16 MAR 2007 -1 PROCESS FOR REDUCI NG FLUORI DE | MPURI TI ES RESULTI NG FROM USE
OF FLUOROPHOSPHI TE CATALYSTS FI ELD OF THE | NVENTI ON 5 Thi s invention rﬁ% tes
to a process for reducing the amount of fluoride present in a proce§§ l%a 07
utilizes a fluorophosphite-containing transition netal catalyst. Mre
particularly, this invention relates to a process for producing products
usi ng a fluorophosphite-containing transition netal catal yst, wherein an
additive is introduced into the reaction m xture of 10 the process to

reduce the amount of fluoride in_the product N THE 1 NVENTI ON |t
< known Trom UPBOGESSORSERIShIS ELLREE BB VETES REShL S e rou

| i gands may be used to forgHE @apFHiuEROPEIGEPKOMCAYAS YSTS t hat serve as
catalysts in a wide variety of transition netal catal yzed processes. A

particularly suitable process is the hydrofornylation or oxo reaction to
form al dehydes. It is further knpmdm#@m@@m%ﬂatent that
fl uorophosphite diester conpound as figands in catal yst systens
for the codversion ofhislimtentiontrelatiisde impresesstiveradugingoipreepiuntef20 | i gands
can be substit o Hsed | i B3t | ' ' hite and/ or
phosphi ne i ga;\ﬁ sqﬁdﬁoém%glété}{\sfaﬁoégsys‘:@gp %tg'?g% %@l”%%%sﬁﬁwﬁg?‘%ﬁ@&t ransition
nmetal as the prirameitjorc atcddilystalgstmbdore particttarly, tihimventidratelsies $yat em
conprises a conbinatipn of one or e trangitio tals .selected.fromthe
Goup VITI ot aieoanutanne ki Ripdils sind e plotsBppely FopnieiBme: tsiiabunds
havi ng t he genanatalcataydtawhbrdiah 288ifive & introduced into the reaction mixture of

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

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

15 that serve as catalystis 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 flucrophosphite

20 ligands can be substituted for, or used in combination with, known
phosphite and/or phosphine figands in a wide variety of catalyst systems
using a transition metal as the ﬁ_rimary catalyst component. Thus, the |
catalyst system comprises a combination of one or more transition metals
selected from the Group VIl metals and rhenium and one or more

25 fluorophosphite compounds having the general formula



/| -R F- P (1) O R2 wherein RL and R2 are hydrocarbyl radicals which
contain a total of up to 40 carbon atons and wherein the ratio of gngmaR 2007
nol es fluorophosphite 5 ligand to gramatons transition netal is at |east
1:1. The catalyst systenms nmay be used in a wide variety of transition

met al - cat al yzed processes such as, for exanple, hydrofornylation,
hydrogenation, isonerization, hydrocyanati,on, hydrosilation,

carbonyl ati ons, oxidations, acetoxylations, epoxidations, hydroam nation,

di hydroxyl ati on, cycl opropanation, 10 tel omeri zatons, carbon hydrogen bond
activation, olefin netathesis, olefin dinerizations, oligonerizations,

ol efin polynerizations, olefin- ngh nonoxi de copol yneri zati ons, hutadi ene
di meri zati on and ollgonerlzatlo t adi ene pol yneri zati on, and ot her

car bon-carbon bond form ng r |ons such as the Heck reaction and arene
coupling reactions. The catFaT t 'systens coffprising rhodiumas the
transition netal are especiall 3\ useful for the hydrofornylation of ol efins

to produce al dehydes and, therefQoreR2are preferred. Wen using the above

fl uor ophosphite-containing transition netal catalysts in the various types
of processes, there is a possibility that fluoride 20 rmay be present in the
processes due to deconposi‘ti on of the quorophosphite | i gand transition

met al conpl ex. efo usi n flu haosphi t e- cont ai ni ng
transition net aIW eig| ?“gﬁh L O%?TBY’cfﬁ E?’ g’ﬁ%’ﬂf-ﬁﬂ‘ ot %Ile‘%flufpéﬁl e to

have a neans forsg&4H6h Abrhd %né%ﬂi&i‘ém%e Fétkaff 'g%n MEtes uBBspHBSpiiteLduced
during production processes. 1
5 ligand to gram atoms transmon metai is at least 1:1, The catalyst systems
may be used in a wide variety of fransition metal-catalyzed processes such
as, for example, hydroformylation, hydrogenation, isomerization,
hydrocyanation, hydrosilation, carbonylations, oxidations, acetoxylations,
epoxidations, hydroamination, dihydroxylation, cyclopropanation,

10 telomerizatons, carbon hydrogen bond activation, olefin metathesis, olefin
dimerizations, oligomerizations, olefin polymerizations, olefin-carbon
monoxide copolymerizations, butadiene dimerization and oligomerization,
butadieng polymerization,'and other carbon-carbon bond forming reactions
such as the Heck reaction and arene coupling‘rleactions; ‘The catalyst

15 “systems comprising rhodium as the transition metal afe especially useful for
the hydroformylation of olefins to produce aldehydes and, therefore, are
pnﬂéned

When using the above ﬂuorophosphnte-contalnmg fransition metal
catalysts in the various types of processes, there is a possibility that fiuoride

20 may be present in the processes due to decomposition of the
fluorophosphite ligand trénsitip_n metal complex. Therefore, when using a
fluorophosphite-containing transition metal catalyst to produce a product, it
woulcf be desirable to have a means for reducing 'ﬂﬂe amount of fluoride
which may be produced during production processes.



It is therefore an object of this invention to provide a process of u5|gg ﬁ
fl uorophosphite-containing transition netal catalyst wherein the amount "Bf 2007
fluoride which may be produced in the process is reduced. 5 SUMVARY OF THE

| NVENTI ON The present invention conprises the addition of an additive into
the reaction mxture of a fluorophosphite-containing transition netal

catal yzed process to reduce the anmount of -fluoride present in the process.
10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention conprises the
addition of an additive into the reaction mxture of a .

f 1 uor ophosphi t e- conttds Hiaigiare ansibiecs af i inveriiandoyrevide grjeeass %USriwuce t he
amount of fluog ]

concentration i nﬂ%r@ﬁig%%?mte(?Bgﬁegrgggg@g%??%g%%%ié]%tgﬂi&gﬁﬁ@g decreases t he
amount of fl UOIﬂUde@MHQ‘h may buerproﬂecquirsndtu&p@ce% tsHedpeesbess. The process of
the present invention is applicable to any transition netal-catalyzed
process utilizing a fluorophosphite-containing catalyst. Exanples of such
processes fre hydrogenat i on, |SUWARWOR)WHEHWEMM ation; hydrosilation,
car bonyl ati ons, OXI tions,.acet kxl atiaons CgﬁOXI t| on am nation,

di hydr oxyl ati on, NS EpeRtday ORIPEET ﬂ}eaf'l’ H‘fﬁdﬁgﬁ bond

activation, ol @éaé’udiﬂhﬁctd‘r@?df%, ﬂﬁr@;ﬁhd&phﬁb—ﬁ@iﬁﬂaﬁmg @é‘ﬁsmon metal catalyzed
ol i goneri zati ons, . ol efi n pol %@EI’I zat | OHB‘N’C&]G]‘I n- carbon nonoxi de

copol yreri zat FRecess o sauertng ameytof pregentdadie PRgessn,  but adi ene
pol yneri zati on, and other carbon-carbon bond form ng reactions 25 such as
the Heck reaction and arene coul | n reactlons Preferabl the process is
the hydrdtbrnyl ation or &4 aCRIPFIE AN cat al yst
systens conprising r r | sef ul
for the hydrofornyl ;tﬁ%gi g%m?\%mr?}s] c?:ﬁﬁbn%%%’ﬂwcégﬂcﬁﬁcprﬁ&%rgéeﬁ’&gvélr{t% théjf ore,
are preferred. reaction mixture of a ﬂuorophosphlte—contamsng transntlon metal catalyzed

process to reduce the amount of fluoride present in the process. Reducing
the fluoride concentration in a process decreases corrosion problems and

15 decreases the amount of fluoride contained in the products of the process.

The_ process of the present invention is applicable to any transition
metal-catelyzed process utilizing a fluorophosphite-containing catalyst.
Examples of such processes are hydrogenation, isomerization, hydrocyan-
ation; hydrosilation, carbonylations, oxidations, acetoxylations,

20 epoxidations, hydroaminatiofi, dihydroxylation, cyclopropanation,
telomerizatons, carbon hydrogen bond activation, olefin metathesis, olefin
dimerizations, oligomerizations, clefin polymerizations, olefin-carbon
monoxide copolymerizations, butadiene dimerization and oligomerization,
butadiene polymerization, and other carbon-carbon bond forming reactions

25 such as the Heck reaction and arene coupling reactions. Preferably the
process is the hydrofom{ylation or oxo reaction to form aldehydes. The
catalyst systems comprising rhodium as the transition metal are especially
usefu! for the hydroformylatioh of olefins o produce aldehydes and,

therefore, are preferred.



16 MAR 2007 -4 The fl uorophosphite-containing catalysts of the present
invention are defined in U 'S. Patent No. 5,840,647. More particul arlly¥iR Bg7
fl uor ophosphi te-contai ning catal yst conprises a conbi nati on of one or nore
transition netals selected fromthe Goup VIII metals and rhenium and one 5
or nore fluorophosphite conpounds having the general formula O0-R F-P (1)
0- R2 wherein R1 and R2 are hydrocarbyl radicals which contain a total of up
to 40 carbon atons and wherein the ratio of gram noles fluorophosphite 10
ligand to gramatons transition netal is at least 1:1. Fluorophosphite
ester conpounds haviTig flueoplooaphite-coGiaimig Eaflysts pf the pfesatt inrtionareon as

effective |igangds > ed._J i 1,6N YW t I B metals to form
cat al yst syste%ﬁf‘%@ﬁ?%§p€%{g§§§§g’§§§?ﬁ?bw'%ghaé\qﬁg%%2\}?@ The hydr ocar byl
gr (r)ﬂt; ps (r]I epr ez erfmecbm}osﬁfaita-m?n%ingmatgbjts_t bea;npeim grcomﬂaf)rfa‘tiptnm:togexlepkm?@t e or
conbi ned, an re sel ec [,0m ynsu i tute n ubstituted a ,

cycl oal kyl and%mﬁio&r'gﬁ 3 %’ﬁ?fﬁﬁﬁf%ﬁﬁ é;fﬂ%% mﬁ'ﬁ%%n‘ilﬂ—'%@medton&
The total Zar bap meretfitrophosphiis toirpenhds Raviagthdgengrapfoghald vy is in the
range of 2 to 35 carbon atons. Exanples of the alkyl i 6 MAR 2007 -5 groups

which Rl and/or R2 separately or individually can represent include
: O—Ri
F—F )

O—R2

wherein R1 and R2 are hydrocarby! radicals which contain a total of up to
40 carbon atoms and wherein the ratio of gram moles fluorophosphite
10 ligand o gram atoms transition metal is at least 1:'.1.
Fluorophosphite ester compounds having the formuia

O—Rt
F—P . 08

O—R2

15 function as effective ligands when used in comﬁinationvwith fransition
metals to form catalyst systems for the processes described hereinabove.
The hydrocarbyl groupé represented by R1 and R2 may be the same or
different, separate or combined, and are selected from unsubstituted and
substituted alkyl, cycloalkyl and aryl groups containing a total of up to 40

20 carbon atoms. The total carbon content of substituents R1 and R2
preferably is in the range of 2 to 35 carbon atoms. Examples of the alkyl



ethyl, butyl, pentyl, hexyl, 2-ethyl hexyl, octyl, decyl, dodecyl, octadecyl
and various isoners thereof. The al kyl groups nmay be substituted, QWARZ&
exanple; wth up to two substituents such as al koxy, cycl oal koxy, #or

al kanoyl, 5 cycloal kyl, aryl, aryloxy, aroyl, carboxyl, carboxylate- salts
al koxycar bonyl, al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and t he
l'i ke. Cyclopentyl; cyclohexyl and cycl oheptyl are exanples of the

cycl oal kyl groups R1L and/o R2 individually can represent. The cycl oal kyl
groups may be substituted with alkyl or any of the substituents described

Wi th respect taybhgs paset Rl eanb@orﬂ’&%%péraﬁeﬁﬁbrahﬂiylbuemﬂm repFeseralingideand

cycl oal kyl groups ich i ndivid n r epr esent preferably
are al kyl of upet'f'lﬁ‘wguﬁ’&rﬂﬁmy‘ab% 2‘%&5‘9?@!‘ ° ;5 éﬁly grecyl petegrewANdor

cycl oheptyl . Ewmh@%&ﬁeime?édf' Tﬁé%ﬁ@ﬁgmﬂb%ﬂ?&b@%&ﬁu@@ foﬂékymsréal ly can

represent include carbocyclic aryl such henyl apht hyl, anthracenyl 15

andsubst it ut ed Wit bpde W@§Ubﬁ'fétﬂ§btﬁ SUE&&F@F@V&W&%@‘%&WWB"@“W‘W gr oups

whi ch R1 agd/ or I the
Formil as 12 (1 PCOPR, sy sk 28 oBE8E Rar %ﬁ#@gﬁﬁf%ﬁ% MV (v
5 wherein R3 arﬂik:moyw rcypnewﬁpnm@lcbsuiﬁm'aée amd thenlike. | Gibégrantdnt | y
sel ected from al k al koxy, hal og| cycl oal kox f or %
cycl oal kyl, ar

yeve koewbasxd Cilahentyias @25%'%3'9365#‘?%?%‘%&'&/%%@ R*andlo
al koxycar bonyl 'R2 individually can represent. The cycloalkyl groups may be substituted

with alkyl or any of the substituents described with respect to the possible
10 substituted alkyl groups. The alkyl and cycloalkyl groups which R1 and/or

R2 individually can represent preferably are alkyl of up to 8 carbon atoms,
benzyl, cyclopentyl, cyciochexyl or cycloheptyl.

Examples of the aryl groups which R1 and/or R2 individually can
represent inciude carbocyclic aryl such as phenyi, naphthyl, anthraceny!
15 and substituted derivatives thereof. Examples of the carbocyclic aryl '

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

(I

(R,

20



al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and the |ike. The al kyl

af oresai d al kyl, al koxy, al kanoyl, al koxycar bonyl andwgﬁ .
al kanoyf oxy groups typically contains up to 8 carbon atons. Although iR 097
possible for mto represent O to 5 and for n to represent 0 to 7, the val ue

noi ety of the

of each of m

and n usually will not exceed 2. R3 and R4 preferably

represent | ower al kyl groups, i.e., straigght-chain and branched-chain al kyl
of up to 4 carbon atons, and mand n each represent 0, 1 or 2. 15

Al ternatively,

di val ent hydroc
from12 to 36' cgrbo
al kyl ene of 2 t o\
exanpl es of the/Allk

trimet hyl ene,

tri phenyl et hanedryf 2,2,4-trinethyl-1, 3-pentanediyl, 1,2-cycl ohexyl ene,

6 MAR 11107 -7 tHe | i ke. Exanples of the arylene groups which Rl and R2

R1 and R2 in conbination or collectively may represent

nms. Exanpl es of such dival ent groups include

ene and cycl oal kyl ene groups include 20 ethyl ene,

1\3-lbyt anedi yl, 2, 2-dinethyl-1, 3-propanediyl, 1,1, 2-

car bonggy ons, cycl ohexylene and arylene. Specific

yhene group containing up to 40 carbon atons, preferably

and

col l ectively may (R@present are gi ven herein below as fornmulas (V), (VlI) and
(MI'I'). The divalent groups that Rl and R2 collectively may represent
include radicals having the formula 5 Al - X wherein each of Al and A2 is

an arylene radical, e.g., a divalent, carbocyclic aromatic group containing
6 to 10 ring carbon atons, wherein each ester 10 oxygen atom of

fl uorophosphite (1) i rin%)carbon atom of Al
(R, {

10

15

20

wherein R3 and R4 may represent one or more substituents independently
selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, atkanoyi,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alké'noylo;,cy, cyano, sulfonic acid, sulfonate saits and the like. The alkyl‘
moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups typically contains up to 8 carbon atoms. Although it is
possible for m to represent 0 to 5 and forn to represent O't'o 7, the value of

each of m and n usually will not exceed 2. R3 and R4 preferably represent
lower alkyi groups, i.e., straight-chain and branched-chain alkyl of up to 4
carbon atoms, and m and n each represent 0, 1 or 2.

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

triphenylethanediyl, 2,2,4—trimeth'yl-1 ,3-pentanediyl, 1,2-cyclohexylene, and .



and A2. Xis (1) a chemcal bond directly between ring carbon atonms of Al
and A2; or (ii) an oxygen atom a group having the formula -(CH2)y- wherein
y is 2 to 4 or a group having the formula 15 R5 -C R6 wherein RBhiMgR 7007
hydr ogen, al kyl or aryl, e.g., the aryl groups illustrated by fornulas
(11), (111) and (1V), and R6 is hydrogen or alkyl. The total carbon content
of the group -C(R5)(R6)- normally will not-exceed 20 and, 20 preferably, is
inthe range of 1 to $ carbon atons. Normally, when RI and R2 collectively
represent a dival ent hydrocarbyl ene group, the phosphite Or' ARL0O10/ ester
oxygen atoms, thediket Fxampjeseof theargede grautpsdvtiich Rirand B2 (cojlectively mapar at ed

ar y oo o oupst PROPEL AN Si8h Pedh pefRYds ork SR B OFRE G vl ane

radi cal s _havi ng thefﬁ@ﬂi%ieﬁ?%ro@p\s\tﬁé‘t R Ead R&bidchivety ﬁ??q}%ﬁ}é?s\an( vl) 10

wherein R3 and R4 may represént one or nore substitue ependent |y

sel ect ed from iarkge radicalshpvingdhedernuldycl oal koxy, formyl,  al kanoy(,

cycl oal kyk, aryl, arytoxy, aroyl,.carboxyl, carboxylate salts,

al koxycar bonyl, al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and the
i ke. The al kyl .15 noi et yAbf—such al kyl, al koxy, al kanoyl, al koxycar bonyl
and al kanoyl oxy /7

X

\

A2—

wherein

each of AT and AZ is an arylene radical, e.g., a divalent, carbocyclic
aromatic group containing 6 to 10 ring carbon atoms, wherein each ester

10 oxygen atom of fluorophosphite (1} is bonded to a ring carbon atom of Al
and A%, ' _
Xis (i) a chemical bond directly between ring carbon atoms of Al and AZ;
or (ii) an oxygen atom, a group having the formula —(CHg)y- whereinyis 2

to 4 or a group having the formula

15
5

|

—— T ——

R6
wherein R is hydrogen; alkyl or aryl, .9., the aryl groups illustrated by
formulas (1), (1) and (IV), and RS is hydrogen or alkyl. The total carbon
content of the group -C(R9)(RE)- normally will not exceed 20 and,

20 preferably, is in the range of 1 fo 8 carbon atoms. Normaily, when R and

R2 collectively represent a divalent hydrccarbylene group, the phosphite



groups typically contains up to 8 carbon atonms. Although it is possible for
p torepresent 0 to 4 and for g to represent 0 to 6, the val ue ofﬁiggp)pf,p
and q usually will not exceed 2. R3 and R4 preferably represent | o ’ﬁ“aﬁﬁ&l
groups, i.e., straight-chain and branched-chain al kyl of up to 4 carbon 20
atons, and p and q each represent 0, 1 or 2.. S 6 MAR?Ifi? -9 The
fl uorophosphite esters that are nost prefgrred, e.g., those which exhibit
the best stability, are those wherein the fluorophosphite ester oxygen
atons are bonded directly to a ring carbon atom of a carbocyclic, aromatic
group, e.g., aestargxygen aipyische theoxpgerepiooscurpiciedin nyuist (16 afer nul as (11)
t hrough (V(I). R2 i ndlLyi : an aryl
S%P‘%ﬁéd Qeﬁaxﬁ%f.at‘?o%g’ cgri)jtrg[rlrl]%gr &)t 3 cAthos %g{rﬁ?.

radical, e.qg., enyl” group, i preterre or both of

the ring carbon at oRRarhpRE Akifs aflehedftolipd Riprédenist bPeh&®of ANGHRaEDON at ons
bonded to the fluorophosphite ester oxygen atom are substituted with an

al kyl group, elé‘ﬁlé'élﬁéﬁ@ﬁwé‘-l%l*&%ﬁ@lé "@H@Q%hﬁm{mu'@f oup such .as isopropyl, tert
10 butyl,stert-octyl and the like. Simlarly, when Rl and R2 collectively
represent a radical having the formula ' - /A X\-A2 the ring carbon atons of
arylene radicals Al and A ha# are in a position 15 ortho to the ring
carbon atons bondgga) 0_t]l uor oph hite ester oxygen atom are
substituted with an’®al kyl ayp, preferably a branched chain al kyl group
such as isopropyl, tert-butyl, “tert-octyl and the |like. The nost preferred
fl uorophosphite esters have the general fornula R8 R8

(R @O (Vi)

wherein R3 and R4 may represent one or more substituents independently

10

selected from alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyi,
cycloalkyl, aryl, aryloxy, aroyi, .¢e§rboxyl, carboxylate salis, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salt_s_and the like. The alkyl
.15 moiety of such alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
~ groups typically contains’up to 8 carbon atoms. Although it is possible for p
to represent 0 to 4 and for q to represent 0 o 6, the value of each of p and
g 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
20 atoms, and p and q each represent 0, 1 or 2..



OP.OR7 R7 20 tt; MAR OLOO7 -10 wherein each R7 is alkyl of 3 to 8 carbon
atons; each R8 is hydrogen, alkyl of.1 to 8 carbon atons or alkoxy}%nwk,ﬁ%
8 carbon atons; and X is (i) a chemcal bond directly between ring Cdrbdﬁ“
atons of each phenylene group to which X is bonded; or (ii) a group having
the formula 5 RS C. R5 wherein each of R5 and R6 is hydrogen or alkyl of 1
to 8 carbon atonms. The fluorophosphite esters of fornula (1) may be prepared
by 10 published procedures or by techni ques anal ogous thereto. See, for
exanpl e, the procedures described by Riesel et al., J. Z Anorg. Aig.

Chem, 603, 145 (1901 fluorgpherphitetestars thas areomyst pieéerred, 259., hess whids0)

Wiite et al., : , : ., - Z

Nat ur f or sch, s‘?&.h'@?ehr%q%gﬁa,%ﬁ%,a'"%gb‘”ﬁ@?%ﬁ"ﬁﬁ%*‘f‘ﬁ%h@@%t%ﬁ?‘aa 912, 155. 15
The organi ¢ noixyggnatomberé banderptiosglyite @ rowngobon sion oba catbioeyclesi due( s)
represented b d R2 can be _derijv fr hiral or f active
coﬂpounds. Fl M%RFP' R Al 8§r§’5@ O(ﬁgﬁﬁ%%g@PgrﬁeE'%ls?gﬁed%ﬂﬁ éfj gr phenol s
will geneeate i { e ¥ : I i nation of
one or rm?e Zoﬁwgﬁéi(m on tQ/FQ gﬁ@ﬁeﬁgﬁbﬂ@@g&%b@ﬁ@eﬁgﬁl s and
rheni um and oren a radiea, e., erehanyligiouphib kpirther prefestadidiet des betibeld i n

detail herei ngR\fhg carbon atoms that are in a position ortho fo the ring carbon atoms
bonded to the fluorophosphite ester oxygen atom are substituted with an
alkyt group, especially a branched chain alkyl group such as isopropyl, tert-

10 butyl, terf-octyl and the like. Similarly, when R1 and R2 collectively
represent a radical having the formula

Al——

/

X

\

AZ—

the ring cérbon atoms of arylene radicals Al and A2 that are in a position
15 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, tert-octyl and the fike.
The most preferred fluorophosphite esters have the general formula

R
RS X

20



The transition netal nay be provided in the formof various nmetal conpounds
such as carboxylate salts of the transition netal. Rhodium corrpoungg,.ﬁwajh :
may be used as a source of rhodiumfor the active catalyst 25 includé""t < 07
rhodiuml1l or rhodiumlIll salts of carboxylic acids, exanples of which

i ncl ude di-rhodiumtetraacetate dihydrate, rhodiun(ll) acetate, 16 MAR 2007
-11 rhodiun(I1) isobutyrate, rhodiun(ll)1@®=ethyi hexanoate, rhodiun(ll)
benzoate and rhodiun{ll) octanoate. Al so, rhodium carbonyl species such as
Rh4(CO) 12, Rhg(CO) 16 and rhodiun(l) acetyl acetonate di carbonyl may be

sui tabl e r hodwheréipedich RA aikpredl3l tp 8 adibok atons; gach RO shidregag miltyexes 5

such as tris(tgl i hodi car | _.hydrid y..bhe used when
t he phosphineEﬁ%ﬁggﬁﬁgggﬁ%ﬁﬂggggﬁ%ngb¢£h)gfgﬂgégﬁPémdﬁggpggégaby_the

f 1 uor ophosphi tcheiriic bdadafirectie bptwesaning carbon atoms bsschdstsdryddiesgrogdi um
sources are rhodiu??galgs gf_strﬁn m ner al %ﬁigs ﬁﬂCh as chlorides,

broni des, ni t fQMEEN X i3 bapded; qpy §%WQPB 410 ‘PRECTIWR. 10 The ratio of gram
nol es fl wrophosphite ligand to gramatons transition netal can vary over a
wi de range, e.g., gramnole fluorophosphite:gramatomtransition netal
ratios of 1:1 to iéﬁ:l. For the rhodium containing catal yst systens the
gram nol e fl uorophpsphite:gram atomrhodiumratio preferably is in the
range of 1:1.up—+t@ #=1 with ratios in 15 the range of 1:1 to 50:1 being
particularly prefgrred. The fluoride reducing additive may be any materi al
that will reduce he amount of fluoride present in a process, while not
adversely effect e activity of a fluorophosphite-containing transition
netal catalyst. The additive may be used in any anount that is sufficient
to reduce the level of 20 fluoride content to any desired extent. Mbreover,
the additive may be

wherein each of R2 and R8 is hydrogen or alkyl of 1 to 8 carbon atoms.
The fluorophosphite esters of formuia (I) may be prepared by
10 published procedures or by technigues analogous thereto. See, for
example, the procedures described by Riesel et al., J. Z. Anorg. Allg.
Chém., 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.
Natuﬁoréch, Bi. Chem. Sci., 48, 859 (1993) and in U.S. Patent 4,912,155,
15 The organic moiety of the flgprophdsphite compounds, i.e., the residue(s)

represented by R1 and R2 can be derived from chiral or optically active
compounds. Fluorophosphite ligands derived from chiral glycols or phenols
wilf generate chiral ligands.
The catalyst systems comprise a combination of one or more
20 transition metals selected from the Group VIl metals and rhenium and one
or more of the fluorophosphite compounds described in detail hereinabove.
The transition metal may be p‘rbvided in the form of various metal
compounds such as carboxylate salts of the fransition metal. Rhodium
compounds that may be used as a source of thodium for the active catalyst
25 include rhodium 1l or rhodium lif 8alts of carboxylic acids, examples of -
which include di-rhodium tetraacetate dihydrate, rhodium(il) acetate,



i ntroduced into the reaction mxture of the process in any manner. Exanples
of materials suitable.for use as fluoride reducing reaction m xture
additives are oxides, carboxyl ates, hydroxides, .bicarbonates, car bo%ﬁﬁisznﬂ?
phosphates, citrates, borates and/or ascorbates of calcium sodium

magnesi um alum num zinc, silver, lithium potassium copper, cadm um
barium and/or silicon. Exanples of barhgyyl ates are those obtained from
carboxylic acids contai ning 1-20 carbon atons, such as form c, propionic,
hexanoi ¢, heptanoi c, octanoic, decanoic, dodecan0|c tetradecan0|c
hexadecanoi c, m%me)@o%ﬂwa@amh@dlamﬂa@ ethylsexanpatayhediugrliLkenzeataddi t i ves

30 are m xed s FQ%Q%Q ﬂ?éc%% known as 16
MAR 20(11 - 12§h<§fhl tes(lgSO r ot a cl t%M%ﬁﬁ%‘gr Si e%/u}'g | on exchange
resins; nenbr thg;O)md Rhmcm)k@ anN/tnin@lqsmG) acefpiagetonpte dlcarbpnwénaxebacu ng

additive S acal aIt as..calciumstearate or calcium acetate, or
a magnesi um sﬁ‘i"fa @‘11111% ga\“%@l&r iUy praggpepne ‘”“-R/PQ‘%"E Sof the

addi tives gmay sécr%&hs*a‘ﬁ Héﬁﬂphﬁséﬂ?ﬁe)ﬁh@diﬁﬁﬁcarﬁ&%ﬂ h?é{tﬁlﬁ hﬁ? b hdedoe nore
readi | y understood by reference w ng exanmpl e There are, of

course, many ovhen th@ph@smln@ mcaetaesmféh@ p@mpmf at@ erslyclentecasthy s to one
skilled in Fhe 86oph8 @angbfb;]f q‘ge AARvaReR. - H%Eé&egﬂrédiéﬂ?&q ym@nd 1t
bg cogni (ta np

will accordi ng hese exanpl es are given for the
pur pose of il | esgnces amwrrmﬂnym saite oéswomg)mmanal dvideceirmbtasueidotides, i miting t he

FoEe o necEEb ks AR e 1| o100 pammles,
fl uori de i@oncent r at Thasatio of gram moles flucrophosphite ligand to gram aioms ,
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

15 the range of 1:1 to 50:1 being particularly preferred.

The fluoride reducing additive may be any material that wil reduce
the amou*nt df fluoride present in a process, while not adversely effect the
activity ofa fluorophosphite-containing transition metal catalyst. The
additive may be used in any amount that is sufficient to reduce the level of

20 fluoride content to any desired extent. Moreover, the additive may be
introduced into the reaction ml)gture of the process in any manrier.
Examples of materials suitable for use as fluoride reducing reaction mixture
additives are oxides, carboxylates, hydroxides, bicarbonates, carbonates,
phosphates, citrates, borates and/or ascorbates of calcium, sodium,

25 magnesium, aluminum, zing, silver, lithium, potassium, copper, cadmium,
barium, and/or silicon. 'Exampies of carboxylates are those obtained from
carboxylic acids containing 1-20 carbon atoms, such as formic, propionic,
hexanoic, heptanoic, octanoic, decanoic, dodecanoic, tetradecanoic,
hexadecanoic, stearic or eicosanic acids. Also suitable for use as additives

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



The met hod described belowis a nodification of the neasurenent nethod
described in the manual for the Oion Fluoride Conbination Electrode nodel
#96-09. The nethod uses a buffer referred to as TISAB If. 20 Tl SAB stgpgs i
for Total lonic Strength Adjuster Buffer and it is used to provide constanl
background ionic strength, deconplex fluoride, and adjust solution pH The
concentration of hydrofluoric acid contayped in a sanple was determ ned by
shaking the sanple with an equal anount of TISAB Il buffer 25 (Orion #
940909, recommended buffer for use with a fluoride selective el ectrode) and
separ at i ng outtalcites pod twdrqialcites)hmolesutay sidveanion sxcodngaliasing; | ed water is

added to the ' t | ' ' sured with
an i on (4 g borraRas g ko.M pléfkd SRTRERRE LA SefRER T

a' Metrohm 751 #Pacilim sathsudh &s edloium Flearate as oaleivembcetatd, or BondfiResaiq7 - 13
mllivolts and_this,is converted.intp pakrts.pern,llio .. DYy using a

cal i bration chsaal'ltts.ucpr?st'ﬁ@g'ﬁ%ﬁ'w&/ﬁtﬁﬁmg‘%{gﬁ&%{ ) 'a{mﬁ'ﬁ%? 8BW%§%4§'?V§;€B§Y ai ni ng
transiti of nedisd beatsabyisthd proseses] to hydrofornyl ate propylene into

but yral dehydes. 5 _The hydrofornyl ati on pgrocess js erated wth, or in the
_absence of, a reactﬂ't?nm% _%‘@‘"%ﬂi“f’ﬁ/‘@aﬁw P%‘i"(ﬁ@@ﬁﬁ&ﬁ?ﬂ@“ﬁ%&%. The

hydr of or nyl at i plowipg@S@Aples TiRsreiRe, sfldould’, manRhert faliAs of thig eact or
consisting of a verticall arranged stainless steel pipe having a 2.5

centi neter ins‘f“(ﬂ%"tiﬁndﬁl_%iﬁﬁl}‘/"’“h%cq{‘f‘e cBMigh tpene skilleghindhs artrpace diRt or has a
filter el enentipgififthddbdod fifly Alsdstd, AR wilBocBidihQ Rl ik bnize@fir 1 or

the inlet of gaseous reactants. reactor containS a th ichis
arr anged18xi al theseexamples are givesy for the purgosseef ilystradionanhs @ndrayamodto t he

F emperature of g pe, Ay AU ORAhE ti@Bcape of this invention in any way.

'EXAMPLES
in the following examples, fluoride concentrations were determined
15 as follows.
Method for analyzing fluoride concentrations

Thé method descr'i'bed below is a modification of the measurement
method described in the manual for the Orion Fluoride Combination
Electrode model #96-09. The method uses a buffer referréd to as TISAB 1.

20 TISAB stands for Total lonic Strength Adjuster Buffer and it is used fo
provide constant background ionic strength, decomplex fluoride, and adjust
solution pH. _

The cornicentration of hydrofluoric acid contained in a sample was
determined by shaking the sample with an equal amount of TISAB ! buffer

25 (Orion # 940909, recommended buifer for use with a fluoride selective
electrode) and separati'n'g 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
attached to a Metrohm 751 GPD, Titrino titrator. The measurement is in



reaction m xture. The bottom of the reactor has a high pressure tubing
connection that is connected to a cross. One of the connections to the 15
cross pernits the addition of non-gaseous reactants such as octene-1 IdrMAR 7007
make- up sol vent, another |eads to the high-pressure connection of a
differential pressure (DP) cell that is used to nmeasure catal yst level in
the reactor and the bottom connection-it3used for draining the catalyst
solution at the end of the run. 20 In the hydrofornyl ation of propylene in

a vapor take-off de operation, the hydrofor ation reaction m xture
or solution cBH'ﬂ"élg% ‘?‘IHPWI%‘S Wﬁﬁ%i“t?gagﬁé%%“‘?ﬂ%@m) YLl9 8 with the

i ncom ng reactafiratiod ch@topyl ene, hydrogen and carbon nonoxi de as wel |
as.any inert feed such as nitrogen. As butyral dehyde is formed in the

catal yst sol ution, Inthe 2@"1&5‘09Wémﬂ’éﬂ’ﬁyGJ'UQFQPr@ﬁP@%F@HaW?%’Fﬁm%Ses are
renoved as a Yr?é?gircétél%?lﬁhgédE %f&rﬁﬁla&@gﬁ)&?bngﬁnﬁ bﬁltﬁ%id@?ﬁ(ﬂes The vapor

renmoved is ch In”a ssure sep where the batyral dehyde
product S coFrber!ryelcpfamwgﬂompmesanseonwateﬁemthmpém@@bsenwpérae The

uncondensed 9ASERGRTTRx RS adffV b feRbaRRARE bonBRETRUISOMBrhEyg] Soour @

control valve ese gases a ser raps where
any ot her al dghyabss|is oahmeti aub mm vmt@&&-@ﬁ readiar mslﬂmgeﬂa VEhiticgliyoduct from

L o= SHeeB SR DL REEE A b Bl if BfBE el '
chr omat ogr ap hjer(g‘ﬁh@ 1 RanbtrsiUThe fedctbhieas@ filtevalerhénfanelded intodhé sitle rati o of
reactor (fa DHPAT AU Y feTPReraLr A i gh SpPeRia el fiore. The
P)r/g (rj ggrg pkpgfsseéactbmcsmgihs@ HEFMBWEN @hic iQ¥Rbhgdd &GBBOXRN the fg=R&rsh er ed

its center for measurement of the temperature of the hydroformylation

reaction mixture. The bottom of the reactor has a high pressure tubing

connection that is connected to a cross. One of the connections to the

15 cross permits the addition of non-gaseous reactants such as octene-1 or
make-up solvent, another leads to the high-pressure 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 draining the catalyst solution
at the end of the run. .

20 In the hydroformylation of propylene in a vapar take-off mode of
operation, the hydroformylation reaction mixture or solution containing the
catélyst is sparged under press'_tj,re 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

25 butyraldehyde and unreacted reactant gases are removed as a vapor from
the top of the reactor by a side-port. The vapor removed is chifled 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 confrol valve. These gases

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



Engel hard Inc.) catal yst bed to renove any oxygen contam nation and through
a flowcontroller DIP cell and control valve. The carbon nonoxi de 10 passes
through a similar Deoxo(r) bed heated to 125 C, and iron carbonyl riéntiali)i
bed (as disclosed in U S. Patent 4,608,239). N trogen can be added to the
feed m xture as an inert gas. Nitrogen, when added, is netered and then

m xed with the hydrogen feed prior to theqbydrogen Deoxo(r) bed. Propyl ene
is fed to the reactor fromfeed tanks that are 15 pressurized w th hydrogen.
The propylene feed rate is controlled by a liquid nass flow neter. The rate
of | evel drop galecied. tTekpioduel feam MBIQKM%WFG sepiaTds P@Wb\madwwlﬂhe met er .

Al gases and r Eﬁsﬁfb@
vapori zation opé?ﬁwj%?%l?ﬁﬂgp@opy ené&é@g&%gﬁ%?éﬁqgﬁ%gﬁ%ar gt F%Jreég ?’%\ cat al yst
sol ution was pFasflicuidiphaskechmimategrephy§3ig) wobhigueefasthe oeb®2RMyantdodi um
di car bonyl e di um di carbonyl acac, 15 ng
Rh), 2.12 ¢ Zer%&mgtl %&gbﬁgtr%aé@a@%g]%?ﬁﬁ@? phenyl ) fl uorophosphl te,
(4.37 mmobes, [L]/[RiE gaslis feadsltofid r@éctoﬁar%edtmttteyl‘epbtommeaw&n Thi s was
charged to the re ctor ag on bl.anket xii tg‘e react or seal ed. The
react or was pre‘%’ﬂ gumag! 6aB§h¢9%t§§S§"f§dP9u’awf?h hs SYEPORN-RESEBBN ronoxi de
and nitrogen atnebdgmaéedmhmraémcavalabmé@xt@tn@gidte«@@trhbemwk afted and the
fl ows were adj dtothe Eovmn reported as liter at standard
tenperature an'g B@@JF‘@W@W@? pd t%g?f?%‘ﬁ‘eﬁnko’?g?ﬁ qoln(fﬁrﬂln%rpn aRdr bon
monoxi de = 3. Hrcgh £ S BonkBIdVIIFAANanc dhiidl {IRIETHE ditoh tnbRbRASTP and
propylene = 2.08 1/mn P. This is equivalent to awréjgthefollovmng

i

partial pP essmﬁeﬁﬁhﬁoﬁéhfae%mﬂ@bDEﬁ@® bad heatedrie J@hiarukirgss parboRyldr ogen =
96 (6.6 Bar); G pBRR 4B 0se?th U%. PJBAI4,608,239). Nitrogen can be

added to the feed mixture as an inert gas. Nitrogen, when added, is
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

15 pressurized with hydrogen. The propylene feed rate is controlled by a liquid
mass flow meter. The rate of level drop in the tank is also measured in
conjunctii)n with the meter. All gases and propylene are passed through a
preheater to insure vaporization of the liquid propylene.

20 Example 1 (Comparative)

A catalyst solution was prepared under nitrogen using a charge of

0.0375 g rhodium dicarbonyl dcetonylacetate, (also known as rhodium
dicarbonyf acac, 15 mg Rh), 2.12 g 2,2-ethylidene bis(4,6-di-t-butyl-
phenyl)fluorophosphite, (4.37 mmoles, [L[/[Rh] = 30), and 190 ml of

25 dioctylphthalate. This was charged to the reactor under an argon blanket
and the reactor sealed. The reactorwas pressured to 260 psig (18.9 Bar)
with hydrogen, carbon monoxide and nitrogen and heated to 145°C.
Propylene feed was then started and the flows were adjusted to the
following reported as liters/min at standard temperature and pressure

30 (STP): hydrogen = 3.70 I/min STP; carbon monoxide = 3.70 I/min STP;



nitrogen = 29 (2.0 Bar); and propylene = 54 psia (3.7 Bar). 5 The reaction
was carried out under the above conditions for five hours. The

butyral dehyde production rate for the Iast three hours of operationig yak 747
averaged 68.0 g/ hour for a catalyst activity of 4.45 kil ograns

but yral dehyde/ gram of rhodi um hour. The product n:iso ratio was 2.05/1. The
fluoride concentration in the al dehyde pygduct was determ ned 10 hourly
during the reaction. The anount of fluoride measured in the al dehyde each
hour was 0.26 ppm 0.8 ppm 1.7 ppm 1.8 ppm and 2.1 ppmrespectively.
Exarrpl e 2 15 Anitrapehyst.12diminiSTP avakpppgpae e®.0d dmin 8TPr ddesisusi ng a char ge

eyl dene_bi sCRREASRGY i RGN PofEEhRoSyme e bo i e ) [ ey

= 30), 0.06 g mpocadcisumsist awiragen 855968(6]‘6 Baxr)rciaebmedmnnglaad%(& BeBand 190 m

of di octyl pht hal at e. char o t he, reac under an argon bI anket
20 and the rea’&kSp €Qé: £%za F‘Bg Qﬂy%&s g‘?@?&é%‘a * 260 psig (18.9 Bar)

with hydrggen, car bwnemmndmsamnéu &mtm@rm&cbm@tmdtﬂ@némve Propyl ene
feed was then start nd the flows were. adéggtgﬁ? to the follow ng reported

as liters/nmin BRUI§ grrh?a Yy F’EP[H"%'CH%"EB dast thaephoyrs of ogen = 3.70
I/ mn STP; Carér&éraﬁaﬁ%gﬂageaewgrﬂobmor a%EParyé%cﬂmfyr&g@ms Kildgrég/ m n STP and

propylene = 2.08 I/ m . This™is equivalent to having the follow ng
partial pressupéraldehyde/grapyoliibodba-heilc tloe predydmiise raid was 2;:08y.dr ogen =
96 (6.6 Bar) carbo SRR ar-); and
pr opyl ene 54 psi ?hg‘m}BEﬂj@l?on %graﬁl&ag tﬁ%%dﬂg&é??r egwgﬁt%%ltjér{ﬁmqe he above
condi ti o8 forhtblul%edumg theunesctiorh eThuamoantcd flydade meadadredon thaat e for t he

last three houpg Qlqd MRt Rés 0.26 ppm, 0.8 ppm, 1.7 ppm, 1.8 ppm, and 2.1
ppm respectively.

Example 2 | _

15 A catalyst solution was prepared under nitrogen using a charge of
0.0375 g rhodium dicarbonyl acetonylacetate, (15 mg Rh), 2.12g2,2'-
ethylidené bié(4,6—di-t-butyl-phenyl)ﬂuorophosphite,-~(4.37 mmoles, [L]/[Rh]
= 30), 0.086 g of calcium s;tearate as afluoride reducing additive and 190 mi
of dioctylphthalate. This was charged to the reactor under an argon blanket

20 and the reactor sealed. The reactor.was pressured to 260 psig (18.9 Bar)
with hydrogen, carbon monoxide-and nitrogen and heated to 145°C.
Propylene feed was then starte_d and the flows were adjusted to the
following reported as liters/min at standard termperature and pressure
(STP); hydrogen = 3.70 /min STP; carbon monoxide = 3.70 fmin STP;

25 nitrogen = 1.12 limin STP and propylene = 2.08 I/min STP. Thisis
equivalent to having'thé .follow'lng pattial pressures in the feed to the reactor
reported as psia; hydrogen = 96 (6.6 Bar); carbon monoxide = 96 (6.6 Bar);
nitrogen = 29 (2.0 Bar); and propylene = 54 psia (3.7 Bar).

The reaction was carried out under the above conditions for five

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



-16 operation averaged 60.8 g/ hour for a catalyst activity of 3.92 kil ograns
but yr al dehyde/ gram of rhodi um hour. The product n:iso ratio was 2.0211: The
fluoride concentration in the al dehyde product was determ ned hourly j@u¢ikngg;
the reaction. The anount of fluoride neasured in the 5 al dehyde each hour
was 0.26 ppm 0.11 ppm 0.08 ppm 0.075 ppmand 0.045 ppm respectively.
Exanpl e 3 (Conparative) A catal yst sol utif®n was prepared under nitrogen
using a charge of 10 0.0375 g rhodi um di car bonyI acetonyl acetate, (15 ny
Rh), 1.06 g 2,2'- ethylidene bis(4,6-di-t-buty heny&)fl uor ophosphite,

(2.18 mol es, qREFAgpveraged B0.&e/Hoanior mcatﬁlvﬁiuaé $akipgramshe cat al yst
sol uti on was_GaraRibBe/drif &AM THE r@amrﬂu% b Adtleliafnol f1e T eact or

was seal ed. The Treactor pressur ed ps 9 Bar%/e hydr ogen,

car bon nonoxi de anJW'WﬁdW@eaﬁaﬂqmatth@ald@hYQ%m'OduﬁbWSéﬁ rgatl was t hen

started and t St t ffg/\fn@ as liters/mn
at standard Pg)rrrr)l ra u \gﬁ%ﬁ Q%lr éésﬁ%eatn?@l@y'[ﬁéﬂ roge%su:l%g.qég%/ mn STP;
carbon ndnoxiakdehyds ach hmnw&T&Zﬁnﬂpm.@g’b‘hppmlﬂm pphmi OB Pperahdor opyl ene =
2.08 I/mn STE. L. . ent to having the follow ng partial pressures
20 in the feeao P%é]k)ﬁg' feg%%#ﬁyeﬁ eported as psia: hydrogen = 96 (6.6 Bar);
carbon nonoxi de 96 (6 6 Bar); nitrogen = 29 (2.0 Bar); and propylene = 54
psia (3.7 Bar was carried out under the above conditions for
five hours. PV oduction rate for the last three hours of

25 operation aVerag@da&?ysl%oﬂﬁlbﬁl\”asfp?éps&eﬂQindéb’ﬁ'trogélt\ uwngya @ﬁar@eé’ﬁ kil ograns
r hodi um hour: The roduct ‘qug .68/ 1. The

but yr al d yde/

fluoride Bonce&pgg% Bghodiym H@aﬁ?%wrﬂ}l’)
ethylidene bis(4,6-di-t- buty!-phenyl)ﬂuorophosph|te, (2.‘!8 mmoles, [L]/[Rh]
= 15), and 190 mi of dioctylphthalate. The catalyst solution was charged {o

the reactor under an argon blanket and the reactor was sealed. The reactor
was pressured to 260 psig (18.9 Bar) with hydroggn, carbon monoxide and
15 nitrogen and heated to 115°C. Propylene feed was then started and the
flows were adjusted fo the following reported as liters/min at standard
temperatdre and pressure (STP): hydrogen = 3.70.//min STP; carbon
monoxide = 3.70 I/min STP; nitrogen = 1.12 /min STP and propylene =
2.08 I/min STP. This is equivalent to having the following-partial pressures
20 in the feed to the reactor reported as psia: hy&rogen = 06 (6.6 Bar); carbon
monoxide = 86 (6.6 Bar); nitrogen = 29 (2.0 Bar); and propylene = 54 psia
(3.7 Bar). ‘,
The reaction was carried out under the above gqnditions for five
hours. The butyraldehyde production rate for the iast three hours of
25 operation averaged 98.13 g/hour for a catalyst activity of 6.45 kilograms
butyraldehydefgram of rhodium-hour: The product n:iso ratio was 2.68/1.
The fluoride concentration in the aldehyde product was determined
hourly during the reaction. The amount of fluoride measured in the
aldehyde each hour was 1.7 ppm,.0.16 ppm, 0.489 ppm, 0.18 ppm, and 0.19
30 ppm respectively.



hourly during the reaction. The anount of fluoride neasured in the aldehyde
each hour was 1.7 pprn,.0.16 ppm 0.49 ppm 0.18 ppm and 0.19 30 ppm
respectively. 1 6 MAR 2007 -17 Exanple 4 A catal yst sol ution was freﬁared
under nitrogen using a charge of 0.0375 g rhodi um di car bonyl b MAR 2007
acetonyl acetate, (15 ng Rh), 1.06 g 2,2' - ethylidene

bi s(4, 6-di -t-butyl -phenyl)fl uorophosphi-tig,- (2.18 nmmoles, [L]/[Rh] 5 = 15),
0.06 g of calciumacetate as a fluoride reducing additive and 190 m of

di octyl pht hal ate. The catal yst solution was charged to the reactor under an
argon bl anket reactor was seal ed. The reactor was pressured to 260

psig (18.9 Bar) W pcdidREL88MorPRAPERpBRIMOMAIES rdtfishdM iRy 8shanft oeated to
115C. Propyl ene feed was then started and the fl ows were 10 ai#sted to the

fol | owi ng rep8rA%d ashadiveydigarband ecetoaviaesiate, éhpeicaRh d-&ha 2.%r essur e
b trogen = 1- F9iend st BA (BUR o BAPRRORMEbIfe, To g malh [LRAf™
equi val erfi t o =hth)i 06t ef calbiuowacefatpastd Guoridegeducing additivaantid®d mb t he
enct e et Y50 BB s SRR e £,
The reaction smsargen bistked ahd tiideacionwaslseutzde oftd teiaotes Weasrpréssiged ours. The
ARGt LT G AL e I 0T B A T S
but yr al dehydehgatss tof 118v0di Prapiiens fecliadihefutartet aadtHefldvas wefe 2. 58/ 1. 20
dur i ng b r e OMRGR Lorie TRNDHAG ToR I Ao s e St (TR o a@ngide. cach
hour was 0. 12 ppgd8urd (§9P):PR{AroFe?2 3. AWinS FR4 P nfdxide = 3.70 I/min
STP; nitrogen = 1,12 I/min STP and propylene = 2.08 /min STP. This is
equivalent to having the following partial pressures in the feed to the reactor
reported as psia: hydrogen = 96 (6.6 Bar); carbon monoxide = 96 (6.6 Bar);
15 nitrogen = 29 (2.0 Bar); and propylene = 54 psia (3.7 Bar).
. The reaction was carried out under the above conditions for five -
hours. THe butyraldehyde production rate for the last three hours of
operatiori averaged 83.7 thour for a catalyst activity of 5.33 kilograms
butyraldehyde/gram of rhodium-hour. The pro_duct n:iso ratio was 2.58/1.
20 The fluoride concentration in the aldehyde product was determined
hourly during the reaction. The amount of fluoride measured in the-
aldéhyde each hourwas 0.12 p'_pm, 0.035 ppm, 0.025 ppm, 0.024 ppm, and
0.018 ppm respectively.

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

0.0375 g rhodium dicarbonyl acetonylacetate, (15 mg Rh), 1.06 g 2,2'-

ethylidene bis(4,6—di—t-butyl—phenyl)fluorophosphife, (2.18 mmoles, [L}/[Rh]

= 15), 0.06 g of calcium stearate as a fluoride reducing additive and 180 m
30 of dioctylphthalate. The catalyst solution was charged to the reactor under



0.018 ppmrespectively. 25 Exanple 5 A catal yst solution was, prepared under
nitrogen using a charge of 0.0375 g rhodi um di carbonyl acetonyl acetate, (15
ng Rh), 1.06 g 2,2'- ethylidene bis(4,6-di-t-butyl-phenyl)fluorophosphite,
(2.18 mmol es, [L]/[Rh] = 15), 0.06 g of calciumstearate as a fl uorildeiiR 2007
reduci ng additive and 190 m 30 of dioctyl phthalate. The catal yst sol ution
was charged to the reactor, under 1F MARg00'7 -18 an argon bl anket and the
reactor was seal ed. The reactor was pressured to 260 psig (18.9 Bar) with
hydr ogen, carbon nonoxi de and nitrogen and heated to 15C. Propyl ene feed
was then st ar BERGRR Plankst ?M@W@tor&’éﬁlﬁ'?@@g tT@Q'ﬁécﬁoﬁwaévWﬁ?U@%@ted as

liters/mn at ) r n 3.70
[l mn STP; ca?ggﬁﬁemom = 'gﬁ %&Pﬁﬂﬁérﬁ%{r@%%?ﬁg%ggﬁ nltr@gi‘Zé}ﬁfm n STP and

propyl ene = 2hested/taild Séﬁrp Propyiese fasd weapiheaistatied andha ftayva weref ol | owi ng
partial press t r r LA rogen =
56 (6.6 Bar); SSERhTto B foRGfind fepdiea BAGRImin'ARAKES Romfigalize 4G PV°" 1
propyl enéd = Spressiuee (STH): BydiogebG: THE imim STPo natkes roaneXide =@it0 Umier t he
above conditi f | V. e dgﬁg rate for the
| ast three hour gﬁrod? er gtfbgl'ﬁﬂg\,%faag%@@ % %ld})% lﬁgﬁ ca?gﬁsﬁt ‘activity
of 6.36 kilog e/qmalemtc%/llnahdg hityesl fliowinn pairtial imwbsmméﬁmhle g&étemhede@étoﬂ i so
ratio vva5259 The fl.uoride conc n t he al dehy r
det er mi ned qﬂg’{ﬁI{%’S BEIR Ay fqgt?"r eggﬁ @#"ﬁr H'E‘O’S i qf@o(g q(;ga\%easur ed
in the al dehmﬁag@a&hzm@ B@g; shdrdppene =G44sta MB). 004 ppm 0. 0018 ppm
and 0. 006' pprim Exanpl e
10 The reactlon was carried out under the above conditions for five
hours. The butyraldehyde production rate for the last three hours of
operation averaged 99.5 g/hour for a catalyst activity of 6.36 kilograms
butyraldehyde/gram of rhodium-hour. The product n:iso ratio was 2.59/1.
The fluoride concentration in the aldehyde product was determined
15 hourly during the reaction. The amount of fluoride measured in the
aldehyde each hour was 0.014 ppm, 0.012 ppm, 0.004 ppm, 0.0018 ppm,

and 0.006 ppr.

Example 6
20 ‘ A catalyst solution was prepared under nitrogen using a charge of

0.0375 g rhodium dicarbonyt acetonylacetate, (15 mg Rh), 1.06 g 2,2'-
ethylidene bis(4,6-di-t-butyl—phe"r')yl)ﬂuorophosphite, (2.18 mmoles, [L}/[Rh]
= 15}, 0.06 g of magnesium stearate as a fluoride reducing additive and 190
mi of dioctylphthalate. The catalyst solution was chargéd to the bench unit

25 reactor under an argon blanket and the reactor was sealed. The reactor
was pressured to 260 péig (18.9 Bar) with hydrogen, carbon monoxide and
nitrogen and heated fo 115°C. Propylene feed was then started and the
flows were adjusted to the following reported as liters/min at standard
temperature arid pressure (STP): hydrogen = 3.70 V/min STP; carbon

30 monoxide = 3.70 I/min STP; nitrogen = 1.12 I/min STP and propyleqe =



20 A catalyst solution was prepared under nitrogen using a charge of 0.0375
g rhodi um di carbonyl acetonylacetate, (15 ng Rh), 1.06 g 2,2'- ethylidene

bi s(4, 6-di -t-butyl -phenyl)fluorophosphite, (2.18 mtles, [L]/[Rh] = 15),
0.06 g of magnesium stearate as a fluoride reducing additive and 19Q ¥arl 7p@f
di octyl pht hal ate. The catal yst solution was charged to the bench unit 25
reactor under an argon bl anket and the .rgactor was seal ed. The reactor was
pressured to 260 psig (18.9 Bar) with hydrogen, carbon nonoxi de and

nitrogen and heated to 115C. Propyl ene feed was then started and the flows

wer e adj ust ed 2Q8 ¥YmE $HP1 JhiTis %mletr@ép having ihg Bllavingarial piessuges
tenperature a‘ihitri%rf%éa% the reiRlor reBa{r@é %?qs fu tﬂ)gbﬁm 9 gsT B Ba?)%Q% 30

nonoxi de = I/mn STP;, nitrogen = STP an l'ene = 1 MAR

2007 -19 2. o&quqadde =90 . (6:BBar)] rsatreg@n va?Be(atO Ba)rard pr@pvlwef- 4 psiang parti al
pressures |n(§9684 ?ed to the reactor reported as psia: hydrogen = 96 (6.6

Bar); carbon ‘nonoxi'de = 96 (6.6 Bar); nitrogen = 29 (2.0 Bar); and

propyl enes = 54 p3| dhe(r8adtidBawas c§rrf§ﬁ@utaa®entbe abage canditiens wofiveinder t he

above condi t| ut rod on rate for the
| ast three hou Of“%hﬁé&éﬁ'?*%'ﬁ"%/%’?ag% afé{ea’!"gff}?y %gtﬁ'ﬁe ﬁ&é til yst activity
oft5 36 ki Izogrofmtxdmﬁmr@geiemd dqjlganmfatnoei g:aﬂa!;dt activitg wf FdSMelograacht ? i so
rati o was uor i centration in e.a uct was
det er ni ned J%ﬁ 53’%%97%0 %@Ppﬁn he-REodLich RO & S‘Sog’Y oﬁ’%& measur ed
in the al dehyde eaﬁafm\cme\a@ﬁcéht%@nmpme A d A ePPITue WdLdSBMinBd0012 ppm
and 0.0lﬂﬁ)pm respectively. exanpl es denpnstrate that the present

i nvent i ofP sucdeyEy guring th%iﬁa”@@ﬁ“{ ﬁéeﬁWF geflysidedneasired pcess wherein a
f I uor ophosphi tfjehyde each hour was 0.013 ppm, 0.013 ppm, 0.012 ppm, 0.0012 ppm,

and 0.01 ppm respectively.

The examples demonsirate that the present invention successfully

reduced the fluoride content of a process wherein a fluorophosphite-
15 containing transition metal catalyst was utilized.

While this invention has been described with respect to particular
embodiménts 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 -

20 obvious forms and modifications which are in the true spirit and scope of
the present invention.



15 containing transition netal catalyst was utilized. Wiile this invention
has been described with respect to particular enbodinents thereof, it is
apparent that numerous other nodificatbgns of the invention will be obvious
to those skilled in the art. The appended clains and this inventiodn AR 2007
gener alWycwhgul d be construed to' cover all such 20 obvious fornms and

nodi fi cations which are in the true spirit and scope of the present
invention. -20- $ PEAR 2007 W claim 1. A nethod for reducing the fluoride

cont enty h%ahs&f*dﬁrs&lm&rtgsggﬁm A0 th 2 BhdhiEh AR, WRIARERA chimRE oC! ed

fromthe group consistin rofornyl ation, f%%%genéglon, I'Soneri zation,
hydr ocyaotass is Beledtydi fromi thaigiaup, coayistingprfdydrdoinoyiatidne hpdme e maioh oisemertaribon
hydr ogen bond .activati,on, olefin netathesis,. olefin copolynerizations,

but acl GHEOQFRBHPE AK BT, GUIRPTORAaR, CLoBiotistH WHec AT MHPSERtOBH, t he Heck

react i Qpti@idn a518ME nfe AR sisNGle iR 36501 PR eri YRR S b tadfinE d‘i"xﬁ@ﬂ(i%-a@i%h, olgo yglt%étion,

conprises reacting a reactant mxture in the presence a cata

conpr i dutadienapolymerigaticn, theadsiktreantionand hens ebgdingdedatiom wheeigrseidchemisi st i ng
of Goup VIII netals and rhenium. and. one or nore fluorophosphite conpounds
i ng FRHE SRR ReriH e apmifirgin B2 prenE o6 RGP PISER AV af
hydr ocaiddy transtGbiCak&lsMaicetedaRin dlebrdud &mlstief ofGrdud PRPHktA A RIGhOA0m a4 RIS
and wherein the ratio of gram nol es fl uorophosphite |igand to gram af ons

t r ansi vieaAr merefludrephasphiteepmpounds havingihe gaessaldfopnwlduct cont ai ni ng fl uori de,
said nmethod conprising introducing an additive into said reactant m xture,
in an anount sufficient for the purpose of reducing the fluoride
concentration in said product, wherein said additive is selected fromthe
group consisting of (a) oxides, 'Tbﬁ&ylates, hydr oxi des, bi carbonat es,
carbonat es, phosphates, citratgs.p (1

4

O—Rz2

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 introducing an
additive into said reactant mixture, in an amount sufficient for the purpose of reducing the
fluoride concentration in said product, wherein said additive is selected from the group
consisting of (a) oxides, carboxylates, hydroxides, bicarbonates, carbonates, phosphates, citrates,
borates and ascorbates, of calcium, sodium, magnesium, aluminum, zinc, silver, lithtum,
potassium, copper, cadmium, barium, and silicon, and mixtures thereof, and (b) talcites,

hydrotalcites, molecular sieves, ion exchange resins, membranes, and mixtures thereof,

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

olefin to produce an aldehyde.
3. The process according to claim 1 wherein said additive is selected from the group consisting
of carboxylates of calcium, sodium, magnesium, aluminum, zinc, silver, lithium, potassium,

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

4., The process according to claim 1 wherein said additive is selected from the group consisting



borates and ascorbates, of calcium sodium magnesium alum num zinc,
silver, lithium potassium copper, cadm um barium and silicon, drdMAR 2007
m xtures thereof, and (b) talcites, bydrotalcites, nolecular sieves, ion
exchange resins, nmenbranes, and mi xtures thereof. 2. The process according
to cl apfiafkited) &5 ioflSitds ImGRE ML Akvdd! REREShdnge fosthéOmehPr s, 3kl AixRfesan ol efin
to produce an al dehyde. 3. The process according to claim1l wherein said
addi t i thergo€ sel ected fromthe group consisting of carboxylates of cal cium
sodi um magnesi um al um num zinc, silver, lithium potassium copper,

cadm um barium and silicon containing 1-20 carbon atons, and m xtures

t her eo$. The. prddess pecoeding taclainr Hiwhgrdiwsaid addhive sReleeied finai theggslip doneisiisg
selected framthe group consisting. 16 R 2007 -21 of talcites,

hydr ot &1 £FAEUm say maeigsiun salband igduiss diesenfe resins, menbranes, and

m xtures thereof. 5. The process according to claim1 wherein said additive
is selected fromthe group consisting of a calciumsalt, a magnesium salt,
and ni &t Thegsotdseamofdingto dhien pmberss saad edditivany stlected fiiom the wheupeionsistmgl

addi ti Vﬁan‘lfai .selegted fromthe. rouga CONSi st(’i ngx of a cal cium carboxyl ate, a
magnes? PR gRRoRylate, e anesiinycatboxylates gind myxtures thetefcess according to
claim1l wherein said additive is selected fromthe group consisting of

cal cium stearate, calcium acetate, nmagnesium stearate, and m xtures thereof.
8. The7plteguesssaacwordingty dlainc | avherein sdd additivesiaiseleetdd ifitoimy theiggoupadonsisting

st ear atf. 1?. @ene hod] for ﬂéﬁiqUCil?ng‘l tihe ftl uQr i dg c.O tentil in.a

hydr of O RyT 4t Bﬁmé?’gﬁ‘g%l} Ap-dPHEussiy stofaie. And TUSHYS WRICOL o act i ng an

al kenyl olefin in a reactant m xture in the presence of a catal yst
conprising one or nore transition nmetals selected fromthe group consisting
of G oBplhginrpcesspgcarding yclpine hinbaicimsndd adrbtive isgplciunt piganatsphosphi t e conpounds
havi ng the general formula O- RI | F-p (1)

9. A method for reducing the fluoride content in 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

1
A

(1

1
O,..-‘U-._O

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
introducing an additive into said reactant mixture in an amount sufficient for the purpose of
reducing the fluoride concentration in said aldehyde product, wherein said additive is selected
from the group consisting of (a) oxides, carboxylates, hydroxides, bicarbonates, carbonates,
phosphates, citrates, borates and ascorbates, of calcium, sodium, magnesium, aluminum, zinc,
silver, lithium, potassium, copper, cadmium, barium, and silicon, and mixtures thereof, and (b)

talcites, hydrotalcites, molecular sieves, ion exchange resins, membranes, and mixtures thereof.



0-- R2 wherein RI and R2 are hydrocarbyl radicals which contain a total of
up to about 40 carbon atons and wherein the ratio of gram nol es MAR 200
fl uorophosphite ligand to gram atons typansition netal is at |east 1&:%\, ZPQ)J
produce an al dehyde product containing fluoride, said nmethod conprising

i Nt r odiE TG pedtcattcbidues fortl AmSRivHereRas idediditideXnt estéd fram tBEBrD comdidtingl ent
for the purpose of reducing the fluoride concentration in said al dehyde

pr oducef caghpeylfas of salgiugy gpditie magnesiyma calwginuny, giact Hiveglihiyne opGFSNng of (a)

oxi descog,f)@% bautyilat %ﬁ%mﬂ}/ﬂ{ﬁﬂic%%on%pﬁ@%F-%%El%%n aﬁﬁﬁ? IR bARresRAGERANAL €S,

citrate orates and ascor bates, clum sodl uy nmagnesi uny al um num
zinc, silver, lithium potassium copper, cadm um barium and silicon, and
m xt ur sﬁ]gereof, an .(b1)@ talcites, h rdtf)]tal Gites, | ecul ar si eves, ion
exchanb THESF9ESs apERIGNER Sl EvhRin srlebadditiieds pelecosb romghe Aieupsersistiog. The
processr AeReY fiddtadGres! AbIRL RSS! Bn SR HAn Itk Wherh Brad&d, 864 Rixihfm t he
group consi sting of carboxylates of cal cium sodium magnesium al um num
zinc, theteoBr, |ithium potassium copper, cadmium barium and silicon
contai ning 1-20 carbon atons, and m xtures thereof. 11. The process
according to claim9 wherein said additive is selected fromthe group

consi st3 Mie picelstdcebidfsy toRYAMS Khéreinedid AMAiBRUS SdledtéERES the SRUBXEAANER .
resins, menbranes, and mixtures thereof. 12. The process according to claim
9 wher@fiaradcvn saliici mpgnesivn sadl, alad waxteses therdsd. gr oup consisting of a cal ci um
salt, a magnesiumsalt, and m xtures thereof. 13. The process according to
claim9 wherein said additive is selected fromthe group consisting of a
cal ci um. qae beegbsadceordind s Iwherinxakydddittie iapdcdR X frbimake bRRPpROAsistid. The
process_accordi n% to claim9 wherein said additive is selected fromthe

gr oup crrsladenggrbosylateap siagaesiyn gathogylateaind mixtaee there! nagnesi um stearate,
and m xtures thereof. 15. The process according to claim9 wherein said
additive is calciumstearate. 16. The process according to claim9 wherein
sai d al4ldhy geocessotucidingstoalaimd wherennf said Rlditiveyis adleladd/ ffemahel groap rahsisting

but yr al dehyde. ) ) )
of calcium stearate, calcium acetate, magnesium stearate, and mixtures thereof,

15. The process according to claim 9 wherein said additive is calcium stearate.

16. The process according to claim 9 wherein said aldehyde product is a mixture of

isobutyraldehyde and normal butyraldehyde.



