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| MPROVED METAL- LI GAND COVPLEX CATALYZED PROCESSES
Brief Summary of the Invention Technical Field Thi s
i nvention relates to an inproved netal - organophosphite |igand conpl ex

catal yzed hydroformyl ati on process directed to produci ng al dehydes. Mre
particularly tIWwWeomemhtion relates to hydroformyl ation proce8 SHAPER .
can operate in the presence of carbon dioxide wthout effecting
substanti al degradation of the organophosphite |igand and deactivation of
the netal - organophosphite |igand conpl ex catal yst of such

hydr of ormyl ati on processes. Background of the Invention I t
is well known in the art that al dehydes ney-be readily produced by
reacting an ol efinically unsaturated conmpound with carbon nonoxi de and
hydrogen in the presence of a rhodium organophosphite |igand conpl ex
catal yst and that preferred processes involve continuous hydrofornylation
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for hydrogenation to aliphatic alcohols, for aldol condensation to produce
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Brief Summary of the Invention

Technical Field _

This invention relates to an improved metal-
organophosphite ligand complex catalyzed hydroformylation process
directed to producing aldehydes. More particularly this invention
relates to hydroformylation processes which can operate in the
presence of carbon dioxide without effecting substantial degradation of
the organophosphite ligand and deactivation of the metal-
organophosphite ligand complex catalyst of such hydroformylation

processes.

Background of the Invention

. It is well known in the art that aldehydes may be readily
produced by reacting an olefinically unsaturated compound with
carbon monoxide and hydrogen in the presence of a rhodium-
organophosphite ligand complex -catalyst and that preferred procésses
involve continuous hydroformylation and recycling of the catalyst
solution such as disclosed, fox example, in U.S. Patent Nos. 4,148,830;
4,717,775 and 4,769,498. Such aldehydes have a wide range of known
utility and are useful, for example, as intermediates for hydrogenation
to aliphatic alcohols, for aldo] condensation to produce plasticizers, and
for oxidation to produce aliphatic acids.

However, notwithstanding the benefits attendant with
such rhodium-organophosphite ligand complex catalyzéd liquid recycle
hydroformylation processes, stabilization of the catalyst and
oréanophosphite ligand remains a primary concern of the art.
Obviously catalyst stability is a key issue in the employment of any
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Loss of catalyst or catalytic activity due to undesirable reactions of
t he highly expensive rhodi um catal ysts can be detrinental to the

production of the desired al dehyde. Likew e degradation of the
~organophosphite |igand enployed during t he “hydr of or nyl ati on process can
-l ead to poi soning organophosphite conpounds or inhibitors or acidic

- byproducts that can lower the catalytic activity of the rhodium catalyst.
' Moreover, productio ts of the al dehyde product obviously I ncr ease
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catalyst and/or organophosphite ligand stability. For instance, U.S.
Patent No. 5,288,918 suggests employing a catalytic activity enhancing
additive such as water and/or a weakly acidic compound; U.S. Patent
No. 5,364,950 suggests adding an epoxide to stabilize the
organophosphite ligand; and U.S. Patent No. 4,774,361 suggests
carrying out the vaporization separation employed to recover the
aldehyde product from the catalyst in the presence of an organic
polymer containing polar functional groups selected from the class
consisting of amide, ketone, carbamate, urea, and carbonate radicals in
order to prevent and/or lessen rhodium precipitation from solution as
rhodium metal or in the form of clusters of rhodium. Notwithstanding
the value of the teachings of said references, the search for alternative
methods and hopefully an even better and more efficient means for
stabilizing the rhodium cata]yst and organophosphite ligand employed
remains an ongoing activity in the art.

For instance, a major cause of organophosphite ligand
degradation and catalyst deactivation of rhodiuxri-organophosphite
ligand complex catalyzed hydroformylation processes is due to the
hydrolytic instability of the organophosphite ligands. All
organophosphites are susceptible to hydrolysis in one degree or
another, the rate of hydrolysis of organophosphites in general being
dependent on the stereochemical nature of the organophosphite. In
general, the bulkier the steric environment around the phosphorus
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~ such as between atgrhigsyenganorhosphige predyices aphpsphenis aih fiestes: wiithdon
certain organophohpiidigzdble 86'd phasphdtiic acid monoester, which in turn is

' hydrolyzable to H3PO3 acid. Moreover, hydrolysis of the ancillary

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

and the aldehyde or between certain organophosphite ligands and an

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

e.g., n-C3H7CH(OH)P(O)XOH)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
eventual build-up of an unacceptable amount of such phosphorus acidic
materials can cause the total destruction of the organophosphite
present, thereby rendering the hydroformylation catalyst totally
ineffective (deactivated) and the valuable rhodium metal susceptible to
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dioxide removal were not required, i.e., if the hydroformylation process
could be conducted in the presence of carbon dioxide without
contributing to or effecting substantial degradation of the :
organophosphite ligand and deactivation of the metal-organophosphite
ligand complex catalyst of such hydroformylation processes. EP
160,249 discloses hydroformylation processes utilizing water soluble
rhodium-phosphine complexes in which carbon dioxide can be added to
the reactor in an. amount of 0.5 to 4.0 percent by volume based on the
mixture of hydrogen, carbon monoxide and carbon dioxide, and that
higher concentrations of carbon dioxide result in a reduction of the

" hydroformylation reaction rate.

Accordingly, a successful method for operating
hydroformylation processes in the presence of carbon dioxide without
effecting substantial degradation of the organophosphite ligand and
deactivation of the metal-organophosphite ligand complex catalyst of
such hydroformylation processes would be highly desirable to the art.

Disclosure of the Invention

It has been discovered that hydroformylation processes
may be conducted in the presence of carbon dioxide and dissolved
water without effecting substantial degradation of the organophosphite
ligand and deactivation of the metal-organophosphite ligand complex
catalyst of such hydroformylation processes. Although carbonic acid
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hydroformylation reaction rate.

This invention relates in part to a process which
comprises reacting one or more reactants in the presence of a metal-
organophosphite ligand complex catalyst and dissolved water and
optionally free organophosphite ligand to produce a reaction product
fluid comprising one or more products, wherein said process is
conducted in the presence of carbon dioxide in an amount sufficient not
to effect substantial degradation of any said organophosphite ligand
and/or substantial deactivation of said metal-organophosphite ligand
complex catalyst.

This invention 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-organophosphite ligand complex catalyst and dissolved water
and optionally free organophosphite ligand to produce a reaction
product fluid comprising one or more aldehydes, wherein said
hydroformylation process is conducted in the presence of carbon dioxide
in an amount sufficient not to effect substantial degradation of any
said organophosphite ligand and/or substantial deactivation of said
metal-organophosphite ligand complex catalyst.

This invention further 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 rhodium-organophosphite ligand complex catalyst and
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can be a factor in the hydrolysis of organophosphite ligands, it has been
~surprisingly discovered that hydrofornylation reaction systens are
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zone or in said at least one reaction zone the one or more al
from said reaction product fluid, the improvement comprising
eliminating the need for carbon dioxide removal prior to it being
introduced into said at least one reaction zone by conducting said
hydroformylation process in the presence of carbon dioxide in an
amount sufficient not to effect substantial degradation of any said
organcphosphite ligand and/or substantial deactivation of said metal-
organophosphite ligand complex catalyst.

This invention also relates in part to an improved
hydroformylation process which comprises (i) reacting in at least one
reaction zone one or more olefinic unsaturated compounds with carbon
monoxide and hydrogen in the presence of a rhodium-organophosphite
ligand complex catalyst and dissolved water and optionally free
organophosphite ligand to produce a reaction product fluid comprising
one or more aldehydes and (ii) separating in at least one separation
zone or in said at least one reaction zone the one or more aldehydes
from said reaction product fluid, the improvement comprising
eliminating the need for carbon dioxide removal prior to it being
introduced into said at least one reaction zone by conducting said
hydroformylation process in the presence of carbon dioxide in an




- 6- di ssol ved water and optionally free organophosphite ligand to
pr oduce a reaction product fluid conprising one or nore al dehydes,

© wherein sai d hydrofornylation process is conducted in the presence of
car bon di oxi de in an anmount of from about 0.1 nole percent to about 70
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contemplated to include, but not limited to, all permissible asymmetric
and non-asymmetric hydroformylation processes which involve
converting one or more substituted or unsubstituted olefinic
compounds or a reaction mixture comprising one or more substituted or
unsubstituted olefinic compounds to one or more substituted or
unsubstituted aldehydes or a reaction mixture comprising one or more
substituted or unsubstituted aldehydes. As used herein, the term
“reaction product fluid" is contemplated to include, but not limited to, a
reaction mixture containing an amount of any one or more of the
following: (a) a metal-organopolyphosphite ligand complex catalyst, (b}
free organopolyphosphite ligand, (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)
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. from about 0.1 nole percent to about 70 nol e percent, based on the total
‘gas m xture. Det ai | ed Descri ption

i The hydrofornyl ati on processes of this invention may be asymetric or
‘non- asymet ri WOPHETBE ef erred processes bei ng non- asymet r PETUSRS1937Ay be
: conducted in any continuous or sem - continuous fashion and nmay invol ve

' any catalyst liquid and/or gas recycle operation desired. Thus it should
i be clear that the particular hydr of or myl ati on process for producing such
" al dehydes froman olefinic unsat ur at ed fcaorrpound, as well as the reaction
- conditions and i ngredi ents of the hydrofornyl ation process are not
critical features of this invention. As used herein, the term
“hydrofornylation” is contenplated to include, but not limted to, all
perm ssi bl e asy tric non-asymret ri ¢ hydrof ornyl ati on processes
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reaction, (e) £ached reactants, and (f) an organi ¢ sol ubilizing agent
for said netal - organopol ﬁzlhosphl te |i ?and conpl ex catal yst and said free
or ganopol yphosphi t e | i gardlustradiveanetalwngpnerhesphite diggnd complex

catalyzed hydroformylation processes which may experience such
hydrolytic degradation of the organophosphite 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-organophosphite ligand complex catalyst in a
liquid medium that also contains an organic solvent for the catalyst
and ligand. Preferably free organophosphite ligahd is also present in
the liquid hydroformylation reaction medium. By "free
organophosphite ligand" is meant organophosphite ligand that is not
complexed with (tied to or bound to) the metal, e.g., metal atom, of the
complex catalyst. The recycle procedure generally involves
withdrawing a portion of the liquid reaction medium containing the
catalyst and aldehyde product from the hydroformylation reactor (i.e.,




enconpasses, but is not limted to, (a) the reaction nmediumin the
reaction zone, (b) the reaction nmediumstreamon its way to the :
separation zone, (c) the reaction nediumin the separation zone, (d) the
recycle stream between the separation zone and the reaction zone, (e)

VO 97/ 20792 .
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medi um wi t hdrawn fromthe reaction zone or separation zone for treatnent
in the acid renoval zone, (f) the withdrawn reaction nediumtreated in the
acid renmoval zone, (g) the treated reaction nediumreturned to the
reacti on zone or separation zone, and (h) -9+eaction nmediumin external
cooler. As used herein, the total gas mxture refers to the total vapor
fraction of a hydrofornylation process and includes, but is not limted
to, a mxture of carbon nonoxi de, hydrogen, carbon dioxide, olefins,

reaction byprod én&ﬂ m%)ogﬂﬁhsc nt?rﬂﬂnfs xtﬁfce ittently, and recurér&'ﬁ% rative

nmet al - organophos yze tion cesses

whi ch may experl "BW?@“ Watl dA 18P°f‘ﬁ‘°e{%?’§ﬁ' hite

| i gand and cat alastdzecloslahi:rt UvSiPatantNoL 648051 8zhapd wmshsghbsmlzembed for

exanpl e, in U S. 7 775;

4 774,561 4 oetPOlRELd %@alﬁg@%@@%“@@@% 199%5 e dilogfireb'ok |

5, 491, 266; t he ‘Hﬁ@bl%ﬂ%@%ﬁt\%l herein by %Pﬁ%r%’t hesmare, by reference.

Accordi ngly, Ej hecohydﬂﬁéﬂﬁlrwd@pmmpﬂmad l&ﬂdisﬁﬁhﬁgdtlﬁse Ofapohizatiohnvent i on

may correspond t r sses are
é%ggpe}’n&pqm %831% ﬁﬁgéseﬁﬂtgérq# aal, P{&Ié%ﬁ oF LIdVaSE

t hose invol ving recyc rocesses.
I n general, suc rpr@amey 3s aPPEftH"bP"FééW P%P‘ﬂ‘?tﬁ 6#5 \ﬂq"&t 308, Lhe 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 hydroformylatfon reaction
product fluids employable herein includes any fluid derived from any
corresponding hydroformylation process that contains at least some
amount of four different main ingredients or components, i.e., the
aldehyde product, a metal-organophosphite ligand complex catalyst,
free organophosphite ligand and an organic solubilizing agent for said
catalyst and said free ligand, said ingredients corresponding to those
| employed and/or produced by the hydroformylation process from
whence the hydroformylation reaction mixture starting material may
be derived. It is to be understood that the hydroformylation reaction
mixture compositions employable herein can and normally will contain
minor amounts of additional ingredients such as those which have




processes involve the production of al dehydes by reacting an olefinic

unsat urated conpound with carbon nonoxi de and hydrogen in the presence of
a netal - organophosphite |igand conplex catalyst in a |iquid mediumthat

al so contains an organic solvent for the catalyst and ligand. Preferably
free organophosphite ligand is also present in the |iquid hydrofornylation
reacti on nedi Y@ 9IBW792f ree or ganophosphite |igand" is neant oOPGEHSASHBYBhI t e
ligand that is not conplexed with (tied to or bound to) the netal, e.g.,
‘metal atom of the conplex catalyst. The recycle procedure generally
~involves wthdrawi ng a portion of the liquid reaction medi um containi ng
“the catalyst and al dehyde product fron1[&6_hydrofornylation reactor (i.e.,
- WD 97/ 20792 .
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- zone), either continuously or intermttently, and recovering t he al dehyde
product therefrom by use_of a cqnposite penmhrane. such as disclosed in

U S. Patent No.ewhanbeerpdeliberate)yemplayed insthehydroformylabioppaesass oter i al
~No. 08/430, 59% fdrieddn/ditu Buiingsaid peocdss.c Exatipdes aﬁsuchvm'ggéﬂieiliﬁ thélt
_incorporated he r r i on n
preferred net hoéﬁt')g lsg%bs?t | e?léxgt&%ﬁuc% uggéatcg?:dpggfingﬁ %ﬁ{]é/g{sgéﬁl%gtcfig% "in one
or nore stages WmederideanthhydroggnEegenans insit fprmeg ypepreduets, such

appropri ate, inagsastpatal Bydhoshrionstdrdor@iactddcisoerized Wldfaid | i zed net al

cat al yst contai pj ' | e A t n I hOR. zone

di scl gsed, for gé{ggs OZ’,%!?%?(UB% glgggl es%&l\ﬁé.in?%ﬁ%@f%f_gg%%ggﬁgﬁég??ﬁ of the
vol atilized nataldehyde copdensapionyinspdugis, aswel@s othepingrecg-selventof , e. g.,
by further di sttygeahhtstialean Hydrécirbbe ddditivdspifamyploys@nyenti onal manner,

t he crude al dehyde producg. ed _on fo fuct her rjfication and
i sonmer separation, if deglltllrueg&tgﬁe d&%%? orggnophgsghlte%éa%d’.caDerlex
catalysts employable in such hydroformylation reactions encompassed

by this invention as well as methods for their preparation are well
known in the art and include those disclosed in the above mentioned
patents. In general such catalysts may be preformed or formed in situ

as described in such references and consist essentially of metal in
complex combination with an organophosphite ligand. It is believed
that carbon monoxide is also present and complexed with the metal in
the active -species. The active species may also contain hydrogen '
directly bonded to the metal.
The catalyst useful in the hydrofonnylat.:ion process

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




recovered reactants, e.g., olefinic starting material and syn gas, can be

recycled in any desired manner to the hydrofornylation zone (reactor).

The recovered netal catal yst containing raffinate of such nmenbrane

separation or recovered non-volatilized nmetal catal yst containing resi due

of such vaporizati on separation can be recycled, to the hydr kon

zone (reac?or)‘Wﬂggﬁygﬁgnventional manner éesired. Y ﬂéﬂ?ﬂ%géhk

preferred enbodi nent, the hydrofornylation reaction product fluids

enpl oyabl e herein includes any fluid derived fromany corresponding

hydr of ormyl ati on process that contains at |east some anount of four
different main ingredients or conponents, 4lle., the al dehyde product, a

- net al - organophosphite |igand conpl ex catalyst, free organophosphite |igand

and an organic solubilizing agent for said catalyst and said free |igand,

said ingredients corresponding to those enployed and/or produced by the

hydr of or nyl ati on iRElQ(ag?%oerfog ’g‘??i-’v%g%ﬁ;‘iﬁﬂgr g)fgybpéé?fo%b%ﬁi%h I BlSedur8dlofn Xt ure

starting material nay, ed. |t IS .De, LUnderstoqd that the, .
hydr of or nyl ati on Sﬂéhxltgﬁéﬁs AR PR 3t h??"é‘?%me&ﬁ WE?@T%’gﬁB?%ti’??pE‘étﬁ and
normal |y will comigaind coffiplex catabystiendddr facklligand ahdisngh eniix¢utes reay beas

t hose whi ch have 2 : s - : s .
; . t intended to be limited in
. PCT/ US96/ 19276 the same or cﬁ@exgeyt Qﬁ-ﬁg invention is not intended to imi 0 been

o . =10- .elth

'~ deliberately enplanycananner b ths peanissible arganeppperhiteligands ermizires, sty
| during said proceahéreoExnaltebeaioted ehati thgr stiessfid rrhetice oftthis abemtivn

. present include %rgg a6t qué%lcféﬁé‘iss&?é y%feﬁ%a 6h tRL ex&ﬁs@fﬁbturm de and
and in srtu,_forned p %

hydr ogen gases, ed 8 roducts, . su as araturat ed
hydr ocar bons and/meetalereanapbesphigelisnnd qomplex species whichamay Represent ne

olefin starting gattheirahonoraitledy| dinvebédri axgl/br highdr nueledrity fermondensat i on
- byproducts, as WEiL)he@t?, tRE Qﬁ&cd &Fﬁ&u?@ iéﬂc!)tvl?rmwn. Although it is not intended

' herein to be bound to any theory or mechanistic discourse, it appears

that the catalytic species may in its simplest form consist essentially of

the metal in complex combination with the organophosphite ligand and
carbon monoxide and/or hydrogen when used.

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

-phosphorus donor atoms, each having one available or unshared pair of
electrons which are each capable of forming a coordinate covalent bond
independently or possibly in concert (e.g., via chelation) with the metal.
Carbon monoxide (which is also properly classified as a ligand) can also
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, 1), alkyl, aryl, substituted aryl, acyl, CF3,
C2Fs, CN, (R)2P0O and RP(OYOH)O (wherein each R is the same or

different and is a substituted or unsubstituted hydrocarbon radical,
e.g., the alkyl or aryl), acetate, acetylacetonate, SO4, PF4, PFg, NOg,
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type materials or hydrocarbon additives, if enployed.

Illustrative netal -organophosphite |igand conpl ex catal ysts enpl oyable in
such hydrofornylation reactions enconpassed by this invention as well as
met hods for their preparation are well known in the art and include those
di scl osed in the above nentioned patents. In general such catal ysts may
be preforned oY/} in situ as described in such refer en®E3/USAE19276
consi st essentially of netal in conpl ex conbi nation with an

or ganophosphite ligand. It is believed t hat carbon nonoxide is al so
present and conplexed with the netal in the active species. The active
speci es may al so contai n hydrogen di reciloy bonded to the netal.

The catal yst useful in the hydrofornylation process - includes a

met al - or ganophosphite |igand conpl ex catal yst which can be optically

. active or non-optically active. The perm ssible netals which make up the

' netal - h itg Ji ' , 10_pet al
ol oct e rrom ¢ M8 Grad Clas T Custis SRz Colson, Gl Netmuy .
~iron (Fe), nickglyridine, (Cpig)gh, monpRilgfing|diblefimsnapid triolefimsnmi um (GCs) and

. m xt th f ith t f | s.bei hodi bal t.,

G i and  ut etmhwrel g *@\rﬂﬁﬁﬁtﬁﬁf B to e HAdetithod SRgkiticum

- especi al | y rhodicamplex specigrcanei prefaypblynfree.pfany additinnal crganic igandars

f fﬁl ectfed }‘VI r O{n cfm&% m&xﬁlﬁéhtfﬁméamﬂﬁmmmg Npha\ééuag.ﬁifm 4d%rf>é1@kréétxtur38_

. thereof. Mxtures o a rom .0UPS . 9.an may_also used in
“this invention. %@m%fépﬁ?fggf‘ﬁ?'ée' o%gﬁ%ﬁ%%%%ﬁ@ﬁﬂ*g@ﬁ-&gg%’aﬂpéwmﬁﬁs up the
-~ metal - or ganopigandivomplek gatadyzedriprdrrignyiiation ceacsrapathphtispacties | | gand

WO 97/ 20792 catalysts be free of halogen and sulfur directly bonded to the metal,
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although such may not be absolutely necessary.

The number of available coordination sites on such metals
is well known in the art. Thus the catalytic species may comprise a
complex catalyst mixture, in their monomeric, dimeric or higher
nuclearity forms, which are preferably characterized by at least one
organophosphite-containing molecule complexed per one molecule of
metal, e.g., rhodium. For instance, it is considered that the catalytic
species of the preferred catalyst employed in a hydroformylation
reaction may be complexed with carbon monoxide and hydrogen in
addition to the organophosphite ligands in view of the carbon monoxide
and hydrogen gas employed by the hydroformylation reaction.

The organophosphites that may serve as the ligand of the
metal-organophosphite ligand complex catalyst and/or free ligand of
the hydroformylation 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 organophosphites
are preferred.

Among the organophosphites that may serve as the ligand
of the metal-organophosphite ligand complex catalyst containing
reaction product fluids and/or any free organophosphite ligand of the
hydroformylation process that might also be present in said reaction
product fluids are monoorganophosphite, diorganophosphite,
triorganophosphite and organopolyphosphite compounds. Such




i ncl ude nono-, di-, tri- and higher pol yorganophosphites. M xtures of

such ligands nmay be enployed if desired in the netal - organophosphite

| i gand conpl ex catal yst and/or free ligand and such m xtures may be t he
same or different. This invention is not intended to be limted in any
manner by thedpﬁgg%é?%ble or ganophosphite Iigands or m xturespcrhijesgate |t
is to be note ha e successful practice of this invention does not
depend and is not predicated on the exact structure of the

nmet al - or ganophosphite |igand conpl ex species, which nmay be present in

t heir nononucl ear, dinucl ear and/or higher nuclearity forns. | ndeed, the
exact structure is not known. Although it13s not intended herein.to be
bound to any theory or nmechanistic discourse, it appears that the

catal ytic species may in its sinplest formconsist essentially of t he
metal in conplex combination with the organophosphite |igand and car bon

monoxi de and/ or o%ﬂ?ﬁgﬁ%}g?@ngggﬁ@em logable in this inVélidLARA/of &idtheds as

- used herein and 1 5 mean coordi.nati on conpound forned by the
uni on of one orfossheir preparatiompERVEl knodm e ates or atons capabl e of

i ndependent existence  VRépresdftativermorodiganbphosptitdsynpy onclude hedees or

- atons, each of i.cht it% ahfa? capabl e of independent existence. For

. exanpl e, the ?‘85‘&0 osgﬁl € |igands enpl oyabl e herein may possess one or
. nore phosphorus donor atons, each having one avail able or unshared pair

. of el ectrons which are each capabl e €3{§wrﬁ ng a coordi nate coval ent bond
. independently or possibly in concerh‘l pvia chelation) with the netal.

. Carbon nonoxi de (which is al so propemy cyassifi ed as a ligand) can al so

. be present and conplexed with the netalOThe ultimate conposition of t he
. conpl ex catal yst may al so contain an additional |igand, e.g., hydr ogen or
~an anion satisfying the coordination sites or nucl( ar charge of the

metal . Illustrative additional - Iigands include, for ~exanple, halogen (d,
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or unsubsti tut efly %WP@E"&} fﬁfi’ic?la‘ii’i%%f’g?g 8'8“@4 2" t%ecaéﬁ Fp%nrls g’r‘ g@#ggtc etate,
- acet yl acet onat esudCds ti2FdlenPE6ycliiend trivalent cyclyo radicads,e28- trivalent
PCT/ US96/ 19276 alkylene radicals such as those derived from 1,2,2-trimethylolpropane
' and the like, or trivalent cycloalkylene radicals such as those derived
from 1,3,5-trihydroxycyclohexane, and the like. Such
monoorganophosphites may be found described in greater detail, for
example, in U.S. Patent No. 4,567,306, the disclosure of which is
incorporated herein by reference thereto. )
Representative diorganophosphites may include those

having the formula:

./O\
R P-O—w
N o’
(I

wherein R2 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater.
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-12- NO3, CH30, CH2=CHCH2, CH  err] CH=CHCH2, C6H err] CN, CH3CN, NH3,
pyridine, (C2H err])3N, nono-olefins, diolefins and triolefins,
tetrahydrofuran, and the like. It is of course to be understood that the
conpl ex species are preferably free of any additional organic Iigand or
~anion that m ght poison the catalyst or have an undue adverse effect on
~catal yst perfoﬂﬁﬁﬁegmzlt is preferred in the netal - or ganophosB&FUEI 1R Hand
. conpl ex catal yzed hydrofornylati on reactions that the active catalysts be
free of halogen and sul fur directly bonded to the netal, although such may
! not be absol utely necessary. The nunber of avai l abl e
! coordination sites on such metals is wellgknown in the art. Thus the
y catal ytic species may conprise a conplex catalyst mxture, in their
- mononeric, dinmeric or higher nuclearity forns, which are preferably
. characterized by at |east one organophosphite containing nol ecul e
conpl exed per one nol ecu

rho tance,
considered that the catal FPEeseggaébvee?%c?%t?Wg W%FQ?Y@E“@&?‘%W?PVWF oyed
in a hydr of or myhpdrasarboreradirals rapseseptesobyp Meirethevabdvediomarlatbioxi de and

hydr 0_93” in daﬂﬁic‘iﬁd@aﬁf@l kha B?&lgﬁ%l@sﬁml@%ebfé%@ﬁ%\ré‘?ﬁﬂsﬁ%ﬁgd &rﬂf carbon
Theor ganophospHRFEE e ﬂa@eﬁ@@rg B Teligal e agised by KZ fchd
Eefj ?lof 8; gang{ongdmaﬂem dqyghodadicals and duabdxytsirommlfcmadicaé? Dhgaratiod en% ihgn
mgy be ogy t he aglvﬁ%ﬁ%?]??iggﬁéfqﬁhﬁ@vgﬁﬁu ér%li‘{gé&;gi a 1%??‘)/ b4 ctive)
type and are wef yepadViie Eﬂ? ereh SHRABETEEROE 2 ar e
preferred. substituted oAnpaybstitnted gumophlesp hiytescarhan radigak ergueams t he
e o by o P radiPRARgD *??t“&%“@m’?‘ﬁf‘%@"*%‘ﬁcm‘? "he
hydrofornSI ati ofY9? %k% etrﬁg(fjcallﬁd%/’td% 8‘90 ?E?é‘ﬁt%r#? g%d% tion
product flui ds acyeliwworadimaimacpthestivalent alkylenenagikalsshichas dxsclosed
tri or ganophosphjfse 2y Fop @R2MPIY,RA 3 B PatetANEO W5, 966'6k4d 4,567,302

and the like, the disclosures of which are incorporated herein by

reference.  Illustrative divalent aromatic radicals include, for example,

arylene, bisarylene, arylene-alkylene, arylene-alkylene-arylene,

arylene-oxy-arylene, arylene-NR4-arylene wherein R4 is as defined

above, arylene-S-arylene, and arylene-S-alkylene, and the like. More

preferably R2 is a divalent aromatic radical such as disclosed more

fully, for example, in U.S. Patent Nos. 4,599,206, 4,717,775, 4,835,299,

and the like, the disclosures of which are incorporated herein by

reference. _

Representative of a more preferred class of
diorganophosphites are thosg of the formula: |

Ar—oO

(CHy), \
(CHy)y /

Ar—O

P—O—W

(I1I)
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- 13- or ganophosphite |Iigands enployable in this invention and/or

nmet hods for their preparation are well known in the art. -

Repr esent ati ve nonoor ganophosphites may i nclude those having the formula:
[err] wherein err] represents a substituted or unsubstitute ' t
hydr ocar bon ragkﬁgpb@ﬁntaining from4 to 40 carbon atons or g?ggé%¥?h§§ch
as trivalent acyclic and trivalent cyclic radicals, e.g., trivalent

al kyl ene radi cals such as those derived from1, 2, 2-tri nethyl ol propane and
 'the like, or trivalent cycloal kyl ene radi cals such as those derived from

1, 3, 5-tri hydroxycycl ohexane, and the |ike-155uch nonoor ganophosphites may be

found described in greater detail, for exanple, in U S Patent No.
4,567,306, the disclosure of which is incorporated herein by reference
t hereto. Represent ati ve di organophosphites may include those

having the for mj\!vﬁérein w iJ & [il:ﬁned above, each Ar is the same or different and
represents a substituted or unsubstituted aryl radical, each y is the
same or different and is a value of 0 or 1, Q represents a divalent
bridging group selected from -C(R3)g-, -O-, -S-, -NR4-, Si(R%)2- and -
CO-, wherein each RS is the same or different and represents
hydrogen, an alkyl radical having from 1 to 12 carbon atoms, phenyl,
tolyl, and anisyl, R4 is as defined above, each RY is the same or
different and represents hydrogen or a methyl radical, and m is a value
of 0 or 1. Such diorganophosphites are described in grehter detail, for
example, in U.S. Patent Nos. 4,599,206, 4,717,775, and 4,835,299 the
disclosures of which are incorporated herein by reference.

Representative triorganophosphites may include those

having the formula:

OR®6
7 6
. P—OR
N 6
OR

(IV)

wherein each RS is the same or different and is a substituted or
unsubstituted monovalent hydrocarbon radical e.g., an alkyl,
cycloalkyl, aryl, alkaryl and aralky! radicals which may contain from 1
to 24 carbon atoms. Illustrative triorganophosphites include, for
example, trialkyl phosphites, dialkylaryl phosphites, alkyldiaryl
phosphites, triaryl phosphites, and the like, such as, for example,
trimethy] phosphite, triethyl phosphite, butyldiethyl phosphite, tri-n-
propyl phosphite, tri-n-butyl phosphite, tri-2-ethylhexyl phosphite, tri-
n-octyl phosphite, tri-n-dodecyl phosphite, dimethylphenyl phosphite,
diethylphenyl phosphite, methyldiphenyl phosphite, ethyldiphenyl

~ phosphite, triphenyl phosphite, trinaphthyl phosphite, bis(3,6,8-tri-t-
butyl-2-naphthyl)methylphosphite, bis(3,6,8-tri-t-butyl-2-

T SITTUIAWLAIT 10 AT 0t e mmmmmo canaes mme e me tom s A th amm Amw S e Lt e e mme ey e s s <% e A i ot - 4 e et



wherein R2 represents a substituted or unsubstituted dival ent hydrocarbon
radi cal containing from4 to 40 carbon atons or greater and Wrepresents a
substituted or unsubstituted nonoval ent hydrocarbon radi cal containing from
-1 to 18 carbon atons or greater. WO 97/ 20792

- PCT/ US96/ 19276 ©-14-

Repr esent ati ve WOI%207MUt ed and unsubstituted nonoval ent hydr oc@rb6%/19276
radicals represented by Win the above Fornula (11) include alkyl and aryl
radicals, while representative substituted and wunsubstituted dival ent

hydr ocarbon radicals represented by R2 include divalent acyclic radicals
and divalent aromatic radicals. Illustratige divalent acyclic radicals

i nclude, for exanple, alkylene, alkylene-oxy- alkylene,

al kyl ene- NR4- al kyl ene wherein R4 is hydrogen or a substituted or
unsubstituted nonoval ent hydrocarbon radical, e.g., an alkyl radical
having 1 to 4 carbon atons; alﬁélene-s-alkglene, and cycl oal kyl ene

radical s, and t Haphtheeyrlehexyinhogphite, trisi3.6rdit-awtyl-2aearphthyl iphasphite ar e
inUS Patent “*‘a‘mm‘“ﬁ*{ﬁ“’“‘*?%"%g e T o
:)1? which are i ncI\ELg1 riﬁlég'ﬁ%é %’tﬁ@ %}feﬁg'@‘os é?tg P ﬁgg.g%'#rli%'stﬁtﬁﬁ??@pgtgﬁé Nt
aromati ¢ radi calbenzeyphenylplrsphitenbist3,6,8kritdwsyl-Binephyhid-
e A ol oo sl ke i e gl cre,
ar §I ene- S-aryl eﬁ&d%ﬁwpégﬁgj%wy@é@p .t(f't 'irfkoé'.gaml?eosr’&i@?er ably
R2 is a dival entaraideaeribed inagteater datail, for examplesed) fbFatent Nos.

3,527,809 and 5,277,532, the disclosures of which are incorporated

herein by reference.

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

N - na—o\

P- P-O~ X
o N B0~

R

V)

"wherein X represents a substituted or unsubstituted n-valent organic
bridging radical containing from 2 to 40 carbon atoms, each R7 is the
same or different and represents a divalent organic radical containing
from 4 to 40 carbon atoms, each R8 is the same or different and
represents a substituted or unsubstituted monovalent hydrocarbon
radical containing from 1 to 24 carbon atoms, a and b can be the same
or different and each have a value of 0 to 6, with the proviso that the
sum of a + 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 R7 radical may
be the same or different. Each R8 radical may also be the same or
different any given compound.




fully, for exanple, in U S. Patent Nos. 4,599, 206, 4,717[775, 4,835, 299,
and-the |ike, the disclosures of which are incorporated herein by

r ef er ence. Representative of a nore preferred cl ass of

di or ganophosphites are those of the fornula:

[err] (1) WO 97/ 20792 PCT/US96/19276
PCT/ Us96/ 19276 WO 9720792 -15- wherein W

is as defined above, each Ar is the sane or different and represents a
: substituted or unsubstituted aryl radical, each y is the sanme or
- different and is a value of 0 or 1, Qrepresents a dival ent bri dgi ng

- group selected from-C(R3)2-, -O, -S-, -NM~, Si(Rerr])2- and - CcoO,
. wherein each R3 is the sane or different and represents hydr ogen, an
al kyl radical having from1 to 12 carbon atons, phenyl, tolyl, and

anisyl, R4 is as defined above, each R5 is the same or different and
represents hydrogen or a Medpbeditdiivek:vaaSst GreferablAdivalentDérgdngs 1. Such

0o 530 Fredled S eS8 ienthine VI i >
radicals represented by R7 above, include both acyclic radicals and
aromatic radicals, such as alkylene, alkylene-Qm-alkylene,
cycloalkylene, arylene, bisarylene, arylene-alkylene, and arylene-
(CH2)y-Qm-(CH2)y-arylene radicals, and the like, wherein each Q, ¥
and m are as defined above in Formula (III). The more preferred
acyclic radicals represented by X and R7 above are divalent alkylene
radicals, while the more preferred aromatic radicals represented by X
and R7 above are divalent arylene and bisarylene radicals, such as
disclosed more fully, for example, in U.S. Patent Nos. 4,769,498;
4,774,361: 4,885,401; 5,179,055; 5,113,022; 5,202,297; 5,235,113,
5,264,616 and 5,364,950, and European Patent Application Publication
No. 662,468, and the like, the disclosures of which are incorporated
herein by reference. Representative preferred monovalent hydrocarbon
radicals represented by each R8 radical above include alkyl and
aromatic radicals. |

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

7/\

X
\ O/
: 2
D)
R“—o\ ol
/
-0

(VID




~di scl osures of which are incorporated herein by reference.
Representative triorganophosphites may include those havi ng the formul a:
wherein each R6 is the same or different and is a substituted or

unsubsti tuted nonoval ent hydrocarbon radical e.g., an al kyl, cycl oal kyl ,
aryl, alkaryl and aral kyl radicals which may contain froml to 24 carbon
atons. |11 ustr¥O%&%1%2 or ganophosphi tes include, for exanpl ECTUSPHAIR3S|

phosphi tes, dial kylaryl phosphites, alkyldiaryl phosphites, triaryl
phosphites, and the |ike, such as, for exanple, trimethyl phosphite,
triethyl phosphite, butyldiethyl phosphite, tri-n- propyl phosphite,
tri-n-butyl phosphite, tri-2-ethylhexyl pRgsphite, tri- n-oct yl
phosphite, tri-n-dodecyl phosphite, dinethylphenyl phosphite,

di et hyl phenyl phosphite, nethyl di phenyl phosphite, ethyl di phenyl
phosphite, triphenyl phosphite, trinaphthyl phosphite, bis(3,6,8-tri-t-

but yl - 2- napht hyl ) net hyl phosphi te, bis(3,6,8-tri-t-butyl-2- WO

97/ 20792 : O ﬁgll/ US96/ 19276

- 16- naphthyl)cyclohed?

tris(3,6-di-t-butyl-2-nap h*\Lh Q-EX—-O—

bis(3,6,8-tri-t-butyl-2-napht 4- bi phenyl)phosp}t@,_t]:q&(& 6,8-tri-t-
(VIID)

wherein each R7, R8 and X of Formulas (VI) to (VIII) are the same as
defined above for Formula (V). Preferably each R7 and X represents a
divalent hydrocarbon radical selected from alkylene, arylene, arylene-
alkylene-arylene, and bisarylene, while each R8 radical represents a
monovalent hydrocarbon radical selected from alkyl and aryl radicals.
Organophosphite ligands of such Formulas (V) to (VIII) may be found
disclosed, for example, in U.S. Patent Nos. 4,668,651; 4,748,261,
4,769,498; 4,774,361; 4,885,401, 5,113,022; 5,179,055; 5,202,297;
5,235,113; 5,254,741, 5,264,616; 5,312,996; 5,364,950; and 5,391,801;
the disclosures of all of which are incorporated herein by reference.
Representative of more preferred classes of
organobisphosphites are those of the following Formulas (IX) to (XI)

[ ﬁ\r—O
SHy N\
Gn P

((l:H2)y /

Ar—O

.9




but yl - 2- napht hyl ) phenyl phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl)(4-
benzoyl phenyl ) phosphite, bis(3,6,8-tri-t-butyl-2-naphthyl (4-

sul f onyl phenyl ) phosphite, and the |ike. The nost preferred
triorganophosphite is triphenyl phosphite. Such triorganophosphites are

described in grﬁﬁ;ge,r _g?t ail, for exanple, in US. Patent Nos. pdro29uRB9R
and 5, 277,532, LIBORE| osures of which are I ncorporated hereln by

r ef er ence. Represent ati ve organopol yphosphites contain two or
nore tertiary (trivalent) phosphorus atons and may include those having the
f or mul a: [err] o

(V) wherein X represents a substituted or-18nsubstituted n-val ent organic
bridging radical containing from2 to 40 carbon atons, each R7 is the sane
or different and represents a divalent organic radical containing from4 to
40 carbon atons, each R8 is the sane or different and represents a
substituted or unsubsti luﬁg noval ent hydrocarbon radi cal containing from
1 to 24 carbon atorns, and an be the sane or different and each have a
value of 0 to 6, with (e pyo\Nthat t he sum of agﬁ_h& 2 to 6 and n
equals a + b. O coursg i £ ¥s toe understood t hat” When a has a val ue of 2
or nore, each R7 radi cDgmay VP'SQTE'XT"@‘?P ent. Each R8 radical may

al so be the sane or di{c‘gﬁr nt any” gi ven conpound. O—R8BWD 97/ 20792
2
|

PCT/ US96/ 19276 y
Ar—O
xX) .
.iAr—--O
i y N
Qn P-0—x—0-P__ A
Ar—0O
(XI)

m, and y are as defined above. Most
preferably X represents a divalent aryl—(CHz)y;(Q)m-(CHz)y-aryl
radical wherein each y individually has a value of 0 or 1; m has a value
of 0 or 1 and Q is -O-, -S- or -C(R3)2 where each R3 is the same or
different and represents hydrogen or a methyl radical. More
preferably each alkyl radical of the above defined R8 groups may
contain from 1 to 24 carbon:atoms and each aryl radical of the above-
defined Ar, X , R7 and R8 groups of the above Formulas (IX) to (XI)
may contain from 6 to 18 carbon atoms and said radicals may be the
same or different, while the preferred alkylene radicals of X may
contain from 2 to 18 carbon atoms and the preferred alkylene radicals
of R7 may contain from 5 to 18 carbon atoms. In addition, preferably
the divalent Ar radicals and divalent aryl radicals of X of the above

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

wherein Ar, Q, R7, R8 X m




-17- - Representative n-valent (preferably divalent) organic
bridging radicals represented by X and representative dival ent organic

radi cal s represented by R7 above, include both acyclic radicals and _
aromati c radicals, such as al kyl ene, al kyl ene-Qmn al kyl ene, cycl oal kyl ene,
aryl ene, bisarylene, arylene-al kylene, and aryl ene-

(CH2) y- Qm ( CH2MR2%f201%ne radical s, and the |ike, wherein each RGT/YS9/199A€ m
are as defined above in Fornmula (l111). The nore preferred acyclic

radi cal s represented by X and R7 above are dival ent al kyl ene radi cal s,
while the nore preferred aromatic radicals represented by X and R7 above
;are divalent arylene and bisaryl ene radi cglps, such as di scl osed nore

. fully, for exanple, in U S Patent Nos. 4,769, 498; 4,774,361: 4,885, 401;

- 5,179, 055; 5,113, 022; 5,202,297, 5,235,113; 5,264, 616 and 5, 364, 950, and
. Eur opean Pat ent Application Publication No. 662,468, and the like, the

- di sclosures of which are inqorpﬁgated herei.n by reference. Representative

preferred nonovAPisRIsiRpositions that arggrthy to thepxygenasams e the forpalas]
radi cal above i nhatichnreck yhe phenylene oagdicals toatieraplsosphorus atom of the

such as t hose of s 3t gi%“%’%‘%?ﬁfﬁﬁ%%ﬁ#ﬁ@ fadicdl WREPSP!! | 55
97/ 20792 present on such phenylene radicals be bonded in the para apdfprigethsy 19276

position of the phenylene radicals in relation to the oxygen atom that

bonds the given substituted phenylene radical to its phosphorus atom.

Moreover, if desired any given organopolyphosphite in the
above Formulas (I) to (XI) may be an jonic phosphite, i.e., may contain
one or more ionic moieties selected from the group consisting of:
— SO3M wherein M represents inorganic or organic cation,

— PO3M wherein M represents inorganic or organic cation,
—_ N(R9)3X1 wherein each R9 is the same or different and
represents a hydrocarbon radical containing from 1 to
30 carbon atoms, e.g., alkyl, aryl, alkaryl, aralkyl, and
cycloalkyl 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 incorpprated 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, maghesjum and strontium, the ammonium cation and
quaternary ammonium cations, phosphonium cations, arsonium
cations and iminium cations. Suitable anionic atoms of radicals




- 18- [err]

(Vi) wherein each R7, R err] and X of Fornul as (VI) to (M11) are the
same as defined above for Formula (V). Preferably each R7 and X represents
a dival ent hydrocarbon radical selected from al kyl ene, arylene aryl ene-
al kyl ene- aryl 0773 blsarylene, while each R err] radical o876
nonoval ent hydrocar n radi cal selected from al kyl and aryl glcaﬁﬂ

* Organophosphite lIigands of such Forrmulas (V) to (M11) may be f ound

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

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

5,235, 113; 5,254, 741; 5, 264,616; 5, 312,996&21-5, 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 followng Formulas (I1X) to (XI) WO 97/ 20792

PCT/ US96/ 19276  include, for example, sulfate, carbonate phosphiaté; chloride, acetate, AV - O

oxalate and the like.

Of course any of the R1, R2 R6, R7, RS, R9 W, X, Q and
Ar radicals of such non-ionic and ionic organophosphites of Formulas
(I) to (XI) above may be substituted if desired, with any suitable
substituent containing from 1 to 30 carbon atoms that does not unduly
adversely affect the desired resuit of the process of this invention.
Substituents that may be on said radicals in addition of course to
corresponding hydrocarbon radicals such as alkyl, aryl, aralkyl, alkaryl
and cyclohexyl substituents, may include for example silyl radicals
such as -Si(R10)3; amino radicals such as -N(R10)g; phosphine radicals
such as -aryl-P(R10)9: acyl radicals such as -C(O)R10 acyloxy radicals
such as -OC(0)R10; amido radicals such as -CON(R10)5 and -
N(R10)COR10; sulfonyl radicals such as -SOleo, alkoxy radicals such

as -OR10; sulfinyl radicals such as -SOR10, sulfenyl radicals such as -
SR10, phosphonyl radicals such as -P(OXR10)9, as well as halogen,
nitro, cyano, trifluoromethyl, hydroxy radicals, and the like, wherein
each R10 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(R10)g each R10 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(R10)2 and -N(R10)COR10 each R10 bonded to N can
also be hydrogen. Of course it is to be understood that any of the
substituted or unsubstituted hydrocarbon radicals groups that make
up a particular given organophosphite may be the same or different.
More specifically illustrative substituents include
primary, secondary and tertiary alkyl radicals such as methyl, ethyl, n-
propy], isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, amyl,
sec-amyl, t-amyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals




[err] wherein Ar, Q R7, Rerr], X m and y are as defined above. Most
preferably X represents a divalent aryl-(CH)y-(Q m (CH2)y-aryl

represents hydr

r adi cal

wherein each y individually has a value of 0 or 1; mhas a value of 0 or 1

and Qis -0, -S or -C(R3)2 where each R3 is the sane or different and
ogen or a nethyl radical. More preferably each al kél
WOV i ned Rlerr] groups may contain from PGISLAIEIS hon

~radical of the

. atoms and each aryl radical of the above- defined Ar, X, R7 and R[err]

i-groups of the above Fornulas (I1X) to (Xl)
i atons and said radicals may be the

al kyl ene radicals of X may contain from 4.0 18 carbon atons and the

preferred al kyl ene radicals

In addition, preferably the divalent Ar radicals and dival ent aryl

radi cals of X of the above

- bridgi ng group
. phenyl ene

L5RY £S5 SRS, BYprth i 2y th&dilte! SN rdafeal 08 oL BB
phenylethyl, triphenylmethyl, and the like; alkaryl radicals such as
tolyl, xylyl, and the like; aliéyclic radicals such as cyclopentyl,
cyclohexyl, 1-methylcyclohexyl, cyclooctyl, cyclohexylethyl, and the
like; alkoxy radicals such as methoxy, ethoxy, propoxy, t-butoxy, -
OCH20H200H3, -O(CH20H2)20CH3, -0(CH20H2)3OCH3, and the
like; aryloxy radicals such as phenoxy and the like; as well as silyl
radicals such as -Si(CHg)g, -Si(OCHg)sg, -Si(CgH7)3, and the like;
amino radicals such as -NHo, :N(CHg)g, -NHCHg, -NH(CoHj), and the
like; arylphosphine radicals such as -P(CgH5)2, and the like; acyl
radicals such as -C(0)CHg, -C(O)CoHjp, -C(O)CgHjg, and the like;
carbonyloxy radicals such as -C(O)JOCHg and the like; oxycarbonyl
radicals such as -O(CO)CgHp, 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, -SCoHp, -SCgHjg, and

‘the like; phosphonyl radicals such as -P(O)XCgHg)g, -P(OXCHg)g, -

P(OXCsHg)g, -P(0XC3Hy)g, -P(OXC4Hg)o, -P(OXCgH1 3)9, -
P(O)CH3(CgHz) -P(OXHXCgHs), and the like.

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

may contain from6 to 18 carbon
same or different, while the preferred

of R7 may contain from5 to 18 carbon atons.

fornmul as are phenylene radicals in which the




WD 97/ 20792

PCT/ US96/ 19276 - - 20- radicals in
positions that are ortho to the oxygen atons of the formulas that connect
t he phenyl ene radicals to their phosphorus atomof the fornulae. It is

al so preferred_th y substituent radical when present on ene
radi cal s be bo#&%tqozﬁt he para and/or ortho position of the m gﬁ%%
radicals in relation to the oxygen atomthat bonds the given substituted

phenyl ene radical to its phosphorus atom Mor eover, if
desired any gi ven organopol yphosphite in the - above Formulas (1) to (Xl)
may be an ionic phosphite, i.e., nay cont&n one or nore ionic noieties
sel ected fromthe group consisting of: - SBM wherein M
represents inorganic or organic cation, - PO3M wherein M
represents inorganic or organic cation, - N(RO)[err] X err]
wherein each RO is the same or differgqf and represents a
hydr ocar bon radi cal contai ni ng froregig.é_éﬁ 30 carbon atons,
e.g., alkyl, aryl, alkaryl, aralkyl. _eand * CH, - cycl oal kyl
radicals, and X[err] representsyi Nieg OFH;-C-CH, organic

ani on, CO2M wher ei n rep t S\l nor gan-e~0Or organic cation, as
described, for exanple, in U S Patept Nog_§ e, 113, 022

5,114, 473; 5,449, 653; and Europea tenty Appli on Publication No.
435,084, the disclosures of wWH@ T8 or porated herein by reference.
Thus, if desired, such organopol yp hite |Iigands may contain froml to 3

such ionic noieties, while it is prefe¢r@ that only one such ionic noiety
be substituted on any given aryl nof&yCH.n the organopol yphosphite |igand
when the |igand contains nore than one sucg [onic noiety. As suitable
counter-ions, Mand Xerr], for the ani%‘ﬁ?‘@ ieties of the ionic

or ganopol yphosphites there can be nentioned hydrogen (i.e. a proton), the
cations of the ghéhh(3adialbuafl-58"-8ahéthoxyEL, elisiphengl-2, 2L diyDiptBbplsieeli um

pot assi um cesi %Mu 1 dium .calcium barium magnesi um and strontium the
anmmoni um cat i on & Hifatok Hﬂ?y ammoni um cat i ons, phosphoni um cati ons,
arsonium cations and imniumcations.. Suitable anionic atons of radicals

Ligand B

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




WD 97/ 20792

PCT/ US96/ 19276 -21- i ncl ude,
for exanple, sulfate, carbonate, phosphate, chloride, acetate, oxal ate
and the |iKke. O course any of the Rerr], R2, R6, R7, RS,

RO, W X, Q and Ar radicals of such non-ionic and ionic organophosphites
- of Fornulas WQOI9%/20182( Xl ) above may be substituted if desire8CTaSedM92a8y

- suitable substituent containing from1 to 30 carbon atons that does not

. unduky adversely affect the desired result of the process of this

invention. Substituents that nay be on said radicals in addition of
course to correspondi ng hydrocar bon rqghpals such as al kyl, aryl,
aral kyl, al karyl and cycl ohexyl substitdents, may include for exanple

©silyl radicals such as -Si(Rerr])3; amno radicals such as -N(Rlerr])2;

phosphi ne radical s such as -aryl-P(Rerr])2; acyl radicals such as

- -C(ORerr] acyloxy radicals such as -OC(O R err]; amdo radicals such as

-CON(R[err])2 and - N(R[err])CCR[e sul Jony radicals such as

. -SOerr]Rerr], alkoxy radicals suck 3 - ; sul finyl radicals such

- as -SOR10, sulfenyl radicals such as phosphonyl radicals such
' trifluoronethyl,

as -P(O(Rerr])2, as well as hal gge X Q,
hydroxy radicals, and the Ii kdC e%??"@sadi cal individually
drocar bon radical having

represents the sanme or different
al kyn, ary, aral al karyl and

from1l to 18 carbon atons (e.

cycl ohexyl radicals), with the O SP t hat'\i n e ubstituents such as
-N(R[err])2 each Rerr] taken bget hgr ‘can aPso represent a dival ent
bridging group that fornms a Aroggclic radic the nitrogen atom
and in am do substituents. su *C(ONR err] -N(Rerr])COR[ err]

each R10 bonded to N can al so be hydrogen. O course it is to be
understood that any of the  substitutldgand Qinsubstituted hydrocarbon
radi cal s groups that make up a particular given organophosphite nay be

the same of dlld &IEIL bis(1,1-dimethylethyl 55 Saithithoxy-1f1 YighenyHid 3L ' VO
diyllbis(oxy)}bis-dibenzold,fl[1,3,2]dioxaphosphepin having the
formula:

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



primary, secondary and tertiary alkyl radicals such as nethyl, ethyl, n-
propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-pentyl, n-hexyl, anyl,
sec-anyl, t-anyl, iso-octyl, decyl, octadecyl, and the like; aryl radicals
WO 97/ 20792 .
- PCT/ US96/ 1927 -22-

phenyl , napht‘ﬁ?lw%%?jz the like; aral kyl radicals such as benzPﬁT@dg'P”%
phenyl et hyl , triphenyl methyl, and the |ike; alkaryl radicals such as
tolyl, xylyl, and the like; alicyclic radicals such as cyclopentyl,
cycl ohexyl, 1-nethyl cycl ohexyl, cyclooctyl, cyclohexylethyl, and the 1|iKke;
al koxy radi cals such as net hoxy, ethoxy;2§ropoxy, t-butoxy, - OCH2CH20CH3,
- Q(CH2CH2) 20CH3, - Q(CH2CH2) 30CH3, and the like; aryloxy radicals such as
phenoxy and the like; as well as silyl radicals such as -Si (CH3)3,
-Si(OCH3)3, -Si(C3H7)3, and the like; amino radicals such as -NHerr],
-N(CH3) 2, -NHCH3, -NH(C2Herr]), end t he Ii&ﬁg aryl phosphi ne radi cal s such
as -P(C6H err])2, and the Iikeb - radi ,ﬁg@% as -C(0O CH3,
-C(OCHerr], -C(OCeH err], a hel i ke; | §2 yl oxy radi cal s such as
-C(O OCH3 and the like; oxycarbon i Such as -Q(CO CéH err], and
the like; am do radical-s such as - ( -NHC(O) CH3, and the

like; sulfonyl radicals sf¢hCs ? & like; sulfinyl
radical s such as -S(O CH3 affdsTife |ike; sulfenyl™ Aadicals such as
-SCH err], -SC2H err], -SC6H5CHand Qe Iiﬁai\phog%gonyl radi cal s such as

-P(O (derr]Herr])2, -P(O(CH3)2, P P(O(C2HR2, -P(O (C3HY)?2,

-P(O (C4H9) 2, -P(O (CBH err])2, Q" P( B(@H err®), -P(O(H (CBH err]),
and the |ike. Spagi [ exanpl es of such
or ganophosphite |igands.incl

2-t-butyl -4-met hoxyphenyl (3, 3' hoxy-l,l'-biphenyl-

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

formula:
CHa. ,CH,
CH,—C C—cCH,
crf cH,
CHa @ @ CHs
CHs—C \ CH3
cr/ ,Q o_

Ligand F

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



2,2' -diyl)phosphite having the fornmula: WO 97/ 20792
PCT/ US96/ 19276 - 23- [err]

met hyl (3, 3" -di-t-butyl -5, 5t-di met hoxy-1, 1" - bi phenyl -2, 2' -di yl ) phosphite
havi ng the fornul a:

WO 97/20792 PCT/US96/19276

~26-

CHy, ,CHy p°%

| CH CH
CaHs(CH),C o) 0 C(CH,CoHs
CoH5(CH,),C o-P R—o C(CHy),CoHs
o 'O
C(CHy),CoHs
CoM(CHIC CH5(CHY,C  C(CHp,CoH
Ligand G

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

5t

CH

O cion

F—o C(CHy;
o

CICHYs "Gy,
Ligand H

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



[err] '
, 6" -[[4,4"-Dbis(1,1-dimethylethyl)-[1,1"-binaphthyl]-2,2"-diyl]bis(oxy)]bis

- dibenzo[d,f][1, 3, 21- di oxaphosphepi n having the fornmul a: WO

97/ 20792 PCT/ US96/ 19276

- 24-
WO 97/20792 PCT/US96/19276

27-

cH CH,
%, [CH /S

CHs(C 8 8H C(CH3),CHs
P
1

CHO o~ -
o) 0
C{CH,CH
CHO CoHs(CHY.C OCHj

Ligand I

(2R,4R)-di[2,2'-(8,3"-di-tert-butyl-5,5'-dimethyl-1,1"-biphenyl)]-2,4-
pentyldiphosphite having the formula:

CH CH
%,, /CH{ , 3

CH CH
(CHas O %

CH, o-P R=0

CH, CiCHy g,

Ligand J

(2R,4R)-di[2,2'-(3,3'-di-tert-butyl-5,5"-diethoxy-1,1 -blphenyl)] 2,4-
pentyldiphosphite having the formula:
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CH CH
", /CH{ , ’

‘CH
C(CHY3 O C(CHyp,
P

o~ P" OCH,CH,
0
C(CHy)5

CH,CH,0 CICHY3  OCH,CH,

Ligand K

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

CHSQ‘:"« /s CH{ ' CH3
CH CH
C(CHa)s C(CHy)a
C

CH,CH, 0 CH,CH,
{CHy)5

CHaCH, ClCHY3 CH,CH,

Ligand L.

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



[err] 6,6"-[[3 5,5 -tetrakis(1, 1-di nethyl ethyl)-1,1"-bi phenyl] -2,2'-
diyl]bis(oxy)]b benzo[d f]1[1, 3, 2] -di oxaphosphepi n having the fornul a:
[err] Li gand F

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

pentyl di phosgpbtgx;mp,gyl ng the fornul a: | PCT/US96/19276
-29-

H CH
c%.. /CHz\ P

‘CH CH
G(CHY3 O o C(CHy);
CH,O o=P R—0 OCH,
O . + O
C(CHy,
CH,0 " C(CHs och,
Ligand M

6-[[2'-{(4,6-bis(1,1-dimethylethyl)-1,3,2-benzodioxaphosphol-2-yloxy]-
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, f1{1,3,2]dioxa-
phosphepin having the formula:

. OCH3 OCH,

(CH3)5C O O C(CHg)3
' C(CHg)5 / (CH
CH,40 O 0 (CH3)s

CH;0O O O _ o C(CH3)s

Ligand N

6-[[2'-[1,3,2-benzodioxaphosphol-2-yl)oxy]-3,3'-bis(1,1-dimethylethyl)-
5,5'-dimethoxy[1,1"-biphenyl}-2-ylJoxy}-4,8-bis(1,1-dimethylethyl)-2,10-
dimethoxydibenzo[d,f](1,3,2}dioxaphosphepin having the formula:
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OCH3 OCH,

(CH3)5C O O C(CH

C(CHa)s
CHz0 O o\/ \ .0
10D d

C(CH3)s |
Ligand O

3)s

6-[{2'-[(5,5-dimethyl-1,3,2-dioxaphosphorinan-2-yl)oxy]-3,3'-bis(1,1-
dimethylethyl)-5,5'-dimethoxy[1,1'-biphenyl]-2-ylloxy]-4,8-bis(1,1-
dimethylethyl)-2,10-dimethoxydibenzold,f]{1,3,2] dioxaphosphepin

- having the formula: '

OCH3 OCH;

3)3

Ligand P

2'.[[4 ,8-bis(1,1-dimethylethyl)-2,10-dimethoxydibenzold, f111,3,2}-
dloxaphosphepm—G-yl]oxy] -3,3"-bis(1,1-dimethylethyl)-5,5"-
dlmethoxyll 1'- biphenyll-2-yl bls(4-hexylphenyl)ester of phosphorous
acid having the formula:



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

pentyl di phosphite having the fornul a: WO 97/ 20792
PCT/ US96/ 19276 _ - 27- [err]
(2R 4R)-di[2,2'- (3,3 -di-tert-butyl-5,5 -dinethyl-1,1"-biphenyl)]-2,4-
pentyl di phos%btﬁmp,g.yl ng the fornul a: PCT/US96/19276
-31-
OCH3; OCHg4
(CH3)3C C(CHa)s
o) 0

C(CH3)5

cHz0¢_) o\P/ | \P o< - (crascHs
cHgo~ D o~ \O-O—(CHZ)SCH:,

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

OCHj, OCH,

(CH3)sC CH, C(CHa)s
C(CH3)3 ' ?
gl 1o
e Nl
C{CHa)s '
Ligand R

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



[err]

PCT/ US96/ 19276

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

2,4- pentyl di phosphite having the fornul a: WO 97/ 20792
- 28- [err]
WO 97/20792 | PCT/US96/19276
-32-
OCH3
G(CH.) O (CH3)
P—O Oo—P
(CH3)C C(CH3)
2
Ligand S

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

C(CH3)3 o
(CH3)3C-©—‘ o—{p o o—P 'o—@- C(CH3),
C(CH 3)3 C(CH 3)3 C(CH3),
Ligand T

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

p
P——-t C(CH3)3
C(CHy)s
2

(CH3)3C
C(CH3),
Ligand U

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

V-0



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

pentyl di phosphite having the formula: [err]

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

pent yl di phosphite having the fornmula: WO 97/ 20792

PCT/ US96/ 1927(@,',09,”20792 -29- PCT/US96/19276
-33-
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As noted above, the metal-organophosphiée ligand
complex catalysts employable in this invention may be formed by
methods known in the art. The metal-organophosphite ligand complex
catalysts may be in homogeneous or heterogeneous form. For instance,
preformed rhodium hydrido-carbonyl-organophosphite ligand catalysts
may be prepared and introduced into the reaction mixture of a
hydroformylation process. More preferably, the rhodium-
organophosphite ligand complex catalysts can be derived from a
rhodium catalyst precursor which may be introduced into the reaction
medium for in situ formation of the active catalyst. For example,
rhodium catalyst precursors such as rhodium dicarbonyl
acetylacetonate, RhgOg, Rhy(CO)y 9, Rhg(CO);36, Rh(NOg)3 and the
like may be introduced into the reaction mixture along with the
organophosphite ligand for the in situ formation of the active catalyst.
In a preferred embodiment of this invention, rhodium dicarbonyl
acetylacetonate is employed as a rhodium precursor and reacted in the
presence of a solvent with the organophosphite ligand to form a
catalytic rhodium-organophosphite ligand complex precursor which is
introduced into the reactor along with excess {free) organophosphite
ligand for the in situ formation of the active catalyst. In any event, it
is sufficient for the purpose of this invention that carbon monoxide,
hydrogen and organophosphite compound are all ligands that are
capable of being complexed with the metal and that an active metal-

P OCH3
C(CHa)a
2

Ligand V

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

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

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

Rh4(CO); 2, Rhg(CO)q g, RR(NO3)3, and organophosphite igand

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

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

)
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6-[[2"-[(5,5-dinethyl -1, 3, 2-di oxaphosphori nan-2-yl ) oxyl
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obviously correspond to those amounts employable in the

hydroformylation process of this invention. Experience has shown that
the acetylacetonate ligand of the precursor catalyst is replaced after
the hydroformylation process has begun with a different ligand, e.g.,
“hydrogen, carbon monoxide or organophosphite ligand, to form the
active complex catalyst as explained above. The acetylacetone which is
freed from the precursor catalyst under hydroformylation conditions is
removed from the reaction medium with the product aldehyde and thus
is in no way detrimental to the hydroformylation process. The use of
such preferred rhodium complex catalytic precursor compositions
‘provides a simple economical and efficient method for handling the

rhodium precursor and hydroformylation start-up.

Accordingly, the metal-organophosphite ligand complex
catalysts used in the procesé of this invention consists essentially of
the metal complexed with carbon monoxide and a organophosphite
ligand, said ligand being bonded (complexed) to the metal in a chelated
and/or non-chelated fashion. Moreover, the terminology "consists
essentially of", as used herein, does not exclude, but rather includes,
hydrogen complexed with the metal, in addition to carbon monoxide
and the organophosphite ligand. Further, such terminology does not

" exclude the possibility of other organic ligands and/or anions that
might also be complexed with the metal. Materials in amounts which
unduly adversely poison or unduly deactivate the catalyst are not
desirable and so the catalyst most desirably is free of contaminants
such as metal-bound halogen (e.g., chlorine, and the like) although
such may not be absolutely necessary. The hydrogen and/or carbonyl
ligands of an active metal-organophosphite ligand complex catalyst
may be present as a result of being ligands bound to a precursor
catalyst and/or as a result of in situ formation, e.g., due to the
hydrogen and carbon monoxide gases employed in hydroformylation

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

In addition to the metal-organophosphite ligand complex
catalyst, free organophosphite ligand (i.e., ligand that is not complexed
with the metal) may also be present in the hydroformylation reaction
medium. The free organophosphite ligand may correspond to any of
the above-defined organophosphite ligands discussed above as
employable herein. It is preferred that the free organophosphite ligand
be the same as the organophosphite ligand of the metal-
organophosphite 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 organophosphite
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 organophosphite
ligand, and more preferably for organopolyphosphiteé from about 1.1 to
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about 4 moles of organopolyphosphite ligand, per mole of metal present
in the reaction medium; said amounts of organophosphite ligand being
the sum of both the amount of organophosphite ligand that is bound
(complexed) to the metal present and the amount of free (non-
‘complexed) organophosphite ligand present. Since it is more preferred
to produce non-optically active aldehydes by hydroformylating achiral
olefins, the more preferred organophosphite ligands are achiral type
organophosphite ligands, especially those encompassed by Formula (V}
above, and more preferably those of Formulas (VI) and (IX) above. Of
course, if desired, make-up or additional organophosphite ligand can be
supplied to the reaction medium of the hydroformylation process at any
time and in any suitable manner, e.g. to maintain a predetermined
level of free ligand in the reaction medium.

As indicated above, the hydroformylation catalyst may be
in heterogeneous form during the reaction and/or during the product
separation. Such catalysts are particularly advantageous in the
hydroformylation of olefins to produce high boiling or thermally
sensitive aldehydes, so.that the catalyst.may be separated from the
products by filtration or decantation at low temperatures. For
example, the rhodium catalyst may be attached to a support so that
the catalyst retains its solid form during both the hydroformylation
and separation stages, or is soluble 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 intercalated inside the pores of, a
zeolite, glass or clay; the catalyst may also be dissolved in a liquid film
coating the pores of said zeolite or glass. Such zeolite-supported
catalysts are particularly advantageous for producing one or more
regioisomeric aldehydes in high selectivity, as determined by the pore
size of the zeolite. The techniques for supporting catalysts on solids,
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such as incipient wetness, which will be known to those skilled in the
art. The solid catalyst thus formed may still be complexed with one or
more of the ligands defined above. Descriptions of such solid catalysts
may be found in for example: J. Mol. Cat. 1991, 70, 363-368; Catal.
Lett. 1991, 8, 209-214; J. Organomet. Chem, 1991, 403, 221-227;
Nature, 1989, 339, 454-455; J. Catal. 1985, 96, 563-573; J. Mol. Cat.
1987, 39, 243-259.

The metal, e.g., rhodxum catalyst may be attached to a
thin film or membrane support, such as cellulose acetate or
polyphenylenesulfone, as described in for example J. Mol. Cat. 1990,
63, 213-221.

The metal, e.g., rhodium,- catalyst may be attached to an
insoluble polymeric support through an organophosphorus-containing
ligand, such as a phosphite, incorporated into the polymer. The
supported catalyst is not limited by the choice of polymer or
phosphorus-containing species incorporated into it. Descriptions of
polymer-supported catalysts may be found in for example: J. Mol. Cat.
1993, 83, 17-35; Chemtech 1983, 46; J. Am. Chem. Soc. 1987, 109,
7122-7127.

In the heterogeneous catalysts described above, the
catalyst may remain in its heterogeneous form during the entire
hydroformylation 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 reaction is carried out in the slurry
phase due to the high boiling points of the products, and to avoid
decomposition of the product aldehydes. The catalyst may then be
separated from the product mixture, for example, by filtration or
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t he purpose of médtaboiganephosphitéligand complexcatalyst may be siuorjed imthe :
or ganophosphi t %&Q{&%Qua{ﬁuﬂ | ligands that are capabl e of being
conpl exed with the netal The su{:sr}:ltutg og({xys\tllgstg&tgé 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.
Illustrative mixtures of olefinic starting materials that can be
employed in the hydroformylation reactions include, for example,
mixed butenes, e.g., Raffinate I and II. Further such olefinic
unsaturated compounds and the corresponding aldehyde products
derived therefrom may also contain one or more groups or substituents
which do not unduly adversely affect the hydroformylation process or
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under the conditions used in the hydrofornylation reaction.
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defi ned herei noph% tgrélnd reg g é g&%%erqgle of the
carbonyl | i gangf® G’fmnGIﬂ’ép ap A5 e 2 F%'%O precur sor room
tenperature amixturesofsuchhgiphholefins and@nteunalc@lleﬁaﬁ nmonoxi de gas. Th| s

substitution reacti 0” ”Wl&%@rétﬁ@ ilbhﬁta‘i‘ﬂ Ma‘iﬁ&blémxstﬁ&lﬁd lﬁﬂ on if
desired. Any suitab a" ani ¢ sol ventll n . whi %‘ [ @mgécar bonyl
acet yl acet onat eaIBR{ & ﬁ?%%lﬂrgwle&ﬁd PeRe -p gﬁb |’te ahd

conpl ex precur $-aionane, H-deciries lamddsene, 1-dodecene, 1-tndecene 1-t,etradecene,
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-phenyi-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 propionate, allyl propionate, methyl methacrylate, vinyl ethyl
ether, vinyl methyl ether, allyl ethyl ether, n-propyl-7-octenoate, 3-
butenenitrile, S-hexenarnide, eugenol, iso-eugenol, safrole, iso-safrole,
anethol, 4-allylanisole, indene, limonene, beta-pinene,
dicyclopentadiene, cyclooctadiene, camphene, linalool, and the like.

Prochiral and chiral olefins useful in the asymmetric

hydroformylation that can be employed to produce enantiomeric

()



enpl oyed. The anmounts of rhodi um conpl ex catal yst precursor, organic

sol vent and organophosphite |igand, as well as their preferred enbodinents
present in such catal yst precursor conpositions nmay WO 97/ 20792
PCT/ US96/ 19276 - 35- obvi ously

correspond to ﬁQﬁﬁEwﬂQD“nts enpl oyable in the hydrofornylatiggpggﬁﬁgﬁg of
perie of

this invention. nce has shown that the acetyl acetonate I'Irgan

the precursor catalyst is replaced after the hydrofornylation process has
begun with a different |ligand, e.g., hydrogen, carbon nonoxide or

or ganophosphite ligand, to formthe active conplex catalyst as expl ai ned
above. The acetyl acetone which is freed-filomthe precursor catal yst under
hydr of ormyl ati on conditions is renoved fromthe reaction nediumw th the
product al dehyde and thus is in no way detrinental to the hydrofornyl ation
process. The use of such preferred rhodi um conpl ex catal ytic precursor

COMpoSi tioNns  Plagiiifefe Mistufel that H9APHE ERdordPsksel byGhhts fiRkhtdn  OF

handl i ng t he rhoﬂbamtﬂrecursor %ﬂ hﬁ(‘jr?for lation start-up.

Accordingly, thé® §I-8¥ﬁ§ﬁ6ﬁﬁﬁg by ?‘ﬂaﬁazconplex catal ysts used in
the process of this invention consists essentially of the netal conpl exed
wi th carbon nonoxi de and a orrg‘anophosphi t | i gand, said |ligand being
bonded (conpl exed) to the nmetal\jn a ch,e'ra ed and/ or non-chel at ed

fashi on. Moreover, the term nol ogy==@si st's essentially of', as used
herein, does not exclude, but raher inds|udes, hydr ogen conpl exed with
the netal, in addition to carBQn nnnoxid&%. and the g&gﬁnophosphite | i gand.
Further, such term nol ogy does not excl ude the pos Nity of other
organi ¢ |ligands and/ or anions that m ght al so be conplexed with the

metal . Material SJVH&BMHDR% walta%h R, fitHe/saaly of differeRd(pgrovided RNy
n ) )

deacti vate the cafal yst ~ar
d?ﬁ‘ere%t from o Or R3 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 ethoxy, acyloxy such as acetoxy,
halo, nitrile, nitro, carboxyl, carboxaldehyde, carboxylic ester,
carbonyl, and thio; acyloxy such as acetoxy; alkoxy such as methoxy
and ethoxy; amino including alkylamino and dialkylamino such as
benzylamino and dibenzylamino; acylamino and diacylamino such as
acetylbenzylamino and diacetylamino; nitro; carbonyl; nitrile; carboxyl;
carboxamide; carboxaldehyde; carboxylic ester; and alkylmercapto such
as methylmercapto. It is understood that the prochiral and chiral
olefins of this definition also include molecules of the above general
formula where the R groups are connected to form ring compounds,
e.g., 3-methyl-1-cyclohexene, and the like.

Illustrative optically active or prochiral olefinic
compounds useful in asymmetric hydroformylation include, for
example, p-isobutylstyrene, 2-vinyl-6-methoxy-2-naphthylene, 3-



desirabl e and so the catal yst nost desirably is free of contam nants such
as netal -bound hal ogen (e.g., chlorine, and the |ike) although such may

not be absol utely necessary. The hydrogen and/ or carbonyl | i gands of an
active metal -organophosphite |igand conpl ex catal yst may be present as a
result of being |igands bound to a precursor catal yst and/or as a result
of insitufo 28172 e.g., due to the hydrogen and car bon PRHNEXI6gases
enpl oyed i n hydr of or nyl ation process of this invention. WO

97/ 20792 PCT/ US96/ 19276

- 36- As noted the hydrofornylation processes of this

I nvention I nvol ve the use of a netal -orgganophosphite |igand conpl ex

catal yst as descri bed herein. O course m xtures of such catal ysts can
also be enployed if desired. The anobunt of netal-organophosphite Iigand
conpl ex catal yst present in the reaction nediumof a given

o o ot eSS, IPRRERRERE LethOlAphQNIR Rl oY O joci T ed

to be enpl oyed %%PM'@HOWWP}"FWM‘%#&@#%Y%lﬁxo-%?somddlt?axlﬂsme,

ﬁaél al ]yt ic ?W?UMem%nyﬁsaienﬁﬁﬂeﬁi%@hﬁnéCB éﬂie&brl’}ﬂ&ntyhghenﬂaéthéﬁm arl o
rof or myl at i vol ye in the

a%ove merr:%ll oneg’gp%n&ﬁﬁgéz%n% 9s8K r%'aT plr"?é{egiy ﬂ)eé’ Zgee pqief'l’fg&ﬁ"@h] é'tegp trations

in the range ofthe like fher olefinie comppunds indude enbstisutasbanyl etiodemes t s per

mllion, calculagtdegcdbed rfGEeimgleme 8. Patdit Nosdugdaw; 507, %tamza%‘éﬁa' on
medi um shoul d l‘;) é s generally

preferred to enf) éro(\t%%g%sc}?sqﬁs P }Whl‘gbﬁreplgf??oﬁé&dm FV’OW of netal,

e.g., rhodium rafeqeme preferably from 25 to 350 parts per mllion of
et al , €.9., rhodium 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.

The reaction conditions of the hydroformylation processes
encompassed by this invention may include any suitable type
hydroformylation conditions heretofore employed for producing
optically active and/or non-optically active aldehydes. For instance,
the total gas pressure of hydrogen, carbon monoxide and olefin starting
compound of the hydroformylation process may range from about 1 to
about 10,000 psia. In general, however, it is preferred that the process -
be operated at a total gas pressure of hydrogen, carbon monoxide and |
olefin starting compound of less than about 2000 psia and more '
preferably less than about 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



In addition to the netal -organophosphite |igand conpl ex catal yst, free

or ganophosphite ligand (i.e., ligand that is not conpl exed with the
netal) may al so be present in the hydrofornylation reaction medi um The
free organophosphite |ligand nmay correspond to any of t he above-defi ned
organophosph%g{h ?z”ds di scussed above as enpl oyabl e herep@rm§§6"b§16
preferred th ? ree organophosphite |igand be the sane as the

or ganophosphite ligand of the netal - or ganophosphite |igand conpl ex

catal yst enployed. However, such | i gands need not be the same in any"

gi ven process. The hydrofornylatlon process of this invention may involve
fromabout 0.1 nmol es or |l ess to about 480 nol es or higher, of free

or ganophosphite | igand per nole of metal in the hydrofornylation reaction
medi um Preferably the hydrofornylation process of this invention is
carried out in the presence of fromabout 1 to about 50 noles of

or ganophosphi t €:10 toi dha€ 10ANdFafther hefleydrbforniydation procgss myghbsphi t es from
about 1.1 to d m97/ 281792 P b 25° b °

PCT/ US96/ 1927 ¢conducte a reactioni temperature from about — §7toa out 280? 4 ol es
of organopol yphogphenad hydrefaxmylationwsastisp tempsratyres e about5Q°%6etar eact i on

gedl uln fsal d aawmh ﬁzmttarelqﬁam@hswtﬂﬁ AlE typegafdléfnio gtartthey magemblsbot h t he
nmount of orgap@phos e, |, S o the netal
present and th§? {ﬁ% srtok e‘é“‘g%"ég‘%d*hatwmaj”g%g’g%%?fﬁagﬁ‘p%. te ligand
present. Si ncealdehwdemp@q&ﬁseﬂe P%Eed’tﬂfhﬁraé(ﬂm0 ipgmaterials e

al dehydes by hydgQkganpg mhpme h&@-bre@hﬁ:ﬂbjﬁ aﬁme«m@m@wﬂtﬂd

or ganophosphi t ¢ nds ¢ ed n-eé Poe 1%@’1?:%‘?% éBFeﬁ' '&Qpﬂ
especi al |y t hoB&BXEH RS aaﬁ ef8r abl y
‘those of For mumatexi S)argheraamphmgehgﬁ scemel@Piqyre &f %'ase’r#ﬁr@e up or

addi tional or ggsipe heRttidepstcodanst Banhpéroforinplatiofn reactibe conditionen medi um
of the hydrof Og%ll%;eldownﬂpﬂg ggéesm’%‘& b§r7t¥1e type of aldehyde product desired.

The carbon dioxide partial pressure useful in the
hydroformylation processes of this invention is sufficient not to effect
substantial degradation of the organophosphite ligand and/or
deactivation of the metal-organophosphite ligand complex catalyst.
The carbon dioxide partial pressure can range from about 0.1 mole
percent or less to about 70 mole percent or greater, preferably from
about 5 mole percent to about 70 mole percent, and typically greater
than about 5 mole percent, based on the total gas mixture. As used
herein, “substantial degradation of the organophosphite ligand and/or
substantial deactivation of the metal-organophosphite ligand complex
catalyst" designates greater than 50 percent degradation of the
organophosphite ligand (per 30 days of continuous operation with
reference to the initial concentration level of said organophosphite
ligand) and greater than 50 percent deactivation of the metal-
organophosphite ligand complex catalyst (per 30 days of continuous
operation with reference to the highest activation level of said metal-
organophosphite ligand complex catalyst).

This invention is useful for improving the economics of
hydroformylation processes which employ carbon dioxide. Typically,
carbon dioxide is removed from synthesis gas prior to it being
introduced into an oxo reaction system. As indicated above, the capital



time and in'any suitable manner, e.g. to maintain a predetermned |evel of
free ligand in the reaction nedi um As indicated above, the
hydr of ormyl ati on catal yst nay be in heterogeneous formduring the reaction
and/or during the product separation. Such catalysts are particularly

advant.ageous hydr of ormyl ati on of olefins to produce high b0|I|ng or
thermal |y ‘k@ﬁ%&z al dehydes, so that the catal yst may be %@%%?9 6from

t he products by filtration or decantation at |ow tenperatures. For
exanpl e, the rhodium catal yst may be attached to a support so that the
catalyst retains its solid formduring both the hydrofornylation and
separation stages, or is soluble in a |liguid reaction nmedium at high
tenperatures and then is precipitated on cooling. As an
illustration, the rhodium catal yst rray be inpregnated onto any solid
support, such as inorganic oxides, (i.e. alumna, silica, titania. or

zirconia) car orted
o Cor {htercany ?stﬁ‘%déﬁ?ﬁgﬁ‘ﬁ?ﬁqﬁ%“QE%@?"a‘ di\pfihdiy SibdRKyar THRPO! |

catal yst may ar¥entien allews foRinvestment L O plﬂnté’-ebp. signifisanidr es of sal d
zgol ite or gl ?&duc@ﬁhcé@ﬁbo&ﬁhﬁﬂﬂﬁ%ﬁﬁﬂal iidt! reguiredf e. pﬁ?]é :j cul arl % ]
advant ageous | in |
celoctivity, dSBiodffanth BRSefies B i 5n A0 A0 boFoBuRaRAIE bel 0101 (s
for supporti ngpresgngeyoficarkon ’@Nd&s‘"lthom contribpfing o oy pffecting

PCT/ US96/ 1927 Gubstantial degradation of the organophosphite ligand3dhd such as

515 S S A B R SR ko
l'i gands def i nedchhydzofopmy ticm pmssw lwtwncﬁawfygrx@ly lowgrsoe f ound
in for exanpl ehehigVehpitabdost tPidally Bequifelt f@xo Ceadtion systems.

While not wishing to be bound to any exact theory or
mechanistic discourse, it is believed that the inhibitory effect of carbon
dioxide when using a salt of a sulfonated triarylphosphine is due to the
relatively high concentration of carbonic acid generated when carbon
dioxide is dissolved in the aqueous catalyst solution. U.S. Patent No.
3,555,098 discloses that acid can reduce the rate of hydroformylation.
The acid may exert it inhibitory effect by reducing the amount of a
rhodium hydride ligand complex. With the metal-organophosphite
ligand complex catalysts employed in this invention, the concentration
of carbonic acid formed from carbon dioxide and dissolved water in the
catalyst solution is not sufficient to have any detectable effect on
hydroformylation rate.

This invention which involves the use of water is
especially adaptable for use in continuous liquid catalyst recycle
hydroformylation processes that employ the invention of U.S. Patent
No. 5,288,918 which comprises carrying out the process in the presence
of a catalytically active enhancing additive, said additive being
selected from the class consisting of added water, a weakly acidic
compound (e.g., biphenol), or both added water and a weakly acidic
compound. The enhancing additive is employed to help selectively
hydrolyze and prevent the build-up of an undesirable monophosphite
byproduct that can be formed during certain processes and which
poisons the metal catalyst as explained therein. Itis to be understood



Lett. 1991, 8, 209-214; J. Organonet. Chem 1991, 403, 221-227; Nature,
1989, 339, 454-455; J. Catal. 1985, 96, 563-573; J. Mol. Cat. 1987, 39,
243- 259. The netal, e.g., rhodium catalyst may be attached
toa thin filmor nenbrane support, such as cellul ose acetate or

pol yphenyl enesubbodge2z as described in for exanple J. Ml . Catpeth96i92743,

- 213-221. The netal, e.g., rhodium catalyst nay be attached
to an insoluble polyneric support through an organophosphorus-contai ni ng
| i gand, such as. a phosphite, incorporated into the polyner. The supported
catalyst is not Iimted by the choice of | ymer or phosphor us-cont ai ni ng
species incorporated into it. Description$of polyner-supported catalysts
may be found in for exanple: J. MIl. Cat. 1993, 83, 17-35; Chentech 1983,
46; J. Am Chem Soc. 1987, 109, 7122-7127. In the

het er ogeneous catal ysts descri bed above, the catalyst may remain in its
het er ogeneous fthattheprefertédchpdroforeylatidn piroresy ofithis ineentiondisal yst

separation Procgsdiadrid 208k RSkentellPd" .sﬁaamséw DrofieehRl is khEa Al al yS!
ol

may be supporte | e .na 0
wei ght, is sol L&fF%waﬁe"Eﬁ’«?sePEHbf W‘#@ Y“”él’%‘%‘%l‘@ci’“f*éﬂﬁ%l‘%t ures but

preci pi t at es updissoleed wategr, e.gis natqpresdrettinram mbahysﬁffmmmtaham fromthe

et or exanpl coither el hyd gty Y dtlop 0N igdi A @ edongffefid 2277 20
Mor e pref er abl yas?‘Pf@nP%%séﬂ%ﬁsPEa’@é? AABEOUS AT ‘I"ﬂte{rﬁ@aﬁﬁf ayerifase due to
t he hi gh boil i nglditiontte amfox@bmqqu}mkect s, and to avoid deconposition of the

product al dehydes. The caiabygh tyaxhéaﬁ{m@ofésaam& rbpRFablinRhgduct

m xture, for earIB_ ralonoh d9
PCT/ US96/ 19276 00 orm atxon process of this invention nee only +g that minimum

amount necessary to achieve the desired selective hydrolysis of the
organomonophosphite ligand byproduct as described in U.S. Patent No.
5,288,918 referred to above. Amounts of such water of from 0.01 or
less to about 10 weight percent, or higher if desired, based on the total
weight of the hydroformylation reaction medium niay be employed. Of
course amounts of water that might also lead to adversely hydrolyzing
the desired organophosphite ligand at an undesirable rate are to be
avoided. As indicated above, amounts of water that may resultin a
two phase (organic-aqueous) hydroformylation reaction medium as
opposed to the desired and conventional single phase (organic)
homogeneous hydroformylation reaction medium are to be avoided. In
general, it is preferred to employ amounts of such water in the range of
from about 0.05 to about 10 weight percent based on the total weight of
the hydroformylation reaction medium.

The hydroformylation processes encompassed by this
invention are also conducted in the presence of an organic solvent for
the metal-organophosphite ligand complex catalyst and free
organophosphite ligand. The solvent may also contain dissolved water
up to the saturation limit. Depending on the particular catalyst and
reactants employed, suitable organic solvents include, for example,
alcohols, alkanes, alkenes, alkynes, ethers, aldehydes, higher boiling
aldehyde condensation byproducts, ketones, esters, amides, tertiary
amines, aromatics and the like. Any suitable solvent which does not




decantation. The reaction product fluid may contain a heterogeneous

net al - or ganophosphite ligand conplex catalyst, e.g., slurry, or at |east

a portion of the reaction product fluid may contact a fixed het er ogeneous
nmet al - or ganophosphite |igand conpl ex catal yst during t he hydrofornyl ation
process. In an _enbodi nent of this invention, the met al - or ganophosphite

|i gand conpl ¥O&HPYst nmay be slurried in the reaction prSHE@@ f

The substituted or unsubstituted olefinic unsaturated starting naterlal
reactants that may be enployed in the hydrofornylation processes of this

I nvention include both optically active (prochiral and chiral) and
non-optically active (achiral) ol efinic.ggnsaturated conpounds cont ai ni ng
from2 to 40, preferably 4 to 20, carbon atons. Such ol efinic unsaturated
conpounds can be termnally or internally unsaturated and be of

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

m Xxtures, such a |ne t he | gOIMEr ene, butene,
i sobut ene, et cUnERYC ve??%& IB%IR <4 w%ﬁﬁk&?’?ﬁtenfiégﬁpé@l?%ﬂ%?e %? neric
propyl ene and xeastmnwen heseniployed aad suchrsolesntapney inchude tiwsePat ent  Nos.
4,518, 809 and diseld8ed BaretotdRt eem%onlywﬂogé&in h@ﬁﬁnﬁdﬁd%afﬁi zdd!r t her

t t
of Lo or mor cReRRerreyiAtan; Earth Mifups BEGAES: nlE dRrereBt s8Rt 1| 0%
the starting mporrhﬁQ;npgdysd|1f)demderlragenefrahe&nthe'ega%tofémmp petiemnmrer ci al
al pha ol efi nso%?amhaﬂ-ofp@uan?&cﬂvéﬁalaahpeés @ii&f’&ef@'k‘e&%\éﬂﬂp'[by“ nor

ts of t | ol efy. d/
Saturated hyar BEAREEncORpoRRSt Prerpansine pe Pt Rlachoih priice Bbgired B
necessarily bebpprodiced amdétmlslsher beiling aldebndmyqngdjmﬂd@nngnam ed.

I'l'Tustrative np ﬂéaa&soeis e Srgfdrﬁé Eblﬂﬂnfﬁf’ésﬁfsl c®infmbh & tnaaﬂpesua{rpl oyed
eac 40RS 1N

Iengt heRQ?? |r ﬁfat? é%}"ﬁﬁ?ﬂ CpRa er}f&}meppgg@ﬁ&acgpl Ee Bhredt Iﬁl?%trl? %esn’ %%unds and
t he corresponduses atcaedingly.pHbistcative peafexred sp}mqnésp empiosapleintheont ai n one
Or nDre groupSpRjduttith ldflaldeétydes Mhélake Gotdinds (¢/pdubetond wndsakthydéfigdt the
hydrof ornyl ati l({)e[}og P es?ers?e.g. ethyl acetate), hydrocarbons (e.g. toluene),

nitrohydrocarbons (é.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 pércent by weight or more based on

the total weight of the hydroformylation reaction mixture starting

material.

Accordingly illustrative noh—optically active aldehyde

products include e.g., propionaldehyde, n-butyraldehyde,

isobutyraldehyde, n-valeraldehyde, 2-methyl 1-butyraldehyde,

hexanal, hydroxyhexanal, 2-methyl valeraldehyde, heptanal, 2-methyl

1-hexanal, octanal, 2-methyl 1-heptanal, nonanal, 2-methyl-1-octanal,

2-ethyl 1-heptanal, 3-propyl 1-hexanal, decanal, adipaldehyde, 2-

methylglutaraldehyde, 2-methyladipaldehyde, 3-methyladipaldehyde,

3-hydroxypropionaldehyde, 6-hydroxyhexanal, alkenals, e.g., 2-, 3- and

4-pentenal, alkyl 5-formylvalerate, 2-methyl-1-nonanal, undecanal, 2-

methyl 1-decanal, dodecanal, 2-methy! 1-undecanal, tridecanal, 2-



WO 97/ 20792 '
PCT/ US96/ 19276 : - 40- t he process

of this invention such as described, for exanple, in U S. Patent Nos.
3,527,809, 4,769,498 and the |ike. Most preferably the

subj ect i nven§pbQ 49z especially useful  for the production opcfig8sepiiscal |y
active al dehydes, by hydrofornylating achiral al pha-olefinscontalining from

2 to 30, preferably 4 to 20, carbon atons, and achiral internal ol efins
containing from4 to 20 carbon atons as mell as starting material mxtures
of such al pha olefins and internal ol efins. Illustrative

al pha and internal olefins include, for -4éxanple, ethylene, propylene,

1- but ene, 1-pentene, 1-hexene, 1l-octene, 1-nonene, 1l-decene, 1-undecene,
1- dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene,

1- hept adecene, 1-octadecene, 1- nonadecene, 1-eicosene, 2-butene, 2-nethyl
propene (i SObuhyéth@Elqtrﬂecarrﬁn Pkl @ dndelamesl 8- propyl-nadessnal 3- hexane,

2- heptene, &Lﬁ&edecagxg b&ﬁ@ﬁgﬁ Ei-te‘%{-é)&ﬁ\élaﬁﬁﬁ kA8 cAnal rz‘z)ﬂéé%elt rimers,

propyl ene tet BT S I'Sopr ene "1 hexene,
styrene, 4- mmpta@ynéhbeptad%w ;me @‘ad&%‘&lt ogiadotanalyPene,

al pha-  net hyl n%thpﬁn&;epﬁad@ahanuiohbdeém e dtityl- Bovtade@andl, 8-ethyl

di'i sopropenyl| b?trgeprlgdeca e:fﬁ#oqjylﬁrﬁg?a%caﬁ}?ﬁeﬂ&@%ef?n gfl oct adi ene,

3-cycl ohexyl - Hene. but adi ene,
al kyl al kenoat @gnaéetgma. nejqosppak armawl-laweﬁmal tmcraﬁmaeh gynethsleny|
al kyl ethers, aldw6sasal, tetfacosedll 2Aaakthyl-d-sisoshital, peat@cosanﬁl;znal s, and

the |ike, such I -1 ,

oct-1-en-4-ol, “?"Sthg} hﬁ%t!? ‘?ﬁl}&ll’l% aﬂécj‘éﬁﬁ(’&g&egtﬁ} - gce vi nyl

propi onat e, al hgptasosanalndinae hﬁfb‘tlrﬂﬁa‘??é?h s Bppagesangl, gom y }- et her,

vinyl nethyl ebbﬁkosaﬁidlyherﬁtﬂ&)ébntﬂdwm rrihthypmthazorﬁahaneatidethéixke

butenenitril e, 5-hexena ﬂgz e{;}?ﬂmaﬂf&tﬂ}é%ﬁﬂ&& de églfora%%mc saf rol e,
ene be

anet hol, 4-all Ianlsole opentadlene,
cycl ooct adi ene! eft?d’{mﬁéc momm dsiprepared by the asymmetric * prochiral
and chiral ol ehbzdﬁoihﬁﬁjrwtloerpxbb&saﬂtmeﬁtmn lsych as,0.g0/8-80pon that can be

enpl oyed to prodweeyiRanin I Epiofialdehyde, S-2-(6-methoxy-2-
naphthyl)propionaldehyde, S-2-(3-benzoylphenyl)-propionaldehyde, S-
2-(p-thienoylphenyl)propionaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaldehyde, S-2-[4-(1,3-dihydro-1-oxo-2H-isoindol-
2-yl)phenyllpropionaldehyde, S-2-(2-methylacetaldehyde)-5-
benzoylthiophene and the like.

Illustrative of suitable substituted and unsubstituted
aldehyde products include those permissible substituted and
unsubstituted aldehyde compounds described in Kirk-Othmer,
Encyclopedia of Chemical Technology, Fourth Edition, 19986, the
pertinent portions of which are incorporated herein by reference.

As indicated above, it is generally preferred to carry out
the hydroformylation processes of this invention in a continuous

manner. In general, continuous hydroformylation processes are well
known in the art and may involve: (a) hydroformylating the olefinic
starting material(s) with carbon monoxide and hydrogen in a liquid
homogeneous reaction mixture comprising a solvent, the metal-
organophosphite ligand complex catalyst, and free organophosphite
ligand; (b) maintaining reaction temperature and pressure conditions



WD 97/ 20792 PCT/ US96/ 19276
-41- al dehyde m xtures that nmay be enconpassed by in this invention

i ncl ude those represented by the fornmul a: [err] wherein Rerr], R2,
R3 and Rerr] are the sane or different (provided R err] is different from
Rlerr] or Rlerr] is different fromRerr]) and are selected from hydrogen;
“al kyl: substiYOPZ8F kyl, said substitution being sel ected fPeHPS96/19276

~di al kyl ami no such as benzylan1no and di benzyl am no, al koxy such as net hoxy
and et hoxy, acyloxy such as acetoxy, halo, nitro, nitrile, thio, carbonyl,
car boxam de, carboxal dehyde, carboxyl, carboxylic ester; aryl including
phenyl ; substituted aryl including phenylg. said substitution being sel ected
fromal kyl, am no including al kyl am no and di al kyl ami no such as benzyl am no
and di benzyl am no, hydroxy, al koxy such as nethoxy and ethoxy, acyl oxy such
as acetoxy, halo, nitrile, nitro, carboxyl, carboxal dehyde, carboxylic

ester, carbonyl gl ch alkox uc met hoxy
and et hoxy; mf (hin %ﬁ@&?‘ﬁi}%&@@%&’%ﬁ% 3?%%/5%%8‘% ﬁe% ‘%enzyl am no
and di benzyl anicieupalyingmake-updquantisies sfithe olefivkc startivgmyatedakgh.am no and
di acetyl am no; cattdonOrmofakideand hydrbfén &)tlfeafelé@fs}éh méBLRPXATHAE

Tt s nder ot QEREERAE FH5as ilta‘ifapga(ﬁiﬁ%wx%mrﬁsﬁsm@ S3eBHdf S ot inition

al so i ncl ude mbydrafpapylatianprodiot(s) igeansr mianner 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 mbnoxide and hydrogen are
supplied to the liquid reaction medium for the next single pass through
without recycling the unreacted olefinic starting material(s). Such
types of recycle procedure are well known in the art and may involve
the liquid recyéling of the metal-organophosphite complex catalyst
fluid separated from the desired aldehyde reaction product(s), such as
disclosed, for example, in U.S. Patent 4,148,830 or a gas recycle
procedure such as disclosed, for example, in U.S. Patent 4,247,486, as
well as a combination of both a liquid and gas recycle procedure if
desired. The disclosures of said U.S. Patents 4,148,830 and 4.247,486
are incorporated herein by reference thereto. The most preferred
hydroformylation process of this invention comprises a continuous
liquid catalyst recycle process. Suitable liquid catalyst recycle
procedures are disclosed, for example, in U. S. Patent Nos. 4,668,651;
4,774,361; 5,102,505 and 5,110,990.

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



formul a where the R groups are connected to formring conpounds, e.g.,
3-net hyl - 1- cycl ohexene, and the |ike. II'lustrative optically
active or prochiral olefinic conpounds useful in asymetric

hydr of ormyl ati on i nclude, for exanple, p-isobutylstyrene,

2-vi nyl - 6- metya@¥yzedenapht hyl ene, 3- WO 97/ 20792 PCT/US96/19276

PCT/ US96/ 19276 -42- et henyl phenyl
phenyl ketone, 4-ethenyl phenyl-2-thienyl ketone, 4-

et henyl - 2-f | uor obi phenyl, 4-(1, 3-di hydro- 1- oxo- 2Hi soi ndol - 2-yl) styrene,

2- et henyl - 5- benzoylthrophene 3- et henyl phenyl phenyl et her,

propenyl benzene, i sobutyl -4- propenylbenzﬁhe phenyl vinyl ether and the

i ke. ther olefinic conmpounds include substituted aryl ethylenes as
descri bed, for exanple, in U S Patent Nos. 4,329,507, 5,360,938 and

5,491, 266, the disclosures of which are incorporated herein by reference.
I'l'lustrative aigents heabecrswsm mﬁlmzeamhwﬁs@bspeﬂawmmr@kﬁpamm starting

materi al s |ncI ?qlé ewég)géﬁgglig nc c lgngt oaqg gstl uted olefinic

conpounds descr CRT C8 ?echnology,
Fourth Editior® dglwi? mixares fom Hegethes mpmee@#s m‘}ﬁhewrarlemacén@npor at ed

herei n by ref ahpitafes is by membrane sep: mﬁ@aqsmﬂmemahb@a aﬁi‘ndrmm

hydr of | at th ; g
A
produci ng optFatgnt %P@&?PV@HM%N%G&%T%@@ May 591 ﬁmm toFor

instance, theaHowkal gas pressure of hydrogen, carbon nonoxi de and ol efin
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process 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
remaining non-volatilized catalyst containing liquid reaction mixture
may then be recycled back to the reactor as may if desired any other
volatile materials, e.g., unreacted olefin, together with any hydrogen
and carbon monoxide dissolved in the liquid reaction after separation
thereof from the condensed aldehyde product, e.g., by distillation in
any conventional manner. In general, it is preferred to separate the
desired aldehydes from the catalyst-containing reaction mixture under
reduced pressure and at low temperatures so as to avoid possible
degradation of the organophosphite ligand and reaction products.
‘When an alpha-mono-olefin reactant is also employed, the aldehyde
derivative thereof can also be separated by the above methods.

More particulariy, distillation and separation of the

desired aldehyde product from the metal-organophosphite complex



be operated at a total gas pressure of hydrogen, carbon nonoxi de and
olefin starting conpound of |ess than about 2000 psia and nore preferably
| ess than about 500 psia. The mininmnumtotal pressureis |imted

predom nately by the anmobunt of reactants necessary to obtain a desired
rate of reaction. Mrre specifically the carbon nonoxide partial pressure
of the hydr oY@ A32692 on process of this invention is preferdMTUSIARAS about
1 to about 1000 psia, and nore preferably fromabout 3 to about 800 psia,
whi l;.e the hydrogen partial pressure is preferably about 5 to about 500
psia and nore preferably from about 10 to about 300 psia. In general H2:CO
mol ar ratio of gaseous hydrogen to carbogy. nonoxi de may range from about

1: 10 to 100:1 or higher, the nore preferred hydrogen to carbon nonoxide
nolar ratio being from about WO 97/ 20792

PCT/ US96/ 19276 -43- 1:10 to

about 10:1. Further, the.hydrofqt at cess conducted at a
reaction tenpe‘?aé?ﬁ'lsgc?‘;}@ﬁ?’éSJﬁ?&% E‘Pdr ff“B ?Gdf%f‘r‘? &Y | n general
hydr of or nyl at i ontalde temparaterpdesited. da gahevﬂonﬁns&éﬁmm}eﬁ?dé&thatﬁémht

120[err] C are dl&ﬁflﬁﬁﬁﬁ@afc@bl&h 'at&léféﬁ?\re% 184 8dih é&tﬁ{-é&r bh&PadBlfoW &l S- o

course it ist un er st ood g%#nen non- o |ca active al dehyde

products are eBn ok ef“? F?Iﬁpglfaé Te Hbﬂ'f?a'i*’é’lgleé’f om gnd
or ganophosphi tabduit $ANA Lo abeut 40y ekt iamdsonperrerally recnimendéd tieat suirhdehyde

products are dagbhedh BisBfiatiba'takt p ﬁpe r@ﬂdéré%aueéééfe@s&}e%g MpotaRt el al s

Cinder St o0q. ¢ hARBESTRTA Db I AHREER AL E Lo Forbafoliei o1 oS Presssms, od wi || be
gover ned by t lemplpyed dilraigdeh&‘dﬁlrpt}dalhon wdegi loedboiling aldehydes (e.g., The car bon
di oxi de parti a4 pé €3 ureiniebled or zﬁhdé&&acu'ihdeHeﬁﬂﬂFﬁ dbilfty Mderpgses of this
nvention i > S %) &lbeedOle L BlVofda. FoMRRLANE, oS HRLL 0 e

subject the liquid reaction product medium removed from the

hydroformylation reactor to a pressure reduction so as te volatilize a

substantial portion of the unreacted gases dissolved in the liquid

medium which now contains a much lower synthesis gas concentration

than was present in the hydroformylation reaction medium to the

distillation zone, e.g. vaporizer/separator, wherein the desired

aldehyde product is distilled. In general, distillation pressures ranging

from vacuum pressures on up to total gas pfessure of about 50 psig

should be sufficient for most purposes.

As indicated abdve, the reaction product fluids containing

phosphorus acidic compounds and carbonic acid compounds may be

treated in an acid removal zone sufficient to remove at least some

amount of the phosphorus acidic compounds and carbonic acid

compounds from said reaction product fluid. 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 Nos. (D-17245-1) and (D-

176486), both filed on an even date herewith, the disclosures of which

are incorporated herein by reference, which comprises using an

aqueous buffer solution and optionally organic nitrogen compounds as

disclosed therein.



deactivation of the netal-organophosphite |igand conpl ex catal yst. The
carbon di oxide partial pressure can range from about 0.1 nole percent or
| ess to about 70 nol e percent or greater, preferably from about 5 nole
percent to about 70 nole percent, and typically greater t han about 5 nole
percent, base total gas m xture. As used herein, " '
degradati on osygﬁéé‘grgzganophosphi te ligand and/ or subst anti M%g}l)%u\?%t I on
of the netal -organophosphite |igand conpl ex catal yst" designates greater
"than:50 percent degradation of the or ganophosphite ligand (per 30 days of
continuous operation with reference to the initial concentration |evel of

sai d organophosphite | i gand) and great ePlt han 50 percent deactivation of
t he netal - or ganophosphite |igand conpl ex catal yst (per 30 days of
cont i nuous operation with reference to the highest activation |evel of
. said netal - or ganophosphite |Iigand conpl ex catal yst). Thi s

invention is-useful for i|FpFmétdice! BidOERIEEE buffer solutiviriaventivh at i on

: whi ch | . iyoxi,de. ' | di oxiyde i
Pemoved Trom oy FORBERS GRE0RE 188 Fporbifh 4 moral-orgBhBRRabh it idardd
reaction syst enromplexrraitalysecontpining reactiompradaict fluid derivedfpogygaid792

PCT/ US96/ 19276 hydroformylation process and which also contains q_lﬂdkpho_rus 'béi%l&St meln]t
is__invention allows

for carbon di oxide ren%\;al eg#)lognent.dl S_subst arﬁ)t | aId

for investment FHRRAVY a’bﬁlﬁ ¢ peid SPmRoEREs forme ﬁh‘é’aﬂ%gﬁl i nce car bon
di oxi de r enpval hydrofermylagionrpracess, with amaqueguly biffengpletionin prderdgses of
this invention gpadtrdaizéanduehiielad 16448 soRICHRBERE 6 thedHaaphebuRdcidic W t hout
contri buting tocor ef%&sctwg bsubst aatcl al d%ﬁr gz%at | %.llrarof Lhe

or ganophosphi t eSTTERRY LAY “HSRLHT VAt R PSP P RS MR SP é%Bﬁ%%%l te

| i gand conpl ex Buidiapskthen returning the treated reaction product fluid to the

hydroformylation reaction zone or separation zone. Illustrative
phosphorus acidic compounds include, for example, H3PO3 aldehyde

acids such as hydroxy alkyl phosphonic acids, H3PO4 and the like.

Said treatment of the metal-organophosphite ligand complex catalyst

containing reaction product fluid with the aqueous buffer solution may

be conducted in any suitable manner or fashion desired that does not

unduly adversely affect the basic 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 ar during the recycling of said reaction product fluid to the
reaction zone. For instance, a preferred mode would be to continuously
pass all or part (e.g. a slip stream) of the recycled reaction product fluid
that is being recycled to the reaction zone through a liquid extractor
containing the aqueous buffer solution just before said catalyst
containing residue is to re-enter the reaction zone.

Thus it is to be understood that the metal-
organophosphite ligand complex catalyst containing reaction.product




such hydrofornyl ati on processes. This invention significantly |Iowers the
hi gh capital cost typically required for oxo reaction systens. :
While not wishing to be bound to any exact theory or nechanistic

di scourse, it is believed that the inhibitory effect of carbon dioxide
when using a salt of a sulfonated triaryl phosphine is due to the

rel atively hiwasui®entrati on of carbonic acid generated wheRCTHS¥%19276

di oxide is dissolved in the aqueous catalyst solution. U S. Patent No.
3,555,098 discloses that acid can reduce the rate of hydrofornylation. The
acid may exert it inhibitory effect by reducing the anmount of a rhodium
hydride |igand conplex. Wth the netal - ggganophosphite |igand conpl ex
catal ysts enployed in this invention, the concentration of carbonic acid
formed from carbon di oxi de and di ssol ved water in the catalyst solution is
not sufficient to have any detectable effect on hydroforrryl ation rate.
This invention @i@i ch involves_the use of water i especi al | y adaptabl e for
use in continu@ ‘P'Sa%?ﬂ Cragueepg uﬁ?ﬂﬁ%‘ﬂ’&m&wc@htﬁwdﬁesses t hat
enpl oy the i nvadidition tofthé/catalist conipledanditGFatidsolhent) aldehydeses carrying
out the proce hanci n
additive, sai Zﬁragglt% :?geeeoé)}g?%ﬁm léégmf ugffi‘%ﬂ%& oﬁe‘fﬂrl hﬁc&ﬂ oﬁtsh%gtl ng 019 added
water, a weakliperedigntor agd B’Grﬁ?né’ét?‘t Wﬁbﬁh@ﬁ'@?ﬁtw’bm@é‘ﬁw ofdbed water and
a weakl y aci di kydreforapilation Precezs ififois iwlticladaid teactibh prodheayidsarbel p

sel ectively h %5 gyze and prevent the build-up of an undesirable
nonophosphi te ypr oduct that can be fornmed during certain processes and
whi ch poi sons the met a|%@%lwmamu@<agmm@cbqf%rsalwmt is to be

under st ood concentdétions a0¢ 87ly governed by practical considerations. As

PCT/ US9611927 t he
oreferred hy d?n tgcrl ntf at{ment °°rnc‘,lé'é‘°§s s¥c]} ﬂs tem%erat%\re r?re§s§zre and éog%ct

time may also vary greatly and any suitable combination of such

conditions may be employed herein. In general liquid temperatures
ranging from about 20°C to about 80°C and preferably from about 25°C
to about 60°C should be suitable for most instances, although lower or
higher temperatures could be employed if desired. Normally the
treatment is carried out under pfessures 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 organophosphite
ligand present in the hydroformylation reaction medium. In addition
as the neutralization and extraction of phosphorus acidic compounds
into the aqueous buffer solution proceeds, the pH of the buffer solution
will decrease and become more and more acidic. When the buffer
solution reaches an unacceptable acidity level it may simply be
replaced with a new buffer solution.

The aqueous 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



considered to be essentially a "non-aqueous" process, which is to say, any
wat er present in the hydrofornylation reaction mediumis dissolved water,
e.g., is not present in an anmount sufficient to cause either the

hydrof ornmyl ation reaction or said mediumto be considered as enconpassing

a separate aqu‘%%%%&r%water phase or layer in addition to anngﬁ:@g%(léz

phase. ccordi ngly, the anobunt of such water

the hydrofornylation process of this invention need only be that m ni num
amount necessary to achieve the desired selective hydrolysis of the

or ganononophosphite |igand byproduct as described in U S. Patent No.
5,288,918 referred to above. Amounts of s&#6h water of fromO0.01 or less to
about 10 wei ght percent, or higher if desired, based on the total weight
of the hydrofornylation reaction nmedium may be enployed. O course anounts
of water that mght also |ead to adversely hydrolyzing the desired

or ganophosphi t & cl:h&@ﬂﬂg%‘f 8@93@&1@ S%a{}rﬁ@h&ter BitFatd" ‘?xdt lerQE‘e %cﬁxﬁhﬂx‘?@s and

i ndi cat ed above, anoun may result ‘g
(or gani c- aqueousptinpsiselestedfremiths are‘aefweﬁasm%wmm alkali { he

ﬂezl r]?d anfl con\neéb‘als)meg sedivgh epqrhssiam and éhve like. Suﬂhgﬁmbﬁuystems
t
Jeforred to en Qb 0h H{BiF pepeatibn B ek knddin "?‘fﬂ?rom about 0. 05

preferred to enp oy anoun
to about 10 wei ght per cen?’#&%@%ﬁ%’f?@’#ﬁ%ﬁ%@‘gﬁi’?‘a& uffegs and

hydr of or nyl at i oritretchuffiersiegi mithobasic phosphate/diBautc phiokphatesyf @i i on
e TSR ) b BV S Ls,gg»@w HiELal e g " esence

of an organic s anop |ga nE
catal yst and fr SEstemsyransistingf mixturesgidh em@n ahgrsiragrhosphgtennd thent ai n
. di ssol ved wat er dibgsié phbé;ﬂwﬁabﬂﬁc&dxuﬁnoﬂ petiassiuRependi ng on the particul ar

B D ol
" boiling al dehyde thehydrrfarnpiatiopreagtien produst fivid fo scavenge therpaidic
tertiary am nehydsslgsistbypsodunds fdrendd kpon Apdrotysis abtie aganephosphiteh does
ggfl_ 1 US96/ 19276 h%%&OZQ gaught for example, in U.S. Patent No. 4,567,306. Such

organic nitrogen compounds may be used to react with and to

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



- 46- unduly adversely interfere with the intended hydrofornylation
reaction can be enployed and such sol vents may include those disclosed
her et of ore conmonly enpl oyed in known netal catalyzed hydrofornylation
reactions. Mxtures of one or nore different solvents may be enployed if
desired. In general, with regard.to the production of achiral '
(non-opt'i cal I'woaeRoM2) al dehydes, it is preferred to enpl oy PCH/USIG0RT6
conpounds corresponding to the al dehyde products desired to be produced
and/-or hi gher boiling aldehyde |jquid condensation byproducts as the main
organi c solvents as is common in the art. Such al dehyde condensation
byproducts can-al so be preforned if desikgd and wused accordingly.
Illustrative preferred sol vents enployablé in the production of al dehydes
i ncl ude ketones (e.g. acetone and nethylethyl ketone), esters (e.g. ethyl
acetate), hydrocarbons (e.g. toluene), nitrohydrocarbons (e.g.

ni trobenzene), ethers (e.g. tetrahydrofuran (THF) and sul fol ane. Suitable
sol vent s are dhavingsagKavdlu&withineh8 of kbe pH &fithe 3@@eodh bufemsoiutioh sol vent

enpl oyed i s ”OEnféﬂt)%édcaMoéi;?fe'?&abﬂ“mégK 'm&&&fm &Egnﬁexﬁﬂ-o &hy be that

anount sufficien | ze

a H 1 g a{ st and ree@ln of the
hydr of or nyl at i 69/PRURE VB sgsentially gbput thesamae as the p Faqf‘ﬁe“%lrmunt of
sol vent may r abgffef sclmtmncarhployedreOf entirdeyit veetoghe unq])erlstnudbth wifilepgr cent by

wei ght or mor enﬁﬁﬁﬁéjfapé?erﬂeﬁ‘%oteﬂhﬁby BhiOMe £\‘§cht$}§ HiébRipofifigr €act i on

m xture startin Accor |ngJy |JI s1.rct|ve
non-optical ly égﬁ%eéﬂ‘@é‘ﬁﬁ%‘m Brdxnforraylation pracess i de g’l Brepmeh9e,
n- but yr al dehydEwo orm:tmtdlffei-emrwgmmmxmgen abl!i@bmiés m%yr&lsmbé

1- butyral dehyd %ogﬁg,w@gg aI 2-met hyl val eral dehyde,
hept anal , 2- E;ﬂ t ana - et hyl 1- g nonanal ,
trative-onganig 1 ‘ B2 T“ﬁg} a&fl €®ecanal ,

2- et hyl - 1 oct anal
adi pal dehyde, ﬂ-xalkmmyﬂe;I, stch as thmamﬁamﬁHyMGmdaindmwen—
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| kenal s, e. i ; |
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1-undecanal , t meathghdah-ocBylamine, and the like, as well as substituted denvat:ves
thereof containing one or more noninterfering substituents such as
hydroxy groups, for example triethanolamine, N-methyl-di-
ethanolamine, tris-(3-hydroxypropyl)-amine, and the like. Heterocyclic
amines can also be used such as pyridine, picolines, lutidines,
collidines, N-methylpiperidine, N-methylmorpholine, N-2'-
hydroxyethylmorpholine, quinoline, iso-quinoline, quinoxaline,
acridien, quinuclidine, as well as, diazoles, triazole, diazine and
triazine compounds, and the like. Also suitable for possible use are
aromatic tertiary amines, such as N,N-dimethylaniline, N,N-
diethylaniline, N,N-dimethyl-p-toluidine, N-methyldiphenylamine,
N,N-dimethylbenzylamine, N,N-dimethyl-1-naphthylamine, and the
like. Compounds containing twe 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,
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1-tridecanal, 2-ethyl, 1-dodecanal, 3-propyl-1-undecanal, pent adecanal ,
2-met hyl - 1-tetradecanal , hexadecanal, 2-nethyl -1- pent adecanal ,

hept adecanal , 2-net hyl - 1- hexadecanal , octadecanal, 2-

nmet hyl -1 - hept ¥ nonodecanal , 2-net hyl -1-oct adecanal , P%T’Hﬁmnn

1- hept adecanal , 3-propyl - 1- hexadecanal , ei cosanal, 2- nethyl

nonadecanal , henei cosanal, 2-nethyl-1-eicosanal, tricosanal, 2 met hyl -
1-docosanal, tetracosanal, 2-nethyl-1-tricosanal, pentacosanal 2-

nmet hyl -1 -tetracosanal, 2-ethyl 1-tricosandb; 3-propy|-1-docosanal,

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

- octacosanal, hentriacontanal, 2-nethyl-1-triacontanal, and the |iKke.
Il'lustrative optically active aldehyde products I ncl ude (enantioneric)

 al dehyde compoupds, fLeRARALD hek s thdUCHiB00LMAR ERbIGIRCESS of
this invention SUCFI )g‘g Fso ggg/nﬁ ny( 19453[)'1?%e @Lyde

S- 2- ( 6- met hoxy- 3 COPWS‘;SHE B
S- 2- (3- benzoyl phﬁrewleh-date ﬂllene\ait}ieﬂ;ajda,sclﬁsure of which is incorporated herein

2- (p-thienoyl ph gg%g% Kta

phenyl ) phenyl progl)pgﬁeg yde Zlb?‘lﬁgfg %‘hg% 51)4(v.gna 1?35? ndol -

2-yl ) phenyl propr@ﬁqaweéeqw@edatss far(suchesey | acet al dehyde) - 5-

- benzoyl t hi ophene and t he Hikstrative of suitable organikcustrogén mﬁmpbundstabl e

Substituted ang GRNSERe bR ARGY g% s e L S e

~ Encycl opedi a of KipeRthmerTeerrdeers °g§z’9 ditipmht | nent
portions of whi 4B96/ihe pertinpat pbﬂﬁbx’fseusfewluchyaneahmnmed herein by As
I ndi cat ed above }ﬂc% generally preferred to carry out the
hydrofornylatlon processes of this inventjon a conti ner. In

n
general, continuous hydr ofBf #Foun &f%%@ééggggﬁ? €°’R@F’angﬁﬁmaiy % he art
and may i nvol veprész:ht iy the texctionaprodact flaidforfscavenging tiné phospharesi al (s)

wth carbon nong &iﬁo@ﬂ%@g&iﬁﬂﬂhwo%anBGEQ@%r{ﬁﬁﬁchn m xture

conmprising a so YJ%]s of the this invention is 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



or ganophosphite Iigand conplex catalyst, and free organophosphite |igand,
(b) maintaining reaction tenperature and pressure conditions - WD
97/ 20792 _ PCT/ US96/ 19276
-48- . favorabl e to the hydrofornylation of the olefinic starting
material (s); (c) supplying make-up quantities of the olefinic starting

mat eri al (s), WAHERBWA nonoxi de and hydrogen to the reaction PEATUSAe/E27& hose
reactants are used up; and (d) recovering the desired al dehyde
hydrof or myl ati on product (s) in any manner desired. The continuous process
can be carried out in a single pass node, i.e., wherein a vaporous m xture
conprising unreacted olefinic starting _ggterial(s) and vaporized al dehyde
product is renmoved fromthe liquid reaction mxture from whence the

al dehyde product is recovered and nake-up olefinic starting material (s),
car bon nonoxi de and hydrogen are supplied to the liquid reaction nedium

for the next si ngl e Pass through w thout rec c(Li ng the unredcted olefinic
starting mat ef™8 PE?.%R?F‘“’?‘}Y ae nb?°$"éb%?@°‘é? EE%GF‘E“&F e fractiopnown in
the art and nmediumdbadso provide thatchmenytcdfifnee béterorycliemitrogeiganophosphi t e
o1 otuct (51, SH P%Jﬂfgzﬁ%“%"&?" a0 pafedstie by VaBoHEREGAERT 330 o a
gas recycle B?%d’léii]tﬂl ‘gge §§5iH‘F @Qﬁ%"é’é??tf’bf*aék%ﬁ}'ﬁie, in US Patent
4,247,486, as well as Accondinghatheaqudousdiuffen sbhutivrdtreatmgasof #iycl e
procedure 11 il@kbAGmi R A1 cedtvl treefihodphékitartidi aliRBhsnds Adfl 830 and

hyr of o nyl at RATEYAEEEn GRhqaphite gAY FOSPPIEs ABHAIBESCORBIHEE ROV | | qui d
catal yst recyplodupt flagdss thSaghedishuffersoiution alspsurpeisingie remmesadur_ es are
di scl osed, T of,3ih6rud feilfic matdr?iIH thbeSnvetsfiiCodatict salt formed

by the use of the organic nitrogen compound scavenger when employed,

i.e., the phosphorus acid of said conversion product salt remains behind
in the aqueous buffer solution, while the treated reaction product fluid, -
along with the reactivated (free) organic nitrogen compound is
returned to the hydroformylation reaction zone.

Another problem that has been observed when
organophosphite 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
organophosphite 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, organophosphite, carbon monoxide and hydrogen, loses at



4,774,361; 5,102,505 and 5, 110, 990. In an enbodi nent of this
I nvention, the al dehyde product m xtures nay be separated fromthe other
conponents of the crude reaction nmixtures in which the al dehyde m xtures
are produced by any sui tabl e met hod. Suitable separation nmethods include,
for exanpl e, extraction, crystallization, distillati

vapori zati on, \§§ rgﬂél | m evaporation, falling fil mevaporat |P3%7U59?{59§76
separati on, fiItratlon and the like. It may be desired to renove the

al dehyde products fromthe crude reaction mxture as they are forned

t hrough the use of trapping WO 97/ 20792

PCT/ US96/ 19276 -57- - 49- agents as
described in published Patent Cooperation Treaty Patent Application WO
88/ 08835. A preferred nmethod for separating the aldehyde m xtures fromthe
ot her conponents of the crude reaction m xtures is by nmenbrane separation.

Such menbrane Sghag fneg boofiin \fsgn%fo%d dbting kBbait N0
5,430, 194 and copeng_b % ent %o catl.on (11 E 430, 790
filed May 5, 19%% R ‘Eimflbtm%?oﬁ/ untered m"ap"“z °‘i"ﬁﬂ]i"€ ted above, at
t he concl usi on pfovides dlrburegfprttheformamnsd aatalykically vativiear lesshactesi r ed

al dehydes may bgy, g thvsgs&?esf&?x@m foﬁz,meqmﬂgam;ﬁanyﬁ, e the process

of this invention. exanqp e recgovery techni ques | ed in US.
Patents 4, 148, 89@‘31%@93"?&?“%6" P5§°‘B’§éﬂ°"l*6¥° Vﬁ%‘t’aé'ﬁ}%‘g qut thecont i nuous
l'i quid cat al ysimaremw despribed andithaghbir ¢opending UeS. [RatenilAppHedtiom m xture

t | d t
i ”LEﬁoieng*g? 0 Tuap g sFhbipte. W&E({;gc%hggi}éﬁ% E 2one,

e.g., vaporizer} QFmYy. Péﬁ’ﬂcqsﬁé‘"déléf’?'é‘?}%gﬂé
separated vi a dpattidl pressure inrthepeesencanf a fedeshyeterocyclikenitrogennl |

compound as disclosed therein.

By way of further explanation it is believed the free
heterocyclic nitrogen compound serves as a fep_lacement ligand for the
lost carbon monoxide ligand thereby forming a neutral intermediate
metal species comprising a complex of the metal, organophosphite, the
heterocyclic nitrogen compound and hydrogen during such harsh
conditions, e.g., vaj:orization 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 catalysf 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, organophosphite, 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



reduced or elevated pressure, fromthe liquid reaction fluid, condensed

and collected in a product receiver, and further purified if desired. The
remai ni ng non-vol atilized catalyst containing liquid reaction mxture may
then be recycled back to the reactor as may if desired any other volatile
materials, e.g., unreacted olefin, together with any hydrogen and carbon
nmonoxi de di ssMOAI@ITIR the |iquid reaction after separation tREVESSNR2TOM

t he condensed al dehyde product, e.g., by distillation in any conventi onal
manner. In general, it is preferred to separate the desired al dehydes from
the catal yst-containing reaction nixture under reduced pressure and at | ow
tenperatures so as to avoid possible zﬁdation of the organophosphite

| i gand and reaction products. Wen an aIp a-nono-ol efin reactant is al so
enpl oyed, the al dehyde derivative thereof can also be separated by the
above net hods. More particularly, distillation and separation
o b oeen o B AN b Lot finel st Theteby reRATE Bl S iVe GedhaE' ©

PCT/ US96/ 19276 in the hydroformylation reaction zone. - 50- cat al yst

cont ai ni ng reaction prodqq;uf gllﬂsm %&ﬁggtﬂgstﬂ&yachﬁgtgﬂgu%m

tenperature desir enera I ST recomren stillation
take place at PUfR S'ﬁaJ GW"Pér’fﬁé?’élttt?r lgmlﬁeggr@@q:mte d bpcarming and

mor e pref er abl yuatsueh ﬂestﬂéata:bmoéthendéshmdr&idghy@é pfaduet frobothie fidkgl-r] C to
about 140[err] Gr%ﬁo phbsphie cqemg@édﬁfaﬁﬁﬁgm&%pp%t ﬁlam ,]nadh%ehy de

distillation t I"ace™ un ce a gas pressure
We?%r&la‘rféﬁe #ﬁfé*rP&ch natrogen Eg@QPB" gﬂiﬂ”@%ﬁ"&url ng

that is subst a
hydr of or nyl at i on siherenibereddictergyelicahg densisting.of 2 646 ¢arb6ih aterthy ande

ol ved of Ungen A eshiath Mo, M0 LA G RN BRrodehs fonds’ O 072 eT)

are invol ved. For tan rHrd r tice
contalmsng a ubfie guc% eterocycsxc nitrogen compounds

may be selected from the class consxstmg of diazole, triazole, diazine,

and triazine compounds, such as, e.g., benzimidazole or benzotriazole,
and the like. The term "free” as it applies to said heterocyclic nitrogen
compounds is employed therein to exclude any acid salts of such
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 heterocyclic nitrogen compounds may also be employed in
any given process. Moreover the amount of such free heterocyclic
nitrogen compounds present during harsh conditions, e.g., the
vaporization procedure, need only be that minimum amount necessary
to furnish the basis for at least some minimization of such catalyst
deactivation as might be found to occur as a result of carrying out an
identical metal catalyzed liquid recycle hydroformylation process
under essentially the same conditions, in the absence of any free
heterocyclic nitrogen compound during vaporization separation of the
aldehyde product. Amounts of such free heterocyclic nitrogen
compounds ranging from about 0.01 up to about 10 Weight percent, or



subject the liquid reaction product nediumrenoved fromthe

‘hydrof ornyl ation reactor to a pressure reduction so as to volatilize a
substantial portion of the unreacted gases dissolved in the liquid nedium
whi ch now contains a much | ower synthesis gas concentration than was
present in the h drofornylatlon reaction nediumto the distillation zone,
e.g. vaporize™ é For, wherein the desired aldehyde produRGTP¥en9276
distilled. In general distillation pressures ranging from vacuum
pressures on up to total gas pressure of about 50 psig should be
sufficient for nost purposes. As indicated above, the
reaction product fluids containing phosg®rus acidic conpounds and
carbonic acid conpounds may be treated in an acid renoval zone sufficient
to renove at | east sone anount of the phosphorus acidic conpounds and
carbonic acid conpounds fromsaid reaction product fluid. In an enbodi nent

of this inventﬂugpe ﬁd&%ﬁ%ahég ed%?&?é‘fa‘t%&gwi?%h@‘oﬁ’tﬂ% %g&ﬂgb fHeidiger adat i on

and catal yst deactivation a preci pl this
i nvention i nvolXe88&tien pr ‘Fﬁjfbﬂti tp ke q‘ﬁ#&?ﬁ?l?fﬂlé csrqu@G“Et masight  in
copendi ng U. S. pimtpesés. Appl i cation Serial Nos. (D-17245-1) and (D 17646) ,
both filed on an even dat St

ﬁg%tg\% é},ﬂﬁ ot ?Mﬁ?ﬁg‘tw aqueous buf f er

i ncor porated her n_by re erence cQnpri ses

sol ution and optydmiarmyl G%M?%Ct'fﬂnt?'@éeﬁt @Bﬁ%@ﬁmqﬁ%ﬂ%ﬁr&%%é’d t her ein.
WO 97/ 20792 through the intermediate use of a heterocyclic amine which has a

PCT/ US96/ 19276 g

For instance, sal I hvent | on co r| ses treati ng

at |east a por imsmissibl ﬁPP@ reagtigRiProdystbiuid apdin) yst
cont ai ni ng reactﬂiemqmbﬁdtﬁtﬁcmbhw’maedee"temgicﬁcr amisaithy fistdecdontagtedt i on

process and whi &ﬁh%h@%ﬁ?%%g&%?%ﬁBﬂ%ﬁ&ﬁ&i ffuid where the acidity
present in the reaction product fluid will be transferred to the nitrogen
of the heterocyclic amine. This heterocyclic amine layer may then be
decanted or otherwise separated from the reaction product fluid before
contacting it with the aqueous fraction where it again would exist as a
separate phase. The heterocyclic amine layer may then be returned to
contact the hydroformylation reaction product fluid.

Anocther 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

tgocarbon or 55;1 ?‘?’e side f:h?m of sufficient size thétll



conpounds and carboni c acid conpounds fornmed during said hydr of or nyl ati on
process, with an aqueous buffer solution in order to neutralize and
renove at |east sone anount of the phosphorus acidic conmpounds and
carbonic acid conpounds from said reaction product fluid, and then
returning the treated reaction product fluid to the hydr of or myl ati on
reacti on zoneW&97881ar ati on zone. Illustrative phosphorus BCTAIE®/19276
conpounds include, for exanple, H3P(J err], al dehyde aci ds such as hydroxy
al kyl phosphonic acids, H3P(J err] and the I|ike. Said treatnment of the

nmet al - or ganophosphite |igand conpl ex catal yst cont ai ni ng reaction product
fluid with the agqueous buffer sol ution be conducted in any suitable
manner or fashion desired that does not undul y adversely affect the basic
hydrof ornyl ati on process from which said reaction product fluid was
derived. Thus, for exanple, the aqueous buffer solution may
be wused to tr t all or part of a reaction nediumof a _continuous |iquid

catal yst recyclydrlermpiatian sractian syelesisarepere tplengat of higherdevels ofn t he
reacti on zone atatsfyhan higherilevels of Q:Exdaf’ltlﬂfs, tiep@atir ah strptiathglgibdehyde

product therefr r treat I nvol ves
treating all or 9@21 t{;/%’? ?‘%}g&rﬁeac ‘ly%%&ps%o ? 9‘?? gggg%rlggf'ﬂg %ﬁ‘é&r

distillation ofhg&§ Rychydrelysie al dehyde product de5| red, e.g. prior to or
during the recycl i ng of Yatdnbﬁﬁ&hbéﬂhsﬁbﬁﬁwenﬁn@d}rhﬁu}ﬂmm Won zone.

For instance, e I s, al | part
(e.g. aslip str %ﬁ{%ﬂ %ﬁﬂ&gﬁ?&egcﬁgﬁé |%ﬁa}°r§§g§$m¥'f’ﬂ$gﬁ bei ng
recycled to t h&seludnithis ingpatien inyel YPSaFaqmqegouék mtloncdﬁﬂcabndng t he
aqueous buf f er andltdbghtid tsfendeigdUeS. Patdnt Applivation SeribRNdsN@MD- 19852e is to

the netal - or SLGERLIERIboth fled gn an. syen di\eherbuich, Uk dReleRRRee on
pr oduct whigipane inogypgrated herem by reference, w xch comprises using
PCT/ US96/ 19276 water in conjunction with acid removal substances and%ptionally

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




fluid to be treated with the aqueous buffer solution may contain in

addition to the catal yst conplex and its organic solvent, al dehyde

product, free phosphite ligand, unreacted olefin, and any other ingredient

or additive consistent with the reaction nediumof the hydrofornylation
rocess from Id reaction product fluids are derived.

gyplcally naxp%%‘”%h%%ous buf fer EO|UtI0n concentrations arecgnFyﬁggverned

by practical considerations. As noted, treatnent conditions such as

tenperature, pressure and contact tine may al so vary greatly and any

sui tabl e conbi nati on of such conditions may be enpl oyed herein. In general
liquid tenperatures ranging from about Bl-err]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 lower or higher tenperatures could be enployed if

desired. Normally the treatnment is carried out under pressures ranging

- from anbi ent t%%fcﬁ%':ﬂ&@%?ﬁﬂr&??ﬂ% I-élﬁréiﬁﬁtﬁﬁichtdoﬁpm uhy id OM a

matter of secon m nutes ., to,, ﬁ hour.s 0{3‘0
Mor eover , succé‘§‘§ PReT EFRIDF ﬁ@dﬂﬂ?ﬁ‘é’ﬁﬁ ¥ QE82reF &yt g"c‘bﬁ?}BBﬂ‘éEdsf‘?‘%m t he
reacti on produdisdlbsedithremginbe determ ned by neasuring the rate degradation

(consunption) of the orggpgp Qﬁmétﬁhaﬁ QH%‘%‘%&%J Wta‘?al zatj on and:

hydr of ormyl ati op reactjon ne tion ,as
extraction of d}@gmmﬁ'&sonaﬁ rbrasewp‘eﬁtﬁ t degetivation ag @sugse&hqran sol uti on
proceeds, the pHnde prewehtdd @rf lessdnedi lpn(a) viddtireiy sideastosrt ieabber nore and

more acidic. Wgg talEQeQ{fJ mo%%‘é?ai Peafcﬁ%rkg%fi? iR ut| e%@r&nas“a‘ui“ ty

| evel it may sim

e
The aqueous’ bufth @mﬂ% PE?PSP%% wehifh also con %Mﬁﬂhwﬁﬁf“}fgﬁprl se any
sui t abl e buf f ercomporumds fomédadunmgsmlhydrﬂfonnymuods;;roc&dsavmhutziter and

proportions of s‘mﬁﬁgﬁgbf%ﬁ to?@ﬁe bﬂsspéﬂaﬁ.l@gcﬁi I r aqueous

sol uti ons may range , pre era nor e
preferably fr oﬁPE‘RS’“F’éS[E'QJn spifl reactiop prp v&t 3@& @) trrating msayslﬁe#s may
I ncl ude m xt ur enedbn @xclmsgesinecitddastr @ poitivn of thepwvater 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.

" In addition to hydroformylation processes, other processes
for which this invention may be useful include those which exhibit a
loss in catalytic activity of organophosphite promoted metal catalysts
due to hydrolysis. Illustrative processes include, for example,
hydroacylafion (intramolecular and intermolecular), hydroamidation,
hydroesterification, carbonylation and the like. Preferred processes
involve the reaction of organic compounds with carbon monoxide, or



WO 97/ 20792 _ o
PCT/ US96/ 19276 -53- consi sting

of phosphate, carbonate, citrate and borate conpounds and cations
selected fromthe group consisting of amroni um and al kal i netals, e.g.
sodi um potassium and the |ike. Such buffer systens and/ or met hods for

t hei r prepar aVPHF28P2 wel | known in the art. PrROTAISIEIO26T f er

systens are phosphate buffers and citrate buffers, e.g. nonobasic :
phosphat e/ di basi ¢ phosphates of an.- alkali netal and citrates of an al kal
nmetal. More preferred are buffer systens consisting of m xtures of the
nmonobasi ¢ phosphate and the di basi ¢ phgsphate of sodi um or potassium
Optionally, an organic nitrogen conpound may be added to the

hydr of ormyl ati on reaction product fluid to scavenge the acidic hydrolysis
byproducts forned upon hydrolysis of the organophosphite Iigand as
~taught, for exa at e

. S. 567, 306. organi c nitrogen
conpounds nay B’nahg"’é'@of‘dn?'é"&e eﬁPaﬁ%ﬁdf??Ctﬁ’éﬁter%ﬂ ﬁ‘i‘g""gﬁé c conpounds
by form ng conpessehceofcartionidiexte andteheatalytihamiohat eby metatent i ng t he

~ rhodi um from cg,ggg%,gphg l.mglﬁ &H&coﬁﬁléﬂ &tgﬁgrtoml rlﬁrgdﬁgwgas and thus

~ helping to prot ct , un catal yst
while it is prBE¥REsESANE :fefé%?ﬁ%awﬁ%%aaa&ér ‘H}A\HPBPBT myl ati on
condi tions. The choice oAswhth bydpformylationggecessespihese otlosr ;irb'béssieblnCt i on

cond 4
15 solubl e | n TR roayatabits of bk dyiimbhio thy DrdRefbd FbefBbElL, 1™

formation of a{’%ﬁmﬂeﬁt&%ﬁ% g fendnchRd in SRy ceRtinnoys or 58 cant rate
of to unduly remtinwidsHfashion q.mbﬂlaytm&bﬁehytjecatalyst liquid and/or@aeh organic

nitr n r ef er abl
froms to 24 cop %‘ﬁ@"ﬁﬁ“ Befirsd )T peficdd b g e‘z“é“x*iﬁi"sﬁé’“ﬁfoﬁq o a0
sai d organi c nP¥ OELIROEIROTE BRag éP'F-‘e&de“a hFaSgRFoRgHIR M ds
shoul d have a aud sigredigntsof ﬂmﬁfuce'ssastarehmt cf-mcal ﬁea&ui‘edaoﬂ thig/ in the
organi ¢ phase. quanQﬁ”@l"}?é procédsi &Mn@?e ﬁn}ynttiroﬁ%ﬁ %ﬁ%gﬁ&ﬂf usef ul
for scavengi n%)nat eg@{i’ horus ac : oD, gt Fregﬁ' %‘f
hydr of or nyl at i V1% %Bﬁ?ﬁe ?’Iné'ltﬁ qf"ﬁ? eretolareiemp Pﬁ tRle those

conventional processes. For instance, the processes can be conducted

in either the liquid or gaseous states and in a continuous, semi-

continuous or batch fashion and involve a liquid recycle and/or gas

recycle operation or a combination of such systems as desired.

Likewise, the manner or order of addition of the reaction ingredients,

catalyst and solvent are also not critical and may be accomplished in

any conventional fashion. This invention encompasses the carrying

out of known conventional syntheses in a conventional fashion

employing a metal-organophosphite ligand complex catalyst.

The hydroformylation 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
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-54- having a pKa value within + 3 of the pH of the aqueous buffer
solution enployed. Most preferably the pKa value of the organic nitrogen
conmpound wi I | be essentially about the sane as the pH of the aqueous

buffer solution enpl oyed. course it is to be understood that while it
may be preferY@d"8Y2npl oy onI y one such organic nitrogen coRptURY19%/6 o
time in any given hydrofornylation process, 'if desired, m xtures of two or
nore: di fferent organic nitrogen conpounds may al so be enployed in any

gi ven processes. : II'lustrative organic nitrogen conpounds

i nclude e.qg., trialkylamnes, such as tyggethylam ne, tri-n-propyl am ne,
tri-n- butylamne, tri-iso-butylamne, tri-iso-propylam ne,
tri-n-hexylamne, tri-n-octylamne, dinethyl-iso-propylam ne, -

di met hyl - hexadecyl am ne, nmethyl -di-n-octyl am ne, and the Iike as well as

substituted dedé %t 'rrngﬁy%A ﬂe{}ﬁQSn&e%'l %fxlﬁ gq)eoipgllnggﬁggs?% terfering

substituents s I ox rre m ne,

N- et hyl - di - @pnmmeaﬁwm@' mpr¢ @G@ﬁ)‘/@ﬁﬁlﬁfp’fbﬁﬂ}%oﬁé scarhi:er #enei ke.
Heterocyclic amplyed antitikSAvdiRiobRA asecélsaﬁgléwéssdl azemaga&ak rfias

| utidi nes, coII|d| net | lL,Line, N-2'-
hydr oxyet hyI nor “ﬁ’o rlnrﬁxére &SCWSP‘\‘E&)“P i&%b?"h%&?ﬁ Ee&t%ﬁtﬁq th@ acridien,
qui nucl i di ne, asamn zene s)onruizﬁﬁmatwn|za@dﬁéenmiwsgdterammayraxmtune
conmpounds, and the®akmdessél crandifferditrebodls P TS ebémpl@ feddteve ar omat ic

R o g o TSR A0 ben P BRELAS  ve
N, N- di net hyl - | snnpmw and e llkﬂmam@ccurnkéhe ceaghionreDetdnt ai ni ng two or
more amino groups, such ghe Hydhofdrmiylatic prsvesdeslofthisliaventibihn deand
triethyl ene di % nHSc&h ifi'a batch or continuous fashion, with recycle of

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



1, 4-di azabi cycl o-[ 2, 2, 21-oct ane) can al so be nenti oned.

Preferred organic nitrogen conpounds useful for scavenging the phosphorus
aci di c conmpounds present in the hydrofornylation reaction product fluids
of the this invention are heterocyclic conpounds selected fromthe group

consi sting of diazoles, WO 97/ 20792 _
PCT/ US96/ 192780 9720792 : -55-  PCTAUSO#/E2W es,
di azi nes and triazines, such as those disclosed and enpl oyed i n copendi ng

U S..Patent Application Serial No. (D 17423-1), filed on an even date
herewi th, the disclosure of which is incorporated herein by reference.
For exanpl e, benzi m dazol e and benztriazg&g are preferred candi dates for
such use. Il'lustrative of Suitable organic nitrogen
conpounds i ncl ude those perm ssible organic nitrogen conpounds descri bed
in Kirk-Q hmer, Encycl opedia of Chem cal Technol ogy, Fourth Edition,
1996, the pertipent portions of which are_incorporated herein by

ref erence. uctuations, oriQPrayeRkANY, POkl nFenaweY Jgartie® npound t hat nmay

be present i rtefdperatmesi on product fluid for scavenging the phosphorus

aci di ¢ conmpounds present o | | ' r fluids
Hl b ol AL BEAH-Bde00L ARG £08nRER JE be

of the this invention is typical rovi centration
of at |east abcgndpcteddn ong rgmere steps op stagesc Thierexggenumbepabound per

liter O]::I r eact ireactiow Stepls drlstages dv?u begovérnet ity thetbest &mprodigani cd_ni trogen
conmpound to tot | { Wt h s hodi um or
pr gr; ent as f reeb_% (%‘F_’ géﬁggﬂgggﬁﬁ?%%ﬁ? sa_ c%ﬁ eé\isq{k% &3%18’3% Q%H%g‘?%nag: tlg\ll} h nore
preferably at |lfakdmespg eage of operghility prewell asitheintrinsie geagtivityiofor or gani c
ni trogen conpouthe seamingy athterials in question and the stability of the starting

materials and the desired reaction product to the reaction conditions.

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

For purposes of this invention, the term "hydrocarbon" is
contemplated to include all permissibie compounds having at least one
hydrogen and one carbon atom. Such permissible compounds may also
have one or more heteroatoms. In a broad aspect, the permissible
hydrocarbons include acyclic (with or without heteroatoms) and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic organic compounds which can be substituted or
unsubstituted.



governed mainly only by econom cal considerations. Oganic nitrogen
conpound: organophosphite nolar ratios of at |east about 1:1 up to about
5:1 shoul d be sufficient for nobst purpose. ' It is to be
under st ood t he organic nitrogen conpound enpl oyed to scavenge said
phosphor us ackﬁ%g conpounds need not be the sane as the heteroc%flic
nitrogen conp ﬁ%?oyed to protect the nmetal catal yst unfetv
conditions such as exist in the al dehyde vapori zer-separator, as taught
in copending U. S. Patent Application Serial No. (D-17423-1), referred to
above.. However, if said organic ni trogen conpound and said heterocyclic
ni trogen conpound are desired to be theggane and perform both said
functions in a given process, care should be taken to see that there wll
be a sufficient WO 97/ 20792

PCT/ US96/ 19276 - 56- anDunt of the

heterocyclic nitrogen cor%gundq@%geseg eteﬁ h‘%uESﬁ&'iﬂeﬂnxs ong %"ﬁg Iso

provi de that anount of fr ro en
hydr of or nmyl at i oinchrdsecald germu@zble\sszbentmts gépgeem@pomppm@s mﬂess al | ow bot h

desired functi Oéﬁlei'ﬂlééﬁinamlté’& e!’n a broad aspect, the“?@@ﬁi&biwé §u$§i§tuéﬁt&eous
phosphor ¢ aci AR RIRiaSPA e 8 T 84 HnpraBiied rboof AR compl ex
cat al yst cont ai hemgoqyehe,tammatm mﬂmpnammc swmlfalqntmfsomanicer sol ution

al sg S ;Jr pr: tSI Pgédfngs&iﬁasesnldshﬁtwmm.eﬂtuén@.%dmemﬁxhﬁiplefalkgne conver si on
produc Ssa or

Whenerpi oyed, - aioxy. beal Srege trosy HGpsalRyl 30, SROROHR ucr salt
remai ns behind halngemendcfheduge ipuwhish tb&lrmmber ofgsirbens pan rangetframrkact i on
product fluid, tcdisut@ 20 érmbhs, prepehbMafrest 1 6 860uto1PaThe peihisagae conpound
'S substituents can be one or more and the same or different for
appropriate organic compounds. This invention is not intended to be
limited in any manner by the permissible substituents of organic
compounds.

Certain of the following examples are provided to further
illustrate this invention. All manipulations were carried out under a

nitrogen atmosphere unless otherwise stated.

Example 1

A magnetically stirred, 100 milliliter capacity, stainless
steel autoclave was charged with a tetraglyme solution containing 68
parts per million rhodium, 0.1 percent by weight Ligand F (as
identified herein), and 0.49 percent by weight of water. The solution
was stirred and the reactor temperature was then taken to 79°C. 60
psig of nitrogen was then introduced into the reactor, followed by 60
psig of H2:CO:propylene (1:1:1 mixture). The rate of reaction was then
determined by measuring 5 psig pressure drops by pressurizing the
reactor to about 125 psig with H2:CO:Propylene {1:1:1), sealing the
reactor, and measuring the time for the pressure to drop from 120 psig
to 115 psig. The average rate for three runs was found to be 1.39 gram
molefliter/hour. This is a control experiment to demonstrate the inert
nature of carbon dioxide in organopblyphosphite modified rhodium
hydroformylation reactions. Example 1 provides a control



returned to the hydrofornyl ation reaction zone. Anot her
probl em t hat has been observed when organophosphite |igand pronoted netal
catal ysts are enployed in hydrofornylation processes, e.g., continuous
liquid catal yst recycle hydrofornylation processes, that involve harsh
conditions such as recovery of the aldehyde via a vapori zer-separator,
i.e., the sloWOeKW?92n catalytic activity of the catal ysts irCrmdo%anss due
at least in part to the harsh conditions such as exist in a vaporizer
enployed in the separation and recovery of the al dehyde product fromits
reaction product fluid. For instance, it has been found that when an

or ganophosphi t e pronoted rhodiun1catalyg%GLs pl aced under harsh conditions
such as high tenperature and | ow carbon nonoxi de partial pressure, that
the catal yst deactivates at .an accelerated pace with tinme, due nost likely
to the formation of an inactive or |less active rhodium species, which may
al so be susceptible to precipitation under _ _prolonged exposure to such
harsh condi ti orf¥pPeriRantal vate with nitragenin addisiontterthe hydrofommwatéon t hat t he
active catal ystgasgs.ch under hydrofornylation conditions is believed to
conprise a conplex of rhodium organophosphite, carbon nonoxi de and

hydr ogen, | oses at WO 97/ 20792
PCT/ US96/ 19276 : Example 2 -57- | east sone

of its coordinated carboThegpioddigelih Exagnsiur was cegased with tige such harsh

formation of o bartEadb Be babArbAiE T cbon bl inRRERGRCrIhRERE, | e
nmeans for preveits #xprage rateifar 3irugs swasfound 4 eyis40 gramtmoledliten/bam/ or
preci pi tation iwhichieesseatially'the@dind £the hydtofirnd/laties ¢htddfieand taught in
copending U.S. n??zlog&g W%%ﬂeg&{ﬂ With the hydroformylation gases. 'Thus there is
no reduction in hydroformylation rate when carbon dioxide is present
when using an organopelyphosphite modified rhodium catalyst.

Example 3
The procedure for Example 1 was repeated with the

modification of using a solution containing 148 parts per million of
rhodium, 0.5 percent by weight of Ligand F, and 0.70 percent by
weight of water. The average rate for 2 runs was found to be 2.47
gram mole/liter/hour. This control example illustrates
hydroformylation in the absence of carbon dioxide.

Example 4 .
The procedure in Example 3 was repeated with the

modification of using 60 psig of carbon dioxide in the place of nitrogen.
The average rate for three runs was found to be 2.44 gram
molefliter/hour. Comparing the results obtained in Example 3 with
the results in this Example 4, it is apparent that carbon dioxide acts as

 an inert in the system, and there is no reduction in the rate of
hydroformylation.

Comparative Example A
To a mechanically stirred, stainless steel, 100 milliliter

autoclave was charged an aqueous solution containing 946 parts per



Serial No. (D-17423-1), referred to above, which conprises carrying out

the hydrofornyl ation process under conditions of | ow carbon nonoxide
partial pressure in the presence of a free heterocyclic nitrogen conmpound
as di scl osed therein. By way of further explanation it is

bel i eved the eterocyclic nitrogen conpound serves as r epl acenment
| i gand for thyﬁi’@%& carbon nonoxi de |igand thereby form ng Pg'rﬁ’ggﬂ’& 6

i nternedi ate net al species conprising a conplex of the netal

or ganophosphite, the het erocyclic nitrogen conpound and hydrogen during
such harsh conditions, e.g., vaporization separation, thereby preventing
or . mnimzing the formati on of any suché@bove nentioned catal ytic

i nactive or less active netal species. It is further theorized that the
mai nt enance of catalytic activity, or the mnimzation of its
deactivation, throughout the course of such continuous |liquid recycle

hydr of ornyl at i O?im°'gup’ﬁ‘fm‘5’g‘%{ﬁs3itﬂ}?9tgggb Qgigqﬁto%i\gﬁsé(%ah alyst fromsaid

neutral internedi ate nmeta ecl es eactor .. hydrof ornyl ati on
reacti on zone) SPUPRALOPRLPYUPMROSPhIRA TEST tg tatpdinnsalls Themaster 1t s
bel i eved that umdsrthehehargitewithylf6psigmitragen and heatddta30°aL. i Tie

conditions in t?@a&ﬁf‘%tagrthﬁ{x ?ﬁa&%i‘%@r‘]% ﬁﬁi‘?‘ﬁé’?gn Eﬁ%#e%gnggt al,
s ”

e.g., rhodium organophosp car np 0
regenerated as %° Pé?gtﬁthrﬁ‘Fs‘é’Sﬁgsé‘F PPW&BW%HS ﬂfgf ard sealedant

syn gas repl aci Pyessureldedps cthel reactior iwerg atiedsugad eviti rdspect toaymepd
neutral i nternegj ﬂ%‘@e #@éﬂfz@' L S x | de
having a str ongg‘?l | g%ﬁ%% | y%l???e-?[ odi tﬁl‘&?@%ﬁ%ég‘i‘? Eg&ﬁ%m%eakl y
bonded het er ocyth¢ BeRSurggesRt- HE%HW-%‘FWW@“? Edtecatd? menites was foppdtRedi at e
r hodi um speci esbel5238 peig/rhimuted Thiy examplentiustratesohydroformylatitd® 97/ 20792
PCT/ US96/ 19276 utilizing a water soluble phosphine modified rhodiﬁrﬁeb'atalyst system

in the absence of carbon dioxide.

Com ive Example B -

This example illustrates the inhibitory effect of carbon
dioxide utilizing a water soluble phosphine modified catalyst system in
the presence of carbon dioxide. The procedure in Comparative
Example A was repeated with the modification of using an agueous
solution containing 915 parts per million of rhedium and 1.5 percent
by weight of tris(3-sulfonatophenyl)phosphine tetrahydrate trisodium
salt and 149 psig of carbon dioxide in place of nitrogen. The
instantaneous rate at 14 minutes was found to be 3.80 psig/minute.
Comparing the instantaneous rate in the absence of carbon dioxide is
only about 71% that of the instantaneous rate in the absence of carbon
dioxide. Carbon dioxide inhibits hydroformylation in this system.

Example 5

Carbon dioxide and dissolved water may give sufficient
carbonic acid to have an adverse effect on the hydrolytic stability of the
organopolyphosphite ligand. The following experiment shows that
carbon dioxide has no such adverse effect on the hydrolytic stability of
Ligand F. Under nitrogen, a tetraglyme solution was prepared
containing 0.2 percent by weight of Ligand F (as identified herein), and



separation as nentioned above, thereby reformng the active catalyst in
t he hydrofornyl ation reaction zone. Thus the possibility of
metal catal yst deactivation due to such harsh conditions is said to be
m ni m zed or prevented by carrying out such distillation of the desired
al dehyde product fromthe netal - organophosphite catal yst containing
reaction prod¥@?7282ds in the added presence of a free het @CEAIS/19276
ni trogen conpound having a five or six nenbered heterocyclic ring
consisting of 2 to 5 carbon atons and from2 to 3 nitrogen atons, at |east
one of said nitrogen atons containing a double bond. Such free
heterocyclic nitrogen conpounds nay be gglected fromthe class consisting
of diazole, triazole, diazine, and triazine conpounds, such as, e.g.,
benzi m dazol e or benzotriazole, and the like. The term"free" as it
applies to said heterocyclic nitrogen conpounds is enployed therein to
excl ude any acid salts o suc terocycli,c n|tr 0 ., salt
conpounds forn@tf“tﬁ)erfﬁ%‘ r}i“'t)??e ‘Fteén&? gaﬂgound pr esent
in the hydrof peruph&byommghb)cﬂasmqiudeﬂjm adtl as aismrheﬂmlsatehdirde&fi
het erocyclic

y aixil{ 1RGF 3 1iGROEOLYE ‘é‘%eé%?ltldbé Wé%%:‘?ﬁrgﬁ f‘dr :g 5 ke F1 her

It is to be understood that né) only one
free heterocyc PELeR TERCHEHY SATYPRE 3"? ﬁé“?ﬂ‘%?fys i ‘V'e‘h“ psig

hydr of or nyl at i ofmisragees sThe ﬁolaiemnsezb,rerhaated 6x957C and then phaced wilidet er ent
free heterocychi i Q@ e iven -
process. I\/breob foQ suc freiius?écro% n‘;g! 2l smreﬁu%:grrpounds
present during ‘H'ar S’r‘FsbyEe’B‘“’mg ugts %P need

only be that rrresaahmmsaelnstatr%@@sgﬁnqanmunt of mm&Ewdsanonlterdbgt | east
sonme minimzat Jpf to occur
hfsQfing4h ¢ of GRS ABhoRReofl Bl ind P |

as a result of carryl entic recycl e
hydr of or ny!| at i BPESHTHR Bﬁ’é%be ere peyna éei&'ﬁ&‘ tesnact to g‘ﬁ@ in the

absence of anyirftemal dtahéani:y’fhble Aishowgehe shops tinel udage withvmspectzat i on
separation of g al dehyde product. Anounts of such free heterocyclic
nitrogen conpounds ranging fromabout 0.01 up to about 10 wei ght percent,
or

Table A
Ti 2 psig 10 psi | 90 psig
me Nitrogen Carbon Carbon
Dioxide Dioxide
(ho % Ligand F % Ligand F ' % Ligand F
urs
} .
0 100% 100% 100%
12 101% 112% 111%
36 110% 116% 106%

Within experimental error, there is no change of the concentration of
Ligand F. Thus the data shows that carbon dioxide does not adversely
affect the hydrolytic stability of Ligand F.

Example 6
The following experiment illustrates that carbon dioxide,

in the presence of rhodium, has no adverse effect on either the



WO 97/ 20792

PCT/ US96/ 19276 - 59- hi gher if
desired, based on the total weight of the hydrofornylation reaction
product fluid to be distilled should be sufficient for nost purposes.

An alternate of transferring acidity fromthe hydrof ation
reaction proap§%nﬁﬁﬂld to an aqueous fraction is through thg&ﬁﬁggpﬁﬁﬁiate
use of a heterocyclic am ne which has a fluorocarbon or silicone side-
chaizn of sufficient size that it is immscible in both the

hydr of ormyl ati on reaction product fluid and in the aqueous fraction. The
het.erocyclic amne may first be contacte#9-w th the hydrofornyl ation
reaction product fluid where the acidity present in the reaction product
fluid will be transferred to the nitrogen of the heterocyclic amne. This
heterocyclic am ne |ayer may then be decanted or otherw se separated from

the reacti on. Pooffiyeldihb Sk ahe pyaAvACtLANL ofidane. AkEQIGEaCt ] On

where it again exl| s ase he er.oc am ne
ey Ty hensblOtog Wi BEeRATed SORFAIBINE £,0 BRChRS R, Fotent o gk Fs on
product fl ui d. 1.0 percent by weightaf vaater|zmd 400 parq;srlmzanilﬂmg of rhodiningi zi ng

[ gand  degr adalq pupoBelng afeabusbe GaRsh) phisaR lﬁ@axfa@ o WLEAMN 8 dihet DAl TRy

be useful in I.NVOQ v% é % vent 1_.on scri bed
and taught in é&r}BFRSPﬁg atzérﬂui’cb‘ ©5the o Sé%"i“a‘i"a arged t9a548)  and
(D-17649), bot Fislidrdebroer bnsttbvém@lﬂhsk lvas puirgéd twive withchdlson éivxide Wwhi ch

are incorporat glgREEE! &Hﬁrﬁi&f ﬁgigo%&g)lan Hﬁré &si13flon Wilse" and

optionally organi c, ni e SC ereln
For instance, e’hﬁ%‘“’ﬁéﬁ‘% ]R)Quﬁcr}pf eofjf %ﬁﬂ%ﬁ"f’l*&fﬁt%d r hodi um

cat al yst deact undér carbag diaxdnss@tﬁwmaiyzerhbyH@NMeNedxcoeadeaasened by
treating at le & ertﬁ)ﬂﬂ'g G SRR dougﬁkﬁf ved fromthe
hydr of or myl at i ﬁﬁ{da gci}ess an B’fs\lfﬁgﬂﬁlggﬁgo con{al ns p Osbﬁigctagﬁg%l dic

conpounds for EP 'ing the hydrofornylation process W|th wat er sufficient
to renove at | east sone anount of the phosphorus acidic conpounds fromthe
reaction product fluid. Al though bot wand acid are factors in the

PKS{ olysis of or ganOpho'i‘ﬁglfcglfowm %r:}c%enment 1ﬂtsxstt2'g est at%le%rg en%e o%scover ed .

carbon dioxide does not enhance the oxidation of Ligand F in a mixture
of rhodium, butyraldehyde and Ligand F. The procedure outlined in
Example 6 was repeated with the modification of using a mixture of

tetraglyme and butyraldehyde (25:75 by volume) as solvent. No
increase in oxidation of Ligand F was observed upon addition of carbon
dioxide in the presence of rhodium and butyraldehyde.

Examples 8 to 12 illustrate the in situ buffering effect of
nitrogen containing additives such as benzimidazole and the ability of
these additives to transfer the acidity to an aqueous buffer solution.

Example 8
This control example illustrates the stability of Ligand F

(as identified herein) in a solution containing 200 parts per million of
rhodium, and 0.39 percent by weight of Ligand F in butyraldehyde
contajning aldehyde dimer and trimer in the absence of added acid or
benzimidazole.
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hydr of ormyl ati on reacti on systens are nore tol erant of higher |evels of

wat er than higher levels of acid. Thus, the water can surprisingly be used
to renove acid and decrease the rate of |oss of organophosphite |igand by
hydrol ysis. WO029720792 Yet another means for preventing oPCHEUSPE92T6ng

| i gand degradation and catal yst deactivation and/ or precipitation that may
be wseful. in this invention involves carrying out the invention described
and taught in copending U S. Patent Application Serial Nos. (D 17652) and
(D-17685), both filed on an even date hefpgwi th, the disclosures of which
are incorporated herein by reference, which conprises using water in
conjunction with acid renoval substances and optionally organic ni-trogen
conpounds as discl osed therein. For instance, it has been

found that hydrolytic dggconpositio nd,.rhodi um cat t, deactivation as
di scussed herein can be%%r%agm'éhyggfﬁdgggﬁ’éﬂla&fvﬁsrgé%ﬁﬂg? gramgekt a
portion of the thebatyraddehyrdecsobition menhtibeed \abdvé.r Sampihes wyrk afslyped at i on
process and hCT ' -l f during
oo oot P ath to ot o s o ik ™
acid renoval s > erg.Y , S} ,

bi car bonat es amerfarmizmncg|Ligeisl Chroamategraphyl felatide ia walibtatiorseriveci ent  to
remove at | easiNG i/ UHe dhoddifaGhe SPIAY FWag'&smcHgE%SeitﬁJrom said

reacti on produgt, fl ﬂ. Because neta al t” cont am nants, I Ton, zinc,
calciumsalts d”fﬂ% P, in a hydroformylation reaction product fluid
undesirably pronote the self condensation of al dehydes, an advantage is
that one can use the acidity renovi ngpy glity of certain acid renova

subst ances with m ni nal nsfer of, Salts to_the hydrofornyl ati on
reaction product fl uid. i ‘xamp?eis srru%llaartoﬂxampleSexcepe/a\at my

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

The procedure for Example 8 was repeated with the
modification of adding 0.017grams of phosphorous acid (H3zPOs3) to the
12 gram solution. After 24 hours the concentration of Ligand F had
decreased from 0.39 to 0.12 percent by weight; after 72 hours the
concentration of Ligand F had decreased to 0.04 percent by weight.
This data shows that strong acids catalyze the decomposition of Ligand
F.

Example 10
This Example is similar to Example 8 except that both

phosphorus acid and benzimidazole were added.

The procedure for Example 8 was repeated with the
modification of adding 0.018 grams of phosphorous acid and 0.0337
grams of benzimidazole to the solution. No decomposition of Ligand F
was observed after either 24 or 72 hours. This shows that the addition
of benzimidazole effectively buffers the effect of the strong acid and
thereby prevents the rapid decomposition of Ligand F.

Example 11



A further neans for preventing or mnimzing |ligand degradation and

catal yst deactivation and/or precipitation that may be wuseful in this
i nvention involves carrying out the invention described and taught in
copending U. S. Patent Application Serial Nos. (D 17650) and (D 17651),

both filed on_ a ven date herewth, the di scl osur es of 7/ 20792
PCT/ US96/ 19278 0 oioith -61- P ?Mﬁ?ﬂ??&?é

i ncorporated herein by reference, which conprises using ion exchange
resins and optionally organic nitrogen conpounds as disclosed therein.

For instance, it has been found that hydrolytic deconposition and rhodi um
catal yst deactivation as di scussed herei n7ican be prevented or | essened by
(a) treating in at |east one scrubber zone at |east a portion of said
reaction product fluid derived fromsaid hydrofornylation process and

whi ch al so contains phosphorus acidic conpounds formed during said

hydr of or myl ati on process f sone
anount of the phosphorus %%Wﬁéshﬁ%@&hﬁ SH%;%%QJ re t%n} %rg‘?)(fuct fluid

and (b) treatinbh¢ acigityfeemt he@n@ﬂg@h 8% Husibe éaﬁfl enisengePon of
t he wat er whi chbﬁmtoapmnqihmplnhé uSga&ﬁc phase, wlpararitican bnmlédmmheai d

reaction produc Illo‘f‘ban wﬁtongpg nore ion exchange resins sufficient to
renove at Ieast Lone " a hosphor us aci di ¢ conpounds, from sai d

water. Because passing aSoHdy IIFF’GF pleddabw wasprepavaddyy plaging direct |y
through an i onleschange( 10agimbl€adf benriifidakeld inm P5EMillilite: beakérarddie i on

exchange resin ﬁﬁgﬁ?rg%ﬁ?éjbé}%ﬁﬁdﬁo@ﬂr?ggn?iﬁ'l‘l?ﬂe?gopfe%aqgﬁlrgﬁﬂgﬂty 14aLi ons,

an advantage is of ion
exchange resi nsthipsalwtianwes slowly added 95 aamﬁsﬁﬁ‘amrcent by weight of Ot her

means for renovphesghvoideid (H:PO))di Uparo additiosicof 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)(H3PO,) solid prepared in the previous step was
dissolved in 10 grams of 0.1 M pH 7 sodium phosphate buffer solution.
The resulting solution was extracted with 10 grams of valeraldehyde.
The organic layer was then separated from the aqueous layer using a
separatory funnel. The volatile components were then removed from
the organic layer by distillation at 100°C to yield a solid. The éolid
was identical to authentic benzimidazole as shown by thin layer
chromatography utilizing a 1:1 by volume mixture of chloroform and
acetone as the eluent and silica as the stationary phase. Based on
recovery of the solid, benzimidazole was completely transferred to the
organic phase. _

This data shows that an organic soluble nitrogen base

which exists as a strong acid salt can be regenerated by contact with
an aqueous buffer and returned to the organic phase.

Example 12
This example shows that a buffer solution is effective at

neutralizing an organic soluble salt of a weak base and strong acid



fromthe reaction product fluids of this invention nmay be enployed if
desired. This invention is not intended to be [imted in any nmanner by the.
perm ssi bl e means for renoving phosphorus acidic conpounds from the
reacti on product fluids. In addition to hydrofornylation
processes, other processes for which this invention nmay be useful include
t hose which e#¥278 |o0ss in catalytic activity of or ganophBCHs6a9276
pronoted netal catalysts due to hydrolysis. Illustrative processes
i nclude, for exanple, hydroacylation (intranolecular and internolecular),
hydr oam dation, hydroesterification, carbonylation and the |like. Preferred
processes involve the reaction of organiggconpounds W th carbon nonoxide,
or WO 97/ 20792 ,
PCT/ US96/ 19276 -62- wi th carbon
nonoxi de and a third reactant, e.g., hydrogen, in the presence of carbon
dioxide and a catal yji ¢ anpunt of a netal-. organophosphite I'igand conpl ex
catal yst. The rfgé‘ﬁ%i"é!‘f@grt 8%35?6%5%%’&‘ Wﬁb?ﬁ%%?&?‘éf%?ﬁﬂleﬁepgﬁebnd
car bonyl ati on. removing the acid ffemvehelorfgnicgshisey| ati on processes, these
ot her processes may be ' 3 ' t red

P y D2 RYMURLIddh e RGP WITTL bhred BRLRIEHE 1S

e < cont | nUCRRECHHAY BiakeHeperiasole ‘Thy Saaionees hepaskmed oy gas
recycl e oper at i@Gas Ghsomatography far bercastrinzgle eontemt to kervepios wefeR@ncedr oduct s
T, T A Tl S S M R
The processi ng Pelefiauyalenty °€Ph%5phﬁmﬂ4%‘§(ﬁh@o@orll“e%%ﬁ@mﬁ%ﬂa%y of the
known processi ripttlecvus addes] 5@ geams of thebptyeyhkithiyde sohitinédmailingr ocesses.
For instance, UG BE5kis Qﬁd%ﬂ%§wﬂﬁt .ye’cb2 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 HaPO3 content by Ion Chromatography. The aldehyde layer was

analyzed for benzotriazole content by Gas Chromatography and H3POj

content by Ion Chromatography. The HsPO3 was found to be

completely transferred into the aqueous layer. Complete return of

benzotriazole to the butyraldehyde layer was also found.

This data shows that an organic soluble salt of a weak
base and strong acid can be completely neutralized by contacting the
organic phase with an aqueous buffer solution and that the free base is

thereby returned to the organic phase.



in either the liquid or gaseous states and in a continuous, seni -

conti nuous or batch fashion and involve a liquid recycle and/or gas

recycl e operation or a conbination of such systens as desired. Likew se,
the manner or order of addition of the reaction ingredients, catalyst and
solvent are a critical and may be acconplished in an ) onal
fashi on. Thi sk‘?(%\’/.'gzﬁhzon enconpasses %/he 'carryim;g out of kno*n&;g%%@grﬂﬁ?onal
synt heses in a conventional fashion enploying a netal-organophosphite

| i gapd conpl ex catal yst. The hydrof ornyl ati on processes of
this invention may be «carried out using, for exanple, a fixed bed reactor,
a fluid bed reactor, a continuous stirrgd8-tank reactor (CSTR), or a slurry
reactor. The optinmum size and shHape of the catalysts will depend on the
type of reactor used. In general, for fluid bed reactors, a snall

spherical catalyst particle is preferred for easy fluidization. Wth fixed

bed reactors, |arger cat Wﬁ{’“@ﬂﬁfﬁ f;;{véﬁtiﬂﬁ aRHeERNGStratd BF cfi4th Pressure

within the reactor is kept reas ] ow. .The at | east, qne reaction zone
enpl oyed in t hiof thepeese eHRAmBlEs it i3 H%@%ﬁ%@?ﬁ%ﬁfﬁ?‘ngé}%’ﬁée two or
nore di screte \thepstysbull hethat, thedavemiien en@aipdsses the generic abd@ &57/ 20792

PCT/ US96/ 19276 1 o reinbefore disclosed, Various m diﬁcationsr and em¥bdiments c#’N€
enpl oyed in this Inyent or onprise two or

nti1on may be a _single vesse mag/
nore di screte \Mﬁéﬁgwlmté\eﬂi&%&f’é‘ﬁbg?c?rmﬁ‘lﬁé‘lndzsé’%et F®pl-oyed in this
invention may be a single vessel or may conprise two or nore discreet
vessel s. It should be understood that the reaction zone(s) and separation
zone(s) enployed herein may exist in the sane vessel or in different
vessel s. For exanple, reactive separation techni ques such as reactive
distillation, reactive nenbrane




separation and the |like may occur in the reaction zone(s).

The hydrofornyl ation processes-of-this invention can be conducted in a
bat ch or continuous fashion, w.th recycle of unconsuned starting
materials if required. The r jﬂml(ﬁmlj ﬂm”“ﬁonduct ed in a single reaction
zone or in a plurality of redd} | #h series or in parallel or it
may be conduMQ@¥29%2chwi se or  continloudly' in an el ongat e®CrAIsasm7&z0Nne
or series of such zones. The materials of construction enployed should be
inert to the starting materials during the reaction and the fabrication
of the equi pnent shoul d be able to withstand the reaction tenperatures
and pressures. Means to introduce and/@r adjust the quantity of starting
materials or i ngredi ents introduced batchw se or continuously into the
reaction zone during the course of the reaction can be conveniently
utilized in the processes especially to maintain the desired nolar ratio
of the starting materials. The reactjon steps may be effected by the

i ncrenental addition of one of the st materials to the other. Al so,
the reaction steps can be conbined by the joint addition of the starting

materi als. \Wen conpl et § conkenSkaus *ﬁcﬂqﬁﬁ@ﬁfégga@fnf%%mﬁ%@ nabl e, the

starting materials can Qe separated frog? p L, r exanpl e by
distillation, regctapkeintng presgncegla metal-qrganop tedigangcomplexo t he
reacti on zone catalyst and dissolvediweathy dndfoptiophHy iffee qrganeplicsphitey be
conducted in 8l I | ' altn@ﬁl ; g fype reaction
equi pnent . _H%h&lgtgé)rﬂhﬁééa it %gﬁ?@%ﬁg@ t l%lngoglfmrmr?érﬁ nt er nal

thon.zon nmay [ é &II
and/or  ext ePRAfutEaW E’i&!ﬂéﬁée?%fsﬁ’ﬁ cgpducted in the pregenge gf earbeRper at ur e
WO 97/ 20792 dioxide in an amount sufficient not to effect substantial degradation of

PCT/ US96/ 19276y said organophosphite ligand and/or substantial deafdvation of
said metal-organophoesphite ligand complex catalyst.

2. A hydroformylation process which comprises
reacting one or more olefinic unsaturated compounds with carbon
monoxide and hydrogen in the presence of a metal-organophosphite
ligand complex catalyst and dissolved water and optionally free
organophosphite ligand to produce a reaction product fluid comprising
one or more aldehydes, wherein said hydroformylation process is
conducted in the presence of carbon dioxide in an amount sufficient not
to effect substantial degradation of any said organophosphite ligand
and/or substantial deactivation of said metal-organophosphite ligand
complex catalyst.

3. A hydroformylation process which comprises
reacting one or more olefinic unsaturated compounds with carbon
monoxide and hydrogen in the presence of a rhodium-organophosphite
ligand complex catalyst and dissolved water and 6ptiona11y free
organophosphite ligand to produce a reaction product fluid comprising
one or more aldehydes, wherein said hydroformylation process is
conducted in the presence of carbon dioxide in an amount of from about
0.1 mole percent to about 70 mole percent, based on the total gas
mixture.
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fluctuations, or to prevent any possible "runaway" reaction tenperatures.
The hydrofornyl ati on processes of this invention may be conducted in one
or nore steps or stages. The exact nurber—ef—+reaecti on steps or stages wll

be governed by the best conprom l ital costs and achieving

hi gh catal yst _se LVity, activnm ﬂm[m “! [) d ease of opg

well as the i @47223’%% reactivity ¢ , , materials i #‘Z‘?ﬁé’éﬂ%ﬁ and
the stability of the starting materials and the desired reaction product
to t.he reaction conditions. In an enbodi nent, the

hydr of or nyl ati on processes useful in this invention may be carried out in
a nmultistaged reactor such as described-750r exanple, in copending U S.

Pat ent Application Serial No. (D-17425-1), filed on an even date herewth,
the disclosure of which is incorporated herein by reference. Such

mul ti staged reactors can be designed with internal, physical barriers that

create nore than one the,pret '&?im? Insw}ﬁiﬁf&gfy%gﬁanx,ggégéwﬂl& effect, it

is like having a eq\@ reactoi ntinuous. stirred
tank reactor 'f%aﬁpegﬂ%a&t?woaea@*éghs\»?ﬂ%%eemmre%ga is a
cost effecti vmm@uﬁteﬂmm@ﬁsmﬁh@rbomabnd&lan&hydrbgmgmtl&é cantly
reduces the nu x 0 achieve
the sane result EER % r ves;%ég%ggﬂ mkéﬁgve‘?lgﬁlgca %?%’1?&??%% i red and
mai nt enance co é?ﬂgmgﬂqiie% PHP@“% e-orgapophesphiedigand to produce

For purposes ofa réactionpreducofiuid domprsing dnesromaréaldehydes and (ighpl ated to

i ncl ude al | per;@ﬁmﬁggssﬁp%@%ﬁe@%m& 28! P04 2RYC0QER and one

carbon atom Suc e CO ne or

het er.oat ons. | rreaclpBZzangthepne of H@rsa?#@sdemf@omwyeﬁ/ FResFBBrIsofRey ude
acyclic (wth dluid, thoimhpheteeianicomprising eliysiniating the airelider earbonnbr anched,

car bocycl i ¢ andybetsRaeuial priok't9 RPbdiig ditkodeAR tiRh| PallfBRbfe coMPOUNds

whi ch can be s |tute g g
PCT/ US96/ | 9276 reaction zone by con uctmg sal hydrofonnylatxon process in the

presence of carbon dioxide in an amount sufficient not to effect
substantial degradation of any said organophosphite ligand and/or
substantial deactivation of said metal-organophosphite ligand complex
catalyst.

5. An improved hydroformylation process which
comprises (i) reacting in at least one reaction zone one or more olefinic
unsaturated compounds with carbon monoxide and hydrogen in the
presence of a rhodium-organophosphite ligand complex catalyst and
dissolved water and optionally free organophosphite ligand to produce
a reaction product fluid comprising one or more aldehydes and (ii)
separating in at least one separation zone or in said at least one
reaction zone the one or more aldehydes from said reaction product
fluid, the improvement comprising eliminating the need for carbon
dioxide removal prior to it being introduced into said at least one
reaction zone by conducting said hydreformylation process in the
presence of carbon dioxide in an amount of from about 0.1 mole percent
to about 70 mole percent, based on the total gas mixture.

This Sheet Has Been Reﬂlaced




- 65- ' As used herein, the term"substituted" is
contenplated to I ncl ude all perm ssible substituents of organic conpounds
.unl ess ot herwi se i ndi cat ed. +ﬁ—a—b%ead—aspechnthe perm ssi bl e
substituents i ncl ude acyclic branched and unbranched,

car bocyclic and het er ocycl i c, Eﬁg&ﬁﬂ' aronatlc substltuents of
organic conyOAi3e792| | | ustrat i ncI ude, for eczusbenzal kyl ,
al kyl oxy, aryl, aryl oxy, hydroxy, hydroxyalkyl am no, am noal kyl

hal ogen and the like in which the nunber of carbons can range froml to
about 20 or nore, preferably from1l to about 12. The perm ssible
substituents can be one or nore and the Sghe or different for appropriate
organi ¢ conpounds. This invention is not Intended to be limted in any
manner by the perm ssible substituents of organic conpounds.

Certain of the follow ng exanples are provided to further |Ilustrate this

i nvention. All mani pul ations re carried qut_under a nitrogen atnosphere
unl ess ot her wi se st at ed. 8- e process of claim 1 which comprisesganpl e 1

A magﬂet i cgl | y hytrefortylati, Mini'dtddyla&iorﬁﬁﬁﬁﬁiﬂdectﬂhﬁaﬁHQﬁﬁeruﬁil&ﬁilmi’v):Jf[ ocl ave
was charged wi g rts per mllion
rhodium 0.1 pescen%'ﬁ{) a%hy gan ?\%aémhgﬁlgﬁnnﬁxrﬁ%?sgl n), and 0. 49

percent by wei ght of vvater. The solution was stirred and the reactor
tenperature was then takgn t oTK® pfocebbes dfelgmy 1,8 4hOYSPha¥asn tREN

Xt ure)  The caiRe ‘?‘gi‘%ﬁiaﬂla?ka&@?ﬂ Do bl D, Sl peRReRt BREBEED 1 5
pressure drops T8yneledqesesnt; based enthe total grs mixtaweyt 125 psig with
H2: CO Propyl ene (1:1:1), sealing the reactor, and maasurlng the time for

the pressure to drop fro 12%93%?&%? ]D(Jﬁ}aﬁ%{lﬁgl zrhl 4%&’@%?3%%;&1{ or three

runs was found tqQ be_1.39 gram SIS
experinent to gevhenslipide naytial pressure, i greatesithanrahowt § welepercent,
or ganopol yphos phsddonrelé tdtatigadaditire. hydr of ornylation reactions. Exanple 1

provi des a contr ol
9. The processes of claims 1, 2, 3, 4 and 5 wherein said
dissolved water is present in an amount from about 0.01 to about 10
weight percent based on the total weight of the hydroformylation
reaction product fluid.

10. The processes of claims 2, 3, 4 and 5 wherein said
hydroformylation process comprises a continuous liquid recycle
‘process. -

11. The processes of claims 1, 2, 3, 4 and 5 wherein said
metal-organophosphite ligand complex catalyst is homogeneous or
heterogeneous.

12. The processes of claims 1, 2, 3, 4 and 5 wherein said
reaction product fluid contains a homogeneous or heterogeneous metal-
organophosphite ligand complex catalyst or at least a portion of said
reaction product fluid contacts a fixed heterogeneous metal-
organpphosphite ligand complex catalyst during said processes.

T



WO 97/ 20792 _ PCT/ US96/ 19276
- 66- experinental rate with nitrogen in addition to the
hydr of or myl ati on gases. : Exanpl e 2

The procedure in Exanple 1 was repeated with the nodification of using 60

psig of carbon dioxide in the pl m The aver age

runs was found"®8"H¥%. 40 gr am; nﬁ'ﬂlﬂnll I”ﬂﬂﬁ”"'m chis esggﬂhbﬁg%/f%-’{he
sane as the hydrofornylation rate*wfen® n*trdgeh was present with the
hydr of ormyl ati on gases. Thus there is no reduction in hydrofornylation
rate when carbon dioxide is present when using an organopol yphosphite
nodi fi ed rhodi um cat al yst. -77- ' Exanpl e 3

The procedure for Exanple 1 was repeated with the nodification of using a
solution containing 148 parts per mllion of rhodium 0.5 percent by

wei ght of Ligand F, and 0.70 percent by weight of water. The average rate

for 2 runs was found to g@z'ﬁeﬁ% sggs)hpélgirh$aég,?ﬁg4na%@'5§y Qi Qdigexanmpl e

illustrates hydrofornylationin fhe absence o | OX1 de.. .

Exanpl e 4 metal-organqphosphijediand Gompisn Apledyst comprises @hedint h t he
The average rate Tor i hrag Iy °’3§§§ﬁ‘°§ P ko, Do 2 eIt o ek L] t e T o
Conparing the results ob?gignglgﬁf)n aﬁ%ﬁgbg’hg&vm ?’ﬁ e?'hee(g?g;mu??as} Inthis '

Exanple 4, it is apparent that carbon di oxide acts as

7
RZo—P

s

O/ .

wherein R1 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(i) a diorganophosphite represented by the formula:

O
27\
R P-O—W

\O/

wherein R2 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(iii) a triorganophosphite represented by the formula:

ORS

7 6
P-OR

N\ 6
OR

wherein each R6 is the same or different and represents a substituted
or unsubstituted monovalent hydrocarbon radical; and

—_—
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an inert in the system and there is no reduction in the rate of
~ hydrof ornyl ati on. Conparati ve Exanple A
To a mechanically stirred, staintess—steel 100 mlliliter autoclave was
charged an aqueous sol ution containing 946 arts per WO 97/ 20792
PCT/ US96/ 19276 ” I mlluw "Ill“;l“l -67- mllion of
rhodi um and W®%7387%2ent by wei ght f onat opherRATYYSI632é ne
tetrahydrate trisodiumsalt. The reactor "wag then charged with 156 psig
ni trogen and heated to 80[err]C. The reactor was then charged with 5.0
grans of propyl ene and pressurized to a total pressure of 880 psig with
470 psig of H2:CO (1:1) and seal ed. Pregsure drops in the reactor were

nmeasured with respect to tine, foll owed by repressurizing the reactor
with H2: CO (1:1) and repeating the neasurenent. The instantaneous rate at
13 mnutes was found to be 5.38 psig/rn'nute This exanple illustrates

hydr of ormyl ati on utili,zing a water hi ne nodi fi ed rhodi um
catal yst system in thé'd 5@“8?°138£ g?ﬂ Bung two or more

Conpar at i ve BExanpary Brivalent) phosphorus Bhamsmeprqslented bythe fatrrula:he

i nhibitory effect of carbon di oxide utilizing a water sol ubl e phosphi ne
nodi fi ed catal yst syste | n t he presence f carbon di oxi de. The procedure

i n Conparative Exanpl epeat ed jwit B _nodi ficati pn of using an
aqueous sol ution cont & rr{Ql er: m 1 on\eig' had g:] and 1.5
per cent by wei ght of tjri s(\léglzf’onato hen I)Egoscg/w ydrate

trisodi um
a

wherein X represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R7 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, each R8 is the same or
different and 'represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum of a + b is 2 to 6 and n equals a +7b

14. The processes of claims 1, 2, 3, 4 and 5 wherein the
reaction product fluid contains a phosphorus acidic compound.

15. The processes of claim 14 wherein the phosphorus
acidic compound present in the reaction product fluid is treated with
an aqueous buffer solution.

16. The processes of claim 15 wherein the aqueous
buffer solution comprises a mixture of salts of oxyacids having a pH of
3to9.

17. The processes of claim 16 wherein the aqueous
buffer solution comprises a mixture of an anion selected from the group
consisting of phosphate, carbonate, citrate and borate compounds and a

This Sheet Has Been Rer
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salt and 149 psig of carbon dioxide in place of nitrogen. The
i nst antaneous rate at 14 mnutes was.found to be 3.80 psig/ mnute.
Conparing the instantaneous ratei carbon dioxide is only

about 71% that of the instant anemﬂ EEE in the absence of carbon
di oxi de. Carbon dioxide inhibits uﬂl inthis sy
Exanple 5 WO 9720752 Car bon d H’ Lmﬂ"m *I ved wat er %ﬁm&ﬁ/é”“

sufficient carbonic acid to have an adverse effect on the hydrol ytic
stability of the or ganopol yphosphite ligand. The foll owi ng experi nent
shows t hat car bon di oxi de has no such adverse effect on the hydrolytic
stability of Ligand F. Under nitrogen, -29tetraglyne sol ution was prepared
containing 0.2 percent by weight of Ligand F (as identified herein), and

WD 97/ 20792 PCT/ US96/ 19276
- 68- 0. 44 percent by weight of water. Tri phenyl phosphi ne oxi de (0.05
percent by weig ¥\@f§ ’Sﬂﬂ’gé 5
milliliter ali qgé%s th% fg&ﬁ%gg-r&%s 1ar g%gf? Igg%)!g?gfaeﬂf—al%her-
Porter reactionmgsalse| s equi pped with a nmagnetic stir bar under 2 psig of

nitrogen. The solutions were heated to 95[err]C and then placed under O,

10 and 90 psig of carbon oxi en for
[err] P NMR anal ysi_.s by refrrgow ng p{?%égﬁ%%toﬂ er a?@o‘ﬂ%%?gﬁ#lﬁ%ﬁ] %ﬂfs reaction
vessel s at 95[ epeifiic CW%WSQW ipjthe rT&th%hBr ‘é&rﬁﬁca"ﬁé&’%rl ng the
peak hei ght of bjpanprgapicaiitregen compoantthaf twalke phddent insaid resctibhe peak

hei ght's ver e no;ﬁddcz Aidid bh iRQREL: febot Biipo bBIGRERYr 15L BRERHIbrul 0! © A

shows the shows
acidic compound of the conversmn products of the reaction between

said phosphorus acidic compound and said organic nitrogen compound
are also removed by the aqueous buffer solution treatment.

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

20. The processes' of claim 19 wherein the organic
nitrogen compound is benzimidazole or benzotriazole.
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Table A Ti ’)si g 10 psk . psig ne
. Car bo .

Ni t rogen *Car bon _ o

DF oxi de’ E)nX|d9 (ho 96L|gand F % Lbgamdt-F——--%
Ligand F urs 0% ok 1009@m88h 100%
12 H","I"ﬂ lw”mwm 12% = 73 - 111% ‘?’minke laced
116% | n experinental error, there | t he
concentration 6f L| harfd B. Thus the data shows t hat carb '
not adversely --affect the hydrolytic stability of Ligand F.

Exanpl e 6 The follow ng experinent illustrates that carbon

dioxide, in ﬁﬂggaﬁésence of rhodium has no adverse effect on either the
WO 97/ 20792
PCT/ US96/ 19276 ' oxi dat i ve

stability or the hytrol |tty%‘f°a§ﬁﬂ¥]sﬂ%*°ﬂ g%’ﬁ%r?acﬁl?iéf‘?ﬁgl yme  solution

was prepared(xnntramatpdhIhqxanﬂnﬁntgrmaﬂg¢mlat)Llyydﬂosmldatlenpercent by

e Ol o e AR L o Ly ingla 108 bcsed utghcent by

standard. 25 rﬁcmrms&s s’fﬁ:ﬁc‘tm sQIP%lWJbrian xeaebeatsoin the
presence of a metal-organophosphite ligand complex
catalyst and dissblved water and optionally free
organophosphite ligand to produce a reaction product

10 fluid comprising one or more products, wherein said
process is conducted in the presence of carbon dioxide
in an amount sufficient not to effect substantial
degradation 6£ any said organophosphite ligand and/or
substantial deactivation of said metal~organophosphite

15 . ligand complex catalyst.

2. A process as claimed in claim 1 which is a
hydroformylation process which comprises reacting one
or more olefinic unsaturated compounds with carbon

20.  monoxide and hydrogen in the presence of a metal-
| organophosphite ligand complex catalyst and dissolved
. water and optionally free organophosphite ligand to
b produce a reaction product fluid comprising one or
more aldehydes.
25 _

3. An improved hYdroformylation process as
claimed in claim 1 or claim 2 which comprises (i)
reacting in at least one reaction zone one or more
olefinic unsaturated compounds with carbon monoxide

30 and hydrogen in the pfesenCe of a metal-
organophosphite ligand cbmplex catalyst and dissolved
water and optionally free organophosphite ligand to

_ produce a reaction product fluid comprising one or
more aldehydes and (ii) separating in at least one

35 - separatlon zone or in said at least one reaction zone
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. Fi sher-Porter ‘bottle. e flask was purged .tw ce WIth..LbOI’l d| oxi de and
t hen pI aced under 40 g of carbon di oxide. The sol ution was then‘hﬁt ed
to 100[err]C for 24 hours. A sanplé of the solution heat e’ﬂnssmﬂdﬁs'BeG

di oxi de was t err]P NVR. No increase in -

hydr ol ysi s of”"ll"i"ﬁlmmmﬁ [ad uporr é7d%|“ng carbon  ‘di oxi Hm

Exanple 7 * " SThe* foll ow ng experi ment |IIustrates

presence of  carbon di oxi de does not enhance the oxidation of ngand F in
a mxture  of rhodium butyral dehyde and Li.gand F The procedure outlined

in Example 6. was re eated rmlflcatl re of
tetraglyme an&hﬁuf’?Fa def§EE Fége%@%ﬁ? %EPM ven Jalii%ﬂjncrease in
oxi dati on of Ellgadd Ehnaimphs&emedtupompatdwmlgowlo.ﬁnmtbmg thi# 3@k in the
presence of T 3a Q#%: Y aldel ?ﬁ'al from the carborEiHbesad to 12
|Ilustrateth |n 5| u-bufrering

ni trogen contal ni ng gdltlves
such as benzi endahyldeogent ghs amthryz @p::.or[ Fesdta ltf}gle‘sm'tl@ci fer the

aci dity 0 anﬁﬂ%e%'a%abafcf §eas® WheOReaction zone.
Exanpl e his control exanple ill ustrates the stability of.

Ligand F  (as identifi ed herein) in a solution containing 200 parts per
mllion of r hodi um amdpg&%s@e@@emab_yhe&ughtarqf d.negaasﬂ the n

but yr al dehyde cont.ai ni al dehyde .di tri t nce .of
added acid orP eﬁ:@ﬁzl,ngl 3%&@@ wherein %C@qﬁa}é‘fg .J,na Do @Psh!

PCT/ US96/ 1927 ®rganophosphite ligand complex catalyst.70-

10 | | |
5. A procéss as claimed in any one of the
preceding claims wherein the hydroformylation process
is conducted in the presence of carbon dioxide in an
amount of from 0.1 mole percent to 70 mole percent,

15 based on the total gas mixture.
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To afcl ean, dry 25 nm | |@ter vial was added. 12 grans~, the butyral dehyde ;
sol utlon rrentloned abov Sanpl es’ wer e’ anal yzed for i gand F usi ng Hi gh
Per f or mance ' Li dD+](77(II9romat ography after. 24 and 72 hours. The wei ght
percent of Ligand F was deternmined by H gh Performance Liquid

Chromat ography relative to a calibration curve. No chamggeeigastBQ&R laced
concentration of Ligand F was observed after either

Exanmpl e 9 arrple|35|mlar toExa MHW ghat
phosphor us am“mms"mmuuﬂm nul ate the t’Ppe of acid t

formed during hydrfol ysi @ o a#i or ganophosphite. The procedure
for Exanple 8 was repeated wwth the nodification of adding 0.017grans of
phosphorous acid (Herr]PG3) to the 12 gramsolution. After 24 hours the
concentration of Ligand F had decreased fromO0.39 to 0.12 percent by

wei ght; after 72 hours the concentration of Ligand F had decreased to 0.04
percent by weight. This data shows that strong acids catal yze the

deconposition of Ligand F. Exanpl e 10 :
This Exanple is simlar to Exanple 8 except that both phosphorus acid and
benzi m dazol e were added. . The procedure for Exanple 8 was

repeated with the nodification of adding 0.018 grans of phosphorous acid
and 0.0337 grans of benzim dazole to the solution. No deconposition of
Ligand F was observed after either 24 or 72 hours. This shows that the
addition of benzim dazole effectively buffers the effect of the strong
acid and thereby prevents the rapid deconposition of Ligand F.

Exanpl 11 97[20792
PC?I'?ESSG/ 19276 W% A pProcess as claimed in claim 5 wherein the

carbon dioxide partial pressure is greater than about 5 mole percent,
based on the total gas mixture.

7. A process as claimed in any one of the preceding claims wherein

thedissolvedwaterlspresentmana:nmtfmo 01 to 10
weight percent based on the total weight of the hydroformylatlon

reaction product fluid.

8. A process as claimed in claim 2 or claim 3 wherein the
hydroformylation process comprises a continuous liquid recycle -
‘process.

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

10. A process as claimed in any one of claims 1 to 8 wherein the
reaction product fluid contains a homogeneous or heterogeneous metal-

organophosphite ligand complex catalyst or at least a portion of said
reaction product fluid contacts a fixed heterogeneous metal-
organophosphite ligand complex catalyst during said processes.
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“71-, 6. S i's exanpl e shows that an aque buffer can
recover , the acidity fromthe nitrogen base’in situ bulter and allow the
nitrogen bas®-187pArtition into the organi ¢ phase, where-it can be
recycled to the hydr of or myl ati on zone. : Solid

(benzi mi dazete-{H-err}P04)was-prepared by placing 1.18hig Béen Repldced

of benzi m da in.a 250 mlliliter beaker and di ssol vi

benzi ni dazol é@ lﬁ,gﬂgmuwluﬂﬂrs of tet rah)L_dgﬁf.yran. To tli as
- 9¢ M g _

sl owl y added percent by wei ght of phosphoric aci
(Herr]POerr]). 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 t he application

of 'vacuum and uged mvigrbeiis ag\clhimddian v bhé recéiihg % M Bitede i) 4he

GE R
mmol e) of the - Azl 1 ' | epar ed
in the previ ou?géstt%?ap??%@}%g ng oel\tl)éélmll g%&%’g g%{saqg%fggisﬁ%%—(%do%}lﬁ{m
phosphat e buf f gempdéxad with an phganephosphite bgand iselected feorar act.ed with 10
grans of val eral dehyde. ¢\TF i gﬁpﬁ .t he
aqueous | ayer using a §’3§§§?‘%§%€‘#}1}g‘?@’% e %Fgét}}%ggg%%p%g%%gm\ﬁere '
then renoved from the organic |ayer by distillation at 100[err]Cto yield
a solid. The solid was identical to aut hent@%benzi m dazol e as shown by
thin |ayer chromat ography utilizing a 1:111/2% ;)ltjt)urre_ m xture of chloroform
and acetone as the eluent and silica aStIn i onary phase. Based on.
recovery of the solid, benzim dazol e was c% ely transferred to the
of gani ¢ phase. ' This data shows”that an organic sol ubl e
nitrogen base which exists as a.strong acid salt can be regenerated by
contact with an aqueomis buffer and returned to the organi c phase..
Exanpl e 12 wherein R repréesente aasuhstiatiedor insubstibutéd trivalemti on i s

etfective at  BgHks@irbsh 2AdRAI WHANING B 4440 bafforPalSAl ol Fr8afdi]
J (ii) a diorganop_hosphite represented by the formula:

3T
ef

O
2/ \
R\ P-O—W
O/

wherein R2 represents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(iii) a triorganophosphite represented by the formula:

ORS6
e
P—OR
\ 6

OR

wherein each RS is the same or different and represents a substituted
~or unsubstituted monovalent hydrocarbon radical; and
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o @7/ 20792 C ¥

PCTf US96/ 19276 S ' ’ d thus al | owi ng
t he base to r dPtkT¥1 t he or gani ¢ phase and ef fectivel Y‘“ﬁeﬁﬁ\ﬁ—ﬂg—t he-acid
fromthe organi c phase. A butyral dehyde s on was pr epar ed
cont ai ni ng 10— pe%eent—by~wekght of benzotri azol e. The

anal yzed by ra hy for benzotriazol e content

ref erence mﬂ!ﬁﬂjﬂ ﬂ tion prepar 39 in the previ o ded
0.25 nole e phorous acid'(Herr]PJerr]). In a one pi nt

glass bottle was added 50 grans of the butyral dehyde sol uti on contai ni ng
benzotriazole and 50 grans of a pH 7, 0.2 nolar sodi um phosphate buffer
sol ution. The mixture was stirred for 15 minutes and then transferred to a
separatory funnel. The ahuban&rgagepolwphosphlte cenpanihg dworammbhe al dehyde

Y amat ogr aphyt THRe SRR MARHERs dind IRE Ry RPRRREY ontent

by Gas Chromat ography and H3P(J err] content by I on Chronat ography. The
Herr]PO3 was found to b corrp etely tragnsferreg into the aqgeous | ayer.
Conpl ete return of benzptr4 to the but yt al Iayer s al so

f ound. Thi n rganl C SO t of a weak
base and strong acid can be er nejut r a ﬁr% ,ednt actilng the
organi ¢ phase with an aqyeous ffer sol éon

t the fr %base S

t hereby returned to the organic phase. e

wherein X represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R7 is the same or different and represents a divalent hydrocarbon

- radical containing from 4 to 40 carbon atoms, each R8 is the same or
different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a and b can
be the same or different and each have a value of 0 to 6, with the
proviso that the sum ofa +bis2to6andnn equals a +7h.

12. A process as claimed in any one of the preceding claims vherein the
reaction product fluid contains a phosphorus acidic compound.

13. A process as claimed in claim 12 wherein the phosphorus
acidic compound present:in the reaction product fluid is treated with

an aqueous buffer solution.

14. A process as claimed in claim 13 wherein the aqueous
buﬁ'er solution comprises a mlxture of salts of oxyacids having a pH of

3t09

15. A process as claimed in claim 14 wherein the acueous
buffer solution comprises a mixture of an anion selected from the group

consisting of phosphate, carbonate, citrate and borate compounds and a
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- CLAI KB, ' 1.@A hydr of or myl at-i on,- hydr oacyl@qn_
i nt ram)l ecul ar aigpz ernol ecul ar), ‘hydroam dation, ° 5
hydroesterifica ? n “or. carbonylati en process which CUNIPSHe&@fas BRARIAHIG
one or nore reactants in the presence of a netal-or ga .

| i gand conpl ex catal yst and di ssol ved water and opti o I

or ganophosphite |igand to produce a reaction product 10

one or nore products, wherein - said proagess is conduct ed in the
presence of carbon dioxide in an amount sufficient not to effect
substanti al degradati on of any sai d organophosphite |igand and/ or
substanti al -deactivation of said netal - organophosphi te 15 | i gand conpl ex:
catal yst. ss as_ cl ai. claim.1 whi. i§:a

hydr of or nyl at i o??%?%é%@gtﬁg Wq‘gnegoqsggﬁpg F) agpontum argfaﬂ%ﬁle

ol ef i ni ¢ unsat unmitals. conpounds wi th carbon 20 nonoxi de and hydrogen in
the presence of a netal- - or ganophosphite Ii gand conpl ex catal yst and
di ssol ved . wat er and optionally free organophosphite ligand to

produce a reactilén hrsdorss &5 dldinahpni claig theherein the phosphcabgehydes. 25

3. An inproved, Qe aifip @é pPabeRit ATHE rdaction ro&hé‘ﬂﬂﬁfﬂhi‘b §dsiieRigdd Or
claim2 which conprises

react | in at east one reacti on zone
‘one or nore by a@l@’ﬁ?ﬁi“b“’&ﬁ%&%’h?%@&“@a A% al %EWSSHFHbﬁaﬁU‘?’F&?BBB 30
and hydrogen in i'&hdﬁffﬁﬁdﬁﬁﬁl ﬁheﬁelﬁi&iﬁleast some #hgand phtsephdéspHdrgand
conpl ex cat al yst .ahd di ss

or ganophosphi t e2f ?ﬁPPB‘mH of thﬁf%ﬁ?fgl?f PE%‘@‘E‘&%H*'S&SJE%?“ 3 SF%” CONPr | s; ng |
one or mosaidaphiesphdess acidi¢ copoupdrand sgid organi¢ eitsogemeompound .

are also removed by the aqueous buffer solution treatment.

17. A process as claimed in alaim 16 wherein the organic
. nitrogen compound is selected from the group consisting of diazoles,

triazoles, diazines and triazines.

18. A process as claimed in claim 17 wherein the organic

nitrogen compound is benzimidazole or benzotriazole.
"!L.. .
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WOE's e

35 Je.separation—zoneer—n-said at |east one reaction zone - ﬁ)g?@;.q

1. A hydr [m"ﬁ"l m Edroacyl ati on - (intranol ecul ar an EPM EMENT SHEET

|HternDIec ion, 5 hydr oesteri.fi.cation oL cax nnw ati-o
process whi s reactln one of MOREPLAGEMENTSSHEEThe SG
presence of a net al organophosphr‘te |'gand escnptlon paged

di ssol ved water and optionally free aggg @hltEnggaﬁdmtp%pd

a reaction product 10 fluid conprising on O Divisg(sy opuged s.,.. tohpaged .. sai d
process is conducted in the presence of carlhopy Absacee :pagedi.n. mnp@e'dunt
uff|C|eng§g§§¥§ o effect substanti al de¢gradati on of any sa

ihd
or ganopho l'i gand and/ or subst ant i ahﬁﬁf} Y&icEpToR* iﬁ‘ ______

net al - or ganophosphite 15 l'i gand conpl ex cat

process as ¢l aiyied i rijealdR dratfi £B1bR, Anydroabyditiieity! ati on pr ocess
whi ch conprj ses reactsﬁg one r eyolng%Fb unsat ur.af ed conpounds

with carbdﬁﬂﬁ?amQﬁﬁﬁﬂéﬁﬁaﬁﬂﬁi%@H?EﬁeﬁeFﬁlﬁﬁé'pﬂ¥gﬁﬂﬁ¥*ﬁ Rt al -
or gaISOphO&@HﬁdﬁéﬁmﬂmﬂHﬁmﬁa&&bahyaadldm@&Io&ks whickat er and

optlonally free or ganophosphite i r.educe eaction product
fluid com’d 5% Jﬁk A% F ° g geacfgg e éké . An inproved

hydr of or npmsmqarqﬁ:@snml-organophosphlte ligand complex
catalyst and dissolved water and optionally free

CD

organophosphite ligand to produce a reaction product

10 fluid comprising one or more products, wherein said
process is conducted in the presence of carbon dioxide
in an amount sufficient not to effect substantial
degradation of any said organophosphite ligand and/or
substantial deactivation of said metal-organophosphite

15 ligand complex catalyst. |

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

hydroformylaticn process which comprises reacting one
or more olefinic unsaturated compounds with carbon

20 monoxide and hydrogen in the presence of a metal-
organophosphite ligand complex catalyst and dissolved
water and optionally free organophosphite ligand to
produce a reaction product fluid comprising one or
more aldehydes.

3. An imgroved hydroformylation process as

claimed in claim 1 or claim 2 which comprises (i)
reacting in at least one reaction zone one oOr more
olefinic unsaturated compounds with carbon monoxide

30 and hydrogen in the presence of a metal-
organophosphite ligand compléx catalyst and dissolved
water and opticnally free organophosphite ligand to
produce a reaction product fluid comprising one or
more aldehydes and (ii) separating in at least one

35 separation zore or in said at least one reaction zone

REPLACEMENT SHEET

27 APR 2000

#P!EﬁS:: Skzz-




clained inclaiml or claim2 which conprises (i) reacti '
one reaction zone one or nore ol efini c unsaturated comomgmﬁﬂlﬁgﬁéﬁ

or ganophooon I I ML 2 o'y o *ahe e ssot vea” ™ water and

- optionally free ‘or anbphbsphite ligargl to produce a reaction product
fluid conprising one or nore akdehydes and (ii) separating in at

| east one 35 separation zone or in said at |east one reaction zone

the one or nore al dehydes from said reaction product fluid, the

i mprovenent.,conprd s{,n 4 n ' he need._ . far. carbon. di.oxi de

r enmoval fr;tnq%t'@éczdrbg?]&@nnlbgﬁéépgeg %‘gﬁ‘d%ﬁf(ﬂ org‘ae‘_’ln‘'q:rg]'aosn rﬁ%&c{ﬁce‘ prior to it
bei ng intrddudel Whe imprevenedtacompadssing eldainaminmime need - _

& A Procety mdidl MRihi udYeRBEall fhldh the ARSI AT wher ei n
the catalyst 1s a rhodium or ganophosphite 11 gand conpl'ex catal yst. 10

5. A proddsk hydnqagheif§ minyusRePsiorhdo it heingdintgadumeds wherein
t he hgdr of ARy aldidh P eSSt one ¥8ac@RdRCiz@hd N the presence of carbon

di oxi de in an. anount of fromO.1 nole percent to 70 nole percent, 15
based on the total gas m xture.
4. A process as claimed in any one of the

preceding claims wherein the catalyst is a rhodium-
organophosphite ligand complex catalyst.

10
5. A process as claimed in any one of the
preceding claims wherein the hydroformylation process
is conducted in the presence of carbon dioxide in a=n
amount of from 0.1 mole percent to 70 mole percent,
15 based on th2 tctal gas mixture.
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- 76*- 6. A process as clainmed in claimb5 wherei

t he carbon di oxi de part agir eat er than about 5 nS]EMMEUﬁtSHEET
based on thg thtygg gas H"'Im ,ﬁ ﬂ' @’”ﬂmA process as clained in any one of
the preceding clainms whereih u sssel ved water is present in an anount
fromO0.01 to 10 weight percent based on the total weight ot the

hydrof ormyl ation reaction product fluid. 8. A process as
claimed in claim2 or claim3 wherein the hydrofornylation process
conprises a continuous liquid recycle prf8cess. 9. A process as clained in

any one of the preceding clai mwherein the netal -organophosphite Iigand
conpl ex catal yst i s honbgeneous or heterogeneous.

6. A process as claimed in claim 5 wherein the
carbon dioxide partial pressure is greater than about 5 mole percent,
based on the total gas mixture.

7. A process as claimed in any one of the preceding claims wherein

the dissolved water is present in an amount fram 0.01 to 10
weight percent based on the total weignt ot the hydroformylation .

reaction product fluid.

8. A process as claimed in claim 2 or claim 3 wherein the
hydroformylation process comprises a continuous liquid recycle

‘process.

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

10. A process as claimed in any one of claims 1 to 8 wherein the
reaction produc: fluid contains a homogeneous or heterogeneous met al-

organophosphite ligand complex catalyst or at least a portion of said
reaction product fluid contacts a fixed heterogeneous metal-
organophosphite ligand complex catalyst during said processes.
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10. A process as clained in any_onhe of clainms 1 to 8 wherein t ' :
produc: fluid contains a honbgeneous or heterogeneous netal - ﬁﬁlﬁfﬁﬁﬁﬂf’gﬂm

or ganophosphDtE71i%and conplex ¢ I : lfl|AlNst a portion of said
reaction product fluid contacts 1[“' Ijﬂm muﬂIIMLENeous nmet al -

or ganophosphite |igand conpl ex cat'al st dutirg gaid processes.

- T77- 11. A process as _cl ai med in any one of the preceding claimnms
wherein the metal - organophosphite i gangez&n;pl ex catalyst conprises a
rhodi um conpl exed with an organophosphit i gand sel ected from

(1) a nonoor ganophosphite represented by the formul a: [err] wherein
Rl err] represents a substituted or unsubstituted trival ent hydrocarbon
radi cal. containing from4 to 40 carbon atons or greater; (ii) a

di or ganophosphi t & peress ast erhimgdt ire ahgrane af the prdeeding claims wherein the
metal-organophosphite ligand complex catalyst comprises a rhodium
complexed with an organophosphite ligand selected from:

(i} 2 monoorganophosphite represented by the formula:

1/0\
RZo—P

~
O/

wherein R1 represents a substituted or unsubstituted trivalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater;
(ii' a diorganophosphite represented by the formula:

O
27 \
R\ P-O—W
O/

wherein R2 rezrasents a substituted or unsubstituted divalent
hydrocarbon radical containing from 4 to 40 carbon atoms or greater
and W represen:s a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 18 carbon atoms or greater;
(iii- a triorganophosphite represented by the formula:

6

P/g::a
AN

ORS

wherein each B7 is the same or different and represents a substituted

or unsubstizuizZ monovalent hydrocarbon radical; and
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wherein R err] represents a substituted or unsubstituted divalent
hydr ocar bon radi cal contai nr—ng—HLenﬁr-Zl—t—e—ALQ_ear bon atons or EERLAGEMEM\(SH&T

represent PA It i tuted or nenoval ent hydrocarbon radi cal
containing from1l to 18 carb ﬁ mht

er, (iii) a
trrorganophosphrte represent . b [err] wherein each
Rlerr] is the sane or different and represents a substituted or
unsubstituted nonoval ent hydrocarbon_ragdi cal; and
- 78 - (iv) an organopol hosphrte containing two or nore
tertiary (trivalent) phosphorus atons represented by the formul a:

[err] wherein X represents a substituted or unsubstituted n-val ent

hydr ocar bon bridgi ng radical containing from2 to .40 carbon atons,
iv) an organopolyphosphite containifig two or more

tertiary (trivalent) phosphorus atoms represented by the formula:

7 \ RB—-o\

R / F{B—O/P—O X
a

wherein X represents a substituted or unsubstituted n-valent
hydrocarbon bridging radical containing from 2 to 40 carbon atoms,
each R7 is the same or different and represents a divalent hydrocarbon
radical containing from 4 to 40 carbon atoms, each R8 is the same or
different and represents a substituted or unsubstituted monovalent
hydrocarbon radical containing from 1 to 24 carbon atoms, a2 and b can
be the same or diFerent and each have a value of 0 to 6, with the
proviso that the sum of 2 + b is 2 to 6 and n equals 2 +7b.

i12. A process as claimed in any one of the preceding claims wherein the

reaction product fluid contains a phosphorus acidic compound.

i3. A prccess as claimed in claim 12 whersin the chosphorus
acidic compound present in the reaction product fluid is treated with

an aqueous buffer solution.

ij. A przeess as zlaimed in claim 13 wher=in the agueous
buffer solution ccmprises a mixture of salts of oxyacids having a pH of
3tof.

13. A przcess 23 claimed in claim 14 wherzin the acuecus
: bu‘fer solution com Drises a mixture of an anion selected from the group
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e e

each«R7 is the same or different and represents a dival ent REPUAGEMENTOSHEET
radt cal cont @-0Ff@g9from 4 to 40 carbon atons,—each R8 is the same or '
diff ferent and represents a substitutied or -unsubstituted nonoval ent

hydr ocar bon radi cal contai ni nﬂ“lmmi&ln II I Hr bon atoms, a and b can be
the sane or different and eachiEmEs el 0O to 6, with the proviso

that the sumof a + bis 2 to 6 and n equals a + b. 12. A process as
claimed in any one of the preceding cl aTn_%?_Wherei n the reaction product
fluid contains a phosphorus acidi c conpound. 13. A process aS clained in
claim 12 wherein the phosphorus acidic conpound present in the reaction
product fluid is treated with an aqueous buffer sol ution. 1. A process as

clainmed in ckationkalewed éiom tthe groupotshsistingof apimbhivmeniialkadis a m xture
of salts of %g%@afi ds having a pH of 3 to 9. 15. A process as clained in
claim 14 whe A"t he acuecus buffer sol ution conprises a mxture of an

ani on selected fromthe group consisting of phosphate, carbonate, citrate
and borate Compoyscand .2 ciainel i Hin |
- 79 - cation sel ect e& fromthe group consist] sanmmonr um and al kal i
metals. 16. 2pidi¢ GRBPEURSS PrEseRiin gheraamq_xzpm i huidrareita¥ angedis

by an organic nitrogen compound that is also present in said reaction

12 wherteiﬂ thoef phosphorus

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 removed by the aqueous buffer solution treatment.

17. A orocess as claimed in ~laim 1R «herein the corganic
nitrogen compound is selected from the group consisting of diazoles,

triazoles, diazines and triazines.

18. 2 crzces

n

as claimed in claim 17 wherein the organic

nitrogen compound is benzimidazole or benzotriazole.
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o _ _ _ | 018‘09. ol-<4
acidi c conpounds present in the reaction product fluid are scaveng l&i an
. organic nitrogen conpound that is also present in said reaction przdl {7}
- fruid and wherein at |east sone anount of the phosphorus acidic conpowqo
the conversion products of the reaction between said phosphorus (s
conpound and said organic nitrogen conpound are also renoved by o
buf fer sol ution tR&Fent. 1 WORLA INVELOROTLAL PROSERTY QRGVEATION c| ai m 1&é¥er ei n

Lhe organi ¢ s ogen compound <. e ser S LI Lhe G VR8RSl bl e

claim 17 mhmmanonhlm:e-ocganmumrﬁ :t rogen com)gumdemﬁoﬁmmmmﬁm&e or WO 9720792
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(57) Abstract

This invention relates to a process which comprises reacting one or more reactants in the presence ofa metal-organophosphlte ligand
complex catalyst and dissolved water and opuonally free organophosphite ligand to produce a reaction product fluid comprising one or more
products, wherein said process is conducted in the presence of carbon dioxide in an amount sufficient not to effect substantial degradation
of any said organophosphite ligand and/or substantial deactivation of said metal-organophosphite ligand complex catalyst.




