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WD 2004/ 024662 PCT/ US2003/ 028129 -1 PROCESS FOR
REDUCI NG FLUCRI DE | MPURI TI ES RESULTI NG FROM USE OF

WO-RMORLIBHIOSPHI TE CATALYSTS 5 FI ELD OF THE | NVBENTT/OB2003/028129

This invention relates to a process for reducing the

amount of fluoride contained in a chem cal product.

More particularly, this invenfion relates to a

process for reducing the amount of fluoride in a

product which has been synthesized using a

f PRSP eBRSSPARIREDSI NG Fhly QRIDE IMPURMRERRRESIILTING FROM

resul tant pr 6§k OF BEYQROPEHQSHITE CATAIYRIESr bent

for the purpose of reducing the fluoride content of

the product. BACKGROUND OF THE INVENTION It is known

fromU S. Patent No. 5,840,647 that certain 15

f1 uor ophosphi te' | igEngsorayHRINYERETION f Or m

transitjon netal conpleéxes {hal serve as catalysts in

a wi de Thigrinvanfiosrelatan $¢ eipsacess far reducing thesamount of

p [ | tab | s.t.he .

PSR EontpieR3h o ieffon! pEER WSy EbRRRRRL Aty frvention

]Ic telda’@sftﬂ rat mﬁpedmﬁqmeﬂ uciny tthe aa’afjum ot)ﬁlh@nidef ihlhaibroduct which
uor ophosphite diester co unds.are useful as

| DS HEEN 3R e et i b S ST RO SR e RIBRG dalyst, wiherein

ofrRf iesitamt FbAEBYIRE coRsotdd Mﬁﬂh%ﬂg&%ibéﬁt fo krﬁ‘BG@o‘é@%f

be substituted for, or used in conbination w th, Known

pfRsiiising hedloride goméentiifibe produnds in a wi de variety

of catalyst systenms wusing a transition netal as the

pri mary catal yst conponent. Thus, the catalyst system

conpri ses a conBAGKGROUNDWE THE MNWENTT@NSI ti on
metal s, 25 selected fromthe Goup .VIII nmetals and

r heni ulhSkeeWR&og Unsr Batant g Od( that egRBBuNnds

hawd ; | | )/
Pﬁcyl_d/n’@) Egg@l%g # ans rﬁ%{l'ﬂé FseH 048R4 1274R0A metal complexes

that serve as catalysts in a wide variety of transition metal catalyzed

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 prifnary catalyst component. Thus, the
catalyst system comprises a combination of one or moré transition metals
selected from the Group VIl metals and rhenium and one or more
fluorpphosphite compounds having the general formula



/| R F- P(l) O R2 wherein R1 and R2 are hydrocar byl
radi cal s which contain a total of up to 5 40 carbon

waream24nzl wherein the ratio of gram nol es PCT/US2003/028129
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fl uorophosphite ligand to gram atons transition netal
is at least 1:1. The catal yst_gsystens nay be used in
a wde variety of transition netal -catal yzed processes
such as, for exanple, hydrofornylation,

hydr ogenati on, isonerization, hydrocyanation,
hydrosi | ati on, carbgaylgti ons, oxidations,

acet oxyl ati ons, 10/epoxidations, hydroam nati on,

di hydr oxyl ati on, yclopropanatlon t el oneri zat ons,

car bon hydrogeﬁ“ﬂ’nd activation, ol éjin netathesis,

ol efin dlﬁEfIZ&tSQnS ollgonerlzations, ol efin

pol yneri zati ons, ol@H-rRxarbon nonoxide

copol yreri zati ons, butadi ene dinerization and

ol i goneri zati on, butadi ene polynerization, and ot her
car bon-carbon bond form ng reactions 15 such as the

He BRI AhdaR? pé ﬁ_g@ rdifé‘r'tﬁ‘}l'rﬁ&cé%a&ﬁlbﬁ @8ntalf@ total of up to
catal yst systenms conprising rhodium as the

t r discarbon atemslangrwhergie theardtip ofgram mfnlas flucephosphite

Y YRR A8 Rl <l T 10'aR 4P 1A Al €A dystems

f | upap PSR m@rwmt\mrmm@f frahsitiga tsetalr-€atalyedd iptocesses such
reactions to produce chem cal products, there is a

pos%ﬁ ol ¢>tqm@lﬁahy<ﬂrﬁéornaﬂ@hlqraﬁwdmgﬁmépa, ispierigationt ai n
| Bh Ao APk glor hentinamas, bietugls erpytatons

m@mbmdtﬂmﬁohyad:bemldemﬂ aiwuejrbmylh’ame cacpp(xquatifom

e _amount of fluori de cal . .
b STt oo Sycina st 2R BriaG Lt Ristetesis olefin
pr oditfarizations, oligbaiarzations oslefi Pb@lhié‘tlzations olefin-carbon
fl uor aphosphi te-contai ni ng catal yst wherein the

r esmpnawemm@lymenzaﬂoaén wliediang d'ﬁbﬁﬁ'ﬁﬁﬂ@ apd oligeagsiggtion,
| evt?utgd% f[&d‘%bﬁfatlon, 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 prdduce aldehydes and, therefore, are
preferred.

When fluorophosphite-containing catalysts are used in reactions to
produce chemical products, there is a possibility that the resultant products
could contain fluoride as a result of the decomposition of the
fluorophosphite ligand transition metal complex. It would therefore be
desirable to have a process for reducing the amount of fluoride in a
chemical product. It would also be useful to have a process for producing a
chemical product using a fluorophosphite-containing catalyst wherein the

resultant product, if containing fluoride, has reduced levels of fluoride.
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It is also an object of this invention to provide a
process for producing a chenigal product using a
f1 uorophosphi te-containing catal yst wherein the
resultant product, if 5 containing fluoride, has

r educedrh&rerdrs itk ahl dbpsdtas this BIGYRIBY tEXprdvitie ENMOES O
The process of the Er esent invention conprises

t reduringdhe msteunt of Hualide bve phewwedl PrRqyGtz ity aés%ngn object of
fl.uar. i te- t.ai ni : e :
3 PSP i s 1 AU R Ak o bt ving o
aElLaﬁephC?mlgte-ﬁgﬁ?iFm@maiamt whersin fesresuitantproduat, if

that w SO uoride,, and t d th
arfieIngig E‘Fq’f » 18s redygRd ‘6?’8%@3%{%8%; Sr gggss-. °

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The process

of the present invention conprises any transition

metal - catal yzed @Lﬂﬂ&bﬁﬁ@rgatﬁlNVE TION

fl uor ophposphite-c ] . ' o

bt oduct T REBLRGRGT MopRsidt [ERLYS ColbiisEs By Hansitiqn metal-

ancad el gitbcesthétilizingso flbervphosphite-sestaiiyg vatadyst atherein the
that will adsorb fluoride, and t eredb educe t he

: o T
anigsuchresulting: refa the proRess, s §QBIaCk: %’HB 5y kentygihe
Thﬁd%)érﬁ‘éﬁ’:;éonﬂ rié&eaﬁf ﬁ\%‘?é‘ﬁﬁl'tﬂé(ﬁﬁﬂl'éﬂ%d@fl@&ﬁé, Gl thetdby
any transitio net al - catal yzed process utilizing a
f | rentumettbs Emowntof fiuaiite gthegpradyet of thepsegsissry  of
such processes are, preferably, the hydrofornylation
or oxo reaction to form al dehydes, hydrogenati on,

| somer i zat i opETAHEDIYESERIPTIONIYE MG INVERTION
carbonyl ati ons, oxi dati ons,  acetoxyl ations,

epoxi datlhersocess efihe PaasetinEtion; JaMRRTSe| A thansition metal-
cy ' 1 el i ] _ o
CTERERLARIER o PSSl g SRS e
di pesdunttrésuiting from therrocess ismontaciedith an adsorbent. The

i At g : .
poa)élrsrgrrk;e% cbr%%sri’seg laﬁ{/ In%‘at(e:ﬁgPtﬂgt &ﬁf“é’a(s!o‘%'t‘? fluoride, and thereby

reduce the amount of fluoride in the product of the process.

The process of the présent invention is applicable to any transition
metal-catalyzed process utilizing a fluorophosphite-containing catalyst.
Exemplary of such processes are, preferably, the hydroformylation or oxo
reaction to form aldehydes, hydrogenation, isomerization, hydrocyanation,
hydrosilation, carbonylations, oxidations, acetoxylations, epoxidations,
hydroamination, 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. The catalyst systems
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Heck reaction and arene coupling reactions. The

cat al yst systens WO 2004/ 0246624 PCT/ US2003/ 028129 -4
conprising rhodiumas the transition netal are
especially useful for the hydrofornylation of olefins

t o poroglsiagahddiwales thnttansitien efietabareae speqalyfuesaf@ddor the

or RUHBRTABRETL GPER b BB R aT s B i Erate, are
5, Bdfafértdd. Which is incorporated herein by reference.

Mre particularly, the fluorophosphite-containing _
cat al yst Thedlwerephesphitewepiaiainpnetalystsrad tee pregant invention are

tragsdt i c f 9. I
oSO 0% P 3ePU5ch g eamisy TRl IR A
havrefgrenve. Jdory partitolary] thelfluaropthosghiteRedptainingr d2kalyst
wherei n Rl and are hydrocarbyl radicals f/\%i;ch
contATRISEE G @MHYPAURMH Ot BN sr Eﬁ%éﬁ%ﬁt&%ﬂﬁ #hiErigchfrom the
t hegrglip Y19 &tbRBHIIRRiUH $RHUHLSPRtE fludrphibgahite t O

gram atons transition nmetal is at |east 1:1.

FI uepmplusgainaringshe genengdamaiglanavi ng the fornula /

R F- P(l) . O-R :

O—R!

F—F, 0]

\

O0—R2

wherein R1 and R2 are hydrocarbyl radicals which contain a total of
up to 40 carbon atoms and wherein the ratio of grarh moles fluorophosphite
ligand to gram atoms transition metal is at least 1:1.

Fluorophosphite ester compounds having the formula

O—R!
F—P M -

O—R?2

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 R1and R2 may be the same or

different, separate or combined, and are selected from unsubstituted and



20 function as effective |igands when used in
conbination with transition netals to form catal yst
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hydr ocar byl groups represented by RL and R2 nay be the
same or different, separate _of_conbined, and are

sel ected fromunsubstituted and WO 2004/ 024662

PCT/ US2003/ 028129 -5 substituted al kyl, cycl oal kyl
anglutsstitlitedralkys cgavdiryirEnigarg gotps cohtaiping@ #eal of aipbiord0
atons. The total carbon content of substit uenlt s Rl.,and
R2canpoafatouats. yThe tatal aahrleom ang’r@nbbf Qubatltwt@& band R2

Bt Bl e ol QS8R Rl R o
et Q@upsglgéébﬁpggg%ﬁg&?gﬁ Eﬁy §gﬁ6§)\ﬁuc§3%ﬂ§l caﬂctle}S esent include

t heﬂm)fbutiﬂh 9eﬁtw§)ﬁe>@r Qugthyiexyib ectyl) icyt, dbddcylf octadecyl and

exanp Wwth u ?i stituents such %l% é

cyt‘?%%‘skwerﬁéh%ﬂo hﬁéﬁiyygroum%g?k% stityifeq, for example,
ltﬂ %ubé’cﬁﬁﬁaﬁﬂ&éhch GRrAMY ﬁytﬁoélﬂbhs formyl, alkanoyl,

oxy arbony anoyl oxy, cyano, sulfonic acid,
s ubf/cdnalkyl saylt aryoxy, tah@/l | ¢a(boxxl,y@arbpz§yia§e| salt;soalkoxycarbonyl

S S R i, Cvcpeny.

O RS A Y S Ry s

TR APIOLEy SRR Bineives

i neNithi allayll drnyaryaof the substituenisr désaribbt withr iespeeyipo the pessible
to 8 carbon atons, 15 benzyl, cycl opentyl cycl ohexyl

or sebslitetrchaly! gkanpTes ajkyltamél &ciaalig [m@wh@h find/or

cazoegiidualisan Siipssrs ey o pIHoTUP i frthoggioms.
%eﬁegg byiepf yqiedgbwewﬁrleglaﬁfh%ﬁyl Exanpl es of the

rboc roups R1"and/or R2

I ndi vi dysldnip I6§belﬂﬁ9é)é§@g shﬁhlbﬁcktéhélohR‘ZI|ﬁ@ivid21@lll§'|&%n
formul as WD 2004/ 024662 / US2003/ 028129
represent include carbocyclic aryl such as phenyl, naphthyl, anthracenyl

and substituted derivatives thereof. Examples of the carbdcyclic aryl

groups which R1 and/for RZ individually can represent the radicals having

the formulas



-6- (R3)ym 211 (I1l1) (R4 )n 5 (R4 )n (I1V) wherein R3
and R4 may represent one or nore substituents

wo pabepeerent |y sel ected from al kyl, al koxy, he¢Dys2903/028129
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cycl oal koxy, fornyl, al kanoyl, cycloalkyl, aryl,
aryl oxy, aroyl, carboxyl, carhgxylate salts,
al koxycar bonyl, al kanoyl oxy, cyano, sulfonic acid,

sul fonate salts and the like. The al kyl 10 nviety of
t he ateresaid al kyl, al koxy, al kanoyl, al koxycar bonyl
and anoyl oxy groups typically contains up to 8
car ban| # ons. thhough it is possible for mto
represent 0 to and for nto represent 0 to 7, the
value pf each of mand n usually wll not exceed 2.
R3 anﬁQ 4 preferably represent |ower al kyl groups,
i.e st'fai ght - chai n and branched-chain al kyl of up to
4 15 carbon atonms, and mand n each represent 0, 1 or
2. Alternatively, Rl and R2 in conbi nation or
collectively nay represent a dival ent hydrocarbyl ene
taining up to 40 carbon atons, preferably
6 carbon atons. Exanples of such dival ent
grours| ¥nclude, al kyl ene of 2 to 12 carbon atons,

Xyl ene a“@)arylene. WD 2004/ 024662
PCTKUS] /028129 -7 Specific exanples of the
and cycl oal kyl ene groups include ethyl ene,
trinetmglene, 1, 3- but anedi yl ,
2,2-di met hyl -1, 3-propanediyl, 1,1, 2-
triphéﬁﬁhethanediyl, 2,2,4-trimethyl -1, 3- pent anedi yl ,
1, 2-cycl ohexyl ene, and the |like. Exanples of the
aryl ene groups which R1L and R2 collectively may 5
represent are given hereinbelow as formulas (V), (V)
and(é%ﬂl). (V)

wherein R3 and R4 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salts and the like. The alkyl
moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups typically cofjtains 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 représent 0, 1 or 2.

Alternatively,-R1 and RZ 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.



The dival ent groups that RL and R2 collectively may
represent include radicals having the formula A X\

w@200400166herein  each of Al. and A2 is an arylP€EUS2003/028129
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radical, e.g., a divalent, carbocyclic aromatic group
containing 6 to 10 ring carbgs atons, wherein each
ester 15 oxygen atom of fl uorophosphite (1) is bonded
to a ring carbon atomof Al and A2; Xis (i) a

Ch@ﬁé&ﬁé ehanp|< segk! édkﬁérﬁé\@ﬁ@ cytloalkgrnzogroaps rlmollaxﬂe Al
and A2; or (ii) an ox gen at 02261 group. havi ng t

f oethyleae, trorpthylenghdr 3 ﬁt%neﬂyl dimethyl-153 chbquedlyl 1,1,2-
P@‘Jpﬂg%lgg)%%@gﬁ‘ 22% trﬁeth I%Gd%Maﬁ%Q@r géﬁ;?@é’lopeﬂlene and
ﬁ ’|lk%| | ﬁ&éﬁ%s%f&e éﬁ’éRgfddﬁéﬁhlﬁléhW aiid F@)écmdcﬂﬁely may

ogen or aI k
t otemreimﬁkara gwmhhemmbﬁlow% fgrmué ufi'
will not exceed 20, and, preferably, |s in

nor mal |
t he r anébeéhvﬂelﬂfogl@u%ﬂwgﬁﬂﬁﬁz sQllastively manespregent
VN ent a dival ent
&@car g’l%%eérhgﬁé{r/%ﬁ t}‘:efﬁ %osphite ester oxygen
atoms i.e. the oxygen atons depicted in formula (1),
are separated by a chain of atons containing at |east
3 carbon atons A

/

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 atoms, wherein each ester
oxygen atom of fluorophosphite (1) is bonded to a ring carbon atom of A
and AZ; |

X is (i) a chemical bond directly between ring carbon atoms of Al and AZ;
or (ii) an oxygen atom, a group.ﬁaving the formula -(CHz)y- wherein y is 2

to 4 or a group having the formula



Exanpl es of the aryl ene groups represented by each of
Al and A2 include the divalent radicals having the

wo ormobas2 10 (R3) P (V) (R4) g (V1) 15 (R4)gPCNUBI002MS129
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wherein R3 and R4 may represent one or nore
substituents independently selgected from al kyl,
al koxy, hal ogen, cycl oal koxy, fornyl, al kanoyl,
cycl oal kyl, aryl, aryloxy, aroyl, carboxyl,

car, B; ,

CouMRELTR S Pl R BRAREIV eGP gy
Th |18t 6 alldil KTABMbtal carbo
i SOR DR ac e A IS T Tl "
PCTddde8RQ3 402 818 -CERIY(RAPHorailg alill otdwealdrEd apd | o

8 carbon atons. Although it is possible for p to

r epsreferablyDistin the aangé of 1do Bacarbpn esens. Blormady, when R1 and
val ue of each of p and q usually will not exceed 2. .
R3 RAdolkctivebf rmpatssntraedivaleah hydmearbydgne grougs s phosphite

i.e. . Straight-chai.n gnd branc - chai. I

s CetRRBIeT o 4t B it BBl iRl atorgRia (B, 4

or . eparhRdin\a chnftpsPiiohss esitaining dbast B camdh atoms.
preferred, €.g., those which exhibit the best

st abi | i t Exaraplestdfthe amleneignotperddresertpt by asicheofest and A2
oxygen atons_are bonde irectly. to ring carbon atom

of - BelderBe giyalent ragfﬁ?%g?\ﬁm@rﬁb%&?r ?%s an aryl or

aryl ene group represented by any of 10 formulas (I1)
through (VI1). Wien R1 and R2 individually each
represents a | radical, e.g., a phenyl group, it

i's furt ; rled thato\y or both of the ring

car bon“atons are in a position ortho to the ring
carbon atons Do od~to the fluorophosphite ester

oxygen atom are substituted with an

oL

wherein R3 and R4 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, ‘sulfonate salts and the like. The alkyl

moiety of such alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyldxy
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al kyl group, especially a branched chain alkyl group
such as isopropyl, tert 15 butyl, tert-octyl and the

wo 2doa/02466211 | arly, when Rl and R2 coll ectively PCT/US2003/028129

represent a radical having the formula Al X\ A2 20
the ring carbon atons of. aryéene radicals Al and A2
that are in a position ortho"to the ring carbon atons
bonded to the fluorophosphite ester oxygen atomare

Sﬁpﬁ%ds Eﬁgn;‘ﬁﬂcbhta% ap ks HrooR atdthel AlABLIYH & nbrp@eeime@for p

roup such as 1sopropyl, tert-buty
t & tepreis&yrht (atuj4talmd foi Rdo renbr@Sﬁﬁ‘ts@ 18, meey@pfz@aj each of p and
fl uorophosphite esters ve t eneral f or mul

2@@%% nptEresszha3 e & prf@fﬁb y fﬂ@@@%‘ﬁ@“’%ﬁ iy
er e .
Slchungs 1oL SFRETAT g ariedibhaini sl of BREM: Sb®Eh:

a'ﬁk@m% l@ﬁ% b a:jrmdﬁ eaahlbeprateutrﬁ 1an@. X is (i) a5
chem ca on j rect bet n rhon _at
each phidig/fl %@PBP%QJH‘QY eeloiaeh ase MOsEB 593 5880?5 "?‘fse which
egél‘@ém\é' tf?% SRbilktgr & 1%055 wrférelﬁ(ihe\ﬂhm@pﬁbmmb axfteR5
rogen or al kyl .1 to 8 carbon ato
oxygen atoms are bonded directly to a ring carbon atom of a caﬁ)ocychc

aromatic group, e.g., an aryl or arylene group represented by any of

formulas (l1) through (VIl). When R1 and R? individually each represents
an aryl radical, e.g., a phenyl group, it is further preferred that 1 or both of
the ring carbon atoms that are in a position ortho to the ring carbon atoms
bonded to the fluorophosphite ester oxygen atom are substituted with an

alkyl group, especially a branched chain alkyl group such as isopropyl, tert-

butyl, tert-octyl and the like. Similarly, when R1 and R2 collectively

represent d radical having the formula

Al——

/

X

\

A2

the ring carbon atoms of arylene radicals A1 and AZ that are in a position
ortho to the ring carbon atoms bonded to the fluorophosphite ester oxygen
atom are substituted-with an alky! 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



The fl uorophosphite esters of forrmula (1) may be
prepared by 10 published procedures or by techniques

wa@r@kogwes thereto. See, for exanple, the proP€HURmMS3/028129
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described by Riesel et al., J. Z Anorg. Allg. Chem,
603, 145 (1991), Tullock et a-"rO-J' Og. Chem, 25,
2016 (1960), Wite et al., J. Am Chem Soc., 92,
7125 (1970) and Meyer et al., Z. Naturforsch, Bi.
Chem Sci., 48, 659 (1993) gand in U.S. Patent

fluor « ‘ , I.e., the residue(s)
represe y Rl and can be derived fromchiral or
optical | fcth\i ve cobnpoynds. Fl uorophosphite.ligands
-derived roncnb#pgl gl yR0l s or phenols w |l generate
chiral liggands. ‘The catal yst systens provided by the

present inventioR conprise a 20 conbination of one or
nore transition netals selected fromthe Goup VIII
metal s and rhenium and one or nore of the

f 1 uor ophosphi tﬁ_corrpounds described in d ta'BI_
hervihergiipeach Rhds alkvhof Bite§ ¢rrban atRlysiragh byiigbydsagen, alkyl

V\l) - _ r. . .
vardoul RERaER A ARG 8 clil PRSP g o @
t he%hdmiaasbddcb@irwpabehr?ﬂgpdingmmbuEmm of eath Mrlyeny@ne group
used as, oyrce, o rhodi um for .t tive catalyst

i nc@d@a@cﬁﬁé'&i ded: gF ('P)t?o@ri%%hq“i'”%g]eta@"af‘% car boxyl i c
aci ds, exanples of which include di-rhodium
tetraacetate 5 di hydrate, rhodiun(ll) acetate,

r hodi unﬁsl ) isobutyrate, rhodiun(ll)

2- et hyl r‘exanoat e, rhodium(1l) benzoate and rhodi un{ll)
oct angape—-Al so, rhodium carbonyl species such as
Rh4(CO) 12, Rh6(CO) 16 and rhodiun(l) acetyl acetonate

di carbonyl may be suitabl e rhodi um f eeds.
Addi ti.oR8l 1y, rhodi um organophosphi ne conpl exes such

ns TR ATARGR0 R R 6 R9Brsgn o,

conpl ex fed aThe dlasrdphatiphjib @stats lof farheila (1) may be prepared by

r US{JS ist}\%sépg]rioggdlhrie %r} S’y t%fchrtwig%es analogous thereto. See, for
example, the procedures described by Riesel et al., J. Z. Anorg. Allg.
Chem., 603, 145 (1991), Tullock et al., J. Org. Chem., 25, 2016 (1960),
White et al., J. Am. Chem. Soc., 92, 7125 (1970) and Meyer et al., Z.
Naturforsch, Bi. Chem. Sci., 48,“659 (1993) and‘in U.S‘..Patent4,912,155.

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

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

The catalyst éystems provided by the present invention comprise a
combination of one or more transition metals selected from the Group Vil
metals and rhenium and one or more of the fluorophosphite compognds

described in detail hereinabove. The transition metal may be provided in



present invention. Less desirable rhodiumsources are
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and the like. 15 The ratio of gram noles
fluorophosphite ligand to gragyatons transition netal
can vary over a wde range, e.g., gram nole

fl uorophosphite:gramatomtransition netal ratios of

1 e férr%Q:Q varioli® fnétarscorhb@ammw&@bﬂbagyléw SAI3s0f the
systens the gram nol e fluorophosphite: gram atom

r htsansition aetal. p‘itlewuaqugmpgunciﬁ thaé meyireusstd as @ spyres of

£ Sitpdllrmlof e by SR 883 odlnt br fifadiin b Relp s
p:j eadboxylic acids Sexample; ailddrictbineliderdireodiaim tetraacemhe
a s

£ | A gpee a0 sl ats BroBnimAP iR S Fiaue
Cabaétmgmgf(gﬁ&&ssmmmaI)%%%saﬁé ﬁoﬁfhﬁamg%efaﬁwdafte Also,

| ower e uor] de content. The anount adsor bent
t ortsdiumi ¢arbenylispeaieg suebas RhpiO)qs. Bltnsfﬁl@bfmand shodium(l)
reduce the anmpunt of fluoride contained in-

pr 8aelacstonaie disaseery may e&#ﬂabledh@@liumafeééﬁpé’rdélﬂtiqr@lly

he o e BaoFbarhild EodBRARS Sulh ARy fibsphine)

?lldslurud]anf d:arboltmlmydhtdermawbemsedwd‘:erdhetpfkaslphme moieties of the
uor nt.ai nin i on ne

3oce Py kPl o bL B araPh R Be 48 TR B Eh e
%r@é@rﬂ%en‘ﬂ@wZQ%é%ﬁﬁgle%ﬂHﬁQ&%Qggﬂ@%om% salts of

car boxyl ates, hydroxi des, bicarbonates, carbonates,
ph@yphgm@erai iacidstsuch apohlatides, dnamistesa siatemsedfatss,

cal nesium alum num zinc, silver,
[i tp %Br}' %g%gggbﬁﬂr?gcopper cadm um barium and/or
si | i con.Thefation!f gsarafmolesifluvyoptiosphites dgabiegmet atores

fromcarboxylic acids 5 cont ing 1-20 carbon atons,
S USRS IOt CaB V! QWIS WS FTGeE U R BTLHONG:

ggg@g%ﬁosgﬁﬁé@%ﬁ  atdRPF SRR F met A rARSILERN9It6 200:1. For the
rhodium-containing catalyst systems the gram mole fluorophosphite:gram
atom rhodium ratio preferably is in the range of:1:1 up to 70:1 with ratios in
the range of 1:1 to 50:1 being particularly preferred.

The adsorbent utilized in the present process is any adsorbing
material that can adsorb fluoride from the products produced by the
fluorophosphite-containing transition metal complex catalyzed processes,
thereby yielding products of lowered fluoride content. The amount of
adsorbent to be utilized is any amount that is sufficient to reduce the
amdunt of fluoride contained in the prc;duct of the process, as compared to
a comparative process operated in the absence of adsorbent.

As herein stated, the adsorbent is any material that adsorbs fluoride
from the produét of the fluorophosphite-containing transition metal complex

catalyzed process. Examples of suitable adsorbents are oxides,
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adsorbents are m xed salts such as magnesi um al um num
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hydrotal cites); nol ecul ar sieves i on exchange resins;
menbr anes, and the 10 |ike. e preferably, the
adsorbent is a calciumsalt su h as cal ci um
carbonate, cal ciumsul fate, cal cium hydroxide; also

A s, P e g

a cal crum sa such as marb
chbhpgates and e aistommasookcalciuar, sodiun ayagleesusmelaltgmnum zing,
Most preferred faor use as th

caﬁ'!b‘(ﬁfa&"@'uni‘:rp%}éﬁ%k”i! $5pBS canaBob 28Dy BRIBESHRHE
’E’r(?mgd‘f@é bt éé’rbo%ﬁéte%@’@ﬁh@se bB&EnddRemIRBhowylic acids

rans per ter) in the given organi ¢ nedia.
M gontadsing fl- &Qisaw@rﬂt@n‘tﬁaﬁucmés femErCi mOPW@'Cprf@e‘@ gic,

sor.ben y
R Sl gl ARG, BRSo . Rt gole
IOlr Qfefife ot Slco i€ acilbUis6l eui?éblecﬁmwetasaédsdrbeptmlmmxed
to be achi eved. For exanpl e, th

us saltgsugh gg\m@gt@ﬁl%@jpw ca gl lfrm\ké@ agr{almtes and
ad%gaP&g mtB@é mél@cdl’?nL Ql@geé N8h %&Eﬁal?goé RSt nEmBradsc ind the

ate hrough of .a suitable
sollikd. Msnermefurablm ther adstarbentyis aaqa!cwmesaétr%mfyas galcium

stre f pr qduct dith f

asarpete! trlgum uidiet Fanem BYABHEY 3sBEipRinad e mut-

C°'Egﬂ%oﬁérﬂ‘?hét@rléletﬁéﬁéoﬁtaﬁlsfslummrd@l hieloahtsodf 4 balcium salt,

product. The adsorbent bed can be operated jn | u

ILcamchtis elartdelsips, erusheddiesone or C%Hﬁéroyﬂ?dvﬁ%‘etﬂ% Wost
0se, SKi

opdnaiaib (e Sse s B b s Califim CARAE! feneral

W:c tﬂrlefé?rrftﬁgﬁwrbbﬁfs fealealoivesmubitityt fquwaaml% less than 1@ mg/L
of el evated- pressur The t t

cor(talierame penucER B QN SFRPLREdE 1IYeE o gegprignts can
terg@ggéalrlﬁt@?r\g@e )04/ 024662 PCT/ US2003/ 028129 -13

500C being prefera Further, the fluoride reducp on
bed can Bbeapeomeetils used in any form, and in any location in the

process, that would allow the objective of the process, to reduce fluoride
content of the product, to be achieved. For example, the adsorbent may be
used as a powdered adsorbent, or in the form of an adsorbent bed, in which
instance a resulting product stream may be circulated through a bed of a
suitable solid adsorbent. Alternatively, and preferably, a stream of product
is passed through a bed of the adsorbent, under conditions to allow
sufficient contact time to reduce the fluoride level of the product. The
adsorbent bed can be operated in a p‘l'ug flow, trickle bed, or in any other
manner known to those skilled in the art. The fluoride reduction operation
can be achieved at ambient to 500 psig, with no particular advantage
attributable to the use of elevated pressure. The temperature of the

contacting zone can be varied from 0°C to 110°C, with a temperature of
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in a single pass manner, or as a recycled | oop feeding
froma vessel. The exact nmanner of operation depends

worontloziearount of fluoride to be renpved, thePdPER2008028129

final fluoride level, the dinensions of the bed, and 5
ot her process variables. The wventl on wll be nore
readily understood by reference to the follow ng
exanpl e. There are, of course, nmany other forns of

t rZ”SG"O Béiﬂ@trﬂré’f@eram@ Hurler| thBIRRMRIc BN IEh Bt 6atbe operated
skilled in'the art, once the invention has_ been full

di B isgle passamannes, Iar ascr Emayrlegl Iyobéee@r&@aﬁnkad'eﬁﬁ%k The

1 P e el ST e ahBERt Thiorde to be
| i rsnidved, the desingefindl fiuorisleileve ptheadimensiang ofidlye bed, and
EXAMPLE In the follow ng exanple fluoride

coPBERPFRgassYariakles- det ermi ned as® 15 fol | ows. Met hod

for a”a*rgé 'nﬂ%nftle il 68 rﬁ@@r@éﬁﬂ?hh@@ﬁst&&?b)ﬂ RéfBRshce to the
descri bed below is a fication of the neasurenent
nmefollowirgeexampled Thererasepefreaurse gnany ether fgmsplihis twention

= iR B ob B SES o RPN 1 e o Ay RS Phas
Topaén kA disctosen Hrid ibdiillassurdiRghf 188 rebagnizedi tﬁaﬂﬁﬁsﬂei@mple

provi de constant bac fground ionic strength, deco
f | sgivers fordhe padpesa of iHestiatiasony, andhis %ﬁ%@ﬁt%\ﬁ rHﬁd as
of |‘f‘%;ﬁ1 sanpl e was 25
r%fﬁi{ o{hg%%()bg Eﬁ'g i%lnrlﬁgi’ﬁr‘X%Q\/h an equal anount
of TI SAB I buffer (Orl on #940909 recomrended buffer
for use with a fluoride selegct, E el ectrode) and
separating out the buffer An equal anount of
di still adieirswing aedrsietfRicriae HebRtaRas vere @adrihied as
fluoride concentration is neasured wwth an Orion
(#88lo9®) fluoride ion selective electrode that is WO
2004/ 024662 PCT/ US2003/ 028129

Method for analyzing fluoride concentrations

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

The concentration of hydrofluoric 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 separating out the buffer portion. An equal amount of
distilled water is added to the buffer portion and the fluoride concentration is

measured with an Orion (#96-09) fluoride ion selective electrode that is
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The-fol | ow ng exanpl e shows a hydrofornyl ati on process
using a fluorophosphite-contaiqung transition netal
catal yst to produce 5 butyral dehydes. The process is
carried out in a vapor take-off reactor consisting of

a ttdohedltb\ [etrangers t GRIM TésRo sitreedr. ﬂ‘hpeﬂhasmmglent is in
5 cm insi de di anet er :

an c{ a Ie th of '%HHF ﬁﬁ
ThanBae GCHA 1 conveupd A1t pBi DY A8 @ RIBBLPBA B
the reacygq fcfll%@wﬁd“éx%rﬂ?%t st%w&é?%k@‘ofrﬁﬂﬁﬁ@ﬂbﬁoce@hmsmg a

reactor contalns at whi'ch is arranged
axi fajdrypmmhltekrmntman‘tg)hrammtlmmmettai eadalystrtofwedue ur at e

e e T e ElRes & ST lout ¥ vager takecg tastor

r ea@dl@’stﬁ@%faa %rﬁballyoaﬁéﬁgé@stamm sieenpipethaving 4@5 ican
connected to a cross connections to

cr ogsidedigmetertand %Jﬁﬂgth@ﬁ?& ”W@fhrsg JM@@C%M%%‘?V element
[
© hepRionB R or e BRKRT bt R HEFbf oA TEaLERES Tho
pr eezicta ddotdihs aghérmbwtll Mmlcmssobrrmgmimlly withnthe gestctor in
in the reactor and t I? H om connect i Oﬂt i s used

t o Feipaiier f acUEAte maqgpmegr of I teSPar R it (e

r Ungyddsd Ié’tbb‘?'ﬁ‘é%@ﬁ@ﬁ( hfiktups! ‘Fﬁeﬂidﬂiékﬂ 6MBeirBadtoY ARS8 high
t ake-of de of operation, the hydrofornylation

r eaprasstireubing eorectionthabis copnes editag erags. Qe of the

t | t
ST S P
gSt @@d:Hll ggﬁ)caﬁiﬁe -1 ﬁfﬁtaﬁegl&;ﬁi Ss?ﬁht mtmrﬂ?mgaeml tthéshlgh tprr]essure
utyral dehyde is forned in the sol u e
but %@'&W%Fél‘i’y‘d%f aawﬁe{ﬁni@éefeeﬁ%ﬂﬁ@ ?}%é% Ua?%%? BIGARLEE
o dgaféy%‘? mhetrgﬁcfo?%n@ftgé%ﬁbﬁﬁ@érﬂfecﬂ%nfr’s used for dramlng

e vapor renoved is chilled in a high
pr eﬁwcaataiwpaolatlom abtter end oéthautupr al dehyde product | s

%ggdﬁﬂigﬂaﬂ}%@ raf\g)"g Iaj}%gneqf?éroby &n&'ilt g%%bgldta?(r =g Ln%'a% of
operation, the hydroformylatlon reaction mixture or solution containing the
catalyst is sparged under pressure 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
collected. The product from the high pressure separator is combined with

that of the traps, and is subsequently weighed and analyzed by standard
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down to atnospheric pressure via the pressure contro
val ve. These gases pass through a series of dry-ice

WO c@p®246ber e any ot her al dehyde product is coPCEHUS®A3/028129

The product fromthe high pressure separator is
conbined with 30 that of the_ygaps, and is
subsequently wei ghed and anal yzed by standard WO
2004/ 024662 PCT/ US2003/ 028129 -15 gas/liquid phase

chgagtitjoidrpieiy dheiGatdgraphy (BES) te:uhniduesrfet theeneihweightl and
normal /jso ratio of the rald de product. The :
gaggﬁﬂ%m?%éﬂ@ 9€th?l#?é‘tY@é\ch eaPer d to the reactor

Via tw TheQHskBAs fedfiol tAb¥6adBe akd &y ﬂ@ftﬁéwé@tor via twin
regul ators.” The hydrogen passes 5 through a

conwmdar@amfoédmsmdabl mesKeE Neguiaeiss t Hielaydrogas maskes

collFaRBh AT S afiAn iAREE Bprabesipl ERuyreer
an Engeltarglino/ptatalysibed Q@r@nov@anymxglgen paa’m&naﬂmm agt
a simlar Deoxo(r) bed heated

caF"H@HQh a fﬂ%ﬁQ'aﬂf°|l?éd3/{:’a%e'bﬁ‘%%1t3‘b'¥é‘§ V?W%a'@'e ealboR mRBOXide
§Q§sé§ﬁ')rou¢\1ﬂ LrSRAREr 589x&8 bedheeeh 1954 @e %ﬂ carbonyl

ture as an i1nert gas. N trogen, en adde
rreremedaldmﬂ (asadisctosed inth H’atenhNdr 6568, Z@d l\b’tromn can be

+ oge0d S B iR Akl SR SRS, Rt bGgn' idelf is
hy eicerst arld eheti PiREdeREh f:re@ﬁydr@g@nlfée@ pﬂbr @J ﬂw@dwy@ﬁrogen
liquid mass flow nmeter. All Q%Iene are

pa o@hbedigRrepyisneisdedrto ﬂ'l% r&apt@rrfécemefe fRishet are
ot 2 SEulzBY P PRRTER: Ty BITRY B T TR Lo P i

g rﬂm flow thetar. bAlhgbses ehdmyd)mdenaaee péséecbtﬂmmgmaq:seheater
rhodi um 20 di carbon 2.12 g of

55 S is NP BRRASN NG GHid DTRRYNE.
phenyl ) fl uorophosphlte (4.37 moles, [L]/[Rh]=30), and
190 m of ' dioctyl phthalate. The cat al yst sol uti on was
ch&x@atpleo t he reactor under an

A catalyst solution was prepared under nitrogen using a charge of
0.0375 g rhodium dicarbonyl acetonylacetate, (also known as rhodium
dicarbonyl acac, 15 mg Rh),"2.12 g of 2,2'-ethylidene bis(4,6-di-t-butyl-
phenyl)fluorophosphite (4.37 mmoles, [L}/[Rh]=30), and 190 ml of ‘
dioctylphthalate. The catalyst solution was charged to the reactor under an
argon blanket and the reactor was sealed. The reactor was pressurized 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 monoxide = 3.70 I/min
STP; nitrogen = 1.12 I/min STP; and propylene = 2.08 I/min STP. This is
equivalent to Having the following-partial pressures in the feed to the reactor

reported as pounds per square inch atmospheric (psia): hydrogen = 96
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we arbomenpnoxi de, and nitrogen and 25 heat ed tPBCWLS1003/028129

10

15

20

Propyl ene feed was then started and the flows were
adjusted to the follow ng repojged as liters/mn at
standard tenperature and pressure (STP): hydrogen =
3.70 I/ m n STP; carbon nonoxide = 3.70 I/mn STP;

ni tpsig€6.6-Bdr) 1éarbomnioriohiic arsh peia Ry bedwr);Mitto§8n H 28 psia (2 0
STP. ;h|5|s %@lvalent to hawngthefollovvlng
parl?‘? | apgd Qﬁ%ci)’j T R4tpsda (€BPd t he reactor 30

e ) o

psi Bh¢ butyraldehyde prasiuction mate aleraged 60 S6eg/h6uiaBar atalyst

t 0. Bar): d I = B4 psi
(= S0 oT 45 Riaalar syl BREaPL oG Rofe. R¥ofl of
abo 96flitemssofibutyraRiehgde svas Jﬂ@aubéayrrﬁbdgttydﬁnormal '
production rate averaged 60.86 g/ hour for a cataly

5 aisebyivrgidghyde prodkct tyisarhityidldahyra angdust dﬂéﬁﬁ)d’f/aS3 38/1.
h

s B Bilo fidhrkd! ncBhipndifin buS oLk HidhfiixAe

pr odldehydiep'r@cmdedtvyaaomammta product (n:iso) was

3.38/1. fl t [ t

per i 178 B8 Bubiselefune petuc eRgeE ThhBtadse Rad 18 oy (0.21
nt)prm vihe geuﬁéar@tts%ﬂd@%&u@ﬂwtnamvc%é) thwe@hed

| evel ppm, was poured onto a dry
col m%ﬁgﬂn raa%ﬂemetm(%(h ¥r2.2 @) dhyrex e dTha gomdde measurement

rondl ELfnf e or Gl R AR otet s 128 i tEBDTE ppay:
was 174 ffye(a«bo()@b&amlgr@hovsmeuaabomacﬁrh@arﬂuxbnsé@mtauhmg

contacting a fluoride containing product, which
wasPdbEh gy ch Wag RFPGH?%%@,BHPE@J%H%@ RPRigining transition

trapghd| &ﬂalg toc‘é@& %%fﬁ%ﬂ é?:fs%?t?éﬁ re%l&hn@d@&%@é@%ﬂhe
results in rease 0 ['uori de content o he
pr oflueride content of the product.

While this invention has been described with respect to particular
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 madifications which are within the true spirit and scope

of the present invention.
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Wiile this invention has been described wth respect
to particular enbodinents thereof, it is apparent

wo bat/oemsner ous ot her nodi fications of 20 the POWERL0DHIRS129

wi Il be obvious to those skilled in the art. The
appended clainms and this inveption generally should be
construed to cover all such obvious forns and

nodi fications which are within the true spirit and
scope of the present inverBliAMSWO 2004/ 024662

PCT/ US2003/ 028129 -17 CLAIMS W claim 5 1. A
process for producing a product conprising: (a)
peykiaihng. a chemical reaction using a catal yst
conprising one or nore transition nmetals sel ected
fromthe group consisting of Goup VIII netals and

d
nat ng ™ FRESeRTEr BfodtRi » pHEREROERRSG: (OTPO5 R,
whej ei rpeRiloranmig EZ:rmmichlymeotIm byilngreachtabts’scmmpdhing one or
cont ai rbon at ons .and \?m

¢ TRoR fiadstigh Mistals sHlpaed fitm fgnAGUp O SRR ST op

grlﬂg’ceﬁé ang rﬁéﬁﬂﬁ tHneoribenots flabropRasphife é@mb@unds having
produce a product 15 containing fluoride, and (b)

cdheagsinengl feendlapr oduct with an adsorbent to reduce.
the fluoride <content in said product. 2. The process
according to' Claiml wherein said chenical reaction
Is 20 selected from tdpe—ggioup consi sting of

hydr of or nyl ati on, hydr/ogenati on,

y v Fy——P g @)

\
O0—R2

wherein R1 and R2 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, and

(b)  contacting said product with an adsorbent to reduce. the fluoride
content in said product.

2. The process according to' Claim 1 wherein said chemical reaction is
selected from the group consistihg of hydroformylation, hydrogenation,
isomerization, hydrocyanation, hydrosilation, cycl'opropa'nation,
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 reaction is

a hydroformylation of an olefin to produce an aldehyde.
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copol yneri zati ons, butadi ene dinerization,

ol i goneri zation, butadiene pohgnerization, the Heck
reacti on and arene coupling reaction. 25 3. The

process according to Claiml wherein said chem cal

r eadt i onThs precdsscabodingltaiClaim ofvrencinlsaid adéarbent has a

roduc n al de 04/ 024662 PCT/ US2003/ 028129
P scﬁluglf eOfS g{%" ?aQQB‘?Q%EHbS? (illj% 1 wherein said

adsor bent has a solubility of less than 100 ng/L in
said product. 5. The process according to Claim1l
whebei n $he @reckssraraording to Claionmheseinstaidiadsorbent is

o oSS e el SRRt GompSed " Compr i e of

cal ci um carbonate. 10 7. The process according to

Claim1l wherein said adsorbent. is selected fromthe
gr ofip coﬁeeﬁpf?@sscacq%dwgdmc‘damarva}eéemcseal% Adperbent is

sulggltﬂ%rlsé@gf @5&“‘%535{’? t@xide. 8. The process

according to ereln said adsorbent is
selected 15 fromthe group consisting of marble,
ster shells

g Eg ?gidng}{'? o @%?%aoqm@ggp r¢l a%glnbseaﬁg aﬁggrrb%n?ls selected

sel aehethe érbgmddhgusﬁhglw c@wm%rma@é dAXdid@Ssulfate, and
car boxyl at es dr oxi bi car bonat es, car bonat es,

phoSplesirediydiaxidat es, borates and ascorbates, of 20

cal cium sodi um rragnesi um al um num zi nc, Si | ver,

[ithium potassium copper, cadmum barium and

si | Bcon, Taeprotetsiaesortmertedtlaind @.whdreinpsaid essorbent is selected
acc rdl to Claim1 wherein said adsor

sel QrPH%QW'%PQﬁ RN STy &vsg%rr%!w gdlimgstone.

cal ci um sodi um magnesi um

9. The process according to Claim 1 wherein said adsorbent is selected
from the group consisting of oxides, carboxylates, hydroxides,

bicarbonates, carbonates, phosphates, citrates, borates and ascorbates, of
calcium, sodium, magnesiurﬁ, aluminum, zinc, silver, lithium, potassium,

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

10.  The process according to Claim 1 wherein said adsorbent is selected
from the group consisting of carboxylates of calcium, sodium, magnesium,
aluminum, zinc, silver, lithium, potassium, copper, cadmium, barium, and

silicon containing 1-20 carbon atoms, and mixtures thereof.

11.  The process according to Claim 1 wherein said adsorbent is selected
from the group consisting of magnesium aluminum carbonates, molecular

sieves, ion exchange resins, and membranes.



25 alum num zinc, silver, lithium potassium copper,
cadm um barium and silicon containing 1-20 carbon
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to Caim1l wherein said adsorbent is selected from
the group consisting of nagneq igum al um num car bonat es,
nmol ecul ar 30 sieves, ion exchgn e resins, and
menbranes. WD 2004/ 024662 PCT/U82003/028129 -19 12. A
hydr of ormyl ati on process for preparing an al dehyde
product conprising: (a) contacting an al kenyl olefin
wi tIB. a Adwdrgformytation prongsfes Rsepariicean gldahydeiRrpaHrct
netals sel ected fromthe group consisting of G oup
I?%9¢  and rhenium and one or nore

f I g@r opb@ﬁu@btmg aﬁm@%dﬁ%ﬁwith @ Rgsldtalys‘gmﬁpmmg @neubramore
ereln a
hy éraag@paynetam@ap@deaﬁh% SRR ﬁoras'%taiga@fa éfO%V fipmetals

40 aﬁarrn Hlug-h%{ﬁ‘ﬂ e ggﬂgﬁ@'ﬂﬂ&% hlté" cBpdUREL HRNVAY the

f I uor opho to gr ons transition netal
i s gehefaddamulal to produce an al dehyde product
containing fluoride; and (b) contacting said al dehyde
product containing fluoride with an 15 adsorbent to
renmove at |east a portipn @kt said fluoride from

al dehyde product. 13./The process according to Caim
12 wherein said adsortnt has a sol{@bility of |ess
than 100 ng/L in said pyodget. 20 14. The process
according to Claim12 wherein said adsorbent is

wherein R and R2 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 1:1A to produce an aldehyde
product containing fluoride; and

(b)  contacting said aldehyde product containing fluoride with an
adsorbent to remove at least a portion of said fluoride from aldehyde

product.

13.  The process according to Claim 12 wherein said adsorbent has a
solubility of less than 100 mg/L in said product.

14.  The process according to Claim 12 wherein said adsorbent is

comprised of a calcium-containing compound.

15.  The process according to Claim 12 wherein said adsorbent is
comprised of calcium carbonate and said aldehyde product is a

butyraldehyde.-



conpri sed of a cal cium containing conpound. 15. The
process according to Claim 12 wherein said adsorbent

WO 2004@5166DpPr i sed of cal ci um carbonate and sai BICT/US2003/028129
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al dehyde product is a butyral dehyde:. WO 2004/ 024662
PCT/ US2003/ 028129 -20 16. Theogprocess according to
G aim 12 wherein said adsorbent is selected fromthe
group consi sting of cal cium carbonate, cal cium

sul tét e, Thelpcbccmls@aﬂmrdimgrtoﬁlaim 13 wheremheaig adsedent is

accordin wh d ad b IS, .

el SR TR A D G O ‘?%I{@U%} SHRPERls: CBIR syifate
Oy Shied caleRInh hyydAidde.| | mest one. In a

hydrofornylatlon process for preparlng an al dehyde

conprising 10 contacting an al kenyl olefin with a

cat a yst L1 QF .

el 011 od"Fe SRS ShanBndindafh 18 VAR EhEH GRpficentis

met sélectedrfeorn iBsiguoup aodsistiey of mawisle, éiusbedpystepishels, and

co%unds having the general formula O R F-P (1)
¢80Rerein RL and R2 are hydrocarbyl radicals

whi ch contain a total of up to 40 carbon atons and

wherein the ratio of gram noles fluorophosphite

| i g48d tin @Mdrdomlatioammaserfoﬁpme@laring am aldebyde ¢omprising

e an deh . pr. Lakng. f ri
t neErar e Al AkEBbT Rl drhaliettch i b R s
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al dehyde product.
and rhenium, and one or more fluorophosphite compounds having the

general formula
0O
/
F—p (1)
0

wherein R1 and R? are hydrocarbyl radicals which contain a total of up to
40 carbon atoms and wherein the ratio of grarh' moles fluorophosphite
ligand to gram atoms transition metal is at least 1:1 to produce an aldehyde
product containing fluoride, the improvement comprising contacting the
aldehyde product with an adsorbent to remove fluoride from the aldehyde

product.

19.  The process according to Claim 18 wherein said adsorbent is

comprised of a calcium-containing compound.

20.  The process according to Claim 18 wherein said adsorbent is

comprised of calcium carbonate.



19. The process according to Caim 18 wherein said

adsorbent is conprised of a cal ci umcontaining
wa@oeompoedss2 25 20. The process according to C aP@T/L82003/028129

wherei n .said adsorbent is conprised of calcium

carbonate. WO 2004/ 024662 PGI2US2003/ 028129 -21 21.

The process according to Caim 18 wherein said

al dehyde product is - a mxture of isobutyral dehyde and
nothal big pregessrgagerding to Claim 18 wherein said aldehyde product is

a mixture of isobutyraldehyde and normal butyraidehyde.



