2 3 NOV 2006 WD 2004/024662 PCT/ US2003/028129 N -1- PROCESS FOR REDUCI NG
FLUORI DE | MPURI TI ES RESULTI NG FROM USE OF FLUORCOPHOSPHI TE CATALYSTS ﬁﬁgﬁh@
OF THE I NVENTION This invention relates to a process for reducing th

of fluori i ned in a chem cal product. More party S
I nvention a’?’ezl%%?"égg6 0 a process for reducing the amuntﬂ%ﬁ%%%r%f%% in a
product whi ch has been synthesized using a fl uorophosphite-containing

catal yst, wherein 10 the resultant proggc_ts are contacted with an adsorbent
for the purpose of reducing the fluoride content of the product. BACKGROUND
OF THE INVENTION It is known from U. S. Patent No. 5,840,647 that certain 15

f 1 uor ophosphiRROGESHBORNRKDLES INGHL T/ ORIDEMAPURITIES RESTHITANGCPRDIMXES  t hat
serve as catalysts in aUgROFNALYUCSRORHOSPAITEE DATALVSES cat al yzed

processes. -A particularly suitable process is the hydrofornylation or oxo
reaction to form al dehydes. It is further known fromthe above patent that

fl uorophosphite di ester conpounds are useful as ligands in catalyst 20
systens or the conversion of mEeh &E TiHE phAalyeRs. The fluorophosphite

| i gands can be substituted for; , fnation with, known phosphite
and/ or phosphi ne IThiginuention relatelto aprocesy fafreduting ihst ampenkesfs  using a

transition . i C ug.:. the ..catal yst
system conpp?é@s"dg%gh%e?a'b {H;énﬁeolﬁﬂéﬁg%%@cthmggﬁ %QE%J fatT!}bﬁ‘"Srn}aquPEmﬁS sel ected
fromthe G oupladtés to aptomkss fordedbeing the amndumirad flooridminea pfdduwet whizhsphi t e

compounds havrliapsgbéer}\es %%%ﬁzaeld ljs?rqgrrglﬂ%o?op%oy;%{te%go%aining catalyst, wherein

10 the resultant products are contacte(;l' with an adsorbent for the purpose of
reducing the fluoride conient of the product.

BACKGROUND OF THE INVENTION |
it is known from U.S. Patent No. 5,840,647 that certain
15 fluorophosphite ligands may be used to form fransition metal complexes

that seriJe as catalysts in a wide variety of transition metal catalyzed
processes. ‘A partiéular\y suitable proéess 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

20 systems for the conversidn of olefins to aldehydés. 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 fransition metal as the priinary catalyst component. Thus, the

_ catalyst systerﬁ comprises a combination of one or moré transition metals

25 selected from the Group VIi.metals and rhenium and one or more

fluorophosphite compounds having the general formula



WD 2004/ 024662 PCT/ US2003/ 028129 -2- -RI F- P (1) O Rz wherein Rl and R2

are hydrocarbyl radicals which contain a total of up to 5 40 carbon gm
and wherein the ratio of gram noles fluorophosphite ligand to gram'é 006

transitionyipl@bodsgsdt | €ast 1:1. The catal yst systenms p WSR&IM§E§1 in a wde
variety of transition netal -catal yzed processes such as exanpl e

hydr of or myl ati on, hydrogenati on, |soner|§?t|on hydr ocyanati on,
hydrosi | ati on, carbonyl ati ons, oxidations acetoxylations, 10 epoxidati ons,
hydr oam nati on, di hydroxyl ati on, cyclopropanation, tel omeri zat ons, carbon
hydr ogen bond activation, olefin netathesis, olefin dinerizations,

ol i goneri zations, olefin poly rlzatlons olefln carbon nonoxi de

copol yrmeri zati ons, butadienelg meriRzati on and ol i goneri zation, butadi ene

pol yneri zati on, and ot her carbon-carbon bond form ng reactions 15 such as the
Heck reaction and arene cbupPing reactions. The catalyst systems conprising
rhodium as the transition netal are especially useful for the

hydrofornyl ation of ol efins t@p+rgguce al dehydes and, therefore, are
preferred. Wien fl uorophosphite-containing catalysts are used in reactions to
20 produce chem cal products, there is a possibilitythat the resultant
products could contain fluoride as a result of the deconposition of the

f 1 uor ophosphi t gHergia Rl éﬁdiRQ'éré?n dgszia?dgu Fézﬂ@i@%m.chtc O .'T;%tb{a;rgﬁﬁﬁﬁ@ be

desirable to have a process f anount | uoride 1 n
chemi cal g odudf.carbormatoms @ndswhb@lrmﬁ@fratlotobgmwmoées;ﬂme@mspdwtepr oduci ng a

25 chem cal progugd 1d'glaiPafntd M SRIPHBRI a0 1) e EALR)sY S stifiRr &' N the
may be used in a wide variety of transition metal-cataiyzed processes such
as, for example, hydroformylation, hydrogenation, isomerization,
hydrocyanation, hydrosilation, carbonylations, oxidations, acetoxylations,

10 epoxidations, hydroamination, dihydroxylation, cyclopropanation,
telomerizatons, carbon hydrogen bond activation, olefin metathesis, olefin
dimerizations, oligomerizations, olefin polymerizations, olefin-carbon
monoxide copolymerizations, butadieﬁe dimerization and oligomerization,
butadiene polymerization, and other carbon-carbon.'bond forming reactions

15 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-cbntaining catalysts are used in reactions to

20 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. 1t would therefore be
desfrable to have a process forf reducing the amount of fluoride in a
chemical product. It would also be useful to have a process for producing a

25 chemical product using a fluorophosphite-containing catalyst wherein the
resultant product, if containing fludride, has reduced levels of fluoride.



resul tant product, if containing fluoride, has reduced |evels of fluoride. 2
3 NOV 2006 WD 20041024662 PCT/ 11S2003/028129 -3- Therefore it is an.ﬁgmggzma
of this invention to provide a process for reducing the anount of fl d

in a chem c@do RupbMsd 't is also an object of this invgﬁ%gﬂ to provide a
s

process for producing a chem cal product using a fluoro dnt ai ni ng
catal yst wherein the resultant product, if 5 containing fluoride, has reduced
| evel s of fluoride. SUMVARY OF THE | NVENIt ON The process of the present
i nvention conprises any transition netal- catal yzed process utilizing a

f 1 uor ophosphi t e- cont@Lpi .cat al . ] - lting from

t he prgcesg Is cont g@?@ég%'f%a n‘%i%%‘% éﬁwe% QﬁSﬁEg%{%%%T%ér%ges_ gny

mat eri al that weducimgthe dmblintef flderideind themiehlyprodectu ¢ds talsd anobjett of
fluoride in the .product of the process. DETA|LED DEﬁCRI PTI %Og‘ THE | NVENTI ON
15 The pr ocess 1P MYRITAR 20 pavider R BIACRS L ROAYERELE SRgMIcPLRQILELYSING fal -

catal yzed IOFOC?l&érdtftmo@ghi%-édaniﬁihmma%ﬂvﬁw?@iﬂttﬁé RédiftaRprabuet, fwherei n the
product resulting fromthe process is contacted with an adsorbent. The
adsor bent ®onpCPBtainipg fluatde fagrequred Igyels obisids. £ | uori de, and t her eby
reduce the anmpbunt of fluoride In the product of the process. 20 The process
of the present Invention is applicable to any transition netal-catalyzed

process utilizing a fluorophoSUMMARY OFaTHEANVENTIONst . Exenpl ary of such
processes are, pref bl t he hydrof ornyl ati o r.oxo _ reaction to form
al dehydes, hydr ogen?P%cﬁ{?gc?s?oﬁélﬁQ%Pﬁ%’@?@@ﬁo@yﬁﬁgﬁ&qy trWﬁ'PBé??tﬂ'i on,
3 fiL bgnyl ations ,camyﬂim proosss mm_zmgwﬂu&lirbmp_hﬁ@%h&mmg)aatalyaﬁ\ﬁmfhmm Bat ijon,
i hydroxy] ati on, c¢cycl opropapation, telornerizatons, carpo ydr ogen bon
activati ol ol Q‘P‘ﬁ“%@‘gﬂw&{; n the procesiseantacied Witk an 34350%9“"- %e :
adsorbent comprises any material that will adsorb fluoride, and thereby
reduce the amount of fluoride in the product of the procéss.

DETAILED DESCRIPTION OF THE INVENTION
16 The process of the present invention comprises any transition metal-

catalyzed process using a fluorophosphite-containing catalyst wherein the
product reéultiﬁg fron_1 the process is contacted with -an adsorbent. The
adsorbent comprises any material that will adsorb fluoride, and thereby
reduce the amount of fluoride in the product of the process.

20 The process of the présent invention is applicabie 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,

25 hydroamination, dihydroxylation, cyclopropanation, tefomerizatons, 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

30 the Heck reaction and arene coupling reactions. The catalyst systems



ol i goneri zations, olefin polynerizations, ol efin-carbon nonoxi de
copol yneri zations, butadi ene dinerization and oligonerization, butadi

pol ymeri zati on; and ot her carbon-carbon bond form ng reactions such égwm&ﬂME
the Heck r i d arene coupling reactions. The cat 2 3 NOovV
2006 v 2SI T Ue260310085 26 4. conpri si ng rﬁ%ﬁéﬁ?l&fﬁ%@kﬁg‘é
transition netal are especially useful foh the hydrofornylation of ol efins
to produce al dehydes and, therefore, are “preferred... The

fl uor ophosphi te-contai ning catal ysts of the present invention are 5 defined

in US Patent dnprisifthdeiin asiheé frangition et afa bgsedisyaideflYor thef er ence.
More particularly, the fluorophosphite-containing catal'yst conprises a

conbi nati on of MyigEofermylgtien of alaling iooprofeempldebydescand therefarenare Group VI |1 |
metal s and rhe 'r%@r%ad‘one or nore fluorophosphite conpounds having the
general fornul R F- P O R2 wherein RL and R2 are hydrocar byl

radi cal s whi ch cont aihe fludropizdspbite-coptairingl Oatabysteoof the pnesemb thventorare t he

rati o of gram nples ,f.l oghosphi. t [ 1o gramatons transition metal
o't Teash T TeBRalh SERCBARRPRoLE padBar HARRR e B b n O - Ry
F-\ ~1~ .. O Bkréfcd.uMdiré partiealadl f the fluvmphogptitts contginirgsedalyst conbi nati on
wth transition netals to form ca} al yst systens for the processes described
her ei nabove.  comprises a combination of one or more transition metals selected from the

Group VIII metals and rhenium and one or more fluorophosphite

compounds having the general formula

10
O—Rt
F—F (1)
0O—R2
wherein R1 and R2 are hydrocarby! radicals which contain a total of
up to 40 carbon atoms and wherein the ratio of grani moles fluorophosphite
16 ligand to gram atoms transition metal is at least 1:1.
Fluorophosphite ester compounds having the formula
O—~Rt
F—P o -
0O—R2
20 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



The hydrocarbyl groups represented by Rl and R2 may be the sane or
different, separate or conbined, and are selected fromunsubstituted and
NOV 2006 V\D 2004/ 024662 PCT1US2003/028129 -5 substituted al kyl, cythdél R@ﬂﬁ

and aryl J6RABLai ning a total of up to 40 carbon gﬁﬁgs & ot al
g

car bon content o substituents RL and R2 preferably is eof 2to
35 carbon atons. Exanples of the al kyl %[oups whi ch R1 and/or R2 separately
or individually can represent include 5-ethyl, butyl, pentyl, hexyl,

2-et hyl hexyl, octyl, decyl, dodecyl, octadecyl and various isoners thereof.

lﬂgs? : 't( ﬁlan'? ;O;%mhﬁﬂggegﬁlgﬁ%&Igéc?l%‘dko@ygrsgﬁpné/ Ain} ﬁ@fk%{r%é'lfbfhﬁ tbgboal kyl ,

aryl, aryloxy, caabey atorhgr [TR¥ btal @a?b&?édﬁtéﬁﬁof%%b&ﬁtueﬁt’s‘ﬂfkdﬁ@Rao nyl
al kanoyl oxy, cyano, sulfonic acid, sulfonate salts _and the |ike. Q/cl opentyl,

10 cycl ohexyl Riferablyiipintheymnae of 2iaadcabopatems. Eyamplassfiithgaliivhs R1 and or

A kyl or any odfobRS WL R skt B e SR PR oA ol ¢

substitutgd al &mll, BUBHRAsentylSe @éthwnexny@dtgaaéw cgfd@éﬂso%!ié&yl%da”d/ or R2

i ndividual Iy can represent’ pre erab are al carbon atons, 15
benzyl cyclop\éﬁftq;cls lSW@erﬂhl@)’GRf dhe |Qﬂ¢éB§Wath<%i-iﬁ$ﬁB§e%ff0'tWéarapiﬁl gr oups
whi ch RL and/ Ot p 18 fe St Hlon BEBIERT ¥ycloBMoN Tofifo AU ary! such

as phenyl, nap hracen I and su Ves t eof .
Exanpl es of thwabmlﬂoppwl mylax;yIarosg,rcanww;,inadiox&mtaaaﬂsoallﬂaXycnaTU'onylduaI ly can

represent the LRdhSaby, %hE%urdRic i, ORSHAE Larfs 2nd 4 REO Ty MBRRA 024662
10 cyclohexyl and cycloheptyl are examples of the cycloalkyl groups R1 and/or

R2 individually can represent. The cycloalkyl groups may be substituted
with alkyl or any of the substituents described with respect to the possible

substituted aikyl groups. The alkyi and cycloalky! groups which R1 and/or
R2 individually can represent preferably are alkyl of up to 8 carbon atoms,
15 benzyl, cyclopentyl, cyclohexyl or cycloheptyl. "

Examples of the aryl groups which R1 and/or RZ individually can
represent include carbocyclic aryl such as phenyl, naphthyl, anthracenyl
and substituted derivatives tnereof.' Examples of the carbocyclic aryl

~groups which RT and/or R2 individually can represent the radicals having
20 the formulas



(RB)ym/ \ (I11) (R4, (R4)n (Mwherein R3 and R4 nmay represent one or nore
substituents independently selected from al kyl, al koxy, hal ogen,
cycl oal koxy, fornyl, al kanoyl, cycloalkyl, aryl, aryloxy, aroyl, carb®¥jV 2006
car boxyl at | koxycar bonyl, al kanoyl oxy, cyano, [ id,
ol Pony) t Ggbdiduse? (OXySRIDOMY L kyl 10 noi ety of RGeS kyl |
al koxy, al kanoyl, al koxycarbonyl and al kanoyl oxy groups typically contains
up to 8 carbon atons. Although it is pd§§rble for mto represent 0 to 5 and
for nto represent 0 to 7, the value of each of mand n usually wll not
exceed 2. R3 and_R4 preferably represent |ower alkyl groups, i.e.,
hr anched-chain al kyl of up to 4 15 carbon atons, and m
O, 1 or 2. Alternatively, RL and R2 in conbination or
present(ll) a di val ent hydrocarbyl ene group containing up to
preferably from 12 to 36 carbon atons. Exanples of such
di val ent groups ( clude al kyl ene of 2 to 12 carbon atons, cycl ohexyl ene and
arylene. 2 3 NOV'Z2006 WD 2004/ 024662 PCT/ US2003/ 028129 -7- Specific exanples
of the al kyl ene and cycl oal kyl ene groups include ethylene, trinethylene,
1, 3-butanediyl, 2,2-dinethyl-1,3-propanediyl, 1,1,2 triphenylethanediyl,
2,2,4-trimethyl -1, 3-pentanedi yl, 1,2-cyclohexylene, and the |ike. Exanples
of the aryl ene s which Rl and R2 collectively may 5 represent are given
her ei nbel ow as (V), (VI) and (M1). The divalent groups that Rl and
R2 col | ectivel y\rg repre%ﬁBt i nclude radicals having the formul a

col l ectively may
40 car bon atons,

LT

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

10 moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups typically cof_i_tains up o 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. RS and R4 preferably represent
lower alkyl groups, i.e., straight-chain and branched-chain alkyl of up fo 4
15 carbion atoms, and m and n each represent 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 aryiene.



A - X\A2_ 10 wherein each of Al, and A2 is an arylene radical, e.g., a
di val ent, carbocyclic aromatic group containing. 6 to 10 ring carbon atons,
wherei n each ester 15 oxygen atom of fluorophosphite (1) is bonded toZ& NUVn&BOB

carbon at omyas 200k024843d A2; X is (i) a chemcal bond dire ring
carbon atons of Al and A2; or (ii) an oxygen atom a rgé%lﬁsﬁa%ﬁﬁg

formula -(CH2)r whereiny is 2 to 4 or a_group hawngtheforrmla. 20 RS -
C- Re 7 3 NOV 2006 WD 2004/ 024662 PCT/ U520031028129 wherein R5 is hydr ogen,
al kyl or aryl e.g., the aryl groups illustrated by formulas (I11), (Ill) and

(1V), and R6 i|sg fc%&{?n;ﬂés%#ﬁﬁé alkﬁ@eé @c!&é’lﬁﬁ@% gﬁﬁ'ﬁ%%lu&g the group

-C(R5) (R6) - nor not excee is In the range of
1 to 8 carbon atbyiene Nomedhylgne,ihabukinediyt 2a—am1etbyl+b&mrmr;edmp*r ¢Qent a

I e AR L R D
¢ opr esont ad by SaakeoF AP ST GRMPR uhlcr BT T AR g e

fornul as: 80 represent are given hereinbelow as formulas (V), (V1) and (VII).

The divalent groups that R1and R2 collectively may represent
include radicals having the formula

Al—

X
AV
10

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

15 oxygen atom of fluorophosphite (l) is bonded to a ring carbon atom of Al
and AZ;

Xis (i) a chemical bond directly between ring carbon atoms of Al and A2,
or (ii) an oxygen atom, a group.ﬁaving the formuia -(CHz)y- whereiny is 2

fo 4 or a group having the formula

20



(R3)-H I M (R4)g 15 (R4)g (VI1) 20 wherein R3 and R4 may represent one or
nore substituents independently selected from al kyl, al koxy, hal ogen,
cycl oal koxy, fornyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carbd3MN0V 2006
car boxyl at e L oxycar bonyl, al kanoyl oxy, cyano, j iod,
sul fonat e sa‘??s&gﬂz&‘%ﬁie i ke. The al kyl noiety of such ?Fk@‘ﬁ?ﬂ"%’l@?ﬁy,
al kanoyl, al koxycarbonyl and al kanoyl oxy 2 3 NOV 2006 WD 2004/ 024662
PCTI US2003/ 028129 -9- groups typically conBai ns up to 8 carbon atons.
Al though it is possible for p to represent 0 to 4 and for g to represent 0
'to 6, the value of eache of and sually wi |l not exce . and R4
preferably repr d&GTEN w@rh@rﬂwn- ag'?ﬂ@b@fyﬂies%f ghesﬁrV'aﬂ'BHPs ﬁﬁ'ﬁﬁﬂte _
branched-chai n al kyl URt O rbon.5 . at an represent O;
Lo 2. The 11 ugpdiusS i ol Bad o3 RERS e T Ayl Mg toBREARE 02 U ch
exhi bit the best Ik § e By L ite ester

c AR ok i proBp P OURERRCPFRARAll oot ekc P20 2

oxygen atons are y'to'a on atom cal bocycli c,

aromati c group, pefbrablpls # He @hgalofHan8 @iistatofiy. asemay, Wiea®! &ia 10
formulas (11) through (VI1). Wien RL and R2 individually each represents an

aryl radicab, e.R2 coledtibelpyépmsenpa divaldnshjdrotivbylepegfreup,dte phasphiteor bot h of
the ring carbon atons .that‘tare Jn lzpi gositi (%n ort hp t(g. t.he rl'aRB carbon atons
bonded to the fl ?FOWQQBI%Q'BSE'&& © BXgeP1aTs eRictedindormy Eo®W th an

al kyl group, espgiapted b§ DétRlE Beetapaédhtaihinglat WaaHB cavsdh abmssopropyl, tert
15 butyl, tert-octyl and'the like. Simlarly, when RL and R2 collectively

represent a radical Hexdnmges betHeoamyiene groups represented by each of At and A2
include the divalent radicals having the formulas: '

10
15

W S

20 wherein R3 and R may represent one or more substituents independently
| selected from alkyl, 'alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, ca;boxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, .sulfonate salts and the like. The alkyl
moiety of such alkyl, alkoxy, alkanoy[. alkoxycarbonyl and aIkanoylde



A - X\A2- 20 the ring carbon atons of. arylene radicals Al and A2 that are
in a position ortho to the ring carbon atons bonded to the fluorophosphite
ester oxygen atomare substituted Wth an al kyl group, preferably a branched
chain alkyl group such as isopropyl, tert-butyl, tert-octyl and the |7 keéllV 2006

The nost 25 woebrnseer f| uorophosphite esters have the ge la 2 3 NOV
2006 WD 2004/ 024662 PCTNS20031028129 10- R8 R8 X OlPI}E&ﬂJSé}’%%%erei n

each R7 is alkyl of 3 to 8 carbon atons; each R8 is hydrogen, alkyl of 1 to
8 carbon atons or alkoxy of 1 to 8 carbonatons; and X is (i) a 5 chenical
bond directly between ring carbon atons of-each phenyl ene group to which X

I s bonded; or (lJ[ i t 7 : L. each of R5
and R6 is hydréé-;d’edrgJ sﬁy&gﬁlw?&g%ﬁhg%pttg%éagé b%‘ﬁonﬁ?o%h&g?h'g%f u%gbg% oréjphi te
esters of formi eedrégent@ytoBeand fepartedepresedtd ful the vabiepofosmtiofesamd by

t echni ques anal ogous thereto. See, fé)r eXﬁrrpI e, the procedures described by
Ri esel et al., ausuglly nilbref.excagd 2. R and R® preferably represent lower alkyl

groups, i.e., straight-chain and branched-chain alkyl of up to 4 carbon
5 atoms, and p and g each represent 0, 1 or 2.

The fluorophosphite esters tha;c are most preferred, e.g., those which
exhibit the best stability, are those wherein the fluorophosphite ester
oxygen atoms are bonded directly to a ring carbon atom of a carbocyclic,
aromatic group, e.g., an aryl or arylene group represented by any of

10 formulas (1) through (VIi). When R1 and R2 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
alky! group, especially a branched chain aikyl group such as isopropyl, tert-

15 butyl, tert-octyl and the like. Similarly, when R and R2 collectively
represent a radical having the formula

Al ——

/

X

\

A?——

20 :
the ring carbon atoms of arylene radicals Aland A2 that are in a position
ortho to the ring carbon atoms bonded to the fluorophosphite ester oxygen
atom are substituted-with an alkyl group, preferably a branched chain alkyl
group such as isopropyl, tert-butyl, teri-octyl and the like. The most

25 preferred fluoréphosphite esters have the general formula



| Chem , 603, 145 (1991), Tullock et al., J. Og. Chem, 25, 2016 (1960)

Wiite et al., J. Am Chem Soc., 92, 7125 (1970) and N@yer et al.

Nat ur f orsch, Bi. Chem Sol., 48, 659 (1993) and in U. s Pat ent 4, 912?@@‘! 2005
The or gani §ydg&ijo f the fluorophosphite conpounds, he residue(s)
represented by g%Mg%d R2 can be derived from chiral or gg?“%ﬁ??@’ﬁ?tlve
conpounds. Fl uorophosphite.ligands derived fromchiral glycols or phenols
will generate chiral |igands. The catal y30-systens provided by the present

i nvention conprise a 20 conbination of one or nore transition netals
selected fromthe Goup VIII netals ﬁgd rheni um and one or nore of the
quorophosphitﬁgconpou ds _destH n detail hereinabove. The transition
nmetal nmay be p s 06 WD 20041024662 PCT/ 0S2003/028129 -11-
the form of various conp s such as carboxylate salts of the
transition netal . YoM conppun that may be used as a source of rhodi um
for. the active catallyst gogl@e rhgrdium 11 or rhodium.111 salts of
carboxylic acids, examples f which include di-rhodiumtetraacetate 5

di hydrate, rhodiunm(ll) acetpte, rhodium(Il) isobutyrate, rhodiun(li)

2- et hyl hexanoate, rhodium(1l) benzoate and rhodiun{ll) octanoate. Al so,

r hodi um car bonyl species such as Rh4(CO 12, Rh6(CO) 16 and rhodi unm(l)
acetyl acet onat e di carbon 5 be suitabl e rhodi um feegds. Additionally,

r hodi um or ganophé ﬁinieaehﬁo aﬁsvégf%ER:%Caébanatgmﬁreq\m\elﬁguqohwpaemea)lkﬂo f hodi um

car bonyl hydri gf:m@ P']@ﬂf‘r’h conpl ex fed
are easily displ ace ﬁ% uoropﬂ%sdgﬂﬁt% éi}g% %%’?‘hd% léOesent

i nventi on.2 Lesshemigat h@hdadllrmﬂyl hetween ring sashon atcbmdlotﬁ maslabhenyiéne gtoupng

m neral acids ?&mm%%( %r})o%rd'eg?gr (iis)r n&(ij;:)e ﬁavmg ItheaftormtxlaSUI fates, phosphates

and the i ke.

RS

_._.C._.

. RS
wherein each of R® and R8 is hydrogen or alky! of 1 to 8 carbon atoms.
The fluorophosphite esters of formula (I) may be prepared by

10 published procedures or by techniques 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. Sdi., 48;'659 (1993) and_in U.S. Patent 4,912,155.
15 The organic moiety of the fluorophosphite compdunds, i;e., the residue(s)

represented by R1 and R?Z can be derived from chiral or optically active
compounds. Fluorophdsphite_!igands derived from chiral glycols or phenols
will generate chiral ligands. '
The catalyst systems provided by the present invention comprise a
20 combination of one or more transjtion metals selected from the Group V!
metals and rhenium and one or more of the fluorophosphite compognds
described in detail hereinabove. The transition metal may be provided in



15 The ratio of gram nol es fluorophosphite ligand to gramatons transition

metal can vary over a wide range, e.g., gramnole fluorophosphite: r@gb\gb g}
transition nmetal ratios of 1:1 to 200:1. For the rhodium contai ni n& @ t

systens thgo3hamhies € 1 uorophosphite:gram atom rhodi erably is
in the range of 1:1 up to 70:1 with ratios in 20 the r?@&/@%@o@@%ﬂo 50:1

being particularly preferred. The adsorbent utilized in the present process
is any adsorbing material that can adsdib fluoride fromthe products
produced by the fluorophosphite-containing transition nmetal conplex

catal yzed pro . r [ ' r oride content.
The anount of ﬁ%%g@'s%frv%gﬁltme%t%gghﬁqﬂﬁggégﬁqg%a vgé%%ﬁf‘saﬁ%gﬂﬁjes sufficient to
reduce the atmositionimetaluRhadiumaohwionads that tiag berustdcs abotifte gfr ocess, as
conpared to C ative.process,operated..in the, ahsen dsorbent. As
herein stat ed?hch‘ig#&égé;'?@é’ﬂ_{’)e th%g\’@""_%ﬁ_idgrrﬁ%"”mﬂg?r_ 08 W%EF?ﬁ{?o?afi de fromthe
product of theafdosQli®aties HxahleLstahich eludeaishddi@h toRaadetaenpl ex 30

cat al yzed process. Exanples of suitabl e adsorbents are oxides, 2 3 NOV 2006

| f d b
WD 2004/ 02466 diydrateshodiimiili acefate; shodiundb ispbutysate, vpdiumilldes, bi car bonat es,
bonat es, pho it ' I ci
sodt um magnarsyRegeodc, hali) BaiBbEra R LA daRRbas, Mo oLl
cadm um bar i uhediemdzasbonyll Epecies sudhxasBha(CQ¥2cRhpEQ)gtars thodiurm{ise obt ai ned

from carboxylic acids 5 containing 1-20 carbon atons, such _as formc
propi oni ¢, hesx@gaBilacetone dicamanyl By besuiablgabedivndeeds gddditionally,

e 5 adsor banPIURAEBARGIbsph Tl afYs dlch 28 e R0 onat o5
(al so kntthn aghodiuni ¢arboryh Hydidelmaty diecisedsyhentbe pbosphing moieties éfdhe exchange
resins; membr ac%%?ple)? 1%% atrQeeasily displaced by the fluorophosphite ligands of the
present invention. Less desirable rhodium sources are rhodium salts of
strong mineral acids such as chlorides, bromides, nitrates, suifates,
phosphates and the like.
15 The ratio of gram moles fluorophosphite ligand to gram atoms
transition metal can vary over a wide range, e.g., gram mole
fluorophosphite:gram atom transition metal ratios of 1:1 to 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
20 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
25 adsorbent to be utilized is any amount that is sufficient to reduce the
amdunt of fluoride contained iri the prdduct 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 produ.’ct of the fluorophosphite-containing transition metal complex

30 catalyzed process. Examples of suitable adsorbents are oxides,



10 i ke. More preferably, the adsorbent is a calciumsalt such as cal cium
carbonate, calciumsulfate, calciumhydroxide; also preferred is a multi-
conponent naterial that contains substantial amounts of a cal ci um saf8,N0Vskilh

as mar bl e @l We4024dspished | i mestone or crushed oyster s preferred
for use as the adsorbent is cal ciumcarbonate. In genePIg(%%fE%gMgﬁ%‘Tz%rred

adsorbents have | ow solubility, for exanple, less than 100 ng/L (mlligrans
per liter) in the given organic nedia. -NM2xt ures of adsorbents can be used in
t he process. The adsor bent is used in any form and in any |location in the

process, that w.the objective of t rocess, .to reduce fluoride 20
Bontent of '« neapiules. WotaBed hRataad, pobfafter oot SR, rmy be
used as a powdbersids anaftbesrbars dfitatchen,fsydionfmagnesitial Slentindadzinen Whi ch

i nst ance a resultlgt%gﬁﬂoduct stream ma be circul at ed throu h a bed of a
suitabl e sol i §'%Rls t POLAFH N GRRRAE| GRAMER. baring. ankl/ 9" SiicA}-r eam of product

i s passed thr%hnﬁe%ficmowegwm%emmorﬁ%%d Bl al | ow 25

sufficient contact tine to reduce the fluoride |evel >d1yﬁt he product. The
adsor bent3 bed coatainipg dp2Q earban iatoms.Augh afsﬁ@mwc.tpfpnlran@. b@mnqw. in any ot her

ronner Knoun ok RIE R0 Sebdp bbb, Feusi APt o

can be achieve ARt age
attribut abl e tsteadrireonsicoszihicchcidst Aopuitalsle fer. usﬁm acmmras arenited he 30

contacting zone,can pe varied, fromQC to 110C reo 2 3 NOovV
3006 WO 2004/5655 Gush BeTrgsR5 Shigan eoRGlse Blso oMTERIANES Bl ¢ hor |
the fluoride W%V&bldi@s)bﬁﬁlmr%\%@ebﬂte%ﬁhangé s ieft?anss, rmaartﬂé or as a
recycl ed | oop feeding froma vessel. The exact nanner of oPeratlon depends

on the ah®unt lie. Mersrmreterably.sbe adsorberds asalciu Salt SYCh BSLAIGYMor i de | evel
the di mensi ong, ¥ oARE, Efidumfifate, calcium hydroxide; also preferred is a multi-

component material that contains substantial amounts of a calcium salt,
such as marble chips, crushed limestone or crushed oyster shells. Most
preferred for use as the adsorbent is calcium carbonate. In general,

15 preferred adsorbents have low solubility, for example, less than 100 mg/L
(milligrams per liter) in the given organic media. Mixtures of adsorbents can
be used in the process. ’

The adsorbent is used in any form, and in any location in the
process, that would allow the objective of the process, to reduce fluoride

20 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

25 sufficient contact time to reduce the fluoride level of the product. The
adsorbent bed can be operated in a pll'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

30 contacting zone can be varied from 0°C to 110°C, with a temperature of




5 other process variables. The invention will be nore readily understood by
reference to the follow ng exanple. There are, of course, many other forns
of this invention which will becone obvious to one skilled in the ?gthqmﬁe
the invention has been fully disclosed, and it will accordingly be

recogni zedwhhadsyobdtks exanple 10 is given for the purpo%TﬁjS é}o':s}oﬂﬁﬁs{ ation
only, and is not to be construed as |imting the scope 0 t2 s Invention in
any way. EXAMPLE 1In the follow ng exanple fluoride concentrations were
determined as 15 follows. Method for ahdlyzing fluoride concentrations The
met hod described belowis a nodification of the nmeasurenent nethod descri bed

I n the manual ] | I | ' | | ect | #96- 09.
The net hod usfe)éd%b%ﬁsfo %rfeféebflée:'r Egﬂh ()thae(s?ﬂ‘[ﬁ?il g%%é#@ﬁoa$F§)&;§‘ﬁst{£ﬁ;§esﬂl%f Tot al

| oni ¢ St r engt in 3Adinglet passBoérirest, anas a redysladsledp feediny fowrndevessebt Time backgr ound
lonic strength econplex fluaride, and agjust ol.utio . The

concent r at i on®%H° m’%pﬁ;pgr@ﬁg&%ﬁpﬁ% A MU Ogﬁﬂ?)rllcge &;&e 25 det er ni ned
by shaki ng t hesrsevad, thendédiredrfirefifadricTeval! thefdinmbfibnd bf thefjer, andOr i on
#940909, recommended buffer for use with a fluoride selective electrode) and
separati Bg ouPthERBrORPEE ¥ANAILSi on. An equal :anount of ‘distilled water is

added to the buff ' 1 ' | asured with
o G on (#o6_00) ThERfvehfeh Aifhd b (Y BRIEEDRATY lereRed o B0 o0h. Wi

2004/ 024662 PoilowsEnesmislel Thera are, of carbednary etheetormn of #83 irgeptignt r i no
titrator. TheyReasuiFERANe chiidks Bohlb!sklbln #acr nde te 9B REs ' Nt o PPM by

using a calibratton .
been fully disclosed, and it will accordingly be recognized that this example

10 is given for the purpose of illustration only, and is not to be construed as
limiting the scope of this invention in any way.

EXAMPLE
[n the following example fluoride concentrations were determined as
15 follows.

Method fof analyzing fluoride concentrations
Thé method described below is a modification of the measurement
method described in the manual for the Orion Fluoride Combination
20 Electrode model #96-09. The 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
25 determined by shaking the sample with an equal amount of TISAB Il buffer
(Orion #940809, 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



The-fol |l ow ng exanpl e shows a hydrofornyl ati on process using a

fl uorophosphite-containing transition netal catalyst to produce 5

but yral dehydes. The process is carried out in a vapor take-off reactor)3 NOV 2006
consi sting ically arranged stainless steel pipe.having a 2.5 cm

I nsi de di arrvgze(r@”gz:ﬁ& a length of 1.2 neters. The reactorgﬂygg%?og'?zﬂzgr el ement
near the bottom of the reactor for the inlet of gaseous reactants. The
reactor contains a thernmowell which is ar1r4a'nged axially with the reactor in
10 its center for accurate neasurenent of the tenperature of the

nyarofornyl 2l dfatRartd 2ol 61 GPIPTHRd ARG HltembERGRert A2 I on
pressure tubi ng connectio I S connecte o a Cross

connect i ons t o miliolts and thirsisronyetied indel dpmi kynusihg acahtg'ahelmubarrteact ants such

as octene-1 or nake- | ven npt | e h ure 15
connection of a di fﬁggéﬁlf\l\gng %?‘%@B% E'%mﬁcﬁg ‘ﬁ?mﬁf'ﬁﬁ? goci‘?géd‘%f@ Heasure
catal yst |evel flur)rdpihesplaw;wﬁtamn@ trdrssitlont rhetal estalyectoiproduce used for draining
t he catal yst s%\y‘utl F)é‘i@t end of the run. In the htydrof rryl ation of

propyl ene e pgesois cagird %‘t‘tl"éﬁ"ap% | ati on
reaction m Xt Urc‘én@i%tlﬁé’bﬂé U@ﬂcé@‘éﬁéﬁ‘dé@ﬂst&fﬂféss%@ééﬁfp@' nd §2@6ﬂhged under
pressure with the incomng reactants pr opyl ene, rogen and carbon

nonoxi de as welinsidg digmetenand alensth §t|l:ﬂ m%’f@f&n'fh&)@@ﬁ Ofmstﬁﬁlﬁﬁf@ﬂemﬁytde i s
formed in the ¢a g? W bothith Uf fh%p'ce)aé F ortfHé }f‘lrk—ﬁloql Hgétﬁjsar@gcféﬂgea‘?ﬁeed react ant

gases are renpved as a vapor e’ reactor Side-port. The
vapor renoved weactbrbd;r&dmsrataehhghelﬁﬁhmhesauaaga:bmaalqnwwth meeneactdnm

but yr al dehyde produ i s condensed al on ne, of e unreacted
propyl ene:" The 'ﬁrﬁ?&?&féﬂ%%‘%?”@a é'%e%ﬁ”éemgﬁt Of%ﬁﬁ?"?‘i‘?rﬁft”ﬁ%gt)ﬁ@ri C pressure via
the pressure caoidistbriihtich relbBSenBERS THEABSINMbPWHeeactdPha€a High dry-i ce
traps where any other aldehyde product is collected. The product fromthe

hi gh pressure JU¥BSSUWEHPING cemastinpdhafiis pomectedio ﬂﬁmﬁﬁeoﬂeéﬁé €and is
subsequent |y WedREEkicHdo ANREMEE DelHits i WRfitbn of non-gaseous reactants

such as octene-1 or make-up solvent, another leads to the high-pressure

15 connection of a differential pressure (D/P) cell that is used to measure
catalyst level in the reactor and the bottom connection is used for drainiﬁg
the catalyst 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

20 catalyst is sparged under préssure 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

25 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

30 that of the traps, and is subsequently weighed and analyzed by standard



2 3 NOV 2006 WO 2004/024662 PCTI US2003/ 028129 -15- gas/liquid phase
chromat ography (G.C) techniques for the net weight and normal/!so ratiﬁ of
t he butyral dehyde product. The gaseous feeds to the reactor are fed 1 & NgHh 006

react or Vi gaiW | i nder mani folds and hi gh pressure The
hydr ogen pggsz\g%%z%&%(hrough a comercially avail abl e DeoIro 28&38’%8216? stered

trademar k of Engel hard Inc.) catalyst bed to renbve any oxygen contam nati on
and through a flow controller DJP cell” &id control valve. The carbon
nonoxi de passes through a simlar Deoxo(r) bed heated to 125 C, an iron

car bonyl T ereicalighRch s dhaib@EPshHyCUCS 1o RS P Wbigi%ng N L1 ogen

can be 10 added to the fe s an‘inert gas. N trogen; when added, is
met ered and t tenmal/isedatin efihebatyigdebyfepioduet. prior to the hydrogen Deoxo(r)

bed. Propylene is f-[%go%a%ﬁwgfe;egggyﬁg% FeranBrfa?gﬂarogt?mé% r(%y ar \f}{é‘?\minpr essuri zed

wi th hydrogen. The pr ene e s con qurd mass flow

neter. AIt I gas:gﬁrtlcﬁerdlnq.amiwxjd. . Mhigr\@rpmm;gu%tomgﬁm tp),lrcbh?m plelss‘;k#:'s to insure

vapori zat,i on i qui r.opyl ene. anpl e.A catal yst_sol.uti on was

pr epar ed nden%?‘ﬁ%ﬁ@g‘éﬂ"@?fcﬁﬂ@%@ﬁﬁﬁﬁQecﬂxc’@g(r%égreé}tﬁ%‘ﬁ?%{ i car bonyl

acet onyl acet at@gem@éraQndsp@atalyasbédlmemﬁve%ydixy?@beembnﬁmmndrﬁj ng Rh), 2.12
|

g of 2,2 -ethy]idene bis(4,6-di-t-butyl phenyl)iiuqQrophosphite (4,37 mmoles,
[L]/[ Rn] =30), ‘Brpuoidgblicw centroller BYP wel e soalre vairee ha earben manaxideon was

charged to th i o seal ed.
g E‘pds@@&i%uéﬁ‘ﬁ%‘im@? %%c%&@béﬁ ﬁcﬁ&été&g sl d\;‘\fﬂﬁﬁ%&ﬂfbo‘ﬁ‘gﬁ

The reactor was pressurfzed to 260 psig (18.9 Bar) ] rogen, carbon
nmonoxi de, and ramovabked tasdlisdoseskindd St Batens No. #668,230he Niteagenean been st art ed

and e 16 01> et 1ol ko % bk BUA " ik ERA, i Bkl &7/ M 1
metered and then mixed with the hydrogen feed prior to the hydrogen
Deoxo® bed. Propylene is fed to the reactor from feed tanks that are
pressurized with hydrogen. The propylene feed rate is controlled by a liquid
mass flow meter. All gases and propylene are passed through a preheater

15 to insure vaporization of the liquid propylene.

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

0.0375 g rhodium dicarbonyl acetonylacetate, (also known as rhodium

20 dicarbonyl acac, 156 mg Rh),-2.12 g of 2,2"-ethylidene bis(4,6-di-t-butyl-
phenyl)fluorophosphite (4.37 mmoles, [L}/[Rh]=30}, and j90 mlof
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

25 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 STPi carbon monoxide = 3.70 I/min
STP; nitrogen = 1.12 /min STP; and propylene = 2.08 /min STP. This is
equivalent to having the following partial pressures in the feed to the reactor _

30 reported as pounds per square inch atmospheric (psia): hydrogen = 96



pressure (STP): hydrogen = 3.70 I/m n STP;, carbon nonoxide = 3.70 I/mn STP;
nitrogen = 1.12 I/mn STP; and propylene = 2.08 I/mn STP. This is

equi val ent to having the followi ng partial pressures in the feed tothggy 700
reactor 30 reported as pounds per square inch atnospheric (psia): hydrogen =
96 23NOV2GRE 200M¥h42604/ 024662 PCT/ U52003/ 028129 - 16- psSiprfiRzfsfRides car bon
monoxi de = 96 psia (6.6 Bar); nitrogen = 29 psia (2.0 Bar); and propylene =
54 psia (3.7 Bar). The .reaction was cariéed out under the above flows for 53
hours. The butyral dehyde production rate”averaged 60.86 g/ hour for a
catalyst 5 activity of 4.06 kil ograns butyral dehyde/ gram of rhodi um hour. A

total of 2. 96péié"(6.658é?§; Ao MbASKNE e 9mRSsiR (6 WaR nitt@nr=2D8 pshf (2ner mal
i sobut yral dehyde product to iso-butyral dehyde product (n:iso) was .3.38/1.
The aver age flBapiaed powyisner=%4 paiai(d. 7d3a@s per million (ppm for the

al dehyde produced L : I ving a
fluoride | evel of ﬁ@e%ya%?v%rpgr%k C%%;%mv@g%éf)@?%%?g%qgf% ggp%ﬁn of marbl e
(Fi sher) whi chThebytyeaidelyie gduction raexdvearagdd §R66 g/ ford ciplyek t ube. The
fluoride geasu t  for..a 1 S I f,al dehyde.col .l ect ed s 174 ny
(0.0018 ppm. %ﬁ@gﬁééﬁﬁ'@aﬁ@ EH@@%@?’Q&%ﬂ@?ﬁ%ﬂ@%mg‘mﬁ% %Eont ai ni ng
15 product, wh2ob liters af bativaléehyde wad prodaced. Tes patiotofrepmiai ni ng transition
netal catal yzed Broc- ith an adsorbent results in decrease of the

, t
fluoride cont el Bwrﬁaé‘yﬁrvgcﬂiﬁ‘élﬂqt tousoriutyn @Wﬁ%emqush(n%ég) wags-Wddcribed with
respect to paryhg ‘ékl@fafgeef%ﬂtg% BB ehtiiBh ﬁpe\narlt% ﬁ%ﬂerﬁi(ljlgi\aﬁgggﬂtfoﬁth@t nunmer ous

other nodifications o e i nvention to those skilled in

the art. The apldehude pesdsiced wasd.2hpemi nvention general |y shoul d be construed
to cover @l | such e butyraldehyde product, having a fluoride level of 118 mv (0.21

ppm), was poured onto a dry column of marble (Fisher) which weighed
103.6g in a 12x1 inch (30 x 2.2 cm) Pyrex tube. The fluoride measurement
for a 10ml sample of aldehyde collected was 174 mv (0.0018 ppm).
The above clearly shows that contacting a fluoride containing
15 product, which was produced in a fluorophosphite-containing transition
metal catalyzed process, with an adsorbent results in a decrease of the“
fluoride content of the product.
While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other modifications of
20 the invention will be obvioué '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 within the true spirit and scope

of the present invention.



obvi ous fornms and nodifications which are within the true spirit and scope
of the present invention. 2 3 NOV 2006 We claim 1. A nethod for reggpmmpm%
the fluoride content in a product of a chemical process, wherein saic

chemi cal process is selected fromthelgroup consisting of hydrofornylation,
hydrogeq@%k%ﬂh,isonerization, hydr ocyanati on, hydrosilation, carbonylations,
oxi dati ons, “acet oxyl ati ons, epoxi dations, hydroam nation, dihydroxyl ation,
cycl opropanation, telonerizations, carbon hydrogen bond activation, olefin
nmetat hesis, olefin dinerizations, oligonerizations, olefin polynerizations,

ol ef i n- cladbBathed feducinmibe fperde sentenmn a prdustifarcheniicnd procass, whergin

ol i goner} .OR t adi. rization, Heck reaeti.on d arene coupling
Feact | ortyheftal BB 1€ R ROL KO ehe BB Bl o FOGRGRNEEm, 25t an

m xt ur e liydrddegatiing Bemetiztfonahedb@laystions APAOEiHLBE, QforTatidns, O xidadibgd, t i on
metals selected fromthe group consisting of Goup VIII netals and rhenium
and one aetoppaBons; epaxidatinns fryitoaminatesudibivdrasxirtien, chdoprepatations or mul a: O Ri
F-P [7- i by icals wWhigeh, ,contai.n a total of
ip o ansstegaRldls SRt St b RERARRR oA e Y Bt

f 1 uor ophuligphietigationganerit polgmasyAtoalTlefin-ebdrd idfoNTB dpolyn@izatieast 1:1, to
produce a product containing fluoride, said nethod conprising contacting
sai d pr ditpdiengidimerization a4 pBgemerivation hwiadiane pplymarizaton dteck meactian ard d

product, wherein said.adserbent .| elected fromthe group caonsisting of (a)
b e, 'rRsEb e Rudich SHERGpid Pnched] BhEsd SBBrsHF sl iby RARRRC |00 O
ci trat esmixp@t af £8 pefsenc@SETAAARNRS cANPridihX bt @Smbleerasition altehlé flectad Ci um

sodi um magnesium al um num_zinc, silver, lithium potassium copper,
cadni um frerathegrpup censisting of Greupt ¥HI matadrandghenivmsand enslasandrar si eves, ion

eXChang%Jo?%ﬂhgg%hi%rcoﬁp’éﬁﬂ&sﬁ?av&&?ﬂ%gé rerq%'f?lﬁthazmt hod according to claim1

wher ei n ‘sai nca rocess i of o ation of an olefin to produce an
al dehyde.
0—R!
F—F
0—R?

wherein R* and R? are hydrocarbyl radicals which contain a total of up to about 40 carbon
atoms and wherein the ratio of gram moles fluorophosphite ligand to gram atoms
transition metal is at least 1:1, to produce a product containing fluoride, said method
comprising contacting said product with an adsorbent to reduce the fluoride content in said
product, wherein said adsorbent is selected from the group consisting of (a) oxides,
carboxylates, hydroxides, bicarbonates, carbonates, phosphates, citrates, borates or
ascorbates and mixtures thereof, and (b) calcium, sodium, magnesium, aluminum, zinc,
silver, lithium, potassium, copper, cadmium, barium, silicon, talcites, hydrotalcites,

molecular sieves, ion exchange resins, or mixtures thereof.

2. The method according to claim 1 wherein said chemical process is hydroformylation of

an olefin to produce an aldehyde.

3. The method according to claim 1 wherein said adsorbent has a solubility of less than

100 mg/L in said product.



3. The method according to claim1 wherein said adsorbent has a solubility of
| ess than 100 ng/L in said product. is 2 NOV 2006 4. The process acg @i,n
to claim1 wherein said adsorbent caqeprises a cal ci um contai ni ng conﬁpogh !@Ug.
The process according to claim1 wherein said adsorbent conprises cal cium

car bonaj eppe ﬁocez@gccgfcﬁﬁfﬁ)sclﬁﬁ{:f)%%ﬁgl #a(?d S4B copisEl cﬁ@iuﬂr adsorbent is
romthe g p g of ca

sel ect ed roup- consi sting cl um carponate, cal ciumsulfate,
and cal comamingdompboiel. 7. The process according to claim| wherein said
adsorbent is selected fromthe group consisting of marble, crushed oyster
shells, and |inestone. 8. The process according to claim1 wherein said

adsor ben!THeSrs@ke54cBriAS RIRIARET Whot sa@&akﬁsb?&ehﬂ&n%arfs%w%ﬂ alrBshafONt al Ni g

1-20 carbon ‘atons of calcium sodium magnesi um um num zinc, Silver,
l'ithium potassium copper, cadm um barium silicon, and m xtures thereof.

9. The prQcess accordi.ng, tq .claiml.wherein sajd adsorhent is selected from
t he grogpﬁle&ﬁﬂ%ei%?‘icﬂbdl?ygtorﬁﬁlﬁbgiwg}]ﬁ‘ie&}i?ﬁé?d?ﬂ@&?ﬁéa]ﬁ?tég?foﬁbﬁhéém@r si eves, ion
exchanggodsRihgef cAdbm JEEIRARNEAciuhGultite Rid QiR hyiRduel ng the fluoride
content in an al dehyde product of a hydrofornyl a?ll on process, wherein said

process conprises reacting an al kenyl olefin in a reactant m xture in the
presenc f a catalyst c risyng one o re fransitian tals selected
fromt hZ’ @P&EBCCE%?&‘%EC{%B’%“TQ‘ 8@5@7’[ Slald?fgg%he tt]ﬁﬁ e?tﬁ%ﬁﬁo m?‘e&i‘l‘alpone or nore
f1 uor oppasRthé 8f MAFAI) URBRe @Y IGhEINS alERBEAbnd Or MUl @ }O_ R1 f F-P 0- RZ
wherein R and R2 are hydrocarbyl radicals which contain a total of up to

about 40 carbon atoms and wherein the ratio of gramnoles fluorophosphite

|1 gand g.ofl%rp%(%egg gc%%rding to claim 1 wherein said adsorbent is selected from the group

consisting of carboxylates containing 1-20 carbon atoms of calcium, sodium, magnesium,
aluminum, zinc, silver, lithium, potassium, copper, cadmium, barium, silicon, and

mixtures thereof.

9. 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.

10. A method for reducing the fluoride content in an aldehyde product of a
hydroformylation process, wherein said process comprises reacting an alkenyl olefin in a
reactant mixture in the presence of a catalyst comprising one or more transition metals
selected from the group consisting of Group VIII metals and rhenium, and one or more

fluorophosphite compounds having the general formula

0—R!
F—r"
0—R2

wherein R! and R? are hydrocarbyl radicals which contain a total of up to about 40 carbon
atoms and wherein the ratio of gram moles fluorophosphite ligand to gram atoms
transition metal is at least 1:1, to produce an aldehyde product containing fluoride, said

method comprising contacting said product with an adsorbent to reduce the fluoride



transition nmetal is at least 1:1, to produce an al dehyde product contai ning
fluoride, said nethod conprising contacting said product with an a%rs{)org@eﬁ
to reduce the fluoride 2 3 NOV 2006 cgnt ent in said product, wherei i
adsorbent is selected fromthe group consisting of: (a) oxides, carboxyl ates,

hydr oxi c%ﬁ&nt 1*?1' sgﬁlil‘%?' H'lgctst e\tﬁlﬁerg’ st F%Ql%%&?%l}tq ?é)ctt"e%t {Fom t%&! %rm% ﬁaﬂSIStl ro%t es_and

ascor bat'es or ereo CI um SO nes al um num

zinc, gh) wedes, barbdrtylates, hod@siictlbic RS, aaalﬁtmatem pHoSphakE, clsﬂa{els con talcites,
hydrotaIC|tes nol ecul ar sieves, iqn exchange resjins, or m xt ures t her eof .
11. Theomtesnd ageerBatas agmpeuies ersof endihd calicins spdiuay Smepesitmhas a sol ubility

O o S Stim, 100 THEE 111B2h e BE AR U bpertZamTliE WHASESHARGALALN Lo cf ai m 10

wher ei n sal ses a ca cont corpou 13. The
pr oces shydesglcitésnmoleeulak allemslﬂ)nvdxehﬂga réisﬁisdoﬂﬁsmifﬁeﬂierdbﬁrrprl ses cal ci um
carbonate and said product includes butyral dehyde. 14. The process according
to claim 10 wherein said adsorbent is sel ect ed fromthe group consisting of

cal ci U Cay0ARAA. acgﬁh%%@c&%%ﬁﬁa 9a1 rbkfh‘tﬂ 5%@1{1@1%% Tﬁl& Process

accordlng to clairm ereln sa |s sel e Yhe group
consi sti06gngtl. insidlpeoduet.ushed oyster shells, and |inmestone. 16 The process
according to claim 10 wherein said adsorbent is selected fromthe group
consi sting of carboxylates containing 1-20 carbon atons of cal cium sodium

magnesi The ?&Qgsgggérdﬁfgq claﬁhlm%herél#l Eeﬂg %Hgofﬁégﬁ 8;6 .Ef'ig@s a<Q cadm um

barium™’s ures thereo ess accor |ng to claim10
wher ei rconaidngdsophedt i s sel ected fromthe group consisting of magnesi um

al um num car bonat es, nol ecul ar sieves, ion exchange resins, and nenbranes.
18. The process according to claim10 wherein said al dehyde product is a

M Xt Ur & Pirye hRRRULEESUHR Y 98iANE AREIR Sail YhdrBH €O Pfises calcium
carbonate and said product includes butyraldehyde.

14. The process according to claim 10 wherein said adsorbent is selected from the group

consisting of calcium carbonate, calcium sulfate, and calcium hydroxide.

15. The process according to claim 10 wherein said adsorbent is selected from the group

consisting of marble, crushed oyster shells, and limestone.

16. The process according to claim 10 wherein said adsorbent is selected from the group
consisting of carboxylates containing 1-20 carbon atoms of calcium, sodium, magnesium,
aluminum, zinc, silver, lithium, potassium, copper, cadmium, barium, silicon, and

mixtures thereof.

17. The process according to claim 10 wherein said adsorbent is selected from the group
consisting of magnesium aluminum carbonates, molecular sieves, ion exchange resins, and

membranes,

18. The process according to claim 10 wherein said aldehyde product is a mixture of

isobutyraldehyde and normal butyraldehyde.



