FLUOROPHOSPHI TE CONTAI NI NG CATALYSTS FOR
HYDROFORMYLATI ON PROCESSES FI ELD OF THE | NVENTI ON
wQ 0@90%516hi s i nvention generally relates to  PCT/US2008/013773
fl uor ophosphi te conpounds, a catal yst sol ution
contai ning the sanme, and a hydrofornyl ati on process
usi ng the catal yst solution. BACKGROUND OF THE
I NVENTI ON [ 0002] The hydrofornylation reaction, also

known as fl: SEOPHBSPHITE G ONTRSNINSICRTALYSTS FO
comerci o v TTON PRRCESES Cehdos

each of hydrogen and carbon nonoxi de. One use of the
reaction is in the preparation of normal and

i so- butyral dehyde from propyl ene. The ratio of the
amount of the nornal F@!@W?HgIWNTF@Nt he anmount of

the iso al dehyde pr erred to as
t [0001Qr NHhistiovérstion( déneratly relatesnorfmrepliodptitecdmenpounds, a

N:B) ratio. In the case of propyl , th ) | - d .
| Setobst spliiaei SRAAINiSG, B b S BIBRJFEHBY BN Broperusing
Cﬂ{é\’@ét%zggt E8iBoRBny commercially val uabl e chemi cal

produc such as, for exanple, n-butanol,
2- et hyl -hexanol, n-butyric acid, isobutanol,

and Lhe. tonol S0 BARKCROURIBE Yae INyEEENTET °

2[0boR)t rTRE HYUtofdrmAaiSR réacbiro alsd KK3h abRh&@xb reaction, is
cases, a phosSphorus’ |igand-containing catalyst is used
f 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. One use of the 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:1) 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.

[0003] In most cases, a phosphorus ligand-containing catalyst is used for
the oxo process (so called "low pressure hydroformylation process").
Phosphorus ligands not only can stabilize the metal, but can also regulate the
catalyst activity and selectivity. Oxo catalyst activity often decreases as the
amount of phosphorus ligands increases while the catalyst stability increases
with increasing amounts of ligand. Therefore, there exists an optimum
concentration of phosphorus ligands for operating an oxo reactor which is the

result of a tradeoff between increased stability and reduced catalyst activity.



the oxo process (so called "l ow pressure

hydr of ornyl ati on process"). Phosphorus |igands not
w@ndog/ogHm0 st abi |l i ze the nmetal, but can al so repCi/a8m™08/013773

the catalyst activity and selectivity. Oxo catal yst

activity often decreases as the amount of phosphorus

I i gands i ncreases while the catalyst stability

i ncreases with increasing anounts of |igand.

T, ore, Aer g exj [ rat:
o180 o1 s A5 eCdiaBha s A B EhGRI RigR i FRable
| beddiser sfdédonsposition ade otheroetsers. imsomeseates, such as
stability and reduced catal yst_activity.[0004] In

reegrloy repatorgrthe facompasitign ghligads may hegyatrened due to the
| ﬁaagltémwe?atﬂ?é %tiﬁhéﬁ tod&gﬁa}ggéétb@gt@ﬂsm%,{aﬁgcfse PP YBlactice,

one'cases, such as overflow reactors,
dizeshphespharas digahdg dade todve replemisheshtedtheureattortdnea regular

hi gh tenperat ur equi red tQ separate catal ysts from
pP%%EE‘P E.B”\pﬁ"ﬁf"&:{qrg@? Ii?ﬁse%fﬂ'gﬁﬂg%horus | i gands have
to be replenished to the reactor on a regular basis to

conpensate for the loss of I|igands. [0005] Thus, there
i D0@5hecthus) there iara néexdt in thgaart fortligands dhatomotyonly stabilize the

SRk 3 E3hOL g, OB AFRREBLAR 8 Wil v
CoahaYidt 3Uchtoncekiyiidhs. OF THE | NVENTI ON [ 0006] A :
cl ass of |igands has been discovered that can

substantially increase the Rh catal yst activity by

sinply increasing éUR/II\WR gl j:I-Hq q Idﬁ I i gand
concentration. In » and offers
O[0008] "Wckiseasfdigahds hagdearsdisodeareddhattan gabstantially
stability, increased i ) .
increase the Rh catalyst activity by simply increasing the novel
fluorophosphite ligand concentration. In some embodiments, the ligand offers
one or more benefits, such as enhanced catalyst stability, increased
production rate, and reduced daily operation costs due to eliminated needs for

replenishing ligands.

[0007] In one aspect, the present invention provides a fluorophosphite

compound having the structure of formula (1):

R5
R6 X
(1)
R1 O~p-© AT,
R2 A F

wherein
Ary and Arz are each independently selected from aryl groups

containing 4 to 30 carbon atoms;



production rate, and reduced daily operation costs due
to elimnated needs for replenishing |ligands. [0007]
WO poodMgsiaspect, the present invention provi desP@r/us2008/013773
fl uor ophosphite conmpound having the structure of
formula (1): wherein Arl and Ar2 are each
i ndependently selected fromaryl groups containing 4
to 30 carbon atoms; R 1 to R6 are each independently

sel eCtﬁthrF%na'r_é g h|¥ em/l s‘é%‘?:tt ﬁcPh ocarbyl
2§ v

car bon at ons; em ca irec
bedna@ting rrtg m&nmnautom ahdeach aronratl c group,
except when R1 to R4 are each met hyl, (ii) a

het er o%t!®m sel ected from O, Si, and N, or (iii) a

group havi nﬁ)t he of & ic% B&ﬁ’delre bRNRIEH fin Pﬁggrﬁﬂiﬂatoms of

R14 are eac |ndepen ent y selected from hy gen and
abagh acmatiy graum exsepbwheg R1 ta)Rﬂcareaeam“natfmirs '

90081, 11 2(3ec0 2T, b BTG, 8 SR 1

(i)  a group having the formula

R13

.__—C_

R14

wherein R13 and R14 are each independently selected from hydrogen and
alkyl or aryl groups having 1 to 10 carbon atoms.

[0008] In a second aspect, the present invention provides a catalyst solution
comprising:

(a) afluorophosphite compound;

(b)  a Group VIl metal or rhenium; and

(c) a hydroformylation solvent,

wherein the fluorophosphite compound has the structure of formula (1):

R5
R6 X
(1)
R1 O~p-0 Ar,
Rz A F

wherein
Ar; and Ar; are each ihdependently selected from aryl groups

containing 4 to 30 carbon atoms;



(a) a fluorophosphite conmpound; (b) a Goup VIII netal

or rhenium and (c) a hydrofornylation sol vent,
wob@pesIied he fl uorophosphite conpound has the BCT/US1008/€13773

of formula (I): wherein Arl and Ar2 are each

i ndependently selected fromaryl groups containing 4

to 30 carbon atons; R 1 to R6 are each independently

selected fromH and hydrocarbyl containing 1 to 40

bt wooR HDTee 2l Ragh ifusrehdBryRlectea RERFHERATRdbcaroy

acdrethpit a4 0ocarbohigtomsgandp having the formula R13
- R14_wherein R13 and R14 are each independently
sel ect&dSfrom hydrogen and alkyl or aryl having 1 to

10 carbo Ooms. | '
n aﬁﬁgﬁt a chePmiEa! %ggm Setwakh @E@gcﬁ%naétﬁms of

each i ndepe y sel ect ydr ogen al kyl
geaclpardmaiicigraupe or two carbon atoms. In sone
enbodi nents,.. R13 ahnq Rlé% are _each

' (i) ~ aheteroatom, or

(i)  a group having the formula

R13

_C..___

R14

wherein R13 and R14 are each independently selected from hydrogen and
alkyl or aryl having 1 to 10 carbon atoms. In some embodiments, R13 and
R14 are each independently selected from hydrogen and alkyl groups having
one or two carbon atoms. In some embodiments, R13 and R14 are each

independently selected from hydrogen and methyl groups.

[0009] In a third aspect, the present invention provides a process for
preparing aldehydes, comprising contacting an olefin with hydrogen and
carbon monoxide, under hydroformylation conditions, in the presence of the

catalyst solution herein described.

DETAILED DESCRIPTION OF THE INVENTION
[0010] New fluorophosphite compounds have been discovered that are

useful as ligands in hydroformylation reactions. The invention thus provides
new fluorophosphite compounds. The invention further provides highly active

catalyst solution for use in hydroformylation reactions.

[0011] The catalyst solution comprises:
(a) a fluorophosphite compound;
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i ndependently sel ected from hydrogen and net hyl
groups. [0009] In a third aspect, the present
w0 pwensgilten provi des a process for preparing al Benysmes 013773
conprising contacting an olefin with hydrogen and
car bon nonoxi de, under hydrofornylation conditions, in
the presence of the catal yst solution herein
descri bed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0010] w LI have been
di Scov 'ed h(gt ‘%D‘Zmﬁ@g él%r‘?ﬂ BHQ%EIQ in
hydr of (@)nyl athyainofoemqtatmssol\fér& i nvention thus
provi des new fl uorophosphite conpounds. The invention
further provides highly active cat al yst solution for
u [
121 0% BUBHIPHOBPAS cofinceordiiont 11 ehBhiEls the
ast@lmtupebﬂdrmm d): or rheni um and (c) a
hydr of or myl ati on sol vent. [0012] The fl uorophosphite
conpound according to the invention has the structure

of formula (1): wherein Arl ang—Ar 2 e each
i ndependent |y seRét oups contz@ning 4
to 30 carbon atons; gach indepefdent |y

carbon atons; and
R1

wherein
Ar; and Ar; are each independently selected from aryl groups
containing 4 to 30 carbon atoms;
R1 to R6 are each independently selected from H and hydrocarbyl
containing 1 to 40 carbon atoms; and
Xis
(i) a chemical bond directly between ring carbon atoms of
each aromatic group,
(i) a heteroatom, or

(i)  a group having the formula

R13

R14

wherein R13 and R14 are each independently selected from hydrogen and

alkyl or aryl having 1 to 10 carbon atoms.



Xis (i) a chemcal bond directly between ring carbon
atons of each aromatic group, (ii) a heteroatom or

W@ paovpsA6@r oup having the fornula R13 c- R14 wWher/E52008/013773
R13 and R14 are each independently selected from
hydrogen and al kyl or aryl having 1 to 10 carbon
atons. [ 0013] In sone enbodi nents, X is not a chem cal
bond when RL to R4 are all nethyl. [0014] The

Pgdr(fn‘r:ﬁﬁteﬁbr%éri]ﬁg e\?ﬁiﬁlmegtt:fmﬁ Py H&{ a EH@H\I&?BBHE v&ﬁ?r? rl?“l% R4 are

WO ar rrngs as s

Fall megthyl(| ) wi t hout conprom sing the efficacy of the
ligand. I n sone enbodi nents, the heteroatomis

sel ected fromsul fur, oxygen, nitrogen, and silicon,

413de.8 Hetdrbgtoth 'c'a?u‘lgé. 51339’ g%rﬁrd?ﬂér' 'th‘élh'darlt)‘é’l’{ ?nat can form

t| onal substituents bonded thereto to conplete the

athBTIBOIhxdeMthghe awakaryh rings & bbownue fosmutd Ghwithout

acceptabl e i c e ou f 1to rb

Eenbramirng HepfEady S idaris, B seme arighdidiesi the ,

S ABRr8AtRs i8Ik tedt fREMNRATRF, QRtyeni ﬁutﬁﬁeﬁ%ﬁd shllcom, Qrowded

Si, and N, again, with addi'ti onal atoms bonded to a

othatithe silicon and nltrogen will have additional substituents bonded thereto
to complete the atoms bonding capability. Substituents which are acceptable
include alkyl groups of 1 to 20 carbon atoms and aromatic groups of 6 to 20
carbon atoms. In some embodiments, the heteroatom is selected from O, Si,

and-N, again, with additional atoms bonded to a Si or N.

[0015] Examples of the aryl groups that Ary and Ar; can represent include
carbocyclic aryl such as phenyl, naphthyl, anthracenyl, and substituted
derivatives thereof. Suitable substituents include alkyl groups of 1 to 20
carbon atoms, aromatic groups of 6 to .20 carbon atoms, alkoxy, aryloxy,
“halogens, carboxylic acids and derivatives thereof such as esters, amides or
the carboxylate salt. Additionally suitable substituents include sulfonic acids,
the salts of sulfonic acids and derivatives thereof such as esters and amides.
In particular, Ary and Ar, can each individually represent radicals having any

one of the formulas (II) — (IV):



[ 0015] Exanples of the aryl groups that A and Ar2 can
represent include carbocyclic aryl such as phenyl,
wmapbossibg ant hracenyl, and substituted deri vap@mes2008/013773
thereof. Suitable substituents include al kyl groups of
1 to 20 carbon atons, aromatic groups of 6 to 20
carbon atons, al koxy, aryloxy, hal ogens, carboxylic
acids and derivatives thereof such as esters, am des
or the carboxylate salt. Additionally suitable
substituents include sul acids, the salts of
sul fonic acids and deri %g - her eof (Huch as esters
and ami des. In part an—A Pl and Ar can each
i ndi vidual l'y repreégﬁanradicals havi ng any one of the
formulas (I1) - (I1V):(RB)n wherein R7 and R8 may
represent one or nore substituents independently

sel ected from al kyl, aI/; hal ogen, cycl oal koxy,
& K aryl, aryl oxy, aroyl,
a al koxy- car gBhyl ,

fornyl, al kanoyl, cyclo
al kanoyl oxy, cyano} fﬁfni b\ acid, sulfonate salts,
and the like. In some enpodiy

car boxyl, carboxyl ?FE@
al
ents the al kyl noiety of

the aforesaid al kyl, al koxyy al kanoyl, al koxycar bony
and al kanoyl oxy groups contains up to 8 carbon atons.
Al though it is possible for mto represent 0 to 5 and
for nto represent 0 to 7, in sone enbodi nents, the
val ue of each of m and M 9 exceed 2. In sone
enbodi nents, R7 and RS | ower a{Ikyl groups,
i.e., stralght chai n angd s d-chain al kyl of up to
10 carbon atons, and a d n éach represent 0, 1, or 2

In sone enbodlnentﬁ?8R7 and R8 represent |ower alky
groups, i.e., straig Johai n and

wherein R7 and R8 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl,
aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxy-carbonyl, alkanoyloxy,
cyano, sulfonic acid, sulfonate salts, and the like. In some embodiments the
alkyl moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups contains up to 8 carbon atoms. Although it is possible for
m to represent O to § and for n to represent 0 to 7, in some embodiments, the
value of each of m and n will not exceed 2. In some embodiments, R7 and
R8 represent lower alkyl groups, i.e., straight-chain and branched-chain alkyl
of up to 10 carbon atoms, and m and n each represent 0, 1, or 2. In some
embodiments, R7 and R8 represent lower alkyl groups, i.e., straight-chain and
branched-chain alkyl of up to 4 carbon atoms, and m and n each represent 0,
1, or 2.

[0016] The hydrocarbyl groups represented by R1 to R4 are selected from
unsubstituted and substituted alkyl, cycloalkyl and aryl groups containing up
to 40 carbon atoms. In some embodiments, the total carbon content of R1 to
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branched-chain al kyl of up to 4 carbon atons, and m

and n each represent 0 , 1, or 2 . [0016] The
whyweogdsbyl groups represented by RlL to R4 arBCT/US2008/013773

sel ected fromunsubstituted and substituted al kyl,

cycl oal kyl and aryl groups containing up to 40 carbon

atons. In sone enbodi nents, the total carbon content

of RL toR4 is in the range of 1 to 15 carbon atonmns.

I e 4
TR Tarldat SR TRRET AlS  Brpfrbick af e alulgroues that
2R 1etol34 taryreprezeny inclutie ethy o), Ibutylc pengt \Hexyh id
various isoners thereof. The al kyl groups may be
sethwihexyl astyl decxdadeeyl. oftadeci, ard vadous samersdheteof. The
s X i : _
> 50 Ioglﬁ(u@;:s‘?ﬂéy )tl)lef’éﬁ:adrs&ﬁ.gég,’ ﬁé’ar1 reogﬁ’ﬂr%avwgﬁ) E@:%Wvo substituents such
cas latkopyatygclealkogy, farigk ateamoyh \dycloalkyh naryl, @ryloxg yanogl,

sul fonic aci d ul fonate salts, and the |ike. ) .
Deiogiuh cafboxyAlE sy pikoxAeA By Y, ABNGYIox cexangrsulionic acid,
0 a p _
puRItE KEE ool IR By EBEntE) SRICHEXR B eycRaIRbty| are
aayamplashef themyclaalieh gsouess that Rddtonir4 Icangepegsent o Tiniee

0ssi bl e, substituted al ky roups., |,n sone )
PRl GBS b BR b tteld Wtaneybr ot e substiuents

t BeS¥riEWItE PESSEd tto M€ pakkivle Siibstituted a‘ik;ﬂajrbe?s.alrp%me
benzyl , cycl opentyl, cycl ohexyl, or cycl oheptyl.

[ eonbpdiregatsp thes alsy! ane cuelprikyt aipypsithat RF’QﬁotI%yX Ran fgpresent are
; ! ]
R C R R AN -

t hereof . Exanpl es of the carbocyclic aryl groups that

RL to R4 _can represent include radicals having the
f B4 asExamples afithe.aryl groups that R1 to R4 can represent include

carbocyclic aryl such as phenyl, naphthyl, anthracenyl, and substituted
derivatives thereof. Examples of the carbocyclic aryl groups that R1 to R4

can represent include radicals having the formulas (V) — (VII):

V)
(RO)p

(VD

—a
SOg

(R10)q



(R10) gwherein R9 and R10 may represent one or nore

substituents i ndependently selected from al kyl,
wa@kwongsiehal ogen, cycl oal koxy, fornyl, al kanoyPCT/US2008/013773

cycl oal kyl, aryl, aryloxy, aroyl, carboxyl,

car boxyl ate salts, al koxy-carbonyl, al kanoyl oxy,

cyano, sulfonic acid, sulfonate salts, and the |iKke.

In some enbodi ments the al kyl noiety of the aforesaid

al kyl, al koxy, al kanoyl, al koxycarbonyl, and

al kanoyl oxy groups contains up to 8 carbon atons.

Aheeceig R and R 1 amyieprésentmniecor mpre sebstitlents ibdepehdently

fgg{ek?gt%f frR AR AlkoRHAoREn] CYRPAERBh ey, AlkebgHp cycioalkyl,
PERACARAY? affl Sto B, EARIOAIRIS Sk Karbdndt Rikanoyioxy.

4cyand) aulfanonacid asufonade dalts e@ruﬂwtheelﬂ«eesle\morﬁe embadim2nts the

-ahb g chety & 0 SFRE8h R ARRy . TRAGSAT Rk Gyashianingn

aankaﬂbwo&wg%&@sd céﬁ@méiﬂﬁ Yo Btddrbb s dtGe. mhghtnt .@Gboss.Me for

kyl, “cycloal kyl, and aryl groups containing a
of-> to pepr@esaot @de Soandfarmsto repsesentd tQ:Z»rlbmrn@ﬁtrémdments the

7 YA A os aRd gl e RO R, ATRRThE Bl RB%no
- gRAQP®plesint Wa@k?@mpsre@r eBgight-chainugied bRirthed-chain alkyl
ethyl, buty penty hexyl , 2-ethyl hexyl, octyl,

d@f:VIP to &d%?é@?'l‘ at%?a@l@@?’l‘ a"d-”a?%%h rpregent Qb 9F 2 i ous
i soners thereof. The al kyl groups may be substituted,
for exanple, with up to two substituents such as

a[OOJ)&] The hgdfdoaxlyyl g‘roupslkeprebéat@aMby RﬁycnidJRkal!ay be the same
Kggﬁﬂ t:ogé ra%ég\p/ gﬂg&aqggﬁxgnd ar%as[e t)édaftrcsmsu%substltuted and

substituted alkyl, cycloalkyl, and aryl groups containing a total of up to 40
carbon atoms. The total carbon content of substituents of R5 to R6 in some
embodiments is in the range of 1 to 35 carbon atoms. Examples of the alkyl
groups that RS and R6 can represent include methyl, ethyl, butyl, pentyl,
hexyl, 2-ethylhexyl, octyl, decyl, dodecyl, octadecyl, 1-alkylbenzyl, and various
isomers thereof. The alkyl groups may be substituted, for example, with up to
two substituents such as alkoxy, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl,
aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl, alkanoyloxy,
cyano, sulfonic acid, sulfonate salts, and the like. Cyclopentyl, cyclohexyl,
and cycloheptyl are examples of the cycloalkyl groups that R5 and R6
individually can represent. The cycloalkyl groups may be substituted with
alkyl or any of the substituents described with respect to the possible
substituted alkyl groups. In some embodiments the alkyl and cycloalky! -
groups that R5 and R6 represent are alkyl of up to 10 carbon atoms such as

benzyl, 1-alkylbenzyl, cyclopentyl, cyclohexyl, or cycloheptyl, etc.

[0019] Examples of the aryl groups that R5 and R6 can represent include
carbocyclic aryl such as phenyl, naphthyl, anthracenyl, and substituted
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cyano, sulfonic acid, sulfonate salts, and the |ike.
Cycl opentyl, cycl ohexyl, and cycl oheptyl are exanples
w@boovlgsieycl oal kyl groups that R5 and R6 i ndi vPCivak1098/013773
can represent. The cycl oal kyl groups may be
substituted with al kyl or any of the substituents
described with respect to the possible substituted
al kyl groups. In sone enbodi nents the al kyl and
cycl.oal kyl oup [ e I
O%fewéﬂv fBg'EegybE{tamﬁé;%g ﬁr%ﬁcé;goggﬁgcﬁ&%r&fp% ALK and R6
1can kepressayinclueieaiadivalid avingthe dorenyias (WHI) — (X): :
cycl oheptyl, etc. [0019] Exanples of the aryl groups
that R5 and R6 can represent include carbocyclic aryl
such as phenyl, naphthyl,—anthracenyl, and
substitutedderivatives tflerexf. Exanples _of the
carbocyclic aryl groups R5 and Rﬁ(ggﬂ)represent
i ncl ude radicals highg, theformulas (VIII) - (X):
(R12) s wherein R11 R12 may represent one or nore
substituents i ndependently selected from al kyl,
al koxy, hal ogen, cycl oal kox fornyl, al kanoyl,
cycl oal kyl, aryl, arylo oyl, carboxyl, '
carboxyl ate salts, al kox ponyl , al kanoyl oxy,
cyano, sulfonic acgg1 oate salts,gpd the Iike.
In some enbodi nments, %‘ noi ety of "the aforesaid
al kyl, al koxy, al kanoyl , pxycar bonyl , and
al kanoyl oxy groups cont ai up to 8 carbon atons.
Al though it is possible for r to represent 0 to 5 and
for s to represent 0 to 7, in sone enbodinents, the
val ue of each of r and s will not exceed 2. R 11 and

R12 represent |ower alk gLoR I.e., straight-chain
o 10 ca@gon at ons,

and branched-chain al k

(R12),

wherein R11 and R12 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl,
aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxy-carbonyl, alkanoyloxy,
cyano, sulfonic acid, sulfonate salts, and the like. In some embodiments, the
alkyl moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl, and |
alkanoyloxy groups contains up to 8 carbon atoms. Although it is possible for
r to represent 0 to 5 and for s to represent 0 to 7, in some embodiments, the

. value of each of r and s will not exceed 2. R11 and R12 represent lower alkyl
groups, i.e., straight-chain and branched-chain alkyl of up to 10 carbon atoms,

and r and s each represent 0, 1, or 2.

[0020] In some embodiments, R1 to R6 in combination or collectively may
represent a divalent hydrocarbyl group containing up to 40 carbon atoms. In

some embodiments, the divalent hydrocarbyl group contains from 12 to 36
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and r and s each represent 0, 1, or 2. [0020] In sone

enbodi nents, RL to R6 in conbination or collectively
woregIngsesent a di val ent hydrocar byl group coPCEHUS1008/013773

up to 40 carbon atonms. In sonme enbodi nents, the

di val ent hydrocar byl group contains from12 to

36car bon atons. Exanpl es of such dival ent groups

i ncl ude aI kyl of 2 to 12 carbon atons, cyclohexyl, and

Calor P BB ruh AeH DB el ot o 1

2c2rbbrm%tbhysl cllcl,o&explr apdraryl. y$ped|f|dexamples of the alkyl and -
,2-th | et hanedi yl
' Svenkaraups ngugt et firaatvl, Tombltaneciyl 2 2-digusthyl-1,3-
a?cgrgl n ?q \ Ilrf]evgﬁrétﬁgﬁéﬂlgr @%g&@ﬁéﬁ Ifjflr)e Io gnediyl, 1,2
foydnhax;(l)@ar)d thmbkezl n R15 is selected from hydrogen
and al kyl or aryl having 1 to 10 carbon atonms. In sone
enbodlnents the fl uorophosphite conpound has the

021} NG §c§rhé<‘én%@dmiéht§ QRE fRIGPSISHIEMItE cdnfiSound according to
f uor ophosphi t e conmpound has the fol | ow ng
sthestwvention bag e stracturaef fpmagaXl)e conpounds of this
invention can be prepared by any effective nmethod. A

vari ety of met flor preBarl ng ophosphates are
2 Faor £

reported in t ¢, it has been
found that the an be prepared by
g/Mmat eri al such
'nvthylbenzyl)phenol)
' d in U S. Patent

and foI | owi ng t
No. 4,912, 155; ¥

Wherein R15 is selected from hydrogen and alkyl or aryl having 1 to 10
carbon atoms. In some embodiments, the fluorophosphite compound has the

following structure:

In some embodiments, the fluorophosphite compound has the following

structure:
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Chem, 25, 2016 (1960); Wiite et al., J. Am Chem
Soc, 92, 7125 (1970); Meyer et al., Z. Naturforsch,

w@peooakam Sci ., 48, 659 (1993); or Puckette, PEI/US2008/013773

"Catal ysis of Organic Reactions", Edited by S. R

Schm dt, CRC Press (2006), pp. 31-38. [0023] The novel
catal yst systens provided by the present invention
conprise a conbination of one or nore transition
metal s selected fromthe Goup VIl and rheni um
and one or nore of
described in detai

compounds
#hsition netal. In
0024] Rhodi um

such as carboxyl ate salts
.sone enbodi nents, the (1845
conpounds that may r hodi um f or
the active catal yst ¢l ude rhadi um (1 gr rhodi um
(1'11) salts of carboxylic acids, exanpleS of which

i ncl ude di-rhodiumtetraacetate di hydrate, rhodiun(ll)

100227, Th RlblHoshite R of RN can be prepared by
r hug ieffettive mathadmogtm%e%ymmethods fon mﬁpgung tflluem;mosshates

4 - i
S8R JatRriRet hdbt eratingorytr sxaye. € Hredsen PHB et the

f ﬁ@gﬁ)phﬁgﬂhfté@fié‘h lb)é prébaF&dJm/ QEHRY D w&whpnsnspéfahmg%atenan
such as trls(trlp enyl phosphi ne) “r hodi uncar bon

hgdeh as Zaymethyigneibisté.f-dife adinstirylbenzid)pheine ﬁ atd follewing

[ AR fehresiSi bRl O BAFRNGY RIP R TURbE ot al. o Oorg

:%ewgzzsnzmwim gemdninesél als LiAmt Chem. Soeergd, 7406q1970);
Meyer et al., Z. Naturforsch, Bi. Chem. Sci., 48, 659 (1993); or Puckette, in
“Catalysis of Organic Reactions”, Edited by S. R. Schmidt, CRC Press (2006),
pp. 31-38.

[0023] The novel catalyst systems provided by the present invention

comprise a combination of one or more transition metals selected from the
Group VIII metals and rhenium and one or more of the fluorophosphite
compounds described in detail hereinabove. The transition metal may be
provided in the form of various metal compounds such as carboxylate salts of

the transition metal. In some embodiments, the metal is rhodium.

[0024] Rhodium compounds that may be used as a source of rhodium for
the active catalyst include rhodium (II) or rhodium (lll) salts of carboxylic
acids, examples of which include di-rhodium tetraacetate dihydrate,
rhodium(ll) acetate, rhodium(ll) isobutyrate, rhodium(ll) 2-ethylhexanoate,
rhodium(ll) benzoate, and rhodium(ll) octanoate. Also, rhodium carbonyl
species such as Rh4(CO)12, Rhg(CO)+6, and rhodium(l) acetylacetonate
dicarbonyl may be suitable rhodium feeds. Additionally, rhodium
organophosphine complexes such as tris(triphenylphosphine) rhodium
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chl orides, brom des, nitrates, sulfates, phosphates,
and the like. [0025] The ratio of gram noles

wo bworggahosphite |igand to gram atons transitiPCI/DE1088/013773
can vary over a wide range, e.g., gramnole
fl uor ophosphite:gramatomtransition netal ratio of
1:1 to 400:1 . For rhodi untontaining catal yst systens,
the gram nol e fl uorophosphite:gram atom rhodiumratio

8? ﬁg FYERRA :‘ﬁ% e bised Wh %hethéwgpﬂ@ﬁoget%% A%e Lomplex

|os In e range o
. afwoémtamlqrmmlaced bynhefphobptiltej tigamdg bEthegaresenhinvention.

SRR uE SodicesgpateMoiven S of Renve ipeadids such as
'&YI%HBéQrbrohﬂéeQ%ﬁEiesCQ[]ﬁﬁl%r hbsPhaAtks, rJPRP'tHHTiHen the .

reaction solution Is in eraEge of 20 to 300
ng/liter. Concentratlons of rhodium | ower than this

! I d i th
5197 B Patil PR motPE o Bies o8 bl bms
tﬁgﬁﬁfléﬁlﬁﬁ@cﬁl tamlafl Svérta Widdrafge, @ degrighmernt al to
catal yst stability.” Concentrations above this ran

e
i fivaropboppljtrigrarn aéemriransitien netalzgtioad 1spie#aP: 1orFor rhodium-

B TAPlnd EGRSTSITAE ShEY R Eele iy dopEsRAfe: bR atom

| FRoAINimaatio am tsbmda%mbadmrﬁsemmemmge of tataRPst1 with ratios
high activity is obtained if all mani puI atlons of the

r ind@euangaa i Litn d8&dsphhe éb§P|g‘£€P18°'&Qﬁ‘ﬁ5 Ry af rhpdium in the

KO RO o T A5yl FERPL G114 510, 5005 At o

swior@blire solmedembodiongrats rof thisdnvergimmd thee aorhak gpettentration of

t 51 dru?%%?he Iregacatlm“?\usolutl?oln is in the range of 20 to 300 mg/liter.
Concentrations of rhodium lower than this range generally yield lower reaction
rates with most olefin reactants and/or require reactor operating temperatures
that are so high as to be detrimental to catalyst stability. Concentrations

above this range involve higher rhodium costs.

[0026] No special or unusual techniques are required for preparing the
catalyst systems and solutions of the present invention, although in some
embodiments a catalyst of high activity is obtained if all manipulations of the
rhodium and fluorophosphite ligand components are carried out under an inert
atmosphere, e.g., nitrogen, argon, and the like. The desired quantities of a
suitable rhodium compound and ligand are charged to the reactor in a suitable
solvent. The sequence in which the various catalyst components or reactants

are charged to the reactor is not critical.

[0027] The hydroformylation solvent may be selected from a wide variety of
compounds, mixture of compounds, or materials that are liquid at the pressure
at which the process is being operated. Such compounds and materials

include various alkanes, cycloalkanes, alkenes, cycloalkenes, carbocyclic
13



sol vent. The sequence in which the various catal yst

conponents or reactants are charged to the reactor is
WwWoa09/083160 cal . [ 0027] The hydrof ornyl ati on sol RERUS2988/013773

be selected froma w de variety of conpounds, mXxture

of conmpounds, or materials that are liquid at the

pressure at which the process is being operated. Such

conmpounds and nmaterial s include various al kanes,

CXF(%{RQ{ é(? yogﬁégeQI%hol@é%%%g%,@g@%%lasc’etaelg,[ethers and water.

carpocyc fcco ers

k Speusific, exarsples of sathsblentthchitiecalkatp anidfdyelcaiikamdsesuch as
of such sol vents include al kane and cycl pal kanes such
adodsernauflecalincastane, iserestane mistuses.yslahexaneesyclooctane,

CX%IBPS e, &Y E%’ﬁ%xaﬁ¥cérg)?rg%ﬁ°%ocgﬁ)gﬁs such as benzene,

cyclo éxane ronatlc hy bons
btm-eme, xylene soemersytetradini somene, alkgl-sabstitutediareneatic

| kyl - tityuted t d h th
" EOMPOLNGS Sy e B rSPBErS of SISan r Bsh e DS PBrPyipRzene
B OMIBEARINS, M ARRE AR cIBUNAABLISERR St I idiene,

7-oct adi ene, dicycl opentadiene, 1,5-cyclooct’adi ene,
odtoynbpgntadjeme.n‘e5£qyckoootad1§zhe,y@¢tenex1emtertgle éhexene,

dodecat t b
RV EEEheRERe LRI, T8 SE I ndec Y - S62RB8 crude
anyldﬁajcahbmi h"hitﬁré?éié@érﬁﬁ% Phﬁh‘a niRefalloils EdRErodene; and high-
3- pent anedi ol dii sobuty The al deeégge product of

t helling @stersrsuphaas 32, Hrdeéﬁwl-al,?wenhan hsdslé@buwwgsﬂhe

DR SIRBEATIS SRV e Y R USe

process of the hydr of ornyl ati on reaction and the
subse uent steps, g., distillations, that ma
Eﬁ edinfgpme embodlments the solvent is the higher b0|¥|ng by-products

that are naturally formed during the process of the hydroformylation reaction
and the subsequent steps, e.g., distillations, that may be required for
aldehyde product isolation. The main criterion for the solvent is that it
dissolves the catalyst and olefin substrate and does not act as a poison to the
catalyst. Some examples of solvents for the production of volatile aldehydes,
e.g., butyraldehydes, are those that are sufficiently high boiling to remain, for
the most part, in a gas sparged reactor. Some examples of solvents and
solvent combinations that are useful in the production of less volatile and.non-
volatile aldehyde products include 1-methyl-2-pyrrolidinone, dimethyl-
formamide, perfluorinated solvents such as perfluoro-kerosene, sulfolane,
water, and high boiling hydrocarbon liquids as well as combinations of these
solvents. Non-hydroxylic compounds, in general, and hydrocarbons, in
particular, may be used advantageously as the hydroformylation solvent since

their use can minimize decomposition of the fluorophosphite ligands.

[0029] In another aspect, the present invention provides a process for

preparing aldehydes, comprising contacting an olefin with hydrogen and

14



al dehyde product isolation. The main criterion for the

solvent is that it dissolves the catalyst and ol efin
waawsnsHs®e and does not act as a poison to thePCT/US2008/013773

catal yst. Sone exanples of solvents for the production

of volatile al dehydes, e.g., butyral dehydes, are those

that are sufficiently high boiling to remain, for the

nost part in a gas sparged reactor. Some exanpl es of

BB aRO LB AR RIS chtork 5y Yoo of e
' abdﬁilwsd:lsotnmodméremdmémmedl nmet hyl - 2- pyrrol i di none,

di met hyl f or mam de, perfluorinated solvents such as
per fluoro-kerosene, sulfolane, water, and high boiling

h .
I PR a A CorRicte for Wi PRACHSIA1AL préyeritifightion can
hpd roooaebmnal hydrcpfarmylattlbarqonnlﬁgpris.e Theeprocess may be carried out
PSRRIy VA B kR v
oPSRARLA FeddtidANEm e[ram&l. atéfrapPsieio BE5%€Ct In ddife

pr esent i'nvention pr ovi des a process for %r%)arl ng
aetsogdineentsc seantion tegpasatuies rargefionl €91 §%. Higher reactor

cIhPEERES R FRfbASRIBE e of SRl LAPLTBESIGR il Jower

hesaitor eafsaratieds chf(38Lit iheelawasty slow mrmbhlrlfés fDhe total
the process of the present invention can

 BRARBRNIRSASS Uy BAK 8GR fram SbiH A tERS P hetie uprtgddshars

RSB o ST, Mol e o8 020
r barst atssolatenfd@0abWodspsige from 50 to 1350C. In sone

enbodi nents, reaction tenperatures range from?75 to
1250C. Hi gher reactor '

[0031] The hydrogen:carbon monoxide mole ratio in the reactor likewise
may vary considerably ranging from 10:1 to 1:10, and the sum of the absolute
partial pressures of hydrogen and carbon monoxide may range from 0.3 to 36
bars absolute. The partial pressures of the ratio of the hydrogen to carbon
monoxide in the feed can be selected according to the linear:branched isomer
ratio desired. Generally, the partial pressure of hydrogen and carbon
monoxide in the reactor can be maintained within the range of 1.4 to 13.8 bars
absolute (20 to 200 psia) for each gas. The partial pressure of carbon
monoxide in the reactor can be maintained within the range of 1.4 to 13.8 bars
absolute (20 to 200 psia) and can be varied independently of the hydrogen
partial pressure. The molar ratio of hydrogen to carbon monoxide can be
varied widely within these partial pressure ranges for the hydrogen and
carbon monoxide. The ratios of hydrogen-to-carbon monoxide and the partial
pressure of each in the synthesis gas (syn gas--carbon monoxide and
hydrogen) can be readily changed by the addition of either hydrogen or
carbon monoxide to the syn gas stream. 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.
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tenperatures can increase the rate of catalyst
deconposition while | ower reactor tenperatures can

WO e®alssisih rel atively slow reaction rates. TheP@DU82008/013773
reacti on pressure may range from anbi ent or
at nospheric up to 70 bars absolute (1000 psig). In
sone enbodi nents, pressure ranges from8 to 28 bars
absol ute (100 to 400 psig). [0031] The hydrogen: carbon
nonoxi de nole ratio in the reactor |ikew se may vary
consi derably ranging from10:1 to 1:10, and the sum of
t [@032]s oAny &f mas khaWnphyessformylatibnrgdciog elesiynd arscandigurations
rmnomdema r efrom03to SGfFars absol ut e

lth. Trhe. .
p&HER &S eaclgrs aRe VARP (PKErof FRAdtg S Bgu e wsed in carying
C%Pﬁﬂe . ne& gw.aﬁa gﬁ tﬁ@ﬁge%\ﬂ iNFerfRIre CHIRGS, aacgag.@f)a@ed,

ear br anc i SO rati o desired. Genherall
t happatakieadff pracicudesigh asydiscdgeed bntthecexarplestsed fortle herein

in the reagt n i nt ai,.ned,, w an of .
ey Be 1828 a8 Ttk f ePeRIhoarAtplsL N Ralinspived in a
9@fgh E&ﬁn@%‘i’%érﬂb sBVa$ uhBePpresURP80ED 'ﬁl@%léﬂﬁe'tﬁetréﬁctlon zone
reactor can be nmaintained wthin the range of 1.4 t

19/hdetthe aldghysle predugbist tekenoveriesd tamma:uweg@téﬂhga%eﬁ The

o arerat Gasel Py alE SR BRIl SEEEAG o HtRry the

valdetydel gobMctaridithe gassecanbeiretygied t6 thergatge Thediquid
t he hydro%%n and carbon nonoxi de. The ratigs of

hpeedifis e downleratmasphess paﬁasqrﬁéobawararﬂoaraé@swélcatlon by
o L e
omanirierdy dormactignther olefin, hydrogen and carbon monoxide with the

present catalyst in an autoclave.

[0033] A reactor design where catalyst and feedstock are pumped into a
reactor and allowed to overflow with product aldehyde, i.e. liquid overflow
reactor design, is also suitable. For example, high boiling aldehyde products
such as nonyl aldehydes may be prepared in a continuous manner with the
aldehyde product being removed from the reactor zone as a liquid in
combination with the catalyst. The aldehyde product may be separated from
the catalyst by conventional means such as by distillation or extraction, and
the catalyst then recycled back to the reactor. Water soluble aldehyde
products, such as hydroxy butyraldehyde products obtained by the
hydroformylation of allyl alcohol, can be separated from the catalyst by
extraction techniques. A trickle-bed reactor design is also suitable for this
process. It will be apparent to those skilled in the art that other reactor

schemes may be used with this invention.

[0034] The olefin used as the starting material for this invention is not

particularly limiting. Specifically, the olefin can be ethylene, propylene,

butene, pentene, hexene, octene, styrene, non-conjugated dienes such as
16



carbon nonoxide to the syn gas stream Wth the
fl uorophosphite |igands described herein, the ratio of
WO peve@ssis® branched products can be varied w deCTUB3008/013773
changing the partial pressures of the carbon nonoxi de
in the reactor.[0032] Any of the known
hydr of ornyl ati on react or designs or configurations
such as overflow reactors and vapor take-off reactors

U he-Roaiice, LR Y sikthe SRfpS: PRkBoRRE ARG may be

té\k@smufedrwmmfctudﬁal %ﬂm@s s lpahesatiel Rid et |ﬁté&f§?é ith the
set forth herein may be used. In this node o

obxedratcprmvlauorere?@tlanysSumlewu@tlmewopoéhe .ollefm iRclyde any

ﬁ} kéﬁﬁfé%ﬂBg ﬁfs&\%se ﬁ&f |¥ﬂF}E”FérF§gﬁr§{3{€ IS){&tgﬁbzrp{WQtuci a%\é%tlon-anti

oinelutieacgroups Rach rars&mrbexiylgmcs afﬁu eiemwatutwﬂwegesf&mch as
then are chilled in or/I| ﬂ}ﬁséep%@tor

| pefees gnd @@'aea@tya@ 5ra tiles. %mﬂ BRigs °6§ubst'tuted
' §le¥if % {ﬂe Egﬁeré SAEH Ys métHy! %bﬁ/&’étg d?rrﬁé’tlﬁ ol'e% dé &icohols such -
down to at nbspheric pressur separ at |

pas aflylcitotol dnd tbydenty-2dadctadienei quésmtnrélss@’rmasrylomtnle

al so may be practiced in a batchw se manner by
contacting the ol efin, hydrogen and carbon nonoxi de

5ghenﬁ>é aAfItnt %b@fwﬁsresenﬁﬂ tAEreaEREmitaR334n Also vary.
react desi gn where catal yst and feedstock are punped

i ﬁoce)eampla:trelatmelu mgm-@mmgt@emsesmt@as\m-ocbtepeduaxcfunctlon

SooRAR fre ogfin yadiEafi B, RS REWE R pyoafirdation of

SHgasasud omfin f%bd@iblcdfﬁxcﬁaés PPy reﬁi@att@paﬂlaﬂl ressures in the
conti nuous manner with the al dehyde product

r RSP acedmtne ceactae ats intbesange £f 0L ¢l ita35 rbars s absolute. The
rate of reaction can be favored by high concentrations of olefin in the reactor.

In the hydroformylation of propylene, the partial pressure of propylene in
some embodiments is greater than 1.4 bars, e.g., from 1.4 to 10 bars
absolute. In the case of ethylene hydroformylation, the partial pressure of
ethylene in the reactor in some embodiments is greater than 0.14 bars

absolute.

[0036]. This invention can be further illustrated by the following examples of
embodiments thereof, although it will be understood that these examples are
included merely for purposes of illustration and are not intended to limit the
scope of the invention. Unless otherwise indicated, all percentages are by .
-weight. As used throughout this application, the reference to a molecule or
moiety as being “substituted” means that the molecule or moiety contains one
or more substituent in place of where a hydrogen atom would be on the
molecule or moiety identified. Thus, a “substituted” aryl molecule having alkyl

substituents would include, for example, an alkylbenzene such as toluene.

EXAMPLES
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conmbi nation with the catal yst. The al dehyde product

may be separated fromthe catal yst by conventiona
woren®sdgech as by distillation or extraction, BCUS1068/013773

catal yst then recycled back to the reactor. Water

sol ubl e al dehyde products, such as hydroxy

but yr al dehyde products obtai ned by the

hydr of ormyl ati on of allyl alcohol, can be separated

fromthe catal yst by extraction techni ques. A

trickle-bed reactor design is also suitable for this

pPegsaratiohtof Widdnd)& apparent to those skilled in the.

art that other reactor schenes may be used with this

i B ohigapddswastsvathesized frsealaging material 2. 2ngethylene
Bl g2 ety BHAR Rl RiloBid o hitefures described in
pLoByPatent Nut4dt2, 155 tteaentiregentent of aith, istierebyacorporated
ngn-c&g'éu at Ed di e&es such asl, 5- hexadi ene, .and bl ?nds

oPY I RELRNGH o HIRRD Axify YN SRIRIE ip cemin@h PRIFRIG splvents such as
S j g t SHEdInRN | ong as they do
nﬁauéﬂﬁ%’?}%?@éw&fﬁ then%ygthﬂ%reﬁy %ﬁ}gh reaction.

Sui tabl e substituents on the olefin include any

f .onal _group that does. not, jnterfere wth the

h #]or%?gﬁr?%%pr'%ﬁéﬁf)’ﬁﬁ%di%cl udes groups such as
carboxylic acids and derivatives thereof such as

esters and am des, alcohols, nitriles, and ethers.

Exanpl es of substituted §lefins ingclude esters such as

nmet hyl acryl ate or nethyl Y-eleat g hol s such as

al lyl al cohol and 1-h ' t a<ll ete, and

nitriles such as acryl on(/ridg.o [§O35] The anpunt of

olefin present in the reac ture can al so vary.

For exanple, relatively hi b ng ol efins such as
1-octene may function 31P: 121.7512 ppm (d)

[0039] Ligand A is a new compound and shows a doublet on 31P NMR (in
CDCls) centered at 121.6 ppm (Jep = 1320 Hz). The chemical shift of '°F
NMR of Ligand A shows a doublet centered at -64.9 ppm (Jp.r = 1301 Hz).
The chemical shift (in ppm) of '"H NMR of Ligand A in CDCl; is as follows:
1.42 (s, 6H), 1.58 (s, 6H), 1.67 (s, 12H), 3.28 (d, 1H), 3.90(dd, 1H), 6.96-7.31
(m, 24H).

Preparation of Ligand B

[0040] Ligand B was synthesized from starting material 2,4-di-(a,0-
dimethylbenzyl)phenol by following the procedures described in U.S. Patent
No. 4,912,155. Ligand B is slightly less soluble than Ligand A in common

organic solvents.

[0041] Spectroscopic Data of Ligand B:
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both as the olefin reactant and the process sol vent.
In the hydrofornylation of a gaseous ol efin feedstock
WG ewb/0s6pr opyl ene, the partial pressures in tPEr/vUs3os/013773
space in the reactor are in the range of 0.07 to 35
bars absol ute. The rate of reaction can be favored by
hi gh concentrations of olefin in the reactor. In the
hydr of or myl ati on of propylene, the partial pressure of
propyl ene in sonme enbodinments is Qreater than 1.4
bars, e.g., from1l.4 to %0 bars abselute. In the case
of et hyl ene hydrof or %@ oy, t ial pressure of
ethylene in the reacte/i ;one mehts is greater
than 0. 14 bars absol ut e.>0G pi-s i nvention can be
further illustrated by thH ng exanpl es of
enbodi nents thereof, althdugh i\ Il be understood
that these exanpl es are inchudednser@l y for purposes
of illustration and are not intended to limt the
scope of ‘the invention. Unless otherw se indicated,

af00423' CleghRd Bis?d ReWycomBpOlind and shoM 4 Hb@ﬂl@h@HIBﬁFhNSMR (in
Epl i cCation, the reference to a nolecule or noiety as

b&D¢gs) Qﬁﬂi@lteid att K19 BOpams e hat 126% Hzbl dbeiahesnicakahit pf '°F

R 5E562H, 8 ERs SU e e By PP 8o L1255 o).

i afhatdhéhﬁdal sHift ¢in mom)sufoku NMIRQﬂ L.gamd Bm|®©|3es ba\foll‘tgws

al k substituents woul ncl ude

all (@eﬁlz'é,nie53d§h6'db t @94%@%@@% aQ?aﬁql Ao 13-7.35

ngﬁanH [ 0037] Ligand A was synthesized fromstarting
erral” 2,2'-net hyl ene

Ligand C
[0043] Ligand C is a compound taken from Puckette, in “Catalysis of

Organic Reactions”, Edited by S. R. Schmidt, CRC Press (20086), p. 31. The
ligand described in this literature is also a fluorophosphite (Ethanox 398™,
2,2'-ethylidenebis(4,6-di-tert-butylphenyl) fluorophosphite).

QL

v
F

Ligand D
Ligand D was synthesized from starting material 2,4-di-(a,a-

dlmethylbenzyl)phenol by following the procedures described in U.S. Patent.
No. 4,912,155.
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bi s(4, 6-di ( a, a-di net hyl benzyl ) phenol) by foll ow ng
the procedures described in U S. Patent No. 4,912,

W@ 2®9/083160 entire content of which is hereby  PCT/US2008/013773
i ncorporated by reference. Ligand Ais very soluble in
common organi ¢ solvents such as tol uene, acetone,
cycl ohexane, ethyl acetate, etc. [0038] Spectroscopic
Data of Ligand A: 31P 121 7512 ppm (d) [0039] Ligand A
is a new conpound and shows a douplet on 3 1P NWMR (in
CDCl 3) "centered at/ 1R {320 Hz). The
chem cal shift of 2 hows a doubl et
centered at -64.9 ppn1( ) . Thep chemi ca

, ' n CDCb is as

follows: 1.42 (s, | H\_4Z.67 (s, 12H),
3.28 (d, 1H), 3.90(dd, 1|—|) .96-7. 31 (m 24H) .
Preparation of Liaand B [0040] Li gand B was

dint hesi zed fromstarting nmateri al 4-

(GONED 58 1w BOROUNE,ANCLS NS ﬁgiqubéetmrbéblg INWR (in CDCl5)
d
SEB e 105 9139 3 b P S o
sbigesat s shbﬂ@éhld:o@mt:t:emcerpat &%ab ppoi (JA0anaon: I%(S)P -The

RO BbUTPPER o HeNNIRGL Heansd &) Clat & et falows: 138 (d,
13 8PBBTS (GHT- 67 (4261), H220(sTH8HS Ne B qBt s SVif, 16.9F(s18F), 7.11-
7.31 (m, 22H).

Hydroformylation Process Set-Up

[0044] The hydroformylation process in which propylene is allowed to react
with hydrogen and carbon monoxide to produce butyraldehydes was carried
out in a vapor take-off reactor made up of a vertically arranged stainless steel
pipe having a 2.5 cm inside diameter and a length of 1.2 meters. The reactor
was encased in an external jacket that was connected to a hot oil machine.
The reactor has a filter element welded into the side down near the bottom of
the reactor for the inlet of gaseous reactants. The reactor contained a
thermocouple which was arranged axially with the reactor in its center for
accurate measurement of the temperature of the hydroformylation reaction
mixture. The bottom of the reactor has a high pressure tubing connection that
was connected to a cross. One of the connections to the cross permitted the
addition of non-gaseous reactants such as higher boiling alkenes or make-up
solvents, another led to the high-pressure connection of a differential pressure -
(D/P) cell that was used to measure catalyst level in the reactor and the
bottom connection was used for draining the catalyst solution at the end of the

run.
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NMR of Ligand B shows a doubl et centered at -57.81 ppm

(JP-F = 1255 Hz). The chemical shift (in ppnm) of 1H
WORMR085160 gand B in CDCb is as follows: 1.54 (BCT/65)008/013773

1.57 (s, 6H), 1.69 (s, 12H), 6.47 (d, 2H), 7.03 (d,

2H), 7.13-7.35 (m 22H). Ligand C [0043] Ligand Cis a

conpound taken from Puckette, in "Catalysis of Organic

Reactions", Edited by S. R Schm dt, CRC Press (2006),

el e OO Tl 57 S
2 ogeragtiony tHelpydridferrylatich réationbibdurehgdldtion containing the

fl uor ophosphite). Ligand D Ligand D was synthesi zed
f catalyat avas srRpragd ainder pressue With the incoming reactants of

BB TR I R g Bcr it RIS A e Yeeg such as
gg%dg?ggogfdg?gaﬂgehwe wastfoniledtin te datbiySiBIUtion, EXH) .

pm éJ F-P = 1286 Hz%)ajThe chem cal
sHNfqacigd IRACIANFOES WEEH PO GHAR 2vapstibios the iarplife
o IR Frm : Lt (]
e oFpRRERN TR 4950 gl qas Lalbonh vk
1séparatior Bhipre thelutysaldéiyde progidct was @dndehséd @tong with some
12H), 4.31 (br s , 6.97(s L 0.1 1- 7.3
261 e iiapgiednipPylerisn Fre bbBandstseg odessaugirs o to
?g%gﬁﬁénd pres8ireViaGRE préssuiBicohtidl PRAVE e Mhdse gide’Wibsed
through a series of dry-ice traps where any other aldehyde product was
collected. The product from the high-pressure separator was combined with
that of the traps, and was subsequently weighed and analyzed by standard
gas/liquid phase chromatography (GC/LC) techniques for the net weight and

normal/iso ratio of the butyraldehyde product.

[0046] The gaseous feeds to the reactor were fed to the reactor via twin
cylinder manifolds and high-pressure regulators. The hydrogen passed
through a mass flow controller and then through a commercially available
"Deoxo" (registered trademark of Englehard Inc.) catalyst bed to remove any
oxygen contamination. The carbon monoxide passed through an iron
carbonyl removal bed (as disclosed in U.S. Patent No. 4,608,239), a similar
"Deoxo" bed heated to 125°C, and then a mass flow controller. Nitrogen can
be added to the feed mixture as an inert gas. Nitrogen, when added, was
metered in and then mixed with the hydrogen feed prior to the hydrogen
Deoxo bed. Propylene was fed to the reactor from feed tanks that were
pressurized with hydrogen and was controlled using a liquid mass flow meter.
All gases and propylene were passed through a preheater to ensure complete

vaporization of the liquid propylene prior to entering the reactor.

Comparative Examples 1-3 (Ligand C)

21



wi t h hydrogen and carbon nonoxi de to produce
but yr al dehydes was carried out in a vapor take-off

w0 e@emgricimde up of a vertically arranged st ai PCEES2008/013773
steel pipe having a 2.5 cminside dianeter and a
l ength of 1.2 neters. The reactor was encased in an
external jacket that was connected to a hot oil
machi ne. The reactor has a filter elenent welded into

t ,de.down th t f

o1 o Rl Edmaiet | Thals tREp Y] ndrtpylcREte,

t Featamsief Orygdnic Ressions”, Eiled BxEaRl Bchhiidt, ORC Press (2006),
reactor in its center for accurate neasurenent of the

t eApet-3Butaillystratecthay Bydraiermylation Ach vl degragex agtae molar
The. b i Ol . '

cPificoet |t 1A Srcr K0 i B ¥nBeRir Abrb bERGHEncliicth). The
cligaret teseribddint this litetmerqgisrarflg@mﬁhbhghi&ld_(JEmiamlox@fQSTM, 2,2'-
non- gaseous, reagtants suc s hi r boi l.i a e

o thyiRao RS siiied busviheiarD flueroppospatay GiaaidhChur o
connection of a differential pressure (D P) cell that

was used to neasure catalyst level in the reactor and
t [0048]t t Accardingetot theritevatungs the feactidnaiweragondected at 260 psig,

c YSI. tion, at.t end of,4he run. [0045] 1n the

08 & T rob P Ciga ang 199 LAk eibuhspiniiaate
o§oI08R1 @ OPY withtafEMHt Ahtsurts ¥ ligand e Thbidila 6 Biddehtdd in
solution containing the catal yst was sparged under

piableut belaw and icatalysicantivily isaxpressed s kilogames oé butyaldehyde
hydr ogen and carbon nonoxi de as well as any inert feed

bk 9meh i b ot

P%rg "As butyral dehyde was formed in the
catal yst solution, it and unreacted reactant gases

were renmpved as a vapor fromthe top of the
Comparative Example 4 (Ligand B)
[0049] This example illustrates a typical hydroformylation run and the use of

Ligand “B” for hydroformylation of propylene.

[0050] A catalyst solution was prepared under nitrogen using a charge of
7.5 mg of rhodium (0.075 mmol, as rhodium 2-ethylhexanoate); ligand “B”
(0,0-di-2,4-a,,a-dimethylbenzylphenyl) fluorophosphite), 0.80g, (1.125 mmol);
20 m! of normal butyraldehyde, and 190 ml of bis-2-ethylhexylphthalate
solvent (DOP). The mixture was stirred under nitrogen until a homogeneous
solution was obtained (heated, if necessary). The mixture was charged to the
reactor in a manner described previously and the reactor sealed. The reactor
pressure control was set at 17.9 bar (260 psig) and the external oil jacket on
the reactor was heated to 85°C. Hydrogen, carbon monoxide, nitrogen, and
propylene vapors were fed through the frit at the base of the reactor and the
reactor was allowed to build pressure. The hydrogen and carbon monoxide
(H2/CO ratio was set to be 1:1) were fed to the reactor at a rate of 6.8
liters/min, and the nitrogen feed was set at 1.0 liter/min. The propylene was

metered as a liquid and fed at a rate of 1.89 liters/min (212 grams/hour). The
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reactor by a side-port. The vapor renoved was chill ed

in a high-pressure separator where the butyral dehyde
w@e@dogttemas condensed al ong with sone of the RCF/ESWDEO13773

propyl ene. The uncondensed gases were |l et down to

at nospheric pressure via the pressure control valve.

These gases passed through a series of dry-ice traps

where any ot her al dehyde product was col |l ected. The

m"dg%r%ﬁr%" threerHgLo1 B33 e neRae Bl riaRiha T acter
fnperatyreest 85°Cst Pinglanil varsoperatadifarBalssurs and hourly samples
chronato graphy (GC/LC) techniques for the net weight

at@keno rm hmsrd;y sampiesowvethanalyzed asdlasgrbed abgyetusing a
%%ﬁlard@%r Pr?e%ﬁ8{fsﬁh%qg§t thied QSmP}’%gfzgée l‘g%&té 88tdrfhine the N/I-

€ reac via twin cy er e
hiegio- mcfeaﬂallyst aegvityat The catdipstiaativitg efifrdhes wsttthrwlgd)\urs
a nass |OMICOHtrO|| r an n thro rcially
ad¥eTeasA <l 3:Hkdeerams EFY&'SPEE%/S%&%?EO%‘P J&ﬁ@ product
Iﬁﬂ ratic AL Yoo bed to renpve any oxygen cont am natl on.

e carbon nobnoxi de passed t hrough an iron carbonyl

removal bed (as discl osed in US. Patent No.
4,608, 239) ) heated to 125C, and

__'! !" =L

Fogen can be added to

t [oo519 eCHWIrb?&h@yléﬁoﬁ@xb@%bn&a&eré\téﬁrﬁa%ut iMit¥ same manner

added was netered in and then m xed with the hydrogen
.t as€qparative Exampiedt, excepDadizing differentamounts afddgand “B’.

of e KEactR SRS b8 i FEuE ol Rafiengnteg in Table 1

liquid mass fl ow neter.

Examples 7-10 (Ligand A)
[0052] Hydroformylation experiments were carried out in the same manner

as Comparative Example 4, except utilizing various amounts of Ligand “A”.
The reaction conditions and the results of this work are presented in Table 1.
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gases and propyl ene were passed through a

preheater to ensure conplete vaporization of the
WO p@paiogs1pr opyl ene prior to entering the react oPCT/US2008/013773
Conpar ati ve Exanples 1-3 (Ligand C)[0047] Conparative
Exanpl es 1-3 were taken directly from Puckette,
"Catal ysis of Organic Reactions",
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of rhodium per hour AII examples were done using 0.075 mmol of Rh.

[0053] Comparative Examples 1 through 3 illustrate that the
hydroformylation reaction activity, under the same reaction temperature and

pressure, steadily decreased from 15.7 to 3.3.

[0054] Comparative Examples 4, 5, and 6 illustrate again the typical,
conventional behavior of phosphorus ligands. Under the same reaction
temperature and pressure, hydroformylation activity steadily decreased from
13.2t05.0

[0055] Examples 7 through 10 illustrate the desirable nature of Ligand “A”.
The difference between Ligand “A” and “B” is that “A” has a cyclic ring
structure (methylene group connecting two aromatic rings). Example 7
showed an activity of 3.0 for a 15:1 Ligand/Rh ratio. As the ratio of Ligand/Rh
increased to 90:1 under the same reaction temperature and pressure, the
activity increased to 6.67. The trend of changes in hydroformylation activity in
Examples 7 through 10 is completely opposite to the trend showed in
Comparative Examples 1 through 3 or Comparative Examples 4 through 6.
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solvent (DOP). The m xture was stirred under nitrogen

until a honbgeneous sol ution was obtai ned (heated, if
woemensHsy). The m xture was charged to the reRCI/U82008013773

a manner described previously and the reactor seal ed.

The reactor pressure control was set at 17.9 bar (260

psig) and the external oil jacket on the reactor was

heated to 85C. Hydrogen, carbon nonoxi de, nitrogen,

oEeaMeRey 1 Lol 8ROl ulirfie R deaBnatle bl Llogp D

bEbdaﬁh ¢$9¢H|fcﬁpghT’rIBsthrthsteas &fﬁillgai’fdowﬂrl'fmmlrdﬁo is increased
ratio was set to be 1:1) were fed

r &am 5:1dp 30:1 dhe catalyskactuityiagreages fiom 13h7e2 m 15.46avhile the
oAt 3% Frotetpoidifp i Basg Ronpabh Rz
liters/mn (212 grams/hour). Thetenperature of the

external_oil was modified to a [

T TenuieRlion Pasib e S ab et SIAL ilbraricuar sference
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mere ana yze escri above using a standard

nunﬂemttoddwmdt aatiatibns and anpdificationsecarsbel effectist withinrtbe spirit
6% o_and ﬁatalyst activity. The catal yst

a@Fg§F99€ HSINVEREOast three hours averaged 13.2

ki | ograns butyral dehyde/ gram of rhodi um hour. The

product NI ratio was 1.40. Conparative Exanples 5 and

6 (Ligand B) [0051] Hydroformylation experinents were

carried out in the sanme manner as Conparative Exanple

4 , except utilizing different anounts of Ligand "B"

The reaction conditions and the results of this work

are presented in Table 1.
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Exanpl es 7-10 (Liaand A) [0052] Hydrofornylation
experinments were carried out in the sanme manner as
wW@opasHst ve Exanple 4 , except utilizing variBCEUS2008/013773
anmounts of Ligand "A". The reaction conditions and the
results of this work are presented in Table 1. Table 1:
Ef fects of Ligand to Rhodium Molar Ratio on Activity
and Selectivity *Activity was determ ned as kil ograns
of butyral dehydes produced N m of rhodi um per
hour. All exanples were donﬁéﬁ% 0. 075 mmol of Rh.
[ 0053] Conparative Exanples 1 through 3 illustrate
that the hydrofornylation reaction activity, under the
s¥Yhatis glaimed i$.enper at ure and pressure, steadily

Bxanpl a5 4. A forgpfobhi compOitd helf PR Uure of formuia ()

conventional behavi or of phosphorus |igands. Under the
sanme reaction tenperature and pressure,

hydr of or nyl ati on g 'y te reased from 13. 2
to 5.0 [0055] Exa 'd illustratfB the
desirabl e nature of
Li gand "A" and "B" \
structure (nmethplend groOp~FgfeQnec ( gwo aromatic
rings). Exanple S danlactRﬂiR‘go 3.0 for a 15:1

Li gand/ Rh ratio. R2 the ratfo of Ligand/ Rh increased

to 90:1 under the sane reaction tenperature and

pressure, the activity increased to 6.67. The trend of
cﬂ,ﬂgpéﬁ in hydrofornylation activity in Exanples 7

through 10 is conpletely opposite to the trend showed

in Ar; and Ar; are each independently selected from aryl groups which

are substituted or unsubstituted, and which contain 4 to 30 carbon atoms;

R1 to R6 are each independently selected from H and alkyl cycloalkyl
and aryl groups which are substituted or unsubstituted, and which contain 1 to
40 carbon atoms; and

Xis

(i) a chemical bond directly between ring carbon atoms of
each aromatic group, except when R1 to R4 are each methyl,
(ii) a heteroatom selected from O, Si, and N, or

(i)  a group having the formula

R13

_C_

|

R14

wherein R13 and R14 are each independently selected from hydrogen and
alkyl or aryl having 1 to 10 carbon atoms.
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Conparative Exanples 1 through 3 or Conparative

Exanpl es 4 through 6. Exanples 11 through 13 illustrate
w0 b@odessr abl e nature of Ligand "D'. Exanpl e 1HCT/O82908/613773

13 show that as the ligand to rhodiumratio is

increased from15:1 to 30:1 , the catalyst activity

increases from3.72 to 15.46 while the NI ratio shows

a corresponding increase from1.41 to 2.72. [0056] The

i nvent Lon h been SCLI .in d R PRY . ticul

referefice t srcé)?@‘glgb&éhgoce{gf%tﬁt‘ggﬁawh%Eesz?i{f 9\%@"%3@

esash irefepehdeaty seledted froii atyl §roupsdesvihg tte sthatture of formulas

variations and nodifications can be effected within

t B s@V¥it and scope of the invention. CLAIMS Wat is

clainmed is: 1. A fluorophosphite conpound having the

structure of formula (1): wherein APl and Ar2 are

each i ndependently sel eciee\f rom aryl groups which are

substituted or unsubsti 2 and whi CZHCOM ain 4 to

30 carbon atons; Rl to D e each ind p)endently

sel ected fromH an yl—cycl oal kyl and aryl groups

whi ch are substituted™r unsubstituted, and which

contain 1 to 40 carbon atons; and X is (i) a chem cal

bond directly between ripg—garbon atons of each

aromati c group, except R 1 to R4 are each nethyl,
De omQ Si, ?I?ﬁl N, or

(ii) a heteroatom sel ec
DO

(R8),

[ (2

wherein

R7 and R8 are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoxy-carbonyl, alkanoyloxy, cyano, sulfonic acid, and
sulfonate salts;

m is an integer from O to 5; and

nis an integer from 0 to 7.
3. The compound according to claim 2, wherein R7 and R8 are

independently selected from alkyl having 1 to 10 carbon atoms, and m and n

are independently 0, 1, or 2.
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(iii) a group having the fornula R13 c- R14 wherein

R13 and R14 are each independently selected from
whyapogam and al kyl or aryl having 1 to 10 car®POmnUS2008/013773

atons. 2 . The conpound according to claim1, wherein

Arl and Ar2 are each independently selected from aryl

groups having the structure of fornmulas (M - (IV):

(RS)n wherein R7 and R8 are independently sel ect ed

];llr E?ngly ?ll cﬁiegc?ﬂ"ﬁ%ﬁ%ﬁg g’\% gjéln}l(gr ﬁ@ylhaéf%gguc ure o

croriura Daye salts, - al koxy- car bonyl, al kanoyl oxy,

cyano, sulfonic acid, and sul f onat e salts; mis an
integer fromO to 5; and n is an integer fromO0 to 7 .
3. The conpound according to claiym wherein R7 and
having 1 to
10 carbon at oits Rpy depgndently 0 , 1,
or 2.4. The conpound Y clai m 1, having the
structure of formula (X1)

Wherein R15 is selected from hydrogen and alkyl or aryl having 1 to 10

carbon atoms.

5. The compound according to claim 1, which has the following

structure:

6. The compound according to claim 1, which has the following

structure:
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Wherein R15 is selected from hydrogen and al kyl or
aryl having 1 to 10 carbon atons. 5 . The conpound
w@emonsilng to claiml, which has the foll ow ngPCT/US2008/013773
structure: 6. The conpound according to claim1, which
has the follow ng structure:7. A catalyst solution
conprising: (a) a fluorophosphite conpound; (b) a
Goup VII'l metal or rhenium and (c) a
hydr of gr myl gt i qQn wherein said fluorophosphite
conpound ha qaﬂglyéf%l@%pgompqsmqml a (l): wherein A
and Ar gg)ar e agriophespitedssthpyuse! ected from aryl
groups which are substituted or unsubstituted, and

whi ch @ont apGwupoVibmetalnsshapigpy:andl to R6 are each

[ ndepeﬂgent gméﬁgbgfgt{&g{qh@ nd al kyl cycl oal kyl and

aryl groups sub uted or unsubstituted,

awtlerdin Gaid fimdraphodphite é6mpauhdrhaat thesstruataredofiferrula @):
chem cal bond directly between ring carbon atons of
each aromatic group, (ii) a heteroatom or

| R5
R6 X
R1 O~p-O© Ar,
R

. R4
2 Ar1 F R3

wherein

Ar, and Ar, are each independently selected from aryl groups which
are substituted or unsubstituted, and which contain 4 to 30 carbon atoms;

R1 to R6 are each independently selected from H and alky! cycloalkyl
and aryl groups which are substituted or unsubstituted, and which contain 1 to
40 carbon atoms; and

Xis

(1) a chemical bond directly between ring carbon atoms of
each aromatic group,
(i) a heteroatom, or

(i)  a group having the formula

R13

_—C__.__

R14

wherein R13 and R14 are each independently selected from hydrogen and

alkyl or aryl having 1 to 10 carbon atoms.
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(iii) a group having the fornula R13 c- R14 wherein

R13 and R14 are each independently selected from
whyapogam and al kyl or aryl having 1 to 10 car®POmnUS2008/013773

atons. 8. The catal yst solution according to claim?7 ,

wherein Arl and Ar2 are each independently sel ected

fromaryl groups having the structure of formulas (I1)

- (I'V): (RS)n wherein R7 and R8 are independently

]:c’ glr ﬁ;lt gd a}t rk a@lﬁt ?A gﬁéﬁ( ?cle%p);?gepd ?'%?@73 ’evhg%%An and Ar;
cardexs mdé@éhﬁéhﬂﬁbéle&ﬁd ﬁ'omaé DY oUPR’ Vi the structure of

al kanoyl oxy, ano, sulfonic aci d and sul fonate
SB?TF‘#'aSﬂ”)s-ﬁ integer fromO to 5; and n is an
integer fromO to 7 . 9. The catal yst solution
according to claim8, wherein R7 and R8 are

i ndependent|y sel ected fyo "\ kyl having 1 to 10
carbon atons, and m and 5 depend(a?)tly 0, 1, or
2 .10. The catal yst sol X according‘to claim?7 ,
wherein the fl UOI‘OQR¢§hI te conpound has the structure
of forrmula (X):

(1)

O
(o

(R8),

wherein

R7 and R8 are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoxy-carbonyl, alkanoyloxy, cyano, sulfonic acid, and
sulfonate salts;

m is an integer from 0 to 5; and

nis an integer from Q0 to 7.

9. The catalyst solution according to claim 8, wherein R7 and R8

are independently selected from alkyl having 1 to 10 carbon atoms, and m
and n are independently O, 1, or 2.
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Wherein R 15 is selected from hydrogen and al kyl or
aryl having 1 to 10 carbon atons. 11. The catal yst

W@ 00908310 according to claim7 , wherein the PCT/US2008/013773
fl uor ophosphite conmpound has the follow ng structure:
12. The catal yst solution according to claim?7,
wherein the fluorophosphite conpound has the follow ng
structure: 13. The catal yst solution according to any

of cl ai 712, ' . V]I iS .

hodi am P ThEiREE GOt et e e balBimuieSentpe.s
ctigbridphoésphite vbimpoundhas thesstiuctumeZst foemaROp/ | of
rhodium and a ratio of gram noles of fluorophosphite
to gramatom of rhodiumof 1:1 to 200:1 . 15. The
catal yst solution according to any q
wherein the hydr{fofnylation so
al kanes, ' cycl e af kenes
al cohol s, esters, 3

wat er, and m xtures

A process f0(x|?
ontacting an olefin
Yo er

catal yst solution according to any of clains 7-15. 17.
The process according to claim 16, wherein the

hydr of ormyl ati on conditions conprise a tenperature

r wigireth Rn8nms g8lectedl?6@ hydrogen and alkyl or aryl having 1 to 10

carbon atoms.

11.  The catalyst solution according to claim 7, wherein the

fluorophosphite compound has the following structure:

12.  The catalyst solution according to claim 7, wherein the

fluorophosphite compound has the following structure:




and a pressure from atnospheric to 70 bars absol ute

(15 to 1,000 psig). 18. The process according to claim
w@ag00908s1g) wherein the olefin is propyl ene, aneCT/b82008/013773

al dehydes conprise normal - and i so-butyral dehyde.

13.  The catalyst solution according to any of claims 7-12, wherein-

the Group VIl metal is rhodium.

14.  The catalyst solution according to any of claims 7-13, which
comprises from 20 to 300 mg/l of rhodium, and a ratio of gram moles of

fluorophosphite to gram atom of rhodium of 1:1 to 200:1.

15.  The catalyst solution according to any of claims 7-14, wherein
the hydroformylation solvent is selected from alkanes, cycloalkanes, alkenes,
cycloalkenes, alcohols, esters, ketones, acetals, ethers, aldehydes, water,

and mixtures thereof.

16. A process for preparing aldehydes, comprising contacting an
olefin with hydrogen and carbon monoxide, under hydroformylation
conditions, in the presence of the catalyst solution according to any of claims
7-15.

17.  The process according to claim 16, wherein the
hydroformylation conditions comprise a temperature ranging from 75 to 125°C

and a pressure from atmospheric to 70 bars absolute (15 to 1,000 psig).

18.  The process according to claim 16 or 17, wherein the olefin is
propylene, and the aldehydes comprise normal- and iso-butyraldehyde.
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