WO 97/ 20800 PCT/ US96/ 19412 - 1-

| MPROVED ND COVPLEX CATALYZED PROCESSES Brief Summpgy

| nvent i on@%’%ﬁ%@ Field This invention relates to inproved mamg%ﬁ’id}?z
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of the netal - organopol yphosphite |igand conplex catal yst of such
processes. Background of the Invention It is know in the art that various
products may be produced by reacting one or nore reactants in the presence
of an netal - organopol yphosphite I|gand corrpl ex catal yst. However,
stabilization of the cIMPRSOVEDI \ IR EXgand remains a
primary concern of the art. bility is a key issue in
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particularly this invention relates to the use of free
organopolyphosphite ligand at low organopolyphosphite ligand to
metal ratios to prevent and/or lessen hydrolytic degradation of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst of such processes.

Background of the Invention

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

For instance, a major cause of organophosphite ligand
degradation and catalyst deactivation of metal-organophosphite ligand
complex catalyzed hydroformylation processes is due to the hydrolytic
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susceptible to hydrolysis in one degree or another, the ratgio 2&2?8?ysis
of organophosphites in general being dependent on the stereochem cal nature
of the organophosphite. In general, the bulkier the steric environnent
around the phosphorus atom the slower the hydrolysis rate. For exanple,
tertiary triorganophosphites such as tri-Bhenyl phosphite are nore
susceptible to hydrolysis than di organophosphites, such as disclosed in

U S. Patent No. 4,737,588, and organopol yphosphites such as disclosed in
U. S. Patent Nos. 4,748,261 and 4, 769, 498. Mreover, all such hydrol ysis
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polyphosphites such as'discliosed in U.S. Patent Nos.
4,748,261 and 4,769,498. Moreover, all such hydrolysis reactions
invariably produce phosphorus acidic compounds which catalyze the
hydrolysis reactions. For example, the hydrolysis of a tertiary
organophosphite produces a phosphonic acid diester, which is
hydrolyzable to a phosphonic acid monoester, which in turn is
hydrolyzable to H3POg acid. Moreover, hydrolysis of the ancillary
products of side reactions, such as between a phosphonic acid diester
and the aldehyde or between certain organophosphite ligands and an
aldehyde, can lead to production of undesirable strong aldehyde acids,
e.g., n-C3H7CH(OH)P(O)OH)2.
Indeed even highly desirable sterically-hindered
organobisphosphites which are not very hydrolyzable can react with
the aldehyde product to form poisoning organophosphites, e.g.,
organomonophosphites, which are not only catalytic inhibitors, but far
more susceptible to hydrolysis and the formation of such aldehyde acid
byproducts, e.g., hydroxy alkyl phosphonic acids, as shown, for
example, in U.S. Patent Nos. 5,288,918 and 5,364,950. Further, the
hydrolysis of organophosphite ligands may be considered as being
autocatalytic in view of the production of such phosphorus acidic
compounds, e.g., H3PO3 , aldehyde acids such as hydroxy alkyl

phosphonic acids, H3PO4 and the like, and if left unchecked the
catalyst system of the continuous liquid recycle hydroformylation
process will become more and more acidic in time. Thus in time the
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Disclosure of the Invention
It has now been discovered that free organopolyphosphite
ligand at low organopolyphosphite ligand to metal ratios may be
employed to effectively prevent and/or lessen hydrolytic degradation of
the organopolyphosphite ligand and deactivation of metal-
organopolyphosphite ligand complex catalysts that may occur over the
course of time during processes which employ metal-
organopolyphosphite ligand complex catalysts. It has been
surprisingly discovered that by reducing the amount of free
organopolyphosphite ligand to preferred levels of from zero to about 4
moles per mole of metal, adventitious hydrolysis can be reduced so that
the processes can be operated below the threshold for autocatalytic
hydrolysis of organopolyphosphite ligand and at a residence time in the
reactors sufficient to prevent and/or lessen hydrolytic degradation of
the organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst. The processes of this
invention can be operated at high raw material efficiencies, e.g., high -
conversion of olefinic unsaturated compounds.
This invention relates in part to a process which
comprises reacting one or more reactants in the presence of a metal-
organopolyphosphite ligand complex catalyst to produce a reaction
product fluid comprising one or more products, wherein said process is
conducted at a free organopolyphosphite ligand concentration sufficient
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organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst and (b) at a reaction zone
and/or separator zone residence time sufficient to prevent and/or lessen
hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst.

This invention further relates in part to an improved

process for predueing one or more products which comprises (i) reacting
in at least one reaction zone one or more reactants in the presence of a
metal-organopolyphosphite ligand complex catalyst to produce a
reaction product fluid comprising one or more products and (ii)
separating in at least one separation zone or in said at least one
reaction zone the one or more products from said reaction product fluid,
the improvement comprising preventing and/or lessening hydrolytic
degradation of the organopolyphosphite ligand and deactivation of the
metal-organopolyphosphite ligand complex catalyst by conducting said
process (a) at a free organopolyphosphite ligand concentration
sufficient to prevent and/or lessen hydrolytic degradation of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst, and (b) at a reaction zone
and/or separator zone residence time sufficient to prevent and/or lessen
hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst;
and by treating in at least one acid removal zone at least a portion of
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PCT/ US96/ 194§gpaétmg in at least one separation zone or in said at least one
reaction zone the one or more products from said reaction product fluid,
the improvement comprising preventing and/or lessening hydrolytic
degradation of the organopolyphosphite ligand and deactivation of the
metal-organopolyphosphite ligand complex catalyst by conducting said
process (a) at a free organopolyphosphite ligand concentration
sufficient to prevent and/or lessen hydrolytic degradation of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst, and (b) at a reaction zone
and/or separator zone residence time sufficient to prevent and/or lessen
hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst;
and by removing phosphorus acidic compounds from said reaction
product fluid derived from said process by (a) withdrawing from said at
least one reaction zone or said at least one separation zone at least a
portion of a reaction product fluid derived from said process and which
also contains phosphorus acidic compounds formed during said process,
(b) treating in at least one acid removal zone at least a portion of the
withdrawn reaction product fluid derived from said process and which
also contains phosphorus acidic compounds formed during said process
with an acid removal substance sufficient to remove at least some
amount of the phosphorus acidic compounds from said reaction product
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said reaction product fluid derived from said process and which al so
cont ai ns phosphorus acidi ¢ conpounds formed during said process with an
aci d renpovWio ¥e8atance sufficient to renove at | east sone amporntsesfsdihe
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I nvention yet further relates in part to an inproved process for producing
one or nore products which conprises (i) reacting in at |east one reaction
zone one or nore reactants in the presence of a netal -organopol yphosphite
| i gand conpl ex catal yst to produce a reabtion product fluid conprising one
or nore products and (ii) separating in at |east one separation zone or in .
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conpounds forned duri nghigiaventden also relates in part to a hydroformylation

process which comprises reacting one or more olefinic unsaturated
compounds with carbon monoxide and hydrogen in the presence of a
metal-organopolyphosphite ligand complex catalyst to produce a
reaction product fluid comprising one or more aldehydes, wherein said
hydroformylation process is conducted (a) at a free
organopolyphosphite ligand concentration sufficient to prevent and/or
lessen hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst
and (b) at a reaction zone and/or separator zone residence time
sufficient to prevent and/or lessen hydrolytic degradation of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst.

This invention further relates in part to an improved

hydroformylation process for producing one or more aldehydes which
comprises (i) reacting in at least one reaction zone one or more olefinic
unsaturated compounds with carbon monoxide and hydrogen in the
presence of a metal-organopolyphosphite ligand complex catalyst to
produce a reaction preduct fluid comprising one or more aldehydes and
(ii) separating in at least one separation zone or in said at least one
reaction zone the one or more aldehydes from said reaction product
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PCT/ US96/ 19412 -6- fluid, and (c) returning the treated reaction product
fluid to said at | east one reaction zone or said at | east one separation
zone. This invention relates in part to a hydrofornylation process which
conprises reacting one or nore ol efinic unsaturated conpounds with carbon
monoxi de and hydrogen in the presence of-7a netal - or ganopol yphosphite |igand
conpl ex catal yst to produce a reaction product fluid conprising one or nore
al dehydes, wherein said hydrofornylation process is conducted at a free
organopolyphosphite Iigand concentration sufficient to prevent and/ or
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organopolyph IR vent, and/ or
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prevent and/ Orﬁ{c?ggt? 1[.]0 S C{rre(x)'xt and/or ﬁ%rsgg?} drglyhc ciegradatxon of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst; and by treating in at
least one acid removal zone at least a portion of said reaction product
fluid derived from said hydroformylation process and which also
contains phosphorus acidic compounds formed during said process with
an acid removal substance sufficient to remove at least some amount of
the phosphorus acidic compounds from said reaction product fluid.
This invention yet further relates in part to an improved
hydroformylation process for producing one or more aldehydes which
comprises (i) reacting in at least one reaction zone one or more olefinic
"unsaturated compounds with carbon monoxide and hydrogen in the
presence of a metal-organopolyphosphite ligand complex catalyst to
produce a reaction product fluid comprising one or more aldehydes and
(ii) separating in at least one separation zone or in said at least one
reaction zone the one or more aldehydes from said reaction product
fluid, the improvement comprising preventing and/or lessening
hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst
by conducting said hydroformylation process (a) at a free
organopolyphosphite ligand concentration sufficient to prevent and/or
lessen hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organopolyphosphite ligand complex catalyst,
and (b) at a reaction zone and/or separator zone residence time
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during said hydroformylation process, (b) treating in at least one acid
removal zone at least a portion of the withdrawn reaction product fluid
derived from said hydroformylation process and which also contains
phosphorus acidic compounds formed during said hydroformylation
process with an acid removal substance sufficient to remove at least
some amount of the phosphorus acidic compounds from said reaction
product fluid, and (c) returning the treated reaction product fluid to
said at least one reaction zone or said at least one separation zone.

Brief Description of the Drawing
Fig. 1 is a graphical representation of free ligand

concentration (grams/liter} versus average ligand usage
(grams/liter/day) based on the experimental data set out in Table A
herein.

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 and
may involve any catalyst liquid and/or gas recycle operation desired.
The particular processes for producing products from one or more
reactants, as well as the reaction conditions and ingredients of the
processes are not critical features of this invention. The processing
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reacti on zondreyeindhe term é‘&éﬁheﬁé”@éﬁﬁﬁ ﬂmdﬂ’ﬁsz:eneerap ateddo include,
but not limited to, a reaction mixture containing an amount of any one
or more of the following: {(a) a metal-organopolyphosphite ligand
complex catalyst, (b) free organopolyphosphite ligand, (c) one or more
phosphorus acidic compounds formed in the reaction, (d) aldehyde
product formed in the reaction, (e) unreacted reactants, and (f) an
organic solubilizing agent for said metal-organopolyphosphite ligand
complex catalyst and said free organopolyphosphite ligand. The
reaction product fluid encompasses, but is not limited to, (a) the
reaction medium in the reaction zone, (b) the reaction medium stream
on its way to the separation zone, (c) the reaction medium in the
separation zone, (d) the recycle stream between the separation zone
and the reaction zone, (e) the reaction medium withdrawn from the
reaction zone or separation zone for treatment in the acid removal
zone, {f) the withdrawn reaction medium treated in the acid removal
zone, {g) the treated reaction medium returned to the reaction zone or
separation zone, and (h) reaction medium in external cooler.

This invention encompasses the carrying out of known
conventional syntheses in a conventional fashion employing a metal-
organopolyphosphite ligand complex catalyst and free
organopolyphosphite ligand at low organopolyphosphite ligand to
meta) ratios to effectively prevent and/or lessen hydrolytic degradation
of the organopolyphosphite ligand and deactivation of metal-
organopolyphosphite ligand complex catalysts that may occur over the




portion of a reaction product fluid derived from said hydrofornylation
process and which al so contai ns phosphorus aci di c conpounds formed during
sai d hydr owe3H2p8M0i on process, (b) treating in at | east one PEOVES96ANIRA
zone at |east a portion of the withdrawn reaction product fluid derived
fromsaid hydrofornylation process and which al so contains phosphorus

aci di ¢ conpounds forned during said hydrofornylation process with an acid
renoval substance sufficient to renove QL | east some anount of the
phosphorus aci di ¢ conpounds fromsaid re %tlon product fluid, and (c)
returning the treated reaction product fluid to said at Ieast one reaction
zone or said at | east one separation zone. Brief Description of the Draw ng
Fig. 1 is a graphical representation of free |ligand concentration
(grans/liter )couﬁssustlmdagaglpxgwskeawbxh(@hpwinietalnl day) based on the
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compounds with carbon monoxide, or with carbon monoxide and a third
reactant, e.g., hydrogen, or with hydrogen cyanide, in the presence of a
catalytic amount of a metal-organopolyphosphite ligand complex
catalyst. The most preferred processes include hydroformylation,
hydrocyanation and carbonylation.

Hydroformylation can be carried out in accordance with
conventional procedures known in the art. For example, aldehydes can
be prepared by reacting an olefinic compound, carbon monoxide and
hydrogen under hydroformylation conditions in the presence of a
metal-organopolyphosphite ligand complex catalyst described herein.
Alternatively, hydroxyaldehydes can be prepared by reacting an
epoxide, carbon monoxide and hydrogen under hydroformylation
conditions in the presence of a metal-organopolyphosphite ligand
complex catalyst described herein. The hydroxyaldehyde can be
hydrogenated to a diol, e.g., hydroxypropionaldehyde can be
hydrogenated to propanediol. Hydroformylation processes are
described more fully hereinbelow.

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

Intermolecular hydroacylation can be carried out in
accordance with conventional procedures known in the art. For



techni ques of this invention may correspond to any of the known processing

t echni ques wagsRIdabPr € enpl oyed in conventional processes. Fopﬂmg@f%ﬁ t he
processes can be conducted in either the liquid or gaseous states and I1n a

conti nuous, sem -continuous or batch fashion and involve a liquid recycle
and/ or gas recycle operation or a conbination of such systens as desired.
Li kewi se, the manner or order of addition of the reaction ingredients,
catal yst and solvent are also not critiehll- and may be acconplished in any
conventional fashion. As used herein, the term"reaction product fluid" is
contenplated to include, but not limted to, a reaction m xture containing
an anount of any one or nore of the following: (a) a
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(g) the treatepreferxad bydrasypnatipatRropess inyolves reagtingennonenmjugatmbar at i on
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catal yst andgroup, eggd@pentenehdtxile] with agantcadl hpdrogegayapidy piehehi t e
ligand to presence of a catalyst precursor composition comprising zero-valent

nickel and a bidentate phosphite ligand to produce a terminal

organonitrile, e.g., adiponitrile, alkyl 5-cyanovalerate or 3-

(perfluoroalkyl)propionitrile. Preferably, the reaction is carried out in

the presence of a Lewis acid promoter. Illustrative hydrocyanation

processes are disclosed in U.S. Patent No. 5,523,453 and WO 95/14659,

the disclosures of which are incorporated herein by reference.

Hydroamidation can be carried out in accordance with
conventional procedures known in the art. For example, amides can be
prepared by reacting an olefin, carbon monoxide and a primary or
secondary amine or ammonia under hydroamidation conditions in the
presence of a metal-organopolyphosphite ligand complex catalyst
described herein.

Hydroesterification can be carried out in accordance with
conventional procedures known in the art. For example, esters can be
prepared by reacting an olefin, carbon monoxide and an alcohol under
hydroesterification conditions in the presence of a metal-
organopolyphosf)hite ligand complex catalyst described herein.

Aminolysis can be carried out in accordance with
conventional procedures known in the art. For example, amines can be




metal ratios to effectively prevent and/or |essen hydrolytic degradation of
t he organopol yphosphite |igand and deactivation of netal -
or ganopol wpbospdabs € | i gand conpl ex catal ysts that nmay occur pe¥gisséidaz WO

97/ 20800 PCT/ US96/ 19412 -10- course
of time during processes which enploy netal - organopol yphosphite |igand
conplex catalysts. Illustrative processes include, for exanple,

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

hydr ocyanati on, hydroamni dation, hydroestd2-fication, am nolysis,

al cohol ysi s, carbonyl ation, olefin isonerization, transfer hydrogenation
and the |like. Preferred processes involve the reaction of organi c conpounds
wi t h carbon nonoxide, or with carbon nonoxide and a third reactant, e.g.,
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Carbonylation can be carried out in accordance with
conventional procedures known in the art. For example, lactones can
be prepared by treatment of allylic alcohols with carbon monoxide
under carbonylation conditions in the presence of a metal-
organopolyphosphite ligand complex catalyst described herein.

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

Transfer hydrogenation can be carried out in accordance
with conventional procedures known in the art. For example, alcohols
can be prepared by reacting a ketone and an alcohol under transfer
hydrogenation conditions in the presence of a metal-
organopolyphosphite 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. Illustrative starting material reactants include,
for example, substituted and unsubstituted aldehydes (intramolecular
hydroacylation), olefins (hydroformylation, carbonylation,
intermolecular hydroacylation, hydrocyanation, hydroamidation,
hydroesterification, aminolysis, alcoholysis), ketones (transfer



hydrogenated to a diol, e.g., hydroxypropi onal dehyde can be hydrogenated to
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wi th conventional procedures known in the art. For exanple, al dehydes
containing an olefinic group 3 to 7 carbons renoved can be converted to
cyclic ketones under hydroacyl ation conditions in the presence of a
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I nt er nol ecul ar hydroacyl ati on can be carried out in accordance with
conventional procedures known in the art. For WD 97/ 20800
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conprising ze
mentxoned patents. In general such catalysts may be preformed or

formed in situ as described in such references and consist essentially of

- metal in complex combination with an organopolyphosphite ligand or
an organophosphorus ligand as the case may be. The active species
may also contain carbon monoxide and/or hydrogen directly bonded to
the metal.

The catalysts useful in the processes of this invention
include a metal-organopolyphosphite ligand complex catalyst, which
can be optically active or non-optically active. The permissible metals
which make up the metal-organopolyphosphite ligand complexes
include Group 8, 9 and 10 metals selected from rhodium (Rh), cobalt
(Co), iridium (Ir), ruthenium (Ru), iron (Fe), nickel (Ni), palladium
(Pd), platinum (Pt), osmium (Os) and mixtures thereof, with the
preferred metals being rhodium, cobalt, iridium and ruthenium, more
preferably rhodium, cobalt and ruthenium, especially rhodium. Other
permissible metals include Group 6 metals selected from chromium
(Cr), molybdenum (Mo), tungsten (W) and mixtures thereof. Mixtures
of metals from Groups 6, 8, 9 and 10 may also be used in this
invention.

The permissible organopolyphosphite ligands which make
up the metal-organopolyphosphite ligand complexes and free
organcpolyphosphite ligand include di-, tri- and higher
polyorganophosphites. Mixtures of such ligands may be employed if
desired in the metal-organopolyphosphite ligand complex catalyst



ni ckel and a bidentate phosphite |ligand to produce a term nal
organonitrile, eg., adiponitrile, alkyl 5-cyanovalerate or 3-

(per fl uor ontckyiZopseopi onitrile. Preferably, the reaction i s QaffiSskQifz i N
the presence of a Lewis acid pronoter. Illustrative hydrocyanation
processes are disclosed in U S. Patent No. 5,523,453 and WD 95/ 14659, the
di scl osures of which are incorporated herein by reference. Hydroam dation
can be carried out in accordance with conventional procedures known in the °
art. For exanple, amides can be preparedl4dy reacting an ol efin, carbon
nonoxi de and a primary or secondary am ne or anmoni a under hydroam dati on
conditions in the presence of a netal-organopol yphosphite |igand conpl ex
catal yst described herein. Hydroesterification can be carried out in

sters can bAaVEPRNG Feod Ba it PO Rbnd Bt uch drixtiles AV
al cohol undertherame ordifferent: i DrisdoNentipn is nof intendeddtodre imited inet al -
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can be carried.out in accar ggnc&g\é th venti Osrtlz%l o sro ures known in the
art. For exarﬁp&urﬁ%@hﬁ?" an” be 9@%‘% c practice of this
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can be carri e praseps indbeiromanenyslenr cdinnslaarand/op highenmedearisyn in t he
art. For exangifs. Toideed, filedifet structure is not known. Although it is not
intended herein to be bound to any theory or mechanistic discourse, it
appears that the catalytic species may in its simplest form consist
essentially of the metal in complex combination with the
organopolyphosphite ligand and carbon monoxide and/or hydrogen
when used.
- The term "complex” as used herein and in the claims
means a coordination compound formed by the union of one or more
electronically rich molecules or atoms capable of independent existence
with one or more electronically poor molecules or atoms, each of which
is also capable of independent existence. For example, the
organopolyphosphite 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 (Cl], Br, I), alkyl, aryl,
substituted aryl, acyl, CF3, C2F5, CN, (R)2PO and RP(OXOH)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, P¥4, PFg, NO9, NO3, CH30, CH2=CHCH2,



prepared by reacting an olefin with an al cohol under al coholysis conditions
in the pre a net al - organopol yphosphite |igand conpl e I
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conventional procedures known in the art. For exanple, |actones can be
prepared by treatnment of allylic alcohols with carbon nonoxi de under
carbonyl ation conditions in the presence of a netal - organopol yphosphite

| i gand conpl ex catal yst described hereingslsonerization can be carried out

i n accordance with conventional procedures known in the art. For exanple,
allylic alcohols can be isonerized under isomerization conditions to
produce al dehydes in the presence of a netal -organopol yphosphite |igand

conpl ex catal yst described herein. Tr néféﬁr drogenati on can be carried
out in accor deR8CHFOHEHS, &6H oG, cﬂgB @%:mﬂpdqzﬁ5$& mogo-
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this invention are, of cours chosen, dependij ng on.t he partdj cul ar  process
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complex catalyst mixture, in their monomeric, dimeric or higher

nuclearity forms, which are preferably characterized by at least one

organopolyphosphite-containing molecule complexed per one molecule

of metal, e.g., rhodium. For instance, it is considered that the catalytic

species of the preferred catalyst employed in a hydroformylation

reaction may be complexed with carbon monoxide and hydrogen in

addition to the organopolyphosphite ligands in view of the carbon

monoxide and hydrogen gas employed by the hydroformylation

reaction.

The organopolyphosphites that may serve as the ligand of

the metal-organopolyphosphite ligand complex catalyst and/or free

ligand of the processes and reaction product fluids of this invention

may be of the achiral (optically inactive) or chiral (optically active) type

and are well known in the art. Achiral organopolyphosphites are

preferred.

Among the organopolyphosphites that may serve as the

ligand of the metal-organopolyphosphite ligand complex catalyst

containing reaction product fluids of this invention and/or any free

organopolyphosphite ligand of the process that might also be present in

said reaction product fluids are organopolyphosphite compounds

described below. Such organopolyphosphite ligands employable in this
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hydrogenation), epoxides (hydroformylation, hydrocyanation), alcohols
(carbonyl atwowjzamosl the |ike. Illustrative of suitable reactpghfsb@ioga
effecting the processes of this invention are set out in Kirk-OQ hner
Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1996, the pertlnent
portions of which are incorporated herein by reference. Il1lustrative

nmet al - or ganopol yphosphite |igand conpl ex catal ysts enpl oyable in the
processes enconpassed by this invention -d6e known in the art and include
those disclosed in the bel ow nmentioned patents. In general such catal ysts
may be preformed or formed in situ as described in such references and
consi st essentially of netal in conplex conbination mﬁth an

or ganopol ypho s the cgse may
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G oup 8, 9 anthelfdrmilat s seI ected fromrhodium (Rh), cobalt (Co), iridium
(Ir), ruthenium (Ru), iron (Fe), nickel (N), palladium(Pd), platinum
(Pt), osmium (GCs) @nd m xtures thenreof, vvrth the preferyed nmetal s being
rhodi um cobalt, i |d| G.%dmrut herli um ?eferabl y| rhodi um cobalt and
odi

rut heni um especia Inf_fl pdr m ssi slinclude Goup 6
netal s selected fr ] nmollybdenum ; §sten (W and
m xtures thereof. xtur@ of matals frijo s 6, 8, and 10 may al so be

used in this

a
b I

wherein X represents a substituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R1 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R2 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, a and b can be the same
or different and each have a value of 0 to 6, with the proviso that the
sum of a + bis 2 to 6 and n equals a + b. Of course it is to be
understood that when a has a value of 2 or more, each R1 radical may
be the same or different, and when b has a value of 1 or more, each R2
radical may be the same or different.

Representative p-valent (preferably divalent) hydrocarbon
bridging radicals represented by X and representative divalent organic
radicals represented by R1 above, include both acyclic radicals and
aromatic radicals, such as alkylene, alkylene-Qn-alkylene,

cycloalkylene, arylene, bisarylene, arylene-alkylene, and arylene-
(CH2)y-Qm-(CH2)y-arylene radicals, and the like, wherein each y is

the same or different and is a value of 0 or 1, Q represents a divalent
bridging group selected from -C(R3)2-, -O-, -S-, -NR4- Si(R5)2- and -

CO-, wherein each R3 is the same or different and represents
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I nvention. The perm ssi bl e organopol yphosphite |igands which make up the

net al -org hosphite |igand conpl exes and free organopQmbasnbife
ligand i nc‘Pﬁ%ngé&’ tri- and hi gher pol yorganophosphites. Mqut uresR(B) 1t2such

| i gands may be enployed if desired in the netal - organopol yphosphite |igand
conpl ex catal yst WO 97/ 20800

PCT/ US96/ 19412 -14- and/or any free organopol yphosphite |Iigand and such

m xtures nmay be the sane or different. Thfs invention is not intended to be
limted in any manner by the perm ssi bl e organopol yphosphite |igands or

m xtures thereof It is to be noted that the successful practice of this

I nvention does not depend and is not predicated on the exact structure of

th tal - | yphos d | whi.ch t

i thel 1 mondiogsh, analkH EaicANBRUREFaRL thc EXPebyRteEPheR boed. t he

bound ¢ Ergﬁty“{"ﬁé" a‘m’“h”lé’?nféﬁmm o i opoAr L het L he dat al yti c

speci es may |‘H‘§‘&S¥ ?nqv(ﬂi%ﬁkggﬂé esse @‘F&? £§O]a.q %@yﬁrﬁ’g}cai

conpl ex conbilstingri tm#:rcarbmatgaa Bﬁosﬁ esameé gudifferedit @ndoon nonoxi de
d/ hyd h

anaror ny rogg% %w 4R Gr bl y??ﬂlﬁcgl‘ ax‘?&%ﬁegvg?ﬁgwo%}dl 'ThE e

cl ai n8 neans COI’TpOU ni_.on, or one or

el ect r oni cal Il;wm prefesrad: lccfladAQ%ﬁ%’eE’éﬂ?&BF%d gy X ﬁ&é&%é@ﬁ?e axe st ence
with one or @Wléit%k&%ﬂ&ﬁ&dﬁalﬁ?%ammﬁb% p?éfe@fé&rﬁroxﬁaﬁil& raldiedlsch is

al so capabl e Of éé‘&%%ﬁ%% ed(kitaebov ‘are divaled '{p lene &nd bisarylene
radicals, such as disclosed more fully, for example, in U.S. Patent Nos.
4,769,498; 4,774,361: 4,885,401; 5,179,055, 5,113,022; 5,202,297;
5,235,113; 5,264,616 and 5,364,950, and European Patent Application
Publication No. 662,468, and the like, the disclosures of which are
incorporated herein by reference. Representative preferred
monovalent hydrocarbon radicals represented by each R2 radical above

include alkyl and aromatic radicals.
Hlustrative preferred organopolyphosphites may include

bisphosphites such as those of Formulas (II) to (IV) below:
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or ganopol yphosphite |igands enpl oyabl e herein nmay possess one or nore
phosphorus donor atons, each having one avail able or unshared pair of

el ectrons waghoswe each capable of formng a coordinate cowghidosios9d

i ndependently or possibly in concert (e.g., via chelation) wth the netal.
Car bon nonoxide (which is also properly classified as a ligand) can al so be
present and conplexed with the netal. The ultinate conposition of the

conpl ex catal yst may al so contain an additional l|igand, e.g., hydrogen or
an anion satisfying the coordination sitdds or nuclear charge of the netal.
Il'lustrative additional |igands include, for exanple, halogen (C, Br, 1),

al kyl, aryl, substituted aryl, acyl, CF[err], Cerr]Ferr], CN, (R[err]PO
and RP(O (OH) O (wherein each Ris the sane or different and is a
substituted or unsubstituted hydrocarbon radical, e.g., the alkyl or aryl),

acetate, acetylacetonatsg, SJerr], PF[err], Pa_e_r_er NJerr], NJerr],
CHerr]O CHerr]=Cgeren], WO 97/ 20800”

PCT/ US96/ 19412 - 15R.CH| er r JB=Ocfer@—RIerr]H err]CN, CHerr] CN,

NH err], pyridine, (h“@ Herr])[err] N, nonoQelefd ns, diol efins and
triolefins, tetrahydrofuran, and the like. It is of course(IM be understood
that the conplex species are preferably free of any additional organic

| i gand or anion that mgﬂ:}aﬁgl son_the catal yst. or have an undue adverse
effect on cawheyein pagh and|X of Fogpuslas (H) tp 1 hare the same as

met al - or ganogefined abebk fer Fofmtla CONMPRferadpbice RY £44 % Rﬁ%‘e&@ﬁés ghe
active catal éSt be, frree of hal 8&%2 a@g,&qs E‘Hur irectly bonded ﬁo t he
metal, al t hotiilenthydEseanben edital splsetad from alicreye, dvylent,mriens-
avai | abl e coallqileasarpletie;, anddisarydenerwvhile dach'R? radicalwepresthits a1t . Thus
the catalytig SRoEids RFaroelf®did radidal selected from alkyl and aryl radicals.
Organopolyphosphite ligands of such Formulas (II) to (IV) may be
found disclosed, for example, in U.S. Patent Nos. 4,668,651; 4,748,261;
4,769,498; 4,774,361; 4,885,401; 5,113,022; 5,179,055; 5,202,297,
5,235,113; 5,254,741; 5,264,616; 5,312,996; 5,364,950; and 5,391,801;
the disclosures of all of which are incorporated herein by reference.
Representative of more preferred classes of
organobisphosphites are those of the following Formulas (V) to (VII):

S

f«r-——O

SHay N\

?m P—0O— X

Ar—O J
2

V)



conpl ex catalyst mxture, in their nononeric, dinmeric or higher nuclearity
forms, whi ef erably characterized by at | east one
organopolygﬁg§éﬁfgg-containing nol ecul e conpl exed per one noF§§HW%m8P“’
nmetal, e.g., rhodium For instance, it is considered that the catalytic
species of the preferred catalyst enployed in a hydrofornylation reaction
may be conpl exed with carbon nonoxi de and hydrogen in addition to the

or ganopol yphosphite |ligands in view of t.yg-carbon nonoxi de and hydrogen gas
enpl oyed by the hydrofornylation reaction. The organopol yphosphites that
may serve as the ligand of the netal - organopol yphosphite |Iigand conpl ex
catal yst and/or free ligand of the processes and reaction product fluids of
this invention may be of the achiral (optically inactive) or chiral
(optically active) tAipe—aRd are well known in the art. Achiral
organopolyphosphitgéygrs pr&{erred. Anong the organopol yphosphites that may
serve as the ligan i 2 ?e meNal - or ganopol yphosphi —iRfand conpl ex

catal yst containing Leaction pr [

uChy f I\ui ds~Of #fi s invention and/ or any
free organopol yphosjtimt e | i gang "of e%ro@g tNat m @tc al so be present
In said reaction pr c?] fluids are organopol yphosQri—t'g onpounds descri bed
bel ow. Such organo yeh¥spite |igands enployable in this WO 97/ 20800

PCT/ US96/ 19412 -16- Apwerj on and/or nmethods for their preparation are well
known in the art. Representative organopol yphosphites contain twWWBr nore

;:\r-—O

CHaly N\

a N o x—or” A
] m \O/

(CH2)y /

Ar—O (VID

wherein Q, R1, R2, X , m, and y are as defined above, and each Ar is

the same or different and represents a substituted or unsubstituted
aryl radical. Most preferably X represents a divalent aryl-(CH2)y-

(Q)m-(CH2)y-aryl radical wherein each y individually has a value of 0
or 1; m has a value of 0 or 1 and Q is -O-, -S- or -C(R3)2 where each R3
is the same or different and represents hydrogen or a methyl radical.
More preferably each alkyl radical of the above defined R2 groups may
contain from 1 to 24 carbon atoms and each aryl radical of the above-
defined Ar, X, R1 and R2 groups of the above Formulas (V) to (VII) may
contain from 6 to 18 carbon atoms and said radicals may be the same
or different, while the preferred alkylene radicals of X may contain
from 2 to 18 carbon atoms and the preferred alkylene radicals of R1
may contain from 5 to 18 carbon atoms. In addition, preferably the
divalent Ar radicals and divalent aryl radicals of X of the above

formulas are phenylene radicals in which the bridging group
represented by (CH2)y~(Q)m~(CH2)y— is bonded to said phenylene



tertiary (trivalent) phosphorus atons and may include those having the
formula: [err] wherein X represents a substituted or unsubstituted n-val ent

organi ¢ br iwlgbntbseerdi cal containing from2 to 40 carbon atonﬁcj.m?ghﬂ;rr]
is the sane or different and represents a divalent organic radica

containing from4 to 40 carbon atons, each R2 is the sane or different and
represents a substituted or unsubstituted nonoval ent hydrocarbon radical
containing from1l to 24 carbon atons, a and b can be the sanme or different
and each have a value of 0 to 6, with t#0-proviso that the sumof a + b is
2to 6 and n equals a + b. O course it is to be understood that when a has
a value of 2 or nore, each Rlerr] radical may be the sanme or different, and
when b has a value of 1 or nore, each R err] radical my be the sane or

di ff : L v.e: N-\al f bl y_dival b
br 1 dgi ng.  aFBaaTs 1 pRuBioe Bsf By gRHEG B PR i o Bt of¥h0 B53natan
radi cal s r epthatpennedithRphenyletevadicalactokheibphhspluomis atonadf thés and

aromati c radi #ﬂ‘?ﬁe -

cycl oal kyl eng‘?‘%?ﬁezhg}s%?sﬁ y eﬁigéﬁrﬂrf ?%%ﬁ#,ﬁg%é?ﬁ?%ne-
(CHl err]) [ er Prefgtitron spehpbenylene, %ﬁlyﬁ@ qé&'l@aﬁ’s%pmaa r|qriao
wher ei n fachpgsitsc;xi bfttbsaﬂge@ﬂeﬂbfrhas@né iﬂ@?ldgﬁ}wm&%erpawm%haﬁé o
represents a,di walent .bri rqup sekected,from - er err]-, -0,
TSP R or r PondR Ry Sfbtnited heiSueie FigichlfR s wosrhbhs 2kt ho same
or different and repredatepver, ifdesivedaBQ0given organopolyphosphite in the

PCT/ US96/ 19418 55 FroriWHEOH ko (VA bd Ai6A fikpR § AT hal Tobfalt?’ DON

atoms, pheny o -
one or more ionic moieties selected from the group consisting of:

— SOgM wherein M represents inorgani¢ or organic cation,
—_— PO3M wherein M represents inorganic or organic cation,
— N(R6)3X1 wherein each R6 is the same or different and
represents a hydrocarbon radical containing from 1 to
30 carbon atoms, e.g., alkyl, aryl, alkaryl, aralkyl, and
cycloalky! radicals, and X1 represents inorganic or
organic anion,
— CO2M wherein M represents inorganic or organic cation,
as described, for example, in U.S. Patent Nos. 5,059,710; 5,113,022
5,114,473; 5,449,653; and European Patent Application Publication No.
435,084, the disclosures of which are incorporated herein by reference.
Thus, if desired, such organopolyphosphite ligands may contain from 1
to 3 such ionic moieties, while it is preferred that only one such ionic
moiety be substituted on any given aryl moiety in the
organopolyphosphite ligand when the ligand contains more than one

such ionic moiety. As suitable counter-ions, M and X1, for the anionic
moieties of the ionic organopolyphosphites there can be mentioned
hydrogen (i.e. a proton), the cations of the alkali and alkaline earth
metals, e.g., lithium, sodium, potassium, cesium, rubidium, calcium,
barium, magnesium and strontium, the ammonium cation and
guaternary ammonium cations, phosphonium cations, arsonium
cations and iminium cations. Suitable anionic atoms of radicals



tolyl, and anisyl, R4 represents hydrogen or a substituted or unsubstituted

nonoval ent rbon radical, e.g., an al kyl radical havi ar bon
Byﬁ?é?‘?“? flﬂg%éﬂnﬁaﬁ

at ons; each is the sane or different and represents hydrogen orf an
al kyl radical, and mis a value of 0 or 1. The nore preferred acyclic
radicals represented by X and R err] above are dival ent al kyl ene radical s,
while the nore preferred aromatic radicals represented by X and R err]
above are divalent arylene and bisaryl enlfadi cal s, such as discl osed nore
fully, for exanple, in U S. Patent Nos. 4,769,498, 4,774,361: 4,885, 401;
5,179, 055; 5,113, 022; 5,202,297; 5,235, 113; 5, 264,616 and 5, 364, 950, and
Eur opean Patent Application Publication No. 662,468, and the |ike, the

di scl osures of fch. are incor ted herein ref erence.. Representative
preferred mn‘ﬁ?ﬂ%&ﬁ?ﬁ?ﬂ?i?h%ﬂ%%ﬁd%%@qtﬁp&&ﬁ@& %;l“ﬁﬁgh fetateqdi cal
above i ncl udepxgilitd anddtherdiltsmt i c radicals. Illustrative preferred
or ganopol yphosphi tes mapne ncl ud i hige ch t hgse, of . For,mul as
(IT) to (1V) below [er ““’iﬁjg’é’?f’gggggﬂlﬂ X, Jahd Rr radicals of such
PCT/ US96/ 194 irfon-iénic[agrd joni¢ oy gawnpodyphesphiited] off Formulsdi) o AT Xbove
Formulas (I1) ASwitsf dfyed : ;
Preferably ea%%glﬁ‘fl %an%ﬁ &&gﬁ%ﬁgggﬁ% a gi vaﬁn?ﬁgﬂgélﬁ%%%to%%hﬁg%}ﬁ%% ected
from al kyi endromy Jte 30 cax 9Pé¥€m5aq%@}| gty y agversgly aflact the whi | e
each Rlerr] rdsbifed résilt ofthid procesd o vhisdnvehidno Suliiituents tivdt slyect ed
fromalkyl and, af ub;d 884581 n 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(R7)g;

amino radicals such as -N(R7)g; phosphine radicals such as -aryl-

P(R7)2; acy! radicals such as -C(O)R7 acyloxy radicals such as -

OC(O)R7; amido radicals such as -CON(R7)s and -N(R7)CORY;

sulfonyl radicals such as -SOzR7, alkoxy radicals such as -OR7;

sulfinyl radicals such as -SOR7, sulfenyl radicals such as -SR7,
phosphonyl radicals such as -P(O)(R7)2, as well as halogen, nitro,
cyano, triflucromethyl, hydroxy radicals, and the like, wherein each R7
radical individually represents the same or different monovalent
hydrocarbon radical having from 1 to 18 carbon atoms (e.g., alkyl, aryl,
aralkyl, alkaryl and cyclohexyl radicals), with the proviso that in
amino substituents such as -N(R7)g each R7 taken together can also
represent a divalent bridging group that forms a heterocyclic radical
with the nitrogen atom, and in amido substituents such as -
C(O)N(R7)9 and -N(R7)COR7 each R7 bonded to N can also be

hydrogen. Of course it is to be understood that any of the substituted or
unsubstituted hydrocarbon radicals groups that make up a particular
given organopolyphosphite may be the same or different.

More specifically illustrative substituents include
primary, secondary and tertiary alkyl radicals such as methyl, ethyl, n-
propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, amyl,
sec-amyl, t-amyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals



Or ganopol yphosphite Iigands of such Forrmulas (11) to (IV) may be found

di scl osed, for exanple, in U S. Patent Nos. 4,668, 651; 4,748, 261,

4,769, 498, wé 9772d30861; 4, 885,401; 5,113,022; 5,179, 055; 5, 202cAA/s96719412
5,235, 113; 5, 254, 741; 5, 264, 616; 5,312,996; 5, 364,950; and 5,391, 801; the
di scl osures of all of which are incorporated herein by reference.
Representative of nore preferred classes of organobi sphosphites are those
of the following Formulas (V) to (VIl): [err] WO 97/ 20800

PCT/ US96/ 19412 -19- [err] (VI) [err] wh %in Q Rerr], Rerr], XX m and y
are as defined above, and each Ar is the sane or different and represents a .
substituted or unsubstituted aryl radical. Most preferably X represents a
divalent aryl-(CHerr])[err]- (QJerr]-(CHerr])[err]-aryl radical wherein

each y | ndi vigtesldopiley 1 ankphteylondthe like: SHA1A3] PadRblifsdlh fs BenbyfNd Q1
-0, -S -gg! hi?a ﬁthg ] it 3dnd
representgrh i#%&’[ég%'\g(}geﬁégﬁ?% I ke?p? Sa”ﬁﬁg‘g*céwl eélefr%]?l padi cal
of dt he ﬁboveltdmj' ﬁﬁgﬂ,ﬁh]gﬁ the ﬁkeuaﬁcmfamgﬁbrsuthw éydﬁ&ﬁy@d,ar bon i':lt ons

and each ar radi cal .0 e, abpyve- defined, Ar L] ,an err roups
of the abov)é G ﬁﬁg\?ﬂ l(mettﬁxlc?%ﬁ%exngy Sgﬁftéﬁnt’f‘ﬁ(@ﬁ%ﬁf ﬂSaBQrR%’&n at gms P
and sai d r adilike; alkexy teditdls swheasomethotyrethoxy ywirdpexyht-butetyr+ ed
al kyl ene r adiQ@Hs,GHoGCHY, O '(DH%)QOCH@O(XEHQCHQJ‘g@UHg, and thbe

may

preferred al kyl ene radi cal s _of err contain from5 to 18 carbon
atons. In addl)itei; anylogy apdicals guech @s phenoxy and the like; as well as silyl

radicals such as -Si(CHg)g, -Si(OCHg)3, -Si(CgH7)g, and the like;
amino radicals such as -NHy, -N(CHg)g, -NHCHjg, -NH(CoHjg), and the
like; arylphosphine radicals such as -P(CgHs)2, and the like; acyl
radicals such as -C(O)CHg, -C(O)CqHg, -C(O)CgHsg, and the like;
carbonyloxy radicals such as -C(O)OCHg and the like; oxycarbonyl
radicals such as -O(CO)CgHg, and the like; amido radicals such as -
CONH,, -CON(CHg)o, -NHC(O)CHg, and the like; sulfonyl radicals
such as -S(0)9CoHjg and the like; sulfinyl radicals such as -S(O)CHg
and the like; sulfenyl radicals such as -SCHg, -SCoHj, -SCgHjp, and
the like; phosphonyl radicals such as -P(OXCgHg)g, -P(OXCHg)s, -
P(O)XCqoHg)g, -P(OXCgH7)g, -P(OXC4Hg)g, -P(OXCgHj3)9, -
P(O)CH3(CgH5) -P(OXHXCgHs), and the like.

Specific illustrative examples of such organcbisphosphite
ligands include the following;
6,6'-[[4,4"-bis(1,1-dimethylethyl)-[1,1-binaphthyl}-2,2'-diyl]bis(oxy)]bis-
dibenzold,f1[1,3,2]-dioxaphosphepin having the formula:



divalent Ar radicals and divalent aryl radicals of X of the above fornulas
are phenyl als in which the bridging group represent perii$ses19412
-(CH[err])?Rf ﬂ (Qferr]-(CHerr])[err]- is bonded to said phenyl ene

97/ 20800 _ PCT/ US96/ 19412 - 20-
radicals in positions that are ortho to the oxygen atons of the fornul as

t hat connect the phenylene radicals to their phosphorus atom of the
formulae. It is also preferred that any-88bstituent radical when present on
such phenyl ene radicals be bonded in the para and/or ortho position of the
phenyl ene radicals in relation to the oxygen atomthat bonds the given
substituted phenylene radical to its phosphorus atom Moreover, if desired
any given organopol yphosphite in the. abhove Formylas (1) to (VII) may be an
ioni c phosphite, i.e., may contain ¢ \ RnNi ¢ noi eties selected from
the group consisting of: - S er ' represents inorganic or
organi c cation, - PJ err] M wher ei ja—M oseAl S i norganic or organic
cation, - N(Rerr])[err] 3 R\er i\s the sane or
different and represents a h)%‘gé‘%?]?a @ [ nté{km)hg from1l to 30
carbon atons, e.g., alkyl, aryl, alkary R and cycl oal kyl radicals,

and X[ err] represents inorgani r COerr]Mwherein M
represents inorgani c or organ @ e @: exanple, in U S,
e 9, 6537—and Eur opean Pat ent

Pat ent Nos. 5,059, 710; 5,113, 02215, 11 473 5
Appl i cation Publication No. 4 4, /t’he di scl od\re whi ch are

o 8 S/;0l
i ncor porated herein by refere QJS, if desire® @’

or ganopol yphosphite |igands may~—Contain from 1
Ligand A

6,6'-[[3,3'-bis(1,1-dimethylethyl)-5,5'-dimethoxy-[1,1"-biphenyl}-2,2'-
diyllbis(oxy)]bis-dibenzo{d,f]{1,3,2]dioxaphosphepin having the

formula:
OCH; OCH;
cns/ Ko, o\ CH,
e P o P

Caeie®

Ligand B

6,6'-[(3,3',5,56"-tetrakis(1,1-dimethylpropyl)-[1,1'-biphenyl]-2,2'-
diyllbis(oxy)lbis-dibenzold,f1{1,3,2]dioxaphosphepin having the
formula:



to 3 such ionic noieties, while it is preferred that only one such ionic
noi ety be substituted on any given aryl noiety in the organopol yphosphite
li gand wheW@AE288Yand contains nore than one such ionic i pEfushHresrz
suitable counter-ions, Mand X err], for the anionic noieties of the 1onic
or ganopol yphosphites there can be nentioned hydrogen (i.e. a proton), the
cations of the alkali and alkaline earth netals, e.g., lithium sodium

pot assi um cesium rubidium calcium bag%#nl magnesi um and strontium the
ammoni um cati on and quat ernary anmoni um ¢&ti ons, phosphoni um cati ons,
arsonium cations and i mnium cations. Suitable anionic atons of radicals
WD 97/ 20800 PCT/ US96/ 19412 - 21-
i nclude, for exanple, sulfate, carbonate, phosphate, chloride, acetate,
oxalate and the like. O course agyof the Rigqf], Rerr], X Qand Ar

radi cal s of such non-ionic andchgﬂg ©r ganoe ikpﬁgghites of Formulas (1)
to (VIl) above may be substituted éf/uesirer W ny suitable substituent
containing from1l to 30 carbon ato%é ot undul y adversely affect
the desired result of the process o gnt i on.  Substituents that may
be on said radicals in addCHd~of S > s9dfdbng hydr ocar bon
radi cal s such as al kyl, arylCHsar &l kyl aﬁgfayéiohexyl substituents,
may i nclude for exanple silyl CHadi cal® suchCas -SiCRerr])[err]; am no
radi cals such as -N(Rerr])[err]; mﬂé§phine ragycal s such as -aryl -
P(Rlerr])[err]; acyl radicals as@C(O cyl oxy radi cals such as
- OC(ORerr]; amdo radicals silich as fCON(iRerr])fferr] and

-N(R[err])COR[err]; sulfonyl rIR err], alkoxy
radi cal s such as -OR[err];

Ligand C

6,6'-[[3,3',5,5'-tetrakis( 1,1-dimethylethyl)—1,1’-bipheny1]—2,2'-
diyl)bis(oxy)}bis-dibenzofd,f}[1,3,2] -dioxaphosphepin having the
formula:

CH,\ ,CH,
CH,—C C— CH,
CHs/ CH,
CH, @ @ ,CH,
CH,—C —C

CHY je, O\ CH,

AN ~ X

0O @) O O
Ligand D

(2R,4R)-di{2,2'~(3,3',5,5'-tetralds~tert—amyl—1,1'~bipheny1)]-2 A4-
pentyldiphosphite having the formula:



sul finyl radicals such as -SOR[err], sulfenyl radicals such as -SRerr],
phosphonyl wgehsosbes such as -P(O (Rlerr])[err], as well as hpcpasdsns¥ir o,
cyano, trifluoronethyl, hydroxy radicals, and the |ike, wherein each R err]
radi cal individually represents the sane or different nonoval ent

hydr ocar bon radi cal having from1 to 18 carbon atons (e.g., alkyl, aryl,
aral kyl, al karyl and cycl ohexyl radicals), with the proviso that in am no
substituents such as -N(Rlerr])[err] eac®5R[err] taken together can al so
represent a divalent bridging group that forns a heterocyclic radical with
the nitrogen atom and in am do substituents such as C(CONRerr])[err] and
-N(R[err])COR[err] each Rlerr] bonded to N can also be hydrogen. O course
it is to be understood that any qf the substit d or unsubstituted

hydr ocar bon radi cal s groups that q?'eh;e 99 pagi éul ar given

or ganopol yphosphite may be the sane Q;Hdlf €tent. More specifically

illustrative substituent (CF « pr| conday tertiary al kyl
radi cal s such as net hyl CS"H% ?; (@%&j sec- butyl,

t-butyl, neo-pentylg OH Ctlg%\ry cqgﬂgzcézws, decyl,

octadecyl, and the [% Ke;
PCT/ US96/ 19412 -22- such as phe *:._he | i ke; aral kyl radicals
g 'the l'i ke; al karyl

such as benzyl, phenylethyl, tr

radi cal s such as tolyl, %@4@2 @

cycl opentyl, cycl ohexylcz ﬂyl cycl o@ué(d:ﬂ_,)éwcl @CHYJC,Heycl ohexyl et hyl,
and the Iike al koxy radicals such as nethox et hoxy, propoxy, t-butoxy, -
OCH err]CH err]CCH err], O(CI—I[err]CI—I[IGB'ﬂP‘)l[%rr]OCI-I[err]
O(CH[err]CI—I[err])[err]OCl—I[err] and the |ike; aryl oxy radi cal s such as

phenoxy and t&% 4k§«er‘11 [2a§ (\geé I5 g -te%ralgl&tert-butyl—l 1"-biphenyl)]-2,4-
pentyldiphosphite having the formula:

CHy, CH{ /c“s

I.)‘.

(Cl'wa C(CHy),
(CHYC °" A~ C(CHy,
O
C(CHy),

(CHy)C CICHI3 "c(chy,
Ligand F

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



radicals such as -Si(CHerr])[err], -Si(OCCHerr])[err],
-Si(Cerr]Herr])[err], and the like; amno radicals such as -NH err],
-N(CH err wéderndspo- NHCH err], -NH(Cerr]JHerr]), and the |ikeTnusosr19412
aryl phosphine radicals such as -P(C[err]J]Herr])[err], and the |ike; acyl
radicals such as -C(OCHerr], -CCOderr]Herr], -C(Oderr]Herr], and
the like; carbonyloxy radicals such as -C(OOCH err] and the I|ike;

oxycar bonyl radicals such as -O(CO)C[erréé—([err], and the |ike; am do
radicals such as - CONH err], -CON(CH er49)[err], -NHC(OCH err], and the
i ke; sulfonyl radicals such as -S(O[err]Cerr]Herr] and the like;

sul finyl radicals such as -S(OCH3 and the |ike; sulfenyl radicals such as
-SCH err], -SClerr]Herr], -SCerr]Herr], and the |ike; phosphonyl
radicals such as -P(OQ (Cerr]Heqe])[err], -P(@+CI—I[err])[err], -

P(O (Cerr]Herr])[err], -P((D)(ge’f"ng EHy ) [ATT,
-P(O(Cerr]Herr])[err], -P(O(Jert [er‘}r_gerr],

P(OCH err](Cerr]H err]gHg (H (Gherr] rr]) CleHegGHe |i ke. Specific

| lustrative exanpl es of such

i

following; 6,6'- oO—-P P—O

[[4, 4 -bis(1 1-di met hyl SPEOTR L 1 -q!i napht hiy | - 2y2' £ dibi s oxy) ] bi s-
di benzo[d, f][1, 3, 2] - di oxaphosphgpig¢f havi ng t heNLof nul a: WO 97/ 20800
PCT/ US96/ 19412 -23- [err] Ligand A C(CHC Q

6,6'-[[3,3 -bis(1,1-dinmethylethpeL5 5 -dineyhdseg[ 1, 1' - bi phenyl]-2,2'-
di yl ] bi s(oxy)] bi s-di benzo[ d&@P1, 3, ZMHg&agpsphemahavi ng the fornul a:
[err] Ligand B

6,6'-[[3,3,5,5 -tetraki s(1, 1-di met hyLigamdyG) - [ 1, 1' - bi phenyl ]-2, 2' -

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

CH:,,,% CHy ,caa

CH CH
(CHs O o C(CHyY,
CH, O—g Plo_ © CH,
C(CHy);
CH, CICHs "oy,
Ligand H

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



di yl ] bi s(oxy)]bi s-di benzo[d, f][1, 3, 2] di oxaphosphepi n having the formnul a:
WD 97/ 208090 97720800 PCT/ UsOtris8eisd1z 24-
[err] diyl]bis(oxy)]bis-dibenzo[d,f][1,3,2] -dioxaphosphepin having the
formula: [err]

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

pentyl di phosphite having the formul a: WO 97/ 20800

PCT/ US96/ 19412 -25- [err] -27-

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

pent yl di phosphite having the fornmula: [err]

(2R, 4R)-di[2,2'-(3,3" -di-anyl -5, 5 d| nmet hoxy- 1, 1' - bi phenyl )] -2, 4-

pent yl di phosphite having the fornmul WO 97/ 20 ng
PCT/ US96/ 19412 - 26- CH
CH CH
{CHy)g 0o . C(CHy),
CH,CH,0 o-P P - OCH,CH,
o)
C(CHy),
CHLCH,0O C(CHy); OCH,CH,
Ligand I

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

CH%

*‘

CH
/CHZ\ P

CH
(CHs)a C') C(CHy),

CHyCH, o— O CH,CH,
CICHY,

CH4CH, C(CHy); CH,CH,
Ligand J

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



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

pent yl di ph¥4p*W20800havi ng the fornula: [err] PCT/US96/19412
(2R, 4R)-di[2,2'-(3,3" -di-tert-butyl-5,5"-di ethoxy-1,1'-bi phenyl)]- 2, 4-
pent yl di phosphite having the fornula: WO 97/ 20800

PCT/ US96/ 19412 -27- [err]

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

pent yl di phosphite having the formula: [ €]

(2R 4R)-di[2,2'-(3,3 -di-tert-butyl-5,5"-dinmethoxy-1, 1" -bi phenyl)]-2, 4-
pent yl di phosphi te having the fornul a: WO 97/ 20800

PCT/ US96/ 19412 -28- [err]

6-[[2"-[(4, 6-bis(1, 1-di nethyl et h)e -1, 3, 2-benzgogioxaphosphol - 2-yl ) oxy] -
3,3'-bis(1,1-dinethylethyl)-s,s'-é%ﬁgtbéﬁﬁg;,z’-ﬁipheny|]-2-y|]oxy|-4,8-

bi s(1, 1-di net hyl et hyl) -2, 10-di net hoxy@koenz@€id, f] [1, 3, 2] di oxa- phosphepin

having the fornula: [err] C(CHy), O C(CH,
6-[[2'-[1, 3, 2- benzodi oxaphosp - Zby_lé)oxy] - ng - bi '?,31- di et hyl et hyl ) -
CH,0 (5 i o OCH,
o

C(CHy);,
CHO CCHYs o,

Ligand K
6-[[2'-[(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yl)oxy]-
3,3-bis(1,1-dimethylethyl)-5,5'-dimethoxy{1,1'-biphenyl}-2-yl]oxy}-4,8-

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

OCH,; OCH,

(CH3),C - - C(CH3),
O @)
C(CH3); /
C(CH
CH30 O O\P P,O ( 3)3
~

cHgo<_ o/ O™X"C(CHa)

C(CH;),

Ligand L

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



5,5 -di met hoxy[ 1, 1' - bi phenyl | -2-yl ] oxy] -4, 8-bis( 1, 1-di nethylethyl)-2, 10-
di met hoxydiwasgozsused | [ 1, 3, 2] di oxaphosphepi n havi ng t he for nupermus9é/t¥ai2
97/ 20800 PCT/ US96/ 19412 - 29-
[err] 6-[[2 -[(5,5-dinethyl-1, 3, 2-di oxaphosphori nan-2-yl)oxy]-3,3" -bis(1, 1-
di met hyl et hyl )-5,5" -di net hoxy[ 1, 1' - bi phenyl ] - 2-yl ] oxyl - 4, 8-bi s(1, 1-
dinethylethyl)-Z,lO-dinethoxydibenzo[d,f£51,3,2]dioxaphosphepin havi ng t he
formula: [err] ~&9-

-[[4, 8-bis(1, 1-dinethyl ethyl)-2,10-di met hoxydi benzo[d,f][1, 3, 21-
di oxaphosphepi n-6-yl ] oxy] -3, 3" -bis(1, 1-di nethylethyl)-5,5 - dimethoxy[1,1"-
bi phenyl | - 2-yl bi s(4-hexyl phenyl )ester of phosphorous acid having the
fornmul a: WD 97/ 20800 A H
PCT/ US96/ 19412 -30- [err] 2-[[2-[[4,8,-bi;?T?fqgr&uhylethyl),
2, 10- di net hoxydi benzo-
[d,f][1,3,2]dioxophosphepin-6-y|&§4 ﬂ B tyhyl ) - 5-
met hoxyphenyl ] met hyl ] - 4- met hoxy, %? 1- d} Ff ﬁenyl di phenyl ester

of phosphorous acid having the f%@%g
3- met hoxy- 1, 3- cycl ohexanet hyl en Ri

CH;O \
P P < O
CHLO Q O o
C(CH3)3
Ligand M

6-[{2'-[(5,56-dimethyl-1,3,2-dioxaphosphorinan-2-yloxy]}-3,3'-bis(1,1-
dimethylethyl)-5,5-dimethoxy{1,1-biphenyl}-2-ylloxy]-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzo{d f1{1,3,2]dioxaphosphepin
having the formula:

OCH; OCHj,4
(CH3)5C ‘ ‘ C(CHj),
C(CH3) / \
CH3° P o— c:mz,‘c.cm3
CH3 O O O—CHZ CH3
C(CH3)3
Ligand N

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



2- napht hal enyl ] ester of phosphorous acid having the fornula: WO 97/ 20800
PCT/ US96/ 19412 -31- [err] 2,5-bis(1, 1-dinethylethyl)-1,4-phenyl ene

t et raki s[ 2wo-93126%08, 1- di net hyl et hyl ) phenyl ] ester of phosphorrausssiig4fzavi ng
the formula: [err] nethyl enedi-2,1-phenyl ene tetrakis[2,4-bis(1,1-

di et hyl et hyl ) phenyl ] ester of phosphorous acid having the forrmula: [err]
[1,1 -biphenyl]-2,2"-diyl tetrakis[2-(1, 1-dinethylethyl)-4-

met hi oxyphenyl ] est er of phosphorous aC|%upaV|ng t he formul a: WO 97/20800 °
PCT/ US96/ 19412 -32- [err] As noted abové"the netal - organopol yphosphite

| i gand conpl ex catal ysts enployable in this invention may be forned by

met hods known in the art. The netal - organopol yphosphite |igand conpl ex
catal ysts may be in honbgeneous or heterogeneous form For instance,
pref or med rhodi um hydri do- car bonyl - or ganopol yphosphite |igand catal ysts may
be prepared and introduced into thepofacioey,m xture of a particul ar
process. More preferably, the netal ,_orggd op8|yphosph|te | i gand conpl ex
catal ysts can be derived froma O

(CH3)5C C(CH3),

C(CHj3)3

cH0-¢ D o\/ \ 0{}—(0}{2)5@-{3
cHao~!_D o o@— (CH,)sCH

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

Hs OCH,

(CHa)sC CH2©C(CH3)3-

C(CHj)3
Ligand P

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



rhodi um cat al yst precursor which may be introduced into the reaction nedi um
for in sitwydossebson of the active catalyst. For exanple, rpeotusossadial vst
precursors such as rhodi um di carbonyl acetyl acetonate, Rh[err]derr],
Rh[err] (CO[err], Rhferr](CO[err], RA(NJerr])[err] and the like nay be
introduced into the reaction m xture along with the organopol yphosphite
ligand for the in situ formation of the active catalyst. In a preferred
enbodi nent of this invention, rhodium di¢8-bonyl acetyl acetonate is

enpl oyed as a rhodium precursor and reacted in the presence of a sol vent

wi th the organopol yphosphite Iigand to forma catalytic

r hodi um or ganopol yphosphite |igand conpl ex precursor which is introduced
into the reaction zone along with excess (f or ganopol yphosphite |igand
for the in situ formation of the tive Caiféé%t. In,any event, it is
sufficient fo the purpose &CHg)s|invent; (Btdx) de, hydr ¢gen
and or ganopol yphosphite c

und afe all

FHPYQ ,
conpl exed withh the netz w Rzt meQat— ptrasphi t e
| i gand cat al y§t{GHz)r ‘.(Q n 97/ 20800 C(CHjy)
PCT/ US96/ 19412 -33- theTeaction xture under the ceonditions—tsed int %

hydr of ornyl ation reaction. Mre particularly, a catalyst precursor
conposition can be formed consisting essentially of a solubilized netal -
or ganopol yphosphite |igand conpl ex predugand Qat al yst, an organi c sol vent
and free organopol yphosphite Iigand. Such precursor conpositions may be

pr epared by forn‘iir;? a solution of a rhodiumstarting material, such as a
rhodi um oxi de2,5bis(1.dedimethydethylbl,4sphenylene tetrakis{2,4-bis(1,1-

dimethylethyl)phenyllester of phosphorous acid having the formula:

C(CHg)q
(cns)ac@—o P‘O@' o—P O‘QC‘C“s’a
C(CH3)s , C(CHg)3 C(CH3);
| 2
Ligand R

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

Cromd D
% Y
(CH3)30©—0 P P o—@ C(CHg)s

C(CH3)3 5 C(CH,),
Ligand S

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



e.g., a nitrate, which may or may not be in conplex conbination with a
or ganopol yphosphite |ligand as defined herein. Any suitable rhodiumstarting
mat eri al nwp d720880pl oyed, e.g. rhodi um di carbonyl acetyl acetrowUS36/19412
Rh[err]err], Ru[ferr](CO[err], Rh[err](CO[err], RAi(NdJerr])[err], and
or ganopol yphosphite |igand rhodi um carbonyl hydrides. Carbonyl and
or ganopol yphosphite ligands, if not already conplexed with the initial
rhodi um may be conpl exed to the rhodlu ither prior to or in situ during
the process. By way of illustration, greferred catal yst precursor
conposition of this invention consists essentially of a solubilized rhodi um
car bonyl organopol yphosphite |igand conpl ex precursor catalyst, a sol vent
and optionally free organopol yphosphite |Iigand prepared by formng a
sol uti on of rhodium di carbonyl acetylac ate, an organic solvent and a
or ganopol yphosphite |igand as defi ng . yThe or ganopol yphosphite
| igand readily replaces one of the ca gands of the rhodi um
acetyl acet onate conpl ex precursor at gpn1Q§nperature as W tnessed by the

hi s s

evol uti on of carbo 0 d gas. ubstitutiQn A I Qn be
facilitated by hea 'Hogat u¥i o Fdesifred. @ 69"& ani c

sol vent in which bpth the rhog I car bonyl actyla te conpl ex
'-l‘;gﬂ éphlte l'i gang conp bi'?:gaecur are

precursor and rhod{ um or ganop

sol ubl e can be enpl oyed. The anount r hodi um conpl ex cat al yst2 precursor,
organi ¢ sol vent and organopol yphosphi t &igagd®l, as well as their preferred
enbodi nents present in such catal yst precursor conpositions WO 97/ 20800

PCT/ US96/ 19412 - 34-

As noted above, the metal-organopolyphosphite ligand
complex catalysts employable in this invention may be formed by
methods known in the art. The metal-organopolyphosphite ligand
complex catalysts may be in homogeneous or heterogeneous form. For
instance, preformed rhodium hydrido-carbonyl-organopolyphosphite
ligand catalysts may be prepared and introduced into the reaction
mixture of a particular process. More preferably, the metal-
organopolyphosphite ligand complex catalysts can be derived from a
rhodium catalyst precursor which may be introduced into the reaction
medium for in situ formation of the active catalyst. For example,
rhodium catalyst precursors such as rhodium dicarbonyl
acetylacetonate, RhoOg, Rhy(COY 9, Rhg(CO}yg, Rh(NO3)3 and the
like may be introduced into the reaction mixture along with the
organopolyphosphite ligand for the in situ formation of the active
catalyst. In a preferred embodiment of this invention, rhodium
dicarbonyl acetylacetonate is employed as a rhodium precursor and
reacted in the presence of a solvent with the organopolyphosphite
ligand to form a catalytic rhodium-organopolyphosphite ligand complex
precursor which is introduced into the reaction zone along with excess
(free) organopolyphosphite ligand for the in situ formation of the active
catalyst. In any event, it is sufficient for the purpose of this invention
that carbon monoxide, hydrogen and organopolyphosphite compound
are all ligands that are capable of being complexed with the metal and
that an active metal-organopolyphosphite ligand catalyst is present in



may obvi ously correspond to those anpunts enpl oyable in the processes of
this invenyy@®sdgsderi ence has shown that the acetyl acet onat ecringdggieqt t he
precursor catalyst is replaced after the process, e.g., hydrofornylation,
has begun with a different ligand, e.g., hydrogen, carbon nonoxi de or

or ganopol yphosphite ligand, to formthe active conplex catal yst as
expl ai ned above. The acetyl acetone which is freed fromthe precursor

catal yst under hydrofornylation conditi o88-is renoved fromthe reaction
medium wi th the product al dehyde and thus is in no way detrinental to the
hydr of or myl ati on process. The use of such preferred rhodi um conpl ex

catal ytic precursor conpositions provides a sinple econom cal and efficient

Ctartoup. AcchrdAgry Tphatk R Rl oaE kg 3R en iR R iR

cat al ysts usempachionhe processes of this invention consists essentially of

the netal conpl exed wi tiforaihabic ﬁ%‘!j*'&‘%atdly@t éwﬂééaf % St cgg‘caxilﬂg an

or ganopol ypho phlte | i gapd, "sai d b nded to the
netal in a crfz dronsisting ﬁ%?f?nt?ﬂ}b??f%& ﬁ?ﬁ eover t he term nol ogy
"consi sts es &ﬁ'@hh@bblwphi)sphﬁé liggadl behplex ptblﬁ’i‘séloéatﬁljiétudﬁ orgdhid at her

I ncl udes, hydr % exed with 1he gﬁﬁ% ig a 8$| on to carbon nonoxi de
and the orga E?‘g}p%(gg]fﬁ t%'gFPﬁgﬂh'p if r1 %h i ﬁﬁ‘l’% does not

excl ude the posspdsitiohy mdy berpa'eparqiahyéormgmdssohxﬂcbmpf anthod$uthat i ght

al so be conpl _ QEFEP‘Q ?B!'Rﬁ

adversely porsgéﬁ&%‘_ undu e%lgkf\%m;a&{lhﬂgﬁ% y5t aré not&ggsr EMD ‘e and o)
the catal yst %®s@ RitEateawhich may eg may aghbginfemples somhinafionawitha

hal ogen (e.g. orgﬁhbpél'y@hosﬁﬂiietlig&dd K@Heﬂhé&wbnﬁ UAhyrﬁiﬁtaﬁﬁb rhodabnol Ut ely

necessary. T dro rld/o carbo s o 3

net al - organo boé aﬁ@%&gﬁ gg ?ébgf‘ry sent as a

result of beﬁ?@ 2 3)3, a
organopolyphosphxte ligand rhodmm carbonyl hydrides. Carbonyl and

organopolyphosphite ligands, if not already complexed with the initial
rhodium, may be complexed to the rhodium either prior to or in situ

during the process.

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



catal yst and/or as a result of in situ formation, e.g., due to the hydrogen
and carbon nonoxi de gases enpl oyed in hydrofornylati on process of this

i nventi on. WO SKN20899/ 20800 PCT/US96/19412
PCT/ US96/ 19412 -35- As noted above, the organopol yphosphite |igands can be
enpl oyed as both the |igand of the netal-organopol yphosphite |igand conpl ex
catalyst, as well as, the free organopol yphosphite |igand that can be
present in the reaction nmedium of the prg&gsses of this invention. In
addition, it is to be understood that whit® the organopol yphosphite |igand
of the netal - organopol yphosphite |igand conplex catalyst and any excess
free organopol yphosphite Iigand preferably present in a given process of
this invention are normally the sane type of ligand, different types of

or ganopo: ypﬂowﬁy bbvildtﬂigﬂdtsnreﬁpoﬂlﬂtb tﬁ|§se Qiﬂb}z%@%nﬁﬂo&mef&h fiy e different
orocean. 1P qEEPtesges o BN IONREGGR. FoneSice Ron Showndhmk the | | gand conpl ex
catal yst pres @netylacethaataaligar}d rof theiprecufson cgtalyst iy fsslacedhftePithe
motal concent Paiion deei oot MU M b IR dfteRirblisand, Sa0 bao s
for at : east éﬂ&%’é{aﬁ’bﬁ’% merAKide or organepolypbosphiye ﬂigamit, b fmﬁtme
711 oty S BB e e Sty NS i B 47
cal cul ated as™f% * PIECYTSATCAta YSs yRden hydnoformylagion epnditionstial yvst
sol uti on rangremoiedfrahdhe réadtion rheditnh avithahe p20@udt Aldehydatfid tishoul d
be sufficient if i ndRly REQSRERES! to the hydroformylation process. The use of

such preferred rhodium complex catalytic precursor compositions

provides a simple economical and efficient method for handling the

rhodium precursor rhodium and hydroformylation start-up.

Accordingly, the metal-organopolyphosphite ligand

complex catalysts used in the processes of this invention consists

essentially of the metal complexed with carbon monoxide, i.e.,

hydroformylation, and an organopolyphosphite ligand, said ligand

being bonded (complexed) to the metal in a chelated and/or non-

chelated fashion. Moreover, the terminology “consists essentially of",

as used herein, does not exclude, but rather includes, hydrogen

complexed with the metal, in addition to carbon monoxide and the

organopolyphosphite ligand. Further, such terminology does not

exclude the possibility of other organic ligands and/or anions that

might also be complexed with the metal. Materials in amounts which

unduly adversely poison or unduly deactivate the catalyst are not

desirable and so the catalyst most desirably is free of contaminants

such as metal-bound halogen (e.g., chlorine, and the like) although

such may not be absolutely necessary. The hydrogen and/or carbonyl

ligands of an active metal-organopolyphosphite ligand complex catalyst

may be present as a result of being ligands bound to a precursor

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

hydrogen and carbon monoxide gases employed in hydroformylation

process of this invention.



As noted above, in addition to the netal - organopol yphosphite Iigand

conpl ex cajve) opbsoo t he processes of this invention and especr@tusodfddiz
hydr of ormyl ati on process can be carried out in the presence of free

or ganopol yphosphite ligand. Wiile the processes of this invention may be
carried out in any excess anount of free organopol yphosphite |igand
desired, the enploynent of free organopol yphosphite |igand may not be

absol utely necessary. Accordingly, in gdderal, anounts of |igand of from
about 1.1 or |less to about 100, or higher if desired, noles per nole of
nmetal (e.g., rhodium present in the reaction nedium should be suitable for
nost purposes, particularly with regard to rhodium catal yzed

hydr of ormyl ati on; said / T
PET] USO6) 19412 - 36- 8 ao!%?ﬁf’fg’?%% RrepelyRserlitalieune stmde n he
amount of | | eraplbyedaas bethohenligzrd of the saetad-organepalyphpsphisatligand t he
anount of fr : ?geg | 4 §Fé§ Fﬁmw l; woed,
make-up i gaﬁ)gnéfaé%rbbagmsp&%p | eﬂ%ﬁﬁg ﬁratx'eé:lct | (?Oprgeyi um o %[lﬁg g??gégs at

any time anccambepyessntinihe reastier mediumiof the pracensesof ERif ned | evel of
L ree | ihgfmd invehbion! ?@Féd&iﬁio@i‘?ﬁiﬂ itsnno M&uh?éfmbﬂgyﬁbw(gﬁle_ the ﬁ at al yz t st may
e in heterogeneous, form dyrin € Leact | and/ or . during. r qduc
separ at i on. ‘%@@H%ﬁ](y&?’?ﬂ’gﬂﬁ of tha nggwgmp?“% ﬁggna
hydr of or ny| atdroplesfcatalyst aadtanypexchssdrés gigamsipolyphasphiteeligahtly sensitive
al dehydes, oSt : ﬂﬁm
d eg&a&bl% g’g | on ;ith yf%“}we%l'? é&BﬁmgﬁggéﬁﬁHh%?éH the # E% iyum

filtration ecan w t er at ur es.

cat al yst nmysaspe fypeehligand, diffexpnbfypes,c qmanpﬁglr Xaggétte ligandsias t s

solid form well as, mixtures of two or more different organopolyphosphite ligands
may be employed for each purpose in any given process, if desired.

_ The amount of metal-organopolyphosphite ligand complex
catalyst present in the reaction medium of a given process of this
invention need only be that minimum amount necessary to provide the
given metal concentration desired to be employed and which will
furnish the basis for at least that catalytic amount of metal necessary
to catalyze the particular process desired. In general, metal
concentrations in the range of from about 1 part per million to about
10,000 parts per million, calculated as free metal, and ligand to metal
mole ratios in the catalyst solution ranging from about 1:1 or less to
about 200:1 or greater, should be sufficient for most processes.

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




during both the hydrofornylation and separation stages, or is soluble in a
liquid reaction mediumat high tenperatures and then is precipitated on
cool i ng. AwacngvdoBdoustration, the rhodium catal yst may be i nppefiggbdfhapit O
any solid support, such as inorganic oxides, (i.e. alumna, silica,

titania, or zirconia) carbon, or ion exchange resins. The catal yst may be
supported on, or intercalated inside the pores of, a zeolite, glass or

clay; the catalyst may al so be dissolved in a quU|d filmcoating the pores -
of said zeolite or glass. Such zeolite- §prorted catal ysts are particularly
advant ageous for produci ng one or nore regioisoneric al dehydes in high
selectivity, as determ ned by the pore size of the zeolite. The techni ques
for supporting catal ysts on solids, such as incipient wet ness, which will

be k h f d

ot 11 be Egnpﬂ%’xe Stiighd o.‘fi‘%é B%ing‘ﬂ‘es'i‘i% fehRamouBso 0
Descri pt i ons ligangi thatds boundfc metaicpnesenband)mmnuﬁt Mol .
Cat. 1991, 7Qf f&@&h%ﬁ&or@ﬁf&bd) h@hhd reSent. Of cdlrle? #d?slrecggggﬁggﬁs Chem

109141293, 242 B bt 1509 o g P o i, st
PCT/ US96/ 194 tiine 3frd ifhenyrsuitablengannetr) t6imaintail &lpredetdmineddtvalcdred to a
bol ypheny! ondit PEART 1S tREEReHNBeARAET onore . Noi . Cat. 1990, 63
213-221. The metal, e.d\s indicatedhgbave, 4he catalystsmaytbeimhbeterogeneous
form during the reaction and/or during the product separation. Such
catalysts are particularly advantageous in the hydroformylation of
olefins to produce high boiling or thermally sensitive aldehydes, so that
the catalyst may be separated from the products by filtration or
decantation at low temperatures. For example, the rhodium catalyst
may be attached to a support so that the catalyst retains its solid form
during both the hydroformylation and separation stages, or is soluble
in a liquid reaction medium at high temperatures and then is
precipitated on cooling.
As an illustration, the rhodium catalyst may be
impregnated onto any solid support, such as inorganic oxides, (i.e.
alumina, silica, titania, or zirconia) carbon, or ion exchange resins.
The catalyst may be supported on, or intercaiated inside the pores of, a
zeolite, glass or clay; the catalyst may also be dissolved in a liquid film
coating the pores of said zeolite or glass. Such zeolite-supported
catalysts are particularly advantageous for producing one or more
regioisomeric aldehydes in high selectivity, as determined by the pore
size of the zeolite. The techniques for supporting catalysts on solids,
such as incipient wetness, which will be known to those skilled in the
art. The solid catalyst thus formed may still be complexed with one or
more of the ligands defined above. Descriptions of such solid catalysts
may be found in for example: J. Mol. Cat. 1991, 70, 363-368; Catal.
Lett. 1991, 8, 209-214; J. Organomet. Chem, 1991, 403, 221-227;
Nature, 1989, 339, 454-455; J. Catal. 1985, 96, 563-573; J. Mol. Cat.
1987, 39, 243-259.



I nsol ubl e pol yneric support through an organophosphorus-contai ning |igand,
such as a phoseesee, | ncorporated into the polyner. The supppctadogidsd VSt
limted by the choice of polynmer or phosphorus-containi ng species

i s not

i ncorporated into it.

Descriptions of pol yner-supported catal ysts nay be

found in for exanple: J. M. Cat. 1993, 83, 17-35; Chentech 1983, 46; J.
Am Chem Soc. 1987, 109, 7122-7127. In the heterogeneous catal ysts

descri bed above,
the entire process and catal yst separati on process.
the catal yst may be supported on a pol yner which, by the
its nol ecular weight, is soluble in the reacti on nedi um at

of the invention,
nat ur e of

the cat al yst may remai m37n its heterogeneous form during
I n anot her enbodi nent
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&ai 1§n%£f in the slurry phase due to the high boiling points
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avoi d deconposition of the al dehyde products.

Wv&m&@l @rlgmewamé&dze@aﬂg w&l% cat al yst

reaction progistymlersutbported catalysts may be found in for example: J. Mol. Cat.

1993, 83, 17-35; Chemtech 1983, 46; J. Am. Chem. Soc. 1987, 109,
7122-7127.

In the heterogeneous catalysts described above, the
catalyst may remain in its heterogeneous form during the entire
process and catalyst separation process. In another embodiment of the
invention, the catalyst may be supported on a polymer which, by the
nature of its molecular weight, is soluble in the reaction medium at
elevated temperatures, but precipitates upon cooling, thus facilitating
catalyst separation from the reaction mixture. Such "soluble" polymer-
supported catalysts are described in for example: Polymer, 1992, 33,
161; J. Org. Chem. 1989, 54, 2726-2730.

More preferably, the hydroformylation reaction is carried
out in the slurry phase due to the high beiling points of the products,
and to avoid decomposition of the aldehyde products. The catalyst may
then be separated from the product mixture, for example, by filtration
or decantation. The reaction product fluid may contain a
heterogeneous metal-organopolyphosphite ligand complex catalyst,
e.g., slurry, or at least a portion of the reaction product fluid may
contact a fixed heterogeneous metal-organopolyphosphite ligand
complex catalyst during the particular process. In an embodiment of
this invention, the metal-organopolyphosphite ligand complex catalyst
may be slurried in the reaction product fluid.

I nvention, the

process. I n an enbodi
E‘BE%F?% %@%%}Wreﬁ?‘gé{mhﬁy esciptionsal i n t he

by

g cont act a



WO 97/ 20800 PCT/ US96/ 19412 - 38-
This invention involves reduci ng the degradati on or consunption of

or ganopol yWe®s3e8ade | i gand, including adventitious hydrol ysi BCT/og9¢7834Ci Ng
the concentration of free organopol yphosphite |ligand present in the
reaction product fluid below conventional |evels. In a honbgeneous process,
e.g., hydrofornylation, the organopol yphosphite Iigand nornmally provides
three functions. First, it coordinates with the netal, e.g., rhodium and
t hereby influences the rate of hydroform®yTati on. Secondly, through a

conmbi nation of steric and electronic effects, it influences the ratio of

| inear to branched al dehyde. Finally, it stabilizes the netal, e.g.,
rhodi um agai nst aggloneration to netal, e.g., rhodiumnetal. The latter

function is particul arirhid Rt in¥ived PedudngtheddpradGbndrui d is sent
to a vaporizer for separation of dehy.de. product. In-conventional
tri phenyl pho@&?%ﬂ%i“meypaéW%g? l'igﬁngs"?ﬁ;?dmﬁé tiflgufave 100 to
ZOg_ mﬁl Ie_s ofhjdﬂoﬂ)iﬁﬂb i ybjahe&p&inl dgﬂ:hleeronmh tratfornef free iongaioisslypRoggiteve both
a high lineat to,branche rafi . ni m ze cat al yst
deacti vat i oﬁhg%%%f)rg‘?ne T{lgr%&%%ﬁ?ﬁr@?&%“?@%g’F{%&%ﬁ?‘éﬁ%ﬁi t%vflﬁ's can
. al so be operl ahomogerieaus\pabyess, ¢ig.) hydraformylaticen, thet i os, e.g., from
about 50 to @gg : 8gal %E&wﬂ{p ' nmol e of
metal. A disa vgﬁp,é%l{ggbﬁﬁgqﬂ%w?r ganopol yphosphi tergq‘lulhgggggt g@#%f al,
e.g., rhodi utcopedipates with\themetal. &g« chedipmopnd fbreahnintiugncesthe
concenlt r at : Q&%eidﬁlﬁﬂlrufdrﬁfyla?bna Saq%@ﬁaiy,&@hrb&g‘n la {Jmﬁﬁie&idﬁ/oﬁf%rﬂc Zpeci fied
wat er | evel,_a,cpnseqguen . | [.Qr.gano osphite.ligan
concentr at i G4 §Pe§§'7ﬂ ﬁé”ﬁ%’%ﬂ éé @Eﬁ%}%?% I%‘gi'%%%’f @h‘igﬂe@ﬁ?"h"'d
aldehyde. Finally, it stabilizes the metal, e.g., rhodium, against
agglomeration to metal, e.g., rhodium metal. The latter function is
particularly important when the reaction product fluid is sent to a
vaporizer for separation of aldehyde product.
In conventional triphenylphosphine-modified metal
system, it is not uncommon to have 100 to 200 moles of '
triphenylphosphine per mole of metal in order to achieve both a high
linear to branched aldehyde ratio and to minimize catalyst
deactivation reactions. Organopolyphosphite-modified metal catalysts
can also be operated at relatively high ligand to metal ratios, e.g., from
about 50 to about 100 moles of the organopolyphosphite ligand per

mole of metal.

A disadvantage of the high organopolyphosphite ligand to
metal, e.g., rhodium, ratios is the higher free organopolyphosphite
ligand concentrations in solution. At a specified level of acidity and a
specified water level, a consequence of the higher organopolyphosphite
ligand concentration is a higher rate of hydrolysis of the desired
organopolyphosphite ligand. This follows logically from the knowledge
that hydrolysis is primarily a function of temperature, reaction product
fluid acidity, water concentration and organopolyphosphite ligand
concentration.

A difficult problem arises from the autocatalytic nature of
the hydrolysis and the reaction zone residence time characteristics of,



or ganopol yphosphite ligand. This follows logically fromthe know edge that
hydrol ysis wesrbsierily a function of tenperature, reaction m@ﬁuggg;fgkw d
acidity, water concentration and organopol yphosphite |igand concentration.

A difficult problemarises fromthe autocatal ytic nature of the hydrolysis
and the reaction zone residence tine characteristics of, WD 97/ 20800
PCT/ US96/ 19412 -39- for exanple, a continuous stirred tank reactor (CSTR).
The reaction product fluid has an speci +3%d average residence tinme in the
reaction zone. The reaction product fluid is then renoved fromthe reaction
zone and/or the separation zone where a treatnent to renove acidity, e.g.,
aqueous buffer treatnent as descri bed herein, and product renoval can

occur. At hi ' j ti e5|dence
ti me needed ?grg%%@%?ﬁ? %gﬁﬁ%rg% uct ﬁ%?ﬁé ?glet gel%ﬁéﬁl&hol d
| evel , above preduet B%d)ba-ﬁap;ﬁi?efrlﬁ%d J¥eEage T mimem xeastiozsi dence
time requiregoher Meeiéd&tmmwmﬂads mh@ﬂ&ehdve&qy&h t}@%ra%hbag t he
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;rc‘ g L?SZ ﬁ c te hsmnéﬁx%%i Xéh & Vg&{ tRe h‘i‘ﬁ? o?]'ggn %&%&B&H@Q ‘i%%?.pht% g !
or ganopol yphé‘g'p\ns,t@iel r@admy:ecfmeo@e toyeantael xeactiongvodungt flad! yphosphit e
l'igand to nelgiditpbeRw a‘%hgeshtﬁa lle@t‘! %%oi"@ %ﬁh%tﬂ@it‘iﬁyﬁg is severe, is
organopol yphoﬁppfletl'%hlaln ré resu{ence time rercrl?ltilged for o(ijegﬁ rt]:lm(iw\;grsmn and

product removal. Operating the system at the residence time dictated

by the increase in acidity could result in less than optimal raw

material efficiencies. Operating the system at the residence time

dictated by product removal can significantly increase the hydrolysis of

the desired organopolyphosphite ligand.

In accordance with this invention, it has been discovered
that organopolyphosphite ligands can be employed at very low
organopolyphosphite ligand to metal ratios, e.g., as low as zero free
moles of organopolyphosphite ligand per mole of metal, and achieve all
three desirable benefits - rate, high linear to branched ratio and metal
stabilization. By reducing the amount of free organopolyphosphite
ligand to preferred levels of from zero to about 4 moles per mole of
metal, adventitious hydrolysis can be reduced so that the process can
be operated below the threshold for autocatalytic hydrolysis of
organopolyphosphite ligand and can have a residence time in the
reaction zone and/or separation zone sufficient to achieve high raw
material efficiencies, e.g., high conversion of olefinic unsaturated

compounds.

In a preferred embodiment, the hydroformylation
processes of this invention are operated on a continuous basis at a free
organgpolyphosphite ligand concentration such that hydrolytic
degradation of the organopolyphosphite ligand is less than about 1
gram, more preferably less than about 0.5 grams, and most preferably



three desirable benefits - rate, high linear to branched ratio and netal
stabilization. By reducing the anount of free organopol yphosphite ligand to
preferred VQ&VA08P] from zero to about 4 noles per nole of nwcalusIenosrz
adventitious hydrolysis can be reduced so that the process can be operated
bel ow the threshold for autocatal ytic hydrol ysis of organopol yphosphite

| i gand and can have a residence tinme in the reaction zone and/ or separation
zone sufficient to achieve high raw naterial efficiencies, e.g., high
conversion of olefinic unsaturated conpdUnds. In a preferred enbodi nment,

t he hydrofornylation processes of this invention are operated on a
continuous basis at a free organopol yphosphite |igand concentration such
that hydrol ytic degradation of the organopol yphosphite ligand is | ess than

about 1 granlessthen pbott Oabgyamessf bFRhoBulyhdsphitd BBAnd P 1R of
preferably \‘/:\Q 97/ 23889 . e
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separ ati on zonyersien df obefinic nmsatdrated dompomids] Theaiaw nidterisfdsi dence tine
will be efficiency will be dependent on the reaction zone and/or separation

zone residence time and, as indicated herein, the residence time will be

dependent on controlling reaction product fluid acidity below a

threshold level, above which autocatalysis is severe, and achieving

desired olefin conversion and product removal. The processes of this

invention may be operated at essentially complete raw material

conversions. Gas and/or liquid recycle processes as described herein

may be employed in order to achieve the desired high raw material

efficiencies.

The permissible reaction conditions employable in the
processes of this invention are, of course, chosen depending on the
particular syntheses desired. Such process conditions are well known
in the art. All of the processes of this invention can be carried out in
accordance with conventional procedures known in the art. Illustrative
reaction conditions for conducting the processes of this invention are
described, for example, in Kirk-Othmer, Encyclopedia of Chemical
Technology, Fourth Edition, 1996, the pertinent portions of which are
incorporated herein by reference. Depending on the particular process,
operating temperatures may range from about -80°C or less to about
500°C or greater and operating pressures can range from about 1 psig
or less to about 10,000 psig or greater.

The water concentration useful in this invention is not
narrowly critical and can vary over a wide range. The
hydroformylation processes may preferably be carried out in the



dependent on controlling reaction product fluid acidity bel ow a threshold

level , abayg o¥Rbded aut ocatalysis is severe, and achieving degtr/Bedegis N
conversion and product renoval. The processes of this invention may be
operated at essentially conplete raw materi al conversions. Gas and/or
liquid recycle processes as described herein may be enployed in order to
achi eve the desired high raw material efficiencies. The perm ssible
reaction conditions enployable in the prddesses of this invention are, of
course, chosen depending on the particular syntheses desired. Such process
conditions are well known in the art. Al of the processes of this

I nvention can be carried out in accordance with conventional procedures

known in the art, I t|v ti [ conductl t he
processes of RYFPER + aﬁgoggg%f%tépr?gf ag‘xéﬂ? L hner ,
Encycl opedi a aﬁomﬂaﬁﬁctalabmrl@mveg}xt peygent oEbighemit d&ﬁ@d, blaseqbemi}ment
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based on t he threshold level that causes rapxd egradatmn of

organopolyphosphite ligand. Preferably, the hydrofonnylatmn process

is operated below the threshold for autocatalytic hydrolysis of

organopolyphosphite ligand.

For instance, a preferred quantity of water is the quantity
which ensures that any degradation of the organopolyphosphite ligand
proceeds by the “non-catalytic mechanism" as described in "The Kinetic
Rate Law for Autocatalytic Reactions"” by Mata-Perez et al., Journal of
Chemical Education, Vol. 64, No. 11, November 1987, pages 925 to
927, rather than by the "catalytic mechanism"” described in said article.
Typically maximum water concentrations are only governed by
practical considerations.

It is to be understood that the preferred hydroformylation
process of this invention is still considered to be essentially a “non-
aqueous" process, which is to say, any water present in the
hydroformylation reaction medium is not present in an amount
sufficient to cause either the hydroformylation reaction or said medium
to be considered as encompassing a separate aquéous or water phase or
layer in addition to an organic phase.

The phosphorus acidic compound concentration in the
hydroformylation processes of this invention is not narrowly critical
and can vary over a wide range. The hydroformylation processes may
preferably be carried out in the presence of a minor amount of one or
more phosphorus acidic compounds, e.g., an amount ranging from




total weight of the reaction product fluid, and nore preferably from about
0.05 to about 5 weight percent. Suitable water concentrations useful in
this i nvenwaosr/mse di sclosed in U S. Patent No. 5,288,918, treraissshngyre
of which is incorporated herein by reference. The anmobunt of water enpl oyed
by the subject invention is sufficient to at |east nmaintain the
concentration of phosphorus acidic conpounds bel ow the threshold | evel that
causes rapi d degradation of the organop%phosphi te ligand. Preferably, the
hydr of ormyl ati on process is operated be the threshold for autocatal ytic
hydr ol ysi s of organopol yphosphite |igand. For instance, a preferred
quantity of water is the quantity which ensures that any degradation of the
or ganopol yphosphite |igand proceeds by the "non-catal ytic nmechani sm' as
descri bed in abbg 1KpMaiper MIlRN S8 o ABout AV b4 ' oY
Mat a- Perez et al I?g Ul‘l.lb’la| of ,Cheni cal ch’ﬁc ion,éi{/%f’%g}hnﬁgs?l‘, Novenber
1987, pages $p8atey i§desired, and more praferahly-from.abeut.1 pazh aer malliomter i bed
in said arti cibout BP0 patts peramilliom hesest on HigROY:. sThe keneemtration qfover ned
by practical gonsjderatigns., It isit@ nderstood that the preferred
Py of o ny1 adGPBPELL BN compoldt dh she MR labisi pinseates of i
essenti al | y dnvemtion ds prefesably belowstherthireshokl level thiat eaysesataidpr esent in
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cri i cal ” and BYARCAERFYIBYBR HEoRperes, A Sk SeR RO et gk S B ckides may
preferably beeschion product fluid iscfrpmeabonite4 46 abont SorThephosphéngne or
acidic compound concentration is preferably controlled by employing an
aqueous buffer solution as described herein.
The hydroformylation processes of this invention are
conducted for a period of time sufficient to produce the desired
products. The exact reaction zone residence time employed is

dependent, in part, upon factors such as temperature, nature and
proportion of starting materials, and the like. The reaction zone
residence 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 reaction zone residence time should be such that
the hydroformylation process can be operated below the threshold for
autocatalytic hydrolysis of organopolyphosphite ligand and have a
residence time in the reaction zone sufficient to achieve high raw
material efficiencies, e.g., high conversion of olefinic unsaturated
compounds.

The processes of this invention and preferably the
hydroformylation process may be conducted in the presence of an
organic solvent for the metal-organopolyphosphite ligand complex
catalyst. The solvent may also contain dissolved water up to the
saturation limit. Depending on the particular catalyst and reactants
employed, suitable organic solvents include, for example, alcohols,
alkanes, alkenes, alkynes, ethers, aldehydes, ketones, esters, amides,



nore phosphorus aci di c conpounds, e.g., an anount ranging from WO

97/ 20800  wo 97/20800 PCT/ US96/ 19%/(%36{1934??“
1 part per mllion or |ess to about 1000 parts per mllion or greater |

desired, and nore preferably fromabout 1 part per mllion to about 200
parts per mllion, based on Herr]PJerr]. The concentration of phosphorus
aci di ¢ conpounds in the hydrofornylation processes of this invention is
preferably below the threshold | evel tha#3eauses rapid degradation of the
or ganopol yphosphite ligand, i.e., belowthe threshold for autocatal ytic
hydrol ysis of the organopol yphosphite |igand. The concentration of
phosphorus aci di ¢ conpounds in the hydrofornylation processes of this

invention is t vd r ian,product flui d s from about
4 to about 9. eSp%gé%tﬁgl%a%ﬂéﬂkﬁs@%br%gﬁﬁh&ggﬁ%g vFQFi"b‘H"ﬂs‘i%Fé?@r ably
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particular metal concentration desired for a given process. In general,

the amount of solvent when employed may range from about 5 percent

by weight up to about 99 percent by weight or more based on the total

weight of the reaction mixture starting materials.

The processes of this invention are useful for preparing

substituted and unsubstituted optically active and non-optically active
compounds. Illustrative compounds prepared by the processes of this
invention include, for example, substituted and unsubstituted alcohols
or phenols; amines; amides; ethers or epoxides; esters; ketones;
aldehydes; and nitriles. Illustrative of suitable optically active and

' non-optically active compounds which can be prepared by the processes
of this invention (including starting material compounds as described
hereinabove) include those permissible compounds which are described
in Kirk-Othmer, Encyclopedia of Chemical Technology, Fourth Edition,
1996, the pertinent portions of which are incorporated herein by
reference, and The Merck Index, An Encyclopedia of Chemicals, Drugs
and Biologicals, Eleventh Edition, 1989, the pertinent portions of
which are incorporated herein by reference.

The desired products of this invention may be recovered in
any conventional manner and one or more separators or separation
zones.may be employed in any given process to recover the desired
reaction product from its crude reaction product fluid. Suitable
separation methods include, for example, solvent extraction,



material efficiencies, e.g., high conversion of olefinic unsaturated
conpounds. The processes of this invention and preferably the

hydr of or my ™ 15088 ocess may be conducted in the presence of Paw/usvsasd1e
sol vent for the netal -organopol yphosphite |igand conpl ex catal yst. The
solvent may al so contain dissolved water up to the saturation limt.
Dependi ng on the particul ar catal yst and reactants enpl oyed, suitable
organi ¢ sol vents include, for exanple glcohols al kanes, al kenes, al kynes,
et hers, al dehydes, ketones, esters, WO 97/ 20800

PCT/ US96/ 19412 - 43- anines, aronatics and the Iike. Any suitable sol vent
whi ch does not unduly adversely interfere with the intended processes can
be enpl oyed and such sol vents may incl ude those heretofore comonl y
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active 5,430,194 and copending U.S. Patent Application Serial No.
08/430,790, filed May 5, 1995, referred to above.

The processes of this invention may be carried out using,
for example, a fixed bed reactor, a fluid bed reactor, a continuous
stirred tank reactor (CSTR) or a slurry reactor. The optimum size and
shape of the catalysts will depend on the type of reactor used. In
general, for fluid bed reactors, a small, spherical catalyst particle is
preferred for easy fluidization. With fixed bed reactors, larger catalyst
particles are preferred so the back pressure within the reactor is kept
reasonably low. The at least one reaction zone employed in this
invention may be a single vessel or may comprise two or more discrete
vessels. The at least one separation zone employed in this invention
may be a single vessel or may comprise two or more discrete vessels.
The at least one buffer treatment zone employed in this invention may
be a single vessel or may comprise two or more discrete vessels. It
should be understood that the reaction zone(s) and separation zone(s)
employed herein may exist in the same vessel or in different vessels.
For example, reactive separation techniques such as reactive
distillation, reactive membrane separation and the like may occur in
the reaction zone(s).

The processes of this invention can be conducted in a
batch or continuous fashion, with recycle of unconsumed starting
materials if required. The reaction can be conducted in a single
reaction zone or in a plurality of reaction zones, in series or in parallel



conpounds. Il lustrative conpounds prepared by the processes of this

i nventi on wwerdimdgoo f or exanpl e, substituted and unsubsti tut egcahiedgadbsi20r
phenol s; am nes; ani des; ethers or epoxides; esters; ketones; al dehydes;
and nitriles. Illustrative of suitable optically active and non-optically
active conmpounds which can be prepared by the processes of this invention
(including starting materi al conpounds as descri bed herei nabove) include
t hose permi ssible compounds which are de$®ribed in Kirk-C hner,

Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1996, the pertinent
portions of which are incorporated herein by reference, and The Merck
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Edition, 1989 . ' : < OF LRSI erein by
ref erence. T%éléggﬁgé%ggggﬁ%@%ﬁ ?ﬁlsg °F\r¥91'e‘ﬁ‘?‘| on %mgép@égéggﬁde]d in any
conventi onal tbuian zenriopseries ofigreh Zenes.aThematerdalsaf nonstructinns may be
enpl oyed in JayplayEa shBuhE B Snbft tEHy Slartiigy MasbFark ﬂﬁﬁ%?‘tg(é% from
its crude react] Qn product HH;}?' Suj t abl eeﬁe‘ﬁ%ratlgp net ,%ss mcé)u e, for
exanpl e, sol t fa,bmqtmo s graibmentshould be able to withstand the

PCT/ US96/ 194 kactién temnpiraturesairidprestiures.| Médrmto Mpeducean®or W ped film

tion, fallj i L m. ' . ' t be, desi red t
Fombve t he. padatied B ol BESEFHA it ot Mifrediiniiheripdeit | 0 1 ©
through the Uradchwiseremgnntinuesiy dnte thiereadtinnizone guring theichatsernf
Cooper ati on fhgakictien ah HPRIvedibRtly WBIRM RO ngﬁodysséseééﬁétﬁaﬁ%ad for

onents. o Titxe

separating the produc]'gb E\x,tures romI he. Qther co e Crude
reaction m xfppintainthe degrsd melaraatioef the starhng materials.

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 addition of the starting materials. When
complete conversion is not desired or not obtainable, the starting
materials can be separated from the product, for example by
distillation, and the starting materials then recycled back into the
reaction zone.

The processes may be conducted in either glass lined,
stainless steel or similar type reaction equipment. The reaction zone
may be fitted with one or more internal and/or external heat
exchanger(s) in order to control undue temperature fluctuations, or to
prevent any possible “runaway" reaction temperatures.

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

In an embodiment, the hydroformylation processes useful
in this invention may be carried out in a multistaged reactor such as
described, for example, in copending U.S. Patent Application Serial No.
(D-17425-1), filed on an even date herewith, the disclosure of which is



menbrane separation can be achieved as set out in U S Patent No. 5,430,194
and copending U S. Patent Application Serial No. 08/ 430,790, filed May 5,
1995, ref ¥PEH29889 above. The processes of this invention maydrussenpsrd out
using, for exanple, a fixed bed reactor, a fluid bed reactor, a continuous
stirred tank reactor (CSTR) or a slurry reactor. The opti num size and shape
of the catalysts wll depend on the type of reactor used. In general, for
fluid bed reactors, a snall, spherical _c;;%'gal yst particle is preferred for
easy fluidization. Wth fixed bed reactodrs, |larger catalyst particles are
preferred so the back pressure within the reactor is kept reasonably |ow.
The at | east one reaction zone enployed in this invention may be a single
vessel or nay conprise two or nore discrete vessels. The at |east one
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Hydroformylation Processes

A preferred process useful in this invention is
hydroformylation. Illustrative metal-organopolyphosphite ligand
complex catalyzed hydroformylation processes which may experience
such hydrolytic degradation of the organopolyphosphite ligand and
catalytic deactivation include such 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 processes are those involving catalyst liquid recycle
hydroformylation processes.

In general, such catalyst liquid recycle hydroformylation
processes involve the production of aldehydes by reacting an olefinic
unsaturated compound with carbon monoxide and hydrogen in the
presence of a metal-organopolyphosphite ligand complex catalyst in a
liquid medium that also contains an organic solvent for the catalyst
and ligand. Preferably free organopolyphosphite ligand is also present
in the liquid hydroformylation reaction medium. By "free
organopolyphosphite ligand" is meant organopolyphosphite ligand that




-45- or it may be conducted batchw se or continuously in an el ongated
tubul ar zomgoot2eweni es of such zones. The materials of const repctusdsioar2
enpl oyed should be inert to the starting materials during the reaction and
the fabrication of the equi pnent should be able to withstand the reaction
tenperatures and pressures. Means to introduce and/or adjust the quantity
of starting materials or ingredients introduced batchw se or continuously
into the reaction zone during the cours&7of the reaction can be
conveniently utilized in the processes especially to maintain the desired
nolar ratio of the starting materials. The reaction steps may be effected
by the increnmental addition of one of the starting materials to the other.
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desired r ea%tehgpat?oncﬁ%cénet Or npo?e s%ggéé alas? Egﬁ-}n' 1 educed or elevated
pressure, as appropriate, in a separate distillation zone, the non-
volatilized metal catalyst containing residue being recycled to the
reaction zone as disclosed, for example, in U.S. Patent No. 5,288,918.
Condensation of the volatilized materials, and separation and further
recovery thereof, e.g., by further distillation, can be carried out in any
conventional manner, the crude aldehyde product can be passed on for
further purification and isomer separation, if desired, and any
recovered reactants, e.g., olefinic starting material and syn gas, can be
recycled in any desired manner to the hydroformylation zone (reactor).
The recovered metal catalyst containing raffinate of such membrane
separation or recovered non-volatilized metal catalyst containing
residue of such vaporization separation can be recycled, to the
hydroformylation zone (reactor) in any conventional manner desired.
In a preferred embodiment, the hydroformylation reaction
product fluids employable herein includes any fluid derived from any
corresponding hydroformylation process that contains at least some
amount of four different main ingredients or components, i.e., the
aldehyde product, a metal-organopolyphosphite ligand complex
catalyst, free organopolyphosphite ligand and an organic solubilizing
agent for said catalyst and said free ligand, said ingredients
corresponding to those employed and/or produced by the



In an enbodi ment, the hydrofornylation processes useful in this invention
may be carried out in a nultistaged reactor such as described, for exanple,
in copendlwé:'ifﬁlzg8 Pat ent Application Serial No. (D 17425-1), PETAUSH6/H4 12N
even date herewith, the disclosure of which is WD 97/ 20800

PCT/ US96/ 19412 -46- incorporated herein by reference. Such nultistaged
reactors can be designed with internal, physical barriers that create nore
t han one theoretical reactive stage per glessel. In effect, it is like

havi ng a nunber of reactors inside a single continuous stirred tank reactor
vessel. Multiple reactive stages within a single vessel is a cost effective
way of using the reactor vessel volune. It significantly reduces the nunber
of vessels that otherwi se would be required to achi eve the sane results.
Fewer vessehydroé‘dnay!saﬁim pwensalﬁ'omaphtaabe the Meofomﬂrlmbﬁtzeaeﬁﬁﬁ concerns
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processi ng uergacted olefii s arting material, carbon monoxxde and hydrogen

gases, and in situ formed type products, such as saturated

hydrocarbons and/or unreacted isomerized olefins corresponding to the

olefin starting materials, and high boiling liquid aldehyde

condensation byproducts, as well as other inert co-solvent type

materials or hydrocarbon additives, if employed.

The substituted or unsubstituted olefinic unsaturated
starting material reactants that may be employed in the - '
hydroformylation processes of this invention include both optically
active (prochiral and chiral) and non-optically active {(achiral) olefinic
unsaturated compounds containing from 2 to 40, preferably 4 to 20,
carbon atoms. Such olefinic unsaturated compounds can be terminally
or internally unsaturated and be of straight-chain, branched chain or
cyclic structures, as well as olefin mixtures, such as obtained from the

oligomerization of propene, butene, isobutene, etc. (such as so called
dimeric, trimeric or tetrameric propylene and the like, as disclosed, for
example, in U. S, Patent Nos. 4,518,809 and 4,528,403). Moreover,
such olefin compounds may further contain one or more ethylenic
unsaturated groups, and of course, mixtures of two or more different
olefinic unsaturated compounds may be employed as the starting
hydroformylation material if desired. For example, commercial alpha
olefins containing four or more carbon atoms may contain minor
amounts of corresponding internal olefins and/or their corresponding
saturated hydrocarbon and that such commercial olefins need not
necessarily be purified from same prior to being hydroformylated.



this invention may correspond to any known processing techni ques. Preferred
processes wwoesdesmwe | nvol ving catal yst liquid recycle hydrof pCrpissthagiz
processes. In general, such catalyst liquid recycle hydrofornylation
processes involve the production of al dehydes by reacting an olefinic

unsat urated conpound wi th carbon nonoxi de and hydrogen in the presence of a
net al - or ganopol yphosphite |igand conplex catalyst in a liquid nmediumthat

al so contains an organic solvent for t-#8-catalyst and |igand. Preferably
free organopol yphosphite ligand is also present in the liquid

hydr of ormyl ati on reacti on nedium By "free organopol yphosphite ligand” is
meant or ganopol yphosphite |igand that WO 97/ 20800
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for the production of non-optically active aldehydes, by
hydroformylating achiral alpha-olefins containing from 2 to 30,
preferably 4 to 20, carbon atoms, and achiral internal olefins
containing from 4 to 20 carbon atoms as well as starting material
mixtures of such alpha olefins and internal olefins.

Ilustrative alpha and internal olefins include, for
example, ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-octene,
1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene,
1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-
nonadecene, 1-eicosene, 2-butene, 2-methyl propene (isobutylene), 2-
methylbutene, 2-pentene, 2-hexene, 3-hexane, 2-heptene, 2-octene,
cyclohexene, propylene dimers, propylene trimers, propylene
tetramers, butadiene, piperylene, isoprene, 2-ethyl-1-hexene, styrene,
4-methyl styrene, 4-isopropyl styrene, 4-tert-butyl styrene, alpha-
methyl styrene, 4-tert-butyl-alpha-methyl styrene, 1,3-
diisopropenylbenzene, 3-phenyl-1-propene, 1,4-hexadiene, 1,7-
octadiene, 3-cyclohexyl-1-butene, and the like, as well as, 1,3-dienes,
butadiene, alkyl alkenoates, e.g., methyl pentenoate, alkenyl
alkanoates, alkenyl alkyl ethers, alkenols, e.g., pentenols, alkenals,
e.g., pentenals, and the like, such as allyl alcohol, allyl butyrate, hex-1-
en-4-ol, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate,
vinyl propionat?, allyl propionate, methyl methacrylate, vinyl ethyl
ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, 3-



reaction zone as disclosed, for exanple, in U S. Patent No. 5,288, 918.
Condensati on of the volatlllzed materi als, and separation and further
recovery tK@P%3#00c o by further distillation, can be car rHGIAUSSN9d1D any
conventi onal manner, the crude al dehyde product can be passed on for
further purification and isomer separation, if desired, and any recovered
reactants, e.g., olefinic starting material and syn gas, can be recycled in
any desired manner to the hydrofornylatéﬁn zone (reactor). The recovered '
netal catal yst containing raffinate of ch nmenbrane separation or
recovered non-vol atilized netal catalyst containing residue of such
vapori zation separation can be recycled, to the hydrofornylation zone
(reactor) in any conventional manner desired. In a preferred enbodi nent,
t he hydr of ommbﬁémmlé@uexenaﬁndéy ﬂdllii!‘b- ol A0 oS i )-Safriel Udes any
fluid derived f]og1 Q%¥ Sp%?féFQ yxdrofor at.i on process that contains
at |east sorf®ehg ﬂ? Cut eA PRFME PAUPEREs or components,
i.e., the akﬂeh#QQapadmmmhqwﬂauﬁsdmmmgannphbyphhnahmﬂemﬁdﬂhﬂﬁk@onplex
catal yst, free organo d*ﬁhﬁﬂ i L]izing agent
x gandlf’1 ree‘* e n&m&i %’&2% ng i

for said catal |gand sald |ngred|en SYCO pondlng to
t hose enpl oyydre; lafippdhat gapybe amp quﬁj:@prozi}mnantmmenc .

Ecgﬁgfg?/rrﬁat Hﬁéehg?fon %mtﬁaylber&m nggtégr al nma 1%2 der ed. It i
y | | X [ y Y i's
to be underé’t‘f;b‘gt B€ FREFSRCH: gy?;‘ﬁaépf’@ﬂ‘l feaction mixture conpositions
enpl oyabl e herein can and normally will contain m nor anpunts of additional
i ngredi ents such as thoseg)(mi ch have e[qéher been del i berately enployed in
t he AN /
C=C
/ N
R Ry

(VIID)

wherein Rl’ Rz, R3 and R 4 are the same or different (provided R1 is
different from R2 or Ry is different from R 4 and are selected from
hydrogen; alkyl; substituted alkyl, said substitution being selected
from dialkylamino such as benzylamino and dibenzylamino, alkoxy
such as methoxy and ethoxy, acyloxy such as acetoxy, halo, nitro,
nitrile, thio, carbonyl, carboxamide, carboxaldehyde, carboxyl,
carboxylic ester; aryl including phenyl; substituted aryl including
phenyl, said substitution being selected from alkyl, amino including
alkylamino and dialkylamino such as benzylamino and dibenzylamino,
hydroxy, alkoxy such as methoxy and etfxoxy, acyloxy such as acetoxy,
halo, nitrile, nitro, carboxyl, carboxaldehyde, carboxylic ester,
carbonyl, and thio; acyloxy such as acetoxy; alkoxy such as methoxy
and ethoxy; amino including alkylamino and dialkylamino such as
benzylamino and dibenzylamino; acylamino and diacylamino such as
acetylbenzylamino and diacetylamino; nitro; carbonyl; nitrile; carboxyl;
carboxamide; carboxaldehyde; carboxylic ester; and alkylmercapto such
as méthylmercapto. It is understood that the prochiral and chiral
olefins of this definition also include molecules of the above general



hydr of ormyl ati on process or formed in situ during said process. Exanples of
such i ngr sdoemeasod hat can al so be present include unreacted mtEtsss/Pusy ti ng
mat eri al, carbon nonoxi de and hydrogen gases, and in situ formed type
products, such as saturated hydrocarbons and/or unreacted isonerized

ol efins corresponding to the olefin starting materials, and high boiling

| i qui d al dehyde condensation byproducts, as well as other inert co-sol vent
type materials or hydrocarbon additives$1if enpl oyed. The substituted or
unsubstituted ol efinic unsaturated starting material reactants that may be
empl oyed in the hydrofornylation processes of this invention include both
optically active (prochiral and chiral) and non-optically active (achiral)

olefinic un%@}] eFOTROTD n#&%g& "f‘é&%g"’t‘ﬂﬂ%gg’?‘gﬁn{% ly 4 to 20,
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5,491,266, the disclosures of which are incorporated herein by

reference.

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

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



WO 97/ 20800 PCT/ US96/ 19412 - 49-
II'lustratiye mxtures of olefinic starting materials that can be enpl oyed
in the hydW&%ﬁ%‘f"at ion reactions include, for exanple, m xXeBCHUSSSIER]12
e.g., Raffinate | and Il. Further such ol efinic unsaturated conpounds and
t he correspondi ng al dehyde products derived therefrommay al so contain one
or nore groups or substituents which do not unduly adversely affect the
hydr of or myl ati on process or the process .gf f this invention such as
described, for exanple, in U S. Patent s. 3,527,809, 4,769,498 and the
| i ke. Most preferably the subject invention is especially useful for the
production of non-optically active al dehydes, by hydrofornylating achiral
al pha-ol efins containing from2 to 30, preferably 4 to 20, carbon atonB
and achiral riltienrtal aldwf 1060 partisgper m@llidiﬂﬁhlbﬂ@te@a@ﬁ%%oai s wel |
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i an may correspond to any of the above-defined
organopolyphosphite ligands employable herein. It is preferred that
the free organopolyphosphite ligand be the same as the
organopolyphosphite ligand of the metal-organopolyphosphite ligand
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 100 moles
or higher, of free organopolyphosphite 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 50 moles of organopolyphosphite ligand, and more preferably
for organopolyphosphites from about 1.1 to about 4 moles of
organopolyphosphite ligand, per mole of metal present in the reaction
medium; said amounts of organopolyphosphite ligand being the sum of
both the amount of organopolyphosphite ligand that is bound
(complexed) to the metal present and the amount of free (non-
complexed) organopolyphosphite ligand present. Since it is more

preferred to produce non-optically active aldehydes by
hydroformylating achiral olefins, the more preferred
organopolyphosphite ligands are achiral type organopolyphosphite
ligands, especially those encompassed by Formula (I) above, and more
preferably those of Formulas (II} and (V) above. Of course, if desired,
make-up or additional organopolyphosphite ligand can be supplied to



but adi ene, al kyl al kenoates, e.g., nethyl pentenoate, al kenyl al kanoat es,

al kenyl al kybd 9okbsbs, al kenols, e.g., pentenols, alkenals,(aghmaggwﬁﬁﬁgls
and the like, such as allyl alcohol, allyl butyrate, hex-1- en-
oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-butenyl acetate, vrnyl

propi onate, allyl propionate, nethyl nethacrylate, vinyl ethyl ether, vinyl

nmet hyl ether, allyl ethyl ether, n-propyl-7-octenoate, 3- WO 97/ 20800
PCT/ US96/ 19412 -50- butenenitrile, 5-hex8Bani de, eugenol, iso-eugenol,
safrole, iso-safrole, anethol, 4-allylanisole, indene, |inonene,

bet a- pi nene, di cycl opent adi ene, cycl ooct adi ene, canphene, |inalool, and the

| i ke. Prochi raI and chiral olefins useful in the asymetric
hydr of or nyl at i
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represented bn aﬂyesﬁﬂabid manery ]3 Memam@marﬂnedﬁpmijnedﬂbeewf‘ fiséd Rl err]
are the sane %ﬂﬁﬁ%% rP err] Is different fromRerr] or

Rlerr] is d| ren are se| ected_from hydrogen; alkyl;
substituted al kyl, sai oﬂ‘bab's@? %Fendmmrgoiéféreehy@@ ermlation pyocessed such

as benzyl am ra'nca Atpabisba th}ﬁghﬂ@enﬁbk Qﬁdy snahda%ﬂyeémgma%eet hoxy,
oy boxal deny B ATETEORpHOR SaSiRpP HerSlafpre SmploY LIk dRGCHEy |
substituted asp;icarllryedaﬁm@nwwmdn-opacdny wotivietaldehyddei Ror hadtaated from
ey L T e e
acet oxy, compound of the hydroformylatnon 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 500 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

monoxide may range from about 1:10 to 100:1 or higher, the more
preferred hydrogen to carbon monoxide molar ratio being from about
1:10 to about 10:1. Further, the hydroformylation process may be
conducted at a reaction temperature from about -25°C to about 200°C.
In general hydroformylation reaction temperatures of about 50°C to
about 120°C are preferred for all types of olefinic starting materials.
Of course it is to be understood that when non-optically active
aldehyde products are desired, achiral type olefin starting materials
and organopolyphosphite ligands are employed and when optically
active aldehyde products are desired prochiral or chiral type olefin
starting materials and organopolyphosphite ligands are employed. Of
course, it is to be also understood that the hydroformylation reaction



hal o, nitrile, nitro, carboxyl, carboxal dehyde, carboxylic ester, carbonyl,
and thio; acyl oxy such as acetoxy; al koxy such as nethoxy and et hoxy; am no
i ncl udi ng W&ky¥@8eno and di al kyl ami no such as benzyl am no anBCTAISI6/19412

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

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

car boxal dehyde; carboxylic ester; and al kyl mercapto such as net hyl nercapto.
It is understood that the prochiral and chiggl olefins of this definition
al so i nclude nol ecul es of the above general™¥®™ WO 97/ 20800

PCT/ US96/ 19412 -51- fornula where the R groups are connected to formring
conpounds, e.g., 3-nethyl-1-cycl ohexene, and the like. Illustrative
optically active or prochiral ol efinic conpounds useful in asymetric

hydr of or nyl at i orconditiosieemiployewillibre. gaverned Wyl thpR)6f aldehyde product
2-vi nyl - 6- met hoxy - 2- napht hyl ene, 3- et henyl phenyl phenyl ket one,

4- et henyl phenyl 2=t eny| ket one, 4- et henyl -2-fl uor obi phenyl,

4- (1, 3-di hydr o- 1- oxo- 2H | sShheigtrcfoymydationprocesses encompassed by this

2- et henyl - 5- b ' - I, .
or openyl benzone LrehfbfRRERTso SorfduARN VAR LrIRHbr £ Wrkapic solvent for,
like. Cther ol efthgireetadrayganerolynbosphite Jigand coreplex sataly freeas
described, for e¥gaRbSolypRosphite Bga@dl TRE solvedt WP AlsPeotiRin Wssdvbd

i ustrative of YRHeT 4R © eatiranga ik ERBCENIE PR dbe R PSRt TG

material s i ncl udma teactamisremphiyede saithble orgaatic anliemts thatidey fordexaimple)i c

conmpounds descr ia.ti’@éjncjlg', Jﬂtﬁhégﬁﬁgﬁes, alkynes, ethers, aldehydes, higher boiling
aldehyde condensation byproducts, ketones, esters, amides, tertiary
amines, aromatics and the like. Any suitable solvent which does not
unduly adversely interfere with the intended hydroformylation
reaction can be employed and such solvents may include those
disclosed heretofore commonly employed in known metal catalyzed
hydroformylation reactions. Mixtures of one or more different solvents
may be employed if desired. In general, with regard to the production
of achiral (non-optically active) aldehydes, it is preferred to employ
aldehyde compounds corresponding to the aldehyde products desired to
be produced and/or higher boiling aldehyde liquid condensation
byproducts as the main organic solvents as is common in the art. Such
aldehyde condensation byproducts can also be preformed if desired and
used accordingly. Illustrative preferred solvents employable in the
production of aldehydes include ketones {e.g. acetone and methylethyl
ketone), esters (e.g. ethyl acetate), hydrocarbons (e.g. toluene),
nitrohydrocarbons (e.g. nitrobenzene), ethers (e.g. tetrahydrofuran
(THF) and sulfolane. Suitable solvents are disclosed in U.S. Patent
No. 5,312,996. The amount of solvent employed is not critical to the
subject invention and need only be that amount sufficient to solubilize
the catalyst and free ligand of the hydroformylation reaction mixture
to be treated. In general, the amount of solvent may range from about
5 percent by weight up to about 99 percent by weight or more based on



Encycl opedi a of Chem cal Technol ogy, Fourth Edition, 1996, the pertinent
porti ons afowhizedeeare i ncorporated herein by reference. As nPCEUS9d/IvR12
hydr of or myl ati on processes of this invention involve the use of a

nmet al - or ganopol yphosphite |igand conpl ex catal yst as descri bed herei nabove.
The hydrofornyl ation catal ysts may be i n honbgeneous or heterogeneous form
during the reaction and/or during the product separation. O course

m xtures of such catalysts can al so be &l oyed if desired. The ampunt of
met al - or ganopol yphosphite |igand conplex catal yst present in the reaction
medi um of a given hydrofornylati on process enconpassed by this invention
need only be that m ni mum anbunt necessary to provide the given netal

concent  at | ogy Iesiat St B RUBYBYSrYlaltBh Hbabhibh s B Lhg, pasi s for

at | east the cat tic anmount o ecessary to catalyze particul ar
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3-hydroxypropionaldehyde, 8-hydroxyhexanal, alkenals, e.g., 2-, 3- and
4-pentenal, alkyl 5-formylvalerate, 2-methyl-1-nonanal, undecanal, 2-
methyl 1-decanal, dodecanal, 2-methyl 1-undecanal, tridecanal, 2-
methyl 1-tridecanal, 2-ethyl, 1-dodecanal, 3-propyl-1-undecanal,
pentadecanal, 2-methyl-1-tetradecanal, hexadecanal, 2-methyl-1-
pentadecanal, heptadecanal, 2-methyl-1-hexadecanal, octadecanal, 2-
methyl-1-heptadecanal, nonodecanal, 2-me£hy1—1-dctadecanal, 2-ethyl
1-heptadecanal, 3-propyl-1-hexadecanal, eicosanal, 2-methyl-1-
nonadecanal, heneicosanal, 2-methyl-1-eicosanal, tricosanal, 2-methyl-
1-docosanal, tetracosanal, 2-methyl-1-tricosanal, pentacosanal, 2-
methyl-1-tetracosanal, 2-ethyl 1-tricosanal, 3-propyl-1-docosanal,
heptacosanal, 2-methyl-1-octacosanal, nonacosanal, 2-methyl-1-
octacosanal, hentriacontanal, 2-methyl-1-triacontanal, and the like.

Illustrative optically active aldehyde products include
(enantiomeric) aldehyde compounds prepared by the asymmetric
hydroformylation process of this invention such as, e.g. S-2-(p-
isobutylphenyl}propionaldehyde, S-2-(6-methoxy-2-
naphthybpropionaldehyde, S-2-(3-benzoylphenyl)-propionaldehyde, S-
2-(p-thienoylphenyl)propionaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaldehyde, S-2-[4-(1,3-dihydro-1-o0x0-2H-isoindol-
2-yDphenyllpropionaldehyde, S-2-(2-methylacetaldehyde)-5-
benzoylthiophene and the like.



hydr of ormyl ati on reaction nmedium The free organopolyphosphite | i gand may
correspond to any of the above-defined organopol yphosphite |igands

enpl oyabl WORI28849,

It is preferred that the free organopol yRsFUSse/19412] | gand

be the sane as the organopol yphosphite |igand of the

met al - or ganopol yphosphite Iigand conpl ex catal yst enpl oyed. However, such

| i gands need not be the sanme in any given process. The hydrofornylatlon

process of this invention may involve fronégbout 0.1 noles or less to about’
0

100 nol es or higher, of free organopol yph

hite ligand per nole of mnetal

i n the hydrofornylation reaction nedium Preferably the hydrofornyl ation
process of this invention is carried out in the presence of fromabout 1 to
about 50 nol es of organopol yphosphite Iigand, and nore preferably for
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referred_ to duce ngn act I ve al dehydes by
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| i gands are achiral type Asgadicated abesd)lit i§gémg@m§;spr&ﬁﬁ@a|@}dayﬁ hglge
(1) Bnd- (v 2B Pl y e pr Rty Gurieiion i Ao Gnons
or ganopol yphos phanner.i Blagdnemi pentinppis by droformyhLion [20868es are well
PCT/ US96/ 19412 1e133%n in the art and may involve: (a) hydroformylating the olefinic
starting material(s) with carbon monoxide and hydrogen in a liquid
homogeneous reaction mixture comprising a solvent, the metal-
organopolyphosphite ligand complex catalyst, free organopolyphosphite
ligand; (b) maintaining reaction temperature and pressure conditions
favorable to the hydroformylation of the olefinic starting material(s);
{c) supplying make-up quantities of the olefinic starting material(s),
carbon monoxide and hydrogen to the reaction medium as those
reactants are used up; and (d) recovering the desired aldehyde
hydroformylation product(s) in any manner desired. The continuous
process can be carried out in a single pass mode, i.e., wherein a
vaporous mixture comprising unreacted olefinic starting material(s)
and vaporized aldehyde product is removed from the liquid reaction
mixture from whence the aldehyde product is recovered and make-up
olefinic starting material(s), carbon monoxide and hydrogen are
supplied to the liquid reaction medium for the next single pass without
recycling the unreacted olefinic starting material(s). Such types of
recycle procedure are well known in the art and may involve the liquid
recycling of the metal-organopolyphosphite complex catalyst fluid
separated from the desired aldehyde reaction product(s), such as
disclosed, for example, in U.S. Patent 4,148,830 or a gas recycle
procedure such as disclosed, for example, in U.S. Patent 4,247,486, as
well as a combination of both a liquid and gas recycle procedure if
desired. The disclosures of said U.S. Patents 4,148,830 and 4,247,486



the reaction nmedium of the hydrofornylation process at any tine and in any
sui tabl e NyNPies6p - tO0 maintain a predeterm ned | evel of fPeenisogasmdzin
the reaction nedium The reaction conditions 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
pressure of hydrogen, carbon nonoxide and @efin starting conpound of the
hydr of or myl ati on process may range from about 1 to about 10,000 psia. In
gemeral, however, it is preferred that the process be operated at a total
gas pressure of hydrogen, carbon nonoxi de and olefin starting conpound of

l'ess than about,20000PSérat ﬁewéﬁbf&éfe‘ﬁaﬁ@é Yhérets. %gﬁ#%e%?%&e):li;?én:ge

mninmumtotal pressure 1s [imted p mpately by the a (
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carbon nonoxi deli?&f&éﬁblﬁt%éw?e procésys Suitablohguidtatalyst aegel of this
e

invention is prefergble from apou t o aboyt .1Q00Q i a, d

preferably fr orﬁ%ﬁa‘c‘r%s 8 %ﬁ&egoé’rp?faé’,’p%n P t%@a ﬁ%‘ggﬁ?rr%égﬁeéll;
pressure is pref,@74/861; &H10R,505andbAN0,990 psia and nore preferably from
about 10 to about 300 psi e r '

hydrogen to carbon nonoxi%’ea}r%;éﬁgggﬁﬁgé?{%ﬁ}g%éut Q%B%fg’ %}%@ﬂ%@fﬂg hlaglggr,
the nore pref erméturgsmayehe Separg ABhEhe ethersompenants afdhagradem about
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are preferred faivent edttypeiSonfplodsef separation, crysgjatlitation| distilativnyrse it is
R
| i gands are enﬂi]geyegt may hehdesised te sempve the aldehyde products from the crude
reaction mixture as they are formed through the use of trapping agents
as described in published Patent Cooperation Treaty Patent
Application WO 88/08835. A preferred method for separating the
aldehyde mixtures from the other components of the crude reaction
mixtures is by membrane separation. Such membrane separation can
be achieved as set out in U.S. Patent No. 5,430,194 and copending U.S.
Patent Application Serial No. 08/430,790, filed May 5, 1995, referred to
above.
As indicated above, at the conclusion of (or during) the
process of this invention, the desired aldehydes may be recovered from
the reaction mixtures used in the process of this invention. For
example, the recovery techniques disclosed in U.S. Patents 4,148,830
and 4,247,486 can be used. For instance, in a continuous liquid
catalyst recycle process the portion of the liquid reaction mixture
(containing aldehyde product, catalyst, etc.), i.e., reaction product fluid,
removed from the reaction zone can be passed to a separation zone,
e.g., vaporizer/separator, wherein the desired aldehyde product can be
separated via distillation, in one or more stages, under normal,
reduced or elevated pressure, from the liquid reaction fluid, condensed
and collected in a product receiver, and further purified if desired. The



active al dehyde products are desired prochiral or chiral type olefin
starting materials and organopol yphosphite |igands are enployed. O course,
it is to b&APEYPBI”der st ood that the hydrofornyl ation reacti BETUSIENB412

97/ 20800 PCT/ US96/ 19412 - 54-
conditions enployed will be governed by the type of al dehyde product
desired. The hydrofornylation processes enconpassed by this invention are
al so conducted in the presence of an orgggc solvent for the

met al - or ganopol yphosphite |igand conpl ex catal yst and free

or ganopol yphosphite |Iigand. The sol vent may al so contain dissolved water up
to the saturation limt. Depending on the particular catalyst and reactants
enpl oyed, suitable organic solvents include, for exanple, alcohols,
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and
products. When an alpha-mono-olefin reactant is also employed, the
aldehyde derivative thereof can also be separated by the above
methods.

More particularly, distillation and separation of the
desired aldehyde product from the metal-organopolyphosphite complex
catalyst containing reaction product fluid may take place at any
suitable temperature desired. In general, it is recommended that such
distillation take place at relatively low temperatures, such as below
150°C, and more preferably at a temperature in the range of from
about 50°C to about 140°C. It is also generally recommended that such
aldehyde distillation take place under reduced pressure, e.g., a total
gas pressure that is substantially lower than the total gas pressure

employed during hydroformylation when low boiling aldehydes (e.g.,
C4 to Cg) are involved or under vacuum when high boiling aldehydes

(e.g. C7 or greater) are involved. For instance, a common practice is to
subject the liquid reaction product medium removed from the
hydroformylation reaction zone to a pressure reduction so as to
volatilize a substantial portion of the unreacted gases dissolved in the
liquid medium which now contains a much lower synthesis gas
concentration than was present in the hydroformylation reaction
medium to the distillation zone, e.g. vaporizer/separator, wherein the
desired aldehyde product is distilled. In general, distillation pressures



used accordingly. Illustrative preferred solvents enpl oyab
pr oduct i orwofszabsehydes i ncl ude ketones (e.g. acetone and
ketone), esters (e.g. ethyl acetate), hydrocarbons (e.g. t

le in the

meRdirUSSdmpl12

ol uene),

ni trohydrocarbons (e.g. nitrobenzene), ethers (e.g. tetrahydrofuran (THF)

and sul fol ane. Suitable solvents are disclosed in U S. Pat
5,312,996. The anopunt of solvent enployed is not critical

ent No.
to the subject

i nvention and need only be that anount D% ficient to solubilize the

catal yst and free ligand of the hydrofornylation reaction
treated. In general, the anmpbunt of solvent may range from

m xture to be
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the reaction product fluid by (a) withdrawing from at least one reaction

zone or at least one separation zone at least a portion of a reaction
product fluid derived from a hydroformylation process and which also

contains phosphorus acidic compounds formed during said

hydroformylation process, (b) treating in at least one acid removal zone
at least a portion of the withdrawn reaction product fluid derived from
said hydroformylation process and which also contains phosphorus
acidic compounds formed during said hydroformylation process with an
acid removal substance sufficient to remove at least some amount of
the phosphorus acidic compounds from said reaction product fluid, and
{c) returning the treated reaction product fluid to at least one reaction
zone or at least one separation zone.

In an embodiment of this invention, a means for
preventing or minimizing ligand degradation and catalyst deactivation
and/or precipitation that may be useful in this invention involves
carrying out the invention described and taught in copending U.S.
Patent Application Serial Nes. (D-17245-1) and (D-17646), both filed on
an even date herewith, the disclosures of which are incorporated herein
by reference, which comprises using an agueous buffer solution and
optionally organic nitrogen compounds as disclosed therein.

For instance, said aqueous buffer solution invention
comprises treating at least a portion of a metal-organopolyphosphite
ligand complex catalyst containing reaction product fluid derived from



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

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

1- hept adec¥f37/2080%r opy| - 1- hexadecanal , ei cosanal, 2-met hyl -BCT/Usssaderzanal
henei cosanal , 2-nethyl - 1-eicosanal, tricosanal, 2-methyl- 1-docosanal
tetracosanal, 2-nmethyl-1-tricosanal, pentacosanal, 2-

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

hept acosanal , 2-net hyl - 1- oct acosanal ngﬂpcosanal, 2-met hyl - 1- octacosanal
hentri acontanal, 2-nethyl-1-triacontanal’,” and the like. Illustrative
optically active al dehyde products include (enantioneric) al dehyde
conpounds prepared by the asymetric hydrofornylation process of this

i nvention such as, e.g. S-2-(p- isobutyl phenyl)-propional dehyde,
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a conti nuous L R . .
catalyst containing reaction product fluid with the aqueous buffer

solution may be conducted in any suitable manner or fashion desired
that does not unduly adversely affect the basic hydroformylation
process from which said reaction product fluid was derived.

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

containing residue is to re-enter the reaction zone.

Thus it is to be understood that the metal-
organopolyphosphite ligand complex catalyst containing reaction
product fluid to be treated with the aqueous buffer solution may
contain in addition to the catalyst complex and its organic solvent,
aldehyde product, free phosphite ligand, unreacted olefin, and any
other ingredient or additive consistent with the reaction medium of the



manner. | n general, continuous hydroformnylation processes are well known in
the art anWOmRMRBMvol ve: (a) hydrofornylating the ol efinic SRGRAUBINI412
material (s) with carbon nonoxi de and hydrogen in a |iquid honbgeneous
reaction m xture conprising a solvent, the netal - organopol yphosphite

| i gand conpl ex catal yst, free organopol yphosphite |igand; (b) maintaining
reaction tenperature and pressure condih'ons favorable to the

hydr of ornmyl ati on of the olefinic starti” g'naterial(s); (c) supplying
make-up quantities of the olefinic starting material (s), carbon nonoxide
and hydrogen to the reaction nmedium as those reactants are used up; and (d)
recovering the desired al dehyde hydrofornyl ation product(s) in any manner

desired. Thehydroforibglatiol proeess G Wehich sali@ Feadtion PrédSét Whidshaes node,
i.e., wherelg a vaporous m xture conprising unreacted olefinic starting
mat eri al (s) pori zed al dehyde product is renoved fromthe liquid

reaction m xture from Thpicatlytthexihdanrduepusbutferisslutbmover ed and make- up

ol efinic st .0 rd.al ( i en afe supplied to
the |iquid ?‘é’g’é 3@@&%&@%‘?’_&%@@ m&ﬁgaggé’s&%g‘{ﬂ%g’dis'ré%ycl ing the
unreact ed olnfted; trestment sgnditians %NH(IE?S tenperatyres posssuge paidecqntacedur e
are wel | knqyeimalyls@vhry pedfly andVany SuitiBld tdtHbthdtesy 6f sieh of the

a1 dehyde.r cACHUODE BRAN b SEPISREh BEEoR ot BeRral HGg tampesatares L) 5.
Pat ent 4, 14&afging froin gbout @09Cl te gbout801Ccand phefesablysfrons abouf 25°@xanpl e,
10,05, P o GGy S e I BRORGR o of " 07
4,148, 830 arhdgheptampssatures\cogld begoployed if desired. Normally the
PCT/ US96/ 1941 ¢atment is carried out under pressures ranging from ambient to
reaction pressures and the contact time may vary from a matter of
seconds or minutes to a few hours or more.
Moreover, success in removing phosphorus acidic
compounds from the reaction product fluid may be determined by
measuring the rate degradation (consumption) of the
organopolyphosphite ligand present in the hydroformylation reaction
medium. In addition as the neutralization and extraction of
phosphorus acidic compounds into the agqueous buffer solution
" proceeds, the pH of the buffer solution will decrease and become more
and more acidic. When the buffer solution reaches an unacceptable
acidity level it may simply be replaced with a new buffer solution.
The agqueous buffer solutions employable in this invention
may comprise any suitable buffer mixture containing salts of oxyacids,
the nature and proportions of which in the mixture, are such that the
PH of their aqueous solutions may range from 3 to 9, preferably from 4
to 8 and more preferably from 4.5 to 7.5. In this context suitable buffer
systems may include mixtures of anions selected from the group
consisting of phosphate, carbonate, citrate and borate compounds and
cations selected from the group consisting of ammonium and alkali
metals, e.g. sodium, potassium and the like. Such buffer systems
and/or methods for their preparation are well known in the art.

Y




-57- are incorporated herein by reference thereto. The nost preferred

hydr of ormyl ati on process of this invention conprises a continuous |liquid
catal yst r %&ocess. Suitable liquid catal yst recycl e growushsnesizar e
di scl osed, for exanple, in U S. Patent Nos. 4,668,651; 4,774, 361;
5,102,505 and 5, 110,990. In an enbodi nent of this invention, the al dehyde
product m xtures may be separated fromthe other conponents of the crude
reaction mxtures in which the al dehyde xtures are produced by any

sui tabl e met hod. Suitable separation ne?%gds i ncl ude, for exanple, solvent
extraction, phase separation, crystallization, distillation, vaporization,
W ped filn1evaporation, falling fil mevaporation and the like. It may be
desired to renove the al dehyde products fromthe crude reaction m xture as

they are formed thr ougBréfhn—edshxﬁ'ér systppis greapiossphate bidfees ahdd i n

D ef erred Pa‘%ﬁ%% PREREL ko 3?%% **2?‘%2’?}*5&@9%5?% P8SpHRee K 8T per
conponent s dfikalianetaland mues of ancalikadism yMorepreferredaee huffen. Such
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1995, ref er (Ehasis phasp U, PERORAIIRIN. ot t he concl usion of (or
during) the process ofophbaallyyeﬁtdrgamdmw é&ﬂp&hﬂ@hﬂ&!@ﬁe'ﬂﬂeae

recover ed fro ct| M xtur us [0CEeSS th| i nventi on.
For exanpl et {Ihgqu(% g@ﬁrﬁ ggmcﬁ?gﬁggg&"ﬁgffag "433 ‘3“148 830
and 4, 247, 48@dc‘aly5b%bmmﬁucmf0mn@d apon hydrolysie of thmotgaﬂophnsﬂhxtat al yst
recycle prog cf s faQ 't%r@xahkﬁe', ixﬂ!‘JQ Pﬁ?&ﬁt’l‘w @m (Qﬁ ai ni ng

al dehyde product, catalyst, etcé regction produtt _flard, renoved
fromthe reRFERBIF BIEFRBSLGABROWALS BiA% b Moed farearion!

neutralize the acidic compounds by forming conversion product salts
therewith, thereby preventing the rhodium from complexing with the
acidic hydrolysis byproducts and thus helping to protect the activity of
the metal, e.g., rhodium, catalyst while it is present in the reaction
zone under hydroformylation conditions. The choice of the organic
nitrogen compound for this function is, in part, dictated by the
desirability of using a basic material that is soluble in the reaction
medium and does not tend to catalyze the formation of aldols and other
condensation products at a significant rate or to unduly react with the
product aldehyde.

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



e.g., vaporizer/separator, wherein the desired al dehyde product can be
separated w@oni2eso0 | | ati on, in one or nore stages, under nor RETUSs@tb4c2d Or
el evated pressure, fromthe liquid reaction fluid, condensed and collected
in a product receiver, and further purified if desired. The WD 97/ 20800
PCT/ US96/ 19412 -58- remmi ning non-volatilized catal yst containing Iiquid
reaction mxture may then be recycled bagk to the reaction zone as may if
desired any other volatile nmaterials, eQ%F, unreacted ol efin, together with
any hydrogen and carbon nonoxi de dissolved in the liquid reaction after
separation thereof fromthe condensed al dehyde product, e.g., by
distillation in any conventional manner. In general, it is preferred to

separate thenﬂrj% iiefam&iﬁwahwsneahaﬂm?gam%&t B o u

m xt ure under pressur at u.r S :so as .t av0| d
possi bl e deg?%ﬂd‘!@&ﬁn(ﬁnx Byen, e’@é&'ﬁ?ﬁ!”?ﬁ eF'T‘ sirgd, paxtunesof
products. V%anoaﬁmrwmmeﬁtei-gémmmbardom \ﬁidmmaymlwbé, t he al dehyde
derivative ther ed by the above nethods. More

parti cul arly, edIC'I ?ﬁa’l% %ﬁ‘%‘g‘g%ﬁ%l on of the desired al dehyde product
fromthe netal - or ganopBilystirativiei argansepiteegerncehpounds meluderegg.; eact i on
broduct 1 ul iy ddifiedlstes &4 trdbhylahial! G hERBy IS desil ed. 11

general, it comende such distillat ake pl’ace at relatively
| ow t enper at W@@a@GEhﬁbﬁéS% P&N%m@-p&ﬁaym@epmmﬂmm;ma
t enper at ur e tri-ri-betyl adise, dini¢thiyl-ae fo;@ﬂbﬁﬁhk%’&ﬂeﬁi}@-lﬂex&ﬂ%ﬁhiﬂxﬁe It is
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reduced pres
thereof contaxmng one or more noninterfering substituents such as

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

Preferred organic nitrogen compounds useful for
scavenging the phosphorus acidic compounds present in the
hydroformylation reaction product fluids of the this invention are
heterocyclic compounds selected from the group consisting of diazoles,
triazoles, diazines and triazines, such as those disclosed and employed
in copending U.S. Patent Application Serial No. (D-17423-1), filed on
an even date herewith, the disclosure of which is incorporated herein
by reference. For example, benzimidazole and benztriazole are
preferred candidates for such use.
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gas pressure that is substantially |lower than the total gas pressure

enpl oyed durlg% drof ornyl ati on when | ow boiling al dehydes (e.g., (err]
to Jerr])W 08| ved or under vacuum when high boiling alRzHyssasdfie. g.
Clerr] or greater) are involved. For instance, a conmon practice is to
subject the liquid reaction product nediumrenoved fromthe

hydrof ormyl ation reaction zone to a pressure reduction so as to volatilize
a substantial portion of the unreacted &éses di ssolved in the liquid nmedium’
whi ch now contains a nuch | ower synthes gas concentration than was

present in the hydrofornylation reaction nediumto the distillation zone,
e.g. vaporizer/separator, wherein the desired al dehyde product is
distilled. In general, distillation pressures WO 97/ 20800

PCT/ US96/ 19412 -59- r amwsngatwmﬂmeamﬁnqagaﬁmﬁogaﬁ mp@uﬁ&& al gas

Reroval Tr e dRgHp this? Rfnllbeord8afd bist Sy SlbomBhulBR pebtribed i, '
cont ai ni ng Maob@ﬁmsr &m@m&omdmoﬁﬁ‘axeml B‘echmdagngourﬁnEdmm r emoval
zone with angapi thd amﬁén 1HACST which &x"eei’?xtco{g?orrg SPhE ast some

anount of the phosp orus acl di ¢ conpounds from on product fl uid.
Preferably, "P€&83%or us aci di c conpounds can be renoved fromthe reaction

product fluid by (a) me:iﬁmm@fbfgmﬂtmtﬂ:g%h RASpOBRF th& mag e OF at
| east one separati.on,zone on of a reaction roduct fluid
derived froRreemdpd rWF g}’t@ﬁé‘{ gﬂfcﬁcﬁﬁ?’éﬁneﬂ xg"ﬂﬁ%}sphosphor us
aci di ¢ conpecidie wmdemsgxm thdiyyﬂmﬁ'urmylaﬁammqttmmmdukb) treating
in at |east fongs 8ftik HERGHBLnAOASSs typically sufficient to provide a

concentration of at least about 0.0001 moles of free organic nitrogen

compound per liter of reaction product fluid. In general the ratio of

organic nitrogen compound to total organophosphite ligand (whether

bound with rhodium or present as free organophosphite) is at least

about 0.1:1 and even more preferably at least about 0.5:1. The upper

limit on the amount of organic nitrogen compound employed is

governed mainly only by economical considerations. Organic nitrogen

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

about 5:1 should be sufficient for most purpose.

It is to be understood the organic nitrogen compound

employed to scavenge said phosphorus acidic compounds need not be

the same as the heterocyclic nitrogen compound employed to protect

the metal catalyst under harsh conditions such as exist in the aldehyde

vaporizer-separator, as taught in copending U.S. Patent Application

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

nitrogen compound and said heterocyclic nitrogen compound are

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

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

amount of the heterocyclic nitrogen compound present in the reaction

medium to also provide that amount of free heterocyclic nitrogen

n
lq

compaund in the hydroformylation process, e.g., vaporizer-separator,
that will allow both desired functions to be achieved.



at least a portion of the withdrawn reaction product fluid derived from

sai d hydr o™s? 9%2080¢ on process and which al so contai ns phosphRETUS19412
conpounds fornmed during said hydrofornylation process with an acid renoval
substance sufficient to renove at | east some anount of the phosphorus

aci di c compounds fromsaid reaction product fluid, and (c) returning the
treated reaction product fluid to at | egst one reaction zone or at |east
one separation zone. In an enbodinent ol ~this invention, a neans for
preventing or mnimzing |igand degradation and catal yst deactivation
and/or precipitation that may be useful in this invention involves carrying
out the invention described and taught in copending U S. Patent Application
Serial Nos. (D-17245- 1 AcopelibhyliHet@yuedins buffet eclutivrotreatiaent of ghizer ewi t h,
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product fl uiheiphosphprus@cidic muteyialxfddve conversion product salt formed
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returned to the hydroformylation reaction zone.

Another problem that has been observed when
organopolyphosphite ligand promoted metal catalysts are employed in
hydroformylation processes, e.g., continuous liquid catalyst recycle
hydroformylation processes, that involve harsh conditions such as
recovery of the aldehyde via a vaporizer-separator, i.e., the slow loss in
catalytic activity of the catalysts is believed due at least in part to the
harsh conditions such as exist in a vaporizer employed in the
separation and recovery of the aldehyde product from its reaction
product fluid. For instance, it has been found that when an
organopolyphosphite promoted rhodium catalyst is placed under harsh
conditions such as high temperature and low carbon monoxide partial
pressure, that the catalyst deactivates at an accelerated pace with
time, due most likely to the formation of an inactive or less active
rhodium species, which may also be susceptible to precipitation under
prolonged exposure to such harsh conditions. Such evidence is also
consistent with the view that the active catalyst which under
hydroformylation conditions is believed to comprise a complex of
rhodium, organopolyphosphite, carbon monoxide and hydrogen, loses
at least some of its coordinated carbon monoxide ligand during
exposure to such harsh conditions as encountered in vaporization,
which provides a route for the formation of catalytically inactive or less
active rhodium species. The means for preventing or minimizing such




phosphorus aci di ¢ conpounds include, for exanple, Herr]PJerr], aldehyde
aci ds suc ﬂgﬁgoxy al kyl phosphonic acids, Herr]PJerr] and the I|ike.
Sai d treat em % he netal - or ganopol yphosphite |igand conplPE&T/uReEA9413t
containing reaction product fluid with the agqueous buffer solution nay be
conducted in any suitable manner or fashion desired that does not unduly
adversely affect the basic hydrofornylation process fromwhich said
reaction product fluid was derived. Thysg. for exanple, the aqueous buffer
solution may be used to treat all or part of a reacti.on nediumof a
continuous liquid catal yst recycle hydrofornylation process that has been
renoved fromthe reaction zone at any tinme prior. to or after separation of
t he al dehyde product therefrom More preferably said aqueous buffer
treatment i ﬁﬂgﬁlyé% deactivation and/oyrpreainitation irvolves canying odtithe f | ui d

o prior Lavesties de,GibaTaAl A H"'m&g AdRe UL PUBBIRIERIR. (Mo (he
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that is bein 0 actlo zpne .t hrough.a Liqui d extractor
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residue is t:mrpeuedt@dxshbseé&hemn zone Thus it is to be understood that

the netal - or ganopol y NI QAR i ng reaction
product fl uhd to .treate W|th th& ueoﬁgﬁéﬁg fer e?c?l ﬁ?{;o%éér]my contain in
addition to pitrogen ¢ATRROURd seres g seplacementiligandfonthe product ,

free phos phldse cbrbém thoruxi @etigaddthetély f&Mn@Wn@ﬁﬁ%ﬂ ihfigaegliged or
addi tive copalgy g{)‘émes wm%%esurxge %Ccto'n? Nel5t tha" metatl organopolyphosphite,

the heterocyclic nitrogen compound and hydrogen during such harsh
conditions, e.g., vaporization separation, thereby preventing or
minimizing the formation of any such above mentioned catalytic
inactive or less active metal species. It is further theorized that the
maintenance of catalytic activity, or the minimization of its
deactivation, throughout the course of such continuous liquid recycle
hydroformylation is due to regeneration of the active catalyst from said
neutral intermediate metal species in the reactor (i.e. hydroformylation
reaction zone) of the particular hydroformylation process involved. It
is believed that under the higher syn gas pressure hydroformylation
conditions in the reactor, the active catalyst complex comprising metal,
e.g., rhodium, organopolyphosphite, carbon monoxide and hydrogen is
regenerated as a result of some of the carbon monoxide in the reactant
syn gas replacing the heterocyclic nitrogen ligand of the recycled
neutral intermediate rhodium species. That is to say, carbon monoxide
having a stronger ligand affinity for rhodium, replaces the more
weakly bonded heterocyclic nitrogen ligand of the recycled neutral
intermediate rhodium species that was formed during vaporization
separation as mentioned above, thereby reforming the active catalyst
in the hydroformylation reaction zone.

Thus the possibility of metal catalyst deactivation due to
such harsh conditions is said to be minimized or prevented by carrying



WD 97/ 20800 PCT/ US96/ 19412 -61-
hydr of or myW£ 9736899 ocess from whi ch said reacti on product f|RCTIUSHIe412
derived. Typically maxi num aqueous buffer solution concentrations are only
governed by practical considerations. As noted, treatnment conditions such
as tenperature, pressure and contact time may also vary greatly and any

sui tabl e conbi nation of such conditions y be enpl oyed herein. In general

| i quid tenperatures rangi ng from about fgaerr] C to about 80[err]C and
preferably from about 25[err]C to about 60[err] C should be suitable for

nost instances, although |ower or higher tenperatures could be enployed if
desired. Normally the treatnent is carried out under pressures ranging from
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heterocyclic nitrogen compounds, i.e., salt compounds formed by the

reaction of any phosphorus acidic compound present in the

hydroformylation reaction product fluids with such free heterocyclic

nitrogen compounds as discussed herein above.

It is to be understood that while it may be preferred to

employ only one free heterocyclic nitrogen compound at a time in any

given hydroformylation process, if desired, mixtures of two or more

different free heterocyeclic nitrogen compounds may also be employed in

any given process. Moreover the amount of such free heterocyclic

nitrogen compounds present during harsh conditions, e.g., the

vaporization procedure, need only be that minimum amount necessary

to furnish the basis for at least some minimization of such catalyst

deactivation as might be found to occur as a result of carrying out an

identical metal catalyzed liquid recycle hydroformylation process

under essentially the same conditions, in the absence of any free

heterocyclic nitrogen compound during vaporization separation of the

aldehyde product. Amounts of such free heterocyclic nitrogen

compounds ranging from about 0.01 up to about 10 weight percent, or

higher if desired, based on the total weight of the hydroformylation

reaction product fluid to be distilled should be sufficient for most

purposes.




systens may include m xtures of anions selected fromthe group consisting
of phosphate,.c ‘ﬁonate, citrate and borate conpounds and cations sel ected
fromthe 8{%%’;5”3{5 sisting of ammonium and al kali netals, e.RCT/A8%1942

pot assium and the |ike. Such buffer systens and/or nethods for their
preparation are well known in the art. WO 97/ 20800

PCT/ US96/ 19412 -62- Preferred buffer systens are phosphate buffers and
citrate buffers, e.g. nonobasic phosphake/ di basi c phosphates of an al kal i
netal and citrates of an alkali netal. re preferred are buffer systens
consisting of m xtures of the nonobasic phosphate and the di basic phosphate .
of sodiumor potassium Optionally, an organic nitrogen conpound may be
added to the hydrofornylation reaction product fluid to scavenge the acidic
hydrol ysi s byproduct sAhalterhate aetinpdrof tyansfeofinghuriditgdrsmhdephi te |i gand,
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with the of the heterocyclic amine. This heterocyclic amine layer may then be

decanted or otherwise separated from the reaction product fluid before

contacting it with the aqueous fraction where it again would exist as a

separate phase. The heterocyclic amine layer may then be returned to

contact the hydroformylation reaction product fluid.

Another means for preventing or minimizing ligand

degradation and catalyst deactivation and/or precipitation that may be

useful in this invention involves carrying out the invention described

and taught in copending U.S. Patent Application Serial Nos. (D-17648)

and (D-17649), both filed on an even date herewith, the disclosures of

which are incorporated herein by reference, which comprises using

water and optionally organic nitrogen compounds as disclosed therein.

For instance, it has been found that hydrolytic

decomposition and rhodium catalyst deactivation as discussed herein

can be prevented or lessened by treating at least a portion of the

reaction product fluid derived from the hydroformylation process and

which also contains phosphorus acidic compounds formed during the

hydroformylation process with water sufficient to remove at least some

amount of the phosphorus acidic compounds from the reaction product
fluid. Although both water and acid are factors in the hydrolysis of
organophosphite ligands, it has been surprisingly discovered that
hydroformylation reaction systems are more tolerant of higher levels of
water than higher levels of acid. Thus, the water can surprisingly be



product al dehyde. Such organic nitrogen conpounds may contain from2 to 30
carbon at owe97a0Reepreferably from2 to 24 carbon atons. Pri PETYUSIsiINAS
shoul d be excluded fromuse as said organic nitrogen conmpounds. Preferred
organi ¢ nitrogen conpounds should have a distribution coefficient that
favors solubility in the organic phase. In general nore preferred organic
ni trogen conpounds useful for scavenging the phosphorus acidi c conpounds
present in the hydrofornylation reacti Product fluid of this invention

i ncl ude those having a pKa value within 3 of the pH of the aqueous buffer
soluti on enpl oyed. Mst preferably the pKa val ue of the organic nitrogen
conpound will be essentially about the sane as the pH of the aqueous buffer

sol ution enpiyeaR i9erd di Se BRe FREEHBIRS | k WO
97/ 20800 R redoRPMERGI dbdireie Mo VA %Eg%’é%dfg’?ﬁ% -63- may

be preferr edig@(ﬁhﬁllwrelms?'one such organic nitrogen conpound at a tine in
Y, 2 e Dyseoror ) abimetasestent odpetngsnisasiaty e, 1
O ST ent o oo O SRR R 38R SRRNED b 6.
trial kyl am nesfukincthiasnventiom jheelivee carnying-out shy linvention deseribed
tri e octyl And il Rl 0.5, F‘E%’“ﬁ%?ﬁﬁfﬁﬁ?ﬁ erldU NG, Ty esye
met hyl - di - n-and (D-37685), bath filed an ag evan date herewith, sheidisclosuresiofat i ves
t her eof contwhithWredf@ofordbéE hBfsinByeréferénie, which icbrpidessuliigas hydr oxy
groups, for géﬂ%ﬁhew%&z?ét?gx{] ‘(?vli I acid re%gx%.lhgﬁﬁsg!aﬁces and optionally
organic nitrogen compounds as disclosed therein.

For instance, it has been found that hydrolytic
decomposition and rhodium catalyst deactivation as discussed herein
can be prevented or lessened by treating at least a portion of the
reaction product fluid derived from the hydroformylation process and
which also contains phosphorus acidic compounds formed during said
hydroformylation process with water in conjunction with one or more
acid removal substances, e.g., oxides, hydroxides, carbonates,
bicarbonates and carboxylates of Group 2, 11 and 12 metals, sufficient
to remove at least some amount of the phosphorus acidic compounds
from said reaction product fluid. Because metal salt contaminants,

e.g., iron, zine, calcium salts and the like, in a hydroformylation
reaction product fluid undesirably promote the self condensation of
aldehydes, an advantage is that one can use the acidity removing
capability of certain acid removal substances with minimal transfer of
metal salts to the hydroformylation reaction product fluid.

A further means for preventing or minimizing ligand
degradation and catalyst deactivation and/or precipitation that may be
useful in this invention involves carrying out the invention described
and taught in copending U.S. Patent Application Serial Nos. (D-17650)
and {D-17651), both filed on an even date herewith, the disclosures of

which are incorporated herein by reference, which comprises using ion



et hanol am ne, tris-(3-hydroxypropyl)-amne, and the |ike. Heterocyclic

am nes can_al so ﬁ) used such as pyridine, picolines, lutidines, collidines,
N- net hyl pinwgr%?&i” , N-net hyl nor phol i ne, N-2'- hydroxyet hyl mBICGFAiS9sme412

qui nol i ne, iso-quinoline, quinoxaline, acridien, quinuclidine, as well as,
di azol es, triazole, diazine and triazine conpounds, and the |ike. Al so
suitable for possible use are aromatic tertiary am nes, such as

N, N-di met hyl aniline, N, N- diethylanili neg. N, N- di net hyl - p-t ol ui di ne,

N- et hyl di phenyl am ne, N, N-di met hyl benzyl am ne,

N, N- di net hyl - 1- napht hyl am ne, and the |ike. Conpounds containing two or
nore am no groups, such as N,N,N ,N -tetranet hyl ethyl ene di am ne and
triethylene diamne (i.e. 1,4-diazabicyclo-[2,2,2]-octane) can al so be
menti oned. PRohangedesingand optipnalywrganizmitcbgensmimpordmds asavengi ng t he

phosphor us agi.g PHRQRds present in the hydrofornylation reaction
product fl uia(ggglg?e&he t#lls i nvention are heterocyclic conpounds sel ected

fromthe group consi st¥egingtanceibhas beénifaunddbat biydrolyte and tri azi nes,

such as t hosgecdl & aad-HYRLAY &4t al vt A : @%léaegt eq(éﬁ)ll,ication
Serial No ?% 7? s 2 al Pt RaHvhtiGn de dist e dll1 closure of

which is i nc@% é?‘é@”ﬁ@&l?%" %&&E@Bﬁgﬁ%‘gﬁ ?’g%g:ﬁn?ﬁ;sg:m}tfeﬁf-’i 86zol e and
benztri azol ezomecatdeasea portionufisdid esadtion product finid derit@dFbROSAA
ncl ude t nodb e miatih Sbeafld wltch ¥isd AR SnBbI AR ARIEP O oS
Ki r k- Ot hmer ,compaundspisgmedoduring #aid hydzefonmylation poocess vidhtwater
sufficient to remove at least some amount of the phosphorus acidic
compounds from said reaction product fluid and (b) treating in at least
one ion exchange zone at least a portion of the water which contains
phosphorus acidic compounds removed from said reaction product fluid
with one or more ion exchange resins sufficient to remove at least some
amount of the phosphorus acidic compounds from said water. Because
passing a hydroformylation reaction product fluid directly through an
ion exchange resin can cause rhodium precipitation on the ion
exchange resin surface and pores, thereby causing process
complications, an advantage is that one can use the acidity removing
capability of ion exchange resins with essentially no loss of rhodium.

Other means for removing phosphorus acidic compounds
from the reaction product fluids of this invention may be employed if
desired. This invention is not intended to be limited in any manner by
the permissible means for removing phosphorus acidic compounds from
the reaction product fluids.

The processes of this invention may involve reacting one
or more reactants in the presence of a metal-organopolyphosphite
ligand complex catalyst and optionally free organopolyphosphite
ligand, and an amount of a sterically hindered organophosphorus
ligand different from the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst, to produce one or more
products, wherein said sterically hindered organophosphorus ligand (i)
has a coordination strength with respect to the metal of said metal-




1996, the pertinent portions of which are incorporated herein by reference.
The anount WP 952088hi c ni trogen conpound that may be present PETAISS6/TIAZt i on
product fluid for scavengi ng the phosphorus acidi c conpounds present in the
hydr of ormyl ati on reacti on product fluids of the this invention is typically
sufficient to provide a concentration of at |east about 0.0001 nol es of
free organic nitrogen conpound per liter,of reaction product fluid. In
general the ratio of organic nitrogen conpound to total organophosphite

| i gand (whet her bound with rhodium or present as free organophosphite) is
at | east about 0.1:1 and even nore preferably at |east about 0.5:1. The
upper Iimt on the anpunt of organic nitrogen conpound enployed is governed

mai nly ﬁnl yhbrg @B@étplﬁwli dﬂﬂc’ﬂohqﬂ%x catglyst tessi thapogie Cogpgugd houl d

or ganophosphi te no rati.a u shou
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;:ﬁrrpound errplcag'qﬂe:t m&dysdemmhenwmhpmbdmzﬁhahbdhetammm@?f&taﬂ-t Eot be
e same as ]&qqﬁ ore e
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R s T T e et
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organophosphorus ligand complex catalyst, enables a normal:branched
product isomer ratio lower than the normal:branched product isomer
ratio enabled by the organopolyphosphite ligand of said metal-
organopolyphosphite ligand complex catalyst. See, for example,
copending U.S. Patent Application Serial Nos. (D-17213-1) and (D-
17647), both filed on an even date herewith, the disclosures of which
are incorporated herein by reference.
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 hetercatoms) 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
include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of organic
compounds. Illustrative substituents include, for example, alkyl,
alkyloxy, aryl, aryloxy, hydroxy, hydroxyalkyl, amino, aminoalkyl,
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Accordi ngly the aqueous buffer solution treatnment of this invention wll

not only r‘éﬂﬁ@’é"q"gee phosphori ¢ acidi c conpounds fromthe PCTUS96/19412

nmet al - or ganophosphite |igand conpl ex catal yst containing reaction product
fluids, the aqueous buffer solution also surprisingly renoves the
phosphorus acidic material of the conversion product salt forned by the use
of the organic nitrogen conpound scavenggr when enployed, i.e., the
phosphorus acid of said conversion pro t salt remains behind in the
aqyeous buffer solution, while the treated reaction product fluid, along
with the reactivated (free) organic nitrogen conpound is returned to the
hydr of ormyl ati on reacti on zone. Another problemthat has been observed when
or ganopol yphadegert anditherlikepirowhict tie hamlset off sarbsns esn aaBke ¥eshi 1

hydr of or myl gj.i C ' S_il 1 U tal yst. recycl e

hgdr of or rrnyyl g{)ia%%ugrﬁgcﬁ%g’g?’ ﬁheg?ralbmgﬁ[&\%ﬁharas%‘%gin%i ?ﬁ&%‘*ﬂiﬁﬂ?’g recovery
of the al defybetituents campbs preor seenerandthe same on differeotvfdross in catal ytic
activity of dpBofihtd ¥Pidnib tohlouBied TS i ehBaflis By Ri¥dnded thiifs har sh

condi tions such ‘as exi st in a vaporizer enployed in the separation and
recovery of iﬁw&e&laeﬂ%@mmt@ﬁmﬁm@{mew&a uentspfarganis d. For

i nstance, i coimgoulrden found that when an organopol yphosphite pronoted
rhodi um catal yst is plaged, undgr: h conditions such as,high tenperature
and | ow carbon_ nonoxi deﬁgﬁ?ﬂgq?%?’zé@%?gfg e ?‘I”Feméeal”écfv}g?& activates at
an accel er afiexthenddusirate thisdnventionost |ikely to the formation of an

i nactive or |ess active rhodi um speGheSiesWligh may al so be susceptible to
preci pitation under prol onged exposur«i ohsu,c harsh conditions. Such
evidence is al so In a continuous catalyst liquid recycle manner, a mixed

olefin starting material of butene-1 and butene-2 (cis and trans) was
hydroformylated. The liquid recycle reactor system employed
contained from one to three one-liter stainless steel stirred tank
reactors, combined in series, each containing a vertically mounted
agitator and a circular tubular sparger near the bottom of the reactor
for feeding the olefin and/or syn gas. The sparger contained a plurality
of holes of sufficient size to provide the desired gas flow into the liquid
body. The reactors were jacketed with a silicone oil shell as means of
bringing the contents of the reactors up to reaction temperature. All
reactors contained internal cooling coils for controlling the reaction
temperature. The reactors were connected via a line to transfer any
unreacted gases to the subsequent reactor and were further connected
via a line so that a portion of the liquid reaction solution containing
aldehyde product and catalyst from an upstream reactor could be
purged into the subsequent reactor wherein unreacted olefin from the
previous reactor can be further hydroformylated. Each reactor also
contained a pneumatic liquid level controller for automatic control of
the liquid levels in the reactors. The first reactor further contained a
line for introducing the olefin and syn gas through the sparger, while
make up syn gas was added to subsequent reactors via the same
transfer line carrying the unreacted gases from the previous reactor.
The final reactor in the series also contained a blow-off vent for




consistent wth the view that the active catal yst whi ch under

hydr of or my M@ oo20800ndi ti ons is believed to conprise a conpl ercwiusobgizym
or ganopol yphosphi te, carbon nonoxi de and hydrogen, | oses at |east sone of
its coordinated carbon nonoxide |igand during exposure to such harsh
conditions as encountered in vaporization, which provides a route for the
formation of catalytically inactive or l%FS active rhodi um speci es. The
means for preventing or mnimzing such /3~ WD 97/ 20800

PCT/ US96/ 19412 -66- catal yst deactivation and/or precipitation involves
carrying out the invention described and taught in copending U S. Patent
Application Serial No. (D 17423-1), referred to above, which conprises

carrying out pbiagvhyof OtsiYeRe® FabENCAINE B thEHtEdmRBF tRE Ay car bon
nonoxi de partial pressure in e,.presence of a free heterocyclic, nitrogen
conpound as H?%@Pgév&f ‘qui’é‘reéf‘?ﬂt aﬁﬁ%\ﬁﬂp a yapPpRErT @?ﬁgﬁgﬁtﬂ op;ofithene| | eved
the free het tiguid ebaction solagion couly berpumpeddeomstine firal raetento thgand for
et al °2Le$?re§3§8ﬁ%%‘?§?’%§°e{ 48 Madiyloowhe dibdidiikeR HE R pbENRIERIS 01 ©, 1
het er ocycl i ccomnpobgnts olaguaidarenchiptrsayationunithe mhqhailmpaumm tions,
Format | on of PAry SCURE R, L (hE RBRENE bl Hlefinl v MribREd, | |
metal speci efromp Fls‘? i‘% catalyst, "féd’rtt}?&tc"flﬁénﬁ%‘? ﬁi@iﬂ@@@@%&%@t iC
activity, orréfignettorthedirsofesdtor i theaeiiegat i on, throughout the course of
such cont i nuous |1 aul 4ol oh S AN ALALMAHA Wh SHubRI EERSIALE" ©f
about 1 liter of a catalyst precursor solution of rhodium dicarbonyl
acetylacetonate sufficient to achieve about 300 to 100 ppm rhodium in
the operating reactor solution, about 1.0 weight percent of Ligand D
(as identified herein) (about 3 mole equivalents of igand per mole of
rhodium), and the balance being C5 aldehyde and another heavier
solvent (C5 trimer, Texanol®, or tetraglyme) to each reactor. The
reactor system was then purged with nitrogen to remove any oxygen
present. Then about 100 psig nitrogen pressure was put on both
reactors and the reactors heated to their reaction temperatures given
in Table A below. Controlled flows of purified hydrogen, carbon
"monoxide and a mixed olefin starting material of butene-1 and butene-
2 (cis and trans) were fed through the sparger into the bottom of
reactor 1 and the reactor pressures increased to achieve the partial
pressures given in Table A. As the liquid level in a reactor started to
increase as a result of liquid aldehyde product formation a portion of
the liquid reaction solution of the reactor was pumped into the
subsequent reactor at a rate sufficient to maintain a constant liquid
level] in the reactor. If the reactor was the final reactor in the series, a
portion of the liquid reaction solution was pumped to the
vaporizer/separator at a rate sufficient to maintain a constant liquid
level in that reactor. Blow-off gas from the final reactor was analyzed
and measured. A controlled flow of make-up syn gas (CO and H2) was
added to the reactors in order to maintain their desired partial



neutral internedi ate netal

reaction zone) of the particular hydrofornylation process involved.
8% the higher syn gas pressure hydrof or myl BRFHHSSGNIZ | ons
in the reactor, the active catal yst conplex conprising netal, e.g.,

rhodi um organopol yphosphite, carbon nonoxi de and hydrogen is regene

bel i eved t

as a result

of sone of the carbon nonoxide in the reactant syn gas

replacing the heterocyclic nitrogen |iggpd of the recycled neutral
i ntermedi ate rhodi um species. That is to say, carbon nonoxi de havi ng
stronger ligand affinity for rhodium replaces the nore weakly bonded
het erocyclic nitrogen ligand of the recycled neutral internediate rh
speci es that was formed during vaporization separation as nentioned above,
t her eby r ef qmessure incthoseireactoxsalThe operating predsafes and séaction eact i on
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contact the solution with the aqueous buffer identified in Table A.
Experiments where either 1,2-Epoxydodecane or 3,4-
Epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate resin was
used were not treated with the aqueous buffer solution, but pumped
directly back to the first reactor in series.

A C5 aldehyde catalyst solution containing 240 parts per
million of rhodium, 6 grams/liter of Ligand D, 1,2-epoxydodecane (0.6
grams) was added on the third day and each subsequent third day of
the run. The catalyst solution throughout was contacted with carbon
monoxide, hydrogen, and mixed butenes at partial pressures of 84, 89
and 41 psi, respectively all at a reactor temperature of 85°C. The
product was removed continuously by means of an external vaporizer.
Ligand D concentration was determined/monitored by 3!P NMR. An
average ligand usage rate of 0.1 grams/liter/day was observed
(Example 1 in Table A). Other runs were conducted in a similar
manner and the results are given in Table A (Examples 2-7).

A C5 aldehyde catalyst solution containing 240 parts per
million of rhodium and 6 grams/liter of Ligand D was contacted with
carbon monoxide, hydrogen, and mixed butenes at partial pressures of
40, 39 and 24 psi, respectively all at a reactor temperature of 75°C.
The product was removed continuously by means of external vaperizer
and the concentrated catalyst solution passed through a 0.1 M pH7
aqueous NasHPO4+/NaH>PO4 buffer solution prior to returning the

may be
d

luct yeeeiver. The remainingngnsvslatibredeatalyst azol e, and the



conpounds is enployed therein to exclude any acid salts of such

het er ocycl iwO#/2088en conpounds, i.e., salt conpounds fornedPOy/AISYes19412
reaction of any phosphorus acidic conpound present in the hydrofornyl ation
reaction product fluids with such free heterocyclic nitrogen conpounds as
di scussed herein above. It is to be understood that while it may be
preferred to enploy only one free heterqgiclic nitrogen conpound at a tine
in any given hydrofornylation process, desired, mxtures of two or nore
different free heterocyclic nitrogen conpounds nay al so be enpl oyed in any
gi ven process. Mreover the ampunt of such free heterocyclic nitrogen
conpounds present during harsh conditions, e.g., the vaporization

}or oceflulr e, {1eeﬂceﬁﬂ:irs(temecauiafgtstriaoruhlémsuh!aiﬁmﬁk yl&eimst eaklort, OLigamd Bh t hﬁt bgsi S

or at |east sone .m pim.zatl,on S vation as mg e

found to occSPRERMAHLD 4s g?teé-gnwafunﬁp%ﬁ dgm éf@ta&’i erageal yzed

liquidr ecycﬂ)gahyldnsa‘wrmtbafﬂcﬂ#gr itevidayrwas ohserival|(Table Asane

condi ti ons, [ i ompound
a&ﬁ'@n Sepa@%I on §¥s BL fﬁuf]g“aﬁié)gy&%i’ecaﬁ ruhQ@des 0P

during vapori zat| t he Anount s of such
free het er ocpeminalyithefame sopdibions except f‘?Wﬁdﬂémt Lgapd Dp to about 10
wei ght perCe@bnceﬁftrﬂhﬁﬁ%aé@aﬂé&'th?&a Hagahedrud . he total weight of the
hydr of ormyl ati on reacti on product f|UId to be distilled should be
sufficient for nost purposes. WO 97/ 20800

PCT/ US96/ 19412 -68- An alternate nethod of transferring acidity fromthe
hydr of ormyl ation reaction product fluid to an aqueous fraction is




t hrough the internediate use of a heterocyclic am ne which has a
fluorocarbgn or silicone side chain of sufficient size that it is

i mi sci bl e YQIBYB ¢ he hydr of ormyl ati on reacti on product fl uPGT/HE/1912 he
aqueous fraction. The heterocyclic amine may first be contacted with the
hydr of ormyl ati on reaction product fluid where the acidity present in the
reaction product fluid will be transferred to the nitrogen of the
heterocyclic amne. This heterocyclic amgpe |ayer may then be decanted or
ot herwi se separated fromthe reaction product fluid before contacting it
w th the aqueous fraction where it again would exist as a separate phase.
The heterocyclic amne |ayer nay then be returned to contact the

hydr of ormyl ati on reacti on product fluid, Another nmeans for preventing or
m ni m zing |igand degradation and cat dable Adeacti vati on and/ or
precipitation that may be useful in this invention involves carrying out

Al

the inventi Iy D tgqu S frt gat i on
Serial Nos. ?6 12 ﬁ* 1€¥r$é - 17 2 ﬁd}ﬁ{fﬁg&p@é g)sgn Lnr ﬁ{g%erew t h,
t he di scl oshrestSr—ii¢ ‘“""'““"‘*“" herein-by el te\,\,h, ch
conpri ses ubing| wat er §nd ptlonmy orﬁﬂhl c nﬁH@gm Ei#vpc
di scl osed tma.;itg Fortinstande, it found that hydmyol tlc‘
deconpositip DErodj ungbat 3l y84 ddactgovat] ongps fli s@issgd gngpelin can be
prevent ed or2I ESERICA Py Bseati ngpat [l eagf a poggT ofi Of ot N Hon
product flujd d 422@(1 r_omthe hydroforrryl at on progess an al so
cont ai ns ph m1 € ot Uiﬂdo |U|7j:u usg’g re—hyd ation
process Wit { uL e énf | i W oT=Yaea (VI=) g sahe :ﬁ'rnll 1 01'121‘ e
phosphor us b di BDEANhun88 f{omBPhe |r e A% | ot 8 ui d. ®0%hdugh bot h
wat er and akhd [(POB=ct or85i n [t h84hydr 0l88si s| of3&r ganoghosphid.g1! ijgands, it
has been suférilsbDREy [i sgsveredashat] hwdr ofjor gd at] ong ea¢tigpgsSyst ens are
more tol erafy ofpfy@ne] Texers ojgwailer gghan nigger Tegersorggerg. Thus,
the water cgg SR Rag lgl,ysne 40 39 24 4 0'37
tore
9 | Extrac 75 40 39 24 2 0.27
tore
10 { Extrac 75 40 39 24 3 0.13
tor<
11 | Extrac 75 40 39 24 5 0.37
tore
12 | Extrac 75 40 39 24 1.67 0.1
tore
13 | Extrac 75 40 39 24 2 0.13
tore
14 | Extrac 75 40 39 24 0.67 0.13
tore
15 | Extrac 75 40 39 24 6 0.34
tore
16 | Extrac 75 40 39 24 2 0.29
tore
17 | Extrac 75 40 39 24 2 0.11
tore

a. 1,2-Epoxydodecane
b. 3,4-Epoxycyclohexyimethyl 3,4-epoxycyclohexanecarboxylate resin
c. An 0.1M aqueous pH7 NaoHPO4/NaH;PO, buffer solution
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used to ren¥W@P720808 and decrease the rate of |oss of organophrcapsdsassizgand
by hydrolysis. Yet another neans for preventing or minimzing |igand
degradati on and catal yst deactivation and/or precipitation that may be
useful in this invention involves carrying out the invention described and

taught in copending U S. Patent Appli cat? n Serial Nos. (D 17652) and
(D-17685), both filed on an even date héf&with, the disclosures of which
are incorporated herein by reference, which conprises using water in
conjunction wth acid renoval substances and optionally organic nitrogen
conpounds as di sclosed therein. For instance, it has been found that

hydrol yti ¢ decomposi ti dRigaildstd\getiphifeabiepruséntiansi prte tipata di scussed
erein can be, preven r_lessen treating. at Jeast a portion of the
reaction procﬁﬁ’g’fg?ﬁﬁ%%%a@?l 1tre(gmz ?IWPEF&W%‘P?W process and whi ch
al so cont ai ndgpamsfliter/daybased on dhpexpernimhentad datarsebgus & Table A
hydr of or nyl atjpReprocess with water in conjunction with one or nore acid

removal substances, e.g., oxides, hydroxides, carbonates, bicarbonates and
carboxylates of Goup 2, 11 and 12 netals, sufficient to renove at | east

some amount of the phosbianplesiTs 6b 22GHUBAUREThE 1A BAAbAFEAAG el BFOTUCT
fluid. Because, netal S?| 1 .corgz‘}am.nants e. ?’ , r;?, I nc, caPcium salts and
the like, inTAMiPEAP SPBFRMDE adaitives sphas bshzrpidazeieand dbsiabibty ofr onot e
the self condbesmadditives tal ttehyfte theaciditly 40 aagsqicousmiff@nsolaignuse t he
acidity renoving capability of certain acid renoval substances with m ninal

transfer of
Example 18
This control example illustrates the stability of Ligand D

(as identified herein) in a solution containing 200 parts per million of
rhodium, and 0.39 percent by weight of Ligand D in butyraldehyde
containing aldehyde dimer and trimer in the absence of added acid or
benzimidazole.

To a clean, dry 25 milliliter vial was added 12 grams of
the butyraldehyde solution mentioned above. Samples were analyzed
for Ligand D using High Performance Liquid Chromatography after 24
and 72 hours. The weight percent of Ligand D was determined by High
Performance Liquid Chromatography relative to a calibration curve.
No change in the concentration of Ligand D was observed after either
24 or 72 hours.

Example 19
This Example is similar to Example 18 except that

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

The procedure for Example 18 was repeated with the
modification of adding 0.017grams of phosphorous acid (H3PO3) to the
12 gram solution. After 24 hours the concentration of Ligand D had
decreased from 0.39 to 0.12 percent by weight; after 72 hours the
concentration of Ligand D had decreased to 0.04 percent by weight.



nmetal salts to the hydrofornylation reaction product fluid. A further nmeans
for preve n mnimzing |ligand degradati on and catal yst deactivation
and/ or pre pggfzgfqoon that may be useful in this invention i RGN yi ng
out the invention described and taught in copending U S. Patent Application
Serial Nos. (D-17650) and (D 17651), both filed on an even date herew th,

t he di scl osures of which are incorporated herein by reference, which
conprises using ion WO 97/ 20800 -78-

PCT/ US96/ 19412 -70- exchange resins anc? optionally organic nitrogen
conpounds  as disclosed therein. For instance, it has been found that

hydr ol yti ¢ deconposition and rhodi um catal yst deactivation as di scussed
herein can be prevented or |essened by (a) treating in at |east one
scrubber zofdhisdatasbows thet stromgoicida catalyze the degnmpositidd of Higiard ved
from said hyglrof ornyl ation process and which al so contains phosphorus

aci di ¢ conpounds forned during said hydrofornylation process with water
sufficient to renove at | east sone anount of the phosphorus acidic
conmpounds from said reaction produ@xdmplel2end (b) treating in at |east one

I on exchange zone at S tJ on t.he,wat e ich ¢ hosphor us
aci di ¢ compounds r em)\;lgﬁ Wg g e téﬁ:' Eﬁ%ﬁ’ﬁﬁf’ﬂg\%’&gﬁﬁ“g nor e
i on exchangphnsphwszssamdlmddmnmmﬁaadeevate adﬁesl. some anount of t he
phosphorus acidic co g.{{ﬁ;e
hydrof ornmyl ati gn reacti o pr%gucta?:ﬂt}‘%ﬁﬁé égﬁf& a& ﬁgﬂﬁl%ﬁ exchange
resin can caedification ofadding Pil% geams g Ph@SPhﬁrOQﬁ(m gadr@O837sur f ace and
pores, ther g'bﬂm%adﬁie%guﬁ{dxz%féto the solution. No decomposition of Ligand D

was observed after either 24 or 72 hours. This shows that the addition

of benzimidazole effectively buffers the effect of the strong acid and

thereby prevents the rapid decomposition of Ligand D.

Example 21
This example shows that an aqueous buffer can recover

the acidity from the nitrogen base in situ buffer and allow the nitrogen
base to partition into the organic phase, where it can be recycled to the
hydroformylation zone.

Solid (benzimidazole)}(H3PO4) was prepared by placing
1.18 grams {10 mmole) of benzimidazole in a 250 milliliter beaker and
dissolving the benzimidazole in 30 milliliters of tetrahydrofuran. To
this solution was slowly added 0.5 grams of 86 percent by weight of
phosphoric acid (HsPOs). Upon addition of the acid a precipitate
formed. The precipitate was collected on a sintered glass frit and
washed with tetrahydrofuran. The resulting solid was air-dried with
the application of vacuum and used without any further purification.
0.109 grams (0.504 mmole) of the water-soluble
(benzimidazole)(HzPO4) solid prepared in the previous step was
dissolved in 10 grams of 0.1 M pH 7 sodium phosphate buffer solution.
The resulting solution was extracted with 10 grams of valeraldehyde.
The organic layer was then separated from the aqueous layer using a
separatory funnel. The volatile components were then removed from



conplications, an advantage is that one can use the acidity renoving

capabi | i ty wb sraeseexchange resins with essentially no | oss offorvusdsusaiz

O her nmeans for renoving phosphorus acidic conpounds fromthe reaction
product fluids of this invention may be enployed if desired. This invention
I's not intended to be limted in any manner by the perm ssible means for
renovi ng phosphorus aci di c conmpounds fro ?%the reaction product fluids. The
processes of this invention may involve f€acting one or nore reactants in
the presence of a netal-organopol yphosphite |igand conpl ex catal yst and
optionally free organopol yphosphite |igand, and an anmpbunt of a sterically
hi nder ed or ganophosphorus ligand different fromthe organopol yphosphite

l'igand of saitfheB¥gahic B whﬁmﬁﬁhﬁmmwws}me@&cﬁm cmlsam to

d t d
8; gaggghgggh%ﬁ%“{‘?ﬁg‘ﬁg ﬁu%hﬁg i bce&f f’&?#ﬁ;ﬁoiﬁﬁrslfﬁpgﬁék Itﬁ}’ie ¥&spect to the
nmetal of sai d:hmmﬂtegrapha&zﬁﬁhﬁ@ﬁﬂ 1by volume mixture of chloroform and
et B S A
conpl ex cat alrgseveryiaf)tharse dcbnpzmwzmlq wascempletal yttx:anafameal tocthel

sterically higdg Wnophosphorus | i gand conpl ex catal yst, enables a

reaction rate of at percent .of the reacti rate enahl ed by the
or ganopol yphosphi te I | g tga}tass(;*q}vs"g} af; an, PEEARIS 5P ij)‘gﬂﬁs‘ﬁ (’tg@nlb]P*&S’nd conpl ex
catal yst, (i ivhichpixistsadd y shrmgracidaalli cant be regénemnaged byidomtacisweti to the

Than carbon MEEHHa BRASPRHIHRRRANL (o LAORROBRARE, cotelyst areater

Example 22

This example shows that a buffer solution is effective at
neutralizing an organic soluble salt of a weak base and strong acid
thus allowing the base to return to the organic phase and effectively
removing the acid from the organic phase. ‘

A butyraldehyde solution was prepared containing 1.0
percent by weight of benzotriazole. The solution was then analyzed by
Gas Chromatography for benzotriazole content to serve as a reference
sample. To the solution prepared in the previous step was added 0.25
mole equivalents of phosphorous acid (HaPO3). In a one pint glass
bottle was added 50 grams of the butyraldehyde solution containing
benzotriazole and 50 grams of a pH 7, 0.2 molar sodium phosphate
buffer solution. The mixture was stirred for 15 minutes and then
transferred to a separatory funnel. The aqueous layer was then
separated from the aldehyde layer. The aqueous layer was analyzed
for H3POj3 content by Ion Chromatography. The aldehyde layer was
analyzed for benzotriazole content by Gas Chromatography and HsPOj3;
content by Ion Chromatography. The H3PO3 was found to be
completely transferred into the aqueous layer. Complete return of
benzotriazole to the butyraldehyde layer was also found.

This data shows that an organic soluble salt of a weak
base and strong acid can be completely neutralized by contacting the




conplexed with the netal to forma netal-sterically hindered

or ganophosphorus |igand conpl ex catal yst, enables a nornal:branched product
i somer rat iWOPHMSO0t han t he nornal : branched product isoner rZCT&SOwIMI2d by
t he organopol yphosphite |ligand of said netal - organopol yphosphite |igand
conpl ex catal yst. See, for exanple, copending U S. Patent Application
Serial Nos. (D-17213-1) and (D 17647), both filed on an even date
herewith, the disclosures of which are igicorporated herein by reference.
For purposes of this invention, the term hydrocarbon"” is contenplated to

i nclude all perm ssible conmpounds having at | east one hydrogen and one
carbon atom Such perm ssi bl e conpounds nay al so have one or nore

het eroatons. In a broad aspect, the perm ssible hydrocarbons incl ude

aCyg' ic I(Wl t lorganiv }bﬁ&&wlhfﬁsnwmma; bafiérspbition andaticitehediee base wcged,
car bocyclic eterocychi.c r nonaronati ¢ organi c conmpounds
whi ch can be%g’ﬁﬁé}mm eﬁ}oﬁhgﬁgﬁﬁc&%-% used herein, the term
"substituted" is contenplated to include all perm ssible substituents of

or gani ¢ conpounds unl ess otherw se indicated. In a broad aspect, the
per m ssi bl e substituents include acyclic and cyclic, branched and
unbranched, carbocyclic and heterocyclic, aromati c and nonaronmatic
substituents of organic conmpounds. Illustrative substituents include, for
exanpl e, al kyl, al kyloxy, aryl, aryloxy, hydroxy, hydroxyal kyl, am no,

am noal kyl , WO 97/ 20800

PCT/ US96/ 19412 -72- halogen and the like in which the nunber of carbons can
range from 1l



to about 20 or nore, preferably from1l to about 12. The perm ssible

subst it uentWO@2R086@¢ one or nore and the sanme or different forcaamoensdiate
organi ¢ conpounds. This invention is not intended to be limted in any
manner by the perm ssible substituents of organic conmpounds. Certain of the
foll owi ng exanples are provided to further illustrate this invention.

Exanpl es 1-17 In a continuous catal yst (ﬁqw d recycle manner, a m xed
olefin starting nmaterial of butene- KBut ene- 2 (cis and trans) was

hydr of ormyl ated. The liquid recycle react or system enpl oyed contained from
one to three one-liter stainless steel stirred tank reactors, conbined in
series, each containing a vertically nounted agitator and a circul ar

tug;JI ar sparger _rll_ﬁar theAm@mtweidg%nmhﬁibté%ﬂfﬂﬂﬁ&hwb Q_ep,%ca?ﬁin t
and/ or syn ga e s conptai.ned_a rali o] es ufficien
size to prov® ggh? R€e‘fﬁﬁ?g aﬂ?ge?’l Wf’ﬂf §°PF O{f}n %H@“’feéact ors
wer e j acket edhereby; bus irathem theihverition easompaases)fhebgemgwgré&ﬂs contents
of the react g r VE% r d internal
cool i ng coi Ig1 o?‘lgegér%terdégﬁ&w %rs??’ugﬁitaﬁéns ureb%ﬁ&r& g%g% rs were
connect ed Vi beanadﬁevltlmtr%ﬁmréméﬁryw %éml'éfda@é%@ﬁk theneef.subsequent
reactor and were further connected via a line so that a portion of the

| iquid reaction solution containing al dehyde product and catal yst from an
upstreamreactor could be purged into the subsequent reactor wherein
unreacted olefin fromthe previous reactor can be further hydrofornylated.
Each reactor also contained a pneumatic liquid | evel controller for
automatic control of the liquid levels in the reactors. The first reactor
further contained a line for introducing the olefin and syn gas through the
sparger, while make up syn gas was added to subsequent reactors via the
sane
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transfer line carrying the unreacted gases fromthe previous reactor. The
final reactor in the series also ai ned a bl owoff vent for WO

97/ 20800 WO 9720800 Hmj ﬂ mmm PCT/ US96/ 182I/RSI6TD412
removal of the unreacted gases. m,ﬂottom e final reactor
was connected to the top of a vapori zer so t Hat *a portloTHIstHgg? ek
reaction solution could be punped fromthe final reactgr to f gﬁ FER
Vapori zed al dehyde was di sengaged from fgge non-vol ati | of th
liquid reaction solution in the gas-liquid separator part of the vaporroer.
In sone instances, unreacted olefin was stripped fromthe liquid catalyst
product or the condensed al dehyde product and returned to the first reactor
in the series. The hydrofornyl ation reacti on was conducted by chargi ng
about 1 liter of a catalyst precursor Gaimsi on of rhodi um di carbonyl
acetyl acetonate sufficient to achi eve about 300 to 100 ppm rhodiumin the
operating reactor solution, about 1.0 weight percent of Ligand D (as

i dentified herein) (abdut SW@eé%]mhldhémnﬁeSImgahngmethref

rhodi um, angedcifn nag}fee?,ty@b P Bgﬁ’ql sol vent (C5
trimer, Texa%ol Lﬁﬁr%aﬂ f etrggeé/ a%?ﬂdlea h e r s ?«?ﬁor system
was then pur SREBPIE% RtAIYSE 49 Brody ﬁ‘ér?ﬁ%tl%}‘rﬁ \‘ﬁg %&Hflmqﬁéﬁeé&out 100
pﬁi g ni trogemope geeduetsywhepein mdf;ﬁfobesseﬁ(&oﬁﬂ&cﬁﬁmat thré@alctgrfs heat e]cj to
their reacti ntro WS 0
purified hydf ah%%gfﬁgghﬂﬁeﬁl%aﬁgae %gkgﬁlg%g&gﬁcm@% P‘é?Y?’ﬁga‘h‘é@&i al of
but ene- 1 andle§weh&drczly(:m@gaadatmamf):hmsammplyphmtelhg r into
.to he DOt om Ofedetftiin of Gt micbal-6RAIIOI FRIRRPHIR A B35filek CaBBPSEY S LhE

2. A process which comprises reacting one or more
reactants in the presence of a metal-organopolyphosphite ligand
complex catalyst to produce a reaction product fluid comprising one or
more products, wherein said process is conducted (a) at a free
organopolyphosphite ligand concentration sufficient to prevent and/or
lessen hydrolytic degradation of the organopolyphosphite ligand and
deactivation of the metal-organcpolyphosphite ligand complex catalyst
and {b) at a reaction zone and/or separator zone residence time
sufficient to prevent and/or lessen hydrolytic degradation of the
organopolyphosphite ligand and deactivation of the metal-
organopolyphosphite ligand complex catalyst.

3. An improved process for producing one or more
products which comprises (i) reacting in at least one reaction zone one
or more reactants in the presence of a metal-organopolyphosphite
ligand complex catalyst to produce a reaction product fluid comprising
one or more products and (ii) separating in at least one separation zone
or in said at least one reaction zone the one or more products from said
reaction product fluid, the improvement comprising preventing and/or
lessening hydrolytic degradation of the organopolyphosphite ligand
and deactivation of the metal-organopolyphosphite ligand complex
catalyst by conducting said process (a) at a free organopolyphosphite
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pressures given in Table A. As the liquid level in a reactor started to

I ncrease asw@ 972480t of |iquid ald tion a peetausss i he
l'iquid reaction solution of the rejmm”m;mmmyaumto the subsequent
reactor at a rate sufficient to nmaimaitn & const art .
reactor. If the reactor was the final reactor in the serl aHIS SHBET tASnBEEN
the liquid reaction solution was punped é t he vapori zer fseparBERUACED a
rate sufficient to maintain a constant I ,g'uid | evel in tRAat TEactror:

Bl ow-of f gas fromthe final reactor was anal yzed and neasured. A controlled
fl ow of make-up syn gas (CO and H2) was added to the reactors in order to
mai ntain their desired parti al WO 97/ 20800

PCT/ US96/ 194 llZgand conidedtfation suffidiencts ?G\t'éi{tsanc%?l%%h &}% jessures_and
reaction terrp(g?& aﬁ we.rg mai_nt ai ed t ‘inf?ﬁom the ydr or ation. The
liquid react i BFBYRE & Fl?fg%ﬂ%? d deaghivatignjefdhed to an
i ncreased tenpetaitorganapdyphosphﬁedlgmnkmmpleanﬁdtatyswhnﬂ%yapgr| ze the

al dehyde pro Igl’% & Oy al_conditions
required for qltéﬁtemé{e%glr‘g%dlé% Q&C‘I‘ & %ﬁée aﬁ%{‘gﬁf‘: ;L IPFEVER20 ¢ o
2 psia. The \Ansder lzeeaee Méaelw%éegeﬁlem cprgenbpelwwosphaemgmet

recei ver. ThendrasddtiviRidiOsr tiy aiethl- § hﬁg:o d react I on

sol uti on was e sel,.nmeans . to cont act t e soﬁgtlon WI
aqueous buffé’ggﬁﬁﬁt 45& Gating in ah legstone addremgwal éﬁgﬁtqfelpasta

é i Epoxydodgoationaf s&;dlreditmwplyududtdlmkir’ﬁrhwéd from said process gnd Hth
epoxycyclahe mgx use ot treated with the
aqueous buf fer siéﬁ%?gét % ghgﬁ%ﬁ% "g% "P‘f% ‘i ﬁf‘?ﬁnﬂ%%?ét or in
seri es. process with an acid removal substance sufficient to remove at least
some amount of the phosphorus acidic compounds from said reaction
product fluid.

4. An improved process for producing one or more
products which comprises (i) reacting in at least one reaction zone one
or more reactants in the presence of a metal-organopolyphosphite
ligand complex catalyst to produce a reaction product fluid comprising
one or more products and (ii) separating in at least one separation zone
or in said at Jeast one reaction zone the one or more products from said
reaction product fluid, the improvement comprising preventing and/or
lessening hydrolytic degradation of the organopolyphosphite ligand
and deactivation of the metal-organopolyphosphite ligand complex
catalyst by conducting said process (a) at a free organopolyphosphite
ligand concentration sufficient to prevent and/or lessen hydrolytic
degradation of the organopolyphosphite ligand and deactivation of the
metal-organopolyphosphite ligand complex catal}'rst, and (b) at a
reaction zone and/or separator zone residence time sufficient to prevent
and/or lessen hydrolytic degradation of the organopolyphosphite ligand
and deactivation of the metal-organopolyphosphite ligand complex
catalyst; and by removing phosphorus acidic compounds from said
reaction product fluid derived from said process by (a) withdrawing
from said at least one reaction zone or said at least one separation zone

"l i i



A C5 al dehyde catal yst solution containing 240 parts per mllion of

rhodium 6 granms/liter of Ligand D, 1, 2-epoxydodecane (0.6 grans) was added
on the thi rg’%%?{?o&'??d each subsequewmnmmnw e run. THRCUHSW/IPI12

sol ution throughout was contacted WHmde hydr ogen, and m'xed
butenes at partial pressures of 84, 89 Gnd 42 psi,*re '

reactor tenperature of 85C. The. product was renoved c i9 'y "by SiEM
of an external vaporizer. Ligand D conceg%ration was ternﬂﬁ@tl%wuim tor
by [err]P NMR An average |igand usage rate of 0.1 grams/TTter7aay was
observed (Exanple 1 in Table A). Qher runs were conducted in a simlar
manner and the results are given in Table A (Exanples 2-7). A C5 al dehyde

catal yst solution containing 240 parts per mllion of rhodiumand 6
grams/|iter odtleagtagobtionvfcoreantiondproduict faid deriveddironesaidysiiocgss), and

I xed but . | |1
e enct or 5Btk afto SEABHK Podlndtls atiail Wntbdiils fEARRCENINE Y D
neans of ext c3aid(Proegss; (h)ehreaﬁagtm@tdeamqr acidoreraeealyzomesaf| leasba passed
through a 0. %d\%ﬁWoﬁﬂW&tﬁd&‘ﬁWﬁda@B%%&hﬁwﬂhfd dbFAVe@ frémbeiiier sol ution

prior to returnin WO, 97/ 2080

T/ Usoo/ 164 Brocesk a gﬁé&ﬁ PA?‘%&"‘&"&E%? phespherusacdic componnds famedact or .
Li gand D conchrihgisaid pyecess stith annsdd renidval sdbstarcersuffciddBtoAn aver age
| i gand usage [ of ryv. ble A -.Exanple
15) . Exper| rren?éo 4 aigpeagé?gﬁ%%l)ﬁﬁ?&&?%'pﬂ@s}l%%gr cg%r%(c-rll(;a oqu‘? fr

condi ti ons exaathreattzon popect Apid, angstireburvingthe b@taaéadwascmm ed
throughout 1t REoRUBE fluid to said at least one reaction zone or said at least one

separation zone.

5. The processes of claims 1, 2, 3 and 4 which
comprise a hydroformylation, hydroacylation (intramolecular and
intermolecular), hydrocyanation, hydroamidation, hydroesterification,
aminolysis, alcoholysis, carbonylation, isomerization or transfer
hydrogenation process.

6. The processes of claims 1, 2, 3 and 4 wherein the
free organopolyphosphite ligand concentration is from about 0.1 moles
or less to about 4 moles of organopolyphosphite ligand per mole of
metal.

7. The processes of claims 1, 2, 3 and 4 wherein the
free organopolyphosphite ligand concentration is from 0 to about 16
grams per liter of reaction product fluid.

8. The processes of claims 1, 2, 3 and 4 wherein the
free organopolyphosphite ligand concentration is such that said process
can be operated below the threshold for autocatalytic hydrolysis of the
organopolyphosphite ligand.

"‘"ﬁﬁ?iﬁ ii'iilﬁﬂi uﬁn



WO 97/ 20800 o PCT/ US96/ 19412

-76- Tabl e #vdeszo8es d React . Partial Pressures, psi pf;@}agjga),%&)
Usage Control Tenp Ir Rate [err]C
ferr] Gerrliert]  dL auldllll!lllllllrlllﬂelllllllll o5 84 oo
41 0.10 2 ERL-

0. 07 4221[err] 3 DDE[err] 74 77 T%1§ §HEETH$S BEEN
0.12 4 DDE[err] 85 89 -88- 30 REPDAGED 5
DDE[ err] 85 84 88 38 6 0. 11 6 DoErert
75 38 30 32 6 0. 08 7  DDEa 75 40
37 16 6 0.1 8 Extrac 40 39 24

4 0.37 tor[err] 9 g, Ext 2
0.27 tor[err] 10 Extrac ;%(éprocz.éﬁofclal%l 2, 3%%2144wheregxsa1d 0 13

tor[err] 11 metakerganopglyphosphite ligand ggmplex catalyst is hémogeneows 67

tor[err] 12 %age eo 5 40 39 24 1.67 0.1
tor[err] 13 Extrac 40 39 24 2 0.13
tor[err]

10. The processes of claims 1, 2, 3 and 4 wherein said
reaction product fluid contains a homogeneous or heterogeneous metal-
organopolyphosphite ligand complex catalyst or at least a portion of
said reaction product fluid contacts a fixed heterogeneous metal-
organopolyphosphite ligand complex catalyst during said processes.

11. The processes of claims 1, 2, 3 and 4 wherein said
metal-organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand represented by the

formula:
2
d s \P- R—O\P— y
\O/ . H—0 e X

wherein X represents a substituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R1 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R2 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, wherein a and b can be
the same or different and each have a value of 0 to 6, with the proviso
that the sum of 3 + bis 2 to 6 and n equals a + b.

12. The processes of claim 11 wherein said metal-
organopolyphosphite ligand complex catalyst-comprises rhodium
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14 Extrac 75 40 .39 24 0.67  0.13 tor[err] 15
Extrac 75 40 39 : 0.34 tor[err] 16

S el g -

1, 2- Epoxydodecane b. 3, 4- Epoxycyc‘] oliexyl me

3, 4- epoxycycl ohexanecar boxyl ate resin c¢c. An 0. 1M agqueous
Na[err]HPJ err]/NaH err]PJ err] buffer | ution WO 97/ 08(5% SHEET Has BEEN
PCT/ US96/ 19412 -77- Fig. 1 is a graphi representation RLAGERJ

concentration (granms/liter) versus average |igand usage (grans/liter
based on the experinental data set out in Table A above. Exanples 18 to 22
illustrate the in situ buffering effect of nitrogen containing addi tives
such. as bengiplacel aitian oRganbbdlyliosfhitb R nNkYingAhd Briilg>' o he
acidity to anﬁ§&§f us buffer solutlon I'e 18 Thi s contr exanpl e

i |l ustratesS¢ |ty of Ligand D (as |dent|f|ed herein) in a solution
contai ning 200 parts per nillion of rhodium and 0.39 percent by weight of
Ligand D in butyral delfjyde coqt ai ni ng dehyde dimer and trimer in the
absence of added acid or1 hqlnazol

2
2
R o\P_ .
/
R—0
2
R \ x——o-l:’/c'_l:;2
/ ~
O—R?

wherein X represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R1 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, and each R2 is the same
or different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms.

13. The processes of claim 11 wherein said metal-
organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand having the formula
selected from:
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To a clean, dry 25 nmilliliter vial was added 12 grams of the butyral dehyde

sol uti on n¥aQ 972088 above. Sanpl es we”mmgﬂ"m(nmm"r_l gand DrCBiusge/ti4ah
Performance Liquid Chromatography a ur The wei ght percent
of Ligand D was deternined by High Pérférmance s qaid Chrorrat ogr aphy
relative to a calibration curve. No change in the conce ‘
was observed after either 24 or 72 hourﬁ Exarrpl e 19 Thi|sSTHISSHEFT HAS BEEN
simlar to Exanple 18 except that phosp §tus acid was a ded t REPLACHMt e the
type of acid that m ght be forned during hydrolysis of -
The procedure for Exanple 18 was repeated with the nodification of adding
0. 017grams of phosphorous acid (Herr]PJerr]) to the 12 gram sol uti on.
After 24 hours the con enbratlo of Ligand had decreased fromO0.39 to

0. 12 percent by weight hour s the oncentration of Ligand D had
decreased to 0.04 perc %)I\E 7/ 20800

PCT/ US96/ 19412 -78- Th )éhows hat st ong acids catalyze the
deconposi tion of Ligan [QExarrpIe 20 PHAi nple is simlar to Exanple 18

except that both phosp or i<"aci d ang’/benzi m dazol e were added. The
procedure for Exanple Jsgp ed with the nodification of adding 0.018
grans of phosphorous a |d|an 37 grans

f benzi m dazole to the
sol ution. No deconposi |0AI’6‘F"L®gand D o

wherein X represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing frog 2 to 40 carbon atoms, R1
is a divalent hydrocarbon radical containing from 4 to 40 carbon atoms,
each R2 is the same or different and represents a substituted or
unsubstituted monovalent hydrocarbon radical containing from 1 to 24
carbon atoms, each Ar is the same or different and represents a
substituted or unsubstituted aryl radical, each y is the same or
different and is a value of 0 or 1, Q represents a divalent bridging
group selected from -C(R3)2-, -O-, -S-, -NR4-, Si(R8)2- and -CO-,

"l



was observed after either 24 or 72 hours. This shows that the addition of
benzi m dazol e effectlvely buffers the effect of the strong acid and thereby
prevents t WO YEBY deconposition of[‘wmm,umﬁﬂn’e 21 Thi BCTAEM19%15 hows
that an aqueous buffer can recover t he ni
situ buffer and allow the nitrogen base to pdrtftidn into | FEiSog '
phase, where it can be recycled to the hydrofornyl ation zagne.
(benzi m dazole)(H err]POJerr]) was prePﬁed by placing 1.1
mol e) of benzim dazole in a 250 m|li er beaker and dissol ving t he
benzi m dazole in 30 mlliliters of tetrahydrofuran. To this solution was
slowy added 0.5 grans of 86 percent by wei ght of phosphoric acid
(Herr]PdJerr]). Upon addition of the acid a precipitate formed. The
preci pit at e wipsret®leh I

SEtRmstﬂmasaihEt(ﬁ diffefétSand !’rb%r&aﬁw : gﬂ@ﬁhﬁg%gﬁl N ion of

tetrahydrofu . J; sultl h‘le ﬁ/a Ir-drie
vacuum and a(.y,wg b4 crrben atoms, phenyl, g}ﬂbﬂ‘sa(ld 504 nmol e)

of the wat elamsylu%e@bemw}éahﬁ ex)x(olrl[aémre}:li’ﬂﬁdﬂ;él %%Eh%@'i@ﬂﬂé ed in the
0

Du T er 2o uERalE O by A ot o iR Ty RheS br . Beck bredieah apeciof

val er al dehyiea velueof §ari | ayer was then separated from the aqueous I ayer
using a separatory funnel. The volatile conponents were then renoved from
WD 97/ 20800 PCT/ US96/ 19412 - 79-

the organic layer by didsti | The preresses olslaimp d, 20 3yand ¢ whergingaidhe sol i d
was identi cfiteetorganbpslyphosphiteiligay ¥ fepressitedbyPihd firmbBYer

1/\
\/

wherein X represents a substituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R1 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R2 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, wherein a and b can be
the same or different and each have a value of 0 to 6, with the proviso
that the sum ofa + bis 2to 6 and n equals a + b.

15. The processes of claim 14 wherein said free
organopolyphosphite ligand is represented by the formula:

A7 e
N~
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chromat ography utilizing a 1:1 by volune m xture of chl orof orm and acet one
as the el uAMO 93688 | i ca as the s I‘Inmmﬂ)mlﬂl Based on r REFE$IEGAI2 he
solid, benzim dazol e was conpl et el ﬂ t he organi c phase. This
data shows that an organi ¢ sol ubl e *ni frol ben® base whi ch exists as a strong
acid salt can be regenerated by contact with an aqueous buffer and returned
to the organi c phase. Exanple 22 This exggple shows that a buffer solution
is effective at neutralizing an organic Sbluble salt of a weak base and
strong acid thus allowing the base to return to the organic phase and
effectively renoving the acid fromthe organi c phase. A butyral dehyde

sol ution was prepared containing 1.0 percent by wei ght of benzotriazole.
The sol ution was then apal yzed by Gas romat ogr aphy for benzotriazol e

content to serve as a rpf® sarrple To the solution prepared in the
previ ous step was added] O. 25 ggy v Ixnts of phosphorous acid
(Herr]PJerr]). In a ohe e was added 50 grans of the

but yr al dehyde sol uti on o -ar'l@ng benzo riazole and 50 grans of a pH 7, 0.2
mol ar sodi um phosphate buffer solution.2he mxture was stirred for 15
m nutes and then transferred to a separatory funnel. The aqueous |ayer was
then separated fromthe al dehyde | ayer. The aqueous | ayer was anal yzed for
Herr]PQ err] content by |on Chronatography. TRke %gehyde | ayer was

at ogr aphy and H err]PJerr]

anal yzed for benzot rqi a2 content by Gas

content by lon Chr togra P— OheXHeO1tPQJ err] was found to be conpletely
transferred into the us layer. Conplete @M\/@ZOf benzotriazole to the
but yral dehyde | ayer was al so found. This data Sho that an organi c sol uble

salt of a weak base and strong acid can be conpletely neutralized by

contacting the
wherein X represents a substituted or unsubstituted divalent

hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R1 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, and each R2 is the same
or different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms.

16. The processes of claim 14 wherein said free
organopolyphosphite ligand is represented by the formula:

Ar—0O 1

CHay N\

Q. P—0O—}X

]
Gy

Ar—0O j
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organi ¢ phase with an aqueous buffer solution and that the free base is

t her eby reWQ 7&¥89% t he organic phasﬂm" ulm ,7| ﬂw PCT/US96/19412
PCT/ US96/ 19412 -81- Al though the inv L 3¢ | | ustrated by certain

of the preceding exanples, it is not to be construed as being limted
t hereby; but rather, the invention enconpasses the generic area as
her ei nbef ore disclosed. Various nodificggions and enbodi nents can be nade

wi t hout departing fromthe spirit and scope thereof - 81 - CLAIMS: 1. A
hydr of or myl ati on, hydroacyl ation (intranol ecul ar and internol ecul ar),
hydr ocyanation, 5 hydr oam dati on, hydroesterification, am nolysis,

al cohol ysi s, carbonyl ation, isomerization or transfer hydrogenation process
whi ch conprises reag-rgQpne or nore reactants in the presence of a netal -
or ganopol yphosphitd4 |igand\conpl ex catal yst to produce

7 2ly //,C}—-Ef!
Qnm P—O— X—O-P.

CH So—re
( i 2)y

Ar—0O

ﬁ\r—o

CH \

ey o x—0-pC
?m \O/
(CHo) /

] y

Ar—0O

wherein X represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms, Rl
is a divalent hydrocarbon radical containing from 4 to 40 carbon atoms,
each R2 is the same or different and represents a substituted or
unsubstituted monovalent hydrocarbon radical containing from 1 to 24
carbon atoms, each Ar is the same or different and represents a
substituted or unsubstituted aryl radical, each y is the same or
different and is a value of 0 or 1, Q represents a divalent bridging
group selected from -C(R3)2-, -O-, -S-, -NR#-, Si(R5)2- and -CO-,
wherein each R3 is the same or different and represents hydrogen,
alkyl radicals having from 1 to 12 carbon atoms, phenyl, tolyl, and
anisyl, R4 represents hydrogen or a methyl radical, each R5 is the
same or different and represents hydrogen or a methyl radical, and m
is a value of 0 or 1.

17. The processes of claims 1, 2, 3 and 4 wherein the
reaction product fluid containing phosphorus acidic compounds is

———
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10 a reaction product fluid conprising one or nore products, wherein
sai d proceswosisesduct ed at a free organopol yphosphite | i ganBCT/US96/19412
concentration of fromO to 8 grans per liter of reaction product fluid; and
treating at least a portion of said reaction 15 product fluid which also
contai ns phosphorus acidi c conpounds fornmed during said process wWth an
aci d renoval substance sufficient to rerrgve at | east sone of the phosphorus

aci di c conmpounds fromthe reaction produ d-fluid. 20 2. '

clainmed in claiml which is carried out at a reaction.z m,”de, t or
zone residence tinme sufficient to prevent and/or |essen hya‘rol‘yt MC s »
degradati on of the organopol yphosphite 25 | i gand and deactivation of the

net al - or gano-t@g{%@%ﬁp eofis HhFt Bl 8tioh 2WalktdsS lion xchaBER T8I &Fa

clained in claim osphorus, agi di,¢ conpounds are renoved fromthe
30 react i orguRdudl or1d E‘eﬂéf oXide, hyéﬁ?’f-‘aﬁ’ ?ﬂ‘rng‘@%erbl}”?’éwqﬂtﬁﬂ!r awi ng
fromthe reac{gdﬂbax?mme_ or the separator zone at |east a portion of a
reaction product fluid derived fromthe process and which al so contains
phosphorus aci di ¢ conpounds fornmed during said 35 process, (b) treating
in at | east one aci d r eb®val The processes-of claim 17 wherein phosphorus

acidic compounds present in the reaction product fluid are scavenged
by an organic nitrogen compound that is also present in said reaction
product fluid and wherein at least some amount of the phosphorus
acidic compound of the conversion products of the reaction between
said phosphorus acidic compound and said organic nitrogen compound
are also neutralized and removed by the treatment with the agueous
buffer solution, water, ion exchange resin or a Group 2, 11 or 12 metal
oxide, hydroxide, carbonate, bicarbonate or carboxylate.

19. The processes of claim 18 wherein the organic
nitrogen compound is selected from the group consisting of diazoles,
triazoles, diazines and triazines.

20. The processes of claim 19 wherein the organic
nitrogen compound is benzimidazole or benzotriazole.



zone at |least a portion of the withdrawn reaction product fluid fromstep

(a) with aaﬂag%ﬁmﬁgnnval subst ance sufficient to renove at | SRAB412
anount of the phosphorus acidic conpoungﬁ fromthe reaction product
fluid, and (c) returning the treated redction product fluid to the reaction
zone or the separator zone. 4. A process as clainmed in any one of the 10
precedi ng clainms wherein the free organopol yphosphite |Iigand concentration
is fromO0.1 noles or less to 4 noles of organopol yphosphite |igand per nole
of metal. 5. A process as clainmed in any one of the 15 precedi ng cl ai ns
wherein the free organopol yphosphite |ligand concentration is such that the
process can be operated below the threshold for autocatal ytic hydrol ysis of

t he organopol yphosphite |igand. 20 6. A process as clainmed in any
one of the preceding clains wherein the netal -organopol yphosphite |igand
conpl ex catal yst i s honogeneous or heterogeneous. 25 7. A process

as clainmed in any one of clains 1 to 5 wherein the reaction product fluid
cont ai ns a honogeneous or heterogeneous netal -organopol yphosphite Iigand
conpl ex catalyst or at |east a portion of said reaction product fluid
contacts a fixed heterogeneous 30 met al - or ganopol yphosphite |igand
conpl ex catal yst during said processef 8. A process as clained in any one
of the preceding clains wherein t he FIG. 1
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35+ netal - organopol osphite |igant conplex cataly conpri ses rhodi um
‘conpl exed with an or pol yphosphite |igand represen by the fornul a:
Wwherein X represents a substituted or unsubstituted n-val ent organic
bridging radical containing from2 to 40 carbon atoms, each R err}.is-the
same or different and represents a dival ent organic radical’ ‘cont aitni g from
4 to 40 carbon atoms, each R2 is the same or different and represents a
substituted or unsubstituted nonoval ent hydrocarbon r-adt-cal---eont ai ni-ng from
1 to 24 carbon atons, wherein a and b can be the sane or different and e

have a value of 0 to 6, with the proviso that the Slri wljl “ll (ﬂm
and n equal s erLaTihg:9. A process as clained in clai ta
or ganopol yphosphite |igand conpl ex catal yst conprises rhodlun1conplexed
wi th an organopol yphosphite Iigand having the fornmula selected from [err]

- 84 - wherein X rmpreAehyarafsﬂhyu'ah:libﬁq Myd#&&%giﬂ.tdﬂil&?d di val ent

hydr ocarbon b i.ng f.,rom.2 ar bon atons, each
Rlerr] is thefﬁgefQH°i§g?$§%e% hQ 5%?&55%%?&1649§féﬁ3' 3% bon
radi cal Tont RYEFgaridatione hﬂdtaab&ﬁréﬁamaﬁxmnd(amﬂndﬂysrﬂ,ls the sane
or different ANELREPYESENt EaPfbsHPThtiBhed i QomdiSualidn iRy dRHRAlLeNt

hydrogenation process which comprises reacting one or
more reactants in the presence of a metal-
organopolyphosphite ligand complex catalyst to produce

10 a reaction product fluid comprising one or more
products, wherein said process is conducted at a free
organopolyphosphite ligand concentration of from 0 to
8 grams per liter of reaction product fluid;
and treating at least a portion of said reaction

15 product fluid which also contains phosphorus acidic
compounds formed during said process with an acid
removal substance sufficient to remove at least some
of the phosphorus acidic compounds from the reaction
product fluid.

20

2. A'process as claimed in claim 1 which is

carried out at a reaction zone and/or separator zone
residence time sufficient to prevent and/or lessen
hydrolytic degradation of the organopolyphosphite

25 ligand and deactivation of the metal-organo-
polyphosphite ligand complex catalyst.

3. A process as claimed in claim 2 wherein

phdsphorus acidic compounds are removed from the

30 reaction product fluid derived from the process by (a)
withdrawing from the reaction zone or the separator
zone at least a portion of a reaction product fluid
derived from the process and which also contains
phosphorus acidic compounds formed during said

35 process, (b) treating in at least one acid removal

AMENDED SHEET



hydr ocar bon radi cal taini ng froml to 24 carbon ag'ps. 10. A process as
"cClaimed in claim8 ein the netal - organopol yphos te |igand conplex
catal yst conprises rhodi um conpl exed with an organopolyphosph1te 1.i gand
having the formula selected from [err] - - wherein- X rEpresents a

substituted or unsubstituted dival ent drocarbon bridgin
containing from2 to 40 carbon atons, err] is a d| ﬂ“
radi cal containing from4 to 40 car bon at ons, each R[ sane or

different and represents a substituted or unsubstltuted nDnovaIent
hydr ocar bon radical containing from1 to 24 carbon atons, each Ar is the

sane or di ffeﬁsﬁé aﬁdléaateseﬁbstioauw ithiet Qﬂtﬁarﬁ%ll%ta'c‘ﬂit&ﬁ aryl
radi cal , each a value of 0. or 1, Q

represents a H 8%t%5PF§EFﬁ8mgF%ﬁB 28 egﬁgﬁ PROACIE BEROYAY err]-, -O,

-S-, -NR[err]subét@ﬁ@erspftécnhntatd r@ﬁbvewheréeas&asbmﬁBammdhhecﬂane or

dlfferent and p dpq | | to 12
car bon at ons, tﬁ% ﬁﬁﬁgﬁ§gfn¥ agd gnﬂéﬁﬁbuh?g %ioﬁégﬁésghFC&%Q%}ogen or
met hyl r%dlcaproéﬁgh ﬁ@uié:tﬁédséﬁé §etyrnﬂ§g beaﬁaeﬁ§§ﬂe§@wm§lﬁydrogen or

a met hyl rad'ﬁ?bduéﬂdfmhk‘.a #ovehderahclish tonélorAtheOseparatdy ained in
any one of theoﬁrecedlng clainms wherein the free organopolyphosphite |igand

is representef®B§-the formula: [err] wherein X represents a substituted or
unsubstituted n-val ent organic

4. A process as claimed in any one of the
10 preceding claims wherein the free organopclyphosphite
ligand concentration is from 0.1 moles or less to 4
moles of organopolyphosphite ligand per mole of metal.

5. A process as claimed in any one of the
15 preceding claims wherein the free organopolyphosphite
ligand concentration is such that the process can be
operated below the threshold for autocatalytic
hydrolysis of the organopolyphosphite ligand.

20 6. A process as claimed in any one of the
preceding claims wherein the metal-organopolyphosphite
ligand complex catalyst is homogeneous or
heterogeneous.

25 7. A process as claimed in any one of claims 1
to 5 wherein the reaction product fluid contains a
homogeneous or heterogeneous metal-organopolyphosphite
ligand complex catalyst or at least a portion of said
reaction product fluid contacts a fixed heterogeneous

30 metal-organopolyphosphite ligand complex catalyst
during said processes.

8. A process as claimed in any one
of the preceding claims wherein the
35
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bridgi ng radical co jning from2 t6 40 carbon ato each ‘R1L7is the same
"or different and rep ents a dival ent organic radi c

40 carbon atons, each Rerr] is the sane or different an i!‘m ma“m‘mm“

substituted or unsubstituted monoval ent hydr ocar bon ‘radi c contal ming fro

1 to 24 carbon atons, wherein a and b cagybe the same or different and each

have a value of 0 to 6, with the proviso that the sumof a + bis 2 to 6
and n equal metakobganopol B&spl:nté-ﬁgaﬂdn:romﬂ%i c&Salg'bﬁcdifﬁﬂris@s thodiin 1

(err] %é?if%efﬁeafﬁi@ﬂﬂ@%’%&@&?hﬁ 0 gheRer e B

hydr ocar bon farmalgicng radical containing from2 to 40 carbon atons, each
Rlerr] is the same or different and represents a dival ent hydrocarbon

radi cal containig from4 to 40 rbo atoms, and each R err] is the sane
or different and represg\ts a substitht unsubstifut ed nonoval ent

hydr ocar bon r adi aI 1e6ni arni rom1jto 24 c’d&Qon atgns. 13. A process as
clainmed in claiml ere| "?h' ee rganopogp e ligand is
represented by the for : [err] r] whefein X represents a
substituted or u substitut ed divalant b

wherein X represents a substituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R1 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R2 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, wherein a and b can be
the same or different and each have a value of 0 to 6, with the proviso
that the sum of 2 + bis 2 to 6 and n equals a + b.

9. A process as claimed in claim 8 wherein the metal-

organopolyphosphite ligand complex catalyst comprises rhodium
complexed with an organopolyphosphite ligand having the formula

selected from:
1 O\P X
\O/
2
2
R O\ )
/P X
R0
2
RVO\P—O—-X—-O-P/O-RZ
~ ™~



- hydrocarbon bridgi ng dical containing from2 to 40 carbon atons, R[err]
* i's a dival ent hydroc on radi cal containing frommﬁmlmm at ons,
each R err] is the sane or different and represe mm "ﬂ .
" unsubstituted nonoval ent hydrocarbon radical contéinfng fromsl #o 24 car bon

atons, each Ar is the sanme or different and represents a substituted or
unsubstltut ed aryl radical, each y i s t&fe sane or different and is a val ue

of 0 or B 8 ngg Efmﬁbg Sahvalibag from
- - .S - and -CO-, whe
o e e e e o e
havi ng freﬁﬁhliilisﬂﬁeﬁaﬁi@&éiﬁ%ﬁntw reh@htdatﬁﬁﬂe&'ﬂ' HSMrocai |

represents Q nmet adi each |s t or different
and repr §§g’rﬁ>si g?“d’d fﬁbéh 53&353@‘5’ Rg e’ad?’eo or 1.
14. A pr ocehﬁ'emmcaad rrepresents;a mhstxﬁuteﬂ@rpxmﬁ[ktmgxted anomowdienei n t he
reaction r ﬁggpounds S - 88 -
treated \l/#rd%gan aqueous%&%li e“rimsi% utlon%%cmﬁ)% exchange resin or an
oxi de, hydr OXI de, carbonate, bicarbonate or car boxyl ate of a Goup 2, 11 or
12 net al I | pho or us acidic
conpounds™ pf eSe ?og ed %Er %g'c gm%r?% cfﬁafixﬁl g% an organic
ni t rogen°56%’ﬁﬂl:1 FB FaWﬁta?anPEthéﬁ iTe

complexed with an organopolyphosphlte ligand having the formula

selected from:




10 product fluid wherein at |east Sone armuntﬂf the phosphorus

~acidic compound of t conversion products of the rea
phosphorus aci dic conpound and the organic ni trogerr. c imﬂn
0

neutralized and renoved by the treatnent with the 15 usmwb
solution, water, ion exchange resin or oxide, hydrOX|de carbonate

bi car bonate or carboxylate of a Goup 2, 11 or 12 netal. 16. A process as
cl ai med i nwhiezein Xorepresearits a*@ﬁﬁutedormubsmthtém&ﬁagt@;wound is a

6 aherei #mé?‘g’gﬂlb?‘%ﬁ“‘?’ﬁgfaé?#ﬁh%é%%?gi'@n?eﬁoz? G

benzotri azif & 1va lepphydrocanbon radical containing from 4 to 40 carbon atoms

PCT/ US96/ 1842 R258-tHetdthe WP i e
unsubsti tuted %}gﬁl t h %récaggé?g@gl ngg%xz §PB ,'}al ni ng f rom2 to 40
car bon at offBS% dpphoyalent fydrorargpn giadical eqvptamng dpmasketn 84a
di val enL heatbonce toons, ][a&hcmir iscoiY sHrfk g diffeperdt %ﬁd‘}@ Péh(%ﬁ@é‘aat OWE and egch
R2 is the i t 0 ubstituted or unsubstitute
nonoval ent a! ;glr g%tggﬁgryﬁrsg“g)sé}lg%?@ %ﬁ ﬁf PR ¥ 18409 4ame BHn at ons. 16.
The proce refit aind i al valtesafd} or ia%dmemmdﬁpﬂbubbﬁﬁ@mg e ligand is
"epr esent Ggrdup dd18cted FEACED)], -0-, -5-, -NR4:, Si(R5)g- and -CO-,

wherein each R3 is the same or different and represents hydrogen,

alkyl radicals having from 1 to 12 carbon atoms, phenyl, tolyl, and

anisyl, R4 represents hydrogen or a methyl radical, each RS is the

same or different and represents hydrogen or a methyl radical, and m

is a value of 0 or 1.

11. A process as claimed in any one
of the preceding claims wherein the
free organopolyphosphite ligand is represented by the formula:

d/O\P- i O\
o . -0~

wherein X represents a substituted or unsubstituted p-valent organic
bridging radical containing from 2 to 40 carbon atoms, each Rl is the
same or different and represents a divalént organic radical containing
from 4 to 40 carbon atoms, each R2 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, wherein a and b can be
the same or different and each have a value of 0 to 6, with the proviso
that the sum of a + bis 2 to 6 and n equals 2 + b.



- WD 97/ 20800 - 90- [er%wherei n X represents.a subst i MM ed or- unsubsti t ut ed
di val ent hydrocar bon i dgi ng radi cal containing from 2 to

R1 is a dival ent hydrocarbon radi cal containing frorm UWH“TOHB
each R2 is the same or different and sy esents a sub

unsubstituted nonoval ent hydrocarbon radical containi ng from 1 to 24 carbon
atons, each Ar is the sane or different and represents a substituted or
unsubstituted aryl radical, each y is the sane.or different and is a val ue
of 0 or 112Q.fepmcess asdclaised bni ddaip §towheveliactbe freem

-C(R err] ek olypho ' and -CO, wherein
each R3 is, g feﬂ)ls)alme o;sp%ﬁ?fh%éeﬂrﬁ gaﬁ&c}n}eggirlfaésa[ént E}L%]E/dg{%‘}glgn al kyl radl cal s
havi ng from1 to 12 garbon atons, phenyl, tolyl, and anisyl, R4 represents

hydrogen or a nethyljradicg, each R[err] is the same or different and
represents hydrogen r ‘hsaL radidal, and mis a value of 0 or 1. 17.
The processes of cl , /3 )@herel n the reaction product fluid
cont ai ni ng phosphoru ac\d conmpoundgs i s WO 97/ 20800

PCT/ US96/ 19412 treatkd vvlth an aqueo buffer solution, water, ion exchange
resin or a Goup 2, 11 or 12 netal oxide, hydroxide, carbonate, bicarbonate

or carboxyl ate.
RE— o/ O-]
/

P-0—X—0-P_

O—R2
Ri/ ~
~
o O—R?
wherein X represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R1 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, and each R2 is the same
or different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms.

13. A process as claimed in claim 12 wherein the free
organopolyphosphite ligand is represented by the formula:

Ar——O 7

N
(CHz) /

Ar——-O




18: The processes of ai m 17 wherei n phosphorus aci conpounds present
“in the reaction produ fluid are scavenged by an organic nitrogen conpound
that is also present in said reaction product fluid-and wherein at -|east_.
some anmount of the phosphorus acidic compound of the..conversion products of
the reaction between said phosphorus acidic conmpound andumﬂummﬂnlmmul
ni trogen conpound are al so neutralizedgand renmoved by th

the aqueous buffer solution, water, ion exchange resin or" oup "2, %11% or
12 netal oxide, hydroxide, carbonate, bicarbonate or carboxylate 19. The
processes of claim 18 wherein the organic nitrogen conpound is sel ected
fromthe group consisting of diazoles, triazoles, diazines and tri azi nes.

20. The processes of claim 19 wherein the organic nitrogen conpound is
benzi m dazol e or benzotriazol e.

r——

|

] \O_RZ
(CHa)y /

Ar—0O

/l\r-—.O

(CHJ) \ e

I y N
Qm P—O—X—O—P\O/R
Ar—O

wherein X represents a substituted or unsubstituted divalent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms, R1
is a divalent hydrocarbon radical containing from 4 to 40 carbon atoms,
each R2 is the same or different and represents a substituted or
unsubstituted monovalent hydrocarbon radical containing from 1 to 24
carbon atoms, each Ar is the same or different and represents a
substituted or unsubstituted aryl radical, each y is the same or
different and is a value of O or 1, Q represents a divalent bridging
group selected from -C(R3)9-, -O-, -S-, -NR4-, Si(R5)2- and -CO-,
wherein each R3 is the same or different and represents hydrogen,
alkyl radicals having from 1 to 12 carbon atoms, phenyl, tolyl, and
anisyl, R4 represents hydrogen or a methyl radical, each R5 is the
same or different and represents hydrogen or a methyl radical, and m
is a value of O or 1.

14. A process as claimed in any one

of the preceding claims wherein the
reaction product fluid containing phosphorus acidic compounds is

S TR =T e mias



10

15

20

25

treated with an aqueocus buffer solution, water, ion
exchange resin or an oxide, hydroxide, carbonate,
bicarbonate or carboxylate of a Group 2, 11 or 12
metal.

15. A process as claimed in claim 14 wherein
phosphorus acidic compounds present in the reaction
product fluid are scavenged by an organic nitrogen
compound which is also present in said reaction
product fluid and wherein at least some amount of the
phosphorus acidic compound of the conversion products
of the reaction between said phosphorus acidic
compound and the organic nitrogen compound are also
neutralized and removed by the treatment with the
agueous buffer solution, water, ion exchange resin or
oxide, hydroxide, carbonate, bicarbonate or
carboxylate of a Group 2, 11 or 12 metal.

16. A process as claimed in claim 15 wherein the
organic nitrogen compound is a diazole, triazole,
diazine or a triazine.

17. A process as claimed in claim 16 wherein the
organic nitrogen compound is a benzimidazole or
benzotriazole.
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