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FLUOROPHOSPHI TE- CONTAI NI NG CATALYST@“WNELD oF THED Q& é\lé ﬁg':l'hlé)

g_resent I nvention pertains HNW“ tal yst system conprising (1) a
| organo f §aRfgsphite i dium and (3) a nmet al ,
ot her thanwtﬁ ggum or Group VI tipsleset al - cont ai ni ng corrpcl;?r{gg&l@\{ggn amount

effective to reduce the formation of HF during the use of the catal yst
system The presence of the other Goup VITI netal decreases the anount of
hydrogen fluoride produced during the use of the catalyst system The

hydrogen fl uori dgrgg| $7 AR OF AUIGRDPHEPLAEECONTRINMNGIC ALY Ede

ligand. The present rniventron arso pertains to catalyst  solfutions of the
af oresai d cat al yst system and the use of the catal yst system in the

hydr of or myl at i %Egérgg#q.ﬂgﬂm\}é“ﬂwpuce al dehydes. BACKGROUND OF THE
S

| NVENTI ON [ 0002] genous catal'yst solutions prepared fromtransitiaon
metal s and phd8poty ukhd prgaemisnwarﬁougedamdmayloval aatalystisysteonl i ndustry.

The advantages_of honp sts
dsaal Ty ol o IRTGHE () airaaft loraboriie 0gLF EPROSEYT FRELL
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decreases the amount of hydrogen fluoride produced during the use of the

catalyst system. The hydrogen fluoride originates from very low level

degradation of the ligand. The present invention also pertains to catalyst

solutions of the aforesaid catalyst system and the use of the catalyst system

in the hydroformylation of olefins to produce aldehydes.

BACKGROUND OF THE INVENTION
[0002] Homogenous catalyst solutions prepared from transition metals -

~ and phosphorus ligands are used widely in the chemical industry. The
advantages of homogenous catalysts over heterogeneous catalysts usually
include higher reactivity and higher selectivity. However, homogenous
catalysts often are subject to degradation and concomitant loss of activity
over time. The problem of catalyst degradation is aggravated if the
degradation process leads to thé formation of unwanted side products that
are found as contaminants in the product. Therefore, it is highly desirable
to develop technologies that extend the effective catalyst lifetime, enhance
selectivity and reduce contaminants in the product.
[0003] The hydroformylation reaction; also known as the oxo reaction, is
used extensively in commercial processes for the preparation of aldehydes
by the reaction of one mole of an olefin with one mole each of hydrogen
and carbon monoxide. The most extensive use of the reaction is in the
preparation of normal- and iso-butyraldehyde from propylene. The ratio of
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to devel op technol ogies that extend the effective catalyst lifetine,
enhance selectivity and reduce contam nants in the product [0003] The
hydr of ormyl ati on reaction; al so known as the oxo reaction, used
ext ensi vel ywawo3mersper ci al processes for the preparation ofP @}H]ggs%dfs
the reaction of one mole of an olefin with one mole each &F f aén and
carbon nonoxi de. The npbst extensive use oé the reaction is in the .
preparation of normal- and iso-butyral dehyde from propyl ene. The ratio of
*ACTI ON* WD 03/ 061822 -2 PCT/ US03/ 01574 the anounts of the normal to iso

al dehyde producthg &irﬁfdllrﬁ@bfmelr@nhafl@rlé&ﬁldbﬁydeaéro@jth@s w&my id Rféreéy (N 1) or
the normal to branched : | ene, the nornal -
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2,2, 4-tri et hyl arf 'Bitﬂemoam%mto aBy ﬁ@rﬁmeir@@lb'd\tayuahl@chem'cahproduoﬂsut yrate

esters of 2,2, 451 h'é??c?ﬂxaflnpfe wmmdtg&yiﬁ%&wng{@tglﬁcgg&& Igéwglga@of hi gher

a-ol efins such as 1-6 'hexene _ roducts
whi ch ar e usef utedpeatid glyckls 2#2;)4—tnmdhyir‘e§'@leatanedlob1the oheherigenttyratecaritbl s and
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products such aatioh ef-Highiereolefihs su.idh@m-oﬁﬁhe,l Yhbgenss afd |1Dc|iéeo)%g§ y::ecl)d i sing
2t 1 cast one. prodERBEoRkgE TR b U5k feeetosko by T ererREaea  var ch 5
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process using tsrulbgltxtla eci3 Ql(c)ets'nshlsélceh as allyl alcohol is useful for the production of other

commercially valuable products such as 1,4-butanediol.

[0004] Catalysts used in the hydroformylation reaction typically contain

rhodium complexes comprising at least one phosphorus ligand. U.S.

Patent 3,239,566, issued March 8, 1966, to Slaugh and Mullineaux,

discloses a low pressure hydroformylation process using trialkylphosphines

in eombination with rhodium catalysts for the preparation of aldehydes.

Trialkylphosphines have seen much use in industrial hydroformylation

processes but they typically produce a limited range of products and,

furthermore, frequently are very oxygen sensitive. U.S. Patent 3,527,809,

issued September 8, 1970 to Pruett and Smith, discloses a low pressure

hydroformylation process which-ﬁtilizes triarylphosphine or triarylphosphite

ligands in combination with rhodium catalysts. The ligands disclosed by

Pruett and Smith, although used in many commercial applications, have

limitations due to oxidative and hydrolytic stability problems. Since these

early disclosures, numerous improverients have been made to increase the

catalyst stability, catalyst activity and the product ratio with a heavy

emphasis on yielding linear aldehyde product. A wide variety of

monodentate phosphite and phosphine ligands, bidentate ligands such as

bisphosphites and bisphosphines as well as tridentate and polydentate



i n conbination with rhodiumcatalysts for the preparation of al dehydes.
Tri al kyi phosphi nes have seen nuch use in industrial hydrofornylation
processes but they typically produce a limted range of products and,
furthermore, frequently are very oxygen sensitive. U S. Patent 3,527,809,
I ssued SepyxRy@akisdz 1970 to Pruett and Smth, discloses aclragoinieasure
hydr of ormyl ati on process which. utilizes triaryl phosphine or

triaryl phosphite ligands in combinationguth rhodiumcatalysts. The

l'i gands disclosed by Pruett and Smth, although used in many commerci al
applications, have Ilimtations due to oxidative and hydrolytic stability
probl ens. Si ncéighhdskaveebednypepacidasurdisslosagrie thriliteratwieo b FeRaterhave been

made to increa at al bicl § L\ d
Pat o with a hesP 547 AR e YR dhdntend Rictodisphfics dod kil b7 BF CCue!
vari ety of norfedesphesphitssoasitie ghasptonisdigphd nempogentdd hydioftmytationl i gands

such as bi sphos%r'ites‘and bi sphosphines as well as tridentate and
pol ydentate WO'@ ¥d8:822 3 PCT/ US03/ 01574 | i gands have been prepared and

g: s flggﬁ gdf : nt fts?ps]t gt z?bbiﬁ@kr;dWrﬁEaFﬁb&WﬁrofﬁnWio&ﬁb‘ét&i%ﬁe sof@sfréheheise of
-fluorophosphites, also known as yor osphi t.es; as.the
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i's known that thecHumlnd e oxidation! &b shtalyzul heardysinahticin the auback t hat
t he phosphorus |1 gands can be "deconpgsed by a vari et mechani sns

f
i ncl udi ng oxi daaficeraindgiargann ahqspbie HgNdsH 'fEPdiHHb‘?gtﬁﬁfz?%e case of

certain tri-organg Qﬁiefliotfﬁq(f d»r%BFIffe ab BRcloB6d irDIS: FaAbitE 8 StesBERRS ti on
of the phosphite as disclosed 1n US. Patents 5,756,855 and 5,929, 289. The

| i gand deconposi,02R89.eAbe ligard decorerasitiongaagtions @re detrimental to the
overall economics of the process as they result in the loss of the valuable
ligand and also can result in the formation of ligand degradation products
which may act as catalyst poisons. We have found that diorgano
fluorophosphite compounds described in U.S. Patent 5,840,647 undergo
low level degradation to generate hydrogen ﬂuorid'é with concomitant loss
of ligand. The hydrogen fluoride contaminates the product aldehydes which
is highly undesirable as it can lead to corrosion and the formation of by-

products.

SUMMARY OF THE INVENTION

[0006] The present invention provides a means for the stabilization of
certain homogenous catalyst systems comprising at least one diorgano
fluorophosphite compound that results in the suppression of the formation
of hydrogen flucride from the catalyst systems. Thus, one embodiment of
the present invention is a novel catalyst system comprising (1) a diorgano
fluorophosphite ligand; and (3) rhodium; wherein the ratio of gram moles
fluorophosphite ligand to gram atoms of rhodium is at least 1:1; and (3) a
Group VIl metal, othér than rhodium, or Group VIl metal-containing
compound, in an amount effective to reduce the formation of HF during the

use of the catalyst system, i.e., during the use of the catalyst to catalyze



overall econom cs of the process as they result in the |oss of the valuable
| i gand and al so can result in the formation of |igand degradati on products
whi ch nmay act as catal yst poisons. W have found that diorgano

f1 uor ophospkid @wemapounds described in U S. Patent 5,840,647 under7go | ow

| evel degradation to generate hydrogen fluoride with conc OS5 8ss  of

| i gand. The hydrogen fluoride contam nates the product al dehydes which is

hi ghly undesirable as it can lead to corrdsion and the formation of by-

products. SUMVARY OF THE | NVENTI ON [0006] The present invention provides a
means for the sbafinkd gr@bé%sofTheCr%Je%étalbﬁt@@%ﬁ%Jﬁray%@Js\éﬁ%’? EW&&”‘S

conprising at |east one diorgano fl uorophosphite conmpoun at results in
t he suppr essi onVafety Rétrapsitien metal-catalyzedisoeasses aueh as for exammie, hydrad yst

systens. Thus, Badi iant e (g gfgn; [ : cat al yst
szst em conpri si f\&gﬁ? 1)I g’ m?%%’ﬁ%””f ng]reg%%%@b H}é | Sgﬁr&rﬁ'g?\oﬁ%@lr hodi um
wher ei n the r at carbenylgtians, exidations, acetoxplatienshiepexitiatipnsdhydrogminatioh oms  of

or Group Vi 11 ndproRyatiafielobromnatbl dBoMeriza 08 koS Pline Bord) " educe
t he formati on ofctivatidoydlafin tetathesis, mjéﬁrtdimedaatajrmsbli@nﬁp /rﬁﬂt&or}s,??ﬁduri ng
the use of the Sk, 1o catal yze WO 03/061822 -4, organi c
processes. The ﬁ@&g{e}(%é?oaﬂsygg%gifé&%mﬂﬁ?ﬂ% CRRAAIMEF 'OW'&’%’" &% ety of
transition net abincerizatiya edd poligoesgization) bhtagifene polyrertaatibe, artysther _

formyl ati on, hydr ' hydr oc tion, hydrosilation,

car bonyl at i ons, c%&ﬁﬁ%%}%@oﬁ&n@%a;&%&&% ,S¥glba§¥l%glgggﬁge,ac RRAAENS i on,
di-hydroxy! ati oncoupieh ¥B&ctRABAThS Batalyst SySRIME BioVded BYARE PRedandlinogiibrPond
are especially useful for the hydroformylation of olefins to produce
aldehydes.
[0007] A second embodiment of our invention concerns a novel catalyst
solution comprising (1) one or more diorgano fluorophosphite ligands,
(2) rhodium, (3) a Group Vil metal, other than rhodium, or Group VIl metal-
containing compound, in an amount effective to reduce the formation of HF,
and (4) a hydroformylation solvent. This embodiment comprises a solution
of the active catalyst in which a carbonylation process such as the
hydroformylation of an ethyienically-unsaturated compound may be carried
out. '
[0008] A third embodiment of the present invention pertains to a
hydroformylation process utilizing the above-described catalyst systems
and solutions. The process of the present invention therefore includes a
process for preparing an aldehyde which comprises contacting an olefin,
hydrogen and carbon monoxide with a solution of a catalyst system
comprising and (1) a diorgano fluorophosphite ligand, (2) rhodium and (3) a
Group Vil metal, other than rhodium, or Group Vill metal-containing
compound, in an amount effective to reduce the formation of HF, wherein
the ratio of gram moles fluorophosphite ligand to gram atoms of rhodium is
at least 1:1.



activation, olefin netathesis, olefin dinerizations, oligonerizations,
olefin polynerizations, olefin-carbon nonoxi de copol yneri zati ons,
but adi ene di nmerization and ol i gonerization, butadiene polynerization, and

ot her car jRpgsfafsepn bond form ng reactions such as the 'i‘%‘i)ﬁsgﬁﬁ%i on and
arene coupling reactions. The catal yst systens provi ded by the present

invention are especially useful for thedydrofornylation of olefins to
produce al dehydes. [0007] A second enbodi nent of our invention concerns a
novel catalyst solution conprising (1) one or nore diorgano

fl uor ophosphite ligands, (2) rhodium (3) a Goup VIII netal, other than

rhodi um or G@(,)ﬁrgrn%{{_tb 6r§$éba3ﬁ6§n§%?t{_)lr@é‘%? , In an anount effective

to reduce the ron 0 rofornyl ati on solvent. This
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carbonyl ati on prpcess.such as the hydrof ornyl ati on, of an .
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al dehyde whi ch yafiebé arsmaybredikyl @eoups. Thefdrganic Giclipegrdy B&d car bon

nonoxi de with a solution of a cat ali)%sjéiﬂé%stem conprising and (1) a
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wherein R! and R? represent the same or different hydrocarbyl groups or R’
and R? may in combination represent joined groups constituting a
hydrocarbylene group which, with the phosphite residue, forms a cyclic
ligand compound. The hydrocarbyl and joined hydrocarbyl.groups
represented by R' and R? may be selected, for example, from the same or
different unsubstituted and substituted alkyl, cycloalkyl and aryl groups
containing a total of up to 40 carbon atoms. The total carbon content of
substituents R and R® preferably is in the range of 12 to 35 carbon atoms.
Examples of the alkyl groups which R' and/or R? separately or individually
can represent include ethyl, butyi, pentyl, hexyl, 2-ethylhexyl, octyl, decyi,
dodecyl, octadecyl and various isomers thereof. The alkyi groups may be
substituted, for example, with ub to two substituents such as alkoxy,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid,

sulfonate salts and the like. Cyclobentyl, cyclohexyl and cycloheptyl are



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009] The di organo or di hydrocar byl
fl uorophosphite conponent of the catalyst of the present inventionis a
trival ent phosphorus conpound in which the phosphorus atomis bonded to

two oxygenyal ans, g3nd one fluorine atom The oxygen at omg,-2hRod; ;d#{;“her
attached to organic groups which be aronatic or alkyl groups. e organic

groups nmay be independent groups or may _be joined together i-n cyclic or
polymeric structures. The quorophosphf@é conpounds or ligands are
represented by forrmula (I): (1) wherein RL and R2 represent the sane or

di fferent hydroeag ¥% o?{h U&%lo%[] i ouﬁgg{ B%df@?ﬁz'lﬁﬁlﬁeﬁaly’@n'r@ rds@Rf. esent

j oi ned groups cons ocar byl ene group whi ¢h h the
phosphite resi Tﬂnepydlmlmd gaomx;ecmaxc be|sugetﬁutedow’80dhxd Or?ﬁéoﬁWr ocar byI and

el o, {1 om PP BiscriBRMERTahE B SptiBid SRR aRAGBLES | )1

cycl oal kyl andTheé wlkybamdipgcloatiyh beoups ivehich Rbaad/ooR? individually caar bon at ons.

The total carbon content of sub tit R1l.and fe in the
range of 12 torepseselyt pesferablyre a ﬁf)‘l’g)ss 8?er!?@@%§$3% '{ag}?‘l‘g%'ﬁ%‘

and/ or R2 sepag @{ékypér(gy@{bh\épgyual ly can represent include ethyl, butyl,
pentyl, hexyl et hyi hex oct dec octadec and vari ous
i somers t her eo[oowmeééﬁwresgﬁ éWhﬂ@?UBéWhﬁE‘jgt ??‘%(9%‘3 '"Pyﬂfugﬁﬁﬁﬁpe with up

to two substi t@&@m%&écﬁb&w@ arwwéroﬁé s, r‘faruhthyll antrkeerny | |
cycl oal kyl,

, | ox aroyl’, carbox carg%xy te salt
al koxycar bonyl andlskbmyﬂeéﬂﬁrwé%ﬁéhe@m %’FﬁrBP'Q%P t 9‘i¥ﬁ'§i%rygal ts and the
like. Cycl openiyd insGHifit RE%Nb/oR B infdf il 21 RN reie8eNard 3hé Rlfichls - 6

having the formulas
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PCT/ US03/ 01574 exanpl es of the cycloal kyl groups Rl and/or R2 individually
can represent. The cycl oal kyl groups may be substituted with al kyl or any
of the substituents described with respect to the possible substituted

al kyl grou al kyl and cycl oal kyl groups which Rl
i ndi vi dual P@/)(gﬁ)}\-ﬂ%r epresent preferably are al kyl of up to%g;"@ég’/(ﬁ%n at ons,

benzyl, cyclopentyl, cyclohexyl or cyclgheptyl [ 0010] Exanpl es of the
aryl groups which Rl and/or R2 i ndi vidual'ly can represent include
carbocyclic aryl such as phenyl, naphthyl, anthracenyl and substituted

derivatives thgpredin @@m’eﬁ]apfrem@em@hbwyxfrdrecsuastuhentgnrmapsnwntq,h R1
and/ or R2 i ndivi dualqjy can represent areicxg%l{(adl aI s an n the formul as

(1V) WO 03/ 06188lecte 9408 Aty 4hapRs e esent one or

nore substit Ue%&&oélﬂ?ﬁ@@"dﬁﬂbky aréﬁ' &96&@/[ fc'é%ﬁx?la‘fé’ haltﬁ'ah@)(ycarb@h gen,

cycl oal koxy, for cycl oa oxy, aro carboxyl

car boxyl at e salad@ﬂodloKb-W@a@,b%ﬂfW'C acigd, ﬁH%QI]ﬁt%W[tS Ilk§u| Thedlll aci d,

sul fonate salt The a aid aIkI
311 ngllcifI?ﬁe !afo?%sald %‘Iﬁg éllkbﬂ(y, alkah8 YaI‘RBx clé?ocﬁ'f g y

al koxy, al kano oxyca kano oxy roups ‘typical ly cont ai n
up to 8 carbon aatamwloxmmmagwlcallyuosmt%y@m) &aflgn aipmns. AdHpeghiis 0 to 5

and for n to " ge% Féres%ﬁm@éaﬁd fr n 36 re%Enf@WtﬂeV?H@'dfy Wi "

not exceed 2. represent hal ogens and/or [ower alk
groups, i.e., aatalchlogm andhalunuallydmlimaheme@do?naR%anChRf(pref@fablYp’epteS&nt:ar bon

atoms, and m alr}wpréﬁ%acggﬁdrg re?sj_gq I%&({}Pps e 2straigt&hbin Ad faBhidEhdin R and

R2 in conbi nat
alkyl of up to 4 carbon atoms, and m and n each represent 0, 1 or 2.

[0011] Alternatively, R' and R? in combination or collectively may
represent a divalent arylene group. The divalent groups which R' and R?

collectively may represent include radicals having the formula

Al

X
\

wherein

each of A' and A? is an arylene radical, e.g., a divalent, carbocyclic
aromatic group containing 6 to 10 ring carbon atoms, wherein each ester
oxygen atom of fluorophosphite (1) is bonded to a ring carbon atom of A
and A%;

X is (i) a chemical bond directly between ring carbon atoms of A' and
AZ or (i) an oxygen atom, a group having the formula -(CH,),- wherein y is 2

to 4 or a group having the formula



represent a divalent arylene group. The dival ent groups which Rl and R2
collectively may represent include radicals having the formula wherein

each of A\ and A2 is an arylene radical, e.g., a divalent, carbocyclic
aromatic g nfaining 6 to 10 ring carbon atons, wherej ch ester
oxygen atoh&ggﬂﬁﬁ% rophosphite (1) is bonded to a ring cﬁﬁhﬁﬁﬁﬁvgﬁ1of A
and A2; X is (i) a chem cal bond directlﬁ_betmeen ring carbon atons of A
and A2 or (ii) an oxygen atom a group having the formula -(CH2)y- wherein
y is 2 to 4 or a group having the fornula WO 03/061822 PCT/ US03/01574 8 R5
1 -C Rs wherein R5 is hydrogen, al kykR® or aryl, e.g., the aryl groups
illustrated by formulas (I11), (IIl) and (IV), and R6 is hydrogen or alkyl.
The total carbon content of the group=C(R5)(R6)- nornmally will not exceed
20 and, preferably, is in the range qf 1 to 8 carbon atons. Normally, when
R and R2 collectively represent a digfal ent hydrocarbyl ene group, the

fl uorophosphite ester oxygen atons, i.e. t he oxygen atons dedpi cted in
formula (1), avkereifeRaisdtyderasn. alkyheliaiyloe gattberand eraupsriiusiratad b¥ast 3

A and A2 ndPande (B AR (9, Ao X aRRoH TR dy ERE AR ST
(V1) and (VI | )contant of kg group -C(R%)(R®)- normally will not exceed 20 and, preferably,

is in the range of 1 to 8 carbon atoms. Normally, when R and R?

collectively represent a divalent hydrocarbylene group, the fluorophosphite

ester oxygen atoms, i.e. the oxygen atoms depicted in formula (1), are

separated by a chain of atoms containing at least 3 carbon atoms.

[0012] Examples of the arylene groups represented by each of A’ and A2

include the divalent radicals represented by the formulas (V), (Vi) and (VII).

(Rs’p—©: v)
(R‘*)q B Y))
O

wherein R® and R* may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salts and the like. The alkyl

moiety of such alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy



(R4)q wherein R3 and R4 may represent one or nore substituents
i ndependently selected from al kyl, al koxy, hal ogen, cycl oal koxy, fornyl,

al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts,
al koxycar bQiydsos1s3h ! kanoyl oxy, cyano, sulfonic acid, sulf S and t he
i ke. The gf}{ T noi ety of such al kyl, al koxy, al kanoyl 1%2*'% xycg? bonyl and

al kanoyl oxy V\D 03/ 061822 -9 PCT/ USO3/015_ 4 groups typically contains up to
8 carbon atons. Although it is possible for p to represent 0 to 4 and for
g to represent 0 to 6, the value of each of p and q usually will not

exceed 2. R3 agebups tppichIfy cddltaing eptes eaibon dieegaithsughit lsaﬁossiﬂle)forr;e, a
| oner al kyl group i.e., straight-chain an t% gnﬁ]hed cha,g kfy cgf up to
4 carbon at ons [0 BPresamtP tg) or g frepresait § 1R 5c e aeaed (P an

[0013] The dih | ndtlestes QPP O R hihl R*gRepAIbNdRprént artrildgestsuch
preferred, e. gﬁflfs‘aﬁgysg/}ﬂv\%dt elﬁlt@éex hibit the best stabili tépcgesfg S wher ein

the fl uor ophoggtehiasingxg dpwyeraliohgroapel. & oSifrighteghatand, b Yﬂ)on at om
of a carbocycl u p

repr esent ed byc’kgw<§1 odrnrr%t Fn% ?FI Ipﬁleﬁﬁl aﬁ?@l?@q\a}\ﬁen 16%{5@[’-?%
individually eacB. represents an aryl rad| cal e.g., a phenyl group, it is

e et o g S bipirodfbl b e RS RR B i 2 |7 2

position ortho erin car hite
ester oxygen atpoefesed, eguhisnsiet\ntiuietdemmlblhtfmbalt kizbility, @op thasepégrainithe a

the 11 ke. 8 m fapraphodpdii peiiatorfSal SR Kert Plls fld bapoh i Y "
havi ng the for mdabbyrlic,i aromatic hmupat gmnadryleondrgese gerlipcrepsesantesihly A2 t hat
are ina posit Ia?ly of formulas (i) through (Vil). When R' and R? individually each
represents an aryl radical, e.g., a phenyl group, it is further preferred that 1
or both of the ring carbon atoms that are in a position ortho to the ring
carbon atoms bonded to the fluorophosphite ester oxygen atom are
substituted with an alkyl group, especially a branched chain alkyl group
such as isopropyl, tert-butyl, tert-octyl and the like. Similarly, when R'and

R? collectively represent a radical having the formula

Al

X
N

the ring carbon atoms of arylene radicals A' and A? that are in a position

ortho to the ring carbon atoms bonded to the fluorophosphite ester oxygen

atom are substituted with an alkyl group, preferably a branched chain alkyl

group such as isopropyl, tert-butyl, tert-octyl and the like.

[0014] The most preferred dihydrocarbyl fluorophosphite compounds have

the general formula:



ortho to the ring carbon atons bonded to the fluorophosphite ester oxygen
atom are substituted with an al kyl group, preferably a branched chain al kyl
group such as isopropyl, tert-butyl, tert-octyl and the |ike. [0014] The
nost prefe iJydrocar byl fluorophosphite conpounds h ener a

Mo e e o b P05 01594 16 (R8)r (VII1) F Bushifis)
represents hydrogen, hal ogen such as chlﬁéo or Cl to C12 alkyl, preferably
Cl to C4 alkyl; R8 represent hal ogen such”as chloro, Cl to Cl12 alkyl,
preferably C1 to &4 alkyl, or Cl to Cl2 al koxy, preferably Cl to C4

al koxy; r is O, 1 or 2; and Xis (i) a chemcal bond directly between ring
carbon atons of the aryl ene ?roups or (ii) a group having the formula R5 1
-C R6 wherein R5 is hydrogen(R% e 0\ aryl groups
illustrated by forrmulas (11), (I apd (1Y d R6 is hydrogen or alkyl.
[ 0015] Specific illustrative exanp of the)ph@sphite |igipds enpl oyabl e
in the present invention within the scope of/ generic formulas | - 11l above
i nclude the foll ow ng phosphite gehpou dﬂ?/ 03/R61822 -11 -F

F

wherein R represents hydrogen, halogen such as chloro or C to Cq2 alkyl,
preferably C1 to C4 alkyl; R® represent halogen such as chloro, C to Cz
alkyl, preferably C4 to C4 alkyl, or C4 to C12 alkoxy, preferably Cq to C4
atkoxy; ris 0, 1 or 2; and X is (i) a chemical bond directly between ring
carbon atoms of the arylene groups or (ii) a group having the formula

RS

wherein R® is hydrogen, alkyl or aryl, e.g., the aryl groups illustrated by
formulas (I1), (1) and (IV), and R® is hydrogen or alkyl.

[0015] Specific illustrative examples of the phosphite ligands employable
in the present invention within the scope of generic formulas | — lll above

include the following phosphite compounds:



0 P-F F F PCT/ US03/ 01574 WO 03/061822 -12 PCT/ US03/ 01574 [0016] The novel
catal yst systens provided by the present invention conprise a conbination
of (a) one or nore of the dihydrocarbyl fluorophosphite conpounds

descri bed | il hereinabove; (b) rhodium and (c) a | netal,
other than'r %ﬁ)l%ﬁk'%% or Goup VIIl nmetal- containing corrpcl))grrlgjfé lfor\%hr hodi um
nmetal may be provided in the formof various netal conpounds such as

r hodi um car boxyl ate salts. Rhodi um conpounds that may be used as a source
of rhodium for the active catalyst include rhodiumll or rhodiumlll salts
of carboxylic acids, exanples of which include di pum tetraacetate
dehydrate, rhodiun(ll) agetate, . rhodiun(ll) rhodi un(l11)

2- et hyi hexanoat e, (| 1) benzoate and rhpthwum octanoate. Al so,
S such a 4(CO) 12, s£(CO) I5\and r hodi un(l)

rhodi um car bonyl Spdci g
acetyl acet onat e di carjpongls may sui t abl e rpbddi eva-8odrees. Additional ly,
Pre_d conpl exe8, such as tri

r hodi um or ganophosph (tritphenyl phosphi ne) rhodi um
carbonyl hydri de gaxk._Xe used whery t he phosphi ne noieties of the conplex
fed are easily dipplacegd by the of the present
invention. Less desirable rhodi @ lts of strong
m neral acids such as chlorides, yorom des, nitnetes, IS ates, phosphates
ound rhodi'um 2- et hyl hexqno8tg t
F

and the |ike. W have e a particularly
preferred sour c&%

CH,0 .
/ O‘P'o
é |
O Q | /
- .
i ~ 0,
ok e



rhodi um fromwhich to prepare the conplex catalyst of the invention
because it is a convenient source of soluble rhodium as it can be .
efficiently prepared frominorganic rhodiumsalts such as rhodi um halides.
[0017] The watds@efgb, gr am nol es di hydrocar byl fl uorophosphite |SI 9an7d to
gram atonms rhodiumnormally is at least 1:1 and can vary EGEUSBWFde _
range, e.g., gramnole fl uorophosphite: gr?g atomtransition metal ratios of
1:1 to 500:1. The gram nol e fluorophosphit€’gram atom rhodi umratio
preferably is in the range of 5:1 up to 150:%9(\3?? [ratlos in the {ﬁnge of
5:1 to 100:1 bp i I i H e _
stabilizer Grougm\i/ﬂ Fﬁg%tng},‘é;ﬁ{a#%yé:? S?%%Héqga\pl) \Y/ I? h‘_amet g%q@t ﬁ%nrtﬁbhan rhodi um
("other G oup VFPMPHER acombinatien ohfaliametafaneiews theptihpdiooarbsb2 - 13 oo el
PCT/ US03/ 01574 ' ; 1.0 n_typic y
shoul d provide ﬂll?;%r@k) %ééé?“?é??’m“g?%é%@r%gg&@g@P’%&ﬁ '?#éwgt ﬁ?’t'@%’p VI
metal based on anthéc)@ Graum \GHemetl, othadithan fhodiemtoriGroup ¥l misdly st syst em

f bly, th ' f 0 r Gqup VIII nefal_:rhodi um

metal 1o t necotaPRaddd il mbifin tall i envigea FRER fpiraeny
i nvention, the varfns rﬁietaUponddendsrmncalasrrhgc:]ibgl danbd)qtﬁl@?élté.ORh&ﬁ?ﬁﬁt ?lnytshe

| | |y int t he r of or,) on reactor '
Porm of st bl o toaoRasthbERbY heuB68 ag d o SO 5 i alifR csfaampounds
are the car bonyinslude andxdisml |&?El$lpdilﬂ2(“tkﬂﬁs omatb@gﬂoaé?cﬁdvssl?:é?éﬁ@{e%{f Pgtr)sgggt g:
f th h G VI 1 . TIhe preferre qup., met a
gt at)i Fi gfar gr ar e‘gﬁﬁgt’ri'%lﬂﬂﬁng'éri‘ﬁaﬁ”m tetrpagﬁ@{ﬁ ‘?JEW‘&F\Q?» BH:M'LHB(:“Q#PE"R&WBI ly, the
Pl yor poi sone an i) Boouyrat/thodiiRi() 2 ethindahoSte el beiRie || e,

oi sons such as sul fur or inorgani'c halides.
g?;ghﬁ;r pC Iorrp éuo,qg&m(yé oglgpegte. Also, rhgdium carbonyl species such as

Rh4(CO)12, Rhs(CO)1s and rhodium(t) acetylacetonate dicarbonyl may be
suitable rhodium sources. Additionally, rhodium organephosphine
complexes such as tris(triphenylphosphine) rhodium carbonyl hydride may
be used when the phosphine moieties of the complex fed are easily
displaced by the fluorophosphite ligands of the present invention. less
desirable rhodium sources are rhodium salts of strong mineral acids such
as chlorides, bromides, nitrates, sulfates, phosphates and the like. We have
found rhodium 2-ethylhexanoate to be a particularly preferred source of
rhodium from which to prepare the complex catalyst of the invention
because it is a convenient source of soluble rhodium, as it can be efficiently
prepared from inorganic rhodiurrj salts such as rhodium halides.

[0017] The ratio of gram moles dihydrocarbyl ﬂu_oropho.sphite ligand to
gram atoms rhodium normally is at least 1:1 and can vary over a wide
range, e.g., gram mole fluorophosphite:gram atom transition metal ratios of
1:1 to 500:1. The gram mole fluorophosphite:gram atom rhodium ratio
preferably is in the range of 5:1 up to 150:1 with ratios in the range of 5:1 to
100:1 being particularly preferred.

[0018] The amount of the stabilizer Group VIl metal, i.e., the Group Vil
metal other than rhodium (“other Group VI metal”), present in the novel



to the hydrofornylation reaction mxture as a single batch as a conponent
of the overall catalyst or in small quantities over an extended period of
ting I Furthernore, if the concentration of the other Goup VIII netal
stabilizer decrease overtine, additional Goup Vi

stabilizer OS&%E s added during the hydrofornylation Brocggs c/) rr7§i ntain
the stabilizer at an effective level in d’ue process. [0019] A second
enmbodi ment of our invention concerns a novel catalyst solution conprising
(a) one or nore of the fluorophosphite ligands of formula (1), (b)

rhodium (c) a &HiQiet é{)s{émﬂsﬁo%tded%ﬁﬁé prdbeRt rnk)@ﬁlﬂidmp@ény SHouPpdvide

nmet al - cont ai ni ng conpound and (d) a hydrofornyl ation hi s
embodi ment conp¥® 34 Odelduaragratem QW@S%‘éftth%’”@ét(%fP%Vﬁf e\yéltb@ﬁe

car bonyl ati on pfh%%f‘rél% S oﬁhéd?l‘?mgifé’ééhfc i?ftﬁ)é'cﬁdlf%ﬁ sPdtedn %féYétﬂWtﬁé' ly-
unsat urated conpound may be carried out 0020 he hy drofor | ation

reaction sol vengfaﬂh9t06éfa§'@l<2-fél°ﬂ%§thﬁf &oup Villreet 'Ei}oidé{'@/"lﬂta ddindBaRaRIe i xt ur e
of compounds, 0k m&@%l@cﬁt E\cﬁ:fee?flthélp}éégﬁfmvé RnPIRSHHECGAupIICh the

process i s being operate fec verse t he ‘hydr of or myl ation
process, and armetaiemay veé mttrOdeeepbtqthe@atah@t pacarSpsmatwlwgv dipatly nto1 4

T 031 0157 St dBRE Bt e B AR BB SARREC o0
carbocyclic ar Enmhpmsmjlsmbﬂmph:epumlocobmbeunctsgrertm carbboylesc;ara@edaies,, et hers
o o o ShbeS SRRl R S AR o DL RG, R  F R,
cycl ohexane, cyThepref6ired Srogy Viibehettsfonase ﬁetstgbhthrsl arbtatineim, aobath i i
QYﬂ;fCZ‘LESP ;St 3? g,ghelﬁtsjmbaendz par?ladlutmOI Ngrnn%llly, %leepr}gcdrgc?ro -rﬂ?é 'oﬁ"neetr I'(l')l!l[g] vifUmene,
metal will not contain any known catalyst poisons such as sulfur or
inorganic halides. The metal stabilizer precursor compounds may be added
to the hydroformylation reaction mixture as a single batch as a component
of the overall catalyst or in small quantities over an extended period of time.
Furthermore, if the concentration of the other Group VIII metal stabilizer
should decrease over time, additional Group VIl metal stabilizer may be
added during the hydroformylation process to maintain the stabilizer at an
effective level in the process.
[0019] A second embodiment of our invention.concerns a novel catalyst
solution comprising (a) one or more of the fluorophosphite ligands of
formula (1), (b) rhodium, (c) a Gr'gup VIl metal, other than rhodium, or
Group Vil metal-containing compound and (d) a.hydroformylation solvent.
This embodiment comprises.a solution of the active catélyst in which a
carbonylation process such as the hydroformylation of an ethylenically-
unsaturated compound may be carried out.
[0020] The hydroformylation reaction solvent may be selected from a wide
variety of compoundé, mixture of compounds, or materials that are liquid at
the pressure at which the process is being operated, do not affect adversely

the hydroformylation process, and are inert with respect to the catalyst,



aromati ¢ conpounds such as the isoners of diisopropyl benzene,

triisopropyl benzene and tert-butyl benzene; al kenes and cycl oal kenes such
as 1, 7-octadiene, dicyclopentadiene, 1,5-cyclooctadiene, octene-1, octgne-
2, 4-vinyl cwe) ghegene, cycl ohexene, 1,5,9-cyc!ododecaprleneﬁnﬁéfen}eng,
crude hydrocarbon m xtures such as naphtha, m neral 0|Is_£ﬁ ReYUEdne:

hi gh-boiling esters such as 2,2,4-trinetbi%:1,3-pentaned|ol nono- and di -
i sobutyrate and di octyl phthal ate; hydrogenat ed pol ydecenes, e.g.,
materi al s marketed under the tradenames Durasynl70 and Durasyn 180; and

epoxi di zed soybedwlinphydrodée and damvAlendHdxHec ts h édﬂ?pdomg%%%é’%hgl I on

rocess also na e, used. In practice, the preferre sol vent 1's"the higher
Eoi ling by-pr odﬁ?:‘il?%det YRrous alkangs svsloplkenes Alenes eysipalirnespearbesysliof t he

hydr of or nyl at i omrdraaisd tsmpadst H@oﬁ&&%ﬁ’é@ﬂ%et&%e‘%?écﬁ%lsg ethefld SAd Wafldy! ONS.
that are required f_?_r al dehyde product isolation. The main criteria for
the solvent is &?&F' It @xgnples|af such pelvents lojuste alkaneptng cycloaltaresaueh and

does not act as ag doALEAHR, B@caanbgct%ﬁé,%g-%ﬁtang.rn%ﬁf%se%ygl%é/)? tesﬁic? [ the

production of volatile aldehydes, e.g., propional éh e and™t _

but yr al dehydes, Ogta8et Wodﬁéan%rr@’tbylt)fqlmegallné;yarbmghc 39dr‘o|camoE19 Sgﬁlﬁbr?:] gi i 1(‘) g;
h t t, Al o , vent s an ol vent,

that are pref er Fonefzite (BBAAIGHIENERE T iBRalfT ChineBey skt babiniea

non-vol atile aRtwhatitecopmuiinds sucmas tieisdmers dfydiis@pdpyibehidicnone,

i ' ' d.sol vents such as perfuorokerose ne,
ul ol ane. v ey eoBAMRk AR G RKER:She skenes shdvealienes auch
conbi nat i ons of as Hgsectadiene disyclopabitdiiere, il BIEREIIBAdiERE) DMK Wetdhe-

ds, i ngr al nd WO 03/ 081822 PCI/ US03/ 01574 -15 hydrocarbons, in
;gn)iogzl Zr, | 2&3§b£'Q%¥§3888Wa§%°8%§’§"951’ﬁﬁéCYCWQF’BF@F'ﬁW:a%P@HeB@I vent

since their usecwds hydricartas mkenePsact aPragttha Whineral oils and kerosene:
high-boiling esters such as 2,2,4-trimethyl-1 ,3-pentanediol mono- and di-
isobutyrate and dioctyl phthalate; hydrogenated polydecenes,
e.g., materials marketed under the tradenames Durasyn170 and Durasyn
180; and epoxidized soybean oil. The aldehyde product of the
hydroformylation process also may be used. In practice, the preferred
solvent is the higher boiling by-products that are naturally formed during the
process of the hydroformylation reaction and the subsequent steps,
e.g., distillations, that are required for aldehyde' product isolation. The main
criteria for the solvent is that it dissolves the catalyst and olefin substrate
and does not act as a poison to.'the catalyst. Preferred solvents for the
production of volatile aldehydes, e.g., propionaldehyde and the
butyraldehydes, are those that are sufficiently high boiliﬁg to remain, for the
most part, in a gas sparged reactor. Solvents and solvent combinations
that are preferred for use in the production of less volatile and non-volatile
aldehyde products include 1-methyl-2-pyrrolidinone, dimethylformamide,
perfluorinated solvents such as perfluorokerosene, sulfolane, water, and
high boiling hydrocarbon liquids as well as combinations of these solvents.
We have found that non-hydroxylic compounds, in general, and



fl uorophosphite ester ligands. [0020] The concentration of the rhodi um

| i gand and other Group VIII netal in the hydrofornylation solvent or
reaction mxture is not critical for the successful operation of our

i nventi on. 03WBl%k4 oned her ei nabove, a gram nol e |igand: gi-amsgd@E," hodi um
rati o of at east 1 1 normally is maintained in the reaction mxture and
the gramatomratio of the other Goup VMgl netal:rhodiumnetal preferably
is in the range of 1:1 to 5:1. The absolute concentration of rhodiumin
the reaction mxture or solution may vary from1l ng/liter up to 5000
ng/liter or norigydroferborid)én partic@as may b@pmrdaammgelmualytdsah@r acti cal
conditions of this nven I on, ')é‘ﬂ'ge co ent ration hodi um i.n tor?]g? reaction

sol uti on nornalf h)g;irq) rrpy,la PS¢ é"lffa %‘r oox %%"Wﬂﬂ'%et%?m"t&?ﬁ&'é’ﬁt % ons of

rhodi um | over tfigopHtsphitéeser gdirisal | y do not yield acceptable reaction
rates wth nost_olefin reactants and/ or uire reactor gquyatl ng

t enper at ures t 2028} eThacopcgntration ¢f the rQFé’("l' nigiang| andpthery st ability.

Hi gher rhodi um ﬁ.efaﬁ%éa{yuﬂﬁ&nwlﬁldh%hwn%efera@ﬂorbﬁﬁﬂu@qS nef crtleg) ok gh cost
of rhodium The concentration of the di hydrocarbyl @ fl uorophosphite |igand

in the hydroformlsapcmﬁwpe@wn&f oueipvention. Msangntionadhareiapbgve. @ bet ween
0.005 and 15 ) ) :
n Wegpl leere; g%% ed?@%gan rrhamm aticbr 4ekakt 1:1 HBrn‘né]@ geac i on

m Xture. More t concentration 1Is between 001 and 10
wei ght per cent , maintgipeincthelvegctiop risture end theo@asmatom ratip giithe eibetent on

that basis. [OOéJKJ[ NG SREG: ﬁ'nlodﬂlrm H%‘t’étig)?éfﬁa%ﬁgggrﬂffeﬁraﬁgg of §94b'sef TRL

preparing the yst systens an resent i nvention,
al t hough it is alpohitecorcenttabionlof giadiumn (ratthalryad;tuoofmlxttgh oasolution gnayt hat al |

ram pul a1 ons Sl § UEL USSR SERRTI R S iR pamRrent s e
The desired quagpdraiedswithin the gracticd benditivrdi of this aigeation!, thé icgacuhtration an ot her
Goup VITI compg of rhgdlum in the reaction solution normally is in the range of 20 to

300 mg/liter. Concentrations of rhodium lower than this range generally do
not yield acceptable reaction rates with most olefin feactants and/or require
reactor operating temperatures that are so high as to be detrimental to
catalyst stability. Higher rhodium concentrations are not preferred because
of the high cost of rhodium. The concentration of the dihydrocarbyl
fluorophosphite ligand in the hydroformylation solvent or reaction mixture
typically is between 0.005 and 15 weight perceﬁt based on the total weight
of the reaction mixture. More typically, the ligand concentration is between
0.001 and 10 weight percent, an'q preferably is between 0.05 and 5 weight
percent on that basis. . _

[0021] No special or unusual techniques are required for preparing the
catalyst systems and solutions of the present invention, although it is
preferred, to obtain a catalyst of high activity, that all manipulations of the
rhodium and ﬂuorophosphite ligand components be carried out under an
inert atmosphere, e.g., nitrogen, argon and the like. The desired quantities
of a suitable rhodium compound, ligand and an other Group VIIl compound

are charged to the reactor in a suitable solvent. The sequence in which the



are charged to the reactor in a suitable solvent. The sequence in which the
WO 03/061822 -16 PCT/ US03/01574 various catalyst conponents or reactants
are charged to the reactor is not critical. [0022] The regct:co? ;nxturgf
used in the of the present invention are conprised o a) one
nmore of the“g{‘%g)gf%%:ar byl fl uorophosphite conpounds descPCBY§IYHSYet ai |
her ei nabove; (b) rhodium and (c) a G oupygVII1 et al, other than rhodi um
or Goup VIl netal -containing compound. q’he rhodi um functions as a

hydr of ormmyl ation catalyst in the formof a conplex catalyst which is

fornmed in situ Vanoustdmalystadimponeatsrdrobactams @xeé dfargb€o He Moo &Y Mt
fl uorophosphite |l‘t. ?nd and hydrogen. Additional conmponents, such as the
olefin, may al s§" C%‘bonded to the rhodiumat various points in the

catal ytic cycl e[0o0R2¢ Thedkattonahifiuyss usadn tiaprabydd & tRE PradehPinveRfigpuUnds
are preferably free of any pojisons such ul fur conpounds, 1 norganic

as s _
chl orides and bRGHFUBRN qféﬁb?ﬂ%lo’kmﬁﬁe(ﬂfﬁ%tﬁlhé‘droﬁﬁijkxhﬂl@rhaﬂltlﬁ@bﬁecorrpounds.
The reactants aeélrng@ﬁr?dsyééscﬁgé@mk?él_&i?her‘é?@%%;ﬁb?moggmi;ra‘?\‘a (QJ%@JXUHMGH al's
that wll prormt(? y- product formation rom t'he’ product al'aehyde.
Material s knownVtbTMtabmiber thoo shastiie: or Grouredlll sretaireamtainiog soogoandal dehyde
i nclude iron conhemMsiumiAGREs a8'a drd?f)mlﬂﬁéﬁﬁvca?é]g?tqm%ef%na[oggzﬂ The
third enbodi ment of the present invention pertalns 0'a nydrofornyl ation
process utili zi ¢RNPIgE catabyss winghde ifrenedda il from the shedism, eadosol uti ons. The

Bl enyde whi on ToneRte H8 AR ALGoBhSsititeTaBaT BELRvsRan Sar bon ©

nonoxi de wit h aAdditionalcomplonentsasadhyat the yidfiammzeaied Isé bonded to the
rhodium at various points in the catalytic cycle. The rhodium catalyst and
catalytic precursor compounds are preferably free of any poisons such as
sulfur compounds, inorganic chlorides and bromides or readily hydrolyzable
organic halogen compounds. The reactants and catalyst components
should also be free of any materials that wiil promote by-product formation
from the product aldehyde. Materials known to promote by-product
formation from the product aldehyde include iran compounds, strong acids
or bases, and amines.
[0023] The third embodiment of the present invention pertains to a
hydroformylation process utilizing the above-described catalyst systems
and solutions. The process of the present invention therefore is a process
for preparing an aldehyde which '_comprises contacting an olefin, hydrogen
and carbon monoxide with a solution of a catalyst system comprising
(1) one or more of the above-described dihydrocarbyl fluorophosphite
compounds; (2) rhodium; and (3) a Group VIl metal, other than rhodium, or
Group VIIIl metal-containing compound, wherein the ratio of gram moles
ligand:gram atom rhodium is at least 1:1. The olefins that may be
hydroformylated by means of our novel process comprise aliphatic,
including ethylenically-unsaturated, low molecular weight polymers,

alicyclic, aromatic and heterocyclic mono-, di- and tri-olefins containing up



(1) one or nore of the above-described di hydrocarbyl fluorophosphite
conpounds; (2) rhodium and (3) a Goup VIII netal, other than rhodium or
Goup VIl netal -containing conmpound, wherein the ratio of gram nol es

| i gand: gr amzgf BRkiskodi umis at |least 1:1. The olefins that may be

hydr of ormyl at ed by means of our novel process conprise al FERAPII01574

i ncludi ng ethylenically-unsaturated, |ow gplecul ar weight polyners,
alicyclic, aromatic and heterocyclic nmono-, di- and tri-olefins containing
up WO 03/061822 PCT/US03/ 01574 -17 to 40 carbon atons. Exanples of the

al i phatic ol ef i is4@ hatbomeatome. Examplstdf thealiph@tip blfias $ht Medyske usiizeal ght -
and br anched- chgj ubstituted .and bstituted, aliphatic

nono- a- ol ef i ns @{oﬁpaﬁlﬂﬁ%ﬁsé 'Uﬂ“#%s%gﬁﬁﬁaaﬁf%bﬁa—.cﬁa@xa dtuded aRd gr oups
that may be presebétitatad] Aphatbaidnbl-8RAMPBSEMIMY & 00 EatbbN Aoy dr oxy;

al koxy i ncl udi n& ethers-and acetal s; al kanoyl oxy 'such as acet oxy; am no

i ncl udi ng subst Framelesafithe grasins teatynay be riesgotobiheydupstitatatomand-ds; ket o;

cyano; and the | ; i ol -a- 0l ef i ng have the general
formul as: and Hb{ﬁﬁ@? 'eﬁlﬂeaya?%(yﬁ%g\pggyﬁ&g%ﬁag‘%}ﬁ%%gaﬁ}d-eaC Faﬁﬁréct‘f?d}?é{glxéf hai n
al kyl of up to Ssudnahacetaxyjresninaimtiuding substituted gfino; earbokgnched- chai n

. ' b
2t one. ol Kanoy! BRg RO R i Sy, i ke cPresp e Sy | of

2 to 10 carbon atopoEx-olefins have the general formulas:

H >:(R9

H H

H ﬁj\?u/Rﬁ '

H

and

wherein

R®is hydrogen or straight- or branched-chain alkyl of up to 8 carbon
atoms;

R"is straight- or branched-chain alkylene of up to 18 carbon atoms;
and

R" s hydroxy, alkoxy of up to 4 carbon atoms, alkanoyloxy of up to
4 carbon atoms, carboxyl or alkoxycarbony! of 2 to 10 carbon atoms.
[0024] Specific examples of the aliphatic mono-a-olefins include ethylene,
propylene, 1-butene, 1-octene, allyl alcohol and 3-acetoxy-1-propene.
[0025] The aliphatic, di-olefins may contain up to 40 carbon atoms.
Preferred aliphatic, di-olefins have the general formula:



[ 0024] Specific exanples of the aliphatic nono-a-ol efins include ethylene,
propyl ene, 1-butene, 1l-octene, allyl alcohol and 3-acetoxy-1-propene.

[ 0025] The aliphatic, di-olefins nmay contain up to 40 carbon atons.
Preferred alj e, di-olefins have the general fornula: 1822

PCT/ US03/ 0%17@%&%?H [/ ~'- 12 HH wherein Rl2 is strali gﬁtcmg%%lgg
branched-chai n al kyl ene having 1 to 18 cagbon atons. [0026] The cyclic

ol efins which nay be used in the hydrofornylation process of the present

i nvention may be cycl oal kenes, e.g., cyclohexene, 1,5-cyclooctadiene, and
cycl odecatriene, and fromvarious vilyl-subgtituted cycl oal kanes,
cycl oal kenes, heterocyclic and ELO ' o] . Exanpl es of such cyclic
ol efins include 4-vinylcycl ohex , yCl o- xadi ene,

4- cycl ohexene-carboxylic acid, nethyl 4-cycl ohexene-carboxylic acid,

1, 4- cycl ooct adi ene and-1,5,9-cycldﬁodecatriene. [0027] M xtures of olefins
al so can be usggieldin RVeisRidfdHC6 &snéﬂydschafmmﬁﬂéh@naviﬁgq 1B 18ldsr6sn My be of
t he sane carbon nunber suchas m xtures o# n-octenes or It may represent
refinery distiktams.on cuts which will contain a mxture of olefins over a
range of sever r " |2t N ich are
particul arly pr%qigjr gﬁeggﬁp@(ﬁé@w %l%@@yo%eggﬁ@?@gycﬁgﬁiﬁv%g?%n at ons,
especi al | y pr opydoese of fieQ#eserklinvantian mayrbecayctbizikenrs, eigedyelokexame, criti cal

f h i f _the, ' | . '
o e 0Pt o Do ol SRR RIRGARON B TR N VA bS8,
contact ed w t hcilolRgreas, apclosiRedss) heterocyclic and aromatic compounds.

Examples of such cyclic olefins include 4-vinylcyclohexene, 1,3-cyclo-

hexadiene, 4-cyclohexene-carboxylic acid, methyl 4-cyclohexene-carboxylic
acid, 1,4-cyclooctadiene and 1,5,9-cyclododecatriene.

[0027] Mixtures of olefins also can be used in the practice of this
invention. The mixtures may be of the same carbon number such as
mixtures of n-octenes or it may represent refinery distillation cuts which will
contain a mixture of olefins over a range of several carbon numbers. |
[0028] The olefin reactants which are particularly preferred comprise
mono-a-olefins of 2 to 10 carbon atoms, especially propylene.

[0029] The reaction conditions used are not critical for the operation of the
process and conventional hydroformylation conditions normally are used.
The process requires that an olefin is contacted with hydrogen and carbon
monoxide in the presence of the novel catalyst system described
hereinabove. While the process may be carried out at temperatures in the
range of 20 to 200°C, the preferred hydroformylation reaction temperatures
are from 50 to 150°C with the most favored reaction temperatures ranging
from 80 to 130°C. Higher reactor temp.eratures are not favored because of
increased rates of catalyst decomposition while lower reactor temperatures
result in relatively slow reaction rates.

[0030] The hydroformylation process of the present invention normally is

carried out at elevated pressures in the range of 0.7 to 69 bars gauge (barg;



nonoxi de in the presence of the novel catal yst system descri bed _
her ei nabove. Wile the process may be carried out at tenperatures in the
range of 20 to 200C, the preferred hydroformylation reaction tenperatures

are fromb5 Fs%zcv‘“hthe nost favored reaction tenper i ANgi ng
from 80 togvfg@e% I gher reactor tenperatures are not favS? )&fsgsz%éﬁse of
I ncreased rates of catal yst deconposition ile | ower reactor tenperatures

result in relatively slow reaction rates” 1_ 0030] The hydrofornylation
process of the present invention normally is carried out at el evated

pressures in thqort@%@o%uﬂdgpépsc@%r@ﬁ{cﬁ-ggst@ r(e%}éﬁly umeofégn%]o%?g to

PCT/ US03/ 01574 -19 to 1000 pounds preferably in
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the ratio of théntioddcedéto the reaatop ima woniindods manmnehBy heedsi or eRh@pleed

he. d d | b hed ner ratio in the product
Gener al 1y, the SLAEPIPEG5onPG Pl FRGPUSSH! Lid=Barboie WOFREETH® | n t he

reactor is mai nt:anb@adnmd%denlntthéfed@@@@le@fed%cﬁ:oidﬂqglt% thadgsirédPphdardot 0 188
psig) for each artial ressure of carbon nonoxide 1n the reactor

i s mai nt ai ned f%ﬂCHeQe Me[{gho | e(P’Qst‘% Seneraly; thepatial prassures® psi g) and
i's varied i ndepapgtegbh unafcattiim mBM&ﬁ@&ﬁﬂhQ%éd@Jls a‘?r?téh'\réﬁy vuﬂ? The ol ar

rati o of hydrogen to carbon nonoxi de can varie I'n these
partial pressur&negrRfds? i3 baw (@pavioytm! %@Bl@)dﬂbeaﬁh gas. The partial

pressure of carbon monoxide in the reactor is maintained within the range
of 0.4 to 13 barg (about 5 to 188 psig) and is varied independently of the
hydrogen partial pressure. _

[0031] The molar ratio of hydrogen to carbon monoxide can be varied
widely within these partial pressure ranges for the hydrogen and carbon -
monoxide. The ratios of the hydrogen to carbon monoxide and the partial
pressure of each in the synthesis gas can be readily changed by the
addition of either hydrogen or carbon monoxide to the synthesis gas
stream. We have found that with the dihydrocarbyl fluorophosphite ligands
present in the catalyst of the present invention, the ratio of linear to
branched products can be varied widely by changing the partial pressures
of the carbon monoxide in the reactor. For example, the hydrogen:carbon
monoxide mole ratio in the reactor may vary from 10:1 to 1:10.

[0032] The amount of olefin present in the reaction mixture also is not
critical. For example, relétively‘high-boiling olefins such as 1-octene may
function both as the olefin reactant and the process solvent. In the
hydroformylation of a gaseous olefin feedstock such as propylene, the
partial pressures in the vapor space in the reactor typically are in the range

of 0.01 to 34 barg. In practice the rate of reaction is favored by high



nonoxi de. The ratios of the hydrogen to carbon nonoxi de and the parti al
pressure of each in the synthesis gas can be readily changed by the
addi ti on of either hydrogen or carbon nonoxide to the synthesis gas
stream W Kosigaynd that with the dihydrocarbyl fluoropheaRidiss i 9ands
present in the catalyst of the present invention, the ratio o élﬁear to
branched products can be varied widely b changlng the partial pressures
of the carbon nonoxide in the reactor. éP “exanpl e, the hydrogen: carbon
nonoxide nole ratio in the reactor may vary from10:1 to 1:10. [0032] The
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is dissolved in a hi i ng organi c sol vent
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are chilled in a vapor/liquid separator to liquify the aldehyde product and the
gases can be recycled to the reactor. The liquid product is let down to
atmospheric pressure for separation and purification by conventional
technique. The process also may be practiced in a batchwise manner by
contacting the olefin, hydrogen and carbon monoxide with the present
catalyst in an autoclave.

[0034] A reactor design where catalyst and feedstock are pumped into a
reactor and allowed to overflow with product aldehyde, i.e. liquid overflow
reactor design, is also suitable. For example, high boiling aldehyde
products such as nonyl aldehydes may be prepared in a continuous manner
with the aldehyde product being:removed from the reactor zone as a liquid
in combination with the catalyst. The aldehyde product may be separated
from the catalyst by conventional means such as by distillation or extraction
and the catalyst then recycled back to the reactor. Water soluble aldehyde
products, such as hydroxy butyraldehyde products obtained by the
hydroformylation of allyl alcohol, can be separated from the catalyst by
extraction techniques. A trickle-bed reactor design also is suitable for this
process. It will be apparent to those skilled in the art that other reactor

schemes may be used with this invention.



which is taken overhead by the unreacted gases. The overhead gases then
are chilled in a vapor/liquid separator to liquify the al dehyde product and
the gases can be recycled to the reactor. The liquid product is |et down

to atnosplgfisisRhgssure for separation and purificationy tional
t echni que. tl${1eﬁ}process al so may be practiced in a batchw gem%rrgjz\o\r{\gr1 by

contacting the olefin, hydrogen and carbgn_nonoxi de with the present
catal yst in an autoclave. [0034] A reactdr design where catal yst and
feedstock are punped into a reactor and allowed to overflow with product
al dehyde, i.e. [0038]i dhewthéd Gwupnddehatal presergin th'wm:hlysi couiftoaliioas oFor

exanple, high boilin de products such as al dehydes nay be
prepared in a %Pfeﬁ Ugv?%qerreauws[ etgﬁaeﬁt'agﬁyg'@%r% tlﬂ%)é% Yr emoved
fromthe react %cré@éiﬁ%ﬁﬁe ﬁabm%fdhe t&talySrdunmesents. Wvhen the catalyst gst. The
al dehyde product may be separated fromthe catal yst by conventlonal means
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those skilled in art react or erres ma e us wth this
i nvention. WO 04N malzmenmurlyswecﬂt@:IsaﬂthemnpU@etsrunm@lll@pn@nn &18up VI 11

nmetal present ipn [ ntion
reduces the ge 'QFEI?B% @/#fﬁéerm nérﬁ pﬁg? 5’83 Bgﬁu@faﬁ:@érwag | ﬂP{&
stability of tfaf:ldﬁ@haifylsé otherrﬁwlmlvm me¥aéredubes tfmamgmt quydmgabl I i zed
agai nst degradatia ess dro ori.de is nerated and .l ess hydrogen
fluoride is f 03'51'8”7?‘% measUresy %811)5‘5%8{‘9“ ?ﬁé“‘g‘frh I RSER AL iR |
as shown by the examples set forth below. Thus, a further embodiment of
our invention provides a method for reducing the amount of HF formed in a
hydroformylation reaction utilizing rhodium-fluorophosphite catalyst
complexes as catalyst, which comprises charging the reaction vessel with

an HF-reducing effective amount of an other Group VI!l compound.

EXAMPLES

[0036] The various embodiments of the present invention are further
illustrated by the following examples. The hydroformylation process in
which propylene is hydroformylated to produce butyraldehydes is carried
out in a vapor take-off reactor consisting of a vertically arranged stainless
steel pipe having a 2.5 cm inside diameter and a length of 1.2 meters. The
reactor is encased in an external jacket that is connected to a hot oil
machine. The reactor has a filter element welded into the side down near
the bottom of the reactor for the inlet of gaseous reactants. The reactor
contains a thermowell which is arranged axially with the reactor in its center
for accurate measurement of the temperature of the hydroformylation
reaction mixture. The bottom of the reactor has a high pressure tubing

conn_ection that is connected to a cross. One of the connections to the



best illustrated in data froma continuous hydrofornylation bench unit used
to prepare butyral dehydes. For exanple, in the absence of an other G oup

. : : 0
VIIl metal, the hourly products of the bench unit runs will contain 0.1
mlligrans gen fluoride per 100 grans of butyral q,% » y}e

addi t?on oﬁé%@ég{zger Goup VIII netal reduces the anount o%{gﬁydr ogen

fluoride measured in the al dehyde, often as much as thirty percent or nore
as shown by the exanples set forth bel ow: 2¢hus, a further enbodi nent of
our invention provides a nethod for reducing the amount of HF forned in a

hydr of latio &af;é' bl b | odl L uor, hshitecat_l st_._
cgrr;)IC)e)C()(ragy as lzat% zri(l5 yst ,rhﬁhgit%é%%ﬁn%drql&si% @%%58% rﬁ%‘?‘:ft%gs %8 i 8%898215é'l Wi t ES
an HF-reduci ng éndkectp selvantpanatherfieads tat the high-pressifeldonfiectioauid  EXAVPL

[ ' ' ti further
T ustrated by e e BheU i sGnBhR 355 o Breapwpicratst iprebibe i n
whi ch propyl ene reacttryaticbtherboytbat cminkotiar i ke fdtdriinHodRE Kdas st Soipasy); | ed

out in a vapor - actor consisting of a vertically arrange
st ai nl ess stee}aﬂg]l%péeﬂ%%{}ﬁﬁéurb 2.5 cminside dianeter and a length of 1.2

meters. The r ey ilths@‘drriF]wam (}jf)ﬁlr?psw@{el ﬂn@@ogﬁ%ﬁﬁﬁpgwﬁgt g?d; 0
[ hi . ..The, react ar .a filter el enen _ nt
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unreacted reactant gases are removed as a vapor from the top of the
reactor by a side-port. The vapor removed is chilled in a high-pressure
separator where the butyraldehyde product is condensed along with some
of the unreacted propylene. The uncondensed gases are let down to
atmospheric pressure via the pressure control valve. These gases pass
through a series of dry-ice traps where any other aldehyde product is
collected. The product from the high-pressure separator is combined with
that of the traps, and is subsequently weighed and analyzed by standard
gas/liquid phase chromatography (GLC) techniques for the net weight and
normal/iso ratio of the butyraldehyde product.
[0038] The gaseous feeds to the reactor are fed to the reactor via twin
cylinder manifolds and high-pressure regulators. The hydrogen passes
through a mass flow controller and then through a commercially available
"Deoxo" (registered trademark of Engelhard Inc.) catalyst bed to remove
any oxygen contamination. The carbon monoxide passes through an iron
carbonyl removal bed (as disclosed in U.S. Patent 4,608,239), a similar
“Deoxo" bed heated to 125°C, and then a mass flow contoller. Nitrogen
can be added to the feed mixture as an inert gas. Nitrogen, when added, is
metered in and then mixed with the hydrogen feed prior to the hydrogen
Deoxo bed. Propylene is fed to the reactor from feed tanks that are



cross permts the addition of non-gaseous reactants such as octene-1 or
make- up sol vent, another |eads to the high-pressure connection of a
differential pressure (D)P) cell that is used to 'nmeasure catalyst level in
the react e bottom connection is used for draini tal yst

sol ution gﬁ“@@%"%%d of the run. [0037] In the hydrofornf?ggégﬁ"%?

propyl ene in a vapor take-off nobde of opgration, the hydrofornylation
reaction m xture or solution containing the catalyst is sparged under
pressure with the incom ng reactants of propyl ene, hydrogen and carbon

monoxi de as weldregsur2By witheHydrdgeedartiis tongsligd dsirage fiquidsnanstlovairedéry de i s
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extract diluted with an equal volume of deionized water (20 ml), and the

conductivity of the solution was measured and compared to a previously

prepared calibration curve.

COMPARATIVE EXAMPLE 1
[0040] A comparison bench unit experiment without an added other Group

VIl metal was conducted by preparing a catalyst composed of 4.25 grams
of a dihydrocarby! fluorophosphites having the formula:

: Me
- t-Bu
t-Bu | R _
=
o, 0
t-Bu R tBu
F

(t-Bu=tertiary butyl, Me=methyl) with 7.5 milligrams of rhodium (as rhodium
2-ethylhexanoate) in 190 milliliters of dioctylphthalate. The mixture was



can be added to the feed m xture as an inert gas. N trogen, when added, is
nmetered in and' then mxed with tho hydrogen feed prior to the hydrogen
Deoxo bed. Propylene is fed to the reactor fromfeed tanks that are WO

03/ 061822 - S03/ 01574 pressurized with hydrogen angd. i rolled
using a |.&“u2‘?%”%‘{g flow meter. A|l gases and propyl ener}girhg?)i .}e4d t hrough

a preheater to insure conplete vaporizatjpn of the liquid propylene prior
to entering the reactor. [0039] Fluoride Teasurenents were nmade with a
fluoride ion selective electrode (Oion Research Inc. product 960913N) in
conbi nati on w t $tireed Mad hedited UbdeGhitbodeén anti@ rwmhcigenéhb mixaswasent s,

separations and _ dil ytions e carried out astic. |l aborator

cau prent. a1 aipleds TR 8 W hardadP e el s HRRPE Rt e a0 and
hel d in plasticteaahatonsésed. ﬁrm@autbesr@@nfelévhtr@fww@ewtqm@ba@l dehyde (20
M) was extracted with an equal volune (20 nl) of a constant |on strength

buf fer such as M$igh@nd fhe f(>¢@fma| mh@ﬁkei:tqnéhgwﬁcﬁ@nwmmw Eui%ﬁ) with 1,2
cycl ohexane di apliidgohedrBaf fldioxe! Miron&ddy gﬁgpfe‘ﬁ@%he 'gg Research,

Inc.), the aque extract vol u el oni zed wat er

(20 ), and t hthrokaniedt atithg base phibegeacion and Khﬁsreaﬁ%aﬂoe‘@ddﬁdﬁkﬂdrrpar ed to
a previously ppepaned Gl 4 drPEh P S ngqgg ;@g 40] A
conpari son bencR u%’i‘t exper)lmr;e t wit orutrl an a @Bﬁkﬂg%fﬁe Oh%a&g)[%%
was conduct ed biatpoépIbistendard itess pet minutey obkainibbgen kgdgramset abfl.(a
di hydr ocar byl t a I 9
Vet hyt) i ¢ Ho e errRuas rthrbBRer WA pibioler SThGl0 Rt o) 1
190 mlliliter saméted:fadfzgrarlnsrpar howr. THedempetaiure ofdise external oil was

modified to maintain an internal reactor temperature of 115°C. The unit

was operated for 5 hours and hourly samples taken. The hourly samples

were analyzed as described above and the fluoride content determined.

The fluoride content was found to consistently be about 0.105 milligrams of

hydrogen fluoride per 100 grams of butyraldehyde.

EXAMPLE 1-7
[0041] The experimental procedure of Example 1 was repeated except

that another Group VIIl was added to the catalyst mixture. The results of
these experiments are tabulated in the Table below which specified the
Group VIII metal compound and the amount thereof used in each of '
Examples 1-7 and wherein Acac is acetylacetonate and Hydrogen Fluoride
Content refers to the milligram HF per 100 grams of butyraldehydes
produced. The results clearly show that the presence of the additional
Group VIl metal compound to the catalyst reduces the amount of hydrogen

fluoride in the product aldehyde.

TABLE

Example Group Vil Amount Hydrogen Fluoride
Number Metal Added Content
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TABLE G oup VIII Amount Hydrogen Fluoride Exanple Nunmber Metal Added
Content WD 03/061822 -25 PCT/ US03/ 01574 Compound 2Ru( Acac) 30. 03g0. 046
3Ru( Acac) 30. 1590. 047 4Co( Acac) 30. 02g0. 033 5Pd( acet at e) 20. 02g0. 056

6Co( Acac) 3 0 5 7Pt (Acac) 30. 03g0. 018 8Ru3( CO) 120. 050, 03/ 061822
-26 CLAI NBW?%E%%/OISM W claim 1. A catalyst systemq%aﬁg%ﬂ\é\?ﬁg (1) a
di organo fluorophosphite ligand; and (2).rhodium wherein the ratio of

gram nol es fl uorophosphite ligand to gragmatonms of rhodiumis at |east
1:1; and (3) a Goup VIII netal, other

CLAIMS
We claim:
1. A catalyst system comprising (1 )_a diorgano fluorophosphite ligand,;
and (2) rhodium, wherein the ratio of gram moles fluorophosphite ligand to
gram atoms of rhodium is at least 1:1; and (3) a Group VIil metal, other
than rhodium, or Group VIl metal—cohtaining compound, in an amount
effective to reduce the formation of HF during the use of the catalyst

system.

2. A catalyst system according to Claim 1 wherein the diorgano

fluorophosphite ligand has the formula

-

-R2

wherein R" and R? are separate or combined hydrocarbyl radicals having a
total carbon atom content of 12 to 35; and the Group VI metal is platinum,

cobalt, ruthenium or palladium.

3. A catalyst system according to Claim 2 comprising (1) one or more

fluorophosphite compounds having the general formula
P
F-pP 0)
O

wherein R' and R? individually are independently selected from aryl groups

having the formula:



than rhodium or Goup VIII netal-containing conmpound, in an anount
effective to reduce the formation of HF during the use of the catalyst
system 2. A catalyst systemaccording to Claim1l wherein the di organo

f I uor ophos and has the formula 0.RL F P (I) 01-. R2 wherein Rl
and R2 ar eQ“Lé)’ZOrﬁ or conbi ned hydrocar byI radi cal s haV|Pﬁa/U§°3/(f16-f4al car bon
atom content of 12 to 35; and the G oup VI netal is platinum cobalt,

rut heni um or palladium 3. A catalyst syst em according to Claim?2
conprising (1) one or nore fluorophosphite conmpounds havi ng the general

formula OG--R F-P (1) wherein RL and R2 individually are

i ndependently sel ected aryl groups having the fornmula: W 03/061822
PCT/ US03/ 01574 - 27 gg in R3 and R4 are independently selected from
al kyl , al koxy, hal o§feh, cycloal koxy, fornyl, al kanoyl, cycloal kyl, aryl,
aryl oxy, aroyl, carboxyl, carboxylate salts, al koxycarbonyl, al kanoyl oxy,

cyano, sulfonic acid and sulfﬁnate salts in which the al kyl noiety of such
al kyl , al koxy, al kanoyl , al k8 ycar bonyl and al kanoyl oxy groups contai ns up

to 8 carbon atons; m

(R*)7
(I
(Rq

(V)

wherein R3 and R* are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts in which the alkyl moiety of such alkyl, alkoxy, alkanoyl,
alkoxycarbonyl and alkanoyloxy groups contains up to 8 carbon atoms; m
and n each is 0, 1 or 2; the total carbon atom content of the hydrocarbyl
radicals represented by R' and R? is 12 to 35; (2) rhodium wherein the ratio
of gram moles fluorophosphite Iigand to gram atoms rhodium is 1:1

to 500:1; and (3) a Group VIII metal selected from platinum, cobalt,
ruthenium or palladium wherein the gram atom ratio of the Group VIl
metal:rhodium metal is in the range of 1:1 to 5:1.

4. A catalyst system according to Claim 2 comprising (1) one or more

fluorophosphite compounds having the general formula



and n each is 0, 1 or 2; the total carbon atom content of the hydrocar byl
radicals represented by RL and R2 is 12 to 35; (2) rhodi umwherein the
ratio of gram noles fluorophosphite Iigand to gramatons rhodiumis 1:1 to
500: 1; and _ oup VIIl metal selected fromplatinum al t

rut heni um ﬁé%%ﬂ%fs%i um wherein the gramatomratio of thé’c(é';.&%&%‘"ﬁﬁ I

nmetal :rhodiumnetal is in the range of.1: gto 5:1. 4. A cat al yst system
according to Claim?2 conprising (1) one or nore fluorophosphite conpounds
havi ng the general formula WO 03/061822 -28 R O F-P (lI) O- R2

PCT/ US03/ 01574 wherein R and R2 collectively represent an aryl ene group
having the fornmula (V) or a radical having,the fornula A X A2 wherein
each of A\ and A2 is an arylene radicalplawing formula (V), (VI) or (VII)
above wherein each ester oxygen atom.of! fl uor op(nosphi te (I) is bonded to a
ring carbon atomof A and A2; WO 03/061822

O\R2

wherein R' and R? collectively represent an arylene group having the
formula

(R4)q (V1)
" OO vin

or a radical having the formula

wherein _
each of A’ and A% is an arylene radical having formula V), (Vl)or
(VHl) above wherein each ester oxygen atom of fluorophosphite (1) is

bonded to a ring carbon atom of A" and AZ;



-29 PCT/US03/01574 X is (i) a chemcal bond directly between ring carbon
atons of A and A2; or (ii) an oxygen atom a group having the formula
-(CH2)y- whereiny is 2 to 4 or a group having the formula R5 -C RC

wherein RS%(T 3&% ,pgen, al kyl or aryl; R6 is hydrogen or ,alkyl. and the
( B

group -(( - contains up to 8 carbon atons; and wherein and R4 are
i ndependent|ly sel ected from al kyl, al koxy 9_halogen, cycl oal koxy, fornyl,
al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts,
al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid and sulfonate salts in
whi ch the al kyl noi ekys ¢f aztemical kyhd dirbdtippbetweet Kamogibonatdox peArl bady! and

al kanoyl oxy grouygs contains up to 8 carbon. afons; a each is O, 1 or
2; the total ca:ib_?f(é{?%rr‘rpﬁmﬁne?{f’moﬁ qrﬂlépﬁ%l\ﬁ?%&\er%%@?é@ﬂﬁél FEDreSent ed
by RL and R2 is2kd 4 & 3§ioupPavindade fermuner ei n the ratio of gram nol es

f1 uor ophosphite ligand to gram "atons rhodiumis 1:1 to 500:1; and (3) a

Goup VIIl netal selected from platinum cobalt, rutheniumor palladium
wherein the gramatomratio of the Gogd VIII netal :rhodiumnetal is in
the rang: of 1:1 to 5:1. 5. A catalyst gsystemaccording to Caim4 wherein
t he fluorophosphite |I|igand has fornmulagMI1) (V1) F WO 03/061822 -30

»

wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or alkyl; and the group
-C(R®)(R®)- contains up to 8 carbon atoms; and |

wherein R® and R* are independently selected from alkyl, alkoxy,
halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, alkoxycarbonyi, alkanoyloxy, cyano, sulfonic
acid and sulfonate salts in which the alkyl moiety of such alkyl, alkoxy,
alkanoyl, alkoxycarbonyl and alkanoyloxy groups contains up to 8 carbon
atoms; p and g each is 0, 1 or 2; the total carbon atom content of the radical
collectively represented by R' and R? is 12 to 35;
(2) rhodium wherein the ratio of gram moles fluorophosphite ligand to gram
atoms rhodium is 1:1 to 500:1; and (3) a Group Vil metal selected from
platinum, cobalt, ruthenium ar pallédium wherein the gram atom ratio of the

Group VHI metal:rhodium metal is in the range of 1:1 to 5:1.

5. A catalyst system according to Claim 4 wherein the fluorophosphite
ligand has formula (VIII) ' '

(Ra)r X - /(Ra)r

\_/ (Vi)

R7 00 'R7

Mn—u



PCT/ US03/ 01574 wherein R7 represents hydrogen, halogen or C, to Cl2 al kyl;
R8 represents halogen, Cl to C12 alkyl or C, to Cl2 alkoxy; r is 0, 1 or
2; and X is a group having the formula R5 -C R6 wherein R5 is hydrogen,

al kyl or aé’%%:‘é"%&?z% is hydrogen or alkyl and the rati %GS%Sg%arsr_}Aml es

f I uor ophos gand to gram atons r+hodiumis 5:1 to 1 cat al yst
system according to Claimb5 wherein the dj hydrocarbyl fluorophosphite
conmpound has the formula: t-Bu t-Bu 1-bur 39t wherein t-Bu is tertiary butyl
and Me is nethyl. 7. A catalyst systemaccording to any one of the

precedi ng cl ai Ur th hSA fQrd ) A

cat al yst syst eﬁg%{:e(ﬁﬁ”l ﬁ%)r%%% g?dnrqﬂgerah@%eﬁ ?r@%%‘i% g:‘p%lfﬁlelygg"ibgﬁﬁssol vent
is sel ected fromhalegémanesto Cyclibdiok 8nés Ciabkexss s GytPobal ¢S a gktbocycl i ¢
aromati ¢ conmpounds git LS ket ones, acetals and ethers and water which
are liquid at tha'P9ESIOMRYS which the process is being operated. WO

03/ 061822 PCT/ US03/01574 -31 9. A procBSs for preparing an al dehyde which
conprises contacting an olefin, hydrogen and carbon nonoxide with the
catal yst system of O aim8. —C— :

s

wherein R® is hydrogen, alkyl or aryl; and R® is hydrogen or alkyl and the
ratio of gram moles fluorophosphite ligand to gram atoms rhodium is 5:1to

150:1.

6. A catalyst system according to Claim 5 wherein the dihydrocarbyl

fluorophosphite compound has the formula:

Me
t-Bu t-Bu

wherein t-Bu is tertiary butyl and Me is methyl.

7. A catalyst system according to any one of the preceding claims

further comprising a hydroformylation solvent.

8. A catalyst system according to Claim 7 wherein the hydroformylation
solvent is selected from alkanes, cycloalkanes, alkenes, cycloalkenes,
carbocyclic aromatic compounds, esters, ketones, acetals and ethers and
water which are liquid at the pressure at which the process is being

operated.



10. Process according to Caim9 wherein the olefin is a nono-a-olefin of
2 to 10 carbon atonms, the concentration of rhodiumin the solutionis in
the range of 30 to 300 ng per liter; the ratio of gram nol es di hydrocar byl

f I uor ophosphy ib,gand to gramatons rhodiumis 5:1to 1 gram
atomrati ogvgi&ﬁﬁleslz% oup VITI netal:rhodiumnetal is in t%gT&Jg?\Mg%éf 1:1to

5:1, and the process is carried out at a tgnperature of 50 to 135C and a
pressure in the range of 0.7 to 69 bars gauge (barg). 11. Process accordi ng
to Caim10 wherein the olefin is a nono-a-olefin of 3 to 8 carbon atons
and the normal to iso ratio of the aldehyde product is controlled by
ééﬂly;ﬂg Egebg‘?;é.al ASI‘Sosclégg fo?fpré:p%nng on Bldehs yde WHI([“}I E:cpr%prruseescéo%actlglas bet ween

olefin, hydrogen and carbon monoxide with the catalyst system of Claim 8.

10.  Process according to Claim 9 wherein the olefin is a mono-a-olefin of
2 to 10 carbon atoms, the concentration of rhodium in the solution is in the
range of 30 to 300 mg per liter; the ratio of gram moles dihydrocarbyl
fluorophosphite ligand to gram atoms rhodium is 5:1 to 150:1, the gram
atom ratio of the Group VIII metal:rhodium metal is in the range of 1:1 to
5:1, and the process is carried out at a temperature of 50 to 135°C and a

pressure in the range of 0.7 to 69 bars gauge (barg).

11.  Process according to Claim 10 wherein the olefin is a mono-a-olefin
of 3 to 8 carbon atoms and the normal to iso ratio of the aldehyde product is
controlled by varying the partial pressure of carbon monoxide in the reactor

gas -between 0.4 and 13 barg.



