FLUOROPHOSPHI TE CONTAI NI NG CATALYSTS FOR HYDROFORMYLATI ON PROCESSES
FI ELD OF THE | NVENTI ON [0001] This invention generally relates to

fl uorophosphite conpounds, a catal yst solution containing the sane,
and a hydrofornylation process using the catal yst sol ution.
BACKGROUND @ 20udls31MVENTI ON [ 0002] The hydr of or ny| at PCTIUS2e@01370m,
al so known as the oxo reaction, is used extensively in comerci al
processes for the preparation of al dehydes by the reaction of one
nole of an olefin with one nole each of hydrogen and carbon nonoxi de.
One use of the reactiton is in the preparation of nornal -and

i so-butyral dehyde fr GthipOROPHOSPHITESCONTAINING CAT ALMSFSE FOR t he

nor mal al dehyde product to HVPRORORMYDATION PFROCES8EByde product
typically is referred to as the normal -to-iso (N 1) or the

normal -t o-branched (N:B) ratio. In the case of propyl ene, the nornal -
and iso-butyral dehydes obtained from propylene are in turn converted

into many commerci al |y val uabl ralg.a q such as, for
exanpl e, n- but anol, 2-ethyl - i&ﬁ@ﬁ——»—ﬁéﬁ%ﬁ@@lﬂd i sobut anol
neo-pentyl gl ywooH] Zn& Avéﬁtloﬁ@eh)éﬂaﬂﬂt:éiategﬂé ﬂﬂ@tdpﬁcbsplﬁéd:ohfpﬁunds a
nonoi sobutyr ate and i -i sobut rate esters
2 2 401 et hAERSRGIREARRAIING HeBB0s. 14 o RaEYEion PIoRBE HEP:s
Ilgand cont ai {Hen_-g,tg; t3olfibnl S used for the oxo process (so called

"l ow pressure hydrofom ylation process”). Phosphorus |igands not only
can.stabilize the nmetal, but can also regulate the catalyst activity

and selectivity. Oxo cat al ygp,cp;gn(yutqm Of relE KBENREBS as the anmount
of phosphorus_ligands increase hilTe the catalyst stability

i ncreases wit R0PAkr $B§|hﬂér°<§?fﬁl¥tﬂt'§”6?aqtpaaﬂa° K 8f heoxa 'T?é‘Ftip"biﬁ sts

an opti mum congRidxicHdily Bf coPdRSRRP pritebd b theNep ABBEMRL e %9
reactor which is the result of a tradeoff between i creased stability

and reduced c@?é?%‘?"a{ftof@lﬂt%;e of amplgin wit qngdmle@ac RENYHragRMAN] oss

of phosphor usedh@PRBRokidel TR IsRRifthdREBIGTISI tHASE bk bPRorARL
ot her reasons. |In sone cases, such as overflow reactors, the

deconposi t i oransk 'S‘I"PQWQSW T peErRyisned Thgaatie of the 'ﬂﬁ"%‘]‘t peihgarsnal e
required to sgpay Jabersasata/ﬁte%;ﬁaﬂmopfredwmeh*] db Ploatéttgsicallyi§sh

phosphorus |igands have to be replenished to the reactor, on"a regul ar

basis to congéfesgddo pgithe ﬁ@”ﬂ"fﬁé@"ﬁ?f("l i) gathesnormabteshranshad (N:-Bhiagio; &n o
need in the gpi QY of ;sragﬂeﬁe tthehonﬁléx- o aéowhidbﬁwés%taaé@wﬁ:t at

hi gher concentrations can al so increase the netal catal yst
activity at uepyieshaIEnD tuniconertes intgaramprommergialiyeyatyable CTEUUGGI] A

class of Ii 93;?9&&%?&&?5@ &K é&ﬁtﬁé edhiitaRdI, ﬁ-ethy&HQ%rﬁmtd-@utwc hagrigase

the Rh catal yst activity b i ncreasi ng 't he novel

f | uor ophosphikuéanoal, g’@@@%&ﬂ@&?@h 3t Wm$tﬁylsbﬁ'ﬁ°eéfﬁé@§lqlr@ﬂ@§he e8It i gand
of fers one OfigJiRkgafaelR{ il §obu§}1‘ f%%e@%?ﬁ 2HinSSth@L ¥ 8 beftabliol, L Y

i ncreased pro uct|%n rate” ucerd "y Iopergt?/o EacostsI due to
el i m nated needs for replenishing |igands. [0007] In one aspect, the

present  nuerbie] Ao Rasss, o HRkARBAS AGA FoSAERRY KRR Bedd o

structure of
the oxo process (so called "low pressure hydroformylation process”).

Phosphorus ligands not only can stabilize the metal, but can also reguiate 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
resuilt of a tradeoff between increased stability and reduced catalyst activity.



wherein Ari and Ar2 are each independently selected from aryl
groups containing 4 to 30 carbon atons; Rl to R6 are each

i ndependent.)| ected fromH and hydrocar byl containi
car bonat OFeBESH < (i) a cheni cal bondr%%{%sg?q%@m”s

bet ween ring carbon atons of each aromatic group, except when Rl to
R4 are each nethyl, (ii1) a heteroatom selected fromO,
Si, and N, or (iii1) a group having the fornula R13

[0004] In reality, the gradual loss of phosphorus ligands is inevitable
because of decomposition and other reasons. In some cases, such as
overflow reactors, the decomposition of ligands may be worsened due to the
high temperature required to separate catalysts from products. In practice,
fresh phosphorué ligands have to be replenished to the reactor on a regular

basis to compensate for the loss of ligands.

[0005] Thus, there is a need in the art for ligands that not only stabilize the
catalyst at higher concentrations, but can also increase the metal catalyst

activity at such concentrations.

SUMMARY OF THE INVENTION
[0006] A class of ligands has been discovered that can substantially

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
(D)
R1 O~p-© Ar,
R2 A F

wherein
Ary and Ar; are each independently selected from aryl groups

containing 4 to 30 carbon atoms;



R14 wherein R13 and R14 are each independently sel ected from hydrogen
and al kyl or aryl groups having 1 to 10 carbon atons. [0008] In a

second as t resent invention provides a cataly '
conpri si ng\%% 200950@316 a) a fluorophosphite conpound; (b) S%FT%%&EQ%}O%H

nmetal or rhenium and (c) a hydrofornylation solvent, wherein
t he fl uorophosphite conpound has the structure of forrmula (I):
wherei n Ari and Ar2 are each independently sel ected from aryl
groups cont aining 4 to 30 carbon ato to R6 are each

i ndependent |y sel &httodR§ ﬁ&ew%meﬁ%ﬁi@ﬁﬁrﬁ?}#d‘é@)m’ﬁl Hiang hﬂdﬁoqﬁf vi

carbon at oms;.,anbhing 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 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

(¢)  a hydroformylation solvent,
wherein the fluorophosphite compound has the structure of formula (1}:

RS
R6 X
4y
R O~p~© Ar,
R2 A F

wherein
Arq and Arz are each iridependently selected from aryl groups

containing 4 to 30 carbon atoms;



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

(ii1) a group L the formula R13 R14 wherein R13 and 4 are
each i ndep@ﬁ&gﬂ?@éiﬂgel ected from hydrogen and al kyl or P%TW%%P@@FW@ 1

to 10 carbon atons. In sonme enbodi nents, R13 and Rl14 are each
I ndependent|ly sel ected from hydrogen and al kyl groups having one or
two carbon atons. I n sone enbodi ments, R13 and R14 are each

I ndependent|y sel ected from hydrogen and net hyl groups. [0009] In a
third aspect, theRIrteRare eaanindepepiantlydelededpirowed anddrydgrdasayli ng
al dehydes, c oy t | . fin with hydrogen and carbon
nonoxi de, unggﬁf’a?@'é@gftggpyﬁ%g%rgﬁtﬁbﬁ |n'?i ons, in the presence of the
cat al yst sol uti onXhsrei n descri bed. DETAI LED DESCRI PTI ON OF THE

O Tooio] e I} uor gehas Bl oSNNS B s e

i nvention thasachathagesgep, f| uorophosphite conpounds. The invention
further provides highl Y active catal yst solution for use in
hydr of or nyl ati on react (ns. 2 PERIeptOMMOrcat al yst sol ution conpri ses:

(a)a fluorophosphite cgm‘poug@ioup 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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WO 2009/ 085160PCT/ US2008/ 013773 (b)a Group VIII metal or rhenium
and (c)a hydrofornyl ation solvent. [0012] The fl uorophosphite

conpound or di o the invention has the structure of formula (1):
wherein %%zogﬂ'aglﬁémd Ar2 are each independently sel e%tcgg?gzyogjmsg%”
groups containing 4 to 30 carbon atons; Rl to R6 are each
I ndependently selected fromH and hydrocarbyl containing 1 to 40
carbon atons; and Xi s (i) a chemcal bond directly

bet ween ring carbon atons of each aromatic group, (i)
a heteroatom -or. (b) a Group VIl metal or rhenium; and

(c) a hydroformylation solvent.

[0012]  The fluorophosphite compound according to the invention has the
structure of formula ([):

R6 X RS

D

R1 O-.. /O 113\]—2
R2 AN

m-0

wherein
Ary and Arz 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
alky! or aryl having 1 to 10 carbon atoms.



(iii) a group having the fornula R13 R14 wherein R13 and R14 are
each independently sel ected from hydrogen and al kyl or aryl having 1
to 10 carbg ... [0013] In sone enbodi nents, X is nat chem ca
bond when ﬁ%zﬁ@?"ﬁﬁgre all methyl. [0014] The het er oat ¢ TE&RY E’”ﬂ?ﬁ/
atom ot her than carbon that can formthe bonds with the two aryl
rings as shown in Formula (I) without conmprom sing the efficacy of
the ligand. In sone enbodi nents, the heteroatomis selected from

sul fur, oxygen, nitrogen, and S|I|con provi ded that the silicon and
ni trogen wil I0B%8le Hoeproe embodimentsi Kieneta sheaisal baed whentR1 toRfiase e
the atons boqﬁ”ﬂgt ppablllty Substituents which are acceptable.

i ncl ude al kyl grougs of 1 to 20 carbon atons and aromatic groups of 6
to 20 carbon atonms. In sone enbodinents, the heteroatomis selected

fromO, Si, ' ain, w.th dtlonal nd

0015 exampitdtdl; THENGIsPAbBLbe mY 2o i RSP Eaibodniain b
i ncl ude car baky Bbhd@s *ithilthe et ans nﬁb@a¥|shomﬁhﬂ=bmhulaa(l)t\hﬂ'&ﬂﬁny| and
substituted derivatives thereof %&b@g ubstitu ts |nc|tg1§re al kyl
groups of 1 temRIomisinghefifracy fitBaioand.gfntriae smhgdipents. her hon
at oms, al KoXyettb¥ton¥ ¥ sé]@étegm s@RIrDEHent nidiglh, @f&ﬂsﬂ@érﬁ \ﬁémusé

thereof such as esters, am des or the car oxyI ate salt. di'ti onal

sui t abl e subdhatthe silison mad witeogan WtUrh&Yea&,ddd@nai subsdityants bpn‘éQﬂ ﬂ‘@ﬁ@f@
aci ds and der&gg{n Yeié y'ﬁé]gfo?r?g b ?é?%agtﬂ %Lﬁ)@ﬂtu%ms%ﬁlch g’?e acceptable

particul ar, n an can eac represent
havi ng any orreclade akgl groupsibbs tt@ QD)carbc(ﬂ a@oms Mﬁi aromatic groups of 6 to 20
2009/ 085160PCT/,.US2008/ 0]‘3773 (10

carbon atoms some émbodiments, 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 Arz can represent include
carbocyclic aryl such as phenyl, naphthyi, 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 (1) — (IV):



(R8),, wherein R7 and R8 may represent one or nore substituents

i ndependently sel ected from al kyl, al koxy, hal ogen, cycl oal koxy,

fornyl, al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl

car boxyl at‘é’oszﬁ%{gf@,smgl km car bonyl , al kanoyl oxy, cyano, sPlﬂTf%ﬁ%poéIOEH?ﬁ,

sul fonate salts, and the |ike. In sone enbodi nents 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. Although it is

possible for mto represent 0 to 5 and for n to represent 0 to 7,
2

in
sonme enbodi nents, the value of eac mand n wil.l not exceed 2. In
sonme enbodi nents, R7 and R8 repre r al kylqrgroups, i.e.,
strai ght-chain and branched-chain of up to 10 carbon atons, and
m and n each represent 0, 1, @R7f. In some enbodi nents, R7 and R8
represent |ower alkyl groups, i.e., straight-chain and branched-chain

al kyl of up to 4 carbon atons, and mand n each represent 0, 1, or 2.
[ 0016] The hydrocar byl groups repr=;-'\ed by RL to R4 are sel ected
from unsubstituted and substituted YW——cycl oal kyl and aryl groups
containing up to 40 carbon atggﬁ ome enbodi nemys, the total
carbon content of Rl to R4 i&8m j ange of 1 to 15 carbon atons.
Exanpl es of the al kyl groups that y R4 can represent include

met hyl , ethyl, butyl, pentyl, hexyl¥ et hyl hexyl, octyl, deeyl,
dodecyl, octadecyl, and various isoners thereof The al kyl groups nmay
be substituted, for exanple, with up to two substituents such as

al koxy, cycl oal koxy, fornyl, al kanoyl, cycloal kyl, aryl, aryl oxy,
aroyl, carboxyl, carboxylate sal t.= xyear bonyl , al kanoyl oxy,
cyano, sulfonic acid, sulfonate §$ q the |iKé&Y) Cyclopentyl,

cycl ohexyl, and cycl oheptyl are exappheszof the cycl oal kyl groups
that RL to R4 can represent. The/cycl oal kyl groups may be substituted
wi th al kyl or any of the subst“pggnts described with respect to the
possi bl e substituted al kyl groups." In sone enbodi nents, the al kyl and
cycl oal kyl groups that RlL to R4 can represent are alkyl of up to 8

carbon atoms, benzyl, cyclopentyl, cyclohexyl, or cycloheptyl. [0017]
Exanpl es of whereimfi7 gndRSymaysepresentomocaare syhstituants indepeadently

car bocyclic Sy h I ﬁ[l@

substituted %%?éﬁlat |$\}E?‘§)ﬁ'§£% ] hExR%%BI %}SCI%@E%% caBan(‘ll% | ECXFI)(/)FIKVI'
groups that RiyitaryRxycanoyl, epriesehcarbrodiadie saks]ialiadxy-dashonyl alkenoyloxy,
formul as (V)

cf/ar(o\,/ Islu)fr:nnic acfrﬁg shﬁonate 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 0 to 5 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, cycloaikyl and aryl groups containing up
to 40 carbon atoms. in some embodiments, the total carbon content of R1 to

7



(RL 0)g 8 wherein RO and R10 may represent one or nore substituents
i ndependently sel ected from al kyl, al koxy, hal ogen, cycl oal koxy,

fornyl, cloal kyl, aryl, aryloxy, aroyl, carl

car boxyl atéggg%fﬂgﬂﬁil koxy-car bonyl, al kanoyl oxy, cyano, C&Z‘ﬁrz%% {0773
acid, sulfonate salts, and the like. In some enbodi ments the al kyl
nDiety of the aforesaid al kyl , al koxy, al kanoyl, al koxycarbonyl, and

al kanoyl oxy groups contains up to 8 carbon atons. Although it is
possi bl e for to represent 0 to 5 and for g to represent 0 to 7, in

sone enbodi né‘xpﬁ 5 intierangeue o taearben atomad Eamiples pidhe ity groups that
nbod al

SCrai ot charol &89 AR teCitehCAERTE Homfi Bl flutiy, SEMPReL £ |

m and n eagh Stlwélgeqﬂ:&ﬂcnﬂ dégyl,aodcyl, ﬁﬁtbﬂ]acﬂ[h??yalmmz?lsbyiersgﬂw. The

represente an ane or | eren or

conb med. © andf B s B BBR S, BE Salin wiHbE i bd ERBSRISH spch

cycloal kyl, aRdliedy, cetlOaIRExy; Forindy| NAIRSnGYI LyeRalked, b@l&%@%ﬁpon

atons. The total carbon content of substituents o in sone
enbodi ment s icarkaxyt ﬁért?%lj’ée gflts, ac"@ma@anwoﬁlkanewﬁxv EYanp| wyfopfc agid,

al kyl groups el aﬁﬁgmy dﬂg%'

butgl gpemo yl shﬁﬁﬁatgiaﬁﬁd%rﬁﬁth%ﬂgx |,” oct (g&c hecy’l"'fc’%ﬁt)t‘(,I ecyl,
1-al kyl benzylexampd:ea/drthe@yclogkkmrgupamaiw tOTH% cahkgpregeol pEharay be
substi tut ed, SU i . koxy,
cycl oal koxy, p@?ﬁ@?%@ §ano;>}|'l’]e cyclo tf%\é‘&f'ﬁ' %?@lo?%ﬂpﬁéﬁ(%?%ﬁ@%ant d
calr ]E)oxyl cagbembaﬂmtlfaészmptﬂikB)%cm?rﬂim?Utr(stltMEHalkwgmqps dy 3ome :
sul foni c aci ul. fonate s an e like

ycl onexyl . SpapRiRefe Ak Rin i inaigs ol LS Bk reperspt are
that Rs and Bfk lamp/tcdeebibbmanfsebéﬁaﬂreyd opeftys Y&jcitekyl, ogbw@ﬁe

be substituted mnth al kyl or any of the substituents descri bed wit
respect to the possible substituted al kyl groups. In sone enbodi nents

Up 1o 10 car MY, CEXKbief MRS ol Bl RN b RARERARplossEirele
cycl ohexyl oarbtwyd:lmtwch aﬁ phelis(b.meu:]hﬂwlaamm@@eoﬂ ahe SabsﬁtUtydoups
hat 75 and B06acE SREZRENE hABITR ARLIRRKICCr Houpd B3t RIS

napht hyl , anthracenyl’,~and su
Exanpl es of bblerem'ebermtynd:ludeaambalgmup@ thadormiRBas (M) -ROVI)an r epr esent
i nclude radicals having the fornmulas (VIIl1) - (X):

™)
(R9)p

(VD

[pOgEE.

(R10)q



(R11), (R12)5 wherein R11 and R12 may represent one or nore
substituents independently selected from al kyl, al koxy, halogen,

cycl oal kox fornyl, al kanoyl, cycloal kyl, aryl oxy,_aro :
car boxyl , %@9 ngﬁ?e salts, al koxy-carbonyl, al kanoyl BEI/URYERL3773
sul fonic acid, sulfonate salts, and the like. In some enbodi nents,
the al kyl noiety of the aforesaid al kyl, al koxy, alkanoyl,

al koxycar bonyl, and al kanoyl oxy groups contains 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 some enbodiments, the value of each of r and s

w1l not excead gln RY 4n Aﬂiﬁg rgﬁftﬁ%%ﬁfén% 8%5{@5%&&!% S gtpgngentg/ q

strai ght-chain ARd DT anche car
r and s each suemmteﬂ;&nm :ﬂkyllaikoxy,Zhakﬁglﬁnz@Vclbalkexmﬁomﬁjpalkamyl,scyclb‘aikyd)

o oce ot "SPUeAo i Sl a5 SR Al b SRcabancviny

enmbodi ment s, dyb@o oburf@hwc:@ysiﬂf@ﬁafebsdusgm@mézma Ansomid 8Mbbdintéhts the
alkyl moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl, and
alkanoyloxy groups contains up to 8 carbon atoms. Although it is possible for
p to represent 0 to 5§ and for g to represent 0 to 7, in some embodiments, the
value of each of p and q will not exceed 2. In some embodiments R9 and
R10 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.

[0018] The hydrocarbyl groups represented by RS and R6 may be the same
or different, separate or combined, and are selected from unsubstituted and
substituted alkyl, cycloalkyl, and aryl groups containing a total of up to 40
carbon atoms. The total carbon content of substituents of RS to R6 in some
embodiments is in the range of 1 to 35 carbon atoms. Examples of the alkyl
groups that R5 and R6 can represent include methyl, ethyl, butyi, 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 alkyt groups. In some embodiments the alkyl and cycloalkyl -
groups that R5 and R6 represent are alkyl of up to 10 carbon atoms such as
benzyl, 1-alkylbenzyl, cyclopentyl, cyciohexyl, or cycloheptyl, etc.

[0018] 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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carbon atons. Exanples of such dival ent groups include alkyl of 2 to
12 carbon atons, cyclohexyl, and aryl. Specific exanples of the alkyl
and cycl o | qr s include ethyl, trinethyl, 1, 3-but I

2, 2-di et ﬁb?’ﬁﬂ?@-ﬁ}%‘sﬁ)opanedi yl, 1,1, 2-triphenyl et hanedi ﬁﬂ%’gzws}msws
2,2,4-trinmethyl-1, 3-pentanediyl, 1,2- cyclohexyl, and the |iKke. .
[0021] In sone enbodi nents, the fluorophosphite conmpound according to
the invention has the structure of fornmula (Xl): Wherein R15 is
sel ected from hydrogen and al kyl or aryl having 1 to 10 carbon atons.

I n sone enbodienuatives thaweof.| Exavplessiiiine satweyelipnarvharoups éhatdis aog R§
t ture: I i I d h th
Fol Lowi ng st CaTeEsSHPRELBE b dpal Havdd BEIBRAAT (V) SIRFA "0, "ob o

i nvention can be prepared by any effective nmethod. A variety of

met hods for preparing fluorophosphates are reported in the
literature. For exanple, it has be; dund t hat the fl uorophosphites
can be prepared by using a (benzyl{p starti f§IMat eri al such as
2,2' -net hyl ene bis(4,6-df|a,a1%' et Yybenzyl ) phenol ) and fol | ow ng

t he procedures described in U Dpat ent No. 4, 912, 155: Tul | ock et
al., J. Og. Chem, 25, 2016 (1960); Wite et al., J. Am Chem Soc.,
92, 7125 (1970); Meyer et al., Z. Naturforsch, Bi. Chem Sci., 48,
659 (1993); or Puckette, in "Catal) of Organic Reactions", Edited
by S. R Schmdt, CRC Press (2006) -38. [0023] The novel

catal yst systens provided by )¥ (t inventi@xy conprise a

conbi nati on of one or nore transi ptals selected fromthe G oup
VIIl metals and rhenium and one or ¢ of the fluorophosphite
conmpounds described in detail hereinabove. The transition nmetal may
be provided in the formof various netal conpounds such as
carboxylate salts of the transition netal. In sone enbodi nents, the
metal is rhodium [0024] Rhodi um cogpounds at may be used as a
source of rhodiumfor the active ncl ude rhodium (I1) or .
rhodium (111) salts of carboxyli ¢ acigs, gxanplesXdf which include
di -rhodi um tetraacetate di hydrate/~Fhothn(Il) acetate, rhodiun(ll)

i sobutyrate, rhodiun(ll) 2-ethyl Mexanoate, rhodiunm(ll) benzoate, and
rhodi un(11) octanoate. Al so, rHE&Ed2Wn carbonyl species such as
Rh4(C0) 12, Rh6(CO) 16, and rhodiun(l) acetyl acetonate di carbonyl may
be suitable rhodiumfeeds. Additionally, rhodi um organophosphine

conpl exes sugh a5, H{S4hd RAOAN RIESHRE SritfieWbstituents 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
rto 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 hydrocarbyt group contains from 12 to 36

10



carbonyl hydride may be used when the phosphine noieties of the
conplex fed are easily displaced by the phosphite |igands of the
present invention. OQther rhodium sources include rhodiumsalts of
strong m nBPHYLEEE such as chlorides, bronides, nitrdt@LS2F01H7%Es,
phosphates, and the |ike. [0025] The ratio of gram nol es

fl uorophosphite ligand to gramatons transition netal can vary over a
w de range, e.g., gramnole fluorophosphite:gramatomtransition
nmetal ratio of 1:1 to 400:1. For rhodi um containing catal yst systens,
t he gr am nol earbepaoprn sipkamplegodsuah divalen greupsrinelude iafkyi@ﬁ%to 12

of 101 to 120ib0rhSs, 206 St ok o) “BPedrplmbRkich e B[ 2noe

reacti on m Xtayckatkyl g@iups imciudegthyl tsmethyin 113botdriedsd, 2)p-dirmety00,3-

ng/liter or nore. Ip s odi nent s of i,S, .inyention he nor gl
Concent rat1 orPrgenasi; Dra fRnsay PERrEAS 2ok ey, FRepkBerl ghtor
20 to 300 nu/dyclopbxylCarme it it i ons of rhodiumlower than this range
generally yield | ower reaction rates with nost olefin reactants
and/or require reactor operating tenperatures that are so high as to
be detri nment C mYRABhehtsY the TR ; L Sy e
i nvol ve hi ghg?o%ﬂod%@né%%g S. F‘(}%g%] trﬁo sp%%lﬁhggaémggg? a:cg%ﬁrllr?%ﬁgs
are requir ed thenventomhas the steuatateadfiformgladXBhs and sol utions of the
present invention, although in some enbodinents a catal yst of high
activity is obtained if aT\nahipul atjons of hodi um and

fl uorophosphite |igand camponhget 1 i # under an inert

at nosphere, e.g., nitrogen, | i ke. The desired
guantities of a suitable rhodi uh :
the reactor in a suitable sefwen equence in which the various
catal yst conponents or re g the reactor is not

critical. [0027] The hydr ray be selected froma
wi de variety of conpounds, m xture of conpounds, or materials that
are liquid at the pressure at which the process is being operated.
Such conpoun and erials i,nclude various anes, .cycl oal kanes,
ks, oy iarREHBEs X sdtafenfart a8 At i 2p b kG Bt Bor s
esters, ket orafhonadteidl In sehieerdbodintbriétthe fluSRphobpliitecsampb@sd hés the
such sol vents i nclude al kane and cycl oal kanes such as dodecane,

decal i n, oct &RlOWIRGBIUtHE e i xt ures, cycl ohexane, cycl ooct ane,
cycl ododecane, nethylcyclohexai[' aromati ¢ hydrocagbons such as

benzene, tol uene, xylene isorfe | kyl - substi tuted
aromati ¢ conpounds such as | benzene,

triisopropyl benzene and tert-bu & : and cycl oal kenes
such as 1, 7-oct adi ene, di cycl opent adi 1, 5} cycl ooct adi ene,
octene-1, octene-2, 4- vinylcycl ope

1,5, 9-cycl ododecatri ene, 1-penteng drog¢arbon m xtures such
as naphtha, mneral oils and S : :

y-u- used. [0028] In
by- products that

sonme enbodi nents, the sol vent he -hi gher bo
are naturally fornmed during f ocess pf the ornyl ation
reaction and the subsequent st®ps, e.g., distill ons, that may be
required for al dehyde product isolation. The main criterion for the
solvent is that it dissolves the catalyst and olefin substrate and
does not act Al t i ivent s
for the prodbff?lﬁ%@ﬁ V(I)| gﬁsf g%amﬁ{}%ﬁﬁh“?gﬁﬁéﬂmﬁﬂgﬁ?mﬁ are
t hose that astucfufeficiently high boiling to remain, for the nost
part, in a gas sparged reactor. Sone exanples of solvents and sol vent
conbi nations that are useful in the production of |less volatile

product of the hydrofornylatio-|-rogﬁ§§_ |l so @
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[ 0030] The reaction conditions for the process of the present
invention can be conventional hydrofornylation conditions. The
process tried out at tenperatures in the rang f

200C, na%ﬁ%ﬁgﬁ%y& nents the hydrofornylation reactlﬁﬁﬁpgﬁﬁgbgva?es
are fron150 to 135C. I n sonme enbodi nents, reaction tenperatures range
from75 to 125C. Hi gher reactor tenperatures can increase the rate of
cat al yst deconposition while |ower reactor tenperatures can result in
relatively slow reaction rates. The total reaction pressure may.range
from anbi ent or atnospheric VR 0 bars absol . [

sonme enbodi nments, . pressure r§ i

400 psig). [0031] The hydroger
reactor |ikew se may vary consideraR

nole ratio in the
from10:1 to 1:10, and
drogen and carbon

can be sel ected according to the linear:branched |éoner ratio
desired. Generally, the partial pressure of hydrogen and carbon
monoxi de in t a Q pat=Teh

13.8 bars ab b?ﬁ%e ngh Og%@? @fgr e;%ﬁtﬁfg?n@é}ﬁ:oﬁ%ﬂ%@éreﬂ)afé’aoby
pressure of cmnytaﬁecmmlcmi m\rtahetyrca‘anetbpdeém Mepmgmﬂtmrﬂmabanmm:h

var i e nacpatadedrton R el BRECEY Sebtis) fpRsbelRiand L AR, °°

rati o of hydrfmugmphoephw&sbmn Impcepaﬂed oaushe & thanegl)pherel gtanind material

th tial f.o d b i de.
The rati os ofUR)asomermeEy ERRBRA s e R e YBaRFal ot Beud of
each in the &Né‘bl‘lﬁéd&r@%s@ﬁﬁ@d galsqaéteﬁmamgxzdssam|d¢k@t@ney)0@n
be readily changed by th ition of either %wnogen or carb

nonoxi de to ﬁt@n@y@g%@ﬁsﬂﬁ@a}nwm gt @he/ AMidr B P2 ?1?g5aﬂ(9§0)
descri bed hej fbr %QP z a!%t@ Fschi B?"i‘!‘fhérﬁ §éfa'38h651? P’f%@j‘%@&ﬁc@ﬂ@eln

vari ed w dely angi ng t e parti pressures car bon

monoxi de in fﬁetaimofc@rganimﬂeat}tlmsi’/ kditedHey EnBwhRchiyitht oEBERleas i(2006),
react or desi %ES i_r3 configurations such as overflow reactors and vapor
take-of f rea 0? r?ay be used in carrying out the process provided by
t he present i[DO23]t i Dine na”»mlszataiysjaysmpw pedidedapothetpresem idvendant or
design as disclosed in ni‘p es set fﬁrth her ei nI }/ P? fu 3
this mode of CBB@F'Q?Po‘??m'?'H%“%?a‘I’%‘PF MRre Hapstion E’s%%é& sciedifremdhe

boi I'i ng or gaGrQU?Q‘INﬁIEtaIQ RABIThEAIBRPHRE oHE®F nitte of @RV RUdrBShdsMmEi ON
zone whil e the al dehyd roduct is taken overhead by the unreacted

gases. The o@empeaad@ QQ%@'heﬂéﬁ d&t@' fmema@ave nTheJmapsitioniregtabmay be
separator topldsssf

recycled to P Lde rea%ﬁttgg%%g‘e{y pro ﬁg&{‘%&ﬁé@éaﬁé%lgé salts of
at nospheri c prectraugitorf metedeﬂxasamecﬂmbmnmts, fhe metalis pyodiemyent i onal
techni ques. The process also nay be practiced in a batchw se manner
by contacting the olefin, hydrogen and carbon nonoxide with the

pr eslent cat g[g{su]i 'R agdiamt cophpounds[tRABBhy Aeresadtay a deisricg of whetiem for
catal yst an

overfl ow w twep?%atﬁgq%k%{?%g'ﬂ\gﬂgg%“{éﬂ}"&f]gﬂf ﬁ1 oy f(ﬁlgﬁﬁ‘ﬁ ?%80’&8'& gn,

is also suitabids, emﬁplémmhﬁ;h lhczqhem#ﬁdm@n&éﬁséb&ﬁemwgtes such as
nonyl al dehydes méD E pared in a continuous manner wth t

al dehyde pr odmctlurﬂ Pediunyischutyraige fhadivnad 2a%thalhe¥fefmaieﬂ n
combi nat i on Wy ey &ﬂ&éé%%m?ﬁ&.&hﬁ@@&énﬂt@dg% FROGIRR cBRBEHyRL ed

fromthe cat y conventional neans such as by distillation or
extraction, apeciehsuchnanRPsiCPheRhs(COPMscand dudiuro(l} Aeetylasetooate Wat er-

oL RPN R Bl AR, A R S0

organophosphine complexes such as tris(trlphenylphosphme) rhodium
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Preparation of Liciand A [0037] Ligand A was synthesized from
starting material 2,2'-nethyl ene

bi s(4, 6-di a- dlnethylbenzyl)phenol) by follow ng the procedures
descri bed 4"9 9485180t ent No. 4,912, 155; the entlgrge cor?&émsz?ﬂsm\‘/ﬂ%h
i s hereby |ncorporated by reference Ligand A is very soluble in
common organi ¢ solvents such as tol uene, acetone, cycl ohexane, ethyl
acetate, etc. [0038] Spectroscopic Data of Ligand A 31P: 1213512
ppm (d) [0039] Ligand Ais a new conpound and shows a doubl et on 31P

Nh/Rf (i nf cri)gc:: prhoayt bydrileamnay e usegpwhgythephosphirg m@ptlesrﬁéﬂ‘ermmrelax

t

_?J Ip. F o 1301 f% ‘%?1 tyc n*?‘%éf ﬁfﬂﬁf @%&ﬁﬁéﬁﬁ?ﬁ@%ﬁ%\% o”ft@‘i“eg‘gﬁ

|3 n2gDCIdS |1 s ﬁhéngiodmm stures (resluddyhodlurb8alts pf stng irtal agidd 2ugh as
. , 1

2 o bt b B el SRR W

2, 4-di - (a, adi net hyl benzyl )phenol by follow ng the procedures
described in U S  Patent 155. Ligand B is slightly |ess
sol ubl e t han [892pIndThe ffﬁ'OchrﬁfﬁW ’BPE’érﬂu@r‘!Rh@BHlt% "QTrﬁfbt—quram toms -

Spect roscopi gahekign Mhethi & hrfover a wide range, e.g., gram mole
fluorophosphite:gram atom transition metal ratio of 1:1 to 400:1. For rhodium-
containing catalyst systems, the gram mole flucrophosphite:gram atom
rhodium ratio in some embodiments is in the range of 1.1 to 200:1 with ratios
in the range of 1:1 to 120:1. The absolute concentration of rhodium in the
reaction mixture or solution may vary from 1 mg/liter up to 5000 mglliter or
more. In some embodiments of this invention, the normal concentration of
rhodium in the reaction solution 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, cycioalkanes, alkenes, cycloalkenes, carbocyclic

13



[0042] Ligand B is a new conpound and shows a doublet on 31P NWR (in
CDCl 3) centered at 119.89ppm (JF-p = 1265 Hz). The chem cal shift of
19F NWR of hi a3 B shows a doublet centered at -57. 81§pm/l&\]§)-F =
1255 Hz). WRS'E H’Eﬂﬂ:al shift (in ppn) of 1H NWMR of Lig d B2YHEE 3
is as follows: 1.54 (s, 611), 1.57 (s, 611), 1.69 (s, 12H), 6.47 (d,
2H), 7.03 (d, 2H), 7.13-7.35 (m 22H). Liaand C [0043] Ligand Cis a
conpound taken from Puckette, in "Catalysis of Organic Reactions",

Edited by S. R Schmdt, CRC Press (2006), p. 31. The ligand
descri bed i n arematic compeunds, aleohsls @sters) l@&iom@@ptals etashandwater.

393TM 2, 2' )
Li aand D Li %AJ%HB Wag%sl%?ﬁg%&z%d%r{r%mq&aér %‘F%’S&%a?ew%&%gé Qﬂéﬂ Sg

3 4-di b(g adﬁaﬁghaﬂ;é)te:lmt liny, Fﬂmm4 ,ié;;#gg?hémmtnges ogclohegamk rgslooctane, d.
escribed in at en , . S a new ¢ oun

T Shovs & SSUBPeREES; TRV o aRR; ol iatiuboad sUeh ae AR,

= 1286 Hz). Thleerd e isdhiehs, t@fralﬂrﬁlauhvwﬁeoélk L pdtitted BRoiRatic daubl et
centered at -61.5 ppm (JR F = emcal shift (in ppm

of 1H NMR of Sempenadssiah egdn@, lﬁogn%{g 0%6usqmgpyltiewnedtrnwcpnbgm@e
6 1.62 11-
H), (s, an@% Tt)gﬂéﬁ?en%z 'é%eBés 3hd (cg{égt%lkﬁﬁsg th)%] %Z _Fsi-ogl'é}heng

7.31 (m 22H) rmviation Process
hydr of or nyl atdiamlopeomh@e " Mv@hocpiadméem@ene-mmmtﬂ 4 react with

e s A e e R e
it 521| nl ess st (hqdrqmaﬂmmmmtn@s&uzhasmnphﬂm deindroild and &arbsankeagd hlgﬂf
met er s.

t
connect ed to Qq'ﬁrgt%asgef \A@ﬁ?%ﬁg’f er”@ﬁ t Eéﬂ%ga‘q b!‘%‘ﬁ’r"‘t}ﬂagne
wel ded into GRiehyHEpré@ of &R hjdiefdp@liatiBh Proddie deRfia9be &ed he

inlet of gaseous reactants. The reactor contained a thérnocouple
whi ch was arranged axially with the reactor in its center for

accurate ”?aibqﬂ.fe“lh md QFnbbﬁ 12t kS oRfent L&et gﬁ% s pr gaﬁjugr%ducts

reaction mxture ebottomo e reactor
t ubi ng connethdtane naturaiyaformed muﬂngdhe pracess of the lgydrofoirmiylation reaction

t i tt t he. Lt -
Ce ooy "5, B PR ASDBEL Bk £, i aehe 00 Rl BORATREONT o, e
| e?l toht he hagbhpgegmmﬁ:t ohateot i The mfanracriien‘nérefcﬁ{m?]e ablvan?ssmuatd (DI P)
cell that was. used to a eve e reactor an
bot t om connedistaeadte BSGH and Bt bghainand fors Sof &3 s oiSch ke e
end of the rblﬂtalyst[@@ﬂ'@ exdinplBe oh¥t§1|0@if1t@.erVih@tﬂrgﬂu&fonFﬁfQ@]ﬁtﬂ@Qld'eﬂy@es
vapor take-off npde of operation, the hydroformylation reaction

T xture of SBIGs PEWARRIbERR g thﬂ@ t!mtar%@ffwag g pighdralingnigeremain, for
pressure it hd Aesl BERTHALALILGN Fodthor RN EYEmERUKIABRLA tha

car bon nonoxi as an eed suc |trogen.
but yr al dehydeolwast damipipations thatarsausdfylsn the pradustion of lesa dolatileeand. aon-

e dor port IRl ARERARE08Gs Tad OB eV 5 Mg LBhFR O ™Y
separ a]E or hvm&zrmatrh@e Jperflac mdelvpntschuch asased rﬂmrﬁelme@breé c«su}jolwuhiI h
sone of the un eact r e conadaense ases were | e own
£ 0 "ot nospher et ga idh Gine RradarBer IGUiEs s ! Saro@biakEas optese
passed throug&v@ntgemcﬁﬁh rofyii-dohfp ddrm&nvzg@feea:aaﬁd el bRIcapdiRhde
product was col |l ect ed. e product from the hi gm- pressure separator

was combi nedPticuat.Haay be usgd adlvapfggeaﬁﬁly\aasthg dederantlatongg i Gineed
anal yzed b r g,'la(l:)d
techxl quesyf%treﬂt e ('ﬁl‘jaer‘E‘.;Jﬁ&vﬁ\‘{/el':n'i an no?ﬁ%ﬁfﬂghggﬁﬁgeﬁ?ﬁﬁ{ S
but yr al dehyde product.

[0029] In another aspect, the present invention provides a process for
preparing aldehydes, comprising contacting an oiefin with hydrogen and
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[0046] The gaseous feeds to the reactor were fed to the reactor via
twin cylinder manifolds and hi gh-pressure regul ators. The hydrogen
passed thr 5S flow controller and then through ally
avai l abl e Q)Bgzgxglsrﬁr egi stered trademark of Engl ehard I r@%gg@éﬁvg
bed to renpbve any oxygen contam nati on. The carbon nonoxi de passed

t hrough an iron car bonyl renoval bed (as disclosed in U S. Patent No.
4,608, 239), a simlar "Deoxo" bed heated to 125C, and then a nass
flow controller. Nitrogen can be added to the feed m xture as an

inert gas. NGBFRRIEMONGKER. weRRINYdRRieRyatior gorditienta In Herpreseaee G the

t he hydrogen Jai‘?\fstl%hﬁlb L rbiReidiApegen Deoxo bed. Propyl ene was fed
to the reactor omfeecri) tanks that were pressurized with hydrogen

and was controlled usi ng aliquid mass flow neter. Al gases and

propyl ene o' szﬁ Wl:o?nd IoRI98HAE rptr{? ded it e ﬁPéEt%thn%ent: ngan

vapori zation pr opy ene prio e reac

Conpar aL i vedlbeacrqnivl eatudna’i h@dragomnydat@n corititiofis. Cﬁ'rqqmoeewmaﬁmm:ﬂraed buB
were taken direct rom. Pyckette cRea i ons",
e T by disrtpran BT ke Brasiof 2U8kEadte i b S e N RuhRn o
t hat hydr of opdtcbindfatisi tedctivn dafpoatRss ave frbm 507 tar1358¢i tn 8bmiel gand

to Rh increases (the concentration of ligand increases The |igand
described in W@'mﬁﬂfér sﬁaﬁtlemt%maefat%ﬁdamﬁﬁmé‘i (tet? ASx "99@" reagtor
et hy"de”eb' ra@ure%%%f] ln%zéé@h?é‘bﬁt%ofhé@ 6&%4%99@% ) -

[ 0048] Accor to t iterature e rea t1ons re conducte

260 psig, 115@30'@' mmﬁ@/rm;eSaamsewltmmatlwiﬂslpwaaptrm rates. The total

i gand. The St e g il it Ao amptbhcbGloneRbidtle R P BaR,

i s expressed absolkitd (d@oar;ﬁslg)f Ihsbpre elebydingnts, pgemur&h\anms frmurg to 28

Conpar ati ve 0049] This exanple illustrates a
tygipcal hydr%ﬁ%%ﬁ?éhbg&ggﬁcﬁ’ l&\e us]e of Li gan:jrp B" for

hydr of or myl ati on of propyl ene. [0050] A catal yst sol uti on was
prepared under nitrogen using a charge of 7.5 ng_of rhodium (0.Q75
mol, as r ho«WQﬁﬂ]Z 'E'EGF]!)VW@Q%@&{QS“ mpng4Ae ”1‘39 ratio in the reactor likewise
(0,0-di-2,4- f

ol ) ;20 ?n rf%ﬁé’: HEriA aﬁ@ﬁ%ﬁém 40‘?&&8%39@‘”% suft-§198e abdoidied
bi s- 2- et hyl heaytiqbptesauaseofs‘mdvmn amiDPyrbomimaondxidemaywasgs from 3 to 36
under nitrog u if
et vy O B, Ao Db M8 LN o
descri bed pr mrmx&leylnahelféétbcarebesebcmmmdﬂgeo thesliriear: bmr&:kmdrisomer
control was set 17 9.bar (2 and t he, e er nal | acket on
the reactor (@ ?@d C%%negg@ q%%?ﬁ%iﬁre%HF%%fm A1 gad © bgen,

and propyl engnorRiRMeSn \Wee Peddtr dai Be! BhintBmeld withifthd J‘lﬁlgb&ﬁel 4>io 188 bars
reactor and the reactor was allowed to build pressure. The hydrogen

and car bon mBReRIEL2010/260 Relg)ifer gach gas- TBEBQﬂ@J piesayreok GbeR the
reactor at arr]r&ﬁ'ﬁigﬁld%fm%@ ééét&féa{mbé'mmgmtetm lif Er@@ﬁgégﬁq AE5158baRd

1.0 liter/m epropy ene was netere asa i qui fed at a
rate of 1.89abselutes(2Rita 2001 siajrands¢arobe yarigthindepengentytofitee bydrdgen

of 85C. e BT GRS TRl e AaroBkA S Breef RS BRERE, ¢
The hourly saandwidaty Wlthlmethsssedaaal prssuicmtigad forehe iydepgensarahdar d

GC net hod. The, |l ast thr | es re used to detern ne t i | .
ratio and caP%rbg‘Pgtm%‘E‘,‘P?' Jhe} %ﬁme S FarPPY Mmpnoxigle @%Jt\rl]eagqrtlal

three hours puakagest éa%han‘fhé @%tﬂ%us@é‘a&(&ﬂﬁ gQéIYééﬁbQﬁ ABridixide and
rhodi um hour. The product Nl ratio Ir&aratlve Exanpl es 5

and 6 (Li ganBy@pgenoesn be F@Qﬁ"&f%‘ﬁﬁ??ﬁpyéiﬁe addiion ok pitkeniwdsogen i ed
out in the sagp, W@étﬁﬁ@@h@ﬁ]ﬂﬁré@ﬁ?mlﬁ the f@lﬁfﬁ{ﬁssﬂﬁhé \l%?]ﬁétfb

different anobunts o e reaction con
described hereln 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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[ 0052] Hydrofornyl ati on experinments were carried out in the sane
manner as Conparative Exanple 4, except utilizing various amounts of

Li gand " A'wobisse@gtion conditions and the results of ghi ﬁﬁfn!fsﬁsre
presented 1n Table 1. WD 2009/ 085160PCT/ US2008/ 013773 Tagfs

Ef fects of Ligand to Rhodium Mol ar Ratio on Activity and Sel ect|V|ty
Exanpl e Nos. Ligand Tenp (C) H2/C0 ratio Ligand to Rh Molar ratio
Nil Ratio '

[0032] Any of the known hydroformylation reactor designs or configurations
such as overflow reactors and vapor take-off reactors may be used in carrying
out the process provided by the present invention. Thus, a gas-sparged,
vapor take-off reactor design as disclosed in the examples set forth herein
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
while the aldehyde product is taken overhead by the unreacted gases. The
overhead gases then are chilled in a vapor/liquid separator to liquefy the
aldehyde product and the gases can be recycled to the reactor. The liquid
product is let down to atmospheric pressure for separation and purification by
conventional techniques. The process also may be practiced in a batchwise
manner by contacting the clefin, hydrogen and carbon monoxide with the

present catalyst in an autoclave.

[0033] A reactor design where catalyst and feedstock are pumped intc 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 aidehydes 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
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1,5-hexadiene, and blends of these olefins. Furthermore, the olefin may be
substituted with functional groups so long as they do not interfere with the
hydroformylation reaction. Suitable substituents on the olefin include any
functional group that does not interfere with the hydroformylation reaction-and
includes groups such as carboxylic acids and derivatives thereof such as
esters and amides, alcohols, nitriles, and ethers. Examples of substituted |
olefins include esters such as methyl acrylate or methyl oleate, alcohols such .-
as allyl alcohol and 1-hydroxy-2,7-octadiene, and nitriles such as acrylonitrile.

[0035] The amount of olefin present in the reaction mixture can also vary.
For example, relatively high-boiling olefins such as 1-octene may function
both as the olefin reactant and the process solvent. [n the hydroformylation of
a gaseous olefin feedstock such as propylene, the partial pressures in the
vapor space in the reactor are in the range of 0.07 to 35 bars 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 embediments 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 ilustration 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 wouid include, for example, an alkylbenzene such as toluene.

EXAMPLES
17
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Preparation of Ligand A

[0037] . Ligand A was synthesized from starting material 2,2'-methyiene’
bis(4,6-di(a,a-dimethylbenzyl)phenol) by following the procedures described in
U.S. Patent No. 4,912, 155; the entire content of which is hereby incorporated
by reference.  Ligand A is very soluble in common organic solvents such as

toluene, acetone, cyclohexane, ethyl acetate, etc.

[0038] Spectroscopic Data of Ligand A:

OO

O-.'I,,O
("

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 (Je.p = 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 foliows:
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,a-

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:

18
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0-..?,0
(O

"31P: 119.8919ppm (d)

[0042] Ligand B is a new compound and shows a doublet on 31P NMR (in
CDCls) centered at 119.89ppm (Jr.p = 1265 Hz). The chemical shift of °F
NMR of Ligand B shows a doublet centered at -57.81ppm (Jp.r = 1255 Hz).
The chemical shift (in ppm) of '"H NMR of Ligand B in CDCl; is as follows:
1.54 (s, 6H), 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 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 Iiterature is also a fluorophosphite (Ethanox 398™,
2,2'-ethylidenebis(4,6-di-tert-butylphenyl) fluorophosphite).

OLCL

|
F

Ligand D
Ligand D was synthesrzed from starting material 2,4-di-(a,0-
dlmethylbenzyl)phenol by following the procedures described in U.S. Patent.
No. 4,912,155.

19
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Ligand D is a new compound and shows a doublet on 31P NMR (in CDCl3)
centered at 105.9 ppm (Je.» = 1286 Hz). The chemical shift of '°F NMR of
Ligand A shows a doublet centered at -61.5 ppm (Jp.r = 1297 Hz). The
chemical shift (in ppm) of 'H NMR of Ligand D in CDCls is as follows: 1.39 (d,
3H), 1.50 (s, 6H), 1.62 (s, 6H), 1.70(s, 12H), 4.31 (br s, 1H), 6.97(s, 2H), 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-gasecous 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.

20
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[0045] In the hydroformytfation of propylene in a vapor take-off mode of
operation, the hydroformylation reaction mixture or solution containing the
catalyst was sparged under pressure with the incoming reactants of
propylene, hydrogen and carbon monoxide as well as any inert feed such as
nitrogen. As butyraldehyde was formed in the catalyst solution, it and
unreacted reactant gases were removed as a vapor from the top of the
reactor by a side-port. The vapor removed was chilled in a high-pressure
separator where the butyraldehyde product was condensed along with some
of the unreacted propylene. The uncondensed gases were let down to
atmospheric pressure via the pressure control valve. These gases passed
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
gylinder manifolds and high-pressure regulators. The hydrogen passed
through a mass flow controlier 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)
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[0047] Comparative Examples 1-3 were taken directly from Puckette,
“Catalysis of Organic Reactions”, Edited by S. R. Schmidt, CRC Press {2006),
pp. 31-38, to illustrate that hydroformylation activity decreases as the molar
ratio of ligand to-Rh increases (the concentration of ligand increases). The
ligand described in this literature is a fluorophosphite (Ethanox 398™, 2,2'-
ethylidenebis(4,6-di-tert-butylphenyl!) fluorophosphite) (Ligand C).

[0048] According to the literature, the reactions were conducted at 260 psig,
115°C, 1:1 H2/CO, 54 psia C3Hs, and 190 mL of bis-2-ethylhexylphthalate
solvent (DOP) with different amounts of ligand. The data is presented in
Table 1 below and catalyst activity is expressed as kilograms of butyaldehyde

per gram Rh per hour,

Comparative Example 4 (Ligand B)
[0048] 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 mi 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 mixiure 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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temperature of the external oil was modified to maintain an internal reactor
temperature of 85°C. The unit was operated for 5 hours and hourly samples
taken. The hourly samples were analyzed as described above using a
standard GC method. The last three samples were used to determine the N/
ratio and catalyst activity. The catalyst activity of for the last three hours
averaged 13.2 kilograms butyraldehyde/gram of rhodium-hour. The product
N/I ratio was 1.40.

Comparative Examples 5 and 6 (Ligand B)

[0051] Hydroformylation experiments were carried out in the same manner
as Comparative Example 4, except utilizing different amounts of Ligand “B".
The reaction conditions and the results of this work are presented in Table 1.

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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I nvention. CLAIM
*Activity was determined as kilograms of butyraldehydes produced per gram

of rhodium per hour. All 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]
conventional behavior of phosphorus ligands. Under the same reaction

Comparative Examples 4, 5, and 6 illustrate again the typical,

temperature and pressure, hydroformylation activity steadily decreased from
13.2105.0

[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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VWhat is clainmed is: 1. A fluorophosphite conpound having the structure

of formula (1): wher ein Ari and Ar2 are each independently
sel ect ed f{@mo@logkis8r oups which are substituted or unsulstidpdsRes;7and
whi ch contain 4 to 30 carbon atons; Rl to R6 are each

i ndependently selected fromH and al kyl cycl oal kyl and aryl groups
whi ch are substituted or unsubstituted, and which contain 1 to 40
carbon atons; and Xi s (i) a chemcal bond directly

bet ween ring carbgn ns of .each . aromatiC. u except wh Rl to

Ra are each reamies 11 toush 159k T aadbBPanfE 6 Rbeda ™, om o

Si, and N, orExample 11 through(13 $hovattst @ phd iyarittc iediue ratiods Ricleased
from 15:1 to 30:1, the catalyst activity increases from 3.72 to 15.46 while the
N/l ratio shows a corresponding increase from 1.41 to 2.72.

[0056] The invention has been described in detail with particular reference
to preferred embodiments and itlustrative examples thereof, but it will be
understood that variations and modifications can be effected within the spirit
and scope of the invention.
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R14 wherein R13 and R14 are each independently sel ected from hydrogen
and al kyl or aryl having 1 to 10 carbon atons. WO

2009/ 085160QPCT/ US2008/ 013773 2. The conpound according to claim 1,7
wherei n Ar VOAW R B0 5r e each i ndependently sel ect ed fro]?ﬁTévs)?Posé?ilﬁu?)s

havi ng the structure of forrmulas (I11) - (1V): (R7) m

CLAIMS

What.is claimed is:

1. A fluorophosphite compound having the structure of formula (1):
' : R5
R6 X
6y
O
R1 O~p~ Ar,
R2 A F
wherein

Arq 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 cycloalky!
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

alky! or aryl having 1 to 10 carbon atoms.
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(R8)n wherein R7 and R8 are independently selected from al kyl,
al koxy, hal ogen, cycl oal koxy, fornyl, al kanoyl, cycloal kyl, aw,

aryl oxy, aroyl, carboxyl, carboxylate salts, al koxy-carbonyl

al kanoyl oxVPyzegﬁéqifbl,Gosul fonic acid, and sul fonate sal tS;P(}ﬁ/ﬁ/Sgbﬁgwli’-WS
integer fromO to 5; and nis an integer fromO to 7. 3. The conpound
according to claim2, wherein R7 and R8 are independently sel ected
fromal kyl having 1 to 10 carbon atons, and mand n are independently
0, 1, or 2. 4. The conpound according to claim1, having
the structure of {f2or nulThe(@&mpound according to claim 1, wherein Ary and Ar, are

each independently selected from aryl groups having the structure of formulas

(1) — (Iv):
an
(R7)m
DO
(R8),
wherein

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

m is an integer from 0 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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Wherein R15 is selected fromhydrogen and al kyl or aryl having 1 to
10 carbon atons. 5. The conmpound according to claim1, which
has the foll ow structure: 6. The conpound accordin

claimi1, wh@ (?wapgém? he foll owing structure:  7.A catal}d{U gqsﬁ’ll‘“ﬂa%

conpri si ng: (a) a fluorophosphite compound; (b) a Goup VIII
metal or rhenium and (c) a hydrofornyl ation solvent, wherein
sai d fluorophosphite conpound has the structure of forrmula (1):

. 4, The compound according to claim 1, having the structure of
formula:(XI):

(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:



wherein Ari and Ar2 are each independently selected from aryl
groups whi ch are substitut ed or unsubstituted, and which contain 4 to

30 carbon % to R6 are each |ndependently sel ected f
H and al ky &Wogéllﬁgyl and aryl groups which are subst |th?{[@600(§4”13773
unsubstituted, and which contain 1 to 40 carbon atons; and X s

a chem cal bond directly between ring carbon atons of each aromatic
group, (ii) a heteroatom or (iii) a group having the formula R13 - C
- R14 wherein R13 and R14 are each independently selected from
hydrogen and al kyl7. or &vgdtalyshsalgtion eampisiogr bon at ons.

(@) a fluorophosphite compound;
(b) a Group VIl metal or rhenium; and
()  a hydroformylation solvent,

wherein said ﬂuorophosphite compound has the structure of formula (f):

RS
R6 X
(I)
R2 A F

wherein
Arq 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,
(i) a heteroatom, or
(i)  agroup 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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The catal yst solution according to claim7, wherein Ari and Ar2 are
each independently selected fromaryl groups having the structure of

formul as ( - CLV):  (R7)n, (R8), wherein
[ ndependen{vjp;mggg{g:é%@ ed fromal kyl, al koxy, hal ogen, cy(?%lzﬁgg@,l%;

formyl, al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl,
carboxyl ate salts, al koxy-carbonyl, al kanoyl oxy, cyano, sulfonic
acid, and sulfonate salts; mis an integer fromO to 5; and n is an

integer fromO to 7. 9.The catal yst solution according to claim 8,
wherein R7 and R88. The catalyst solution according to claim 7, wherein Arq and Ar,

are each independently selected from aryl groups having the structure of
formulas (il) ~ (IV):

ay
(R7)e

B

(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 fo 5; and

nis an integerfrom0to 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 0, 1, or 2.
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are independently selected fromal kyl having 1 to 10 carbon atons,
and mand n are independently 0, 1, or 2. 10. The cat al yst
sol ution accordi ngléto claim?7, wherein the fluorophosphite co

D

d
has the stVQHWEIS fornul a (X1): Wierein R15 is sdldfBYs (F)%’nﬁ:]

hydrogen and al kyl crawl having Ito 10 carbon atons. 11. The
catal yst solution according to claim?7, wherein the fluorophosphite
conpound has the follow ng structure: 12. The catal yst

solution according to claim7, wherein the fluorophosphite conmpound
has the foll owi ng st udbheraatalystsdlutice acavaliysto slainufi wheegit thali ng t o

any of clai m?lu%?olp%fos}{)\ﬁi% %Hpound has the structure of formula (Xi):

(X1)

Wherein R15 is selected from 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:
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the Goup VIII netal is rhodium 14. The catal yst solution
according to any of clains 7-13, which conprises from20 to 300 ng/ |

of rhodiu tio of gram noles of fluorophosphite t m_at om
of rhodi uﬁv&%@;@siﬁﬁ 200: 1. 15. The catal yst solltﬁji”g%:f%s 13773

according to any of clainms 7-14, wherein the hydrofornylation sol vent
I's selected from al kanes, cycl oal kanes, al kenes, cycl oal kenes,

al cohol s, esters, ketones, acetals, ethers, aldehydes, water, and

m xtures thereof. 16. A process for preparing al dehydes,
conprising contacting an olefin with hydrogen and carbon nonoxi de,

201 ut i on accor dt ng %t o 118 AN BplgloD ApgBroP REARTo a3 Bk
accordi ng to tied @roup Vil wieelés rhddiemhydr of ornyl ati on condi tions

conprise a tenperature ranging from75 to 125C and a pressure from
at nospheric to 70 bars absolute (15 to 1,000 psig). 18. The

process according 140 CirfbBalflyfsolkfion\deebriiny tddnybfdlhimd 218" @Rlchene,
and the al dehydes conprise normal - and iso-butyral dehyde.
comprises from 20 to 300 mg/l of rhodium, anda 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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