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This invention relates to a process for reducing the
amount of fluoride present im-a process that utilizes

a fluorophosphite-containing transition netal

catalyst. Mre particularly, this invention relates to

a PROCESS FOR REOLEINGFpUORIDEINIBURGTES RESULTING FROM

f I uor ophosphi t e | N bty I al yst,
wherei n an ad&lﬁé@ﬂ; F@M@Q%E‘%ﬂﬁ%ﬂ%ﬁ%u on

m xture of 10 the process to reduce the anount of
fluoride in the pro%ﬁ%ﬁE I NVENTI ON
It is known from U, &l T INYEIWG VM7t hat ‘
certain | ' i i hAoudE Bf
transi t;rgk '#gégﬁaggeﬁp e%ﬁ%sa &?g@ﬁﬁ%@%g@gﬁacat‘al ysts
i nfl@ond el resent éi w prbcdssahat uiilizes refiuorophesphiteegpntaining

by fipoRGommaet atabyetoRird peia . 485 Ao Tel s to
]|¢ It B}&efs%rfbpﬁfodﬂWpfdd%ls lidhey afRicroptadspiltetdomtaining transition

orophosphite di'ester conpounds are useful

| | gutelboatalyshtahgrein as pddiENg 19 HTOGHESE dHodRS rEARtign mixture of
lefins to ald - i gand
cafl b BT RIS g, Gt SILRRARTR e Brodckt Dee s

known phosphite and/or phosphine ligands in a wde

vari ety of cataly systens . Using._a ansi-{i on net al
as the primary ca@2akps cat al yst

system 99Mﬂoﬁlﬂ§fr6n1ce@iEho.0$,.80f0$3thﬁpb@rtain

transition netals selected fromthe Goup VIII netals
andiuoheptesphitedigands onayrbe eised to foror BpRYLBR imetal complexes

Eg%%g%%g?%gy%{‘sﬁg?ae&%{ea\'/arfe?& Bandifor %‘Eép@’igﬁied
processes. A particularly suitable process is the hydroformylation or oxo
reaction to form aldehydes. It is further known from the above patent that
fluorophosphite diester compounds are useful as ligands in catalyst
systems for the conversion of olefins to aldehydes. The fluorophosphite
ligands can be substituted for, or used in combination with, known
phosphite and/or phosphine ligands in a wide variety of catalyst systems

using a transition metal as the p:rimary catalyst component. Thus, the

catalyst system comprises a combination of one or more transition metals
selected from the Group VIl metals and rhenium and one or more

fluorophosphite compounds having the general formula



/| RR - PO R2 wherein RL and R2 are hydrocar byl
radi cal s which contain a total of up to 40 carbon

war@a®3and wherein the ratio of gram nol es PCT/US2003/028049
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fl uorophosphite 5 ligand to gram atons transition
netal is at least 1:1. The cat?:yst systens may be
used in a wide variety of transition netal -catal yzed
processes such as, for exanple, hydrofornylation,
hydr ogenati on, isonerization, hydrocyanation,

hydrosi | ati on, carbagnyl ati ons, oxi dati ons,

acet oxyl ati ons, ep®kidR{ions, hydroanination,

di hydroxyl ati on, cycl opropanation, 10 tel oneri zat ons,
car bon hydrogep-bpnd activati on, ole fyi n et at hesi s,
olefin dinerizatiyns, 0|IgOFTEfIZ‘atI2) ol efin

pol yneri zati ons, ol f| Ngarbon nmonoxi de

copol yrmeri zati ons, Dbut agl ene di nmeri zation and

ol i goneri zation, butadi ene polynerization, and ot her
car bon-carbon bond form ng reactions such as the Heck
reacti on and arene coupling reactions. The catal yst 15

sys Sint
o2 R FUERG HCal ArE gL s AT cttafied Rigip to
t 0 pO carin aforedhzde svhandin thbeam of grananelepfledrwphedphite

L ahdnd BraiaBi afoms Geenano B Gt ol T gatelypt systems

pro uséd & & wide @aﬁ@ﬁjscbf‘ltfdﬁsﬁtbbntlh@ial-fcbtmwedﬁpro%@sses such
may be present in the processes due to deconposition

of ahefof eyampish dWh@fOQﬂVIBQQﬁthdFQQ%thIQﬁh l&%ﬂ%ﬂlzaﬂon

T
t o ppoxidations, Myaddoahination, mwmwmtldascycmbxbrepaname a
ggageslgé%:gigé’?og\gﬂsgg) Lhe g{;?«,‘érg ooqfi @f \éag“ do{%n mepatﬁagl is, olefin
200@&@&%&%»‘1@% %&é@ﬁ%%oﬁ%ﬂnﬂo rﬁeltli‘éifo?\fs%%ﬁﬁfbarbon

ect of this i ntion to provi process of using
a f Inmmsmlymecaatlamm|h®¢adlem1§|m$rmtmtaﬂd eligoangrézation,
V\'herb(a!tepduterrfz-f\e poFIr)nenza%on, and other carbon-carbon bond forming reactions
such as the Heck reaction and arene coupling.reactions; The catalyst
systems comprising rhodium as the transition metal are especially useful for
the hydroformylation of olefins to produce aldehydes and, therefore, are
preferred
When using the above ﬂuorophosphlte-contammg transition metal
catalysts in the various types of processes, there is a possibility that fluoride
may be present in the processes due to decomposition of the
fluorophosphite ligand transition metal complex. Therefore, when using a
fluorophosphite-containing transition metal catalyst to produce a product, it
would be desirable to have a means for reducing the amount of fluoride

which may be produced during production processes.



fluoride which may be produced in the process is
reduced. 5 SUVMARY OF THE | NVENTI ON The present

WO pwensizon conpri ses the addition of an addit i RET/U§1003/028049
the reaction mxture of a fluorophosphite-containing
transition netal catalyzed prpcess to reduce the
anount of fluoride present in the process. 10 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention

conpr i sigs tHegefats ahi dhjedtfof #is atldintiov @o Ipi‘ct\ﬂdé bfprocess of using
reaction m xture of a fluorgphos phlte ont

t r%ﬁé‘Pf‘?FBWSHEtt%COEB%"HPQ teapsit C?@ %Be amount of
rrfply?ﬁ t & é@dum ng

t he Idué(;?’m;g co F)gtélgéo%ldlﬂrq\e p?ggcsggsé Lé:ct;:reases

corrosi on problens and 15 decreases the anmount of

fluori de contai ned,| =W_QE&£%MTOCGSS.

The process of the—gmggrt- licable to

any tramhkiprésent iieHtionadcarhpias mé%ﬁﬁﬁ)ntﬁfldri addgv&into the

fl uor ophosphi te-containing cataly Exanpl es of such

pr Eﬁ%‘él@ég’nwﬁemf@rﬂy@éﬂalwsmlter@ﬂ%@ﬂlnﬂaifartﬁlilomm@%ﬂyzed
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oxylati ons epOX| tions, roam na
d| hydroxyl ation, cyclopropanation, teloneri zat ons,

carbon hydr og
olefin dine¥

pol yner Wﬁ@tﬂrééb%t |ﬁ\|/éﬁtld?\ c%?ﬁﬁk‘?ébs t‘ﬁB%‘ntﬁﬁl of an additive into the
copol ynmeri zations, butadi ene di nerization and

ol regpatieni mixturerof a mraah@mimmqnﬁmlrmdfamtlommtaitqaéalyzed

e DR PRI SRR IN PR PeSerftin HE BiskBeby Tgqueing
o e T et e o on Pt 1
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20mtaB@%WZwmlmﬁuomhosphlte containing catalyst.

Examples of such processes are hydrogenation, isomerization, hydrocyan-

ation, hydrosilation, carbonyiations, oxidations, acetoxylations,
epoxidations, hydroaminatioﬁ, dihydroxylation, cyclopropanation,
telomerizatons, carbon hydrogen bond activation, olefin metathesis, olefin
dimerizations, oligomerizations, olefin polymerizations, olefin-carbon
monoxide copolymerizations, butadiene dimerization and oligomerization,
butadiene polymerization, and other carbon-carbon bond forming reactions
such as the Heck reaction and arene coupling reactions. Preferably the
process is the hydroforniylation or oxo reaction to form aldehydes. The
catalyst systems comprising rhodium as the transition metal are especially
useful for the hydroformylation of olefins to produce aldehydes and,

therefore, are preferred.



The fl uorophosphi te-containing catal ysts of the
present invention are defined in U S. Patent No.

wGh2@403164i7. More particularly, the PCT/US2003/028049

10

15

20

fl uor ophosphi te-contai ni ng catal yst conprises a

conbi nation of one or nore transition netals selected
fromthe Goup VIII netals and rhenium and one 5 or
nore fl uorophosphite conmpounds havi ng the general

formul atpb ﬂB'or OPH:(’)SQDh"te @ntaﬂam‘@*@télyﬁts%f tae pr&&eranievention are

hydr ocar byl which contain a total of up to
40demetrbm ut%ri%atanthahéﬁéﬁrﬁ‘t?heMoa@ partisulaiiyatherl es

| HG5BIESPNL ofl SRAE 18 AR AETE B e or v

cofraasitida rhetalsngelettedffromihe Gr@dﬁt]&/!llﬁnéta@armzrherﬁum and one
function as effective |ligands when ysed in atlon
wi PRMAT AGIOrRRPSPILE SOMRRINIS HAVIA %?"es@@'?’ ul

t he processes descri bed herei nabove. The hydrocarbyl
groups represented py RL and R2 may be the sane or

di fferent, separat or Rlonbi ned, and are selected from
unsubstituted and / substituted aIkyI, cycl oal kyl and
aryl groups camg ning a total of u yto 40 20 carbon
atons. The total rbon content of substituents Rl and
R2 preferably is i si;ange of 2 to 35 carbon atons.
Exanpl es of the al Kyl 2004/ 037761 PCT/ US2003/ 028049
-5 groups which Rl and/or R2 separately or

i ndividually can represent include ethyl, butyl,
pentyl, hexyl, 2-ethylhexyl, octyl, decyl, dodecyl,

octadecy] a”éﬁ’\d K25 r@Hgdfo}%@I%m&%fse\%ichEBﬁteﬁh levtbtal of up to
groups nay be substitdte or exa
40 carbon atoms and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms transition metal is at least 1.1.

Fluorophosphite ester compounds having the formula

F—P - ay

function as effective ligands when used in combination'with transition
metals to form catalyst systems for the processes described hereinabove.
The hydrocarbyl groups represented by R1 and R2 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 R1and R2

preferably is in the range of 2 to 35 carbon atoms. Examples of the alkyl



with up to two substituents such as al koxy,
cycl oal koxy, fornyl, al kanoyl, 5 cycl oal kyl, aryl,

wa@eopkoxyel ar oyl , carboxyl, carboxyl ate salts, PCT/US2003/028049
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al koxycar bonyl, al kanoyl oxy, cyano, sulfonic acid,
sul fonate salts and the like..gyclopentyl, cyclohexyl
and cycl oheptyl are exanples of the cycl oal kyl groups
Rl and/o R2 individually can represent. The

g#&@s‘whlca OUBARRDS Q@w b#ﬁw@ﬂnduﬁlwfbaﬁl [@wesem include

the substituents descri'bed with respect to the
poemyhltmtwc)peut;&thmm Seethylogkylgpolybsiecyh dogeqy)) ogiadecyl and

Y hraSunicopfirpdRamty The iRl maY stk v S2imple
at ik, up REAVY SubstitGémB et las atl&ﬁ)&yobsadablkoxy, formyl alkanoyl,

an 3}2323@@{ i SroR, PYoXSchRrp By G BRY P4l lse BISxycarbonyl,
o alRREl, Bfao SR adR SionaBARIN UG heTRE! apflenty)

ngk’e'@’ﬁ ‘((]yéﬂd A6heptr SeRsamples oftheadydloaitkyRgroups R1 and/o

'y can represent the radicals having the

|
fgrRﬁ/Ji \ (@@ma@%&&&ﬂomﬁaﬁlm@m@m@w G2samstituted
iepkEbeAn A r@ﬁ%?‘%&’e@iﬁo‘é‘?sﬁr@@m‘%‘% mesgff@?ﬁmpss'b'e

I d f | kyl | oal
fS grsﬁﬁi’tﬁ’ﬁﬂﬁﬂr&gﬂm%@groyuﬂ S E¥/‘I gy&?odlléﬁé?%%aﬁ wﬁt«%ﬁ and/or
al ,g?’ gﬁlwgya prgaqa Eer%t&llk}%¥§ﬁ{yf§ﬁ%ft fo gaatrbsona%t ms,
t hehdrige- cyElb%e%'tyKyd: cldRRixgt of @fcldHeptylf or esai d al kyl ,

al koxy, al' kanoyl’, alkoxycarbonyl an
Examples of the aryl groups which R and/or R2 individually can

represent include carbocyclic aryl such as phenyl, naphthyl, anthracenyl
and substituted derivatives thereof. Examples of the carbocyclic aryl

groups wﬁich R1 and/or R2 individually can represent the radicals having

the formdlas

(if)

(R¥)n,



10 al kanoyl oxy groups typically contains up to 8
carbon atons. Although it is possible for mto

woepresent 0 to 5 and for n to represent 0 to FCT/Uk®03/028049

10

15

20

value of each of mand n usually wll not exceed 2.
R3 and R4 preferably representg _| ower al kyl groups,
i.e., straight-chain and branc%ed chain al kyl of up to
4 carbon atoms, and mand n each represent 0, 1 or 2.
15 natively, Rl and R2 in conbination or

col Yect y may represent a dival ent hydrocarbyl ene
gro c ntaini@g up to 40 carbon atons, preferably
fro to 36 bon at ons. Exanpl es of such dival ent
gr ops ncl ude al kyl ene of 2 to 12 carbon atons,

cycl yl ene and aryl ene. Specific exanples of the
al kyl gne and cycl oal kyl ene groups i nclude 20 et hyl ene,
trimetlhyl ene, 1, 3-butanediyl, 2,2-dinethyl-
1,3-pﬂ%%anediyl, 1,1,2- triphenyl et hanediyI ,
2,2,4-tri.met hyl -1, 3- pentanedlyl 1, 2- cyclohexylene

and WO 2004/ 037761 PCT/ US2003/ 028049 -7 the Iike.
Exanpl es of the aryl ene groups which RL and R2
collectively may represent are given herein bel ow as
formul as ( and (\/I% The di val ent groups that
Rl (B —R2 %present i ncl ude radicals
havi ng th“i!!" a5 Al X\ A2 wherein each of Al
and A2 is an arylene radical, e.g., a divalent,
carbocyclic aromatic group containing 6 to 10 ring
carbon atons, wherein each ester 10 oxygen atom of
quorophos hite &I is bonded to a ring carbon at om of
Al wlmreima and R% may represent one or more substituents independently

selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,

cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salts and the like. The alkylh
moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups typically 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, the value of

each of m and n usually will not exceed 2. R3 and R4 preferably 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.

Alternatively, R1 and R2 in combination or collectively may represent
a divalent hydrocarbylene group containing up to 40 carbon atoms,
preferably from 12 to 36 carbon atoms. Examples of such divalent groups
include alkylene of 2 to 12 carbon atoms, cyclohexylene and arylene.
Specific examples of the alkylene and cycloalkylene groups include
ethylene, trimethylene, 1,3-butanediyl, 2,2-dimethyl-1,3-propanediyl, 1,1,2-
triphenylethanediyl, 2,2,4—trimethyi-1,3-pentanediyl, 1,2-cyclohexylene, and .



Xis (i) a chemcal bond directly between ring carbon
atons of Al and A2; or (ii) an oxygen atom a group

whaooisispohe formula -(CH2)y wherein y is 2 torPdI/U82083/028049
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group having the formula 15 R5 C | R6 wherein R5 is
hydr ogen, al kyl or aryl, e.g..,71he aryl groups

illustrated by formulas (11), (I11l) and (1V), and R6
is hydrogen or alkyl. The total carbon content of the

grt‘ﬁ#éqikéc(%ﬁéé of iR BRlidNe &ddps%@c@@ﬁﬁ%w eNbetiv8ly may

preferably, i's in the rangeof "1 t " carbon atons.
Norepatsant and giveRlhereih b&dweas faroilace(\), (\dpaeddimiil).a

. di val ent hydrocarbyl ene ggpup,F%pe qusphite WO
2004/ 03Vhe divetemtigspopstiorddsand RS eqllestively yaan reprefant
. e Igted in formula (1), are
se@gﬁggggag%@iﬂ%ﬂégﬁm%ﬁﬁgygés containing at |east 3
carbon atons. Exanples of the aryl ene groups
represented by each of Al and A2 include the dival ent
radi cal s havi @ﬂrhe formulas: 5 (R3)p\ (V) (R4)a
(V1) (R4)q 1) 10 wherein R3 and R4 nmay represent
one or noreXxsubstituents independently selected from
al kyl , alkoxy* hal ogen, cycl oal koxy, fornyl, alkanoyl,
cycl oal kyl , akgb, aryloxy, aroyl, carboxyl,
carboxyl ate salts, al koxycarbonyl,

wherein

each of AT and AZ is an arylene radical, e.g., a divalent, carbocyclic

aromatic group containing 6 to 10 ring carbon atoms, wherein each ester

oxygen atom of fluorophosphite () is bonded to a ring carbon atom of Al
and A%, .
X is (i) a chemical bond directly between ring carbon atoms of A! and AZ;
or (ii) an oxygen atom, a group having the formula —(CHz)y— wherein y is 2

to 4 or a group having the formula

wherein R is hydrogen; alkyl or aryl, e.g., the aryl groups illustrated by
formulas (1), (i) and (1V), and RO is hydrogen or alkyl. The total carbon
content of the group -C(R5)(R6)- normally will not exceed 20 and,
preferably, is in the range of 1 to 8 carbon atoms. Normally, when R1and

RZ collectively represent a divalent hydrocarbylene group, the phosphite



al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and
the like. The alkyl .15 noiety of such al kyl, al koxy,

wa@bdoanswby al koxycar bonyl and al kanoyl oxy  gr oRQEUS2003/028049
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typically contains up to 8 carbon atons. Although it

is possible for p to represe_n§_0t04andfor gto
represent 0 to 6, the value of each of p and q '
usuaIIy will not exceed 2. R3 and R4 preferably

ik b
%gt‘t;ér ang%ér?‘éﬁfm§ ik, trlle %(9#@45 atdm@depréieﬁahgbﬁm@ giynare

ed- chai'n al 4 carbon 20 atons
anslerparazrherd by eatain eba’szmatsomalmn@ at lpastpeatdy aieris
PCT/ US2003/ 028049 -9 The fl uor O&P{OSEhI tiWeSt Héh 2
are nmosEXgrpies ekthe arylpne grrERs represented Y gaqh ¢ia and A

De Mol fdd dit fienPraitdotRviiaheiBrhigs! | uor ophosphi te

oxygen fors are on |rectIy toaring
carbon atom of a carbocyclic, aromatic group, e.g.,
an aryl or arylene group represented by any of 5

formul as .(11) gh (VIl).. Wen R1 and R2
I ndi vi(gha repr et an aryl radical, e.g.,
a phenyl Pgro i S further preferred that | or both

of the ring carbon atons that are in a position ortho
to the ring carbon atons bonded to the
fl uorophosphite ester oxygen atom are substituted with
an alkyl group, especially a branched chain alkyl
group such-as_isepropyl, tert 10 butyl, tert-octyl and
m , When (Rl and R2 coIIectlver
| having the formula A X \.A2- the
ring carbon-at ons aryl ene radicals Al and A2 t hat
are in a position 15 ortho to the ring carbon atons
bonded to the fluorophosphite ester oxygen atom are
substituted with an al kyl group, preferably a branched
chai n al kyl gr o4p such as isopropyl, tert-butyl,

i ke. (V“)

wherein R3 and R4 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, .eerboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salts and the like. The alkyl
moiety of such alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
groups typically contains up to 8 carbon atoms. Although it is possible for p
to represent 0 to 4 and for q to represent 0 to 6, the value of each of p and

q usually will not exceed 2. R3 and R4 preferably represent lower alky!
groups, i.e., straight-chain and branched-chain alky! of up to 4 carbon

atoms, and p ‘and q each represent 0, 1 or 2.



The nost preferred fl uorophosphite esters have the
general formula R8 R8. X 0. R7 R7 20 WD 2004/ 037761

WEMANS2603/ 028049 -10 wherein each R7 is al kpdT/082083/028049
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to 8 carbon atons; each R8 is hydrogen, alkyl of 1 to
8 carbon atons or al koxy of | _{o 8 carbon atoms; and X
is (i) a chemcal bond directly between ring carbon
atons of each phenylene group to which X is bonded;

or (ii) Eneflacidphayptite: éét@ré‘mbmean’@sfeﬁrdferre@ég R6ose which
wherein each of R5 and is drogen or al kyl

5 e e SN { RiePOER UIPAF RGN B SR BTDNORPPER RBIS
(1 )%@é bﬁomse#}@rb%ﬂdgﬁ rjegtlfwgéﬁ*@e%r%ﬁ%?&wo?% éérrbﬁdéychc,

tec ques anal ogous - ere exanpl e

pr carechatiesgroapcejgheh danyl & alsy&neegroa:p reptesertediby agy of
Allg. Chem, 603, 145 (1991), Tullock et al., J. Og.
d]e‘mmu@s (Iptreugh 96t Wheni R L asd R indiidualiy eadherpresents

aJ} 955 E%‘% cl,glge(gl gh,] ﬁ\@cqrg/ﬁﬁf glselilg@a %%%r)red ttbat 1 or both of

U ShekigerdrbénBtémd Wsat dre il laepasi mﬂonham teyriraf carben atoms

fl uoro hOSphI te compounds, i.e., the resi du&g %ﬁu

rem@sc%sit@d ByfluRToRliasPhite esiertRXvaeniaien are sHPeffuted wigh an

OPt LR drbuBCLsY&ially a branched chain alkyl group such as isopropyl, tert-
butyl, tert-octyl and the like. Similarly, when R1 and R2 collectively

represent a radical having the formula

Al—

/

X

\

A2—

the ring cérbon atoms of arylene radicals Al and AZ that are in a position
ortho to the ring carbon atoms borded to the fluorophosphite ester oxygen
atom are substituted with an alkyl group, preferably a branched chain alkyl
group such as isopropyl, tert-butyl, tert-octyl and the like.

The most preferred fluorophosphite esters have the general formula

R8
R8 X



conmpounds. Fl uorophosphite |igands derived from chiral
gl ycols or phenols wll generate chiral |igands. The

W@ 210al0y561 syst ens conpri se a conbi nati on of oONECDUSIV03/€28049
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20 transition netals selected fromthe Goup VIII

metal s and rhenium and one ori0wre of the

f1 uorophosphi te conpounds described in detail

her ei nabove. The transition netal nay be provided in

t hevHeneim ééch/RViinaﬂ?/nBi:&ko s e attins;uithaR® is hydrogen, alkyl
the transition netal. Rhodium

car hoxyl ate salts o m .
coﬁggdﬁ&caﬁ?&n FHamsy alsery ofs! 1 8 GARAD dom% Giduin's dF 2
h o ol . .

| 11 EEAfiH DR Al B e aeh bf Bch PARhHERe group
i néd wiichdK-is hodided) ordiil aaretuhavitigthdrfatreular hodi un( 1 1)
acetate, WD 2004/ 037761 PCT/ US2003/ 028049 -11
rhodium(11) isobutyrate, rhodiun(ll) 2-ethyl hexanoate,
rhodi ungd I ) benzoate and rhodiun(ll) octanoate. Also,
r hodi um car bonyl species such as Rh4(CO 12, Rh6(CO
16 and (hodiun(l) acetyl acetonate dicarbonyl nay be
sui t able rhodi um feeds. Additionally, rhodium

or ganophosphi ne conpl exes 5 such as

tris(trpphenyl phosphi ne) rhodi um carbonyl hydride may
be use when t he phosphine noieties of the conpl ex
fed are easily displaced by the fluorophosphite

| i gands of the present invention. Less desirable
rhodi um sources are rhodiumsalts of strong mnera

acivitsersitdacts of ROQIHAIRS is hﬁdr@?‘bﬁl&ﬁ,alm 'of 41t6B carbon atoms.
sul fat es, phosphates and the ke. 1Q The ratio of

gr am nol €€ fiyerepberpiimesters @fgfIQH@U{QO(|bFE§‘MQﬁ Rrgpared by
t Bt i .
g£ gir%ﬁ)'rlrl%"\%@ pﬁé@dur@ gg Eﬂ?{%(%@\écﬁfesaaﬁ‘élﬁg?ﬁﬁm?to‘? See, fo

uor op am atonttransi fion neta
r atexasnplé, thelproce@dO@sldesedbed by Riebeldial, doAt Anaigadlig.

tal yst t f h hite: -
ot S Ro S Pl B85 SRS o). oy RbeRinge. 216 Toe0)
up Whitd &t b1 Wt And. THePS. Sot. 152 1eF age) ahd Mdydrat 2 .
bei ng particularly preferred.

Naturforsch, Bi. Chem. Sci., 48, 659 (1993) and in U.S. Patent 4,912,155.

The organic moiety of the fluorophosphite compounds, i.e., the residue(s)

represented by R1 and R2 can be derived from chiral or optically active
compounds. Fluorophosphite ligands derived from chiral glycols or phenols
will generate chiral ligands. ‘

The catalyst systems comprise a combination 6f one or more
transition metals selected from the Group VIl metals and rhenium and one
or more of the fluorophosphite compounds described in detail hereinabove.
The transition metal may be p‘rbvided in the form of various metal
compounds such as carboxylate salts of the transition metal. Rhodium
compounds that may be used as a source of rhodium for the active catalyst
include rhodium Il or rhodium [If 5alts of carboxylic acids, examples of

which include di-rhodium tetraacetate dihydrate, rhodium(ll) acetate,



The fluoride reducing additive may be any materi al
that will reduce the anount of fluoride present in a

wEe@em3ssl whi l e not adversely effect the actiRCT/YSWH3/E28049
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fl uor ophosphite-containing transition netal catalyst.
The additive may be used in.-ary- anount that is
sufficient to reduce the level of 20 fluoride content
to any desired extent. Moreover, the additive my

i ntReduekl) isobatyrate, readiemdh Zmﬂwmwaapat%éh?ﬂ'%’é@sb%?oate
any mann f
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as %Ql'itBBFeﬁmodfurﬁ Fbads) mAddmdnallm redivengergenaphosihing aomplexes

|
EIaPsi@msé%%lglﬁrtaplhlgmpgrenﬁplﬁOt aﬁlﬁ E@ gﬁ%y[,gy(@fage{%‘é?abreeused
éﬁ ﬁ%ﬁlﬁ% ?ﬁméﬁéé’%b'&mﬂﬂéﬂﬁe@ém @as’ilyrt@Splaééd by the

car suc ormc, propionic, hexano
hemmoplmosmmedrgamﬂ,s ofébapmsent invgstamno Lgss desnrable rhodium

t et radecanoi d

o1 SirCay 8t SladreaEgn Srono HhRGH Spftls SRR Grdes,

M XednRdbd ifHids, aaifamanpsosphatdsiandtie mea bonat es

(al so known as WO 2004/ 037761 P /LLS O % t%?n

tal ci t esThe &ty af 9[%1‘@"@'@%f”°rr?|9ﬁr eeM Eﬁ rg:ﬁ@ rappgoms
exchan

oMo} e (BRI RdnbBco by e

cal ?u?&’@pﬁ@tph@&gfamsﬂml tmnsnhomtmatadw@tha ofckil ép g@RP:1. Forthe
acetate, or a

st eHagham- th%&%”?%@%ﬁ%pg%g%@ﬁ %gﬁﬁrves sr%ute -gram

S5 abgfn P@o#ﬁﬁgrdtfb hrafrabRaS S theTia@gervf eint. upiio WOL 1 wtbh ratios in
nore rea understood by reference to the follow ng

exatie Eangechfe‘r 4 tars®;1 beingrariellafyRIPIBEREr f or ns of

L) e R gy dodenay SR el it educe

di S@h@éﬁ%un@@ﬂﬂubn(m bresent ot dlprrgtqssbwhrle@ogﬂd\tefaeh/rﬁiec'f the

10 these exanpl es are given

i || @stivitk oo flyﬁrqphogpgﬁgfc@n%@mg gransﬁlonq'ﬂgﬁl 8£talyst. The
additive may be used in any amount that is sufficient to reduce the level of
fluoride content to any desiréd extent. Moreover, the additive may be
introduced into the reaction mixture of the process in any manner. '
Examples of materials suitable for use as fluoride reducing reaction mixture
additives are oxides, carboxylates, hydroxides, bicarbonates, carbonates,
phosphates, citrates, borates and/or ascorbates of calcium, sodium,
magnesium, aluminum, zinc, silver, lithium, potassium, copper, cadmium,
barium, and/or silicon. ‘Examples of carboxylates are those obtained from
carboxylic acids containing 1-20 carbon atoms, such as formic, propionic,
hexanoic, heptanoic, octanoic, decanoic, dodecanoic, tetradecanoic,
hexadecanoic, stearic or eicosanic acids. Also suitable for use as additives

are mixed salts such as magnesium aluminum carbonates (also known as



be construed as limting the scope of this invention
in any way. EXAMPLES 1In the foll ow ng exanpl es,

wo kasaddel concentrati ons were determ ned 15 aRCT/US2003/028049
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foll ows. Method for analyzing fluoride concentrations
The nethod described bel ow i s4a nodification of the
measurenent nethod described in the manual for the
Orion Fluoride Conbi nati on El ectrode nodel #96-009.
Thealoidhand hgestalcied)f afolecﬂﬂaafmevbst doraexdhBAR: tdsin0

TI SAB st and f Tot al St t Buf
R ebranageand e M oMale PelRtainne SURHHE (Ri g pditive is
St redtillm S9CQH 8& FQLH% 'sge%ra@@' @féiust acsalelior @malhesium

The concentration o er uoric acid contalnedlna
sargpltsushais rdegeesiimestepiate eithadikeh Mixamps ef the addifives may

qu unt .o buffer 25 (Orion # 9409009,
e@iﬁﬁr@%ﬁgadﬂbheep&gﬁguse with a-fluoride selective
el ect r od#e inventiePaliiie nwpre tnéadﬂyauiaie‘réteodp:zyn@fmngé\rto the
equal anmount of distilled water is add

dtothe_, .
buffPUQW'BQ EXaaPlesd Theke aiey 6F F%SEOW@QM@%&‘?F GEMBOf this
e av4rion tiin il EEbeldbiSis lorld dffiad @ thidfhrt, ance the
GPOnviéritionnag beerafuly diSdlesets asndntaw&lracqosdmgly\ua recognlzed that
2004/ 037761 PCT/ US2003L 028049 \Lol t
i s (BBRR EXRDRISSATE e ?réﬁ? pH{RCiﬁe Aficp,Pni %&* finot to

cal gD istRIzdCairhitingthe R op@ lof s ng/emqamh afy way.
fl uor ophosphite-containing transition netal catalyst

is used to hydrofornylate propylene into

but yral dehydes. 5 The hyd@éa@y‘ tion process is
operated with, or in the abserrcglgé, a reaction

m xt ur e ladte foliovihg exadhpdes, flluorde dencemtratitins Ware determined
hydro{ﬁr\r’%l ation process is carried out in a vapor

t ak® W¥'PWPeact or consisting of a vertically

Method for analyzing fluoride concentrations

r-l‘

Thé method described below is a modification of the measurement
method described in the ﬁwanual for the Orion Fluoride Combination
Electrode model #96-09. The method uses a buffer referred to as TISAB Il.
TISAB stands for Total lonic Strength Adjuster Buffer and it is used to
provide constant background ionic strength, decomplex fluoride, and adjust
solution pH. ‘ ‘

The concentration of hydroﬂuonc acid contained in a sample was
determined by shaking the sample with an equal amount of TISAB Il buffer
(Orion # 940909, recommended buffer for use with a fluoride selective
electrode) and separatilng out the buffer portion. An equal amount of
distilled water is added to the buffer portion and the fiuoride concentration is
measured with an Orion (# 96-09) fluoride ion selective electrode that is
attached to a'Metrohm 751 GPD Titrino titrator. The measurement is in



arranged stainless steel pipe having a 2.5 centineter
inside dianeter and a length of 1.2 neters. The

wo eagsichas a filter el ement wel ded i nto the BCTES03/028049

10

16

20

25

30

near the bottom of the reactor for the inlet of

gaseous reactants. The react¢g-contains a thernowell
which is arranged axially with the reactor in its
center for neasurenent of the tenperature of the.
hyailinfodis ranidathisois congarted amtorpactsuper. mittioa (HOEY &M FNY Re
reactor,. has a high pressure tubing connection that is
cd E?QRP§h? cross. One of the connections to the 15
Cross pryRktslidiag 28@nples, @flusrophogstdtaucontaimnigatrassition
such as octene-1 or make-up solvent, anotufr Iﬁ?q§dto
t henetalpatalysids used do hirdtafpwnylate RropyienedptaRytyaldenyaes.
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hyQFr%Bﬁéa%{ﬁlbeQ sfé%#?iﬂé’ﬁaﬂhgtal{!.s cehtisetertinside diameter and a
Ing the

cont al catalyst is sparged under pressure .
i téngthef i Zometars. Mesoeaatos hee a PiesSereret Welfefdge the side

d b Ld , ' . h
o1 g5 e DBl ST 1 itor jaskoys REGAMSITHRS
S0|réléét8ﬂcoﬁtbms?é5’fjHéﬂﬁwv\ﬁilldmhi¢H ;ks andnﬁd amiatl;ewfithdﬁetraactor in
ases are renove as a vapor rom 0 .
?eétesmntqmoarr@iaa@t%wt ofwfﬁ@ t%ﬁsFatw&Rej‘Jéa %iya rof ﬁFﬁY‘SEP“

in, &{cﬂﬂnwﬁr%?’srﬁeebéﬁgﬁﬁgfttﬁ% AR EnAda HigH preskdrhiubing

product 1's condensed alo th sonme of the unreacted
pr @pyhedtion ffiat isiconetied tala gaesss Qpe of the ceastipgs to the

t her | e via th
e S B o bEndfSaBE BT LRGN a1 o
Wheh 8Ky sSHeit, AGIREY RadB e thehighspré€s re®ohadeie of a

PCT/ US2003/ 028049 -14 col l ected.  The product, fr t h
i giifereedsloressuediuP, ol il mirortp TIERRUE FaiEYT IVRLR the

g[ j%%g‘og_%ﬂditﬁe SORBRALEI HiohGs BBEd retiHaiMig theeshtllyst solution
at the end of the run. . ; ‘

In the hydroformylation of propylene in a vapor take-off mode of
operation, the hydroformylation reaction mixture or solution containing the
catélyst is sparged under pressﬁre with the incoming reactants of
propylene, hydrogen and carbon monoxide as well as any inert feed such
as nitrogen. As butyraldehyde is formed in the catalyst solution, the
butyraldehyde and unreacted reactant gases are removed as a vapor from
the top of the reactor by a side-port. The vapor removed is chilled in a high
pressure separator where the butyraldehyde product is condensed along
with some of the unreacted propylene. The uncondensed gases are let
down to atmospheric pressure via the pressure control valve. These gases

pass through a series of dry-ice traps where any other aldehyde product is



gas/liquid phase chromatography (G.C) techni ques for
the net weight and nornmal/iso ratio of the

wheiogosd7dehyde product. 5 The gaseous feeds toPE€TES2003/028049
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reactor are fed to the reactor via twin cylinder

mani fol ds and hi gh pressure regul ators. The hydrogen

. passes through a commercially avail abl e Deoxo(r)
(regl stered trademark of Engel hard Inc.) catal ysE bed

t OchIRIEE. TRY gbwlﬂﬁﬁr&ﬂMQmMreeauramparﬁpblfgWr& neghyvith
control |l er cell and cont
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Example 1 (Comparative)
A catalyst solution was prepared under nitrogen using a charge of

0.0375 g rhodium dicarbonyl alcetonylacetate, (also known as rhodium
dicarbonyl acac, 15 mg Rh), 2.12 g 2,2'-ethylidene bis(4,6-di-t-butyl-
phenyl)fluorophosphite, (4.37 mmoles, [LJ/[Rh] = 30), and 190 ml of
dioctylphthalate. This was charged to the reactor under an argon blanket
and the reactor sealed. The reactor'was pressured to 260 psig (18.9 Bar)
with hydrogen, carbon monoxide and nitrogen and heated to 145°C.
Propylene feed was then started and the flows were adjusted to the
following reported as liters/min at standard temperature and pressure
(STP): hydrogen = 3.70 I/min STP; carbon monoxide = 3.70 I/min STP;



WD 2004/ 037761 PCT/ US2003/ 028049 -15 nitrogen = 1.12
I/mn STP and propylene = 2.08 I/mn STP. This is

weuwiswsi7ent to having the follow ng partial prECGEUSEE3/028049
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in the feed to the reactor reported as psia: hydrogen
= 96 (6.6 Bar); carbon nonoxidg = 96 (6.6 Bar);
nitrogen = 29 (2.0 Bar); and propylene = 54 psia (3.7
Bar). 5 The reaction was carried out under the above
comtrégems £.02 I/iiv STPhand propylenete 3Gl iehg §8. This is

B, %gg&ﬁﬁéﬁr{%ﬁeﬂgﬁwg @ﬁr%qls)g?ssgg?g n {he f%%@ A{@Zlgé’ Peagtor
2 188bABE as i AYAIBOKAS o3 w16 B TLQ@@bdﬁmbﬂuradeT:h% (6.6 Bar):

pro oratlo was e fluoride
corm’eogelaﬁ 2 (2.0 Bank mﬂdﬁﬁmd@n@ro‘imﬁ‘av(ég Baer m ned
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neasur ed € eacC our was ppm
PPrRouks./ Wbutﬂ«raﬁ?délwme productioh rafpforites past threelhours of
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ﬁ&ftygéledéhgcfé?{;%bﬁﬁﬁd_ﬁ{wt o ot THE ﬂlﬂ)??lil(l:"ltg}r %g i:gtsl,@pwléts 2.05/1.

(4 37 mrﬁhes‘.Luodecpﬁt@ntrailoBop\ th@a hydepredy wﬁﬁdetermlned
eara e as _afluo u0| n of

di oo iHag e eantipn: TH8 Apdhef S oHEs At M e

UndsfdeﬁS}dér&%H Hiurest0.26 gpmﬂ a$ppredc ppmséel ppm, @hd 2.1

react or “was ﬁressured to 260 psig (18.9 Bar) wth

hy dppgeiespesh¥RlYr nonoxi de and nitrogen and heated to
145C. Propyl ene feed was then started and the fl ows
were adjusted to the follow ng reported as liters/mn
at gkantde@ tenperature and pressure (STP); -hydrogen

:i ? r delnlA{_ncgr: aﬁ@t §¢IC c][:irt\) %ﬁrﬁsnﬁﬁgégﬁgow% Rﬁ?odéf’%n?}%ha@ée of
STPq ok 3f‘7§9 rﬁod.@%n&é&b@hyl é&tb@«a@@atdwm mg Rin), 112 g 2,2
partia essures |r_1t _feedtothe re 237mmoles L1TRA
ethylldene bis(4,6-di-t butyl phenyl)fluorophosphlte ( [LV[RR]
= 30), 0.06 g of calcium stearate as afluoride reducing additive and 190 mi
of dioctylphthalate. This was charged to the reactor under an argon blanket
and the reactor sealed. The reactor.was pressured to 260 psig (18.9 Bar)
with hydrogen, carbon monoxide-and nitrogen and heated to 145°C.
Propylene feed was then started and the flows were adjusted to the
following reported as liters/min at standard temperature and pressure
(STP); hydrogen = 3.70 /min STP; carbon monoxide = 3.70 /min STP;
nitrogen = 1.12 I/min STP and propylene = 2.08 I/min STP. Thisis
equivalent to having the .following partial pressures in the feed to the reactor
reported as psia; hydrogen = 96 (6.6 Bar); carbon monoxide = 96 (6.6 Bar);
nitrogen = 29 (2.0 Bar); and propylene = 54 psia (3.7 Bar).

The reaction was carried out under the above conditions for five

hours. The butyraldehyde production rate for the last three hours of



reported as psia; hydrogen = 96 (6.6 Bar); carbon
nonoxi de = 96 (6.6 Bar); nitrogen = 29 (2.0 Bar); and
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carried out under the above conditions for five 30
hours. The butyral dehyde prodygtion rate for the | ast
three hours of WD 2004/ 037761 PCT/ US2003/ 028049 -16
operation averaged 60.8 g/ hour for a catalyst activity
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| ed. Th t d
%Z?q 4% 8 hodiBn eiverbaii SRR o5 e R 60 22-
AN hnRier b Wgﬂé%@t-bﬁ @hbﬂvlﬁld&eﬂhmﬂﬁh&”gmp@@ [LVIRR]
were a ustedto hef | 1.0m ES%edto
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(S-%él F#dr ? er ﬁl : r%&’ E)dﬂk%t %&’ thé:ﬂé’déﬁir wadgsede The reactor

en = I/mn STP and g
pr oRys pRgsstred t@&GD/pmgﬁ(ﬁTSPBaﬂ)twéh hydwgeny 6RIERD rpgnoxide an

having the foll owin L r.e He8f the

Lo RHGOPBRNCRCR SO 100 G pURISTR A pwan (1eheRedE

Bar oxg&%{é?e djfFRBAXS i fbll@@rrﬁg&e@o&@d)as lite s roipeat ‘Staradard

POy TPy hydrocen & 3.70. 3 STP; carbon

temperature and pressure (STP): hydrogen — 3.70.17/mi carbo
monoxide = 3.70 Vmin STP; nitrogen = 1.12 Vimin STP and propylene =
2.08 I/min STP. This is equivalent to having tl‘_re following-partial pressures
in the feed to the reactor reported as psia: hydrogen = 96 (6.6 Bar); carbon
monoxide = 96 (6.6 Bar); nitrogen = 29 (2.0 Bar); and propylene = 54 psia
(3.7 Bar). '

The reaction was carrled out under the above condltrons for five
hours. The butyraldehyde production rate for the last three hours of
operation averaged 98.13 g/hour for a catalyst activity of 6.45 kilograms
butyraldehyde/gram of rhodium-hour: The product n:iso ratio was 2.68/1.

The fluoride concentration in the aldehyde product was determined
hourly during the reaction. The amount of fluoride measured in the

aldehyde each hour was 1.7 ppm,.0.16 ppm, 0.49 ppm, 0.18 ppm, and 0.19

ppm respectively.



The reaction was carried out under the above
conditions for five hours. The butyral dehyde
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operation averaged 98.13 g/ hour for a catal yst
activity of 6.45 kilograns Dburyral dehyde/gram of

rhodi um hour: The product n:iso ratio was 2.68/1. The
fluoride concentration in the al dehyde product was
deEgrsmibieedd hourly during the reaction. The anount of
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operation averaged 83.7 g/hour for a catalyst activity of 5.33 kilograms
butyraldehyde/gram of rhodium-hour. The product n:iso ratio was 2.58/1.

The fluoride concentration in the aldehyde product was determined
hourly during the reaction. The amount of fluoride measured in the
aldehyde each hour was 0.12 ppm, 0.035 ppm, 0.025 ppm, 0.024 ppm, and
0.018 ppm respectively.

Example 5 ‘
A catalyst solution was prepared under nitrogen using a charge of

0.0375 g rhodium dicarbonyl acetonylacetate, (15 mg Rh), 1.06 g 2,2'-
ethylidene bis(4,6-di-t-butyl-phenyl)fluorophosphite, (2.18 mmoles, [LV/[Rh]
= 15), 0.06 g of calcium stearate as a fluoride reducing additive and 190 ml

of dioctylphthalate. The catalyst solution was charged to the reactor under
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operation averaged 83.7 g/ hour for a catalyst activity

of 5.33 kilograns butyral dehyde/ gram of rhodi um hour.
wab@4pseuct n:iso ratio was 2.58/ 1. 20 The f|ROFUS®03/028049

concentration in the al dehyde product was determ ned

hourly during the reaction. -H#- anount of fluoride

nmeasured in the al dehyde each hour was 0.12 ppm

0.035 ppm 0.025 ppm 0.024 ppm and_ 0.018
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Example 6
A catalyst solution was prepared under nitrogen using a charge of

0.0375 g rhodium dicarbonyl acetonylacetate, (15 mg Rh), 1.06 g 2,2-
ethylidene bis(4,6-di-t-butyl-phényl)ﬂuorophosphite, (2.18 mmoles, [LV[RN]
= 15), 0.06 g of magnesium stearate as a fluoride reducing additive and 190

ml of dioctylphthalate. The catalyst solution was charged to the bench unit

25 reactor under an argon blanket and the reactor was sealed. The reactor

was pressured to 260 psig (18.9 Bar) with hydrogen, carbon monoxide and
nitrogen and heated to 115°C. Propylene feed was then started and the
flows were adjusted to the following reported as liters/min at standard

temperature and pressure (STP): hydrogen = 3.70 I/min STP; carbon

30 monoxide = 3.70 /min STP; nitrogen = 1.12 /min STP and propylene =



The fluoride concentration in the al dehyde product was
determned 15 hourly during the reaction. The anount
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0.006" ppm Exanple 6 20 A cajglLyst solution was

prepared under nitrogen using a charge of 0.0375 g

rhodi um di car bonyl acetonyl acetate, (15 ng Rnh), 1.06 ¢

2, 208 IBhiRYS TRIeMaIs is equivalent to having the following partial pressures

bi s(4, 6-di-t-butyl -phenyl)fl uorophosphite, i .
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cty e caf'al yst solution was charged to
the.pdBah unit 25 reactor under an argon bl anket and

th led. . T : t
260 per Ghe TaBaiamAs erieg gy SR the abBie BORTRENE fore
1! hbaas RS Buleaberyd pidhtioRatefoe it Bobthioak oLt
starte an ne OWsS wer a Sre 0.
b opetationyeraged BB a/neur G o alalet adieS & i kA

; A ' % 3(062/1.
O G eh i RO o, “Phd pRABRTS0 ratdnes

nitrogen = 1.12 I/mn STP |
and pr ohediorideWdrieouaiaT rstherateugopmdgstyas detergined

2.08 I/nn STP. This i i val . hayi
F ol Syt apagsiask ST et Bl AdHeRFHpRSichn the

re | ®13 hpHer 0948 pprR60.062 HpBar.0012 ppm,
ca?%%%ydﬁoe%ﬁﬁgj@ﬁggg(& Gébégr); nip:pr ogen = 29 (2.0

Bargnd @06d ppropgspentivelys4 psia (3.7 Bar). 5 The

reaction.was carri.e iiMdiohi RBessfully
for five h%%’ﬁ?@f)[e?hcgerﬁﬁ{‘?@??@ﬁ}gg'pr oauéti on rate for

t herelaséd tHy Beoriicsntefit obp praxdsewhareinag domphgsphite-

g/ hour for a catalyst activit ki | ograns

LR 1L | of .5.3
butWﬁ'ﬂ@l@@@ﬁij?%ﬁ!ﬁta\"Ffi‘iﬁ'iy_ﬁtn‘&ﬂ%w'.ﬁz e product n:iso
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al dehyde product was determ ned o

embodiments thereof, it is apparent that numerous other modifications of
the invention will be obvious to those skilled in the art. The appended
claims and this invention generally should be construed to cover all such

obvious forms and modifications which are in the true spirit and scope of

the present invention.
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respectively. The exanpl es denonstrate that the
present invention successfullygreduced the fluoride
content of a process wherein a fluorophosphite 15
containing transition netal catalyst was utilized.
Wiile this invention has beendessri bed with respect
to particular enbodinents thereof, it is apparent
that numer ous ot her nodifications of the invention

% QPvious to those skilled in the art. The
appen d "clains and this invention generally should
be tonstA medhod fameelucmlglthe flubride® contenbinsa themécal paocess,
nodi ficatians

LIS e Bk A R 1 e
PCTHrbS2K3602 88ty st-cdthpristid\éne B‘énﬁr@ltr@hsstloﬂ: méta'l@é@l@dted

for reducing the Tluoride content in a chem cal
pr dews dhe groieeensisting af Graip ¥l metade agd reemigm. s&sl one or

PR hPRAA onEbUids ity e QLRSI Rl o

risin tion netals
sel ected fromthe group consisting of G oup VIII
nmetal s and rhenium and one_or nore fluorophosphite
conmpounds having the g er&l formula O R F-P (1) O
- R2 10 wherein R1 @cndpRz are hydrOC(q?byI radical s
whi ch contain a total df up to 40 carbon atons and
wherein the ratio of gr(am M3l es fl uor ophosphite

wherein R1 and R? are hydrocarbyl radicals which contain a total of up to
40 carbon atoms and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms transition metal is at least 1:1, to produce a product
containing fluoride, said method comprising introducing an additive into said
reactant mixture, in an amount sufficient for the purpose of reducing the

fluoride concentration in said prod_uct.

2. The process according to Claim 1 wherein said chemical process is
selected from the group consisting of hydroformylation, hydrogenation,
isomerization, hydrocyanation, 'h'ydrosilation, cyclopropanation,
telomerizations, carbon hydrogen bond activation, olefin metathesis, olefin
copolymerizations, butadiene dimerization, oligomerization, butadiene

polymerization, the Heck reaction and arene coupling reaction.

3. The process according to Claim 1 wherein said chemical process is

a hydroformylation of an olefin to produce an aldehyde.
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reactant m xture, in an anmount sufficient for the

pur pose of reducing the fluarggde concentration in

said product. 2. The process according to Caiml

wherein said chem cal process is selected fromthe

grolp cdie procegs atcbrditigptoCaphat Wberenln}adldma‘xﬁﬁm mselected

20 i sonerization dro anati o rosi| n

oy TRl GHsiH G rRes ol E Do RS gen
bongeatbhiRs 88rboplagld, rﬂ)h‘@@bﬁét%sd:lﬁaté%' Bbidles and ascorbates, of
copol ymer i zations, butadiene dinmerization,

oI iapigiemi sediuoh magnesiven alurpibuywEinc sivesnlithiure, petarsium,
a

e8P, A RS R ST kB herdBE .

process |s a hydrofornylation of an olefin to produce

| dehyde WO 2004/ 037761 PCT/ USP003/ 028049 . =21 4
‘proc p%@&@émc\@emh%g@%mm %@F%Fﬁ’a%? 'Hﬁ%iisﬁéﬁc"e‘j

car% §d ?g%uﬁ E&ggrléﬂ?g 8f CMB o ARRISSHT BttiGh, Qégﬂﬁ? magnesium,

yl a oxides, Dbicarbonates, carbonates;
phoalpiméiture, Zlnctslbree,shthlbm,mm mmfbmcbnlur@,fbanum, and

e cBBRit Rt S Bn ot ks ana
silicon, and m xtures thereof 5. The process

accord| to Cdaiml wherein said additive is sel ect
the Blasessracetding o Llaiar buhpreinsaichad @lavw&fﬁ@lected

pot aSSI um Q@EUﬁlstlﬁ%ﬁﬂﬁ‘n&%a %talé&éds ﬁ%s&ul?h%%ﬁés ion

congxahangg résike, w@nhhranas casd mixidresi theteafs t her eof . 6.
The process according to Caiml1l wherein said additive
is selected fromthe group consisting of talcites,

hydy ot al Thé gfocasel aﬁ,%@lr@h? $b @!ﬁﬁn 1 Wrelﬂwaééltﬁ/é% 88lected
menbr anes, - and m xt ures f{her eof
from the group consisting of a calcium salt a magnesium salt, and mixtures

thereof.

8. The process according to Claim 1 wherein said additive is selected
from the group consisting of a calcium carboxylate, a magnesnum
carboxylate, and mixtures thereof

9. The process according to Claim 1 wherein said additive is selected
from the group consisting of calcium stearate, calcium acetate, magnesium
stearate, and mixtures thereof..

10.  The process according to Claim 1 wherein said additive is calcium

stearate.



7. The process according to Caiml wherein said
additive is selected fromthe group consisting of a
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20 8. The process according to Claiml wherein said
additive is selected fromtheyroup consisting of a
cal ci um car boxyl ate, a magnesi um carboxyl ate, and

m xtures thereof. 9.. The process according to Claim!]l
whelrlei n Asaiadheditirtredecing the flactidal coent incarhy tkofgmaydation
consj st | ng, of .calciumstearate, calcium ace

regneSesmiviraliai Brages Hohioes Te Rl At i qiggnina

Pr qegstantARanfs motheprebahdd of %@t@f/sﬂ cERipAsRGbrid Yemove
calcium stearate. 30 WO 2004/ 037761 PCT/ USZ003/ 028049

- 24rapsition metaie gelested Bamdhagrewr consisingiel GaitreMill metals
a f | at | e ' ] :

corH BieBiupt 14 Bfle FHAEHorcHfHsphie PBHBRAEE TR ng the
m »gameealiforrhble presence of a catal yst conprising one

or nore transition netals selected fromthe group
consisting of Goup VIII netals 5 and rhenium and one
or nore fluorophosphi t@_c_o%gunds havi ng the general
formumla O R F-1; (1) O wherein R1 and R2 are

hydr ocar byl radi cal —vﬁi]i ch contain d1jotal of up to

10 40 carbon atons and gin the ratio of gram noles
fl uorophosphite ligand to gram atons transition netal
is at least 1:1, to produce an al dehyde product
convléreimB fdndoRP dee rydistansy! hadicaenpicis cogtain a total of up to
intl{oduing an addjtive, ) )

0 carbon™atoms and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms transition metal is at feast 1:1, to produce an aldehyde
product containing fluoride, said method comprising introducing an additive
into‘ said reactant mixture in an amount sufficient for the purpose of

reducing the fluoride concentration in said aldehyde product.

12.  The process according to Claim 11 wherein said additive is selected
from the group consisting of oxides, carboxylates, hydroxides,
bicarbonates, carbonates, phosphates, citrates, borates and ascorbates, of
calcium, sodium, magnesium, aluminum, zinc, silver, lithium, potassium,

copper, cadmium, barium, and silicon, and mixtures thereof,

13.  The process according to Claim 11 wherein said additive is selected
from the group consisting of carboxylates of calcium, sodium, magnesium,
aluminum, zinc, silver, lithium, botassium, copper, cadmium, barium, and
silicon containing 1-20 carbon atoms, and mixtures thereof.
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Claim1l wherein said additive is selected fromthe

group consisting of oxides, capBaxyl ates, hydroxi des,

bi car bonat es, carbonates, phosphates, citrates,

borates and ascorbates, of calcium sodium

magmési uhe grocesauaccardimg, tos3laived | Whardinusgid pdtldissiisisglected

¢ helBBr eiarB O Ro IS BESS YALESr AVALPtE es AT HeE MR BEnion
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of carboxylates of cal cium sodium magnesi um

alum num zinc, silver, lithium potassium copper,

cadgkum ri - iyl t.ai nd - . '
carbon 7 Bapr8Ges Alearing. o qlafif 11 Rl aloslis s selected
PCTfros2hedronp Gbsisting dfh caltienpsait; eynagnesiach suit, lapd mixtures
Cajm11l wherein said additive is selected fromthe

gr oh’bar%%fnsi sting of talcites, hydrotalcites, nolecul ar
sieves, ion exchange resins, nenbranes, and m xtures
thereof. 5 15. The process according to Caim1ll

whellBi n dhedragess aceordingstel @ained 1 wheyain said g@ddiilye is selected

o b up Bt Bt oih SOOI bl 1,
11 vhyiymtsaart aiduféytharsofsel ected 10 fromthe

group consisting of a calciumcarboxylate, a nmagnesium
carboxyl ate, and m xtures thereof. 17. The process

accqrdin ' [ [ LA IStAitive i

sel ect edQh%?%gcﬁgbéé%m%nglagﬁﬁﬁg\@g%b@a%/%? l??rjwd'tlve 's selected

st efomt the gralupi eonsistiriganfesalcieratsanate, cakcismemetate, magdesium
The _process according to Caim

m xt yres, thereof . 18.
11 \ﬁ,t%}f%ﬁen ADGiMYYEENGES s cal ci um
18. The process according to Claim 11 wherein said additive is calcium

stearate.

19.  The process according to Claim 11 wherein said aldehyde product is
a mixture of isobutyraldehyde and normal butyraldehyde.

20.  In a chemical process comprising reacting a reactant mixture in the
presence of a catalyst comprising one or more transition metals selected
from the group consisting of Group VIl metals and rhenium, and one or
more fluorophosphite Compounds having the general formula



Stearate. 20 19. The process according to Caim 11
wherein said al dehyde product is a mxture of

w0 sobuosysal dehyde and normal butyral dehyde. 20PCT/DSZ203/028049
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chem cal process conprising reacting a reactant

m xture in the presence of a2¢atal yst conprising one
or nore transition netals selected 25 fromthe group
consisting of Goup VIl netals and rhenium and one
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adehd flysridentoncertadtidnrinasaidypiodotixt ure, in an anount
sufficient for the purpose of reducing the fluoride
concentration in said product. 21. The process
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a ?%r opgjren@loagté?%gbr eactl on and wherein said product

i s achydabftemytigionri@action and wherein said product is an aldehyde.



