyanurate
trinmers and biurets, and the like. Also, this invention is particularly
directed to a batchw se or continuously generated reaction m xture

cOMDr | 1 10 U1 oD A0 e BARE ?ﬂéﬁlﬁﬁﬁﬂ ol SR A0 |

cycl ohexanecar boYar - cyano- vﬁqeebox dehyde and
ci s-4-cyano- 1- @%ﬂabn%%b E?hé#%@m@ﬁﬂc of the above

al dehydes corrprdrgaﬁ@hdsmrnesagaﬂdodw madntadnicg, rehlgmbmbemrdmre and
dii socyanat es, aprescf ac?%ndiﬁgnéfa%roréﬂibgé)tﬁecdhﬂﬁo &Hﬂrﬁ&orﬂﬁﬂh\é%bﬂces of the

di am nes, di oI S acl at es am no a,bcohol s or

am no aci ds, Oéeﬁmﬁéﬂafﬁgéﬁ%terﬁ&s)/ &tisyeplying, Sghantitiesgithe n r at e
trimers and b Wy Elicolefiid stoitirlg Materidl(shamobstomoaoxide antlitissirogenetot i on, t he

2l dehyde pr oduCtyye HLahinaediRi RERRATE LGS 118 ok SpohilR () BERARRA. > Of

t he crude react B mx ures n xtures are produced by

phase separati ort a§eﬂé%4:¢5f°b§a dahyde prefuct(e) bEp P%"I'F"tﬂ‘?’ AOR-occur
spont aneously or may be i Atltlsecbreusiorcdi o during) thegeoedssrof thws  pressure or

the addition of il thy SesifedlyclifaldshyBls HAUMeTiskivaRe sblioRR0  1( 15

Pventi on PLeLeirée B r vl inithe gEoRess o Lhia BITeRREBL FOR FERES nyl at | on
processes are Wihla donm:tnouglhthd malyannbcyclaprooewthaapon@mp diybe Bfraidry| ati ng
the cyclic ol efi %% gigaéy(:ﬁg alﬂeh?d&ﬁf&l%t Baeaystdetcgnd hydrogen
inaliquid W ij

remove m the reactmn zone can be passed to a separation zone

wherein the desired aldehyde product can be separated via phase

separation from the liquid reaction mixture, and further purified if

desired. The remaining catalyst containing liquid reaction mixture

may then be recycled back to the reaction zone as may if desired any

other materials, e.g., unreacted olefin, together with any hydrogen and

carbon monoxide dissolved in the liquid reaction after separation

thereof from the aldehyde product.

For purposes of this invention, the term "hydrocarbon" is
contemplated to include all permissible compounds having at least one
hydrogen and one carbon atom. Such permissible compounds may also
have one or more heteroatoms. In a broad aspect, the permissible
hydrocarbons include acyclic (with or without heteroatoms) 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
otherwise indicated. In a broad aspect, the permissible substituents

L)D



-45 hoaneneous reaction m xture conprising a non-polar solvent, the

net al - or gano os horus |igand conpl ex catal yst, and free organophosphorus
| i gand; (b) BO%B%i ng reaction tenperature and pressur e PCORSINARM S
favorable to the hydroformylation of the cyclic olefinic starting

material (s); (c) supplying make-up quantities of the cyclic olefinic
starting material (s), carbon nonoxide and hydrogen to the reaction nedium
as those reactants are used up; and (d) reggvering the desired cyclic

al dehyde product(s) by phase separation. At the conclusion of (or during)
the process of this invention, the desired cyclic al dehydes may be
recovered fromthe reaction nixtures used in the process of this

invention. For |n§&fﬁag b H1RESed & !?%I Faq{cﬁlexséarﬁﬁ?%ﬁ gﬂ‘éprocess

the portion of t Qil reac on_ mXxture on arnn hyde
product, cat al ystDetereeyslic, %@%@andaﬁmwa%ﬂhs&ﬁmzm@ 9@811% passed to a
separ ati on zone tmlnm(mnds.t mumvemmtﬁmmauaam eﬁﬁﬂpl@?aﬂﬁmar ated via

Sﬁif?edse%aﬁé%ﬁ‘m %f “’*Ha %#q%dﬁb’é‘ﬂ%ﬂfe i abibilghe ' oy

t hen be recycled Eﬁe g,n Cﬁb@ésfr’iaﬂé’dnaﬂﬁonbﬂher
materials, e.g. mmboatﬂedrmcﬂé;pr,efdrabmf@&h mddrbmmzhymecmmgsme car bon

onoxi de i 5so! velibkeiifs Y Gnk 626L4-P Rl chE saRERR Ay g ©01 o

the al dehyde product. For purposes 0
"hydrocarbon” i s 2RPSARTALS g%’EFCt"BmPﬁBP%eThlSImWW%!ﬂQﬂtén%#ﬁ@ﬁ‘hbs havi ng
at | east one hydinged imady amemezbycthe peniissible bubstitiients ¢florgagigpounds nay
al so have one orcomyognhgteroatons In a broad aspect, the perm ssible
hydr ocar bons i ncl ude acycl ic J or, Wi t hout heteroatons) and cyclic,

br anched and unbr anched, QPH%&W the fglloringiexammles are provileditp furthar
nonaromati c or ganﬂu%etepﬁhmﬂwenhonh Icirtobe wmdesstobd tledt «1i maniypnlatibhd ut ed.

As used herein, tvhﬁ‘etcﬁ{'ﬂéd 5&'@5]&&&% flro rﬁou t %&eeﬁrﬁgsst Shedisl YolRed! |

perm ssi bl e subst tuerﬁ organi c cp
examples ere carried out at ambient temperature unless

otherwise stated.
The ligands presented below are used in the following

examples.



otherwise indicated. In a broad aspect, the perm ssible substituents WO
01/07382 PCTI USOCQ 2251 -46 include acyclic and cyclic, bra ‘gfand

unbr anched, We&FH88,cl i c and heterocyclic, aromatic and S@Wi
substituents of organic conpounds. Illustrative substi tuent s include, for
exanpl e, al kyl, alkyloxy, aryl, aryloxy, hydroxy, hydroxyal kyl, am no,

am noal kyl, halogen and the |like in which the nunber of carbons can range
from1l to about 20 or nore, preferably $47em 1 to about 12. The perm ssible
substituents can be one or nore and the same or different for appropriate

organi ¢ conpounds. This invention is not intended to be limted in any
manner by the perm ssible substituents of organic conpounds. Certain of
the foll owi ng exs .\ >_\provi ded t urther ik us te this invention.
It is to be unda \ aol.p mani ): S Pout under a
ni trogen atnosphere 0t herw se std{ed. Al so, exanpl es were
carried out at anbi nt, fenpegcat ure ~ ot her W i§8na%t d. The |igands
present ed bel ow are %4 in/t ol exanples. WD'01/ 07382

PCT/ US00/ 20251 -47 ( O O 3P\ QXUWONP Ligand A O Ugand B Ligand C o) ~P (
OO3P Ligand DLigand E OP I|l.igand FOP di3 OOP" 01, O (vl

¢ O)P
( 0),P s

Ligand D Ligand E

CH, 0-prC



ligaWwc OcH% O Ligand H Naos OP Ligand | ligandJ b'H P. WD 01/07382
PCT/ USCQO 20251 -48 Exanple 1 A solution of rhodi um di carbonyl

acet yl acet on¥MOL1471882 Li gand A in hexane (20 granms) cont ai nipeg7u3tzopsyrts per
mllion rhodiumwth |igand/rhodiumnolar ratio of 20/1 was placed in an
80 mlliliter Parr reactor and activated for about 1 hour at 90C and 100
psi of syngas (COH2 1:1). A mxture of 1,2,3,6- tetrahydrobenzal dehyde (6
grams) and octane (4 grams, internal stanggrd) was added to the autoclave.
The reaction rate was determ ned by gas chromat ographi c anal yses of the
sanpl es taken during the course of reaction. The reaction rate was found
to be 2.5 noles/liter-hour (nol/L-hr). Exanples 2-6 The procedure

described in Exanple 1 was repeated w tﬁ thg Eﬂ)dification of using Ligands
B-F in place of Ligand A. The reactio or Ligands B-F are

sumari zed in Tabl e 1. TablAesolutiomofrthodiingaicirRonyd avetylacettmate2and 3.4 3 C
4.0 4 D 3.6 5 Higadd Ainthekade (B0 2F8h8) chntaining 300 parts per million

rhodium with ligand/rhodium molar ratio of 20/1 was placed in an 80

milliliter Parr reactor and activated for about 1 hour at 90°C and 100

psi of syngas (CO/Hz 1:1). A mixture of 1,2,3,6-

tetrahydrobenzaldehyde (6 grams) and octane (4 grams, internal

standard) was added to the autoclave. The reaction rate was

determined by gas chromatographic analyses of the samples taken

during the course of reaction. The reaction rate was found to be 2.5

moles/liter-hour (mol/L-hr).

Examples 2-6
The procedure described in Example 1 was repeated with

the modification of using Ligands B-F in place of Ligand A. The
reaction rates for Ligands B-F are summarized in Table 1.

Table 1
Example Ligand Rate mol/L-

hr
2 B 34
3 C 4.0
4 D 3.6
5 E 3.7
6 F 3.3

Example 7

The procedure described in Example 1 was repeated with
the modification of using Ligand C in place of Ligand A and toluene in
place of hexane. The reaction rate was found to be 4.4 mol/L-hr.



The procedure described in Exanple 1 was repeated with the nodification of

usi ng Li gan ' ace of Ligand A and toluene in place of hexane.  The -
reaction ra?‘gg\xg@s%bund to be 4.4 nmol/L-hr. WD 01/ 07382 PARWI&¥HIZH051 - 49

Exanpl e 8 A solution of rhodium dicarbonyl acetylacetonate and Ligand Cin
hexane (20 grans) containing 300 parts per mllion rhodiumwth

| i gand/ rhodi um nolar ratio of 20/1 was placed in a Parr reactor and
activated for about 1 hour at 90C and 100-49si of syngas (COH2 1:1).
1,2, 3,6-tetrahydrobenzal dehyde (40 granms) was charged to the autoclave and
hydr of ornmyl ated at 90C and 100 psi of syngas. The CO H2 ratio was

mai ntai ned 1:1 during the course of reaction. The reaction was conti nued

until gas chromatographi c anal ysis Shm&fwl ete consunption of

1,2, 3,6-tetrahydrobenzal de e.. Th selrectl vit o 1,3- and

1, 4- cycl ohexanedi car boxal d&%&ﬂé‘%r"gﬂh‘t‘ﬁu% .cawzﬁ?%mamawdaut ocl ave
was cool ed to anbigand €embexanai20 graths) tdrtaining 80@ pasts peir swilliorged from t he
autocl ave to gi V%h@dibjﬁpwﬁh%g%n?lﬁl&g& g;%{a{é%&@%ﬁs%e&?ﬂﬁrﬁr?d’

Crans 13| ci o Joaptor i p@iVarcd B el s af S0t il 100 o8I SPRBYcl ciony e

The upper hept anéCOfatad). chR136-tétnghyiirebenvaliehyly (4hgramat)avasthaxget t he
ligand was recyed €tk dtbclavelhad KydrdfeirPated atrgPChiid mﬁﬁﬂdffsgga%; 3, 6-

t et rahydr obenzal gdeh Ex |l e 9 The. pr.qcequr.e descri bed,in anpl e 8 was
repeated with t g‘ery@mir ﬁf’% %?’“ﬁ%ﬁnﬁg(iéfgﬁ’e?%%&%-sipfrﬁ%

Bl in
of 1, 2,3, 6- tetr Thydeaitioneasemimed Antilgap hhnm@pgrmhimsalﬁrsisrsbdweqbogl ? ﬁg
o o Corh o LAl SRl 40, S B e
c z cl ohexanecarb o§<ej? ‘ﬁ%}'dté’ ﬁ?b%ﬂf% éH{‘é’l"@%ﬁ%“%@°’f%?i‘?‘m'dfecﬁr°g‘é‘§rwaq soner)
was 95% or hi ghemorqtkan 95%, Thiezswodewe wepcodedtp amliient temperature and

the mixture was discharged from the autoclave to give a two phase

system. The lower phase was separated, washed with heptane, and

purified by distillation to give a mixture of traﬂs-1,3-, cis-1,3-, trans-

1,4-, and cis-1,4-cyclohexanedicarboj:aldehyde. The upper heptane

phase containing predominantly the catalyst and the ligand was

recycled for hydroformylation of another batch of 1,2,3,6-

tetrahydrobenzaldehyde.

Example 9
The procedure described in Example 8 was repeated with

the modification of using 3-cyclohexene-1-methanol in place of 1,2,3,6-
tetrahydrobenzaldehyde. A two phase system was formed upon the
reaction completion. The selectivity to 3-(hydroxymethy})-1-
cyclohexanecarboxaldehyde and 4-(hydroxymethyl)-1-
cyclohexanecarboxaldehyde product (cis and trans forms for each
isomer) was 95% or higher. The lower phase was separated and
purified by distillation to give the aldehyde products. The upper
heptane phase contained predominantly the catalyst and the ligand.

Example 10

ST



purified by distillation to give the al dehyde products. The upper heptane
phase contaug§ géggoninantly the-catal yst and the |igand. Exanple 10 n
irn: WO 01/ 0%738Y / US00/ 20251 -50 The procedure descri h@GTAUR02Z6pl e 8
was repeated with the nodification of using 3-cycl ohexene-|-carbonitrile
in place of 1,2,3,6-tetrahydrobenzal dehyde. A two phase system was forned
upon the reaction conpletion. The selectivity to 3-cyano-| -

cycl ohexanecar boxal dehyde and 4-cyano-| - cygp-ohexanecar boxal dehyde product
(cis and trans forns for each isonmer) was 95% or higher. The |ower phase
was separated and purified by distillation to give the aldehyde products.
The upper heptane phase contai ned predomnantly the catalyst and the

ligand. Exanple 11 The progﬁéﬁgﬁ%&aé%@fﬁergn@sﬁ%%&g%vmse eERAALGA W LD

t he rmdlflcatlontg‘E usj. n rnene-Z-ca
1, 2, 3, 6-t et r ahydr - using Yﬁh&%@"@y&?@h"%@ i plegegbon the
reaction conpl et i3, GFMerecbenmldeh'grde Axwopitasd,system was formed upon

nor bor nanedi car b%glrg hé sElectil Eﬁg& gg:pggé gar boxal dehyde, exo,

endo- 2, 5- nor born di car Oké?fg.gi § , €Xxo,
nor bor nanedi car bd'*k' ehy ﬂén§4<5’3nﬁdrwmew%b@@1éﬂ}6@¢yde
and endo, endo-2 Iﬁ'odmtr(mramdrteabmﬁ:ﬂm@fai éhiihﬁdﬁnﬁf)&ﬁam%%wd@gmd "FheO

21V St A i o TR L 0

distillation rﬁqﬁi“éﬁ' &1

contai ned pr edo tdf’}’rf’ ‘é“tﬁ-a meahapﬁaﬁe Hhiagaﬁema edommanily
procedure descri bbdcatalfstaqdlmeﬂlgmﬂ repeated with the nodification of
usi ng 5-norbornene-2-carbonitrile in place of

Example 11 -
The procedure described in Example 8 was repeated with

the modification of using 5-norbornene-2-carboxaldehyde in place of
1,2,3,6-tetrahydrobenzaldehyde. A two phase system was formed upon
the reaction completion. The selectivity to exo, exo-2,5-
norbornanedicarboxaldehyde, exo, exo-2,6-
norbornanedicarboxaldehyde, exo, endo-2,5-
norbornanedicarboxaldehyde, exo, endo-2,6-
norbornanedicarboxaldehyde, endo, endo-2,5-
norbornanedicarboxaldehyde, and endo, endo-2,6-
norbornanedicarboxaldehyde product (endo and exo mixture) was 95%
or higher. The lower phase was separated and purified by distillation
to give the aldehyde products. The upper heptane phase contained
predominantly the catalyst and the ligand.

Example 12
The procedure described in Example 8 was repeated with

the modification of using 5-norbornene-2-carbonitrile in place of
1,2,3,6-tetrahydrobenzaldehyde. A two phase system was formed upon
the reaction completion. The selectivity to exo, exo0-2-cyano-5-
norbornanecarboxaldehyde, exo, exo-2-cyano-6-
norbornanecarboxaldehyde, exo, endo-2-cyano-5-



1, 2, 3,6-tetrahydrobenzal dehyde. A two phase systemwas fornmed upon the
reaction conpletion. The selectivity to exo, exo-2-cyano-5- )

nor bor nanec WO 8MPIechyde, exo, exo-2-cyano-6- nor bor nanec&drassaziestyde,
exo, endo-2-cyano-5 i WD 01/07382 PGI/ USOQ 20251 -51-

nor bor nanecar boxal dehyde, exo, endo-2-cyan-6- norbornanecar boxal dehyde,
endo, endo-2-cyano-5- norbornanecar boxal dehyde, and endo, endo-2-cyan-6-
nor bor nanecar boxal dehyde product was 95% gg3_hi gher. The |ower phase was
separated and purified by distillation to give the al dehyde products. The
upper heptane phase contai ned predom nantly the catalyst and the |igand.
Exanpl e 13 The procedure described in Exanple 8 was repeated with the

nodi fication of usi 4-vinyl - |- | ohexene in plage of 1,2, 3, 6-
t et r ahydr obenzal d’é’ﬁ@z“%aﬁ%ﬂ% es?fﬂ&ﬂ&%ﬁé“”gﬁ??%éd upon the reaction
conpl eti on. The swrkananetarboxaldel(ydlef emdn, endo2atyanyd5) pr opanal ,

a( ?-forlrryl clyclho%laswdrhaﬁ%ae&ald&y@?;£m'e%%%}>éfﬁh9mee%h, hlamtgpanfl , and ﬁ
-fornyl cycl ohex ropanal product wa 0 oL, hi gher,. ower phase
was separ at ed and%’ﬁ%fg'Pfigﬁ‘ffr{}?f&ﬁ%yiﬁFlpﬁ?é%W% 9\’?89 B\‘?é‘e&l JOREeT o oduct s.

The upper hept an®hgbeawas separateicandpexifed bydistillation togivethesaldebylle he
ligand. Exanpl e }oddies.PTRE @pp&chéiRans phash dontinddRrédohinaatliyeneat ed wth
the nodification of ,usi nif'?’-ﬁjyd hexene- 1- net hanol "in place of 1,2, 3, 6-

t et r ahydr obenzal 8@?‘?%%” ErEARE: r eaction was conpleted, acetonitrile (40
grans) was added to the discharged m xture. The m xture was shaken,
allowed to settle, and the two phases meis@plesEparated. Acetonitrile was

evaporated fromthe | ower JQhase, and €. a de product, i.e, ..
3 (hydr oxynet hyl ). 1- cycl onRepreeads,describgflan EXample's was repeated with
the modification of using 4-vinyl-1-cyclohexene in place of 1,2,3,6-

tetrahydrobenzaldehyde. A two phase system was formed upon the
reaction completion. The selectivity to 3-(3-formylcyclohexyl)propanal,
3-(4-formylcyclohexyl)propanal, 2-(3-formylcyclohexyl)propanal, and 2-

" (4-formylcyclohexyl)propanal product was 95% or higher. The lower
phase was separated and purified by distillation to give the aldehyde
products. The upper heptane phase contained predominantly the
catalyst and the ligand.

, Example 14
The procedure described in Example 8 was repeated with

the modification of using 3-cyclohexene-1-methanol in place of 1,2,3,6-
tetrahydrobenzaldehyde. After the reaction was completed,
acetonitrile (40 grams) was added to the discharged mixture. The
mixture was shaken, allowed to settle, and the two phases were
separated. Acetonitrile was evaporated from the lower phase, and the
aldehyde product, i.e., 3-(hydroxymethyl)-1-cyclohexanecarboxaldehyde
and 4-(hydroxymethyl)-1-cyclohexanecarboxaldehyde product (cis and
trans forms for each isomer), was purified by distillation. The upper
heptane phase contained predominantly the catalyst and the ligand.

Example 15

HAl il



and 4- (hydroxynet hyl)-1-cycl ohexanecar boxal dehyde product (cis and trans
fornms for each isonmer), was purified-by distillation. The upper heptane
phase cont ai ¥24FP&oni nant|ly the catal yst and the |igand. PERESIN202515 WD
01107382 PCT/ US00/ 20251 -52 A solution of rhodi um di carbonyl

acetyl acetonate and Ligand A containing 200 parts per mllion rhodi um and
2.5 weight percent ligand (ligand/rhodiumnolar ratio of 20/1) was
prepared in hexane and activated as in Exggiple 1. One mlliliter of this
solution was mxed with 1 mlliliter of acetonitrile in a vial under

ni trogen, vigorously shaken and all owed the phases to separate. The two

| ayers were separately analyzed for |igand concentration by high pressure

| i qui d chronmat ography. The,p Lt effi.cient qf t | i, gand s found
Lo be 4 1. Exanpl oo 16-20 ARhlsion 5N afcaffonyachifacerfils A8
repeated with tHdeapdiArqopsaining 200 patts ger millionsrhedium angd) 2,5 aveight i gand A.
¥hg| rrgafsureﬁ_ valpieeemﬂjga&ﬂt(}'jgéuﬁﬂrml}liIﬁbl?atrgtﬂiplggmlyiw;yg_pq-é : arﬁ[paritzed in
abl e or Liga - [ exane/acetgnitril endi stributign.tests.
Table 2 Ligand sdl %BIE? gf;g, %‘Vu%’lfllﬁft’?r%ﬂﬁf" r onine nﬁgﬁg%?}é&fﬁﬁ‘ﬁgﬂt@?er
(Cal / CnB) 112 ( kJ/ e mixedpvighd mililigerpf acetenirigin aadal updernigegenj00 E 8. 2
531 970 F 8.1 52AgordQsly shikem ahi tallowell 3hé!fhaddditoltepanfe 2qBeARblAFdR (1: 1)
solvent system ExaRRsgo2htHy' dhalifta16r Afh L &HcOlrhbioh By HIgR Fredstdl ExamP! €

' liquid chromatography. The partition coefficient of the ligand was

found to be 4.1.

Examples 16-20
The procedure described in Example 14 was repeated

with the modification of using Ligands B-F in place of Ligand A. The
measured values of partition coefficients Kpartition are summarized in
Table 2 for Ligands B-F for the hexane/acetonitrile distribution tests.

Table 2

Ligand  Solubility  Solubility Kpaxrtition*
Parameter Parameter
(callemd)¥2  (kJ/m3)V2

B 8.8 569 8.7
C 8.3 537 260
D 8.3 537 400
E 8.2 531 970
F 8.1 524 >1000

*Kpartition values for hexane:acetonitrile (1:1) solvent system

Example 21
Both hexane and acetonitrile phases from Example 15

with Ligand C in place of Ligand A were analyzed for the amount of



with Ligand Cin place of Ligand A were analyzed for the anmount of WO
01/07382 PCT/USOQO 20251 -53 rhodium The partition coefficient for ‘the
rhodi um was wWOO0Hr3s2o be 60 for the hexane/acetonitril e syrascotozsaanpl e 22
The procedure described in Exanple 21 was repeated wth the nodification
of using Ligand E in place of Ligand C. The neasured value of the
partition coefficient for the rhodiumwas found to be 360 for the

hexane/ acetonitrile system Exanple 23 Thggprocedure described. in Exanple
21 was repeated wth the nodification of using Ligand F in place of Ligand
C. The neasured value of the partition coefficient for the rhodi um was
found to be 15 for the hexane/acetonitrile system Exanpl e 24 The

procedure descri bged,.i n [e t he di f on of
using a mxture % E%”Ea th"s"o?&‘fle“%& ﬁ&erhfdﬂ"mwo?ﬁ ound to eéb

cis-1, 4-cycl ohexﬁnd:he&!&xbme(atbedemydb gystemiuct in Exanple 8) in place of
acetonitrile. The measured value of the partition coefficient for the
rhodi um was found to be 17 for the hexane/ dehyde system Exanple 25 The
procedure described in Exanple 22 was with the nodification of
using Ligand E in place ofThe pracetiuge deberibeddndxample Zliveasfepeatedpartiti on

coeTTi i ent. 107 iieh AL 544 LighodPE 59l of LicaliP@N e 3l dehyde
system Exanple 26 Sol po 0 roduct

prepared in acet B¥REMS Va %"’3&1‘8@@6&8& 8 §%§i‘8 g EH’(HF‘S%\A@W of
hexane, the mi xttake ﬂﬁ&forltbghemeja@ammemmm»ed to settle and anm WO
01/ 07382 PCT/ US00/ 20251

Example 23
The procedure described in Example 21 was repeated

with the modification of using Ligand F in place of Ligand C. The
measured value of the partition coefficient for the rhodium was found
to be 15 for the hexane/acetonitrile system.

Example 24
The procedure described in Example 21 was repeated

with the modification of using a mixture of trans-1,3-, cis-1,3-, trans-
1,4-, and cis-1,4¥cyclohexanedicarboxaldehyde (product in Example 8)
in place of acetonitrile. The measured value of the partition coefficient
for the rhodium was found to be 17 for the hexane/dialdehyde system.

Example 25
The procedure described in Example 22 was repeated

with the modification of using Ligand E in place of Ligand C. The
measured value of the partition coefficient for the rhodium was found
to be 59 for the hexane/dialdehyde system.

Example 26
Solutions of polar hydroformylation products were

prepared in acetonitrile. To each solution was added an equal volume
of hexane, the mixture was vigorously shaken, allowed to settle and

Il



-54 phase separate. The two phases were anal yzed for pol ar al dehydes by

gas chromat ography. The percentage of pol ar product in hexane along wth
Kpartition ig'odﬁW'é'ﬁzi n Table 3. Table 3 Polar product w . %PKFaIS00/20251n

(1,3- and 1,4-isoners) cycl ohexanedi carbox 5 38 al dehyde

cycl ohexanedi carbox 10 34 al dehyde cycl ohexanedi carbox 20 35 al dehyde
cyanocycl ohexanecarbox 10 69 al dehyde Exanple 27 A m xture of 1,3- and

1, 4- cycl ohexanedi car boxal dehyde from Exanghe 8 (60 °grans) in iso-propanol
(40 mlliliters) was m xed wth Raney nickél 2400 water-wet catalyst (6
grans) in a Parr reactor and hydrogenated at 500 psi of hydrogen at 80C
for 2 hours. The al dehydes were conpletely consuned, and the selectivity
to 1,3- and 1, 4-cycl ohexanedjpet hangls was nore th 97% catal yst was
filtered off, and® S&Pﬁ‘&?&‘*w@ﬂéﬁ?"alp es WP 'Pﬁelééaef ﬁw&é&é&é&%@a t he
99. 5% pur e pr oducgas ¢hramattezraghyh Theparentdge of polar product in hexane along
3-cyan- | - cycl ohexg/aaRp 9% @ﬁg%- 5 acyano- 1- cycl ohexanecar boxal dehyde
product (cis and traﬁ%ﬁforﬁgg§or éggﬁﬂ#%gher) (4.25 grans) was added
dropwi se to an aqueous ammonia solution_ (28 wei ght percent, 31

mlliliters) in an ice bath and then st TeP¥dB f or 4 hours at room
tenperature. A white solid was filtered off, WO 01/07382 PCT/ USOQ 20251
-55 Polar product wt.% Kpartition
(1,3- and 1,4-isomers)
cyclohexanedicarbox 5 38
aldehyde
cyclohexanedicarbox 10 34
aldehyde
cyclohexanedicarbox 20 35
aldehyde
cyanocyclohexanecarbox 10 69
aldehyde
Example 27

A mixture of 1,3- and 1,4-cyclohexanedicarboxaldehyde
from Example 8 (60 grams) in iso-propanol (40 milliliters) was mixed
with Raney nickel 2400 water-wet catalyst (6 grams) in a Parr reactor
and hydrogenated at 500 psi of hydrogen at 80°C for 2 hours. The
aldehydes were completely consumed, and the selectivity to 1,3- and
1,4-cyclohexanedimethanols was more than 97%. The catalyst was
filtered off, and the crude material was distilled in vacuum to give the
99.5% pure product.

Example 28
A mixture of 3-cyano-1-cyclohexanecarboxaldehyde and 4-

cyano-1-cyclohexanecarboxaldehyde product (cis and trans forms for
each isomer) (4.25 grams) was added dropwise to an aqueous ammonia
solution (28 weight percent, 31 milliliters) in an ice bath and then
stirred for 4 hours at room temperature. A white solid was filtered off,



dried in vacuumfor 2 hours, dissolved in nethanol (30 milliliters) and
hydr ogenat ed at 950 psi and 100C in the presence of nickel on

silicalal umwaoy@3®2 grans) and ammonia (6 grans) for 3 howctruséérzsipr oduct s
i ncluded 1, 3- and 1, 4-cycl ohexanedi car boxam ne. The product yield was 93%
by gas chromat ography. Vacuumdistillation of the crude diam ne (4 grans)
gave 2.57 grans of the pure material boiling at 73C/ 1 mmHg, 13C NMR
(CDC13, ppm: 20.28; 25.15; 25.95; 28. 93,5529 84; 30.30; 32.04; 34.48;
35.74; 38.61; 40.53; 41.02; 45.45; 45.91;7°48.30; 48.47. Exanple 29 The
procedure described in Exanple 28 was repeated w th the nodification of
using a mxture of 1,3- and 1, 4- cycl ohexanedi car boxal dehyde from Exanple 8
in place of 3-cy - cyclo exanecar boxal dehyde. S

4- cyano- | - cycl oh&ﬁﬂé’&éﬁ‘%‘% efed haurs, disg elvgqlwm@amﬁé?%e@hﬂe@) apfld

1, 4- cycl ohexanedhydrdgenateidras 950 s apd A00%E 11y thel presereedf Hidkel gas

chr omat ogr aphy. ﬁiuﬁﬁ r 6‘359 A

repeated with tEﬂﬁHEg I C W;ﬁiy"?@%%:‘in"g“?‘%ﬁ 41 “18 ace met anol The
product yield \Aﬁ§° @5 W%@h‘l’he procedur e
described in Exapm&xcﬁywhswaeﬁewh;dgm éHtomtab&grapHyfVamummstiﬂaﬁomqf Li gands

ol £ % 08 ot fl A0 g g Ayed
| t LI Rh t Table 4
Exanpl e Ligand SEPYBRE %§n$§rmﬁ€ G BB gp?b @ 10 20261

-56 ature Crati 28 OBy29.8R012(30; 32.04; 34.48; 35.74, 38.61, 40.53, 41.02; 46.45;
45.91; 48.30; 48.47.

Example 29
The procedure described in Example 28 was repeated

with the modification of using a mixture of 1,3- and 1,4-
cyclohexanedicarboxaldehyde from Example 8 in place of 3-cyano-1-
cyclohexanecarboxaldehyde and 4-cyano-1-cyclohexanecarboxaldehyde.
The products included 1,3- and 1,4-cyclohexanedicarboxamine. The
product yield was 65% by gas chromatography.

Example 30
The procedure described in Example 29 was repeated with

the modification of using toluene in place of methanol. The product
yield was 44% by gas chromatography.

Examples 31-35

The procedure described in Example 7 was repeated with
the modification of using Ligands G-J in place of Ligand C. Relative
reaction rates for the employed solvents, L/Rh ratios and temperatures
are summarized in Table 4.

Table 4

Example Ligand Solvent Temper- IL/Rh Rela-

F ot



31 C Tetraglynme 90 20 1 32 G Tetraglyne 90 20 0.46 33 H Tetraglyme 90 4
0.34 34 1 Tetraglyme 120 5 0.17 35 J 1-Methyl-2- 120 5 0.14

pyrrolidi non®O3AM8Le 36 A four-necked, one liter round botrornishi/zegss

equi pped with a nechanical stirrer, thernoneter, nitrogen purge tube, and
a Dean- Stark trap with a Fredrick condenser was charged with 63.5 grans
(0.44 nole) of 1,4-cyclohexanedi nethanol, 5.4 grans (0.04 nole) of
trinethyl ol propane, 44.0 grans (0.3 nole) g adipic acid, and 0.23 grans
(0.2 weight percent) of dibutyltin oxide catalyst. The ingredients were
kept under a nitrogen sparge throughout the course of the reaction. The
system was heated gradually to NOT over a one-hour period. The tenperature
was mai ntained at 160C with a Therm O Watch controlle for .one hour, and
then the tenperature was increased in 10 degree 2HFgr nent"%t‘%veg‘?"QLS
mnutes until a reaction tenperature of 220C was attained. Thi shate
tenperature was maintai ned for 30 mnutes after which the system was

all owed to cool to roordk enper & ure. Retraghme of 90conden® i on flor med by
the reaction was coll ecd3%d in Ghe Deafetsaglyime tra0 The r&6ul ti Otol yest er
was a waxy solid and ha# an acHd nunbBetraglyn® 19. 9&xanpl e437 A PB4/est er
was prepared in the sarid manned as ExBemphglyni®6 exXi@8pt t hesfol | 0@LIW

i ngredi ents were used: &0.0 grdns (0. 3Methlyb®- of 120 m xtuse of D,B¢ and

1, 4- cycl ohexanedi net hanol (1:0.8 wepghdolidaddne), 4.2 grans (0.03 nole) of
trimet hyl ol propane, 34.5 grans (0.24 nole) of WO 01/07382 PCT/ US00/ 20251

-57 adipic acid, and 0.18 grans (0.2 weight percent) of dibutyltin oxide
catal yst. The resulting pol yester was aigﬂquﬂﬂﬁﬁhich had a Brookfield

A four-necked, one liter round bottom flask equipped with a
mechanical stirrer, thermometer , nitrogen purge tube, and a Dean-
Stark trap with a Fredrick condenser was charged with 63.5 grams (0.44
mole) of 1,4-cyclohexanedimethanol, 5.4 grams (0.04 mole) of
trimethylolpropane, 44.0 grams (0.3 mole) of adipic acid, and 0.23 grams
(0.2 weight percent) of dibutyltin oxide catalyst. The ingredients were
kept under a nitrogen sparge throughout the course of the reaction. The
system was heated gradually to 160°C over a one-hour period. The
temperature was maintained at 160°C with a Therm-O-Watch controller
for one hour, and then the temperature was increased in 10 degree
increments every 45 minutes until a reaction temperature of 220°C was
attained. This temperature was maintained for 30 minutes after which
the system was allowed to cool to room temperature. All water of
condensation formed by the reaction was collected in the Dean-Stark

trap. The resulting polyester was a waxy solid and had an acid number
of 0.19.

Example 37
A polyester was prepared in the same manner as Example

36 except the following ingredients were used: 50.0 grams (0.35 mole) of
a mixture of 1,3- and 1,4- cyclohexanedimethanol (1:0.8 weight ratio),
4.2 grams (0.03 mole) of trimethylolpropane, 34.5 grams (0.24 mole) of



viscosity of 25,400 centipoise at 27C, and an acid nunber of 0.46. Liquid
diols are especially desirable for ease of handling and for application of
mat eri al s oNYQUIYAW3t r at es. Conparative Exanpl e The proced@c®useorsibed i n
Exanple 8 was repeated with the nodification of using dicyclopentadiene in
pl ace of 1,2,3,6- tetrahydrobenzal dehyde and tol uene in place of hexane.
The reaction was carried out at 100C for 24 hours. No spontaneous phase
separation was observed upon the reactiagzconpletion. The reaction
products, tricyclodecane di al dehydes, were conpletely mscible with

t ol uene. Al though the invention has been illustrated by certain of the
precedi ng exanples, it is not to be construed as being limted thereby;

but rather, the ] i . j . i nbef ore
iscl osea. " var; chA¥ENGE had 6 S9BRIE T0 2 SRR bR b BRI DBl O
departing from t$éalyst-r The sogulting pelyester was a ligrid aviugh bad aBxpokfield

PCT/ US00/ 20251 -vaBedsityiof 25)400Icehtipdiséat) 2740, land dii acid nuntbdylo$ 0.46.ai ns 1. A

process for sepajabiigio \Gred QB{:ﬁy ﬁé(s‘ilzib‘ieHir%‘l!%?ha{x&lﬁ{généﬁ&“i on product

fluid conprising e or m)resgyc I't reactants, a netal-brganophosphorus

| i gand conpl ex ca3RRicgtion ofmatefiglsopte suhstigtemnophosphor us I'i gand, a

non- pol ar sol vent and said one or nore cyclic products, wherein said

process conprises: (1) reacting sapg [ cyclic reactants in the

presence of said netal -or nophospﬁg%ﬁ%l ex cat al yﬁt .

optional Iy free organophodph@recediredesgrinad in kxample dwasqepeated Wgth or m a

mul ti phase reactthermgdificatidn 6f wsing depclopetadienpdn pladepfd:,8,6rul ti phase

reacti on productsefl bl 1 Pﬂ?ﬁ] I gl d one or

‘nmore cyclic reactear?t g&&%ﬁ?ﬁ@%ﬁﬁqﬁ%@ éfgdpegi?l L& [ %ng co'rrg?lgggac%%. st,

optionally free W%Srmgf? BhIPR for WFrd cﬁ?—"g NEPUS BPIECPARRP Y pol ar

phase : was observed upon the reaction completion. The reaction products,
tricyclodecane dialdehydes, were completely miscible with toluene.

_ Although the invention has been illustrated by certain of
the preceding examples, it is not to be construed as being limited
thereby; but rather, the invention encompasses the generic area as
hereinbefore disclosed. Various modifications and embodiments can be
made without departing from the spirit and scope thereof.

NI



conprising said one or nore cyclic products. 2. A process for producing one
or nore cyclic products conprising: (1) reacting one or nore cyclic

react ants i rwob@7pesence of a netal - organophosphorus | i gRERAUSOOREIEEX
catal.yst, optionally free organophosphorus |igand and a non-pol ar sol vent
to forma nultiphase reaction product fluid; and (2) separating said

mul ti phase reaction product fluid to obtain a non-pelar—phase-conprising
said one or nore cyclic reactants, netal -_ggganophosp Iex
catalyst, optionally free organophosphorus Iigand annﬂﬁmﬂmn @ﬁ

and a polar phase conprising said one or nore cyclic pr

process for producing one or nore cyclic aldehydes conprising: (1)
reacting a cyclic olefinic unsaturated QIR nd wi th carbon nonoxi de and

hydrogen in the presence of a netal-org sphorus |igand conpl ex
catal yst, optionally free organophosphorus 1igand and a non- polar sol vent
to forma nultiphase reactiion @ar wsbf&lsupdr ﬁdi@oﬁ&brﬁﬁﬁ@é pFodwdts

nmul ti phase reacti 38 00/ 9 I | j |

~ TIIrrrrnn 1 pr%@‘&\%q?ﬁ% épt”gd‘b‘%yal 15 eqn “ﬁ ‘Tﬂ%“‘%‘}’%]‘ly"i‘é LéacHAtL ‘J‘
cyclic ol efinic @ﬁ‘i@dﬂag@n@iméﬂm;@ﬁManﬁﬁt’@vl%‘r%hbﬁhwﬁﬁbﬂﬂﬁéﬁ@gand
conpl ex cat al yStorgﬁﬁépmghbMJsfli@xdohgﬁ)ﬁ siveritand Gad 6né b nites- pol ar

o7 el i ol U I il i e ing'oid B B 005

of claim1l wher e| or gano
t ri or ganophosphi t@orw&lsém%an s t ﬁ@rmnﬁﬁp%sqm(lwta -0¥EBREPROPREFUR i s t he
same or differentligid congjles satalyst foptivatllytfrdecst ganoplivepheistlifaed amhoval ent

hydr ocar bon radi&@opélgrgar gﬂt?o o}-ﬁaasﬁxal(ft{ffh Cﬁg?%f{]ﬁf %?gflﬂ{]ﬂ gﬁg (Q i phatic

group sufficient ren sal récess of claim

1 wherein said olegarsRHsdmukin aﬁﬁﬁ%ﬁ%’ﬁ§%°$‘éﬁ‘tﬂ@@6ﬁ°§@é¥ﬁ’%ﬂn@ﬂ bet ween
t he non- pol ar phelsse@othppishey s4ill a6 od in@e eptléy réabimts inetal-7. 5.

organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and non-polar solvent and a polar phase
comprising said one or more cyclic products.

2. A process for producing one or more cyclic products
comprising: (1) reacting one or more cyclic reactants in the presence of
a metal-organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and a non-polar solvent to form a multiphase
reaction product fluid; and (2) separating said multiphase reaction
product fluid to obtain a non-polar phase comprising said one or more
cyclic reactants, metal-organophosphorus ligand complex catalyst,
optionally free organophosphorus ligand and non-polar solvent and a
polar phase comprising said one or more cyclic products.

3. A process for producing one or more cychic
aldehydes comprising: (1) reacting a cyclic olefinic unsaturated
compound with carbon monoxide and hydrogen in the presence of a
metal-organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and a non-polar solvent to form a multiphase
reaction product fluid; and (2) separating said multiphase reaction



6. The process of claim1l wherein said one or nore cyclic products has a
partition coefficient between the polar phase and the non-pol ar phase of ~
greater thaVQPYUs20. 75. 7. The process of claim1 which RSHISPUN51,

hydr of or myl ati on, hydroacyl ati on (i ntranol ecul ar andwlrrvolserguli)
hydr ocyanati on, hydroam' dation, hydroesterification, am no

al cohol ysi s, hydrocarbonyl ati on, hydroxycarbonyl ati o ’M or
i sonerization process. 8. The process of e8&im 1l whe meﬁiﬂla
solvent is selected from al kanes, cycl oal kanes, al kenes, “alde

ketones, ethers, esters, am nes, aromatics, sil anes, S|I|cones and carbon
di oxi de. WD 01/07382 PC7/US00/ 20251 11111111 IIIIIIIIIII11111IIiIII -60- C

Lros 9. The pr W‘iﬁ;!h &Eﬂﬁ
sel ected from pr gﬁgﬁ?t(ﬂm&lt@?ﬁaet rgl?odgarlllzﬁh taﬂéﬂ&l"%smg ?%ﬁt ane,
pent ane, isoprop Pfel tal-¢rgraep ° nonane,

decane, isobutyl catalpst ypfadmallytfreéamtgphaphaaphoruﬂa@mhmd ngq—polar
2,2, 4L ety pagiodhe 458 b 1500 -8R Mia bR o fighsDULy! ket one,

cyclopentane cycl ohexane, 1 sobutyl benzen enZene
n- octyl benzene, n-butyl benzene, p-xylene, ethylbenzene
1, 3,5-trimethyl benzene, m&yl erflBhe nmbwm&plaim@wmmaetbne docenene,

tetradecene, and JpgspHeSHR s 1iden d&?&ﬁyﬂé&&@ﬁ% WhpFesbhtedd d One
or nore cyclic re nt s arfg %Sr[‘% ro&éﬁ E r eactlo 11. The
process of cl ai mPYoogAemA KO grein gpgh R is %E?’PB phard he
reaction of one aepresemtsal sbistituted or anenbstiniied nopovaldst hyddecanbenor nore
functional ol ef i Rh@ichNHAkHich a8 leds0 BRO Wicbhtain® 20CY € 0B aﬁ?hﬂﬁﬁ@r&gﬁﬁ i onal

I | ef t 2 I furth
Comprising  der | SAERIGR ErRSt TR e BRARE " oqucte.

5. The process of claim 1 wherein said
organophosphorus ligand has a partition coefficient between the non-
polar phase and polar phase of greater than about 7.5.

6.  The process of claim 1 wherein said one or more
cyclic products has a partition coefficient between the polar phase and
the non-polar phase of greater than about 0.75.

7. The process of claim 1 which comprises a
hydroformylation, hydroacylation (intramolecular and intermolecular),
hydrocyanation, hydroamidation, hydroesterification, aminolysis,
alcoholysis, hydrocarbonylation, hydroxycarbonylation, carbonylation
or isomerization process.

8. The process of claim 1 wherein said non-polar
solvent is selected from alkanes, cycloalkanes, alkenes, aldehydes,
ketones, ethers, esters, amines, aromatics, silanes, silicones and carbon
dioxide.

I H



13. The process of claim3 further conprising derivatizing the one or nore
cyclic al dehydes. 14. The process of ‘claim 13 in which the derivatizing
reaction co ?P's"é"é”hydrogenat ion, esterification, etherifiBGI/U8N§/20251

am nation, alkylation, dehydrogenation, reduction, acylation,

condensation, _carboxyl ation, carbonyl ation, oxidation, cyclization,

reductiv, ' jon. silylation, polynerization, copolynerization and
per m ssi @!ﬂl}lﬂﬂ“!ﬂﬁ“ H” t hereof. WO 01/ 07882 PCT/ USOOn0251 -61-
tlhltllel = I . A conposition selected froma derivative of the

one or nore cyclic al dehydes of claim 13 conprising one or nore diam nes,
di ol s, diacids, hydroxyacids, diisocyanates, am no al cohols or amno
acids, and a derivative ofofhe PRep Mol AP WIRSeindatd fon pfIACT 0.

ydr oxyaci ds, dii srcxéanat S, c?rnl] no- al cohol's or am_no aci ds. . A coating
conposi tion, adh&8t%¢ tb%??g%f?? S PYORRNE. o5 fsimethsdpropasg) butaneo%Bosi ti on or
fi ber conprisi ng dimethylbatanecpeartane) iabpropPl ethér, Hexaaspaidthylamias) ect ed from
a polyam de co kLo b S ri | e

G B pes, i aci Gorune Beteashabgid) adtad) abihint by WHLBLBRRS, |
conprising a derMygFaRke 2&’4%@“6@%“3’%?@3&&,6?@‘&’ benty] ketose, clai m 15, a
ur et hane conposidiisobutybkptonej cyglopettaricy sfdlolexahe R6bwiythedze i®) 1L

di i socyanat €s Oyt |3l n ; nur frj or._bi uret
corrposiyt ion co nro_ﬁbr%ﬂrelﬁzé;ied %r' %gi?)%l\?zeengf ﬂ't %gyfgﬁgﬁééfe, #b’gﬁe&cﬁ’ FE‘%@%}%%‘%PSS of
claim 15. 18. Angoén%@?%tbﬂ BERRS, ByxYleney tolusnes privlanegdeceng docanenss| v

gener at ed react i detradecene cawbheptiadecapal.r ans- 1, 3-
cycl ohexanedi car boxal dehyde, cis-1, 3-cycl ohexanedi car boxal dehyde,
trans-1, 4- cycl ohexanedi car boxal,dehyde and ci s-1,4- . .
cycl ohexanedi car boxal dehyd 6) arﬂ“‘ag”Sﬁ‘fsé ladm | wherqin saidang or Werr at ed
reaction m xt ur e cEdignenctangs areaderiv®ddyem a Dielsjbderireacticac ar boxal dehyde,
ci s- 3-cyano-| - cycl ohexanecar boxal dehyde,
11. The process of claim 10 wherein said Diels Alder
reaction comprises the reaction of one or more olefinic unsaturated
compounds with one or more functional olefinic unsaturated compounds

to give one or more functional cyclic olefinic unsaturated compounds.

12. The process of claim 2 further comprising
derivatizing the one or more cyclic products.

13. The process of claim 3 further comprising
derivatizing the one or more cyclic aldehydes.

14. The process of claim 13 in which the derivatizing
reaction comprises hydrogenation, esterification, etherification,
amination, alkylation, dehydrogenation, reduction, acylation,
condensation, carboxylation, carbonylation, oxidation, cyclization,
reductive amination, silylation, polymerization, copolymerization and
permissible combinations thereof.



trans- 4-cyano-| - cycl ohexanecar boxal dehyde and ci s-4-cyan-| -

cycl ohexanecar boxal dehyde. 19. A conposition selected froma derivative of
the al dehyd®¥@9H738 ai m 18 conprising a dianine, diol, di REUISOHFPSOXyaci d,
di i socyanate, am no al cohol or am no acid, and a deri vative of the WD

01/ 07382 PCTI USO0/ 20252 111 ELEAT LErErrererr vl
di am ne, diol, diacid, hydroxyacid, diisocyanate, am no
acid. 20. A reaction m xture conprising cygi.ic al dehyde ﬂ'[m ﬂ{“m”m
reaction mxture is prepared by a process which conprises:

cyclic ol efinic unsaturated conmpound with carbon nonoxi de and hydrogen |n
the presence of a netal -organophosphorus | i gand conpl ex catal yst,

optional Iy free organophosphorus 0 o forma
mul ti phase reaction pr oduc?gfl UI &gﬁggtt%}l Se?e“&?%??ln%ﬁé%§§d’¥e &tﬂ{ehase
reaction product defrgners cyplicald enmmésms@peu%mwsau d cyclic
ol efinic unsatur ahsﬁmmwa;adi@d &b&m&ﬂemmﬂ& laingia6 d1coBolelo@ X

catal yst, opti Onaaﬂ:ﬂmfa{cﬁﬁ a&ﬁg{&ﬂ?g@gp us I | algg &%Tﬂg%ra%lgr sol vent

and a pol ar phase ~conmprising sdi réaction
m xture of cl ai m@@lﬂﬁrwﬁmxyaédﬁp mmgnﬁrewwah@olw a,rquw% dehydes.

16.. A coating composition, adhesive composition, ink
composition, sealant composition or fiber comprising a derivative of
claim 15.

17. A composition selected from a polyamide

composition comprising a derivative of the one or more diamines,
diacids or amino acids of claim 15, a polyester composition comprising
a derivative of the one or more diols or diacids of claim 15, a urethane
composition comprising a derivative of the one or more diisocyanates
or diols of claim 15, and an isocyanurate trimer or biuret composition
comprising a derivative of the one or more diisocyanates of claim 15.

18. A composition selected from a batchwise or
continuously generated reaction mixture comprising trans-1,3-
cydohexanedicarboxaldehyde, cis-1,3-cyclohexanedicarboxaldehyde,
trans-1,4-cyclohexanedicarboxaldehyde and cis-1,4-
cyclohexanedicarboxaldehyde, and a batchwise or continuously
generated reaction mixture comprising trans-3-cyano-1-
cyclohexanecarboxaldehyde, cis-3-cyano-1-cyclohexanecarboxaldehyde,
trans-4-cyano-1-cyclohexanecarboxaldehyde and czs-4-cyano-1-
cyclohexanecarboxaldehyde.

19. A composition selected from a derivative of the
aldehydes of claim 18 comprising a diamine, diol, diacid, hydroxyacid,
diisocyanate, amino alcohol or amino acid, and a derivative of the
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diamine, diol, diacid, hydroxyacid, diisocyanate, amino alcohol or
amino acid.

20. A reaction mixture comprising cyclic aldehydes in
which said reaction mixture is prepared by a process which comprises:;
(1) reacting a cyclic olefinic unsaturated compound with carbon
monoxide and hydrogen in the presence of a metal-organophosphorus
ligand complex catalyst, optionally free organophosphorus ligand and a
non-polar solvent to form a multiphase reaction product fluid; and (2)
separating said multiphase reaction product fluid to obtain a non-polar
phase comprising said cyclic olefinic unsaturated compound, metal-
organophosphorus ligand complex catalyst, optionally free
organophosphorus ligand and non-polar solvent and a polar phase
comprising said cyclic aldehydes.

21. The reaction mixture of claim 20 further
comprising derivatizing the cyclic aldehydes.



