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| i gands agai nst degradation. More particularly, the present invention
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hydroformylation of various a-olefins for producing aldehydes.
BACKGROUND ART

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. In many of the
hydroformylation processes, a catalyst is used that includes a phosphorous containing
compound in combination with a Group VIII metal, such as cob al;c and rhodium being

pafticularly preferred.

The most extensive use of the hydroformylation reaction is in the preparation of
normal- and iso-butyraldehyde from propylene. The ratio of the amount of the normal
aldehyde product to the amount of the iso aldehyde product typically is referred to as the
normal to iso (N:I) or the normal to branched (N:B) ratio. In the case of propylene, the
normal- and iso-butyraldehydes obtained from propylene are in turn converted into many
commercially-valuable chemical products, such as, for example, n-butanol, 2-ethyl-
hexanol, n-butyric acid, iso-butanol, neo-pentyl glycol, 2,2,4-trimethy1—1,3-pentanedi01,
and the mono-isobutyrate and di-isobutyrate esters of 2.,2,4-trimethyl-1,3-pentanediol.
The hydroformylation of higher a-olefins such as 1-octene, 1-hexefle and 1-decene yields

aldehyde products which are useful feedstocks for the preparation of detergent alcohols



The hydrofornylation of higher a-olefins such as 1 -octene, 1-hexene and
1-decene yields al dehyde products which are useful feedstocks for the
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pl astici zer al cohols. The hydrofornyl ati on of substituted ol-efins such as
allyl alcohol is useful for the production of other comrercially valuable
products such as 1,4- butanediol. U S-2-Patent No. 3,239,566, issued March
8, 1966, to Slaugh and Mullineaux, 5 discloses a |ow pressure
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are very oxygen sensitive. U S. Patent No. 3,527,809,.issued Septenber 8,
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oxidative and hydrolytic stability problems. Since these early disclosures, numerous
improvements have been made to increase the catalyst stability, catialyst activity and the
15 product ratio with a heavy emphasis on yielding linear aldehyde grdduét. A wide variety
of monodentate phosphite and phosphine ligands, bidentate lig‘ands‘ such as bisphosphites
and bisphosphines as well as tridentate and polydentate ligands have been prepared and

disclosed in the literature.

U.S. Patent No. 5,840,647 issued November 24, 1998 to Puckette et al. discloses a .
20 fluorophosphite-containing catalyst system having a catalyst combination of one or more
transition metals selected from the Group VIII metals and/or rheniuim and one or more

fluorophosphite compounds having the general formula:

25



ORL F P (1) 25 O R2 WD 02/098825 PCT/US02/17271 -3 wherein Rl and R2
are hydrocarbyl radicals which contain a total of up to about 40 carbon

at ons andwghereesgast he rati o of gram nol es fl uorophosphite gdgeswnd 1t219r am
atons transition netal is at least 1:1. As will be understood by those
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reaction m xture. The deconposition products then react with the al dehyde
product and Adbllemnatenigir€oghized ehydkaimplation uf aHokefing isthaephiosshitel st eps

to form 15 hydroxyal kyl phosphoni c,_ aci ds. The aci.d o forined.catalyze
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descri bef,Rs, §6&3MRAS1dtHoARed¥ion mixtures with little or no degradation of the ligand.

It has been observed that the ligand undergoes slow hydrolysis in the presence of
water in the reaction mixture. The decomposition products then react with the aldehyde
product and additional water in the reaction mixture in a series of steps to form

15 hydroxyalkylphosphonic acids. The acids so formed catalyze further hydrolysis of the
ligand. The cascading effect causes very rapid hydrolysis of the phosphite ligand

remaining in the reaction solution and leads to a significant loss of the phosphite ligand.

U.S. Patent No. 5,288,918, issued to Maher et al. on Februa& 22, 1994, discloses
that catalytic deactivation is believed primarily or at least partly due to the formation of a
20 class of diorganophosphite by-products which can best be described as decomposition by-

products of alkyl (1,1'-biaryl-2,2'-diyl) phosphites, the alksrl radical corresponding to the



products of alkyl (1,1 -biaryl-2,2"-diyl) phosphites, the al kyl radical,
corresponding to the WO 02/098825 PCT/ US02/ 17271 -4 particul ar n-al dehyde
produced W @2vessrydr of ormyl ati on process and the (1, |'-birrywso2,12271 diyl)
portion of the phosphite being derived fromthe organobi sphosphite |igand
enpl oyed. Maher teaches that the adverse effects of such conpounds can be
reversed or mnimzed by carrying out*t he hydr of or myl ati on process in the
presence of weakly acidic 5 conpounds, added water or m xtures of both. The
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bi s- phosphi.t es,ph hi iigand wherein the phosphorous noiety is bound to
t hree oxgg ﬂnﬁ%ﬁgffgéqaﬁhﬁégér, the "950 patent is silent as to what
effect, if any, an epoxide may have to stabilize a 15! fluorophosphite

ligand in whitels. PatseiQomdaT 36,8605, thsudd. an Map 26 998 o Mibetieglve et armfisplesysr esent

in the reaction mxture, Accordjingly, . there is.a need f{Qor.: r for
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in a hydraggﬁiﬁ% DE:BLH VI RALL LR AR k) dBih (Rl dnfantdunt HE LTI Bid ef | y, the
process of tfe present invention is for stabilizing a fluorophosphite

| i gandoi mhaliiyeratdyredyleesmpositiasadtthophasphite dwingshe Bydprogmyliation Brqckise
conpound, carbon nonoxi de, hydrogen, a catalyst conposition conprising a
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stabilizing a triofganophosphi‘ﬁes, diorganophosphites and bis-phosphites phosphite ligand
wherein the phosphorous moiety is bound to three oxygen moieties. H,owevef, the ‘950
patent is silent as to Wh;).t effect, if any, an epoxide may have to stabilize a
15 fluorophosphite ligand in which a secondary acid, i.e., hydrofluoric acid, may be p];esent

in the reaction mixture.

Accordingly, there is a need for a process for stabilizing certain fluorophosphite

ligands against degradation when used in a hydroformylation reaction.

20 DISCLOSURE OF THE INVENTION

Briefly, the process of the present invention is for stabilizing a fluorophosphite
| ligand in a hydrofdrmylation reaction mixture containing an Qleﬁni‘c compound, carbon
monoxide, hydrogen, a catalyst composition comprising a combination of a transition
25 metal selected from the Group VIII metals and one or more fluorophosphite compounds

having the general formula:



havi ng the general formula: WO 02/098825 PCT/US02/ 17271 -5- p RL F-P (1)
0-R2 wherein R and R2 are hydrocarbyl radicals which contain a total of up
to about W@ @aptyr atons by adding to the reaction m xturgetanseeaside. 5
Surprisingly, it was found that the addition of an epoxide to the

hydrof ornmyl ation reaction mxture was effective in markedly [owering the
producti on of phosphorous acids and Hydrofluoric acid without detrinental
reaction with the al dehyde product. It is an object of the present
invention to provide a process fOr—Rtabilizing a fluorophosphite ligand in
a hydrofornylation reaction m xfure. This and ot her objects 10 and

advant ages of the present iﬁug tion wll becone re ‘apparent to those
skilled in the art in view of \the follow ng descfiption. It is to be
understood that the inventive cbncept is not to be considered limted to
the constructions disclosed her @A Rft instead by the scope of the
appended cl ains. 15 MODE FOR CARRYI NG OQUT THE | NVENTI'ON The fl uorophosphite
| i gand-containing transition netal -catalysts to which the process of the

present invention iszapplicable are used to pronote and cahal%ée gwgunber
of react ivhasin KbandRhatehiydrocarbybiadisals svideh eqngaip pdotakal vprtopRaut5«e

i nvention are, tQ.s 20 exte i.bed herein in particular as they
rel ate tBtoﬁti’gliﬁa%qggkéedreFﬁl e&hlf?irglg%g#ﬁy'ati on of olefins to form

al dehydes. However, the invention is not limted to the stabilization of
f I uor ophosphit@reaphainiagocat eyt additioh b edepoxids tethahydigiaroyletion| at i on.

For homeREeLS B ST Ur g e & R e et SR g et
degr adat 'agcﬁl h?(iroﬂuoric acid without detrimental reaction with the aldehyde product. :
It is an object of the preseﬁt invention to provide a process foi* stabilizing a
fluorophosphite ligand in a hydroformylation reaction mixture. This and other objects
10 and advantages of the present invention will become more apparent to those skilled in the
art in view of the following description. Itis to be understood that the inventive concept
is not to be considered limited to the constructions disclosed hereinibut instead by the

1

scope of the appended claims.

{

15 MODE FOR CARRYING OUT THE INVENTION

The fluorophosphite ligand-containing transition metal catalysts to which the
process of the present invention is applicable are used to promote and catalyze a number
of reactions. For convenience, details of the process of the present invention are, to some

20 extent, described herein in particular as they relate to catalysts used’i in the
hydrof;)rmylation of olefins to form aldehydes. However, the invex?tion is not limited to
the stabilization of fluorophosphite-containing catalysts utilized in olefin
hydroformylation. Rather, the invention is also related to various o{cher reaction mixtures
for homogeneous catalysis where there exists a need to reduce the degradation of

25 fluorophosphite ligand-containing catalysts.



25 fl uorophosphite |igand-containing catalysts. WO 02/098825 PCT/ US02/ 17271
-6 The catal yst systemincludes a conbination of a transition netal

sel ect ed Wwoomvges Group VIII transition netals and one orPQTOUS®2/17271

f1 uorophosphite conpounds briefly described above. The transition netal
maybe provided in the, formof various nmetal conpounds such as carboxyl ate
salts of the transition metal. Rhodi unfis the preferred 5 Goup VIII netal.
The source of rhodiumfor the active catal i ncl ude rh
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conpl ex catal yst of the invention because it is a co enl ent s urce of

:g: ;ng gufﬁlﬁ)i@im, Riw (Cﬂ)xscﬂad rhediwn(l) é(peéyigqegprg?%&ya%réan BeroHaRifi ¢ rhodi um
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\O R2 ~yigRiphenylphosphine) rhodium carbonyl hydride may be used when the phosphine

moieties of the complex feed are easily displaced by the fluorophosphite ligands of the

present invention. Other rhodium sources include thodium salts of strong mineral acids

such as chlorides, bromides, llitfates, sulfates, phosphates and the like. Rhodium 2-

15 ethylhexanoate is a particularly preferred source of thodium 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 rhodium salts such as rhodium halides.

The fluorophosphite ligands useful in the process of the present invention having

the general formula:
O—R! |
F—R ()

— |
20 O0—R2 ,

wherein R! and R? are hydrocarbyl radicals which contain a total of up to about 40 carbon
atoms and wherein the ratio of gram moles fluorophosphite ligand to gram atoms

transition metal is at least 1:1.

Fluorophosphite compounds function as effective ligands when used in combination
25 with transition metals to form catalyst systems for the processes described hereinabove.

The hydrocarbyl groups represented by R! and R? may be the same or ‘different, separate



wherein RI and R2 are hydrocarbyl radicals which contain a total of up to
about 40 carbon atons and wherein the ratio of gram noles fluorophosphite

| i gand t owgy @nmwgdens transition netal is at least 1:1. Flpeangpbasphite
conpounds function as effective |igands when used in conmbination 25 with
transition netals to formcatal yst systens for the processes descri bed
her ei nabove. The hydrocarbyl groups répresented by Rl and R2 may be the
sanme or different, separate WD 02/ 098825 PCT/US02/17271 -7 or conbined,
and are setectired, indareuekated tiidnutexibstitdted abé suhstitwet alkikly ryclealieylgafikyl and
aryl grou containi,ng a total o about 40 c ans. t al
car bon c6‘& Sli’?ﬂlp%‘f“om@ﬂ%’&% tP[?L ﬂ{‘ép {3 a%gﬁéf%@‘bg%%%b I%yﬁ/lg ?Ors%ali%%%é: O;r[%ﬁtg%foof

about 2 {0):3RicfRROQRI RIS eraBiis id {hRirkd b resamD ©S 5dfartinkydmgrops whi ch R
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eAFHIIOWar i ous
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i ndi vidually can represent ‘include carbocyclic aryl such as, phenyl,
napht hyl sulsstititedaleplygroaps Fhetdisil tiod excloalkyhaieynsashiehBr ae#/or RExanpl es of the

car bocyclLg Al aroubs. v ch B, 00heh dRy' D dbuldialion &R henngsent  the

radi cal s
cyclopentyl, cyclohexy! or cycloheptyl.

15 * Examples of the aryl groups which R! and/or R? individually can represent include
carbocyclic aryl such as phenyl, naphthyl, anthracenyl and substituted derivatives thereof.
Examples of the carbocyclic aryl groups which R! and/or R* individually can represent

the radicals having the formulas:

(1) .

20 (Rs)m !



20 (R3)m 7 WD 02/098825 PCT/US02/ 17271 -8/ \ (I11) (RN (RA)n (IV)
wherein R3 and R4 may represent one or nore substituents independently

sel ect ed {vgimoogs28! kyl , al koxy, hal ogen, cycl oal koxy, formdyuabkaney! ,
cycl oal kyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts,

al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and the
i ke. The al kyl noiety of the aforesai®d al kyl, al koxy, al kanoyl,

al koxycar bonyl and al kanoyl oxy groups typlcally contains up to about 8
carbon atons. Although it is po le for mto represent 0 to 5 and for n
to represent 0 to 7, the value h of mand n usually wll not
exceed 2. R3 and R4 preferably r i
strai ght-chain and branched-cha

esent ? al kyl . groups, i.e.,
i i of nﬁ to about 4 carbon atons, and
m and n each represent 0, 1 or ;ﬁternatlvely, R and R2 in conbination
or collectively may represent a ent hydrocarbylene group containing
up to about 40 carbon atons, prefefably fromabout 12 15 to 36 carbon
atons. Exanpl es of such di val ent ﬂroups i ncl ude al kyl ene of about 2 to 12
carbon atons, cycl ohexylene and a kne. Speci fic exanpl es of the al kyl ene
and cycloalkylene groups include ethylene, trinethylene, 1,3-butanediyl,
2,2-dinmethyl -1, 3- propanediyl, 1,1, 2-triphenylethanediyl,
2,2,4-trinethyl-l,S-pentanedin, 1, 2-cycl ohexyl ene, and the |1ike. Exanples
of the arylene groups which R and R2 20 collectively may represent are

gi ven herein below as fornulas (V) and (VII). The divalent groups

m ncl ud%l\;)adl cals having the

&

wherein R> and R* may represent one or more substituents independently selected from

5 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 the aforesaid alkyl, alkoxy, élkanoyl,
alkoxycarbonyl and alkanoyloxy groups typically contains up to about 8 carbon atoms.
Although it is possible for m to represent 0 to 5 and fornto represéht 0 to 7, the value of

10 each of m and n usually wﬂl not exceed 2. R® and R* preferably represent lower alkyl
groups, i.e., straight-chain and branched-chain alkyl of up to about 4 carbon atoms, and m

and n each represent 0, 1 or 2.

Alternatively, R' and R%in combinatioh or collectively may represent a divalent
hydrocarbylene group containing up to about 40 carbon atoms, preferably from about 12
15 to 36 carbon atoms. Examples of such divalent groups include alkylene of about 2 to 12
carbon atoms, cyclohexylene and arylene. Specific examples of the alkylene and
cycloalkylene groups include ethylene, trimethylene, 1,3-butanediyl, 2,2-dimethyl-1,3-
propanediyl, 1,1,2-triphenylethanediyl, 2,2,4-trimethyl-1,3-pentanediy1,
1,2-cyclohexylene, and the like. Examples of the arylene groups which R! and R2

20 collectively may represent are given herein below as formulas (V), (VI) and (VII).

The divalent groups that R and R” collectively may represen‘F include radicals

having the formula:



-9- A X A2 wherein A and A2 independently can be an aryl ene radical,
e.g., a divalent, 5 carbocyclic aromatic group containing 6 to 10 ring
carbon atwos)2/oekmsei n each ester oxygen atom of fl uorophaxqigoe/1¢(27) i s
bonded to a ring carbon atomof A" and A2. X is (i) a chem cal bond
directly between ring carbon atons, of A" and A2; or (ii) an oxygen atom
a group having the formula -(CH2)y whetei n y is 2to 4 or a group having
the formula: R5 C R6 10 wherein R5 is hydrogen, alkyl or aryl, e.g., the
aryl groups illustrated by formulas (I1), (Ill) and (1V), and R6 is
hydrogen or al kyl. The total carbon content of the group -C(R5)(R6)-

normal [y will not exceed 20 and, prefgfably, is in the range of 1 to 8
carbon atons. Normally, when R and collectively represent a dival ent
hydr ocar byl ene group, 15 the phosph¥te ester oxygen atons, i.e. the oxygen

atons depicted in fornula (1), areX-separated by a chain of atons
containing at |east 3 carbon atons. \Exanpl es of the aryl ene groups
represented by each of A' and A2 inclytlethe divalent radicals having the
formul as: WD 02/ 098825 PCT/ US02/ 17271 -10 (R3)) P/ (V) (R4)qg (V)

!
i

wherein A! and A® independently can be an arylene radical, e.g., a divalent,
5 carbocyclic aromatic group containing 6 to 10 ring carbon atoms, wherein each ester

oxygen atom of fluorophosphite (I) is bonded to a ring carbon atom of A! and AZ.

X is (i) a chemical bond directly between ring carbon atoms of Al and A% or (ii)

an oxygen atom, a group having th,e’formula -(CHg)y— wherein y is 2 to 4 or a group

having the formula:

10

wherein R® is hydrogen, alkyl or aryl, e.g., the aryl groups illustrated by formulas (II),

(11I) and (IV), and RS is hydrogen or alkyl. The total carbon content of the group

-C(RS)(R6)- 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,
15 the phosphite ester oxygen atoms, i.e. the oxygen atoms depicted in formula (I), are

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

Examples of the arylene groups represented by each of Al and A? include the

divalent radicals having the formulas:



(R4) (VIl) a/ s wherein R3 and R4 nmay represent one or nore substituents
i ndependently selected from al kyl, al koxy, hal ogen, cycloal koxy, fornyl,

al kanoyl , woywloosd2Ryl , aryl, aryl oxy, aroyl, carboxyl, carfuaxydoate7salts,

al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and the
i ke. The al kyl noiety of such al kyl, al koxy, al kanoyl, al koxycarbonyl and
10 al kanoyl oxy groups typically contaﬂﬂs up to about 8 carbon atons.

Al though it is possible for p to represent 0 to 4 and for q to represent 0
to 6, the value of each of p and g will not exceed 2. R3 and R4
preferably represent |ower @## , i.e. ,(\gtraight-chain and
branched-chai n al kyl of up arbon atonms, and p and g each
represent 0, 1 or2. is The fluorophtsphite conpounds that are nost
preferred, e.g., those which exhibit the best stability, are those wherein
t he fl uorophosphite ester oxygen atons are bonded directly to a ring
carbon atom of a carbocyclic, aromatic group, e.g., an aryl or arylene
group represented by any of formulas (11) through (VII) When R1 and R2

i ndividually each represents an_axyl +radical, e.g., a phenyl group, it is
further preferred that 1 bot I e ring Qﬁ?bon atons that are in a
position ortho to the rin@£3 bonded to the fluorophosphite
ester oxygen atom are substituted an atkyl group, especially a WO

02/ 098825 PCT/ US02/ 17271 -11 branched chain al kyl group such as isopropyl,
tert-butyl, tert-octyl and the like., Simlarly, when Rl and R2
collectively represent a radical having the fornula: Al X\ A2

‘ AO (Vi)
i

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
10 alkanoyloxy groups typically contains up to about 8 carbon atoms. Although it is possible
for p to represent 0 to 4 and for q to represent 0 to 6, the value of edch of p and q usually
will not exceed 2. R’ and R* preferably represent lower alkyl groups, i.e., straight-chain
and branched-chain alkyl of up to about 4 carbon atoms, and p and q each represent 0, 1

or 2.

15 The fluorophosphite compounds that are most preferred, e.g., those which exhibit
the best stability, are those wherein the fluorophosphite ester oxygen atoms are bonded

directly to a ring carbon atom of a carbocyclic, aromatic group, e.g., an aryl or arylene

group represented by any of formulas (II) through (VII). When Rl and R2 individually
each represents an aryl radical, e.g., a phenyl group, it is further preferred that 1 or both of
20 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



the ring carbon atons of arylene radicals Al and A2 that are in a position
ortho to the ring 5 carbon atons bonded to the fluorophosphite ester
oxygen atwg @essbstituted with an al kyl group, preferallgresopnanghed
chain al kyl group such as isopropyl, tert-butyl, tert- octyl and the |ike.
The nost preferred fluorophosphites have the general fornmula: R8 R8 X
OPOR7 R7 F 10 wherein R7 is indepdhdently selected froman al kyl of 3
to 8 carbon atons; R8 is independently selected from hydrogen, an al kyl
havi ng fhanthedtohaid allgdgbomp satioasisopropyl, teal-kwxly téraoétyopnt thelilge. Hmsleryat ons;

and X is (i)_a chem cal .bgnd directly. between,ri carbon atons of each
phenyl en‘éfg‘ﬁ‘% uﬁmrg G\ﬂﬁ?eeﬂvélyir@’rﬁsgﬂ%{ﬁélcﬁfﬁ%‘ﬁl% thg‘fgl%b‘ﬂ% having the fornula:
15 R C R6 WO 02/098825 PCT/US02/ 17271 -12 wherein R5 and R6
i ndependently are selected from hydrogen or alkyl having from1 to 8
carbon atons. The fluorophosphites of fornmula (1) may be prepared by !
publ i shed procedures or by 5 techp/ques anal ogous thereto. See, for
exanpl e, the procedures descri bed Riesel et al., J. Z Anorg. Aug.
| Chem , 603, 145 (1991), Tullock et ,lqé’ J. Og. Chem, 25, 2016 (1960),

the ring carbon atoms of arylene radicals Al and A? that are in a position ortho to the ring

5 carbon atoms bonded to the ﬂuorof;ho'sphite 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.

The most preferred fluorophosphites have the general formula:

R8
R8 X

10 wherein R is independently selected from an alkyl of 3 to 8 carbon atoms; R®is
independently selected from hydrogen, an alkyl having from 1 to 8 lcarbon atoms or an
alkoxy having 1 to 8 carbon atoms; and X is (i) 2 chemical bond directly between ring
carbon atoms of each phenylene group to which X is bonded; or (ii) a group having the

formula:

15



Wite et al., J. An Chem Soc., 92, 7125 (1970) and Meyer et al., Z
Nat urforsch, Bi. Chem Sci., 48, 659 (1993) and in U S. Patent 4,912, 155.

The or ganwg ¢mogdry of the fluorophosphite conpounds, i.e.pctt@2nesidue(s)
represented by R and R2 can be derived 10 fromchiral or optically active
conpounds. Fl uorophosphite ligands derived fromchiral glycols or phenols
will also be chiral and will generat e-léhiral catal yst' conpl exes. No speci al
provisions are required for the preparation of the catalyst enployed in
the practice of the present invention, although it is preferred, for high
catal yst activity, that all manipulations of the rhodi um and

fl uorophosphi tes c nents .be. carri,e der i d re

e.g., sz”ﬁgﬁe}ngnﬂl%t%mg?ﬁg@fie earﬁé%lf:&%(gﬁé@;h?%# gs? ' o%ygﬁbgﬁllﬁgt g{’)lf{[eistgﬁodi um
conmpound.ahsh htb8and are charged to the reactor in a suitable solvent. The
sequence in which the various catal yst conponents or reactants are charged

to the reactor is not critical. The process of the present invention can
be carried oUhe {{peraphesebites Qfef?F@HaQSﬂMt@PrWﬁbX Sﬁ?ﬂel%fﬁﬁedlufeﬁé)ﬁ Ypr esent

in the.r J i anl ien}
T eere oERaRR Al el o o R e e
netal ) pgrz.moeg AllmlGHeim, 603, 14fe(1984) Tolodoetal.chiOrgeCleampl 33816 (1960),

Concentrations jn the _range of t 10-5 to about 10" 2,.nol es of
r hodi um paHteRSR J01Anay|@fqrrh%§f5952,gﬁg$é}§7@§_an egle{ﬁﬁa?oﬁ' I\e{%?]ﬁglfslg%ﬁgsl' in the
range of C%Q&UFci% 4%, 445 A oyP) 4l id 1%s Hhéht @108 21MBS! TRE oRfagfcansiesy diglgause nost
efficient utilization of rhodiumis obtained while the cost of the rhodium

conponentybipABipRitaich@doide id), the ERITMR(Y teprdsyntee 8 o abi® aembetderiféd nol ar
ratios of ligand to rhodiumw Il vary within the range of about 0 about
100. P efforndiial pheptinslly pctivetqompepngs. g}:alH‘éFOP]éOSPh’é%ﬂlEﬂﬂ%\?\FPrFV drqm ﬁkﬁllf in the

or ef or [ O sphaRioan) B5Tbo BRAl WE Tt serefa@Ratd AliPaBiitles 1D 1 A OS!

nen Iar I0°0 gan o rhodiumw Il be from
about 15 to about 50. ) '
No special provisions are required for the preparation of the catalyst employed in

the practice of the present invention, although it is preferred, for high catalyst activity,
that all manipulations of the rhodium and fluorophosphite componénts be carried out

15 under an inert atmosphere, e.g., Na, Ar, and the like. The desired quantities of a suitable
rhodiuﬁ compound and ligand are charged to the reactor in a suitable solvent. The
sequence in which the various catalyst componénts or reactants are.charged to the reactor

is not critical.

The process of the present invention can be carried out with widely varied amounts
20 ofrhodium and ligand present in the reaction mixture. For exampi¢, amounts of catalyst
containing as little as about 1 x 10°® moles of rhodium (calculated based on rhodium
metal) per mole of olefin in the reactor zone can be employed. Concentrations in the
range of about 1 x 10 to about 5 x 102 moles of rhodium per mole of olefin are
preferred. Rhodium concentrations in the range of about 1 x 10 upto1x 107 are most
25 preferred because most efficient utilization of rhodium is obtained while the cost of the

thodium component is maintained within a commercially reasonable amount.

The molar ratios of ligand to rhodium will vary within the rarige of about 1 to about

100. Preferably the molar ratio of ligand to thodium will vary within the range from



Epoxi des suitably utilized in the process of the present invention have the
general fornula: RL1-( CR15 - CR16 - Xb )a CR12 - CR13 - CR14 (VIIl) 0O
5 wher ei nywg'@joogy2é "b" are independently 0 or 1; R11l - RlG@En€so2/17271

i ndependently selected from the group consisting of hydrogen; nonoval ent
hydr ocar bon radicals, such as, "alkyl, aryl, aralkyl, and al karyl groups
having from1 to about 30 carbon atomd3- substituted al kyl, aryl, aralkyl
and al karyl groups having from1 to about 30 carbon atons; and groups 10
wher ei n iboat 00 toaboet 6. R'a mofRpoefamed tnhddithent ethelar ratiofod Higad teycl i ¢

structure which _has_ up.to out 30_carbon atons and whi ch may conprise‘a
pluralit OEWHPWHgg"sﬁPW&bBWe@b@L?i’RM Ws bicyclo-, tricyclo-, tetracyclo- and
n-cyclo- groups; and "X" is a divalent bridging group selected fromthe

group consi sthiGd@fsuftds Liitizddae 1R prodess bs tetpuésert ialdntioamaye thegenerel

ar al kyl ene, and al karyl ene groups having up to about 30 carbon atons,
--0--, -fogmula:- 15 NR1' --, --SiR20 R21, and --CO-- and wherein each
radi cal R19, R20, and R2' individually represents H.or alkyl groups. In

this definitio e, wor d. i subst it uhed" danot psipresence o oups whi ch do
not react wt lgigéid gRgﬁcgﬁ%g g koxfggnd g?yloxyfgroupgﬂgﬁxcluded from
the definition of "substituted" are™atogens, carboxyl npieties, nitrile
groups, and any other fbieties 20 whi €h react with epoxides. Hydrocarbon
epoxid%s are preferred. Wien "a" and "b" equal 0 in fornula (VIIl) above,
epoxi des 'suitable used in the process of this invention haﬂgk%gﬁ)fornula:

R11 R12Cwhegize S2Ran {b"aye independentiyy) oplddgs - peerngepspfansly s m
the group consisting of hydrogen; monovalent hydrocarbon radicals, such as, alkyl, aryl,
aralkyl, and alkaryl groups having from 1 to about 30 carbon atoms; substituted alkyl,
aryl, aralkyl and alkaryl groups having from 1 to about 30 carbon atoms; and groups

10 wherein two or more of R'! - R'® are linked together to form a cyclic structure which has
up to about 30 carbon atoms and which may comprise a plurality of ring structures such
as bicyclo-, tricyclo-; tetracyclo- and n-cyclo- groups; and “X” is a divalent bridging -
group selected from the group cbnsisting of substituted or unsubstituted alkylene, arylene,
aralkylene, and alkarylene groups having up to about 30 carbon atoms, --O--, --S--, --

15 NRY -, --SiR% R?!, and ~-CO-- and wherein each radical RY R* ‘and R* individually
represents H or alkyl groups.

In this definition, the word "substituted" denotes presence of groups which do not
react with epoxides, such as alkoxy and aryloxy groups. Excluded from the definition of

"substituted" are halogens, carboxyl moieties, nitrile grotips, and ariy other moieties

20 which react with epoxides. Hydrocarbon epoxides are preferred.

When “a” and “b” equal 0 in formula (VIII) above, epoxides Suitable used in the

process of this invention have the formula: '

RURI2C— CRI3RY ‘ | (IX)

s
v
Ny



-14 wherein R11 - R14 are as described above with regard to fornula (VIII)
imted

Exanpl es of suitable epoxides of formula (I1X) include, but are not |
to, 1, 2-cwe) @hesgre oxide; styrene oxide; propyl ene oxi dect/uso2/17271
1, 2- epoxyoct ane; 1, 2-epoxydecane; 1, 2-epoxydodecane; 1, 2-epoxyhexadecane;
1, 2- epoxyoct adecane; et hyl ene oxide; 1,2-cyclododecene oxide; 5 stilbene
oxi de; isobutyl ene oxide; 2, 3-epoxybutl4ne; 1, 2-epoxyhut ane;

1, 2- epoxyhexane; 1, 2-epoxydodecane; cycl opentene oxi.de; cycl ooctene oxide;

cycl odecwherem® de R har ag describpdalyovs-vilereasxyl-tp fopaie(VIE) o Byampleposi t i ons of

formula (| above hayvi ng .at.least .one, ring..n: 214 tyre. fornmed
by the. cOBHsEPRYeTH: BHEB( R Shr FeaPs I 2 e SRR R o
groups i g§elcHdexia¥pros 1§ﬁd@ﬁaégngagymﬁ&mmg-ap@ydé@hé;tMZQPOXﬁdn@&aaas oci at ed
therew th; i ncl uding %lcyclo- and ot her n-cycl o- groups. Bicycl a-groups are
c%/cl ic h{.dreponylissadecene U Psenabiestadqcane; sthylens oxidey &2 PP dReAERgO¥dE or nore
atons jn mon. . Tk i FONRY N < 4Y: | ang_ -cyel -Mﬁ)é,lnds al so
are i r#_cl ffgg?fle X%C}'Iel’ hsoﬁl?'{t&kgle gé]fdlteh%’? ?e%éﬁ%:r?ﬁ%n% P’lgce%s ruﬁéci}teh}/’gs@ﬁévi ng a

pl ural i t y2afpokjdidscankxareidpestené osidejcyplaocthe bkidg; glodetanc@sidej atd h2t he 15
scope of a cyclic structure fornmed by the conbination of one of R1 and R12
groups \I\PE%Y‘?UQ@DQTW'RI@&‘aﬁd R14 groups include the bicyclo- conpounds

nor bornane and a-pi nene. Epoxy conpounds suitable for use in the subject

| nvention Whlgg& o?nﬂo@ftﬂiﬁgof foRiMulaNPX PRI RB MEviaR dt Raflione figgad € cyclic

2, 3- epoxynor ane “and a- pi nene oxi de. Epoxy conpounds useful;in the
process studhiriegorinreddnyt the pombiskticteot dnesd Riaendhi “2rous Wwhersstith 0A0GR f or nul a

(1 X) above, wherein the R1 . . . .
G oupld | BGUPRER IS ched Vark ey PRrtf S o RPrpenan Tl Tl
plurality,fidikd lb’llg§clo-Taﬁﬂ SEN In 6y cBo-TgGdpd! Bigfcls golpsaspydivisydienarbarc] ude

bicyclo-, tricyclo-, and other n-cyclo conpounds. Pinene is. a conposition
havi ng agrdupgcensistiog of evevingshonly hayiag tem ORHeIS AleH A HFbENRNAR IRV Cio  he
present invention. .l ] i ' ' - i;hene
5, YR B P SRR B3 G AL o

structures having a plurality of rings. Examples of such plural ring; structures within the

15 scope of a cyclic structure formed by the combination of one of R and R™ groups with
one of R* and R™ groups include the bicyclo- compounds norbornane and o-pinene.
Epoxy compounds suitable for use in the subject invention which ate formed from

norbornane and o-pinene are 2,3-epoxynorbornane and a-pinene oxide.

Epoxy compounds useful in the process of this invention inclﬁde those having a

20 composition of formula (IX) above, wherein the R!! and R"? group$ together or the R
and R* groups together, or both, may form cyclic structure(s) which may include a
plurality of rings. The cyclic structure of such compounds can include bicyclo-, tricyclo-,
and other n-cyclo compounds. Pinene is a composition having a ring structure which
yields an epoxy compound useful in the present invention. The epoxy compound derived

25 from pinene, B- pinene oxide, is a compound of formula (IX) abové wherein R!! and R"
form a cyclic structure having a plurality of ring structures, R" is a'methyl group, and R™
is hydrogen.

Diepoxides also are useful in the method of the invention. Suitable diepoxy
compounds of formula (VIII) include 1,3-butadiene diepoxide, 1,2,7,8-diepoxyoctane,

30 diepoxycyclooctane, dicyclopentadiene dioxide, and 3,4-epoxy cyclohexyl methyl-3,4-



fprn1a cyclic structure having a plurality of ring structures, R13 is
a'methyl group, and R14 is hydrogen. Diepoxides also are useful in the

met hod of wigw/dogesent i on. Suitabl e di epoxy conpounds of farigwe2(M7k!)

i nclude 1, 3-but adi ene di epoxi de, 1,2,7,8-di epoxyoctane, 30

di epoxycycl ooct ane, di cycl opent adi ene di oxi de, and 3f4-epoxy cycl ohexyl
met hyl -3, 4 WD 02/ 098825 PCT/ US02/ 172745~ - 15 epoxy cycl ohexyl carboxyl ate,
vi nyl cycl ohexene di epoxi de, and hydr oqui none i sgl yci dyl ether. The anount
of epoxi emxytoytioheyl carbaxyatedeingleydbéxentdicpprdesad SHSQIBIBES suf ficient to
i nteract Mnth.tﬂ hstrong aci ds whi ch cause degradati on of phosphite
IlgandjcﬁﬁgﬁpﬁV % catal ysts. Preferably, the‘quantiiy of epoxide is
sufficient to maintain the concentration of strong acidic by-products

bel ow t he t hrgshabshtlogesbxinbiiiivedan sadrdampt dittiely pdatss showd be mefficlenyand,
and preferably bel ow 0.2 ml|iequivalents per liter. Desirapl .t he

q ;Jant i tytwafter%ﬁwﬂld e steRnechcids velyeh pse B,@gr@gatwaiqﬁpﬁ?ﬁph}tﬁgg@gﬁ%%ﬁl{llggi on of
strong_ agi.di ¢ - C A Il i reohd H A
R e e A s T
used in stdigy fidsbpproducaritelomtheythiestaild jeviebwhich erusen tapiddemadation abthgt 1. 0

wei ght percent of the total i.ght. of reactj.pn m xt 1d

T e sl s e loned S Sh i Sl BE R bl e Wt oy 1
reaction cga;{{&élécﬁed ?ﬁifﬁél@ﬁﬁ’to phda Bk BHBARRWNIE sEORCailic dyimodicss | i i ted
by practital considerations, such as the cost of epoxide and' avoi dance of

15 undesbelabl ®15indécgiif-glents per loter-t oo nuch epoxide (e.g., the formati on of
acetal and polyether byproducts and the possible contamnination of the

desiredprodugt with excess,. eppxi s t Lo Qfn; Q4
prefeﬂ%bly_eéﬁ%ﬁ%ﬁ?éﬁﬂce'r%O%ggéggg%ﬂ§£§§%§&ﬂaé1&%€%E§g§?ng§§?%F§ﬁf%netric
concent r gid 18seheRvbfitesh fypicalln & fe@nxbele 0@ 1itotboEdt0 wieight pexcént o thedefgl aci d

ol ecul e vs?eri;h(z l:)(f: i‘fglct(ijcl)]nr rln?x ur%t]gr? Srie%e?ab(f}? E)%d%oiu? 5‘.01 -trgl Bt;o%?b.lEﬁyWei(g)tﬂ%eF 23 ci>fd-e
the total weight of reaction mixture. Desirably, the maximum epoxide concentration is
limited by practical considerations, such as the cost of epoxide and ‘avoidance of

‘15 undesirable side effects from too much epoxide (e.g., the formation; of acetal and
polyether byproducts and the péssible contamination of the desired:fproduct with excess
epoxide). The concentration of epoxide preferably equals, and rhor;e preferably somewhat
exceeds, a stoichiometric concentration required for the epoxide to !interact with each
strong acid molecule produced during phosphite degradation. T ypically, one epoxide

20 group is required to interact with each phosphorous acid and hydrofluoric acid molecule.
An excess of epoxide typically is not harfnful and a stoichiometric deficiency of epoxide

merely limits the effectiveness of the invention.

i
1

As used herein, a “strong acid” is any acid having an aqueous dissociation constant,
pKa, that is less than 4.5. A suitable method for measuring the con;czentration of the

25 strongly acidic materials in the oxo reaction mixture is as follows:

The analysis uses a potentiometric, pH-based, titration in combination with ;
controlled extraction using aqueous sodium 2-ethylhexanoate solution to selectively react
with the strongly acidic material present in an organic solution. The basic calculation

method determines the amount of sodium 2-ethylhexanoate that is neutralized by the



20 group is required to interact with each phosphorous acid and

hydrof | uoric acid nolecule. An excess of epoxide typically is not harnful
and a st owghi2aosdasi ¢ deficiency of epoxide nerely |imts gdeusebhesii veness
of the invention. As used herein, a "strong acid" is any acid having an
aqueous dissociation constant, pKa, that is less than 4.5. A suitable

met hod for measuring the concentrati od6of the 25 strongly acidic materials
in the oxo reaction mxture is as follows: The analysis uses a

pot ent i omeburtof stpdtelmdpresdrt i agiven sample endiseatthad value v detewrine giel ed
extraction usi n us sodi ym 2- et hyl hexanoate solution to selectivel
react wPDGeRtFAL Etogaﬂamyesge‘il& CEREYi al present in an organic sol uti ony
The basic cal cul ati on method determi nes the anount of sodium

2- et hyl hexanpgt&amprs alsﬁ)cla eslufigh bERfhebys iRV ER/RAEB:REe WEFprof@d by 271

-16 anount of strong acid present in a given sanple and uses that yalue, to
det er m n’életaﬁéltlon@ﬁ@ A¥ rgaqmwf S@fldﬁwlﬁmp}@@éﬁﬁxﬁm?aﬁeﬁ@ Offfite of dgionggdnpl e, a

ock
ook, 2oLyl o5 S AT SN SIS Ryl | (1

additio _ exanoate to 0.500 liter of.
dei oni ze&s%lveagaao thih banplatoétheEdtooMESshmbalmdé(D dﬂ nécbagyntrgnadmhetbmoé ad omet ri c

titration thods b di I 2 f
50 1 of e gandrs et RAHSN gois RFb iR 4k HTAS QAT 928 0. 005 N
agueous E 18‘“2“4‘[ 1h&aﬁ{85tg wa!h@o?@{‘&ﬁwqﬁﬁrmeﬁ@/ ﬂlﬁnﬂr?e@dmmn%nﬁ&my igngyanoat e

was 0. 00 rvalents/ ml ter. This normalltyls Ninit Extraction
and anal ysi s vvas carried out by the follow ng method.: Catal'yst handling 10
and extract i Briracionand aaaiysmwas pargind pwidryt the fottssying methody Fatalyst handlingogen

box. A cl ean 250 t f | h
of 1 nd> CARGPy R el oo B et et Rt G ds ARGl A adplosll Samle
n- hept anﬁﬂ%més 1DafhtdH ﬁlﬁxfleltvm cﬁ&@e@wﬁtﬁlsnmnsmupmf eadatyty e xelotiad.eTsol uti on
descri bed above. This m xture was shaken rlﬁqorousl for tes and

x ,

the two thiewes phisd@§ miafaeagentgiede pheriaparnt .0 mh ot fhean dar&g&@‘é UBhase

2-ethylexanoate solution described above. This mixture was shaken vigorously for two

minutes and the two clear phases were allowed to separate. The lower, aqueous phase

15 was drained and collected in a clean glass bottle. Two milliliters oiﬁ' this aqueous extract
were added to 50 ml of reagent grade methanol. This was potentiofnetﬁcally titrated with
standardized aqueous 0.005 N hydrochloric acid to determine the ﬁ!nal concentration of
sodium 2-ethylhexanoate in the water phase. The final concentration of 0.0067 meg/liter
is Ngga. The calculation below was used to calculate the concentfa‘gion of strong acid in

20 millequivalents / liter in this particular reactor sample.
(( Nigit — Niinat ) x 10 ml extract x 1000 ml /liter) / 50 ml sample = 0.30 meq H/L

In the process of the present invention, the epoxide is added to the reactor and
thoroughly mixed into the reaction mixture using any convenient précedure. The epoxide
can be mixed with or dissolved in any of the reactant streams or solvent make-up streams

25 or the epoxide periodically can be separately added to the reactant mixture. The epoxide
can be added to the reaction mixture in small quantities over an extended period of
operation. In this way, a concentration of epoxide effective to stabilize ligand during
steady-state operation is obtained, with epoxide consumed by reaction with phosphorous

acid as it is formed. The epoxide also can be added intermittently at a higher
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A suitable sol vent b ed in the . i i t hat does
ot 51 GAvEREHET: AFPTY. serat st o Bt el 35y Btk dtXRRHHERE, (M TN 1
respect pRLRA sohh@l fsthe WHRFbylddegeon tafdmoaldtia aiehyic dehideeds as
wel | as the hydrofornylation products. Inert sol vené_:s of this nature are

wel | knoswehtcommphurds asfdiedeylphthplate; R dntaimaihiyl-1 S rRontiedigLRANSEIOPENTLC as
benzene, m)l((%}é%ﬁfenﬁlg%s?lﬁsuv%a? s AR DY:ba R deid ﬁy%%?ﬁg faUb thadBbn, ¥adH aes;

pent anes: er osene, nera exane, cyclopenta le,
ethers, @RrbRSIS,esters, acetals and hydroxyaldehydes which are retained as high boiling liquids

15 at the bottom of subsequent distillation columns. Preferred solvents and solvent
combinations for less volatile and non-volatile aldehyde products irglclude 1-methyl-2-
pyrrolidinone, dimethylformamide, perfluorinated solvents such as perﬂuorokérosene,
sulfolane, water, and high boiling hydrocarbon liquids as well as combinations of these

solvents.

20 The reaction conditions used are not critical for the operationiof 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 catalyst

system described above and an epoxide.

" The olefins that may be hydroformylated include aliphatic, including ethylenically-
25 unsaturated, low molecular weight polymers, alicyclic, aromatic and heterocyclic mono-,
di- and tri-olefins containing up to about 40 carbon atoms. Examples of the aliphatic
olefins that may be utilized in the process include straight- and branched-chain,
unsubstituted and substituted, aliphatic mono-a-~ olefins containing ﬁp to about 20 carbon
atoms and non-conjugated polyolefins typically having in the range of 5 up to 5,000

30 carbon atoms, e.g., polybutadiene, with each of the above optionally containing groups or



10 etheresters, alcohols, acetals, ketones, water, as well as 'various
m xtures thereof. Preferred solvents for the hydrofornylation reaction to

form vol at\izbaz/adsd@ydes i ncl ude such conpounds as di octyl pbthghaier
2,2,4-trinmethyl -1, 3- pent anedol nono-isobutyrate and its isoners, as well
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sol vents. 20 The reaction conditions used are not critical for the
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WO 02/ 09882a1BedhtaRe d A aldehfiesubst i tuents which do not interfere with

the hydrofornyl ation process. Such substituents include: ethers, esters,

am des, acetals, ketals, tertiary anm nes, ketone | dehyd itri
al cohol s and Maxtwexgf olefing¢anaqlso bye used in the practice o? thisainventi%n.es[he rr]rlli;tctr\ﬁelzses

may be of the same carbon number such as mixtures of n-octenes o;r it may represent
refinery distillation cuts that will contain a mixture of olefins over a range of several

15 carbon numbers.

The amount of olefin present in the reaction mixture also is ndt critical. For .
example, relatively high-boiling olefins such as 1-octene may functiion 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

20 the range of about 0.07 to 35 bars absolute. In practice the rate of réaqtion is favored by
high concentrations of olefin in the reactor. In the hydro‘formylation of propylene, the
partial pressure of propylene preferably is greater than 1.4 bars, e.g., from about 1.4 to 10
bars absolute. In the case of ethylene hydroformylation, the preferred partial pressure 6f

ethylene in the reactor is greater than 0.14 bars absolute.
|

25 While the process may be carried out at temperatures in the range of about 20° to
200°C., the preferred hydroformylation reaction temperatures are from 50° to 135°C. with
the most favored reaction temperatures ranging from 75° to 125° C. Higher reactor
temperatures are not favored because of increased rates of catalyst decomposition while

lower reactor temperatures result in relatively slow reaction rates. The total reaction



Substituted ol efins such allyl alcohol, nmethyl nethacrylate, nethyl
acrylate, allyl 5 acetate, 4-hydroxybutene-1, maybe used in this

i nvent i on.w@bhedssiredst ocks i ncl ude branched ol efi ns suchpasg/usegitEene,

ci s-2-butene. Diolefins such as 1,7-octadiene and the: |ike may al so be
used to prepare dial dehyde products provided that the!two carbon-carbon
doubl e bonds are not in conjugation. NS-nmal or |inear al dehyde products may
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et hyl ene hydrof ornyl ation, the preferted rti e ene in
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rel ati vel pregufdtahgaGbi @i hyatogen addearbat mboneoddetThematios of the hydrogen to
15 carbon monoxide and the partial pressure of each in the synthesis gas (syngas--carbon
monoxide and hydrogen) can be readily éhanged by the addition of either hydrogen or
‘carbon monoxide to the syngas stream. We have found that with the fluorophosphite
ligands described herein, the ratio of linear to branched products can be varied widely by

changing the partial pressures of the carbon monoxide in the reactof.

20 Any of the known hydroformylation reactor designs or conﬁgurations may be used
in carrying out the process provided by the present invention. Thus,'[ a gas-sparged, vapor
take-off reactor design may be used. In this mode of operation, the' catalyst which is
dissolved in a high boiling organic solvent under pressure does not leave the reaction
zone with the aldehyde product taken overhead by the unreacted gaises. The overhead

25 gases then are chilled in a vapor/liquid separator to liquefy 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 batch wise manner by contacting the olefin, hydrogen and carbon

monoxide with the present catalyst in an autoclave.



WO 02/ 098825 PCT/ US02/17271 -19 pressure may range from about anbient or
at nospheric up to 70 bars absolute (about 1000 psig). Preferably the total
reacti on woeausesi s fromabout 8 to 28 bars absol ute (alarushe@727e 400
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partial pressures of hydrogen and caBon nonoxi de may range fromO0.3 to 36
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not intended to be limiting of the invention, but rather are to be con‘strued broadly within

15 the scope and content of the appended claims. |

In a continuous process for the hydroformylation of a-olefins'to produce aldehydes,
a catalyst was prepared having a transition metal selected from a Gfoup VIII metal and
one or more fluorophosphite compounds described above. The catélyst‘and :
fluorophosphite compounds were prepared in accordance with the teaching of U.S. Patent

20 No. 5,840,647.

The continuous process was started up and allowed to run without any epoxide
present until the presence of a strong acid and HF production became detrimental to the
production of the aldehyde, ‘approximately 29 days. The amount of HF produced per day
had also increased from 0.46 grams per day to 0.57 grams per day over the preceding 10

25 days. '

On day 30 an epoxide, (1,2-epoxydodecane), was added to thie reactor to raise the
level of epoxide in the reactor to about 0.10 weight %, with a continuous addition of

epoxide thereafter to maintain a level of epoxide in the reactor in the range of from about

!
i



25 gases then are chilled in a vapor/liquid separator to |liquefy the

al dehyde product and the gases can be recycled to the reactor. The liquid
product iwd@loogawn to at nospheric pressure for separati geraah/17271
purification by conventional technique. The process also may be practiced
in a batch wi se manner by contacting the ol efin, hydrogen and carbon
monoxi de with the present catal yst in2&n autoclave. WO 02/ 098825

PCT/ US02/ 17271 -20 A reactor design where catal yst and feedstock are
punped i 00H talesethah abowm il weighohed thetotal esactiowniktute. Jihedemits af thehyde, . e.
l'i quid overf| ow.reactor -desi i | so suitable. For exanple, high
boiling & Qltﬁp@%ﬁ{oy%ﬂg[%b?%ﬁw al dehyde may be prepared in a
continuous manner with the al dehyde product being renpved fromthe 5
reactor zone as a liquid in conbinatTaple Wi th the catal yst. The al dehyde
product may be separated fromthe catalyst by conventional neans such as
by distillation or extraction and the catalyst then recycled back to the

reactor. Water soluble al dehyde products_ such _as hydrr‘)yy but yr al dehyde
products obtai ned hy,t he Bygioheny| atjormieods ¢l | vl Gaingalipl , |can  be
separated fromthe cat al yﬁitr?(gg/L%lfractifgactggchn qug&lerﬁedri ¢kl e-bed reactor
design also 10 i g suitable for this|process. It|will be apparent to those
skilled in the arjt that| other reactor schemes hay be usgehmith this
i nvention The pr esenlt invention is illustrated |n greater detail by the
specific exanple | presented below. |t is to be understoqg {frat the exanple
is anillustrative odiment is not intended o be limting of the
i nvention, but rathey are to be construed broad|y wthi ilSS7the scope and
content of the appented| clains. In a continuous|process Tor |the
hydr of ormyl ati on [of a-of et ngp{éo praoduce al dehydes, a ¢ llyst was
prepared having a transj ti onVfetal sel ect8d from a G-oup™ I metal and
one or nore fluorpophosphite conpounds descri bed| above. T&ﬁ&{ at al yst and
fl uor ophosphite clo unds web8 prepared iR accordance w't he teachi ng of
U S. Patent i

6 : 0 0.17
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13 0.01 0 0.349

14 0.01 o 0.344

15 0.01 0 0.347

16 0 " 0325

17 0 0.371

18 0 0.411

19 0.01 0 ‘ | 0.45




20 No. 5, 840,647. The conti nuous process was started up and allowed to run
w t hout any epoxide present until the presence of a strong acid and' HF
producti owdoemes®sdetrimental to the production of the alpgghydenran
approxi mately 29 days. The anount of HF produced per 'day had also

i ncreased fromO0.46 grans per day to 0.57 grans per day over the preceding
10 25 days. On day 30 an epoxide, (122-epoxydodecane), was added to the
reactor to raise the level of epoxide in the reactor to about 0.10 weight

ot 60 %00 TAatheT SO B B Gt o vl
PCT/ US02/ 17271 21 0.05 il B e LiS80E o, ZPwegggPﬁt éoof the total
borow. Tabl o I Dy Srong AR Epofi do. Bhof Grams b adlel Ll ter roeactor
generated 1 0.502 20136 3 U.15f 4 0.0I 0 D.161 50,01 0 0.154 6 0
0.17 7 0.01 0 0.11831 8 0 0.295 9 ¢ 0.23% 10 p 0.26

22 0.01 | 0 0482

23 | - 0.04 0 0505

24 0 0525

25 0.02 0 - 0.505

26 0.01 0 0497

27 0.01 0 0562

28 0.05 0 ' 0.554

29 0.08 0 0567

30 0.1 0.09 0.575

31 0.07 0.575

32 0.07 0.605

33 0.03 0.07 0.545

34 0.01 0.065 0521

35 0.01 0.065 C 0515

36 0.01 0.058 0.491

37 0.14 0.054 0472

38 . 0.05 048

39 \ 0.049 0434

40 0.19 0.124 - 0.483

41 0.003 0.107 0.41

42 0.15 0.086 - 0.44




11 0.01 0 0.29 12 0.02 0 0.326 13 0.01 0 0.349 14 0.01 0 0.344 15 0.01
0 0.347 16 0 0.325 17 0 0.371 18 0 0.411 19 0.01 O 0.45 WO 02/098825
PCT/ US02/ W&lobkess2@2 Day Strong Aci d, Epoxide, % of G ans herT/ogmhelkiter
reactor generated 20 0.01 0 0.485 21 0.01 0 0.461 22 0.01 0 0.482 23
0.04 0 0.505 24 0 0.525 25 0.02 0 0.505 26 0.01 0 0.497 27 0.01 O.

0.562 28 0.05 0 0.554 29 0.08 0 0.587 30 0.1 0.09 0.575 31 0.07 0.575
32 0.07 0.605

Day Strong Acid, | Epoxide, % of Grams HF
mmole/Liter reactor generated

43 0.12 0.07 0.474
44 0.07 0062 0532
45 0.059 0504
46 0.063 0487
47 0.01 0.077 0485
48 0.13 0.073 0.434
49 016 | 0.106 0.45
50 0.13 0.097 0.45
51 0.1 0.1 0434
52 0.089 0433
53 | 0.082 0463
54 0.1 0.104 0.463
55 0.1 0.099 0.493
56 0.12 .0.489
57 0.447
58 0.103 0.46
59 0.106 -. 0.463
60 0.1 0.457
61 0.1 0.118 0.477
62 0.14 0.103 0434
63 0.1 0.098 0.441
64 0.12 0.093 045
65 0.16 0.115 045




33 0.03 0.07 0.545 34 0.01 0.065 0.521 35 0.01 0.065 0.515 36 0.01 0.058
0.491 37 0.14 0.054 0.472 38 0.05 0.481 39 0.049 0.434 40 0.19 0.124
0.483 41w® O@3sdds 107 0.41 42 0.15 0.086 0.44 WO 02/ 09883 TAGHAWI0B2/ 17271

-23 Day Strong Acid, Epoxide,

% of Grans HF mol e/ Li.ter reactor generated

43 0.12 0.07 0.474 44 0.07 0.062 0.532 45 0.059 0.504 46 0.063 0.487 47
0.01 0.077 0.485 48 0.13 0.073 0.4342449 0.16 0.106 :0.45 50 0.13 0.097
0.45 51 0.11 0.1 0.434 52 0.089 0.433 53 0.082 0.463 54 0.11 0.104

0. 463

10

15

Day Strong Acid, | Epoxide, % of Grams HF
mmole/Liter reactor generated
66 0.108 0.389
67 0.1 0.396
68 0.096 - 0419
69 0.14 0.093 0415

As the data above shows, the amount of HF produced declined appreciably over the
subsequent 40 days, having approximately a 33% decrease in HF daily production. More
importantly, the reactor continued to operate in a steady lined out manner with as little as

0.10 weight % epoxide in the reactor.

The above data further illustrates that the: 1) addition of an eﬁoxidé reduces the
production of both HF and the strong acid; 2) continuous addition of epoxide to maintain
a low level of epoxide in the reactor will hold the strong acid and the HF production at
manageable, steady levels without autocatalytic degradation of the fluorophosphite

ligand; and 3) total removal of all strong acid is not necessary for steady operations.

Having described the invention in detail, those skilled in the ért will appreciate that
modifications méy be made to the various aspects of the invention without departing from
the scope and spirit of the invention disclosed and described herein. It is, therefore, not
intended that the scope of the invention be limited to the specific embodiments illustrated
and described but rather it is intended that the scope of the present invention be
determined by the appended claims and their equivalents. Moreover, all patents, patent
applications, publications, and literature references presented herein are incorporated by

reference in their entirety for any disclosure pertinent to the practice of this invention.



55 0.11 0.099 0.493 56 0.12 0.489 57 0.447 58 0.103 0.46 59 0.1

60 0.1 0.457 61 0.11 0.118 0.477 62 0.14 0.103 0.434 63 0.11 0.083 822?
64 0.12 OwQPid/9ssdd 65 0.16 0.115 0.45 WO 02/ 098825 PCT/ USAds2/dh71- 24 Day
Strong Acid, Epoxide, %of Gans HF mmole/Liter reactor generated 66
0.108 0.389 67 0.1 0.396 68 0.096 0.419 69 0.14 0.093 0.415 As the data
above shows, the ampunt of HF producedS-declined appreciably over the
subsequent 40 days, having approximately a 33% decrease in HF daily

production. Mre inportantly, the & Q%Mgr continued to operate in a stead
lined out manner with as little as § .10 wei ght % epoxide in the reactory
The above data further illustrates that the: 1) addition of an epoxide
reduces Weelaify: oduction of both HF and the strong acid; 2) continuous
ﬁd?:jtlt(l‘)ln oI epoxide to maintain a low | evel of epoxide in the reactor wll
o e strong acid and.th ' . _ '
1. In aghy rofgrm}r;'latmn Srolc_;lers_erencl)l%lgj%trlegc%oghlxture which includes a catalyst
. composition comprising a combination of a transition metal compound selected
5 from the Group VIII metals and one or more fluorophosphite compounds having the

general formula:
O—Rt!
F—=R (1)
O—R2

wherein R* and R? are hydrocarbyl radicals which contain a total of up to about 40
carbon atoms wherein the improvement comprises stabilizing said fluorophosphite

10 compounds by adding to the reaction mixture an epoxide.

1

2.  The process of claim 1 wherein said Group VIII metal compo'und is selected from
the group consisting of di-rhodium tetraacetate dihydrate, rhodium(Il) acetate,
thodium(II) isobutyrate, thodium(II) 2-ethylhexanoate, rhodium(II) benzoate,
rhodilim(II) octanoate, Rhs (CO)12, Rhg (CO);6 and thodium(T) acetylacetonate

15 dicarbonyl.

3. The process of claim 2 wherein R! and R? are independently selected from the

group consisting of alkyl, cycloalkyl and aryl groups having up to 40 carbon atoms.

4.  The process of claim 3 wherein R! and R? are independently selected from the
group consisting of ethyl, butyl, pentyl, hexyl, 2-ethylhexyl, octyl, decyl, dodecyl,
20 octadecyl, cyclopentyl, cyclohexyl, cycloheptyl, phenyl, naphthyl, and anthracenyl.

5. The process of claim 4 wherein said alkyl and cycloalkyl groups are substituted
with up to two substituents selected from the group consis’ting;,y of alkoxy,

cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,



manageabl e, steady | evels w thout autocatal ytic degradation of the

fl uorophosphite 10 ligand; and 3) total renoval of all strong acid is not
necessar ywigog/098g28dy operations. Having described the i nygituwni1rrdet ail,
those skilled in the art will appreciate that nodifications nay be nade to
t he various aspects of the invention w thout departing from the scope and
spirit of the invention disclosed and2@escri bed herein. It is, therefore,
not intended that the scope of the invention be lintted to the specific
enbodi ment s dadrbaxytatasad, dkoxmdrbdeyle alikhmayliny cyaoharfonic 4cid,iand sWdedtea hat t he
scope of the present invention be determ ned by the appended cl ains and
their equi val®fts. Mreover, all patents, patent applications,
publications, and literature references presented herein are incorporated
by ref e§.encend frobdeioF clafth il Fvatleyeih id ®yandios RF dsdependeatly aresiected fome
practice of thi's invention. WO 02/098825 PCT/US02/17271 -25 CLAIMS W
claim 1. | nthagrﬂmrhwmgrfWﬁlm’@}ﬁ:process, having a reaction m xture which

i ncludes a catalyst conposition conprising a conbination of a transition
youp VIII metals and one or nore
general formula: OGR F- P (1) O
R2 wherein R and R2 are hydrocaxp adi cal s which contain a total of up-
to about 40 carbon atons wherei n—Hhe i nprolgnent conprises stabilizing.
sai d fluorophosphite 10 conpounds by adding to the reaction mxture an
epoxi de. 2. The process of claim1!wherein said Goup VIII netal conpound.
IS selsect ed from (R%)m .

met al compound selected 5 fromthe
fl uor ophosphi-te conpounds havi ng

(1)

(R%),
i
’ Y (Y
oK "
10 wherein R? and R* are independently selected from the group consisting of alkyl,

alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts, wherein the alkyl moiety of alkyl, alkoxy, alkz]moyl, alkoxycarbonyl
and alkanoyloxy groups contains up to about 8 carbon atoms; m and n

15 independently are 0, 1 or 2, wherein the total carbon atom content of the
hydrocarbyl radicals represented by R! and R? is from 2 to 35 and wherein the ratio

of gram moles fluorophosphite ligand to gram atoms rthodium is about 1:1 to 70:1.



t he group consisting of di-rhodiumtetraacetate di hydrate, rhodiun(ll)
acetate, rhodium(ll) isobutyrate, rhodiun({ll) 2-ethyl hexanoat e,

r hodi um( 1 Wo ewgate, rhodiun(ll) octanoate, Rh4 (CO 12, ,idhtudo@d)2t¢ and
rhodi un(l) acetyl acetonate 15 dicarbonyl. 3. The process of claim2 wherein
Rl and R2 are independently selected fromthe group consisting of alkyl,
cycl oal kyl and aryl groups having up €& 40 carbon atons. 4. The process of
claim 3 wherein R1 and R2 are independently selected fromthe group

consi sting of ethyl, butyl, pentyl, hexyl, 2-ethylhexyl, octyl, decyl,
dodecyl, 20 octadecyl, cyclopentyl, cyclohexyl, cycloheptyl, phenyl,

napht hyl, and, ant hracenyl . . _Theiprocess of.claim4a rej. id al kyl
and cycl bal k PGEPS?ESQ?ﬁ%g?éL}%ﬁr?IP% 5188% the blf%g?%pléeﬁ gta‘ldtnﬂaén s sel ect ed
from the groppir6qsyiedd gBuPEorRhikgup to GHEULAB JifboW atded saldctedatdamiay| |,
cycl oal kyl, aryl, aryloxy, aroyl, carbox%l, WO 02/ 098825 PCT/ US02/ 17271
-26 car boxy| awosp sensigingaif bylengobabaut 2 tail R &adon giayns, eydehexylepe it ¢ aci d,

and sugfonatae le%glts. 6. The process of claim1l wherein said RL and/or R2
independentlfyaré selected from the group having the forrmula: (1l1) 5

(RB)ym/ \ (I11) (R4 n (R&Nn\ \ (IV) [/ 10 wherein R3 and R4 are
i ndependgnt | Yhsploeessed claimm witeeig seidplighersiis sélegedfroml thy proun lcestsfinghal ogen,

cyetoalkoxy,  f ohilne, ey, 1,56 6ta05dis 2.2-Biablriy1 3O ¥ieal WL o-ti-

phenylethanediyl, 2,2,4-trimethyl-1,3-pentanediyl, and l,2-cy‘clohexylene.

9.  The process of claim 7 wherein said arylene groups which R% and R? collectively

10 represent have the formula:

(RY), AO (Vi)

or a radical having the formula:

15



carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic
acid and sulfonate salts, wherein the al kyl noiety of alkyl, alkoxy,
al kanoyl , waj dowsyrar bonyl and al kanoyl oxy groups cont ai ns p/tw2about 8
carbon atons; mand n 15 i ndependently are 0, 1 or 2, wherein the total
carbon atom content of the hydrocarbyl radicals represented by Rl and R2
is from2 to 35 and wherein the rati o28of gram noles fl uorophosphite |igand
to gramatonms rhodiumis about 1:1 to 70:1. WO 02/098825 PCT/ US02/ 17271
'-27 7. The process of claim1 whereiA'-Rt-and R2 in conbinati'on represent a
di val ent  hydrocar byl ene group contal ning up to about 40 carbon atons
sel ected fromthe group consisting of al kylene of about 2 to 12 carbon
atons, cyclohexylene and 5 arylen 8. The process of claim?7 wherein said
al kyl ene is selected fromthe groug\@qpsisting of ethylene, trinethylene,
1, 3-butanediyl, 2,2-dinethyl-1,3-propdnediyl’, 1,1,2-tri- phenylethanediyl,
2,2,4-trinmethyl -1, 3-pentanediyl, and 1, 2-cycl ohexyl ene. 9. The process of
claim7 wherein said arylene groups which Rl and R2 collectively 10
represent have the fornula: (R3) P (V) (R4) (VI) 9 (R4) -\ (VII) a 15
or a radical having the formula: WO 02/098825 PCT/ US02/ 17271 - 28-

wherein A! and A? independently is an arylene radical having formula (V), (V I) or

(VII) above and wherein each ester oxygen atom of fluorophosphite (I) is bonded to

5 a ring carbon atom of Aland A%

X is: (i) a chemical bond directly between ring carbon atoms of Al and A% or (ii)

an oxygen atom, a group having the formula —(CHz)y— wherein y is 2 or a group

having the formula:

10 wherein R’ is selected from the group consisting of hydrogen, alkyl and aryl, having
formulas (II), (II1) and (IV), RS is selected from the group coﬁsisting of hydrogen
and alkyl, and wherein -C(RS)(RG)- has from 1 to 8 carbon atdms; and

wherein R? and R* are independently selected from the group consisting of alkyl,
alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,

15 carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid‘and
sulfonate salts wherein the alkyl moiety of such alkyl, alkoxy, alkanoyl,
alkoxycarbonyl and alkanoyloxy groups contains up to about 8 carbon atoms; p and

q independently are 0, 1 or 2.
10. The process of claim 1 wherein said fluorophosphite ligand has the formula:

20



Al X A2 wherein A' and A2 independently is an aryl ene radical having
formula (V), (VI) or (VII) above and wherein each ester oxygen atom of
f! uorophow_mmzy()@s;(zg) is bonded to 5 a ring carbon atom of p&T/ewd1A21 X is:
(i) a chemcal bond directly between ring carbon atoms of Al and A2; or
(ii) an oxygen atom a group having the formula.-(CH2)y whereiny is 2 or
a group having the formula: R5 C R89- 10 wherein R5 is selected fromthe
group consisting of hydrogen, alkyl and aryl, having formulas (I'l1), (Il1)
and (1V); R6 is selected fromthe group copsistj Bgof hydrogen and al kyl

\ ; atons; and wherein R3 and R4
are independently sel ected from eYgr oup sting of alkyl, alkoxy
hal ogen, cycl oal koxy, forniyl, anoyl , cyetoal kyl, aryl, aryl oxy, arbyl
15 carboxyl, carboxylate salts, arkaxycargonyl\ al kanoyl oxy, cyano ’
sul fonic acid and sul fonate salts wBereitf the Rll kyl noiety of such al kyl
alkoxy, al kanoyl, al koxycarbonR’ and al kanoyl oxy groups contains up to ,
about' 8 carbon atons; p and ( i ndependently are 0, 1 or 2. 10. The process
of claim1 wherein said fluorophosphite ligand has the fornula: 20 WO '

02/ 098825 PCT/ USQ2/17271 - :
wherein R’lis an alkyl %gvirﬁg 3 to 8 carbon atoms; R® is selected from the group

consisting of hydrogen, an alkyl having from 1 to 8 carbon atoms and an alkoxy

having 1 to 8 carbon atoms; and X is (i) a chemical bond directly between ring

5 carbon atoms of each phenylene group to which X is bonded; or (ii) a group having
the formula:
R5
L
| iaes

wherein R® and R® are independently selected from the group'consisting of

hydrogen and an alkyl having from 1 to 8 carbon atoms.

10 11. The process of claim 1 wherein said epoxide has the formula:

i
RU-¢ CRI5 — CR16 — X, J7 CR12— CRI3 — CRM 1 (VIII)

\ // \ //
@) O

wherein: “a”isOor1; “b”isOor1; R - R'® are independently selected from the
groﬁp consisting of hydrogen,; alkyl, aryl, aralkyl, and alkaryl groups having from 1
to about 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having
15 from 1 to about 30 carbon atoms; and groups wherein two or more of R!I-R!

groups are linked together to form a cyclic structure which has up to about 30
carbon atoms; and X is a divalent bridging group selected from the group consisting
of substituted or unsubstituted alkylene, arylene, aralkylene, and alkarylene groups
having up to about 30 carbon atoms, --O--, --S--, ~NRY --, --SiR% RZI, and --CO--



RB X O1 POR7 R7 | F wherein R7 is an alkyl having 3 to 8 carbon atons;
R8 is selected fromthe group consisting of hydrogen, an al kyl having from
1 to 8 caweonr/asass and an al koxy having 1 to 8 carbon atramgysoan®7X is (i)
a chemical bond directly between ring 5 carbon atons -of each phenyl ene
group to which X is bonded; or (ii) agroup having the formula: RS C R6
\r/]\hgrel n RS Snd R6I z;rfa ihndepen](c:lently s‘ég'ect ed fromthe group consisting of
ydrogen and an al ky avin om.1 to § .carbon_at ong.
;)f &?2 m 1 windrehereis gach @é&gal B, RS aliish%ﬁfla nguguy %ﬁl ngectegl%ogﬁ’ﬁtﬂh&&;gc-esib
a - CRL3 -~ GV erein: "a" is 0O or 1; "b" is O or 1, Rl11
- R16 are ind lgtﬁ n f}ﬂslgi%}:grgglpwomthe group consi sting of hydroge,n;
al kyl, aryl, aralkyl, and alkaryl groups having from1l to about 30 carbon
at oms; subst Therpredesalok ylajm drwhereiasaidlepbxida dasthk doymulagr oups having 15 from 1
to about 30 carbon atons; and groups wherein two or nore of Rl1 - RI16

groups are linked together to forma cyclic structurg,which has up to about
30 carbon atons: and RYR™Gdi GBIt bridging grouéﬁg)el ect ed froﬁmhe

group consisting of substiNxted or unsubstituted al kyl ene, aryl ene,
ar al kyl ene, and al karyl ene g_r@ups having up to about 30 carbon atons,
--0--, --S-, --NR19 --, --SiR20 R21, and --CO WD 02/098825 PCT/ US02/ 17271

5 wherein R!! - R' are independently selected from the group consisting of hydrogen;
alkyl, aryl, aralkyl, and alkaryl groups having from 1 to about 30 carbon atoms, and
substituted alkyl, aryl, aralkyl and alkaryl groups having from 1 to about 30 carbon

atoms.

13. The process of claim 12 wherein at least one ring in a cyclic structure is formed by

10 the combination of one of R!! and R*? groups with one of R'* and R™ groups.

14. The process of claim 1 wherein said epoxide is selected from the group consisting
of 1,2-cyclohexene oxide; styrene oxide; propylene oxide; 1,2-epoxyoctane; 1,2-
epoxydecane; 1,2-epoxydodecane; 1,2-epoxyhexadecane oxide; 1,2-
epoxyoctadecane; ethylene oxide; 1,2-cyclododecene oxide; stilbene oxide;

15 isobutylene oxide; 2,3-epoxybutane; 1,2-epoxybutane; 1,2-epoxyhexane; 1,2-
epoxydodecane; cyclopentene oxide; cyclooctene oxide; cyclodecene oxide; 1,2-
epoxy-3-phenoxy-propane; - pinene oxide; 1,3-butadiene diepoxide; 1,2,7,8-
diepoxyoctane; diepoxycyclooctane; dicyclopentadiene dioxide; 3,4-epoxy |
cyclohexyl methyl-3,4-epoxy cyclohexyl carboxylate; vinylcyclohexene diepoxide;

20 " and hydroquinone bisglycidyl ether. '

15. A process for stabilizing a fluorophosphite ligand in a hydroformylation reaction
mixture having an o-olefin, hydrogen, carbon monoxide and a catalyst composition
having a combination of a thodium containing compound and one or more

fluorophosphite compounds having the general formula: )

25



-30 and wherein each radical R19, R20, and R2' individually is selected
fromthe group consisting of H and al kyl groups. 12. The process of claim
1 wher ei nweai2thogq26xi de has the fornmula:, R 1 R12C - CR13 RRIToUS0RX)275
wherein R.1 -- R14 are independently selected fromthe group consisting of
hydrogen; alkyl, aryl, aral kyl, and al karyl groups having from 1l to about
30 carbon atons, and substituted alkﬁﬂj aryl, aral kyl and-al karyl groups
having from1 to about 30 carbon_ atons. 13. The process of claim 12
wherein at least one ring in a c@ctiR! structure is forned by 10 the

conbi nati on of one of R11 and 2 groups with one of R13 and R14 groups.
14. The process of claim1l phgsein said epoxide {Z sel ected fromthe group
consisting of 1,2-cyclohexene oxide styrene oxtde; propyl ene oxide;

1, 2- epoxyoct ane; 1, 2- epoxydec;kg' 2- epoxydodecane; 1, 2- epoxyhexadecane
oxi de; 1,2- epoxyoctadecane; Tens oxi de; 1, 2- cyclododecene oxi de;

stil bene oxide; 15 isobutyl ene oxide; 2,3-epoxybutane; 1, 2- epoxybut ane;

1, 2- epoxyhexane; 1, 2- epoxydodecane; cycl opentene oxide; cycl ooctene oxi de;
cycl odecene oxide; 1,2- epoxy-3-phenoxy-propane; (3- pinene oxide;

1, 3- but adi ene dlepOX|de 1,2,7,8- diepoxyoctane; diepoxycyclooctane;

di cycl opent agherein Rl and m%are&ydfoemyymdrcykswﬂhéxwmma bl & up-te pbm}t 40

cycl ohexyl carboxylate i nyl cycl ohexene die d hydr.oqui none
bi sgl yci dyl e¥ther atoms, sanl BoGes SempyFing @P&“gﬁﬁ@e%“w %F@b%%%ﬁ%?lét l'i gand
in a hydrof Obg%h%%t%ﬁtﬂ%a&% B, o b ﬁd@%e@n%\ﬁﬁgﬁt@%h@baswﬁﬂﬁen

car bon” nonoxi de and a catal yst conpo |t|on havi ng a conbi nation of a

r hodi um cont atdiwmggle@fdeurdctamdniahee.or more - fl uor ophosphite conmpounds
havi ng the general formula: 25 -

16. The process of claim 15 wherein said rhodium containing compound is selected
from the group consisting of di-rthodium tetraacetate dihydrate, rﬁodium(II) acetate,
rhodium(Il) isobutyrate, Arhodium(II) 2-ethylhexanoate, thodium(II) benzoate,

10 rthodium(IT) octanoate, Rhy (CO)12, Rhg (CO)16 and thodium(I) acetylacetonate
dicarboﬁyl.

17. The process of claim 15 wherein R! and R? are independently selected from the
group consisting of ethyl, butyl, pentyl, hexyl, 2-ethylhexyl, octyl, decyl, dodecyl,
octadecyl, cyclopentyl, cyclohexyl, cycloheptyl, phenyl, naphthyl, anthracenyl and

15 aryl group having the formula: l

(1)

(R%)n



WD 02/ 098825 PCT/ US02/ 17271 -31- OR F- \ (I) O R2 wherein Rl and R2
are hydrocarbyl radicals which contain a total of up to about 40 carbon

at ons, sawd (roogss conpri sing adding to the reaction m xtrarUSozom7about 5
0.001 to about 1.0 weight % of an epoxide, wherein the weight %is based on
the total weight of the reaction m xture. 16. The priocess of claim15
wherei n said rhodi um cont ai ni ng conpoddd is selected fromthe group

consi sting of di-rhodiumtetraacetate di hydrate, rhodiun(ll) acetate,
rhodiun(l1) isobutyrate, rhodiu 2- et hyl hexanoat e, rhodiun(ll)

benzoate, 10 rhodiun(ll) octano ~(CO 12, Rh6 (CO 16 and rhodiun(l)
acetyl acetonate dicarbonyl. 17.\The proceiﬁlof claim15 wherein Rl and R2
are independently selected from 2\ gr oup cgnsisting of ethyl, butyl,
pentyl, hexyl, 2-ethylhexyl, oct cyl, dodecyl, octadecyl,

cycl opentyl, cycl ohexyl, cycl ohepty phenyl , naphthyl, anthracenyl and 15
aryl group having the formula: (II (R3) m WD 02/ 098825 PCT/ US02/ 17271 -32
(rrry (RA)n (R4)n (1vV) wherein R&4and R4 are independently selected from
t he group! consisting of alkyl, (R, ,

=SSR’
=

wherein R® and R* are independently selected from the group‘I consisting of alkyl,

5 alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts, wherein the alkyl moiety of alkyl, alkoxy, alkanoyl, alkoxycarbonyl
and alkanoyloxy groups contains up to about 8 carbon atoms; m and n
independently are 0, 1 or 2, wherein the total carbon atom content of the

10 hydrocarbyl radicals represented by R! and R? is from 2 to 35 and wherein the ratio

.of gram moles fluorophosphite ligand to gram atoms rhodium is about 1:1 to 70:1.

18. The process of claim 15 wherein R! and R? in combination is selected from the
group consisting of ethylene, trimethylene, 1,3-butanediyl, 2,2-dimethyl-1,3-
propanediyl, 1,1,2-triphenylethanediyl, 2,2,4-trimethyl-1,3-pentanediyl, and

15 1,2-cyclohexylene, a cyclohexylene, and an arylene group having the formula:



5 al koxy, hal ogen, cycl oal koxy, fornyl, al kanoyl, cycloal kyl, aryl,

aryl oxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl, al kanoyl oxy,
cyano, suwoonicessaasi d and sul fonate salts, wherein the al kydr/vseeeta of

al kyl ,- al koxy, al kanoyl, al koxycar bonyl and al kanoyl oxy groups contains up
to about 8 carbon atons; in and n independently are 0 1 or 2, wherein the
total carbon atom content of the 10 h?dTocarbyI radi cal s represented by Rl
and R2 is from2 to 35 and wherein the ratio .of grain noles

fl uorophosphite ligand to gran1a nu; digvmis about 1:1 to 70:1. 18. The
process of claim 15 V\heregﬁ1 a R2 conbi nafMIpn-is selected fromthe
group consi sting of ethyl éq t e, 1, 3-but anedi yl
2,2-dimethyl -1, 3- propanediyl, 1, I phenyl et hanedi yl ,
2,2,4-trinethyl-1,3-pentanediyl, and 15 1, 2-cycl ohexyl ene, a

cycl ohexyl ene, and an arylene group having the formula: (R3)p (V) WO

02/ 098825 PCT/US02/ 17271 -33- (R4)q (R4)q (VIl) or a radical having the
formula: AL X \A2 5 wherein A' and A2 i ndependently is an aryl ene radi cal
having formula (V), (VI) or (VI boxg _and wherein each ester oxygen atom
of fluorophosphite (1) is g nded g carbpnatomof A and A2; 10 X
is (i) a chem cal bond di f 'y b ng carbon atons of A and A2; or
(ii) an oxygen atom -a group hav formula -(CH2)y whereiny is 2 or
a group having

or a radical having the formula:

Al—
X
N
5
wherein A! and A independently is an arylene radical having formula (V), (VI) or
(VII) above and wherein each ester oxygen atom of fluorophosphite (I) ie bonded to
a ring carbon atom of Al and A% !
10 X is (i) a chemical bond directly between ring carbon atoms of Al and A% or (ii) an

oxygen atom, a group having the formula -(CHz)y- wherein y is 2 or a group having

* the formula:

15



the formula: RS | R6 15 WD 02/098825 PCT/ US02/ 17271 -34 wherein R5 is
sel ected fromthe group consisting of hydrogen, alkyl and aryl, having
formul as Wdg209€d251) and (1V); R6 is selected fromthe graqugemarsyi ng of
hydrogen and al kyl, and wherein -C(R5)(R6)- has from1l to 8 carbon atoms;
and wherein R3 and R4 are independently selected fromthe group consisting
of alkyl, 5 alkoxy, halogen, cycloal®éxy, fornyl, alkanoyl, cycloal kyl,
aryl, aryloxy, aroyl, carboxyl, carboxylate salts, al koxycarbonyl,

al kanoyl oxy, whyind?® issklecieil ¢roacihd geovg cogsibtingefity dsegensallpieng iaryli g ky |

moi ety of sugh al k Kox Y ~abk I | k b : | I
groups cont afoi’i@%)@b @bo%@@wgg gs(r)\o ezﬂegr;g?m%{eﬁgﬁp g&%é#é‘gggﬁ%é‘ﬁ?&gy a?)(;yo, 1
or 2. 10 19-a@ﬁkﬁ[&ﬁ?ﬁﬁe@fn-@(ﬁ?)g{%hmr@ﬁmo8&hﬂ>oﬁraaxﬂls;|endhas the formul a:
R ( CRL5 -- CRI6 - Xb) CRL2 - CRi3 - CR14 (MI11) 0 O wherein: "a" is O or

1, "b" is 0 or 1; 1 - 6 are independently selected fromthe rou
consi sti ng oWhﬁfVmg};_@,frﬁ R‘glwymd,epawpt,ly é‘?lﬁcftﬁ‘i/ff?méﬁﬁ %W&P??lsur@rcg&l]@’%havﬁng

froml, to aﬁ%%%&o%@l&%@?lo@ﬁ@%ﬁéfgﬂfﬁ?ﬁli{ﬁﬁé}éfﬁQy@llggl&kll, a?fl}’iryloﬁ%adr&)ﬂ and

al karyﬁ gr oups vin rom about carbon”at ons; " and groups

vx/nelr ein two earbm\l}\f]cae‘rﬁox@lale saliRlAkoxgrcabpsylaalkandyhke cyangesiitonictasid ndm a
cyclic structure ich has. up t bout 3 arbon_atons; and X is a

di val ent bri %fofﬁ]@tegﬁaéﬁw §1@Frb@?ég‘yﬁ”8fﬁt¥ ﬂgs'ﬁﬁ&gﬁg(?gf%yrs@}(ﬁﬁjy 'of substituted
or unsubsti t W Aldonl AR alREMY RIS er@fBlckihRR ®p t8 BB ISkAFIn Mg HAS

q independently are 0, 1 or 2. :
10 19. The process of claim 15 wherein said epoxide has the formula:

RU-¢ CRIS —CRI16 — X, ;- CR12— CR13 — CR! (VIL)

NS N
o o

wherein: “a”is0orl; “b”is 0 or 1; RM - R are independently selected from the
group consisting of hydrogen; alkyl, aryl, aralkyl, and alkaryl groups having from 1
to about 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having
15 from 1 to about 30 carbon atoms; and groups wherein two or more of RM -R'®
groups are linked together to form a cyclic structure which ha)s up to about 30
carbon atoms; and X is a divalent bridging group selected from the group consisting
of substituted or unsubstituted alkylene, arylene, aralkylene, e;nd alkarylene groups
having up to abouf 30 carbon atoms, --O--, --S--, -NRY --, --SiR* R?, and --CO--
20 and wherein each radical R', R%, and R* individually is selected from the group

consisting of H and alkyl groups.

20. The process of claim 15 wherein said epoxide has the formula:

RIIRI2C — CRI3R! (IX)

s
/,
\\O/



having up to about 30 carbon atons, --0--, --S--, --NR9 --, --Si RR0 R21,
and --CO 20 and wherein each radical R19, R20, and R2' individually is

sel ect _ed Wombssgroup consisting of H and al kyl groups.pc@®usoli®7pr ocess
of claim 15 wherein said epoxide has the fornmula: R' R12C .- CR13 R14 (1 X)
WO 02/ 098825 PCT/ US02/ 17271 -35 wherein R11 - Rl14 are independently

sel ected fromthe group consisting of-3hydrogen;. alkyl, aryl, aralkyl, and
al karyl groups having from 1l to about 30 carbon atonms, and substituted

al kyl , aryl, waemlnkB!' - &1t amlikdapphdagtly splscthd fonythe germpiconsistingnrithydmgenr bon

atons. 5 21. The ocC of aim 20 wherei n at. |east on i i cyclic
structure i saq(g]r F’FS( aﬁgﬁf"]t st %%?FBP&F&PP%Q&VW@ Idp ag(ﬂt %n‘%r%%g‘b&#%&%‘é \>/l\,1 th
one of R13 agfhstlfediOHPsyl, drikyl Bfd mk@@@g@ugé h@\liﬂglg froikbl whaoed 30 egbah epoxi de
is selected fromthe group consisting of 1,2-cyclohexene oxide; styrene

oxi de; propy#tems. oxi de; 1, 2-epoxyoctane; 1,2- epoxydecane;
1, 2- epoxydodecane; 1, 2-epoxyhexadecane oxide; 1,2 10 epoxyoct adecane;

et hyl ene,o0xi ge; - C i.de: i | A trd 3 I

oxi de: 225 o BRI 8RR At eaT ong bk REREY I ARcturd SPAMiHRNE

epoxydodecantie coybireipieniof oee 05 dand BYcgoopt witk ooxptRY” ang R 'bgmopne oxi de;

i,§-7egox573-phenoxy-progane; (3- Pinene oxi de; 1, 3-but adi ene di epoxi de;
, 2, 7,8- _diepoxyoct ane; . di epoxycy.cl aqct ane; . di l.opent,adi i.oxi de;

3. 4 epoxio15 1By BRGRBA e A 1S4 S SRt i1 AR BT rap b

vi nyl cycl ohexene diRROXnESxidedfifkelY Skidelirbpylendb-ae; NCi-epixyetthes; 1,223. The

process of clai’m 15 wherein the anpunt of said epoxide in said reaction

mxture is feporydboue; 02-@poxywlodensne; 102-gpaeihgrrdesgnenaided ldn the total wei ght

of the r [ ‘ ) e _
?0 : eac%ﬁ&x@o@aééc%& ethylene oxide; 1,2-cyclododecene oxide; stilbene oxide;

isobutylene oxide; 2,3-epoxybutane; 1,2-epoxybutane; 1,2-epoxyhexane; 1,2~
epoxydodecane; cyclopentene oxide; cyclooctene oxide; cyclé)decene oxide; 1,2-
epoxy-3-phenoxy-propane; - pinene oxide; 1,3-butadiene diépoxide; 1,2,7,8-
diepoxyoctane; diepoxycyclooctane; dicyclopentadiene dioxide; 3,4-epoxy

15 cyclohexyl methyl-3,4-epoxy cyclohexyl carboxylate; Vinylcﬁfclohexene diepoxide;
and hydroquinone bisglycidyl ether.

23. The process of claim 15 wherein the amount of said epoxide in said reaction
~ mixture is from about 0.01 to about 0.8 Weight %, based on the total weighf of the

reaction mixture

20 24. A process for stabilizing a fluorophosphite ligand in a hydroformylation reaction
mixture having an a-olefin, hydrogen, carbon monoxide and a catalyst composition
having a combination of a thodium containing compound and one or more

fluorophosphite compounds having the general formula:

/O—"R1
F—F 0
O—Re2

25



20 24. A process for stabilizing a fluorophosphite ligand in a

hydr of ornmyl ation reaction m xture having an a-ol efin, hydrogen, carbon
nonoxi de ang ogvosss8iaal yst conposition having a conbi nation pétasshedium
cont ai ni ng conpound and one or nore fluorophosphite conpounds having the
general formula: /O_RI F-P O R2 25 WD 02/098825 PCT/US02/17271 -36 said
process conprising adding to the reacti%n mixture from about 0.001 to about
1.0 weight % of an epoxi de wherein the weight % of the epoxide is based on
the total wehightomss ¢dmepristreradding toithe waeicarixre fivimaboy) 001 heba® are

i ndependent |y selected fromthe group,consi,stj ng.aof ej-hyl, l,

pentyl , hexyl%;O e ﬁ%‘%{é}ef ?Xla%F@Ffe”ﬁ%‘&}”fe}ghgo%%g‘i}’%epg% €\é(ti ebtﬁs/% &J{:J% opentyl ,
cycl ohexyl ,  Gyigl wEeRt ol the RAGHH mixt@ehhfiwheretit hr acenyl and aryl group
having the formula: (R3)m / \ (ILI) 1 (R4)n 10 4 (IV) wherein R3 and R4

are independently sel gected,fromthe group consisting of a XY,

| kKyl. |
hal ogen, cycl oal kbxy R fasd Ry lare independsatly selgcied 19w fhe spyn ?Onéggj}il%Qge,tﬁ oyl ,

15 carhoxyl, ,carbo [ ( n ),
sul fonbe act SPGB 2D A YRIARO Yoo, S AR IS CIoBURTR, 1
al koxy, al kangyloheail kgxiobapsthhpitenyl, naphthyl, anthracenyl and aryl group having the

formula:

(n

(R%)n

(1)

(R%),

<R4>,, (W)

wherein R> and R are independently selected from the group consisting of alkyl,

10

alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,
15 carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cydno, sulfonic acid and
sulfonate salts, wherein the alkyl moiety of alkyl, alkoxy, alkanoyl, alkoxycarbonyl

and alkanoyloxy groups contains up to about 8 carbon atoms; m and n



and al kanoyl oxy groups contains up to about 8 carbon atons; mand n WO
02/ 098825 PCT/ US02/ 17271 -37 independently are 0, 1 or 2, wherein the

total carW@uabggsscontent of the hydrocarbyl radical s repgicaseqbgthpy R
and R2 is from2 to 35 and wherein the ratio of gramnoles fluorophosphite

ligand to gramatonms rhodiumis about 1:1 to 70:1; or 5 b) RlL and R2 in
conbination is selected fromthe groupg7consisting of ethylene,

trlnethylene 1, 3-butanediyl, 2,2-dinethyl-1,3-propanediyl, 1,1,2-tri-
phenyl et haneﬁhdypendéhtgr dre Oy 1 DE2 hyherdm:ﬁaqietaﬂ aatrbdny‘dom mﬂdjenloﬁﬂ@ycl ohexyl ene, a

e oY o gt GpestiatPe B HhEH: KFehd P i Hild ek S
WO 02/ 0988250 éﬂ_ﬁxtﬁ%}l@é ﬁﬁ@r@ﬁhospﬁ@e MNERIIEH Brath atdfE rﬁé’dmﬂﬁd@miﬂeﬂtﬂoymtls an

aryl ene radical having formul a (M) or (VIl) above and wherein each
ester oxygenomt om of fl uor ophosphl te (I') is bonded to

5 b) R! and R? in combination is selected from the group consisting of ethylene,
trimethylene, 1,3-butanediyl, 2,2-dimethyl-1,3-propanediyl, 1,1,2-tri-
phenylethanediyl, 2,2,4-trimethyl-1,3-pentanediyl, and 1,2-cyclohexylene, a

cyclohexylene, and an arylene group having the formula: !

(Ra)p—©i (V)
(R4, AO (V1)

(R, 1 ‘C viny

or a radical having the formula:

10

Al——

PN

AZ——
15



a ring carbon atomof A and A2; X is (i) a chemcal bond directly between
ring carbon atons of A and A2; or (ii) an 5 oxygen atom a group having

t he for muh@ mfoosfdsy wherein y is 2 or a group having the daanmeban7gd C
R6 wherein R5 is selected fromthe group consisting of hydrogen; alkyl and
aryl, having 10 formulas (I11), (Il1l) and (1V); R6 is selected fromthe
group consisting of hydrogen and al ky®; and wherein -C(R5)(R6)- has from 1
to 8 carbon atons; and wherein R3 and R4 are independently selected from
the group cowhbstd Abawt Aaindgpendentikisen arylenergdisal having ISEPRAY), (Vo 081 |

al kanoyl , cyeal oal kyl, aryl . .aryl ox royl ’ alts,
al koxycar bon&(ﬁ) %h%ﬁ%@l‘%ﬁgf}n %%/lcér?tq’)t,%r %’?Hg% %r?ltoén g@?@%ﬁ%?@%ﬁ?ﬁ?ﬁ%ﬁ% t?al ts
wherein the ghlﬁglcaﬁghq{(yn@fASu@Aégl kyl, alkoxy, al kanoyl, al koxycarbonyl
and al kanoyl oxy groups contains up to about 8 carbon atons; p and (¢

i ndependently are O, 1 or 2. 25. The process of claimZ24 wherein.said

epoxi de has gfhlé(@@ﬂhﬁ%ﬂ%ﬁlM&i@rmbetwemgpa&ﬁn)aﬁméﬂzf-a 39t (@1@4
(Vi11), 00 b oroftp b 1R fotmula B(CHLS, -OvRreibiy iR ora dréu 1@dven

i ndepesndent I é&%%ﬂg‘%%’%ﬂ%?nh%ﬂrég grfgupu %o(nsi22¥i ng olf yhydr ogen; al kylg, aryl,
aral kyl , a”dtlfc'i%f}ﬁéﬂhz groups having from1l to about 30 carbon atons;
substituted alkyl, aryl, aral kyl and al karyl groups havi ng WO 02/ 098825
PCT/ US02/ 17271 -39 from 1 to about 30 carbon atons; and groups wherein two

or nore of R11 - R16 groups are linked together to forma cyclic structure
whi ch has up to about 30

'
v

wherein R’ is selected from the group consisting of hydrogen, alkyl and aryl, having
10 formulas (II), (1II) and (IV); RS is selected from the group consisting of hydrogen
and alkyl, and wherein -C(R*)(R®)- has from 1 to 8 carbon atoms; and

wherein R® and R* are independently selected from the group consisting of alkyl,
alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, alkdxyéarbonyl, alkaﬁoyloxy, cyano, sulfonic acid and
15 sulfonate salts wherein the alkyl moiety of such alkyl, alkoxy, alkanoyl,
alkoxycarbonyl and alkanoyloxy groups contains up to about 8 carbon atéms; p and

q independently are 0, 1 or 2.

25. The process of claim 24 wherein said epoxide has the formula:

RI1-¢ CR!S —CR16 — X, )7 CR12— CR!? — CR} : (VIID)

A4 N7
O O

20 wherein: “a”’is0or1; “b”isOor1; R - R! are independently selected from the
l .
group consisting of hydrogen; alkyl, aryl, aralkyl, and alkaryl groups having from 1
to about 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having



carbon atons; and X is a divalent bridging group selected fromthe group
consisting of substituted or unsubstituted al kyl ene, aryl ene, aralkyl ene,
and al kar wioeozogg2zeoups 5 having up to about 30 carbon at om®CHERA727-S- -,
--NR9 --, --SiR20 R21, and --CO - and wherein each radical R19, R20, and
R2' individually is selected fromthe group consisting of H and al kyl
groups. 26. The process of claim24 \Mi‘grei n sai d epoxi de has the formula:
R11 R12C - CR13 R14 (I X) 10 wherein R1 - Rl4 are |ndependentl ,s¢el ected
from t he grofipmchtesiboni %ca@borha,t@m@gmd grmmswherelartvp Or BIoKF iR i{nd al karyl

or ouPs_ N, g ek PG AR R Ay Ay B bhedonl KL
carbon atoms; and X is a divalent bridging group selected from the group consisting
of substituted or unsubstituted alkylene, arylene, aralkylene, and alkarylene groups
5 having up to about 30 carbon atoms, --O--, --S--, -NR" -, --SiR? R?!, and --CO—
and wherein each radical R*®, R%, and R* individually is selected from the group

consisting of H and alkyl groups.

26. The process of claim 24 wherein said epoxide has the formula:

R1IRI2C— CRI3R14 Ix)
s ,
No
10 ~ wherein R! - R are independently selected from the group consisting of hydrogen;

alkyl, aryl, aralkyl, and alkaryl groups haffing from 1 to about 30 carbon atoms, and
substituted alkyl, aryl, aralkyl and alkaryl groups having from 1 to about 30 carbon

atoms.



