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particularly, the fluorophosphite ligands and rhodium catalyst are used in

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 coballt and rhodium being

particularly preferred.

The most extensive use of the hydroformylation reaction is in the preparation of
normal- and iso-butyréldehyde 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:T) 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-trimethyl-1,3-pentanediol,
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-hexeﬁe and 1-decene yields

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



and, the nono-isobutyrate and di-isobutyrate esters of
2,2,4-trinethyl -1, 3-pentanedi ol . The hydrofonnyl ati on of hi ghgmg oV 2005
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products which are useful feedstocks for the preparation o YAt
al cohols WD 02/098825 -2 i 8 NOV 7005 PCT/US02/ 17271 .and pl asti ci zer
al cohol s. The hydrof ornyl ati on of subsfituted ol efins.,such as allyl

al cohol is useful for the production of other conhercially val uable

pr oduct samlislastizszet a%bohdilst'ﬁrﬁ@ldﬁ)&:forrhylbh&; oPaibefifutdi] effns?sdSh 26 Blyliafusd
March 8, 196 to, Sl augh, and Mul | i neaux, di scl oses a | ow pressure

hydr of or iysait &1 the B'@é@%th}’s‘? fraghercpmmeyeihip sghatie sraductsseabanhet on wit h
r hodi um Er?t&r?é% Sts for the preparation of aldehydes.  Trial kyl phosphi nes
have seen use in industrial hydroformylation processes but they
typically produce a |imted range of products and, furthernore,

frequently aues. \Patent Nsy3eB9,S66|Sisukd Blarth & 1988} B¥lalh and, MaHin8aAR, | Ssued
Septenber. 8, 1970 to Pruett and Smith, di 'scl oses 10 a | ow pressure
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the literature. U S. Patent No. 5,840,647 issued Novenber 24, 1998 to -

Pucket t etriarylphosphite igansisdn aombinagor with rrbcpm;wmamt% orhedigandgdiselosadybst
system hﬁme&%n& sk h?lalﬁougﬁ%npd axlna.%] co%ungr%f"al gppﬁr%{ Sns, have limitations due to

oxidative and hydrolytic stability problems. Since these early disclosures, numercus
improvements have been made to increase the catalyst stability, catialyst activity and the
15 product ratio with a heavy emphasis on yielding linear aldehyde prbducf. A wide variety
of monodentate phosphite and phosphine ligands, bidentate ligands such as bisr)hosphites
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 thenium and one or more

fluorophosphite compounds having the general formula:
O—Rt . < - ;

25 O—Re , o :



transition netals selected fromthe Goup VIII nmetals and/or rhenium and
one or nore fluorophosphite conpounds having the general fornmuifpygy 1085 t
7 19 Nov 2005 WO 02/098825 -3 PCT/US02/ 17271 wherein Rl and R2 are
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atons and wherein the ratio of gram noles fluorophosphite I'ifgand to gram

atons transition netal is at least 1:1. As will be understood by those
skilled in the art, such- fluorophesphite conmpounds of structure (l) are
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10 disclose certain cyclic phosphite ligands are capable of operating for extended periods of

time in hydroformylation reaction mixtures with little or no degradation of the ligand.

It has been observed that the ligand undergoes slow h&drolysis 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.8. Patent No. 5,288,918, issued to Maher et al. on Febmary? 22, 1994, discloses - |
that catalytic deactivation i.s believed primarily or at least partly due to the formation of
20 class of diorganophosphite by-products which can best be described as decomposition by-
products of alkyl (1,1’-biaryll-2,2‘-diyl) phosphites, the alklyl radical corresponding to the



U S. Patent No. 5,288,918, issued to Maher et al. on February 22, 1994,

di scl oses that catalytic deactivation is believed primarily or atll §gs1005
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by- products which can best be descri bed as deconposition by- products of
alkyl (1,1 -biaryl-2,2"-diyl) phosphites, the al kyl fadical!
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fl uorophosphite. |ligands agai nst degradati on when used in a
hydr of or my| d1S. Bateneldot 3,864,950 i3 &GCLONOREMBEr [BHEOINGHERBIOR al., discloses

stabilizing a triofganophosphiies, diorganophosphites and bis-phosbhites phosphite ligand
wherein the phosphorous moiety is bound to three oxygen moieties. H_owevef, the ‘950
patent is silent as to whé.t effect, if any, an epoxide may have to stabilize &

15 fluorophosphite ligand in which a secondary acid, i.e., hydrofluoric acid, may be present

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 ina hydrofdrmylation reaction mixture containing an olefinic c_:ompound, carbon
monoxide, hydrogen, a catalyst composition comprising a cmﬁbinaiion of a transition
25 metal selected from the Group VIII metals and one or more fluorophosphite compounds

having the general formula:



Briefly, the process of the present invention is for stabilizing a

fl uorophosphite Iligand i'n a hydrofornylation reaction mi xture coh§ §uni2ig
an ol efi nic conmpound, carbon nonoxide, hydrogen, a catal yst conposition
conpr i sMY298BAbI nati on of a transition 25 netal sel ect parfk@nbhe G oup
VI1l netals and one or nore fluorophosphite conpounds having the general
formula: 18 NOV 2005 WD ()2/098825 (i} O--- R2 PCTVUSQ2/i 7271 wherein
R and R2 are hydrocarbyl radicals which contain a total of up to about
40 carbon atons by adding to the reaction mixture an epoxide. ‘5 :
Surprisingly, it was found thg?THR' addition of an epoxide to the
hydr of ornmyl ation reaction mXture was effective in markedly |owering the
producti on of phosphorousFag ds and hydrof | uor{)l aci d without detrinental
reaction with the al dehyde product. It is an o fect‘ of the present
invention to provide a proces$,for_stabilizing a fluorophosphite |igand

in a hydrofornylation reacti o m Xture. This and other objects 10 and
advant ages of the present invention will becone nor'e apparent to thdse
skilled in the art in viewof the follow ng description. It is to be

under st ood, t hat the inventive concept , is not to be considered linmted to
the conBypindti BN g gyiv@e@byﬂé@ cals hich spstaima teg9l afipw to abepeUrmrkare
appen i FOR THE | NVENTI ON The
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the process of the present invention is applicable are used to pronote
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rocess of  the present.ipventio re, to sone 20 extent, described herein
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It is an object of the preseﬁt invention to provide a process fo;' stabilizing a
fluorophosphite ligand in a hydroformylation reaction mixture. T. his 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. It is to be understood that the inventive concept
is not to be considered limited to the constructions disclosed hereinibut instead by the

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 usedi' in the
hydroformylation of olefins to form aldehydes. However, the invention is not limited to
the stabilization of fluorophosphite-containing catalysts utilized in 6leﬁn
hydroformylation, Rather, the invention is also related to various o]ther reaction mixtures
for homogeneous catalysis where there exists a need to reduce the degradation of

25 fluorophosphite ligand-containing catalysts.



the stabilization of fluorophosphite-containing catalysts utilized in
olefin hydrofornylation. Rather, the invention is also relatedigq V 2[1[]5
vari ous ®idesndseacti on m xtures for honobgeneous catal ysis where t

exists a need to reduce the degradation of 25 fl uorophosp WlCtTéUS"Z“"'Z'”

| i gand- cont ai ni ng catal ysts.. Wo 021098825 18 Nov 2005 PCT/ US02/ 17271 - 6-
The catal yst systemincludes a conbingtion of a transition netal selected
fromthe Goup VIII transition nmetals and one or nore fluorophosphite
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rhodiun(11) 2-ethyl hexanoate, rhodiun(ll) benzoate and tun(l1)
oct anbatgoupAVEb metdlodhea svurae bf)ﬂh}bﬂluap@r ithesactive katalyst Riand¢ @R)dhan IRM6 ( CO) 16

e B e
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present invention. Other rhodium sources include rhodium salts of strong mineral acids
such as chlorides, bromides, 11itrat¢s, 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 becauise it is a convenient source of soluble thodium, as

it can be efficiently prepared from inorganic rhodium salts such as rhodium halides.
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The fluorophosphite ligands ugeful in the process of the present invention having

the general formula:
O—R! o

F—P | )

20 - o—re / .

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



The fluorophosphite |igands useful in the process of the present
invention having the general formula: (1) 20 O R2 wherein R ang \g9 mge
hydrocgﬁﬁy radi cal s which contain a total of up to about 40 carbon

at ons WHEPE n the ratio of gram nol es fl uor ophosphi PETIYUSYHMNR7t 0 gr am
atons transition netal is at least 1:1. Fluorophosphite conpounds
function as effective |igands when ysed in conbinatiion 25 with transition
metals to formcatal yst systenms for ‘the processes descri bed herel nabove
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R andnlbatitied with alkyl or any of the substituents described with respect to the possible

substituted alkyl groups. T}}e alkyl and cycloalkyl groups which R' and/or R®
individually can represent preferably are alkyl of up to about 8 carbon atoms, benzyl,

cyclopentyl, cyclohexyl or cycloheptyl.

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

the radicals having the formulas:

(N o

20 (Ra)m |



i ndi vidual Iy can represent preferably are alkyl of up to about 8 carbon

atons, benzyl, cyclopentyl, cyclohexyl or cycloheptyl. 15 . Exaﬂrﬂ)ING% 145
the aryl woapsesgahi ch R and/or R2 individually can represeélt i ncl ude
carbocyclic aryl such as phenyl, naphthyl, anthracenyl and®SUHSt¥Y2tled

derivatives thereof.
and/ or
(11) 20 (RB)ym1 |
PCT/ USQ2/ 17271 wherein R3 and R4
i ndependent|y selected from 5
fornyl, al kanoyl, cycloal kyl, ar
salts, al koxycarbonyl, al kanoyl o
salts and the like. The al kyl
al kanoyl , al koxycarbonyl and al
about 8 carbon atons. Although

and for nto represent 0 to 7,
will not exceed 2. R3 and R4 pref

Exanpl es of the carbocyclic aryl
.2 he radicals having the fornul as:
1.8 Nov 1005 WO 02/098H25 -8 (R4 )n (R4) n
represent one or nore substituents
cycl oal koxy,

R2 individually can represent

al koxy, hal ogen,
yl oxy, aroyl, carboxyl,
cyano, (BYl foni ¢ aci d,

t he

qbl y represent | ower al kyl

groups which R1

car boxyl ate

sul fonat e

[ YWof the aforesaid al kyl, al koxy,

hoy!l oxy groups typically contains up to
s possible for m'to represent 0 to 5
val ue of 10 each of mand n usually

groups, -

i .e., straight-chain and branched-chiin al kyl of up to about 4 carbon

at ons,

and m and n each represent 0, 1 or 2.
conbi nation or collectively may represent a divalent -

Alternatively, R and R2 in
hydr ocar byl ene

group containing up to about 40 carbon atons, preferably from about 12

(R9),

S

(1V)

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

5 alkyl, alkoxy, halogen, cycloaikoxy, 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 for n to represént 0to 7, the value of

10 each of m and n 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 m

and n each represent 0, 1 or 2.

Alternatively, R' and R? in combination 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;t1-i1nethy1— 1,3-pentanediyl,

1,2~cyclohexylene, and the like. Examples of the arylene groups which R1 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 represent include radicals

having the formula:

'



15 to 36 carbon atons. Exanples of such dival ent groups include al kyl ene
of about 2 to 12 carbon atons, cyclohexylene and arylene. SpegiNgy 00
exanpl Oﬁimt}sgﬁ al kyl ene and cycl oal kyl ene groups include ethyl ene,
triniethylene, 1,3-butanediyl, 2,2-dinethyl-1,3- propan&&§Tls02/17271

1,1, 2-triphenyl ethanediyl, 2,2,4-trinethyl-1, 3-pentanediyl,

1, 2-cycl ohexyl ene, and the |ike. Exanples of.the arylene groups which R
and R2 20 collectively may represent are given herein bel ow as formul as
(V), , (M) and (M1). The divalent groups that R and R2 collectively
may represent include radicals having the fonnula: 18 NOV 2005 WO

02/ 098825 .g_ PCT/USQ2/ 17271 wherein Al and A2 independently can be an
arylene radical, e.g., a divalent, -earbocyclic aromatic group
containing 6 to 10 ring carbon atpns, wherein each ester oxygen atom of
f1 uor ophosphite (1) is bonded tg’a'ring carbon atomof A and A2. Xis
(i) a chemcal bond directly between ring carbon atons of Al and A2; or
(ii) an oxygen atom a group ha:k/fng the formula -(CH2)y- whereiny is 2
to 4 or a group having the for mul aA*T0~wherein R5 is hydr ogen, al kyl or
aryl, e.g., the aryl groups illustrated by forrmulas (11), (I1ll) and
(1V), and R6 is hydrogen or alkyl. The total carbon content of the group
-C(R5)(R6)- nornally will not exceed 20 and, prefefably, is in the range
of 1 to 8 carbon atons. Normally, when R and R2 collectively represent
a di val enwhswsh a¢ andyF eperidetifly cdbbd heaphas phdite, €51 edivakngen at ons,
i.e. the oxygen atons depicted in fornula (1), are, separated by a chain

of Bt GHEOBSHEA TN SHOUR einms P STing GHkon ExmmVseidraghestar yI ene
0r OUP S SR'EAENE A RrEHHe 7 i¢Dorile ¢ rnf BhHOS aloifor A il AU radical s

havi ng ornmul’as:

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

an oxygen atom, a group having the formula "(CHZ)y‘ wherein y is 2 to 4 or a group

having the formula:

2

A—0—

6
10

wherein R’ is hydrogen, alkyl or aryl, e.g., the aryl groups illustrated by formulas (1),

(II) and (IV), and R® is hydrogen or alkyl. The total carbon content of the group

-C(R5 YR®)- 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 atorns, i.e. the oxygen atoms depicted in formula (I), are

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

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

divalent radicals having the formulas:



18 NOV 2005 WO 02/098825 _10 (V) (V!) 5 PCT/USA2/ 17271 wherein RB \apdpisé
may represent one or nore substituents independently selected from

al kyl , aM@%3/098s28l ogen, cycl oal koxy, fornyl, al kanoyl, cyelcaaldeyhsarary! .,
aryl oxy, aroyl, carboxyl, carboxylate salts, al koxycarbonyl,

al kanoyl oxy, cyano, sulfonic acid,, sulfonate salts-and the |ike. The
al kyl noiety of such al kyl, al koxy, al%&anoyl, al koxycarbonyl and 10

al kanoyl oxy groups typically contains up to about 8 carbon atons.

Al 'though it is possible for esent 0 to 4 and for g to represent
0 to 6, the value of each ) 5 not exceed 2. R3 and
R4 preferably represent | ower’P QuUps, 1.e., straight-chain and

branched-chai n al kyl of up to about and p and g each
represent 0, 1 or 2. 15 The fl uorophosphite conpounds that are nost
preferred, e.g., those which exhibit the best stability, are those
wherein the fluorophosphite ester oxygen atons are bonded directly to a
ring carbon atom of a carbocycliq, aromatic group, e.g., an aryl or

aryl ene group represented by an armul.as (11) through (VI1). Wen R
-and R2 individually each re aryl rig'cal, e.g., a phenyl
group, it is further pre(Bﬂa both o 90 the ring carbon atons
that are in a position ortho to ar bon at ons bonded t0 the

fl uorophosphite ester oxygen atom are substituted with an al kyl group,
especially a 18 NOV 2005 WO 02/098825 -11

=N

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

alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl,l aryl, aryloxy, a.rojzl,
carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid, sulfonate
salts and the like. The alkyl moiety of such alkyl, alkoxy, alkanoyl, atkoxycarbonyl 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 O 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 carbocycliq, aromatic group, e.g., an aryl or arylene

group represented by any of formulas (II) thrc;ugh (VI). When Rl.and o individually

each represents an aryl radical, e.g., a phenyl group, it is further preferred that 1 or bofh 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



PCT/ US02/ 17271 branched chain al kyl group such as isopropyl, tert-butyl,
tert-octyl and the like.- Similarly, when Rl and R2 collectivelly NV 2005
repres « ical having the forrmula: the ring carbon_atons. of aryl ene
r adi calwgts" )Igﬁ% A2 that are in a position ortho to the FERGSO¥1R3t bon
atons bonded to the fluorophosphite ester oxygen atom are substituted
with an al kyl group, preferably a brianched chain al'kyl group such as

i sopropyl, tert-butyl, tert- octyl and the |like. The nost preferred

f1 uor pResRINHaRSa I RAVR ol 81cH Q8 optopyDItettbatyl, e Do @h@ e 1RE. iS$milarly,

i ndependently selected froman alkyl of 3'to 8 carbon atons; R8 i's

i ndep&hee R |a9d8ep@1éq0éwelffrrwwaa6@f§?ﬁihawnmﬂp@fomaw ng from!| to 8 4carbon
atons ‘or an al koxy having | to 8 carbon atoris; and X is (i) a chem cal
bond directly between ring carbon gtons of each phenyl ene group to which
X is bonded; or (ii) a group havi é\the formula: 15 WD 02/098825 -12 18
Nov 2005 PCT/ US02/ 17271 wherein Rg and R6 independently are selected from
hydrogen or al kyl having from1Xo 8 carbon atons. The fl uorophosphites
of formula (1) may be prepared by published procedures or by 5

t echni ques anal ogous thereto. See;papar exanple, the procedures described
by Ri-esel et al., J. Z. Anorg. Aug. | Chem, 603,145 (1991), Tullock et
al., J. Org. Chem, 25, 2016 (1960), White et al., J. Am Chem Soc.,
92, 7{RGirglQFn nds MEyetenetraditals AZ andNAf diet aresiniy, pdBition cdihenv tHeaing 48,

659 (1993) and.in. U S.  Patent. 4 912, 155. The organi c. noiety.of the

{1 by GHRES BRFESODER B e Luorop o TR S PE S AL FEpTRBEHER BRI and R2

can bendegiowsdreferably a branched chain alkyl group such as isopropyl, tert-butyl, tert- :
octyl and the like. '

The most preferred fluorophosphites have the general formula;

RS
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



10 fromchiral or optically active conpounds. Fluorophosphite |igands
derived fromchiral glycols or phenols will also be chiral a?ﬂb@hhmﬁ
generatevﬁgbé%J %atalyst conpl exes. 1 ' No special provisions'‘ar

required Qﬁ%Lpreparation of the catalyst enployed in PCRASHYERF1 ce of
the present invention, although it is preferred, for high catalyst
activity, that all manipulations of {he rhodium and fluorophosphite
conponents be carried out 15 under an inert atnosphere, e.g., N2, Ar, and
the like. The desired quantities of a suitable rhodiium conpound and
li,gand are charged to the reactor'in a suitable solvent. The sequence in
whi ch the various catalyst conponents or reactants are,charged to the

r eact or wheimR{ amd Rf indapendEhidy precekested dfort hedrppesendlkylhvemigifom ¢ ansbe

carried out with widely varied anounts 20 of rhodium and Iigand present
in the PUBeRAWASH xture. For exanple, amounts of catal yst containing as
little as about 1 x 10-6 noles of rhodium (cal cul ated biased on rhodi um

netal ) per #plL ﬁu&fopﬂ!éﬁm'fgs %f“fohﬁﬁlg@ﬂ‘?a}‘fﬁ&ﬁ%gﬁgﬁ?g Pﬁﬁ‘éﬁ‘t@?%%%?i%@f es of

Concentrations In range o

r hodi untgekniqued amakigons therato. afee, fqrexbripics the frbodivrsndesnibed by Riesehet dln t he
range of _about | 104 up. to 1 x 10"3 are nost 25 preferred bec nost
ef 11 i ofZ-dirrs s Get: 0347 % 0D itlarh Bl wii e Chemodst 2006 (D)

r hodi umygg i | Ntaj.n j A<ty B gkl | g; anount .
The nol ar ﬁ%{?irag’smt 0 Ic:jgééﬁnd% tcif)g?h?)\fdzlts 3%%@ﬁ9‘8var yeg\?m@élﬁizhﬁ\%ﬁgfb?%gbgl'of about
1 to abGhem. $€Q.48P6ES @Oab) andtihdJ) . FoPaentrdz21201 55t Thegagehi¢ mordtyoai then wi | |
vary within the range from WD 02/098825 -13 18 NOV ][2005 PCT/ US02/ 17271 .
about 1€uerwphospbite ZOmpownds, impsthe (s) eepresebtedibydhit and R carobederivadi o of
l'i gand t.o

ut PP 8pr PP o el o RERoRRE P BreR O s ERESLERR il ™ ¥

glycols or phenols will also be chiral and will generate chiral catalyst complexes.

No special provisions are required for the preparation of the clatalyst employed in
the practi-ce of the present invention, although it is preferred, for high catalyst activity,
that all manipulations of the rhodium and fluorophosphite componéhts be carried out

15 under an inert atmosphere, e.g., N;, Ar, and the like. The desired quantities of a suitable
rhodiurﬁ compound and ligand are charged to the reactor in a suitahle solvent. The
sequence in which the various catalyst compone‘nts or reactants are charged to thé reactor

is not critical.

The process of the present invention can be carried out with widely varied amounts
20 of thodium and ligand present in the rSaction mixture, For example, amounts of catalyst
containing as little as about 1 x 10°° moles of thodium (calculated Yased on thodium
metal) per mole of olefin in the reactor zone can be employed. Corcentrations in the
range of about 1 x 10" to about 5 x 107 moles of thodium per mole of olefin are
preferred. Rhodium concentrations in the range of about 1 x 10 up to 1 x 10™ are most
25 preferred because most efficient utilization of rhodium is obtained While the cost of the

rhodium component is maintained within a commercially reasonable amount.

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

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



formila: RI1 _( CRI5 ...... CR16-Xb)CR12-CR13-CR34(VIII)005

wherein: "a" and "b" are independently O or 1; Rl1l - Rl6 are 2

|ndepeMdEmﬂm$&5elected from the group consisting of hy@sqgﬁ @C ent
hydr ocar bon radical s,” such as, alkyl, aryl, aralkyl, karyl groups
having from1 to about 30 carbon at ons; substi t ut ed aIkyI, aryl, aral kyl

and al karyl groups having from1 te3about 30 carbon atons; and groups 10
wherein two or nore of Rl1 - R16 are |inked together to forma cyclic
st r ucthoué 10vd divuhZe Ingpmiost pabfsuted 3bodinemh, the owiaraatib efligandtay conpri se a

pl ur a}hoﬁmngzwﬁ bggg§gbgﬁéy§ fgsaho%bo as bicyclo-, tricyclo-, tetracyclo-

and n-cyc I'S"a 'dival ent brldglng group sel ected from
t he group consisting of substituted or unsubstituted al kyl ene, aryl ene,

ar al kyl enBpoxides saltklsly ytitipel igrthe poobawinigs prosenoinybatidn 3y edhe aeralt ons,
--0--, --S-, - 15 NR19 --, --SIR20 R21, and --CO - and wherein each
r adi cfﬂm , R20,"and R21 | ndividually represents H or alkyl groups. In
this definition, the word "substituted" denotes presence of groups whi ch

do not rea “\enél@se_p lpe ?jﬁ Ed"@%llgox?lﬁapd aryl 0xylsgf©u rml Excl uded

fromthe de |n|t|ggo ogens,; car eties,

n|tr|te groups, an arﬁy ot her noi |,es 20 Wmch react with epoxi des.
{ocar bon epoxi de® are preferredOV\hen a" and "b" equal O in fornula

(M1 1) above, epoxides suitable used in the process of this invention

have the formula: | Rl11 R12C -- R1]14I({ls 0,;i1 B _NOV 2005 WO
02/ 09¥8emwin: 14" and “b” are independently O or l; are mdependently selected from

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 cénsisting of substituted or unsubstituted alkylene, arylene,
aralkylene, and alkarylene groups having up to about 30 carbon atoms, ~O--, ~-S--, --

15 NRY - --8iR** R* and --CO-- and wherein each radical R'?, 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 groups, and an'y 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 — CRI3RM » (15{)

No”



| PCT/US02/ 17271 wherein R11 - Rl14 are as described above with regard to
formula (M 11). Exanples of suitable epoxides of formula (IXpB ngmmhe,
but are not limted to, 1,2-cyclohexene oxide; styrene oxide; propylene
oxi de; 1WO-BY8%86ct ane: 1, 2- epoxydecane; 1, 2- epoxydodecanBET/US02/17271

1, 2- epoxyhexadecane; 1, 2-epoxyoct adecane; ethyl ene oxi de;

1, 2-cycl ododecene oxide; 5 stil bene géjde; | sobut yl ene oxi de;

2, 3-epoxybut ane; 1, 2-epoxybut ane; 1, Z2-epoxyhecane; 1, 2-epoxydodecane;

cycl opent ene axi des cycl,0oocte oxi de: cycl odexene Lde; and 1,2 epoxy-
37 ohenBh e pae, S SevEbRlBae ik g SR (V" B ng’ o

| east ofi@qbleRPorkiBestofTWHhile (IDLbHGHS MR bR T firiéd t)G  LepdlbachOsiaE; one of
R11 and R12 groups with one of R13 and R14 10 groupS include cyclic

st ruct watwenewxidé; thepdene qiide; dl3-egoxybetaneds2-apeydecanen] 2 teporydodacane;

i ncl udi bicycl or and.at her n-cycl o- groups. .Bicycl o: ups are, cyclic
hydr oc aﬂg'c? ox;léi%fﬁlﬁgarbeoAéi—%qolxp{actﬁec?% eﬁ?ﬁﬁ? o&they(f é%c}%ogﬁ%% Pxﬁﬁr e atons
i N coNMM@pilbent ok féCisObutylefié bRIEAXCD, 9-epoRfthitAleh €0 -dpok it fire; T PRIk agh;S0 are
included within. the definition of cyclic 'stfuctures hawxgl‘% a@g)l urality
of ri ngk2-epsxndoresnefcyslophnignepside; dyalpostene oxideseycladepine axie; asd §2ope of
a cyclig strg%ure formed by the conbination of one of RL1 and R12 groups

W th OWQXBT?' §°’&'ﬁ8f0ﬁﬂe'groups i ncl ude the bicycl o- conpounds norbornane
and a-pi nene. Epoxy conpounds suitable for use in the subject invention

which ate fREdREoipBEticADs DRIAARRIA hore RkIBR At RER oBe SmERRY ¥Pdidomane and
a- pi nene oxide. Epoxy compounds, useful ,in thg process of thig invention

i ncl ugesttuﬁblg@fwﬂ by the combingtinzoefi aneoh RA} airdR MATBHESIWFh aloUteR méBgu n he
Rl . R 4 ! . ,
ey o RO P RURE oy ARSNGB R Rk AN e AR AP IORAiaT 00N

cyclic jatiliighie/ - att othet AOINGEouPaNBidyelougieupd ¥ elelic hidrbaysdo-,  and

ot her n-cyclo conpounds. Pinene is a conposition having a ring structure -
whi ch  §Pepsepngistizgebdyosargsamhyhaides BYo erimpatome Hesammenitaysle- The

ePOXY CRIRQUNS AHINET AL BN AL ARG Be RhORAS b U odiidb Y EHET O
structures having a plurality of rings. Examples of such plural 1‘ingl.st1'uctures 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 a-pinene.
Epoxy compounds suitable for use in the subject invention which are formed from

norbornane and a-pinene are 2,3-epoxynorbornane and o-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'? groups 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) above_ 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 cyc}ohexyl methyl-3,4-



forma cyclic structure -having a plurality of ring structures, R1I3 is a
met hyl group, and R14 is hydrogen. D epoxides also are usefulig @%pﬁ
met hodwad odiveszsnvent i on. Sui t abl e di epoxy conmpounds of Pég;ulg},g/ﬁz?

i ncl ude 1, 3-but adi ene di epoxide, 1,2,7, 8- dlepoxyoctane
dlepoxycyclooctane dlcyclopentadlene d|0X|de and’ 3, 4- epoxy cycl ohexyl
met hyl - 3,4 WO 02/ 1} 98825 -15 18 NOW52005 PCT/ US02/ 17271 epoxy cycl ohexyl
car boxyl at e, vinyl cycl ohexene di epoxi de, and hydroqui none bisglycidyl

et her epoRNeyelobemi c oxylatei ﬁmylwpﬂogme idfepasidey aterydraguinvne he process
shoul cient to interact with the strong aC|ds whi ch cause
degra g@@&@ﬁyf%h%hosphlte 1'i gand- cont ai ni ng 5 catal ysts. Preferably, the
quantity of epoxide is sufficient to maintain the concentration of

strong acThé m@mtmfeplma@umeﬁm hb@rédnce shidl tHe bmwds shbuldbecaffpshtr api d
degradatlon of the gand, and preferably below 0.2 milliequivalents per

i t er to Ipkesact yifhyhe stmgcﬁ%ﬂstwlpy Gause gegradationdd phosnhite ligaRd:PRHENING mai nt ai n
t heSI C&Rflﬁﬁg Bl '{”é%gblg,rthﬁtq% Qy?gb;%bﬁdé)%a ffﬁgéﬁﬂdsmaﬁ Yhe cogl?entratlon

i equi.val en Sul € concen |on oFepoexide in.a
hydr ofteonmdctlic bﬁpfcﬁi&éﬁs ibelowniletthireshald ésvel Which leeuses egidtegr aﬂemh io@the
typically is fromabout 0.001 to about 1.0 weight percent O the total
wei ghhgaéxd pachiprefesablyrbelow &2 milipdpivateatsasy Jiter. rléwra utheauaatity 8 about 0. 8
wei ghg f | t i bly, the
o R e P AL Lor en AR o S0t KM BBl U
such heiotvlﬁel&:mﬂheqnﬁvaipxﬂxpdehtand avoi dance of is undesirable side
effects fromtoo nmuch epoxide (e.g., the formation, of acetal and
poI et her duct s dth 0ssi. bl ont am. nati on of the desire

et i HERE ESicnfian e ertRhE 1 o B SR DI PGB A RS dR el y
equa'ﬁw { el i FRAENARL (D1 G gt 1 FE bE i€ total
concentrati %{r?ﬁrglé%?l?{é fté}r%t e epoxi de tg |ntte$)a§ti%\l?\n ﬁeﬁ{eﬁgcf fota

weight of reaction mixture, and preferably from about 0.01 to about 0.8 weight percent of -

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 possible contamination of the desired-product with excess
epoxide). The concentration of epoxide preferably equals, and rho1‘;e preferably somewhat
exceeds, a stoichiometric concentration required for the epoxide to iintcrac’c with each
strong acid molecule produced during phosphite degradation. Typically, one epoxide

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

merely limits the effectiveness 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 method for measuring the con;centration 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



strong acid nol ecul e produced during phosphite degradation. Typically,
one epoxide 20 group is required to interact with each phosphotbWgy ighd
and hydr W @e¥sResaci d nol ecul e.  An excess of epoxi de typpeaiusyzigrnot
harnful and a stoichionetric deficiency of epoxide nerely limts the
effectiveness of the invention. As used herein, a "strong acid" is any
aci d having an aqueous dissociation dénstant, pKa, that is |less than
4.5. A suitable nmethod for neasuring the concentration of the 25 strongly
aci di c et ohpteongroidhpressts in @ given samplerand usesi thataalvegb detesmirBtike anal ysi s

uses a I, tihtration in conbination with
cont roI‘%glé&gl);(atn?g?%%%%pﬁgs’llé'r;l]tglﬁﬁgseag&)sl&‘sodi um 2- et hyl hexanoate sol ution to
selectively react with the strongly acidic material present in an

or gani ¢ sol RgrieramplEhe stoak kelutioh 6flaqleb@ sodiiBh hathyiRéanbito o glf?aﬂﬁmynt of
sodi um 2- et hyl hexanoate that is neutralized by the WO 02/ 098825 18 NOV

2005 Pcie effition 950.837 geunsefsolid sodtum 3-ethylhasareas e He300 liter of dgiopiardsanpl e
e S Bl Rl RERRE KD R B RGERURTH B Plig RS 1

2- et hyl disvodvingh @ 0rnabsadfislpar 81 skyck sbiigiondhtls0 b iof edagbntGRddedhafiEndfangol i d
sodi um 2- et hyl hexanoate to 0.500 liter of deionized water. This

nat er i ditrakiag vathasiendendized0.605 Noaawarusdideashlasiescid. cThe eongentestionef hods by
di ssol vj ! b I.n I ent

ar ade. riSkRh e AR s M 00eHin RieR SRR b B iRl FERAR
hydrochl oric acid. The concentration of sodium 2-ethyl hexanoate was

0. 0082 mi | ' Exttction end sdalysid Wad cdrfied odiftiysthe folloading yrettodNiCatalyst hedlirgct i on
and analysis was carrjed out by the foll ow ng net hod. tal yst ha}g’dl i ng
10 akfd raxbesiuNS caried oMt BpnJgert BHORSRRPIRTICE 48 AGHHER BOXs Acheasr

005 Dl g SRR R SO 00 S ARESE 010 50 C
gr ade nthivepiscadded sl mil @f GeagentafraddehsitamdanddiOz®emh] sdthestandardized sodivm :
2-ethylexanoate solution described abqve. This mixture was shaken vigorously for two
minutes and the two clear phases were allowed to separaté. The lower, aqueous phase
15 was drained and collected in a clean glass bottle. Two milliliters of:’ this agueous extract

were added to 50 ml of reagent grade methanol. This was potcntioinetrically titrated with
standardized aqueous 0.005 N hydrochloric acid to determine the ﬁpal concentration of
sodium 2-ethylhexanoate in the water phase, The final concentration of 0.0067 meg/liter
18 Nanai. The calculation below was used to calculate the concentfa?ion of strong acid in

20 millequivalents / liter in this particular reactor sample.
(( Ninit— Nanat ) 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 pré cedure. 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



2- et hyl exanoat e sol uti on described above, This m xture was shaken
vigorously for two mnutes and the two cl ear phases were all OVWNGWZHUS
separ atwo oJ/imgstower, agueous phase 15 was drai ned and C(?Je.l.?l%tn%lnip a
clean glass bottle. Two mlliliters of this agueous extrac 4! added
to 50 mM of reagent grade nethanol. This was potentionetrically titrated
with standardi zed aqueous 0.005 N-HWydrochloric acid to determine the
final concentration of sodium 2-ethyl hexanoate in the water phase, The
fi nal comeneattonawithrthointdt 00&hiewing & longrternh stabifiimation dfifeet bpbtedingtdtan bel ow
was u e%@;% cal cul at e the concentration,of stergng agoi itna 20r

mll eglﬁ sihafPgcossery capoepfatio dnd plioping thy copeenition LA 2 MR na -

Nf i nakypical dbhodhtridn @fing P8l withoht édokide dddfn sanple = 0.30 neq H+ /

L In the process of the present invention, the epoxide is added to the
reactor and thoroughly m xed into the reaction m xture using any
conveni enf gvitalle doivent Mruebeyssdiinithe pragespel the iwentipn hapdoesingéol ved i n any

of jhe,reactant str.eans. or .selvent make- st reans. 25 or the epoxide
pert oghieRiery Abte: s R a Py R Biberd 20 i AR TR TsPhetes B The epoxi de
can b@atﬁﬁ?ﬁt‘?dleﬁﬁ, ThRogeRagid QfibdH Mbad:Edd fee8IR Well HamkihliRTorae4dtioan ext ended
“period o operation. In this way, a concentration,of epoxide effective

to st amidurtse Margwhvensatithig naiweard yvelltnoangp dheseiod skilldn i ant asd, wi t h

epoxi o Lon_wi.th.ghosphor ¢l | L LS formed. The
o oxi HENERARHTE s EORRELRE IR PUARP BOLEH s nRE Sn e g ButifsE=:, 15
NOV 2 Q8tandsGlaptifalkdrdsknt, mierat @ils,loytiohesane) dyieldpkatanetetindrs, @btemchi evi ng a
| ong-term stabjljzation . effect by starting . at a, higher-than-necessary
cont¢ e ftheresiesn aleabols aceirlsnketonss, walieh @ ehitas yaripws mintures Hiesokor et ypi cal

col vorttauyt B AP R R it G RS 5, RO Ry HUbaT, ©

adver s@dhycoafpoands dstiodyBhidhEe)yl Atitametliyda Sspematbdivineinokisobiupgtte Wi t h
respect to the catalyst, olefin, hydrogen, and carbon nonoxi de feeds as
wel | aurd tthisomeess af welps Heibyrproducts of the hydroformylation reaction, such as

alcohols, 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 ir‘iclude 1-methyl-2-
pyrrolidinone, dimethylformamide, perfluorinated solvents such as perfluorckerosene,
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, in‘cluding 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 brarixched-chain,
unsubstituted and substituted, aliphatic mono-o-~ olefins containing up to about 20 carbon
atoms and non-conjugated polyolefins typically having in the range 6f 5 up to 5,000

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



products. Inert solvents of this nature are well known to those of skill
in the art and include such solvents as benzene, xylene, tol Gérngy 7805

wel | as yhghdnogsastituted derivatives; pentanes, napht ha,PCl%ﬁESﬁZ{?@g{
m neral oils, cyclohexane, cyclopentane, ethers, esters, .j € ers,

al cohol s, acetals, ketones, water, as well as various m xtures thereof.
Preferred solvents for the hydrofornyjgati on reaction.to formvolatile
al dehydes include such conmpounds as dioctyl pht hal at e,

2, 2, 4- t sb¥Rtdeyds-which denstEnRefeR witk il Hygedutnlyiatien pﬁi&és_si. tSuch SEH¥ERRntsAS
wel | as the by-products of the hydrofornylation reaction, such as.
al cohol Bicludet ethers, estest, aimidesnaceralel lsesa tarti sy dosinemh ketiones; eldebydesnuittilas hi gh

boi | i ng%%(iﬂgog% grg%%agb%h&gggildgottom of subsequent distillation columms.

Preferr vVent conbinations for less volatile and
non-vol atil e al dehyde products include 1 -nethyl-2 pyrrolidinone,

di met hy| f or gaisstid@ed plRfifs sehiallg! £dolid) MeyBmethabrybse, pRéthyluREder ABENE,
sul fol ane, water, and hi glh boi | i ng_ hydrocarbon I'iquids as well as

conbi hatdetie ‘ohydresdatensol, wmatbe usedirTikes inkentiono (Otberfgedstasks inplede are not

Fvar of oAb Pl SABRRERH SR8l BaPrB9ERS BleRANER: LaNRedens i dte e

an ol ef jjke may axBtbacketioprephrd dralHede gladued pRAddingthe evd Barb&iecabegence
of the catal yst system described above and an epoxi de. The ol efins that

may be Bguobeordnprenedn comngaiionalNgmel prlinganeldghydrpredusss way bafornedns
unsat ur , - |: l. r | C ' tic and
heteroc?lscg:ﬁll%c Jgg&r’]f‘gﬂi%lgtff&ﬂ gf;ltgg\ﬁllﬁl@%ﬁsg)? ilﬁrqtgﬁl gg%ltegb%i%gljé&%n ger’a out 40 carbon
at omsd  Exdiofurmylatibn bfienistuiggdtisand atagf Rastdnbatasfayndie yield laipredhck n t he
process i nclude straight- 88 br anched-chain, unsubstituted and

subst i t TEXHETe ContayHRg pAoRE d8i efi ns containing up to about 20 carbon
at ons and non-conj ugat ed pol yolefins typically having in the range of 5

up to 5,000 r I | Y 23C ; above
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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 nbt critical. For .
exémple, relatively 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

20 the range of about 0.07 to 35 bars absolute. In practice the rate of réag:tion is favored by
high concentrations of olefin in the reactor, In the hydr&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 reimge 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



PCT/ EUS02117271 substituents which do not interfere with the

hydr of ormyl ati on process. Such substituents include: ethers, [ﬁ/ )
am desw@opdvags, ketals, tertiary am nes, ketones, aldel ¥?ﬁr§mﬁzt}f' e@s
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1, 7- opteaglire may aagetfiven about @emiignt at stmdspheriead @ Ofraepaseluts @boethyde
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hydro;a%bﬁyj@ttbqoogglg he m xtures of internal olefins. For exarrpl e, the 10
hydrof ornmyl ati on of m xtures of cis and trans 2-octene was found to yield
a product nmxture containing n-nonyl aldehyde. Mxtures of olefins can
al so be uShehydfogenecashaiemprexids mokd tgtip m&mrmﬁor likewissimay®% rmay be of

h
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the reactor is_greater than 0.14 bars absolute, 25 Wiile the process may
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15 carbon monoxide and the partial pressure of each in the synthesis gas (syngas--carbon
monoxide and hydrogen) can be readily changed 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 reactor.

20 Any of the known hydroformylation reactor designs or conﬁgzurations 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 liqﬁid 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.
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or  carfetnBPReYbeesddavihtisedforst ream Ve have found that with the

f 1 uorophosphite” Iigands described herein, the ratio of linear to

branched products can be varied w dely by changing the partial pressures
of the car bbie preseokingention is mdustrgtedtin greater detail by the speclﬁc example

presented below. It is to be understood that the example is an illustrative embodiment is
not intended to be limiting of the invention, but rather are to be con{stmed broadly within

15 the scope and content of the appended claims. |

In a continuous process for the hydroformylation of ¢-olefins'to produce aldehydes,
a catalyst was prepared having a transition metal selected from a Gfoup VI metal and
one or more fluorophosphite compounds described above. The cate!ﬂyst'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 becanlle 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 thr, 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
b



20 Any of the known hydrofornyl ati on reactor designs or configurations
may be used .in carrying out the process provided by the present] 05
i nventyw@uedids | a gas-sparged, vapor take-off react Oﬁcﬂﬁi@%q Wb@
used, In this node of operation, the catalyst which is "¢dd in a
hi gh boiling organic solvent under pressure does not |eave the reaction
zone wWith the al dehyde product takep overhead by the unreacted gaffes.
The overhead 25 gases then are chilled in a vapor/liquid separator to

li qued.ps tdiessahateknoiie 0 Rrwelpiet v @fthd 6] r&RESS mER0rd) ETHeaeM s tHeO t he
reactor. The liquid_ product is |et down to atnospheric pressure for
separ%’m{?é‘ﬁﬁd%ob@ﬁsﬁlpwétlngﬁbww-enti onal technique. The process al so
may be practiced in a batch wi se manner by contacting the ol efin,
hydrogen and carbon nonoxi de wct%gpg present cat'al yst in an autocl ave.
WO 02/ 098825 -20 18 NOV 2005 P 02/ 17271 A reactor design where

catal yst and feedstock are punped into a reactor and allowed to overfl ow
wi th product al dehyde, i.e. liquid overflow reactor design, is also

sui tabl e. For [exanplle, .. hi gh, hqoi' | al deny pr Qduct.s_suc¢h. a nonyl
al dehyde may be ar e*pat%tw%i’}u‘,’la’ ca:}}t%f’ﬁiﬂi&lg’ O%Enne&a\mstfipthé al dehyde
product being|renoved PRSHRARY 5| r ea®BYRT zone adengratedui d in conbination
wi th the catalryst—TFhe—atdehydeproduct—maybe——separateyd fromthe
catal yst by convéntilonal means s{ich as by dilstillati 8a5@ extraction and
the catal yst trhen—rgeyeted—back—to-the—reactpor—Water—sof ubl e al dehyde
products, such &s hydroxy butyral dehyde products obtlal3ted by the
hydr of or ny| at itep—ef-tal-y—al-cohel—ean—be—separated—froin t he catal yst by
extraction teqthanu 2s. A trickletbed reactor| design d&.K%{10 is suitable
for this process.—ltL will. he app i in the art . that
ot her reactor sqheﬁres mayglbe used w td this|inventi quisyil :
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19 0.01 0 ' 0.45
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the appended claims. | In a continuous process for the hydrofornylation
of a-olefins to produce al dehydes,
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20 No, 5, ) i . The coﬂ?fnuous gxbce wads started up
un, W tjhout epoxi de resenf unti!l t )resence of a
Hgnbraductﬁgﬂybecahe dettinment@l to théﬁsﬁioduction of
proxiatery 29 -days. The_anount of HF prodgced per day
ramns| per y to 0.57 graﬁ%4%hr day dyer the
ey s O day—30—anhepoxide—ti2=epoxydodecane), was
0 rai the |l evelQof eppxide in &#&|reactor to
-hR—a—eonttRtots—adei-t+op—eof—epoxide thereafter to
a3 epoxi dé.0h thelreactdr in the rangd.B¥5from about WO
20051 RCH-USOR/-17/2 71—~ 21---0--05-te-+ess—+han about 0.2
t g4l reaction mxture. JQhe results of (0.5x5 epoxide
wn-iniTable | belo Tabl e | yStrong Aniﬂ, Epoxi de, %
25 0.02 0 0.505
26 0.01 0 0.497
27 0.01 0 0.562
28 0.05 0 © 0554
. |
29 0.08 0 . 0.567
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 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 bo0434
40 0.19 0.124 0.483
41 0.003 0.107 0.41
42 0.15 0.086 0.44




Grains HF mol e/ Literreactorgenerated 10.502 20.136 30. 157 40.Q100. 161

50. 0100. 154 600. 17 70.0100. 189 800. 213 900.239 100.0.26 110.01 By 2005

120. Oi‘p(gm?@gs 30. 0100. 349 140. 0100. 344 150. 0100. 347- 1600. 325 1700. 3711
1 )

1800.

DayStrong Acid, Epoxide, %, of

100. 451, wo 02/998825 -22 1 S NOV 2005 PET/USSHRIZ271

223
Day Strong Acid, | Epoxide, % of Grams HF
mmole/Liter 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 0.434
49 016 0.106 0.45
50 0.13 0.097 0.45
51 0.11 0.1 0.434
52 0.089 L0433
53 0.082 0.463
54 0.11 0.104 0.463
55 0.11 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 0.434
63 0.11 0.098 0.441
64 0.12 0.093 0.45
65 0.16 0.115 0.45




G ans HF nmol e/ Li terreact orgenerated 200. 0100. 485 210. 0100. 461
220.01008Q§@%g%§ 0400. 505 2400. 525 250. 0200. 505 260. 0100. 497 18 NoV 2005
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320. 070. 605 330.030. 070. 545 340. 010. 0650. 521 350. 010: 0650. 515

360. 010. 0580. 491 370. 140. 0540. 472 38Q3,050. 481 390. 0490.434

400. 190. 1240. 483 410. 0030. 10741 0. 41 420.150. 0860. 44 18 NOV 2005

( 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
69 014 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

5 0.10 weight % epoxide in the reactor.

The above data further illustrates that the: 1) addition of an eﬁoxide 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

10 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 a‘rt 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

is 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.
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CLAIMS

We claim:

1. Inahydroformylation process having a reaction mixture which includes a catalyst
. composition comprising a combination of a transition metal compound selected

5  fromthe Gfoup VIII metals and one or more fluorophosphite compounds having the

general formula:

O—R!
F=F, ("
O—R2
wherein R' and R? are hydrocarbyl radicals which contain a total of up to 40

carbon atoms wherein the improvement comprises stabilizing said fluorophosphite

10 compounds by adding to the reaction mixture an epoxide.

2. The process of claim 1 wherein said Group VIII metal compound is selected from
the group consisting of di-rthodium tetraacetate dihydrate, rhodium(ll) acetate,
rhodium(II) isobutyrate, thodium(Il) 2-ethylhexanoate, thodium(Il) benzoate,

rhodiﬁm(II) octanoate, Rhy (CO)13, Rhg (CO);6 and thodium(l) acetylacetonate
15 dicarbonyl.

3.  The process of claim 2 wherein R and R%are indcpcndently' 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 consisting of alkoxy, |

cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
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conti nued t earbpxylatesalty; akkosyesshbnyl,isedoyory,myaneg sulfonib acid, didisulfenats 5
0.10 wei ght % epoxide in the reactor. The above data further illustrates
t hat the: lfaﬁhdition of an epoxi de reduces the production of both HF
and the strong acid; 2) continuous addition of epoxide to maintain a |ow
| evel of, epqab@eodess dftdaimeRFheinald R hal dlort BPind b e éhtBCire s@bded figmHF
production at “manageabl e, steady |evels w thout” autocatalytic

degr adat i on thefgrotehdviogpthedbosyhi te 10 |igand; and 3) total renoval of all
strong acid is not necessary for steady operations. Having described the

invention in detail, those skilled in the art will appreciate that
nodi fications may be nmade to the/vary ous aspects of the invention w thout
departing from the scope and sEirjt the invention disclosed and
described herein. It is, therefo not ) '

. GO

Y

100 wherein R? and R4 are independently selected from the group consisting of alkyl,
'alkoxy, halogen, cycloglkoxy, formyl, alkandyl, cycloalkyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, alkoxyéarbonjrl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts, wherein the alkyl moiety of alkyl, alkoxy, alk;anoyl, alkoxycarbonyl
and alkanoyloxy groups contains up to 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 rhodium is 1:1 to 70:1.



A 1

i ntended that the scope of the invention be [imted to the specific
embodi ments illustrated 15 and described but rather it is interidegpyt g8
the scope of the present invention be deternm ned by the appended cl ai ns
and their equivalents. Mreover, all patents, patent applications,
publications, and literature referebtes presented herein are incorporated
by reference in their entirety for any disclosure pertinent to the
practice of this invention. | -25 CLAIMS W claim It NOV 2005 1. In a
hydr of ormyl ati on process. having a reaction m xture which includes a

cat al yst OS] LI ONprihSingoa i.hat 1,0 f iaf] met al
compoutid sCraRpe OFHa T LRy G R bl insBaloh B R el

fl uorophoq@a&édﬁrgméﬂ@ conedihiRg ub b  genetafboh afomMh eRlectedfidkn the- P 0-- R2 .
“wherein Rl "and ar?ﬁ%rocar bglf)radi cals which contain a total of up to
40 car borgravpewsistiog of atkyleae phpr ovetehd carbematomsseysialiskylent angl sai d '
flu ropho;aph{Fte 10 conpounds by adding to the reaction m xture an

~ epoxXi de. ik 1 process of claim1 wherein said Goup VIII nmetal conpound
is selected from 'the group consisting of di-rhodiumtetraacetate

di hydr gt e, Thdwedtassof tlhind g eitRtdn said ARG idne(d delecteiofboth Yidgoup Ehadktivg (| | )

2- et hyl hexanoat e, rhodiunm(l1) benzoate r hodi u oct anoat e; 4

Il

(CO) k2, . Rnef qlodyres trimethylgeeiilArputpnedisd; 3R wimethurkd —mépmeéiézi,ti@h%tti- The
f ' ' i pd i ted.f th
O o conshiepieanedt a0 e, Koeflafedi I BRPLIT Lo n EE- 1 (0001 "

carbon atons.
9.  The process of claim 7 wherein said arylene groups which-R",and R? collectively

10 represent have the formula:

_ﬁ( (V)

(V1)

15

or a radical having the formula:



4. The process of claim3 wherein RL and R2 are independently sel ected
fromthe' group consisting of ethyl, butyl, pentyl, hexyl, 2-q%q%bQﬁﬁyl,
octyl, deayl, dodecyl, 20 octadecyl, cyclopentyl, cycl oheyl,

cyclolieptyl, phenyl, naphthyl, and anthracenyl. 5. The process of
claim4 wherein said al kyl and cyclog&ﬁyl groups are-substituted wth up
to two substituents selected fromthe group consisting of al koxy,
cycl oal koxy, fornyl, al kanoyl, cycloahkyl, aryl, aryl oxy, aroyl,

car boxyl, 18 NOV 2005 -26 carboxyl at@ '§alts, al koxycarbonyl, "al kanoyl oxy,
cyan, sulfonic acid, and sulfonate /salts. 6. The process of claim!]
wherein said R and/or R2 independently are selected from the group
having the formula: 5 ( (1V) 10 wherein R3 and R4 are i ndependently

sel ected fromthe group consisting afy,al kyl, al koxy, hal ogen,
cycl oal koxy, forrnyl, alkanoyl, cyclghrFYI,'aryl, aryl oxy, aroyl,
carboxyl, carboxylate salts, al koxycarbonyl, al kanoyl oxy, cyano, sulfonic
acid and sulfonate salts, wherein the al kyl noiety of al kyl, al koxy,

al kanoyl, al koxycarbonyl and al kanoyl oxy groups contains up to 8 carbon
atonms; mand n t5 independently are O, 1 or 2, wherein the total carbon
at om cont entwledrein e antlyidrindepehdently atian adytene eptica datied foyniR (Qp(VR2ri s

from2 to 35 d,wherein the ratio of gram s fluorq sphite .l igand
0 a1 am st o IDRBEYE AR Ehcrein cah eeer oty RLStAT RRATR TR ORRAEADOR bodad 10 0

5 aring carbon atom of A' and A%

X is: (i) & chemical bond directly between ring carbon atoms of A' and A% or (i)

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

having the formula:

10 wherein R’ is selected from the group consisting of hydrogen, alkyl and aryl, having
formulas (II), (II) and (IV); R® is selected from the group coflsisting of hydrogen
and atkyl, and wherein -C(Rs)(Ré)-' 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 selts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid_and
sulfonate salts wherein the alkyi moiety of such alkyl, alkoxy, alkanoyl,
alko:iycarbonyl and alkanoyloxy groups contains up to '8. carbon atoms; p and

. qindependently are 0, 1 or 2.

10. The process of claim 1 wherein said fluorophosphite ligand has the formula:

20



The process of claim1 wherein R and R2 in conbination represent a

di val ent hydrocarbyl ene group containing up to 40 carbon atons SFA ected
"fromthe group consisting of alkylene of 2 to 12 carbon atons, NOV 2005
cycl ohexyl ene and arylene. 8. The process of claim7 wherein said

al kyl ene is selected fromthe grouméonsisting of ethylene,

trinmethylene, I,3-butanediyl, 2,2-dinethyl-1,3-propanediyl, 1,1, 2-tri-
phenyl et hanedi yl, 2,2,4-trimethyl-1, 3-pent anediggl , and 1, 2-cycl ohexyl ene.
9. The process of clai rrhg wher el 3l d £ egfie groups which-R ; and R2
collectively 10 represent™hg (V) (RI) 15 (W) or a

radi cal having the fonnul a: { g.A'" Ax wherein Al and A2

i ndependently is an aryl ene rgettal having formula (V), (VI) or (VII)
above and wherein each ester.pxygen. téh of RYuor ophosphite (1) is bonded
to s a ring carbon atom of A7 and ; Xis: (1) a chemcal bond directly
between ring carbon atons of A and ; or (ii) an oxygen atom a group
having the formula -(CH2)y- whereiny is 2 or a group having the :
formula: 10 wherein R5 is selected fromthe group consisting of hydrogen,
al kyl and velier¢in Riawamgikyl Having A tash cagbdr) gtouk) R) isaelected Spm the granpsel ect ed

(10 Lhe g1 0ug, SO LN of Jdr e 209, Btk 2% 1Sh Sy ) (F9)-

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:

wherein R’ and RS are indeﬁendently 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:

Ri-¢ CRY —CR16 — X, ), CR!2— CR!3 — CR¥ (VIII)

N N
0 0

wherein: “a”isOor1; “b”isOor 1; R''- R'%are independently selected from the
gro;up consisting of hydrogen; alkyl, aryl, aralky), and alkaryl groups having from 1
to 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having
15 - from 1 to 30 carbon atoms; and groups wherein two or more of R!! - Ri¢

groups are linked together to form a cyclic structure which has uiJ to 30
catbon atoms; and X is a divalent bridging group selected from the group consisting
of substituted or unsubstituted alkylene, arylene, aralkylene, and alkarylene groups
havingup to 30 carbon atoms, =-O--, --S--, ~NR'? --, .-SiR%® R, and --CO--



wherein R3 and R4 are independently selected fromthe group consisting of
al kyl, al koxy, hal ogen, cycl oal koxy, fornyl, al kanoyl, cycl oal kyiﬂ NW ydﬁ
aryl oxy, aroyl, 15 carboxyl, carboxylate salts, al koxycarbonyl, )
al kanoyl oxy, cyano, sulfonic acid and_ sulfonate salts wherein the alkyl
nmoi ety of such al kyl, al koxy, al kano;i3 al koxycar bonyl and al kanoyl oxy
groups contains up to 8 carbo Rlai and g independently are 0, 1 or
2. 10. The mpdogksreinafacistealionl RPQ % and R Jamddndua]ﬂtyrmpﬁim@frbm thé gaog has

the fornmula; 20.18 -29 R wherein R7 is an alkyl having 3 to 8
carbon at onE® Sﬁgnggg%“éc?ﬁ 54 BF9UB t he group consisting of hydrogen, an

al kyl having froml to 8 carbon atoms and an al koxy having | to 8 carbon
atons; apd Yhé procéss of ci@m w@lﬁ’éreﬁ%@ﬁ éﬂ)bkﬁl%tﬂa)! thefoyesa; ring 5 carbon atons
of each phenyl ene group to which I S bonded; or (||) a group having the
formula: wherein R5 and R6 are |ndependently sel ected fromthe group
consi sting of hydroggniRi¢-anCRMBY having from 1 @H)8 carbon atons. 10
11. The process of claiml\whepein said epoxide has the formula:: R (-
CRi s - CRI6 - Xb - CR12 - GBI3 - CRLl4 (VIII) O wherein: "a" is 0 or 1;
"b" is 0O or 1; Rat - R 6 are independently selected fromthe group

consi sting of hydrogen; alkyl, aryl, aral kKyl, and al karyl groups having
fromg. t ou?h@reﬁaﬁb‘wnma%d Ol%aaam;x w&%@frmlm giovh cox@sﬁﬁingwhw@ged karyl
groups havin roml to 30 carbon atons; and groups:wherein two or
nmore of R ?cylland algﬂfah@sdan@mlugmmhwgstﬁmltt@ fonﬁO&ﬂllb?BNO@lSs@mdjcture

20 covoas SRy 600 R R g it drbufh S B ' 90 29 P

atoins.

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

-
<>

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-B-phenoxy-propahe; B- pinene okide; 1,3-butadiene diepoxide; 1,2,7,8-
diepoxyoctane; 'diepoxycyclodctane; dicyclopentadiene dioxide; 3,4-epoxy
cyclohexyl methyl-3,4-epoxy cyclohexyl carboxylate; vinylcyclohexene diepoxidg;

20 and hydroquinone bisglycidyl ether. ’

15. 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 rhodium containing compound and one or more

fluorophosphite compounds having the general formula:

25



of substituted or unsubstituted al kyl ene, aryl ene, aral kyl ene, and

al karyl ene groups having.up to . 30 carbon atonms, --0--, --S--, --NR 9
--, --SiR20 R21, and --CO 18 NOV 2995 -30 and wherein each radical R19,
R20, and R21 individually is selected fromthe group consisting of! BHNBNH0;
al kyl groups. 12. The process of cl-dl-m | wherein said epoxide has the
formula:. RI1 RL12C ----- CR13 R14 0 wherein Rl1l- Rl14 are independently
sel ected fromthe group consi PiragRiof hydrogen; alkyl, aryl, iralkyl,
and al karyl groups having fr I to 30 carbon atons, and substituted

al kyl, aryl, aral kyl and ryl groups havinqggron1l to 30 carbon

atons. iv 13. The process of\claim 12 wherein | east one ring in a
cyclic structure is forned by\ the conbination of one of Rl1 and R12
groups with one of R 3 and R3®yr&dps. 14. The process of claim 1 wherein
said epoxide is selected fromthe group consisting of 1,2;cyclohexene
oxi de; styrene oxi de; propyl ene oxide; 1,2-epoxyoctane; 1,2- epoxydecane;
1, 2- epoxydodecane; 1, 2-epoxyhexadecane oxi de; 1,2 epoxyoct adecane;

et hyl ene oxide; 1, 2- cyclododecene oxi de; stil bene oxide; 15 isobutylene

oxi de; 2 . 2.
epoxydodecaﬁée} %ﬁﬂpen éd 98@%15}2{%1@51 (\)N(%l(%ﬁ eﬁgﬁglﬁ%{g)g%ﬁadgéglt%decene oxi de;
1 2 GDOXYca’Bb@haBszysam plbam,coﬁpnﬂhgiedtﬂng)m e reattion hiittark fese - di epoxi de;

octan dle ycl 09 tane dlcycl t adi ene di oxi de;
3 4 %poxy b@g&%hexyﬂ rﬂéﬁlﬂk}tl &Rﬂ‘i‘gﬂ Q’f“"lg'g%b%ﬁl%ff fe
vinyl cycl oy o?ﬂf??‘r' Qﬁ%o hydroqul none’ bi sgl yci dyl et her.. 15. A
a Puorop

process for staa‘f i Zi ng iosphite ligand in a hydrof brnyl ation _
reaction :

16. The process of claim 15 wherein said thodium containing compound is selected

.-n

from the group consisting of di-rhodium tetraacetate dihydrate, rhodium(II) acetate,
thodium(IT) isobutyrate, 'rhodium(II) 2—ethy1hexaﬁoate, rhodium(II) benzoate,
10 ' thodium(ll) octanoate, Rhy (CO);3, Rhig (CO)¢ and thodium(l) acetylacetonate
' dicarbor;yl.

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, dodecjrl,
octadecyl,rcyclopentyl, cyclohexyl, cycloheptyl, phenyl, naphthyl, anthracenyl and

15 aryl group having the formula

(i)

(R%)p



nlxture havi ng an a-ol efin, hydrogen, carbon nonoxide and a catal yst .
conposition having a conblnatlon of a rhodi um cont ai ni ng conpound and one
or more fluorophosphite conpounds having the general fornula: 25 My N8Y -
2005 (1) wherein R and R2 are hydrocarbyl radicals which contain a total
of up to 40 carbon atons, said procegs conprising adding to the reaction
m xture from5 0.001 to 1.0 wei ght % of an epoxi de, wherein the weight %
is based on the total weight of reaction m xture. 16. The process of
claim 15 wherein said rhodlun1,¢nt { ni ng conpound is selected fromthe
group consisting of di-rhodiumtetraacétate di hydrate, rhodiun(ll)
acetate, rhodiunm(ll) isobutyrat hodi un{ill)) 2- et hyl hexanoat e,
rhodium(11) benzoate, 10 rhodiu | N\\oct anoate, Rho (CO) 12, Rh6 (CI»16
and rhodiun(l) acetyl acetonate i bonyl. 17. The process of claim15
wherein R and R2 are independen selected fromthe group consisting
of ethyl, butyl, pentyl, hexyl, 2-pthylhexyl, octyl, decyl, dodecyl ,

oct adecyl, cycl opentyl, cyclohexyt scycl oheptyl, phenyl, naphthyl,

ant hracenyl and 15 aryl group haV|Ag the fornula: 18 Nov 2005 -32 (R4) n
(R4 wherein R3 and R4 are independently selected fromthe group,
consisting of alkyl, 5 alkoxy, halogen, cycloal koxy, forrnyl, al kanoyl,
cycl oal kyl ,- aryl, aryloxy, aroyl, carboxyl, carboxylate salts,

al koxycar bonyl, al kanoyl oxy, cyano, suifonie acid and sulfonate salts,
wherein the al kyl noiety of alky al kanoyl , al koxycar bonyl.

(V)

wherein R? and R* are independently selected from the group' consisting of alkyl,

5 alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxj/, aroyl,
carboxyl, carboxylate salts, alkoxycarbdnyl, alkanoyloxy, cyano, sutfonic acid and
sulfonate salts, wherein the alkyl moiety of alkyl, alkoxy, alkanoyl, alkoxycarbonyl
and alkanoyloxy groups contains up to 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 atoins rhodium is 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:



and al | canoyl oxy groups contains up to 8 carbon atons; mand n

independently are 0, 1 or 2, wherein the total carbon atonlcontquﬁﬁbzmﬁe
10 hydrocarbyl radicals represented by R and R2 is from2 to 35 a i
wherein the ratio ,of gram noles fluorophosphite |igand to gram atons
rhodiumis 1:1 to 70:1. 18. The prdédess of claim 15 wherein RL and R2 in
conbination is selected fromthe group consisting of ethylene,
trimethyl ene, 1, 3-butanediyl, diget byl -1, 3- propanediyl, .
1,1,2-triphenylethanediﬁgy hyl - 1, sipent anedi yl, and 15

1, 2- cycl ohexyl ene, a cycl/eh pd_an aryl ene group having the
formula: (V) 18 NOV 2C 5 or having the formula: 5 -33 Al A2
wherein A and A2 independently is an arylene radical having fornula (V),
(M) or (VIl) above and wherein. each ester oxygen atom of
fl uorophosphite (I) is bonded to a ring carbon atomof A and A2; 10 X
is (i) a chemcal bond directly between ring carbon atons of A and A2;
or (ii) an oxygen atom a grouyp hawing the fornula -(CH2)y- whereiny is
2 or a group having the forn RB 15(Qﬁ)NOV 2005 - 34

wherein A and A independently is an arylene radical ha\.ring formula (V), (V) or

(VII) above and wherein each ester oxygen atom of ﬂﬁorophosphite (1) is bonded to

aring carbon atom of A’ 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



wherein R5 is selected fromthe group consisting of hydrogen; alkyl and
aryl, having formulas (I1), (I11) and (1V); R6 is selected fronll kgy 2005
group consi sting of hydrogen and al kyl, and wherein -C(R5)(R6)- has from
1 to 8 carbon atons; and wherein R3 ané4R4 are i ndependently sel ected
fromthe group consisting of alkyl, s alkoxy, hal ogen, cycloal koxy,

for gyl ’ al kanwliabr,eunBﬁ:' isaalektet gl‘om?llb,grﬁwdmiﬁtingoﬂwdrogmaﬂ 1]>c<add, aryl, h@véng g
carboxyl ate salts oxycar,bon .al kanoy| oxy, cyano, su]fonic acid an
sul fonate sal ?@Wﬁiﬁﬁi)t@dé&fjwm%ﬁcﬁe o1 (s &TRKR yPnsiging St Py digeRmnoy! |
- al koxycarbo d NS J t 3] t . arbon at ons;
p and q i nde%gdna gﬂfﬁd@gl@ﬁ ch}giggﬂ%oﬁ%.ﬁkfﬁzbagﬁk%gcagoslgs’épﬁcI aim 15
wherein said epoxide has the formula: R'-( CR15 . CR16 -- Xb)- CR12 --
CR13 - CR14 (Whtiejn RbantR? grierindeparidently Qelected frofrbiheigsord onsidtingBf akyl, R16

are independently selected fromthe roup consi sti n? of hydrogen;_ alkyl,
aryl, atal kyl alkgky baloganyaycloghgupsormavt aanesdryeloatikyl,saylcayinny, seshs;
substituted a I 2558, [N £ to

30 carbon at olr‘?és&?%}%gé%éog{a’gdg@%T aéll n tc\?\%o%gﬂ’/ %r%krg{é&g%?%%%g%&é% %%g‘%&dar e

| i nked t oget heulfdnatef saltsnwdiersjrcthie alksd modéty b€ sidhi altyl Nalkoxyp alkandgl, car bon

atons; and X is a diyval ent I dgl ng group selected fromthe group
consi sting ofﬂi@mbw @mb#awlw&rwmwtamsmtene, & sAregpatoms; p and

ar al kyl ene, a ﬁ\@ﬁ r having up to 30 carbon atons, --0--,
--S--, - NRBQQ%@ApE |Eg%§°2§’,10% --CO 20 and wherein each radical R79,

R2, and R2' individually is selected fromthe group consisting of H and
al kyl goodps. Te prodess ¢fradaimsks whereinaiaid dfoxitedraethe foanulaepoxi de has the
formula: R11 R12C - CR13 Ro (IX) O/ 18 NOv 2005 -35, '

R!-¢ CRIS —CR!6 —X, 37 CR12— CR13 —CRM4 (VIID

N N
O o)

wherein:‘ “a”is0or1; “b”is0or 1; R!*- R are independently selected from the
group consisting of hydrogen; alkyl, aryl, aralkyl, and alkaryl groups having from 1
to 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having

15 from 1 to 30 carbon atoms; and groups wherein two or more of R'' - R'®
groups are linked together to form a cyclic structure which ha|s up to 30
carbon atoms; and X is a divalent bridging group selected from the group consisting
of substituted or unsubstituted alkylene, arylene, aralkylene, z:md alkarylene groups
having up to 30 carbon atoms, --O--, --8--, ~-NR' -, ~SiR® R* and --CO--

20 and wherein each radical R R?, and R¥ individually is selected from the group
consisting of H and alky! groups. '

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

RURZC— CRIRM : Ix)

p
Ny



wherein R11 - R14 are independently selected fromthe group consisting of
hydr ogen; al kyl, aryl, aral kyl, and al karyl groups having from1 to 30
carbon atons, and substituted alkyl, aryl, aralkyl and al karyl 9r 9YRRY 2005
having from|l to 30 carbon atons. 5 21.- The process of claim 20 wherein
at least one ring in a cyclic structyre is formed by the conbination of
one of R.' and R12 groups with one of R13 and R 4 groups. 22. The

process of i1 k5 ' j ' ' I ed fr p

Consi ot i ng TR 52 e isofesR SRRt sof BT Ens B HIRHIGHE

1, 2- epoxy oalkah etyl lardkyk peksliteyhpenps hR-sgpheydoe c aned0 darborepany,adadecane
oxide; 1,2 10 epoxyoctadecane; ethyl ene oxige; 1,2-cyclodode ene oxi de;
stil bene ofuhstituted akyyeryl. aralkyd,end alkay! graups agving &iea [ 10 2- epdBbetine;
1,2-epoxyh?%gﬁe; 1, 2- epoxydodecane; cycl opentene oxi de; cycl ooctene

oxi de; cyclodecene oxide; 1,2- epoxy-3-phenoxy=propane; 3- pinene oxide;
1, 3- but adi ene di epoxi de; 1,2,7,8 di epoxyoctane; diepoxycycl ooctane;

di cyel apentThd paressdifekdime20 Wheteinpoledstbne einglinheyylic simictyé isIodnaidoxy

cycl ohexyl carboxyl ate; vinylgycl ohexene diepoxide;s d,hydr oqui none
bi sgl yci dy|fhﬁ.9@ﬁg>anat@9.0f?ﬁ%°¢\§%@§§§i osmep‘éwﬁfﬁeﬁg&‘ efi“t%rh h§¥°é]t9§ru nt of said
epoxide in said reaction mxture is fromO0.01 to 0.8 weight % based on

the tobal el dblceOf of difind EAThER STk e 2setétted rbth PESDup LonsitinR! | | 21 ng
p% él Eycfr of orny

a fluorophosphite ligand in a l'at1on reaction xture havi ng
an a- ol ef i wf 12ygrchdexenecaidey styrameoxidgeprmapylene oxitle) i 2epogmpasetl,2n  havi ng
a conbination of a [ggdi um cont ai _nng cgpg*%ou d and gnei zgr nore
f | uor ophos SRPFYEeCaep barfSXYORAEsRet hécpexviexpdacansoide; 12y 25 18 Nov 2005
-36 19 - epoxyoctadecane; 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; c‘yclbdecene oxide; 1,2-
epoxy-3-phenoxy-propane; p- pinene oxide; 1,3-butadiene diépoxide; 1,2,7,8-
diepoxyoctane; diepoxycyclooctane; dicyclopentadiene dioxide; 3,4¥ep0xy
15 cyclohexyl methyl-3,4-epoxy cyclohexyl_ carboxylate; vinylcyclohexene diepoxide;
and hydroquinone bisglycidy! ether.

23.  The process of claim 15 wherein the amount of said epoxide in saici reaction
~ mixture is from 0.01to 0.8 weight %, based on the total weighi 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 rhodium containing compound and one or more’

fluorophosphite compounds having the general formula:

a
F=F 0
O0—R2

25



sai d process conprising adding to the reaction m xture from 0. 001 to 1.0
wei ght % of an epoxide wherein the weight % of the epoxide is based on
the total weight of the reaction nmixture and wherein: a) R and IRARr&05
i ndependent |y sel ected fromthe group consisting of ethyl, "5 butyl,
pentyl, hexyl, 2-ethylhexyl, octyl, dégyl, dodecyl, octadecyl,

cycl opentyl, cycl ohexyl, cycl oheptyl, phenyl, naphthyl, anthracenyl and
aryl group' heaid prgcdsheomprising hdding festhevdadti¢iéixtRe) fremwher €1.001R3 and R4 are
i ndependently sel ected,.fromthe grqup consjsting of alkyl al koxy,

hal ogen, cyc%gﬂe@g? 01?45%%97‘1,“&71%%?}@,‘”’%‘?%‘1%&1&% ?POWI@b%ﬁeS}IOB)@‘? ar oyl ,
15 carboxyl ,4 £ r&dl i£ &Qg\%] yl, al kanoyl oxy, cyan,

sul foni ¢ aci ggag%%ghf?oh%?{el&zyﬁg, g@{eﬁqﬂﬂ’t he al kyl noiety . of alkyl,

al koxy, al kanoyl, al koxycarbonyl and al kanoyl oxy groups contains up to 8
carbon atons; mand R' @ RiGye dependaitly selepahiiemithy graop consistingrof2thyl,
wherein the total carpon_ato ontent of the _hydrocarbyl radicals

r epr esent ed Wy@eqﬂdgwl,%e%@ﬂ ) ?Céylsge"a‘(ﬂdbﬂﬁé’s’e‘?cﬁ%ﬁﬁéh PYROREINAF  gram
mol es fluoro it Sydid endr i BQEHERD Svilerdud Ravile e OF S
b) R and W%ﬁo%?gynbﬂ\%%}%gﬁ%@ g)gl ecte ’frgﬁrn% pgr o%%l%régé?%t@%g of

et hyl ene, tformelahyl ene, 1, 3-butanediyl, 2,2-dinethyl-1, 3-propanediyl,
1,1,2-tri- phenylethanediyl, 2,2,4-trinethyl-1, 3-pentanediyl, and

1, 2-cycl ohexyl ene, a cyclohexylene, and an aryl ene group having the
formula: to '

(1

(R%)n,

10
Y V
LT
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 alkyl, alkoxy, alkanoyl, alkoxycarbonyl

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



or a radical having the fornula: Al A2 15 18 NOV 2005 -38 wherein A and
A2 independently is an arylene radical having fonnula (V), (VI) or (VII)
above and wherein each ester oxygen atom of fluorophosphite (1) ild kihies
to aring carbon-atomof A and A2; X is (i) a chem cal bond directly

between ring carbon atons of A anc’A2; or (ii) an 5 oxygen atom a group

having the formula -(CH2)y- whereiny is 2 or a group having the
formul a: vwidsperidentRBaresd, d gir @c whereh thetatblecagrmgtomeartest ¢fithe of hydr ogen;

al kyl and LY/ | Q_f NS A NN I M. R, s .sel ected
fromthe 8?%%%“%2%%9@&55% "8%"8%%’5@3& héﬂnds gloLny% toaﬁadr(d e?rglllﬁgh- %6%8) (R -
has from bfgpanBmebssieraphosphite diganddocgramratdiis fidividisar e i ntlepskdent |y
selected fromthe group consisting of alkyl, alkoxy, halogen,

-cycl oal ké&ky, fornyl, alkanoyl, cycloal kyl, aryl, aryloxy, aroyl,
carboxyl, carboxylate salts, al koxycarbonyl, al kanoyl oxy, cyano, sulfonic
acid and Sgltf 2 : el I j ; yl,

al kgxy, aljoiang‘y Iagaﬁaﬁﬁg%%%ra%%ﬁifsagﬁé@grloﬂ'la{r%ﬁ %@y@%l%(%{g{%%ﬁl%é(hs up to 8
carbon at Qll‘imbthpleﬁw,dl,3-®u'talﬁdﬁp§‘aﬂﬁﬁtﬂeﬂly@ﬂﬁ-ﬁnoFinﬁiylﬂ,l&&ri-The pxocess of

cl ai m 24 wherein said epoxide has the fornula: R 1-( CR15 CR16 - Xb )a'
CR 12 - cmhgndethml(Z/Eﬂrt)une@lsdrlﬁopwﬁwéwﬂ,: andgh2-cycloheyylene, 2 b js 0 or

nydr ogen: P EYT GRS RELEERY et BRLRB R ORI, ¢ Dl e Tromy T

ot L @

—

e

or a radical having the formula:

10

X/A1.___
\

' : 2



to 30 carbon atorns; substituted al kyl, aryl, aral kyl and al karyl groups
having 18 NOV 2005 -39 from 1 to 30 carbon atoms; and groups wherldi gyt 2005
r nore of R" - R16 groups are linked together to forma cyclic
structure which has up to 30 carbon ggns; and X is a dival ent bridging
group selected fromthe group consisting of substituted or unsubstituted

-al kyl ene, ar ar, vl ' to 30
carbon at ons?(‘lh%f%q-f\’, aﬁ‘éé11?&%&@@@?4%%@%&%}{%@%%&% (\g’h rein
each radi cal (RIabdsi, andvecheRAd ehdhokister dnpddnyatinn of dluendphdsihite)tifborgled up
consisting of H and al kyl Qups. ,26. The process of claim 24 wherein
sai d epoxi de ATHE GaFRONfAMRIFGR A aP@AlézLZC - CR33 R14 (1X) 10 wherein Rt' -
R14 are independently selected fromthe group consisting of hydrogen;

| kyl , |, l.cyl ... bk . I 19 ;30 .
stors, and St emiPofl SRty RN AR doREbEA Brd AOSTREDRD
from 1sto 30 ogkgpé0dtomah @fip having the formula -(CHz)y~ wherein y is 2 or a group having

the formula:

wherein R® is selected from the group consisting of hydrogen, alkyl and aryl, having
10 formulas (IT), (I11) and (IV); R 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, carboxylaté salts, alkoxycarbonyl, alkaﬁoyloxy, cyano, sulfonic acid and

15 sulfonate salts wherein the alkyl moiety of such alkyl, alkoxy, alkanoyl, '
alkoxycarbony] and alkanoyloxy groups contains up to 8 carbon atbms; p and
q independently- are 0, 1 or 2.

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

'RU- CRIS —CRIS — X, ) CRI2— CRB — CRI¢ (VII)
pal . s

/ \
o o

20 wherein: “a”isOorl; “b”isOor 1;- R - R'S are independently selected from the
group consisting of hydrogen; alkyl, aryl, aralkyl, and alkarqu groups having from 1
to 30 carbon atoms; substituted alkyl, aryl, aralkyl and alkaryl groups having



10

26.

18 NOV 2005

-39-
from 1 to 30 carbon atoms; and groups wherein two or more of R!'- R
groups are linked together to form a cyclic structure which has up to 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 30 carbon atoms, --O--, --S--, -NR!? -, --SiR%® Rm, and --CO--

- and wherein each radical R, R®, and R? individually is selected from the group

consisting of H and alkyl groups.
The process of claim 24 wherein said epoxide has the formula:

R RI2C— CRIBRM (IX)

N

- . wherein R"! - R! are independently selected from the group consisting of hydrogen;

- alkyl, aryl, aralkyl, and alkary} groups having from 1 to :30 carbon atoms, and

substituted alkyl, aryl, aralky! and alkary! groups having from 1 to 30 carbon

atoms,



