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hydr of ormyl ati on of various a-olefins to produce al dehydes. The
hydr of ' action, also known as the 10 oxo reaction, is used
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fornylation process using trial kyl phosphines ipn | L (e
reaction 6f one mole of an olefin with one mole each o

hydrogen and carbon monoxide. The most extensive use of
the reaction is in the preparation of normal- and

15 iso—-butyraldehyde from propylene. The ratio of the
amount of the normal aldehyde product to the amount of
the iso aldehyde product typically is referred to as the
normal to iso (N:I) or the normal to branched (N:B)
ratio. In the case of propylene, the normal—- and

20 iso-butyraldehydes obtained from propylene are in turn
converted into many commercially-valuable chemical
products such as, for example, n-butanol, 2~ethyl-—
hexanol, n-butyric acid, iso—butanol, neo—pentyl glycol,
2,2,4-trimethyl-1,3—-pentanediol, the mcno—isobutyrate

25 and di-isobutyrate esters of 2,2,4-trimethyl-1,3-—
pentanediol. The hydroformylation of higher a—olefins
such as l-octene, l1l-hexene and l-decene yield aldehyde
products which are useful feedstocks for the preparation
of detergent alcohols and plasticizer alcochols. The

30 hydroformylation of substituted olefins such as allyl
alcohol is useful for the production of other ‘
commercially valuable products such as 1,4-butanediol.

U.S. Patent 3,239,566, issued March 8, 1966, to

Slaugh and Mullineaux, discloses a low pressure hydro—

35 formylation process using trialkylphosphines in



conbi nation with rhodium catalysts for the preparation of al dehydes.

Tri al kyl phosphi nes have en nuch use in |ndustrlaLrhydrofornyIarﬁbnMAR 2002
-processes but they typlésely produce a limted range f products and,
furthernore, frequently are very oxygen sensitive. Patent 3,527, 809,
i ssued Sappeopmes 8, 1970 to Pruett and Smith, dlscloses a PGWR@?%EEM?e
hydr of ormyl ati on process which utilizes triarylphosphine or

triaryl phosphite |i-Bands in conbination with rhodium catal ysts. The

| i gands di scl osed by Pruett and Smith, although used in many commerci al
applications, have limtations due to oxidative and hydrolytic stability
probl ens. Since these early di scl osur es,” rurfer ous i nprovenents have been
made to increase the catalyst stability, catalyst activity and the product
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fluorophosphite ligands of the present invention can be
substituted for, or used in combination with, known
30 phosphite and-or phosphine ligands in a wide variety of
catalyst systems using a transition metal as the primary
catalyst component. Thus, one embodiment of the present
invention is a novel catalyst system comprising a

combination of one or more transition metals selected RS



" A third enbodi ment of the .present invention pertains to a hydroforng ﬁ H@@
process utilizing the abGVe ‘descri bed catal yst systeigs and solut16 J

. process of the present i nvention therefore includes a process for

pr epar i ngwaswoalzsehyde whi ch conprises contacting an ol ef i n,POIMPEEEA? and
carbon nonoxide with a solution of a catal yst system conprising rhodi um and
a fluorophosphite ligand of fornmula (1) wherein the nole ratio of phosphine
ligand:rhodiumis at least 1:1. . 10 It is generally recognized in the art
that the presence of hal ogens in hydroformyl ation catalysts nornally
reduces substantially the activity of thée é%talyst The literature contains
numer ous references and citations where hal ogens are identified as poi sons
15 in the rhodi Y, Y. i p e | be
("New Synt hesedt bgf n s GEQuRYGEET ChRYLTL, BRATERGATEn 3E G TBE “nofd

Spri nger - VErIagngPF?E@@S?BlF¢s?@mhaﬂbgén%aﬁénﬁoFBBngeBSFaﬁy§P6FB%ﬁyIatlon
catalysts. U S. Patents 5,059, 710, 4,595, 753, 4,605,781 20 and 4, 642, 395
teach that hal ogen atons generally are detrjnmental to the activity of

hydrof ormg ation catal yst systens. U SoRarent 4,871,878 discloses that

hal ogens may be present in the or anpé/structure of g)llgand but these

hal ogen- cgpt ai ni ng substituents typically have the 5 hal ogen | ocated in a
stabl e, nion-hydrol yzabl e group, away fr@mRhe phosphorus center and
sufficiently far renoved fromthe rhodiumatomthat no interactions can

occur. For® exarmi@reih R? Raien? ‘hz&7|hy%1%dai&£)*le&-alcﬁ&:ﬂ5§ mhdhaldmmm
substituted trib ‘g fh%fphlne I+ andsb cept_t q@a asestmhere
chlorine, bronitheor? a2 ?)rbs PBRS2N hetto l?‘ﬁer%%ﬁ‘iyl iC
group. , ReactiafhgrHm hmmoepmmmhmmdmwm by dyoy | dtomsit erl als or
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the initial pr eggt oqgﬁ
descri bed as p0|sons {Bﬁ! %Eéwltlon netal {§4J§ % processes Ruch

as the hydrofoM%ﬁﬁﬁﬂTﬁﬂ?QRﬂnWQﬂPxHﬁﬁw?ﬁRﬁka??kFﬁﬁkﬁﬂﬁmmPQﬁaQ&ﬁn$hosphorus
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that the ¥ or SEOGIE e T Thiysiink TRRRb S bRl fomiag | O
reactions such as the Heck reaction and arene coupllng
reactions. The catalyst systems comprising rhodium as
the transition metal are especially useful for the
hydroformylation of olefins to produce aldehydes and,

35 therefore, are preferred.
A second embodiment of our invention concerns a

novel catalyst solution comprising (1) one or more of
the fluorophosphite ligands of formula (I), (2) rhodium
and (3) a hydroformylation solvent. This embodiment

40 comprises a solution of the active catalyst in which a
carbonylation process such as the hydroformylation of an
ethylenically—unsaturated compound may be carried out.



25 ~0R FP (I ) 30\4-R2 35 function as effective |igands mfﬁnMxﬁeﬂ)bn
conbination with transition netals to form catal yst—systens for e 0

. processes described her i fiabove. The hydrocarbyl groups represented by Rl
and R2 may be the sane or different, separate or conbined, and are sel ected
from 40 u@gdaghedsut ed and substituted al kyl, cycloal kyl an@Caup98/48280ps
containing a total of up to 40 carbon atons. The total carbon content of
substituents Rl and R2 - 6 preferably is in the range of 2 to 35
carbon atons. Exanples of the al kyl groups which R1L and/or R2 separately or
i ndividual ly can represent include ethyl, ' butyl, pentyl, hexyl,

2- et hyl hexyl, octyl, decyl, 5 dodecyl, oetadecyl and various isoners

t hereof . The al kyl groups may be substituted, for exanple, with up to two
substituents such as al koxy, cycl oal koxy, fornyl, al kanoyl, cycl oal kyl,
aryl, aryloxy, aroyla thitbxmhodimdntx\dhtthe presentt kbxvertbomyl |

al kanoyl oxy, Cﬁ]&i}aﬁ%%?mﬁ@ﬁf mfﬂé%tﬁréﬂ§§ wih { Dend | Kge
Cycl opentyl, cycl ohex and cycl oheptyl are exanples of the cycloal kyl
groups Rl andi &® A I%ﬂﬁﬁi§§§xﬁ¥§ﬁﬁﬂ5 IAPEPRS T gFRBps may
be substituted prddess kyf the ayesdnt hinveritsion uesndsefimseriheliudeshald -
o oups whith RELORRTE 50 BRAnA ity AV SO il Reclpe RS Ve alky !
of up to 8 cariantacking Rhglef Byclhirrdan and|erbgh reneyidenebth| . 20
Exanpl es of the aglutienpst i cdeRNyncdypst i dotihvi siind | Yhéduh e@h@sent
SUbst 1 tut ed dert VART SRR Lt BB £ SERMTR (1 RASRETE S B et S ups
whi ch Rl and/ orrad®Zo raff \phksph ine ahigapt adwdiumel L5t atkast s hbwi ng t he
formilas ;5 G-.\ {{ 15 gehdrad 1y Yecdghizéa Th-the art that the
presence of halogens in hydroformylation catalysts
normally reduces substantially the activity of the
catalyst. The literature contains numerous references
and citations where halogens are identified as poisons
15 in the rhodium catalyzed hydroformylation process. For
example, Falbe ("New Syntheses with Carbon Monoxide"
edited by J. Falbe, 1980, Springer-Verlag) on page 73
lists halogens as poisons for hydroformylation
catalysts. U.S. Patents 5,059,710, 4,595,753, 4,605,781
20 and 4,642,395 teach that halogen atoms generally are
detrimental to the activity of hydroformylation catalyst
systems. U.S. Patent 4,871,878 discloses that halogens
may be present in the organic structure of a ligand, but
these halogen—containing substituents typically have the
25 halogen located in a stable, non~hydrolyzable group,
away from the phosphorus center and sufficiently far
removed from the rhodium atom that no interactions can
occur. For example, U.S. Patent 4,871,878 teaches the
use of halogen substituted tribenzylphosphine ligands
30 except those cases where the chlorine, bromine or iodine
are in the positions adjacent to the benzylic group.
Reactions of halophosphorus compounds with
hydroxylic materials or water are well known in the
chemical literature. Cotton and Wilkinson ("Advanced "
35 Inorganic Chemistry", 3rd Edition, 1972, Wiley and Sons,



(rrry20/7. .\ G. . 25 ~4)n , 303 5(R4) n--~ .-~ i (IV) /| ~~G
40 wherein R3 and R4 may represent one or nore substituents indep¢d®AR 9002
-sel ected from al kyl alkoxy, hal ogen, cycl oal koxy, formyl, al kanoyl,

cycl oal kyWO 94713984 45 aryl oxy, aroyl, carboxyl) carboxylate RQJVWS?MSMO

al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid, sulfonate salts and the
| i ke. The al kyl noiety of the aforesaid al kyl, al koxy, al kanoyl,

al koxycar bonyl and al kanoyl oxy groups typically contains up to 8 carbon
atons. 50 Although it is possible for mto represent O0to 5 and for nto
represent 0 to ?, the value of each of i aRd usually w |l not exceed 2.
R3 and RQ preferably represent |ower alkyl groups I.e.) straight-chain and

branched- chai npalley 3@f4g95t)odgsqﬁ.rlw P Bho rqggarirg% gt each represent

0, 1 or 2. Alternatr I n conbj nat'i on or co ectrvely may

represent a di U‘é[téﬁtlaﬂ-f)/drtﬁ‘@é‘r l?flee B dF0YF &on iBanftiges, e antdyihd at ons,
preferably fro&thp&Qs%déardfoma&IemrB KOsl pt 0 fr eplotit e \malnqmtyewwps 60

Speci 11 ¢ exampPa8 o oeaanbprSREREE R, Whmcitiag A eRC RIS 3one,
et hyl ene, 5tri npappsed80 to 199) thag rhy-m@&mpamsghites are unstable

2, 2-di et hyl - 1t§ BEQE@”%QHYEea%tlw&ﬁH“waterthﬂEdﬂgi ne@Hﬂ phenols.
2,2,4- trlnethyl #85&@ nt aned |yI cyclohex I"ene,. and t |1 ke.. Exanpl es

of the aryl ene€h hQsphl tRE eR?%ﬁﬂ ARser izeg Bsr ﬁP@@@@N are
gi ven her ei nbehgdrad yizedavuaag (Weact¥l vialentlly withheatieral ent groups that
R1 and R2 coll lsyels I W n f la 10
18" a0 Whel SPAEEAo Y RO ERb ISR EcRlo iR "R
di val ent 10car bE&punadsoan o #4888 @h@@pa@oﬁmﬁ M&%} 6 Pages0 143 ﬁmdgldéhbon

atons, wherei neﬁ%&ﬁegstﬁroo%)ﬁgﬁ&daMOQfSZfﬂ UO"I‘HéhQ'%Bl&'ttl%n('sl wikh kerded to a
ring car bon atgnrof h bond _di,reectly between

ring carbon at B¥8% 8Fyﬁfcaﬁatﬁfla&ﬁ @lp%rgﬁ f?ﬁ?ﬁ oFdT 25150 éfﬁﬁﬁ R3Vvi ng
the fornul a - (€hi) iniftdadi prepdust2and hydrogegr dal idesi.ngHydeogenmul a 5 35

halides have been described as poisons to many
15 transition metal—-catalyzed processes such as the
hydroformylation reaction. Therefore, the presence of
any phosphorus halide species in a hydroformylation
reaction usually is deemed undesirable.
Contrary to the teachings of the prior art, we have
20 found that the fluorophosphite ester compounds having
the formula

1
25 AR
F——P\\ (I)
30 0—R>
35 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 R! and R? may be the same or different,
separate or combined, and are selected from

40 unsubstituted and substituted alkyl, cycloalkyl and aryl
groups containing a total of up to 40 carbon atoms. The
total carbon content of substituents R! and R?



40 45 wherein R5 is hydrogen, alkyl or aryl, e.g., the aryl groups .
il lustrated by fornul as 1), (111) and (1V), and R6~\s hydrogenLqr mkkym}g
‘The total carbon contentt of the group -C(R5)(R6)- normplly will not excee
20 and, preferably, is inthe range of 1 to 8 carbon atons. 50 Nornally,
when Rl amwdo B1398d | ectively represent a dival ent hydrocar bypErmesgriaeqp, t he
phosphite ester 14 MAR 2002 9 oxygen atons, i.e. the oxygen atons
depicted in forrmula (1), are separated by a chain of atons containing at

| east 3 carbon atons. Exanples of the aryl ene groups represented by each 5

of Al and A2 include the divalent radicals having the fornulas: i' \ /
10 (R3) p~~I VO/~\ 15204 /~\ /~\\ +§ R ) --+--ti-- i (VI ) 25 ~qg
~/~\~~\ 30 /\ /\ (R4 ) - . ~----~ -1 (V1) 3 g~/~\ %\ I 40

ependent |y

wherein R3 and R4 nmay represent, one or nore_substitue
ﬁﬁh I,

nts ind
sel ected from BRFR¥PTakiNoiy 1RaftBSemangfcPialk &Ry 357 GRMPOD &
cycl oal kyl, ar gkampledr WfOXne ankyll, groupsxyhichaRBoaybabe RAlts,

al koxycar bonyl _ _al oyl OXV, . Lf,oni ' f I d the
koY She ol Ly FeRpFARROYE 1nuallaua i RaR 2epiestle’ INTIUAS denitll! LG
al kanoyl oxy gr bup¥lyypedsyly bemyains—eshvdhexydrbestitemsieNihough it is

50 possibke fogoReb9l1l cpceaaRbyd haddvardoher igomerscphes@tif .0 tthed, the

val ue of each 05 ang usugl_% wgbg no& xgeeg 2. R3_and R4 .preferably

epresent | owePlKPRy BTGPBE,B2Y; bg. SULSFATHREGenAPR SHATBN S RARE A Foi ky

of up to 4 carben stbstitaedts andhqasaelkbiy,epyedenlkoxyl dorayllhe

e heBt 3Pt FHELS, ! BBt aBOs] S5, a2l 0 b1
carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano,

10 sulfonic acid, sulfonate salts and the like.

Cyclopentyl, cyclohexyl and cycloheptyl are examples of
the cycloalkyl groups R! and-or R? individually can
represent. The cycloalkyl groups may be substituted
with alkyl or any of the substituents described with

15 respect to the possible substituted alkyl groups. The
alkyl and cycloalkyl groups which R! and-or R2
individually can represent preferably are alkyl of up to
8 carbon atoms, benzyl, cyclopentyl, cyclohexyl or
cycloheptyl.

20 Examples of the aryl groups which R! and or R2
individually can represent include carbocyclic aryl such
as phenyl, naphthyl, anthracenyl and substituted
derivatives thereof. Examples of the carbocyclic aryl
groups which R! andror R? individually can represent the

25 radicals having the formulas



- 10 wherei'n the fluorophosphite ester oxygen atons are bonded directly to
a ring carbon atomof a caryocyclic, aromatic group, 'e.g.; an aryl] orMAR 2002
aryl ene group represented by any of fornmulas (I1) through (M 1). Wen 5 Rl
and RZ i ndiwDd9ad8y each represents an aryl radical, e.g., arplesysisgooup,
it is further preferred that 1 or both of the ring carbon atons that are in
a position ortho to the ring carbon atons bonded to the T_ fluorophosphite
ester oxygen atom are substituted with 10 an al kyl group, especially a
branched chain al kyl group such as isoprogyy,_tert-butyl, tert-octyl and
the like. Simlarly, when Rl and RZ col l ectively represent a radical having
the formula 15 1 2 0 \A2_ 25 the ring carbon atons of arylene radicals Al
and AZ that are in a position ortho to the ring carbon atons bonded to the
fl uor ophasphite ester oxygen atom are#%ubst.t uted 30 wi ggrpn al kyl group,
preferably s branched chain al kyl groupdsdch as isopropyl, tert-butyl,
tert-octyl and the |like. The nbst pref?{ d fluorophosphite esters have the
general fqryrula 35 8 40 ~\ / O- 45 F-P WO . \ -. ~8 55 - 11

wherein each R~ is alkyl of 3 to 8 carbon atons; each R8 is hydrogen, alkyl
of 1 to 8 carbon atons or al koxy of 1 tQ 8 carbon atons; and X is (i) a.
chenmical Bénhd directly between ring & bofv.at ons of each phenyl ene group to
5 which X is bonded; or (ii) a group Radi.fg the formul gB&A)0 6 15 wherein
each of Rzeand R6 is hydrogen or alkyt df M to 8 20 caﬁbon atons. The

fl uorophosphite esters of forrmula (I) e prepared by published
procedure r by techni ques anal ogous t Beto. See, for exanple,”the
procedures described by Riesel et al., J. ‘A Anorg. Allg. Chem,

30 L] L]
4 -// \a/ \\..—
35 (R®) ——— | (IV)
N SN2
40

wherein R® and R* may represent one or more substituents
independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl,

45 aryloxy, aroyl, carboxyl, carboxylate salts, alkoxy-—
carbonyl, alkanoyloxy, cyano, sulfonic acid, sulfonate
salts and the like. The alkyl moiety of the aforesaid
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
groups typically contains up to 8 carbon atoms.

50 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. R® and R? preferably
represent lower alkyl groups, i.e., straight—chain and
branched—-chain alkyl of up to 4 carbon atoms, and m and

55 n each represent 0, 1 or 2.

Alternatively, R! and R? 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

60 include alkylene of 2 to 12 carbon atoms, cyclohexylene
and arylene. Specific examples of the alkylene and
cycloalkylene groups include ethylene, trimethylene,



25 603, 145 (1991), Tullock et al., J. Org. Chem, 25, 2016 (1960), Wite .
et al., J. Am Chem So 92, 7125 (1970) and Meyer—~et al., Z. 14 MAR 2002
-Naturforsch, Bi. Chem 6ci., 48, 659 (1993) and in U. S Patent 4,912, 155.
The organic noiety of the fluorophosphite conpounds, i.e., the 30 residues)
representwo %438 and R2 can be derived fromchiral or opt PEAUSHEHRAY ve
conpounds. Fl uorophosphite |igands derived fromchiral glycols or phenols
wi |l generate chiral |igands. Ligands consisting of the chiral

fl uor ophosphites can be used in many transition 35 netal catal yzed
processes including, but not limted to,_hydrofornylation, hydrogenation,
hydr ocyanati on, hydrosil ation, carbonyl ations, oxidations, acetoxylations,
epoxi dati ons, hydroam nation, dihydroxylation, cyclopropanation, carbon

h?/d rogen bond §9t3L;tﬁtﬂa@bdi|4»Qf,9|2%fz-}dlﬁE¥W?{l?ﬂ :Svpﬂllﬁéfné@iﬁi fret J Zﬁéi@f‘ﬁ*

ol efin oligomerizations, olefin po rizatiqns, .olefin-carbon yonoxide
copol yneri zati & PYBﬁQ'-i‘&F‘&ﬁ‘e‘Ydi' 'i%gﬁttﬁ%nﬁ?&'@ﬁ]goiﬁ?'}%??%‘%y%t adi ene
pol yneri zati onl,areystliohexylene, Bhd ddvedriksnr bdExampkes oofrithe r eact i ons
such as the Hegkyheae! i@y ﬁgﬁlﬁgxt RingO%e! eohheetivedyCmay xtures. The

novel catalyst systens provid e present invention-conprise a

conbi nati &n” of rﬁﬁgeﬁﬁ%%%ﬁlﬂ%i@r&iqﬁﬂ]&‘é 2% | R AS o kel \Gloup VI I |
metal s and r heapndm(&id)qne or nore of the fluorophosphite conpounds
described in detail rei.nahove. The transitian _netals may.be. proyided in
the formof vari ousTE?%t §11v r%%‘uﬁ&s?%?tfc% St r l?g%ﬁat & &Iet%lgle\i?h@atyo
transition net ZzeprRsegituincdmdeurds itdedis may iy tdwd formulpurce of rhodi um
for the active catalyst include rhodiumll or rhodiumlIll salts of
carboxylic acids, exanples of which include di-rhodiumtetraacetate

di hydrat &2 rhodiun{!1) acetate, rhodi uglil) isobutyrate, 15 rhodiun(I1)

2- et hyl hexanoate, rhodiun(ll) benzo and rhodiunm(l1) octanoate. Al so,
rhodi um aar bonyl species such as Rh )212, Rh6( CO) 16 and rhodi un(l)
acetyl acetonate di carbonyl nmay be suit@&le rhodi um feeds. Additionally,

r hodi um ggganophosphi ne conpl exes 20 such as tris(triphenyl phosphine)

r hodi um car bonyhebrdni de may be used when the phosphine noieties of the
conplex fed are easily.di gplaced_bysthe fluorophosphite |igands of the
present invention. g’g 8 sk?aﬁf‘g %hoaﬁuﬁ{’sBﬁygggeaFédrlﬁaéi'uﬁ'l'gal't? of
strong m ner al d2vadents sarbozycdlilcorrtemt ior gricigs canttaiatiory 6Wd atces,
phosphat g3 and.ihg khiBonAechR', Inedr Ul Lo URAMP dy dd 9and to
gram atons transition nmetal can vary over a wde range,”e.g., gramnole

f1 uor ophosphi t £1yPaRPELERNiEENSIL)i 4F Hondedato & rdhDHfcarbpn @toynof For

t he rhodi untonhdi ahagatpt al yst systens the gram nol e fluorophosphite: gram

atomrhodiumratio greferably is in the.range..of 1:1 to 70: L with ratios
in the range of 1:1 6‘55(5.;? éeFﬁigmr}g.ﬁ% & a}r %Tlé’r ween rings A
second enbodi nearboh etrmsneéndtoandoAleras dihpvah omygepsatem| uai on

conpri si 1 0 t r hit i d o] a.ll),
(ST houPln! ahgPPSp e Tan Phel sociud RRAGID biesily S8 OCBVSSE) ).

a sol ution of BhEXWP; PBVIRFaLDE: IPX™HACh a carbonyl ation process such as
t he hydrofornylation of an ethyl enically-unsaturated conpound may be
carried out. 5

35 i

40 6

45 wherein R5 is hydrogen, alkyl or aryl, e.g., the aryl
groups illustrated by formulas (II), (III) and (IV), and
R® is hydrogen or alkyl. The total carbon content of
the group —C(R%) (R®)— normally will not exceed 20 and,
preferably, is in the range of 1 to 8 carbon atoms.

50 Normally, when R! and R? collectively represent a
divalent hydrocarbylene group, the phosphite ester



The hydrofornylation reaction solvent may be. selected-froma wi de variety
of conpounds, mixture of .\ 10 conpounds, or materials\that are I1QuMARa@mR
-the pressure at_which the process is being operated. Stich co ounds and
materi al s WA vari ous al kanes, cycl oal kanes, al kenes, cBcV/BS181083s
carbocyclic aromati c conpounds, alcohols, esters, ketoses acetals ethers
and water. 15 Specific exanples of such solvents include aIkane and
Gycl oal kanes such as dodecane, decalin, octane, isooctane m xtures,

cycl ohexane, cycl ooct ane, cyclododecane,_ngthylcyclohexane; aromatic

hydr ocar bons such as benzene, toluene, xyléne isoners, tetralin, cunene, 20
al kyl -substituted aromati ¢ conpounds such as the isoners of

di | Sopr opy! beneaigent bitesNr AN, b%w Ll ladbenzen ain 2ldssiom and

cycl oal kenes sgg as 1, octadrengﬁrd cycl.opent adi ene, 1,5-cycl ooct adi ene,
octene-1, octerdél)2, 2X&, SRPRTAY erfe é‘ﬁ‘é’tp SHeRhnms ﬂ’“tal ing at
1,5, 9- cyclododaeasmlenearbomemmems, crude hydrocarbon m xtures such as

napht ha, m neral oi

2.9, 4-t11 et hyl - g“fﬁ BBl el” S SRR, At or e HRr AR R By o3 (e
hydrofornﬁlatr@ﬁ ﬁ oééésA ISochﬂ9eb§hasédvalﬁnprae@ieelSSDthBGptbﬁerred
sol vent is the¢hrghi@aghoi | ing by-products that are naturally formed during
t he process of the hydrofornylation reaction and the subsequent steps,
e.g., distillations, that are required for al dehyde product isolation. The
main criteria for the solvent is 35 that it dissolves the catalyst and
olefin sdfstrate and @&88s ct as a poisdV¥)to the catal yst.
Preferred solvents for the proéuc?ﬁbn\gb»mplatlle al dehydes, e.g.,

propi onahdehyde and the butyraldehydes are those that are sufficiently
high boiling to remain, for the 5 nost part, in a gas sparged reactor.

Sol vent s _and sol vent conbrnatrons tgak1érg1 preferred for use in the
productia of | ess voIat|Ie d.nor?vol.4t | al dehyde stducts i ncl ude

1- net hyl - 2- pyrrol i di none; Hglf nlge perfluor#n& ed solvents such
as perfl@dro 10 kerosene, sulfolane mater “and hi gh boiling hydrocarbon
liquids as well as conbinations of these solvents We have found that
non- hydr @yl i ¢ conmpounds, in general. and hydrocarbons, in particular, my
be used advant ageously as th ﬁdro §t|on sol vent qce 15 their use
can nininge deconposi tion of ﬁluofqp phite est V1% i‘gands. The
concentrafion of the rhodi um and Irgand A the hydrofornylatron sol vent or
reaction mixture is not critical for the successful operation of our
inventi of% 20 As nmentioged hergi nabove, a gram ol e |igand: gram at om
rhodiumrati o YhegeipeRs anandﬂﬁﬁlF?PngﬁﬁFn?ﬁFnBH Wﬁr?hﬁuPéﬁéFPBﬂts

m xture. The abaabpbadeaquneeaebeedokrmMDduuwulnaﬂk@xweamhuagemlxture or

solution may v fr nglliter up I|t When the 25
process is ope?gﬁéaa%gb FHE”HPacFJ%%P%&@ndr aﬁ%? fhgg§|ﬂvent|on t he
concent r 46i on GrYﬂhUNbuarpulthsarbawwﬂonc@ab@BdetﬁoﬁmdtBy adkoxythe range
of 20 to 300 ”Eékbbﬁ?& ggﬂﬁsabg§5&9nsc@&nhhoeuu%bhqwe@c&eanshhf%nh%age

generally do no e reacfi r.at es nost efin

reactants and/ A1 ¥§qGPPet%§géﬂﬁP opgpﬁtaﬁ3Y9eﬁﬁéF§WUPgssPﬁQta& ¥lao high as
to be detrimenaakoky,calkapsylst allkiondywariioplydr anidoailkanoyloayt groupss ar e
O el el [ 20 Bep3UaT 10! cbhEalanuioth &f cabidiBeons, - MlEnclignonecidl o

unusual techni S are“require rep arln%IOt e catal yst systems an

sol ut i on§%of tﬁésﬁ#€§€n¢°FnPeﬁPl6#P§£5FWGth 4j &ngr P& Aed° to obtain a
catal yst of hlﬁhp&ebehttm,tbhat zhle manmeub&tee&m ot bh%na qhaduamugnd
quorophosphrte g gan ng ge ts QP caarggd ou ﬁ? nertt % here
e.g., nrtrogen gBﬁ aﬁ& R TREY srPEﬁ ytfggrseeg ?Yﬁ
rhodi um conpourdkyidgrogesd dre. chatgedgh&—phelmeamdobrancaeduchabhe

sol vent. The Sgugac Bel UpiCh LReneH latunslOaral l Kl gowRRReNtS Of

reactants are c torthe reactor 1s not ‘criti
represent 0, 1 or 2.

The fluorophosphite esters that are most preferred,
e.g., those which exhibit the best stability, are those



The third enbodi mrent of the present invention pertains to a

hydr of ormyl ati on proceszfu;ilizing the above-descri ped catalyst1§y§ﬂ@hgmgnd
‘sol utions. The 15 process of the present invention theyefore is a process
for preparing an al dehyde which conprises contacting an ol efin, hydrogen
and car boiwoeditsgdde with a solution of a catal yst system cdgrisssngz4dhodi um
and a fluorophosphite Iigand of fornmula (I) wherein the ratio of gram 20
noles ligand: gramatomrhodiumis at least 1:1. The olefins that may be
hydr of or myl at ed by means of our novel process conprise aliphatic, including
et hyl eni cal | y-unsaturated, |ow nol ecul ar wei ght polyners, alicyclic,
aromatic and heterocyclic nono-, 25 di--add tri-olefins containing up to 40
carbon atons. Exanples of the aliphatic olefins that may be utilized in the
process incl ude straighﬁé %nd br a che%é hai n, unsubstituted and
substituted, aFPBRELNC*RSnSINOSPEPCTD SFTeRg OXY IR 23°B% BFF at ons.
Exanpl es of theofidedr dipectigt toap brdngr eaebbnoatbine ofulas Carieeyclic,

mono- aol ef i ns hg%hﬂﬁﬁch§Q38§¥?e§hK°X£ '%3&Ed599 %}HSE& petal s;

al kanoyl oxy such as acetfoxy, 'am o i ncl udi'ng substituted antno; carboxy;
aIkoxycarbonylFQEEFES%ﬁﬁﬁdgy ReYoCfc foxgulagd (IR thxeudghr dVdded AMPhatic

nono-a 3550l ef Rhsahavae?t pra gei@ial 1§ Ocath aSepresentd ban HerFrCraltcang HZ
C=CH R8-R9 5 wherein R~h|s deroggn qQr, strglghﬁ- or branch%g- h@ ﬁ al kyl 10
of up to 8 carBofl-at BnEReRY L §TOPPa; gt 1Sof WhFRRTHRYSERETS F%?Ie e G " up
to 18 carbon abotk; ofntthRIringhgdrioy azbkesxghat epet dndacposdtianons,
al kanoyl oxy of 0 b t a I Kk carbonyl of 2 to
10 carbon atongggg%egﬁfﬁggeggﬁglg§§gfﬁth28§¥iBﬁé?%g %%ngpé-olerTns i ncl ude
et hyl ene, prop§lepEcPRoERhdke estext OX¥IeR| PEPMaREShERPERdtuted with
3'acet0X¥01'prQﬁeanthgrahbphébb@ciéhi?|ebeSnEBEdC@ﬁhihnaQR 0 g#dug0
carbon atons. Preferred aligharlict di-g thns haﬁe t?e gengrggéf ngrla: 25
H2 C=CH R 0- CEREPR230 RABFEPX 1R EeF S~ EPF ! gnFCT5TOBFRACRRY- ERE miX%y! ene
having 1 to 18SémibanlytowbenTRE apdl RE chbieckively repyesentsad in t he
hydrof ornyl ati ppapegtenavehgt BRePEBSRR Al NVENtion may be cycl oal kenes,
e.g., cyclohexene, 1,5-cyclooctadiene, and 35 cycl odecatriene, and from
various vinyl-substituted cycl oal kanes, cycl oal kenes, heterocyclic and
aromat i casonpounds. Exanpl es of suchxiighic ol efins include

4

4-vinyl cycl ohexene, 1, 3-cycl ohexadi enes 4-cycl ohexenecar boxylic acid,
nmet hyl 42§yclohexane-carboxylic aci d 0 1, 4-cycl ooct adi ene and

1,5,9-cyclododecatri ene. The ol efin reagants which are particularly
preferred conprise nmono-a-olefins of 2 to |0 carbon atons, especially

propylen%5 the ring carbon atoms of arylene radicals 2! and A? that

are in a position ortho to the ring carbon atoms bonded

to the fluorophosphite ester oxygen atom are substituted

30 with an alkyl group, preferably a branched chain alkyl
group such as isopropyl, tert-butyl, tert—octyl and the
like. The most preferred fluorophosphite esters have
the general formula

35 8
7 ./""&(R
40 R —'\.=./'
/p/
45 F—D
o
\.-.
50 2N
Ne= 8

55



'2 - 17 M xtures of olefins can also be used in the-practice of thii
i nvention. The nixtures nmiy./be of the same carbon nunber such ab 4nMARY 02

-of -n-octenes or it may represent refinery distillation cutspﬁﬂhgayﬁﬁll 5
contain a WP¥PUB4of ol efins over a range of several carbon $240rhe

reaction conditions used are not critical for the operation of the process
and conventional hydrofornylation conditions nornmally are used. The process
10 requires that an olefin is contacted with hydrogen and carbon nonoxi de
in the presence of the novel catalyst systefndescribed hereinabove. Wile
the process may be carried out at tenperatures in the range of 20 to 200C,
the preferred hydrofornylation reaction tenperatures are 15 from50 to 135C

with the nost faNerefinreaehi Rh iSPEkQL USES3 r'as]gg; rtgafhmmdzﬁoxh@; 18?&1 kﬁlgher
reactor tenperatures.are_not vVor egause increased ra of catal yst
deconposi tion m%?l Y?BRSF“re3i€%$ ?gngeggtgrﬁgr?%%u7€g?ﬁ ?Elé?ﬁ9§¥y°gl W
reaction rates.t@08 Tharbonaktorsctand ¥ress(ik aeghemhgel f bondadbreatlyr
atmospheric up bty ehaf?anabég%ﬂaﬁ 44000 PEI Gl ghON&hB) rB?ﬁfEﬁam y

te” (100 _to 400 The

from8 to 28 bars, absol ute .psig or 800 to, 2800 kPa
hydr ogen: car bon"RbFBx¥ désnBPRAedi i 8% i hlthed 2BFPWRRIYING KERE sEOFRYLRar y
considerably ranging from10:1 to 1:10 and the sum of the absolute parti al
pressures of hydrogen and carbon nonoxi de ey range fromO0.3 to 36 bars
absolute (30 to 3600 kPa). The partial presRures of the ratio of the
hydrogen ¥® carbon nonoxide in the 30 fe s_sel ected according to the
i near: branched isoner ratio desired. Cenefglly, the partial pressure of
hydr ogen gsd carbon nonoxide in the reactor®is maintained within the range
of 1.4 to 13.8 bars absolute (20 to 200 psia or 140 to 1380 kPa) for each
gas. The 35 parwhertejnesacheodfRT axrbRhumohydrogent o adantlorofl & to & 18
mai nt ai n mL;h%Qrggg Laoge of 1.4 to 13.8 bars absolute (20 to 200 psia or
a

140 to 13 and i s varied independently of the hydrogen parti al
pressure. The nol ar ThejHleerophespRite esten® rivirsawia cbh) Hrayabeed

prepared by published procedures or by techniques
- analogous thereto. See, for example, the procedures
described by Riesel et al., J. Z. Anorg. Allg. Chen.,

25 603, 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., 2. Naturforsch, Bi. Chem. Sci., 48,
659 (1993) and in U.S. Patent 4,912,155. The organic
moiety of the fluorophosphite compounds, i.e., the

30 residue(s) represented by R! and R? can be derived from
chiral or optically active compounds. Fluorophosphite
ligands derived from chiral glycols or phenols will
generate chiral ligands. Ligands consisting of the
chiral fluorophosphites can be used in many transition

35 metal catalyzed processes including, but not limited to,
hydroformylation, hydrogenation, hydrocyanation,
hydrosilation, carbonylations, oxidations, acetoxyl-
ations, epoxidations, hydroamination, dihydroxylation,
cyclopropanation, carbon hydrogen bond activation,

40 olefin metathesis, olefin dimerizations, olefin
oligomerizations, olefin polymerizations, olefin-—carbon
monoxide copolymerizations, butadiene dimerization and
oligomerization, butadiene polymerization, and other



5 wdely within these partial pressure ranges for the hydrogen and‘gagaﬁnz
nonoxi de. The rati os of g hydrogen to carbon nonox+de and the parTi 002
“pressure of each in the {synthesis gas (syngas - carboninonoxi de and
hydrogen) can be readily changed by the addition of 10 either hydrogen or
carbon nonwapeBsd t he syngas stream We have found that wiRGT/PHRS/18240

fl uorophosphite Iigands descri bed herein, the ratio of linear to branched
products can be varied wi dely by changing the partial pressures of the
carbon nmonoxide in the reactor. 15 The anmount of olefin present in the
reaction m xture also is not critical. For exanple rel atively high-boiling
ol efins such as 1l-octene may function bot %S the ol efin reactant and the
process solvent. In the hydrofornylation of a gaseous ol efin feedstock such

as 20 propylen I i ctor
typically are .%n r%ﬁg_%%%g%o%%s?wﬁgg]gﬁ%ﬁg% (;aét B“%éég?)éf’%a) Tn
practice the rZe@cioneet véelds enansiasaheahigre mﬁ? APHHERRE ol ef i n

in the reactor. In i Myeeaf %mhll@tstorsyﬁtems)m&medrw%@%fwént
pressure of pro%él ene r ef erablfy i_S at er than% 4 barssui140 kPa), e.g.,
from1.4 to |0} CorRTEfFo & °%t et hyl ene
hydr of or mpl at i M,amshalpmehettraés parltecﬁqurfesmu@e)meun/I‘éIH imetalks r eact or

5 9reater haged Moot el tho kil Kend %ﬁr#ﬁ*é‘e% car ryi ng

hydr of or myl ati on reactor designs or, co urations may
out the proces§oBPOWNded deFcribegy dae detiddtehigxainabane. o Th&- spar ged,

\éapor t ake- gff t&%@;&hft&ﬁﬁe@l&m&a@l o Qﬁedroiﬁid rnoﬂ iztgaemo A Gﬁfg_ﬁri;&iéh
erein may be us n S e o
operation, the cg"Fé‘l anpmﬁniﬁquuc ssol \%e ’%ﬁ Wﬁ?%‘m 1 ngéigr ganlcgI

sol vent s@der frapsitdogometadt. | &pedipme qamray Aheat wah heharsgdiehs de
pLOFFCB taken %V%rol&iﬁé‘i %}jf trh%dli&the%?ed:lr&a%%&n@ecﬁl@afh d rqaﬁgfeihenda[ﬁ
chilled in a vaporjliquid se or tqo li al dehyde pro uct an e
gases can be ré’g’s?éllé‘@ £ Pﬁeg?‘é’ I %i"(%‘bg] to

at nospheri c pr esampd eisOofs apdicht iime lace ;ﬂrﬁrfhorﬁtumrténrmmue onal

techni que. The i ﬁﬁ{g

contacti n%nt he m )%%i%gy%?ca?bﬁe%dn%l € éimq%/) b he prtsgen%z

cat al yst 35n an¥ e XAE wirQd idun St %ﬂﬁPq @Ndck are
punped into a mtl%(@:ﬁq Jdraned tled OWAISd, 0WHEd fundrcaisdnyal dtuesdites i - €.

| iquid overflowr acto ggh %hhb%gESUIt%gl 43ﬁﬁé§anple hi gh boiling
al dehyde produl™§ 3n2a| %H? in a continuous
manner with thaml@dhp@&opa@@udummemwdoé reamtiabd @ edoidinurrone as a
i guid in comiiayon Wallcibfad34al ¥rloasthie dilqlalpgdiidic cdiidifee

separ at ed fromthe cat al yst by conventi onal, means such as by disti

or extra@fon &NEh: RE G&tlél(ﬁﬂppﬁéﬂlmbéd‘edacﬂ@qq}%éﬁ%ﬁr Wt er

EOl uﬁl ehagdepyd@dma@aiaqf biszrseas wihedy @he @Hqgﬁiﬁ@mdﬂmwcafs ¥ ai ned
y the hydrof or 0 a 0 an m t he.

cat al yst by ext %@?‘I r}teg RS qé@ 13( {aﬁ% ceng}yr}g% ?rﬁ]do FIIPS q?ot? S

sui tabl e for tRiigamdscess thiet pmesbnmeiaymtemn 4 o g alesdinadlye in the art

that other reagholisnh&oRTERY abe ¥9Hed it Bt ::!f”‘é%}tdriq‘| mﬂ_{l&a"lar I ous

enbodi nents of the present invention are further i1l] ust ed hy t
fol | owi ngZexanpCdgs IS Pdr GhdPRAR S0 rﬁ“ﬂ@&% iTH &5 rsd’dﬁaé‘r?é'l S
hydr of or nyl at egphhiosphatedsc anduthealldkleydes is carried out in a vapor

take-of f reactor COQ%E?E%ngp%fag¥%5tHﬁ¥é§/fluorophosphite ligand to
gram atoms transition metal can vary over a wide range,

e.g., gram mole fluorophosphite:gram atom transition

30 metal ratios of 1:1 to 100:1. For the rhodium—
containing catalyst systems the gram mole fluorophos—
phite:gram atom rhodium ratio preferably is in the range
of 1:1 up to 70:1 with ratios- in the range of 1:1 to
50:1 being particularly preferred.



-i -'20 arranged stainless, steel pipe having a 2.5 ¢minside dianmeter and
a length of 1.2 neters. THe teactor has a filter el ement wel ded i hkoMARe2002
-side down near the bottom of the reactor for the inlet of gaseous

react ant s WOrA%13884 eact or contains a thernowel | which is ar ?’Eﬁd@@s’é%"gl ly
with the reactor in its center for accurate neasurenent of the tenperature
of the hydrofornylation reaction m xture. The bottom of the reactor has a
hi gh pressure tubing connection that is connected to a cross. One of 10 the
connections to the cross permts the addition of non-gaseous reactants such
as octene-1 or make-up solvent, another 1dads to the hi gh- pressure
connection of a differential pressure (DP) cell that is used to neasure
catal yst level in the reactor and.the bottaom connection is used for

Gra ning the cat al ya ST SHERRDORT Hin ReYRRTIEn Findrhe e

hydr of or nyl at i avevsfl wag@iinste siodusd ipap eompadsiobl (kdenef capamagte ®F t he
hydrofornyl ati @hd GG UPHESEHHIRR Al iRl ioF foRuaiani(Rg ,t 2 )Cardisim i s 20
sparged under pressure w.th the~i ncom,ng reactants of ,pro Iene,eAgydrogen
and car bon non&R%dAs %&Yidré’sf%]iaﬁé# Fedyedtch FBif; F%’é’é’ﬂzm

but yral deyde iconfparinds ian sdimtdanalofs ttheoladttiive, catadydtunincatiieth raeact ant
gases are reno h p .Qf e jgde-port.
The vapor romosagt AR, o ctlesBdeR o8 +he® n SRR A B
but yr al dehyde @td¥i&nicr Idymansadaray cpmpeusdnmays behcagadesc ok -

propyl ene. The uncomgRNIR@Er@Tsemydatilodl réawticn ablvepkehay BeeSsure via
the pressure control \égl ve. Thess g rou$h a series of_ dry-ice

ases 30 Ss th
traps where anyFeaReh AN & ¥ lY&rli'%ycgﬁ%l EOTRRUNERe BIXFREE Pfom t he
hi gh preasure semgoalndds,i orcomatierda s thathatreofl itfhddt répsheapatessure
subsequent | ' lqui a
Chr omar ogr aphy 2o A it HpeeRE Dt S hRIoy Spddaibi]l Sulll EBmpounas
normal /i so r at iddCoMatar ipdsy ARcdaRed ¥ a5 o%Fc R1KRRESya S¥6 92 S0 t he

reactor ag e fe&lm&ﬂé@e, rT@mh Eﬁgk‘é‘n& st, Wica riyiclyid 5 C1 E&ah&eli&s c@_ﬂ@ldlﬂizﬁfs, bl
pressure regul.at ors. e rogen passes _thrqug connerci a avail abl e
Deoxo (regi steF&&#‘r@‘&énﬁﬁ?%ﬁ'Eg‘&éﬁoﬁgﬁ %ﬁ@.ﬁf?‘éat S??EFSbS&&tB’ ve any
oxygen cdst ani iSpeiciif ianexampdiegh of Sugh sodvesiteeinblRdecklkamé @mdt r p~

val ve. The car bon 1guiednds RAEHCas! Podddane ,Suabhdinl0oBearan heg heated to

125C, an iron carbonyl renoval bed _(as disclosed in U g. Pat ent 4, 608, 239).
Ni trogen can b@Si@ded MiFtures: e &Y SoheXaPeas CXFLPREERNGas CYRROLS en, when

ﬁsgregé:jeinsDeng;gmged Pr Iygjnei ;‘e nThet thggreghgaerdcfrb?ﬁh?tgd tar?lfs
that are pr ess?ﬁ"f&?%t d‘ﬁdggxlfg’(? ?‘?C’%&ﬁfr’oltlegﬁsgéf’mg SR eAritor ed
rot anet e0 n caikiyiatsuhstiitirred agemad ico comploundsy suchr agy lthee isoxensat e

i s measured by otfh%uri?stoﬂpx@ﬂ%wzed.reqpaﬂﬂs%rbﬁ ipbRzenel Whet keptWth the
rotaneter control I nt ene are gassed t hrough a

. 1 ases and pr.op

preheater to i MHH &ath Pﬁ‘g ﬂﬁjﬁ}l"&% £BETI EHED B8ving the
ar nor ed ropaHEUQﬂdetadﬂgmmofddeqmﬁpumtaﬁianhLghes—bgbﬂbng;ahﬁ@mhq olefin
L-octene, s CRlddeiil QU ddbehellagh RATPHLGATNNERS! ALGer EiRHEES]
catal yst, and solvent dre seal ed'in the autocl ave under nitrogen. The
react i on 28 xt ude SferFYicd qiosiesatriene, ATPePEeHgencENEec BYBSRCASROR de and
heated to the dﬁsdtrxﬂ@srgagdg ETE h’ﬁﬂﬁ:h&t,:mﬂne"ﬂa?. 6ﬂnﬁchﬁgeklei'o_§&h§t;ai ned atf
reacti on tenperature a ressure selected for_a t ergi ned amount o
time or until M*F&%@é’“@ef%&??%ﬁé‘c&ta&c}zagé4t'ﬁ’éf‘fmg§§¥§6ﬁé§]-to anmbi ent
t enperature and:em:rmio'ﬂh@iqub@mame.t h&haurddehydeaproducty erfedthand
22?2@?3 ‘;gr ho'h‘ifdf?af%l%yﬁl'a‘%%@hd%r%%fs%mal% GRYVeat Leedl. 93% practice,

YoPY the preferred solvent is the higher boiling by—products
that are naturally formed during the process of the
hydroformylation reaction and the subsequent steps,
e.g., distillations, that are required for aldehyde
product isolation. The main criteria for the solvent is

35 that it dissolves the catalyst and olefin substrate and



35 - 22 EXAMPLE 1 A catalyst solution was prepared under nitrogen .
using a charge of 15 ng _of rhodium charged as a rhqd&un15 (1) 1% AR 2002
. di carbonyl acetonyl acetg@té (0.145 nmole, 0.0375 g), 2;2'-ethylidene
bi s(4,6-di-tert-butyl phenyl) fluorophosphite (4.35 nnDIe 2.11 gramns)
havi ng t he osnswgyure 10 t-B Me 15 ~~ /-.\ /. \t~u . _. t-Bu PCRUS/ZR40t-~u

25 (t-Bu=tertiary butyl; Me=nethyl) and 190 nL of 2,2,4-trinethyl-1, 3-
pent anedi ol nonoi sobutyrate solvent. This catal yst solution was charged to
the 30 reactor under an argon bl anket and the reactor sealed. The reactor
was pressured to 18.9 bars absolute (260 S|g or 1890 kPa) w th hydrogen,
carbon nonoxi de and nitrogen and heatedt Y175¢ Propyl ene feed then was
started and the flows were adjusted to the foll ow ng 35 reported as

liters~ninute %toeit gara +! ggpgr%gi %fa% %s%l(aé'g;)z 3 %%leéshi:s& 70;

car bon nonoxi de ="3. gen = ropyl e

equi val ent to ﬁ&@Nﬁ@t§h€°FoFF@wPﬁ&dﬁﬁQHQﬂ é§§ﬂﬁé§QI?%qﬂP¥Qﬁiito t he
reactor report @d as bg;%h%qtiéh déo anids ithel Hitlyr a1 admaaRis = ﬁ.‘é ‘B{l‘ﬂ@é 660] ;

E?Qb?24§r°[”8§6?%’ha’fhe§ C 3L 3R AR E 19 FAEBI B dﬁl&ﬁﬁ Zo%kﬂaaﬁﬁs e Tor 5

hours. The& butppstdphyﬁe Anodughsospaxiged§ geacitord5 ISaetvehtsamd of

operation aver @9&%‘%@ Q@HBHEF%E% %ﬂ%%t %Iﬂésér%cfﬁr\ﬁetdy fr P § ’ivg tg'ﬂa_[L anms

but yr al dehydei gram o sQ ratio was
- 23 EXAWPLE Proslucmi%l eXakprs |VP|19§tlr1&t aad pengvedatide dtdahyds ower
carbon nonoxi dgrpaikitel ipcader ¢-methya—2—pyrrolidinone, dimethyl-—

formamide, perfluorinated solvents such as perfluoro-

10 kerosene, sulfolane, water, and high boiling hydrocarbon
liquids as well as combinations of these solvents. We
have found that non-hydroxylic compounds, in general,
and hydrocarbons, in particular, may be used
advantageously as the hydroformylation solvent since

15 their use can minimize decomposition of the
fluorophosphite ester ligands.

The concentration of the rhodium and ligand in the
hydroformylation solvent or reaction mixture is not
critical for the successful operation of our invention.

20 As mentioned hereinabove, a gram mole ligand:gram atom
rhodium ratio of at least 1:1 normally is maintained in
the reaction mixture. The absolute concentration of
rhodium in the reaction mixture or solution may vary
from 1 mg-rliter up to 5000 mg-liter or more. When the

25 process is operated within the practical conditions of
this invention, the concentration of rhodium in the
reaction solution normally is in the range of 20 to
300 mg-liter. Concentrations of rhodium lower than this
range generally do not yield acceptable reaction rates

30 with most olefin reactants and-or require reactor
operating temperatures that are so high as to be
detrimental to catalyst stability. Higher rhodium
concentrations are not preferred because of the high
cost of rhodium.



5 hydrofornylation of propyene. A catalyst solution_was prepared under
nitrogen using a charge of. 15 ng of rhodium charged ag & rhodi um{§l MAR 2002
. di car bonyl acet onyl acet at e\( 0. 145 mmol e, 0.0375 g),

2,2 - et hyl WOOHE3BHi s(4, 6-di -tert-butyl phenyl) fluorophosphi PETLE88§2400

mmol e, 2.11 g) and 190 nL of 2,2,4-trinethyl-1, 3pentanedi ol nonoi sobutyrate
sol vent. The m xture was charged to the reactor under an argon bl anket and
the reactor sealed. The reactor was pressured to 18.9 bars absolute (260
psig or 1890 kPa) wi th hydrogen, carbon 15 nonoxi de and nitrogen and heated
to 115C. Propyl ene feed then was started”ahd The flows were adjusted to the
follow ng values reported as litersnninute at standard tenperature and
pressure (STP): hydrogen = 3.80; carbon noxide = 1.90; nitrogen = 1.93
and propylene = 1.8 .gz?f’eﬁﬁ i':’sr e‘ﬁ%‘ﬁ"é?jgﬁfe h%%%gaf%er?%ﬂ"g n@of)arti al
pressures in tiprdmeting the gatelyst rsystensl and Eolutbens wef ¥hei a) [ kPa] :
hydrogen = 7. GAQQQrft?GﬂJoerp@ir&p,n ADORIGIE ft%h.é% prefdR0d; 615908 =3 9
(56)[390]; and ‘propylene = 3.7 (54)]370]~ 25 The process was, operated for 5
hours using t h&EaHFANSY IFnh 1 BeA Y dipke Berod’tﬂ;‘HW?%’t%'?? RL tHRe | ast
3 hours ofs opermgiddium\eridaFEihdrbphgspmite fNigend atcipients | be tyaxfidd 86
kil ogranms butyrgald i ar.am_of | T pr. 1S i S
4.0:1. 30 A catogtyg{y%g ﬁbtr} I)p'r? eV\I/-a‘% @&ﬁ%%ﬁgﬁé&?ﬁun&e,r i tn%%gélg%éi nﬁr%é%h%}%\g of
15 ng of rhodi hecHdkged Ehen desidtednBRnbiYield «ff Rrsyikabberhegdiumt e

(0.145 mml e, Qd¥pourdl -and 11-%&{& arel Chlargdy 4% Qﬁxéi-é’ac?{-.zmﬁtli%'&gﬁgego "

bi s(4,6-di-tert-bytyl phen IJ f1 uorgphosphit'e (4.35 nml e,
of 2.2, 4-111 metTRHCAPYE SRS of THRORATIRRS rift ST Ehe VRRIQUR al yst
sol uti on1and 1@atalyfstponiperknitsocire neeamttan teh ange EHarged 0o nthe hi gh

pressure autoclauve r j t | anket. The reactor was seal ed and
then pressuri zé%\éto 86'}L6s gﬁgr%s ‘%rg'g%l%u{ie' (400 psig or 2860 kPa) with a 1:1

m xture of hydrogen Thfd emshenhntiaent ofhdhe fuesentasinenePn o 110C and
nai nt ai ned bet adhs’ H 2 hyRreFcrmNsd {6 grdfEsH) it 2 g &hd to 2860

kPa) by the addition of a.l:1l mxture of hydrogen and .carbon nongxi de. Wen
the) up%/ake of &i’sovc?é'z?seescfnh% F@?&@FW%&&%&“@&%@% t "¢ ont ent s
anal yzed.15Gas ghooesisogiafihe presentr dovientden itherefianedsd tpgracess nol e
percent of the £ : }'t&aeﬁ QR oﬁ%‘} ' nyl

al dehydes. Thefnjoglr)\. Iiﬁﬁ%&&%n g’éﬁgﬁng. %t%%r%gnﬁ%gﬁiﬁrfﬁ
ratio of 4.21:P1 iy dzropens and, GArPan menaxddes widh Ry ®QWHIRR &% on of
the substitut edh Qatfal¥strelydtenRidiiiiditiee rhddidimland = @ LidrEpnses-

repared under _ni.trogen _usjn of odium-charged as a r ium (11
gi cgr bonyl acet 6’Mteag'é'tg§ln§ (O% ?E%qﬁﬁlﬂ e{ﬂo.w@ff§1® -he fa-ste’t"nﬁ i FEE (o
bi s( 4, 6- @0t er mod@sy [15igamd : gram etephshsding (4 33 dediss 12.1.1 $heand 100

m. of toluene @3 c¥antehhat May TR HyddbLMNARRER by Sdantd biTouhi gh
pressure autoclave under an nitrogen blanket .along W th 10 nL of nethyl

met hacryl ate. TRYSleRECSESTaSOTRIRES AtdANGT S G to 28.6 bars
absol ute (400 pshyleni2AAQ ykkmsaturtated,: low xioleeudfarhwiliglan and car bon

TENOSe, mmcorSiginse e il i Bepbeb AR SRL, Lo

25 di— and tri-olefins containing up to 40 carbon atoms.
Examples of the aliphatic olefins that may be utilized
in the process include straight— and branched-chain,
unsubstituted and substituted, aliphatic mono—a-olefins
containing up to 20 carbon atoms. Examples of the

30 groups that may be present on the substituted mono—a-—
olefins include hydroxy; alkoxy including ethers and
acetals; alkanoyloxy such as acetoxy; amino including
substituted amino; carboxy; alkoxycarbonyl; carboxamido;
keto; cyano; and the like. Preferred aliphatic mono—a-—

35 olefins have the general formulas:



. 25 5 10 15 20 25 30 35 by the addition of a 1:1 m xture of hydrogen and.
carbon nonoxi de. Wen t upt ake of gas ceased, th actor was QOMKRSZUUZ
-vented, and the content§ dnalyzed. Gas chromat ographytof the recovere
liquid reveal ed that 43 hole percent of the nethyl nethacr¥late had been
conver t edwomoa3esdxt ure of nethyl isobutyrate, nethyl CT/US98/18240
(2-met hyl - 3-fornyl ) propi onate and net hyl (2-nethyl-2-fornyl)propionate. The
hydr ogenati on product, nethyl isobutyrate, was 3% of the product. The
al dehyde fraction was 97% of the products forned and had a predom nance of
the nore linear isoner, nethyl (2-nmethyl-3-fornyl)-propionate, with the
ratio to the less |inear isonmer being 25361~ EXAMPLE 5 This exanpl e
illustrates the hydroformylation of a m xture of cis and traps 2-octene. A
catal yst solution was prepared under nitrogen using 15 ng r hpdi um
charged as a rhodi ubl,C==CHe®ar bony| a@adony| ac et {Ce=QHK -m¥ol e, 0.0375
) 2,2'-%thylidene bi s(4, 6-ditert-butyl phenyl) fluorophosphite (4.35
mmole, 2.1I1 g) and 90 nmL of 2,2,4-trinethyl-1, 3-pentanedi ol nonoi sobutyrate
sol vent. The cX¥P&F@dN sol ution thus prepared was charged to a 300 ni, high
pressure autocl ave wides Ryarbgegebrbsarkéght-ong Brahched—ghalinaalikytiure
of cisand.traps+2:.0ctene. e r. WAs seal ed and pressurized to 28.6
bar s absgPute ?Eoﬁgpkgg%ofzg§gé %%a Shith a 1:1 m xture of hydrogen and
car bon nonoxi de. Th&"r dscstrajgbtheare®rapchedecchadnnailkydenedcfchied® 21. 7
to 28.6 bars ahgokdi®on3@ohe? BHag or 2170 to 2860 kPa) by the addition of
a 1:1 mxture of hydgogen and carbog, monoxi.de. en the. uptake of gas
ceased, thz reactorgwagscagaﬁafyveﬁggﬂfyaﬁa Pﬁewgogtgﬁfg°§n5FV?§d. Gas
chr omat ogr aphy adkanbg loeyowdr ag ltoqudi cardbenalagdmshaca¥boxyl or- 26 5 10 15
20 25 30,35 no t cteng ghad e a¢apkerted to a mxture of
nonyl aléghydeéik%%geﬁg%§ﬁ§élggh%dg p?oduct haqaa normal to branched i somner
ratio of 0.63: 1. EXApEcifdc examples of the aliphatic mono—c—olefins
include ethylene, propylene, l-—butene, l-—octene, allyl
alcohol and 3—acetoxy-l-propene.
The aliphatic, di—-olefins may contain up to 40
20 carbon atoms. Preferred aliphatic, di-olefins have the

general formula:

szcn——nl °—cn=c1-12

~

25

30 wherein R!? is straight~ or branched-chain alkylene
having 1 to 18 carbon atoms.

The cyclic olefins which may be used in the
hydroformylation process of the present invention may be
cycloalkenes, e.g., cyclohexene, 1,5-cyclooctadiene, and

35 cyclodecatriene, and from various vinyl-substituted
cycloalkanes, cycloalkenes, heterocyclic and aromatic
compounds. Examples of such cyclic olefins include
4—vinylcyclohexene, 1,3-cyclohexadiene, 4—cyclohexene—
carboxylic acid, methyl 4-cyclohexsne—carboxylic acid,

40 1,4—cyclooctadiene and 1,5,9-cyclododecatriene. The
olefin reactants which are particularly preferred
comprise mono—a—olefins of 2 to 10 carbon atoms,
especially propylene.



This exanple illustrates t he hydrofornylation of propyl ene at hi ir)é,\r @arw
monoxi de partial pressures and denonstrates catal yst stapility. EM 9

sol ution was prepared under “nitrogen using 15 my of rhodi um charged as a
r hodi um (I V‘)Og"/ g‘?“bonyl acetonyl acetate (0.145 mmole, O. 037BC§’}’,5 8/18240

2,2 -ethylidene bis(4,6-di-tert-butyl phenyl) fluorophosphite (4.35 mol e,
2.11 g) and 190 nL of 2,2,4-trinethyl-1, 3pentanedi ol nonoi sobutyrate

sol vent. The catal yst solution was charged to the reactor under an argon

bl anket and the reactor sealed. The reactor_was pressured to 18.9 bars
absol ute (260 psig or 1890 kPa) with hydrodgn car bon nonoxi de and nitrogen
and heated to 115C. Propylene feed was then started and the fl ows were

adjusted to the fo'|ﬁ%&%9§é$l??SﬁﬂgﬁﬁﬁEe@aﬂs ésgeggnggbguiﬁ gﬁestandard

tenperature and pressure car bon nonox] de = 3. 70;
nitrogen - 1.12PEABtAFBpPEckbis 3Nygntipns | TheqBiyEHERE PBYh89|ﬁ§ the
fol | owi ng partlmaﬁreaﬁbbﬁsnuﬁbéhesﬁehdabomﬁheutéﬁCbﬁrnLeﬁﬂéhed as bars

(96)[660] ;i (1 BEnrenstisBfrBeryReby dikbisninsch §80=WATER T T1 7,

process wad operantaint at maxturendft pdrfinsgr oNeperi vange a8 Aeviesaind t hen
the feed gas coggggbhigam3@§ changed to the follow ng parti al pressures
reported as bars abs%bute S|a€ [ kPa en = 380J

hydr o 55 c rb
oo o 2 e 1 Loy Phgore b PRI PhL CRAk 5 TonE S onse nit BFLEDPanoPer
(54)[370J. The thtabpgsation of2¥he ptbeessoahliecomaehtional Eyﬂrb+ters per

MUt e, The I eaghohy4as8RCLARAL.UBhY! nalRAYYyORRLARLORS VRS BElLENgd. The

but yr al dehyde produciion ra ours o averaged
59.2 g/ hodP forrgdsirasathat avtpPypfinofis3cenkprbgdawit ub¥¢§9@éhy§@¢gran1

OftVPOd;U”‘Pogrcafﬁén“hbﬁex&ablQngﬁhbhﬁrﬁbeﬂuétoﬁﬂﬁhg ﬂﬁvél : &7 1? A
catal yst sol ution er charge o )

r hodi um char gedS ngamrﬁ EEﬁEEFIEeHF&QF oS racgﬁbﬂg Eﬂﬁe?ﬁ?%efﬂ Eﬁ%nﬁﬁnle
0.0375 g), 2,2 ceerhglicnutbat(tenpehaktugesein- bheytphgaydy 20ub002Q6°C,
phosphate (1. 94tﬂ?ﬁgfefgﬁZ?ggﬁgg§3fgﬁﬁkﬂgtkgﬂ L Zﬁperatu el -BU

-0i y i~ 30 t-~u trinet entane35
di ol nnnoﬂ§obut§?8ﬂe5§oF9eﬁ 5°¢hV§tBaFBPy§PS§ofEYPEﬁdwﬁSaEHb?ﬁed to the

reactor under aaeageﬁatbkaskghngmﬁgtheomeasteb seabed. Highéracsattas
pressured to 18

bsol ut 1890 kP th h
car bon nnnoxidetﬁﬂag%$F$5§gngﬁﬁdgﬁgaF§H°?881?§E?uﬁ8 %%o%@?ﬁﬁ%g?ée%agﬁ%n was
started and t heofl catadlgst ddfonpeditaonhwhiidel dewey repotord as
litersimnute aEeﬁ%@PgﬁﬁgeEegBEﬁﬁiuiﬂ 93@a€i@§§9r§l$§ﬂ¥zac€YéﬁQﬂ§ﬂe§ 3.70;

car bon nDnOX| nitro ) ene = This is
equi val eng% o hZPenEotAd HﬁaFgFPBmPﬁﬁsﬁgFﬁlﬁgy Féggﬁr€§°?na?ﬂég?geﬂrto t he
reactor reportedtmesphresiabapl tbe70pbaty[ kBaplubgd(Dgeo psbgbor

7,000 kPa), preferably from 8 to 28 bars absclute (100
to 400 psig or 800 to 2800 kPa).
The hydrogen:carbon monoxide mole ratio in the
25 reactor likewise may vary considerably ranging from 10:1
to 1:10 and the sum of the absolute partial pressures of
hydrogen and carbon monoxide may range from 0.3 to 36
bars absolute (30 to 3600 kPa). The partial pressures
of the ratio of the hydrogen to carbon monoxide in the
30 feed is selected according to the linear:branched isomer
ratio desired. Generally, the partial pressure of
hydrogen and carbon monoxide in the reactor is
maintained within the range of 1.4 to 13.8 bars absolute
(20 to 200 psia or 140 to 1380 kPa) for each gas. The
35 partial pressure of carbon monoxide in the reactor is



- 28 (96)[660] carbon nonoxide = 6.6 (96)[660]; nitrogen = 2 (29)[200];
and propylene = 3.7 (54 370] The reaction was cargwed out unde e
*flows for 5 hours. The putiyral dehyde producti on ra{:h¥or the 5 |ﬁétn§Rﬂﬁﬁ¥
of operation averaged 264 g/ hour for a catalyst activity of 25.1 kil ograns
but yr al deNpdeiizggédm of rhodi um hour. The product N |Iso ratiRCTWHSS18ZH: 1
EXAMPLE 8 10 A catal yst solution was prepared under nitrogen using a charge
of 15 ng of rhodium charged as a rhodium (11) dicarbonyl acetonyl acetate
(0. 145 mmol e, 0.0375 g), the quorophosphite (2.91 Mol e, 1.18 gramns)
having the 15 structure MeO- Mel O . _. O/ ~_25t-Bu b ~b ~t-Bu 30 35
(Me=net hyl) and 190 niL of 2,2, 4- trlnethyl , 3-pent ane di ol nonoi sobut yrate
solvent. This catalyst sol ution was charged to the reactor under an argon

bl anket and t'ln?a{a@acmiﬁ%galkr 43 e FRE Ur oy pEan%rgdbaps 18090 D2t 8

absol ute (260 psrg ogen, car bon nonoxi d
ni trogen and heQ kP 1200 IBH 2 MHPIA G fIRRP hRA) vﬁ%ds-‘t-%r‘t’%ﬁlﬁ‘ﬁd t he fl ows

were adj usted ﬁsaé;k@uci&hipywm th%)Q{)Icﬁd:ﬁn Ipaxe&faxnmgs@fest anﬂard
terrperature and gﬁfgssure (S F%" hdgdro % carb rmngmgle -r Z
nitrogen = AR o 42 ’T?o&ﬂﬁ F ert 1 B nERT At he
foll ow neg par tw:edle};y sssst,tnm thasmepafmlt @né&smmmg&!%pﬁwr ethas bars
absol ut e (psi al}dPeen N Wibon héhoxise . Fhe rd S 6P engar bon

nonoxi de = nitrogen = 2‘4 ﬁ%&? ; and op ene = 3.
(54) [ 370] . Thé‘lf%%n Q\E%al‘c‘%‘?mwm & "t s?‘bﬁ"'eS"fﬂours
The but ér al dehy#len p;{;@fducé |9;htn-a§|sa,|_§ Gad h(e;;ﬁmqats;t— Cbémbus:s :ﬁénmﬂnat and
averaged 99.5 our for at al ys t i\
but yr al dehydell&% %?n)r % fP % & ﬁ'ﬁeéhpr CP b Nﬁg‘o ra :{:%soi 59: 1.

10

either hydrogen or carbon monox1de to the syngas stream.

We have found that with the fluorophosphite ligands
described herein, the ratio of linear to branched
products can be varied widely by changing the partial
pressures of the carbon monoxide in the reactor.

15 The amount of olefin present in the reaction
mixture also is not critical. For example, relatively
high~boiling olefins such as l—-octene may function both
as the olefin reactant and the process solvent. In the
hydroformylation of a gaseous olefin feedstock such as

20 propylene, the partial pressures in the vapor space in
the reactor typically are in the range of 0.07 to 35
bars absolute (7 to 3500 kPa). In practice the rate of
reaction is favored by high concentrations of olefin in
the reactor. 1In the hydroformylation of propylene, the

25 partial pressure of propylene preferably is greater than
1.4 bars (140 kPa), e.g., from 1.4 to 10 bars absolute
(140 to 1000 kPa). In the case of ethylene
hydroformylation, the preferred partial pressure of
ethylene in the reactor is greater than 0.14 bars

30 absolute (14 kPa).

Any of the known hydroformylation reactor designs
or configurations may be used in carrying out the
process provided by the present invention. Thus, a
gas—sparged, vapor take—off reactor design as disclosed

35 in the examples set forth herein may be used. 1In this



EXAMPLE 9 10 A catal yst sol &tion was prepared under nitsogen usi ngb&@thgﬁ[&e

of 15 ng of rhodium charged_as a rhodium (I1) dicarbo acetonyl1

- (0. 145 nmmol e, 0.0375 @), b|s(2 4-di -tert-butyl phenyl) f uorophosphlte (4. 37
15 mol e, ZVQ)W@P%WB) and 190 nL of a NORPAR 13 paraffin solPGEHSINBAPAR | 3
I's a paraffinic hydrocarbon sol vent marketed by Exxon Chemical with a

boi ling point range of approximately 221 to 232C. This catal yst solution

was charged to the reactor under an argon bl anket and the 20 reactor

seal ed. The reactor was pressured to 18.9 bpgs absolute (260 psig or 1890
kPa) wi th hydrogen, carbon nonoxi de and nitrogen and heated to 115C.

Propyl ene feed then was started and the flows were adjusted to the

fol | owi ng repor msieisof idpntiiont &ahd citaldast] Wi dlenerdisssl ved D essure

STP) : hydroge . 70:.carbon mone tr = n
ér opill en)e = > oé‘lg?h%dli]sl%fr\?aﬁ Xlstdoelmar% r}gll‘%#e IQ?Gﬁso‘%/fll:eng arﬁ?g‘f
pressures i n t hd-ﬁa%'d ‘b:kt!a tmm-'aam mormp@mrem ddai@mmm@q#)st@lﬁ!k%]

hydrogen = giﬁ-,esﬁ o Ddiifllag Yddaoen =
(29)][200]; and1$ erne = g )[ 370 The reaction was carryed out
under the &bove l?%s\érf%rc”s‘-% N P FARRLFLAPE, RERATARRE it YW %
the |l ast 3 hour £ @rpr@d@fc&g@dadl?;hé) qﬂstmrcafrorbea recy¥ledo P

catal yst acti vi i qgra Iy um hour. The
product N:.Iso ra |eo r\/\e}aasélt}nk %%%@ﬁ%a I)a/égt ‘H]B'Tcgon was
prepared under MAtmesEEheis rR}‘%ES@W@r Feorofsepanaf iem rﬂt&jlmlcﬂrmﬁe’d?raéﬂa
rhodium (1) di it RepoRderateiale Ghel froill a 03y Qo {he

fl uorophospohlte (r r’r‘r(’gom g ba%c%rasg havi 29 /gyh%[olr%; qr,mul BIQB lrJrL o

a par af f| n soI ve:itef(:.lxbr pqzrdrb:genEnndn c@lﬁumaior@mﬁmy)lthﬂtme Qetess erett

sol ution was cha, q%%& arfaghkdidygder an argon bl anket and the reactor
seal ed. The reactor S pressure £0°18.'9 bars absolute (260 ps or 1890
kPa) with hydrogen, Pafis@ctesneesdemuyhere Gatadyst ch‘

Propyl ene feed Higipedrdnticdal @dadhtdr! Atd laQuoweRy Qoadwéitqu Wil

fol |l ow ng eported as i I nut.e at .standard t eratur an ressure
(STP): hydrogenPx aé§F§§ oA g dd 19U Svﬁﬂ PH@Eﬁac n,
propyl ene = 2.08s Etilsso iss1itabdegui v Zoenexampiayi mg.ghhem‘:mmgmadglqmmdei al

ressures in th 0 e F i,a) [ kPa
Iﬁydrogen = 6.6 5{3)%[%%5%] s r(‘:1:glr ﬂg}‘ r%o%:i E'%%sa& ga'i:%%%%ga%hﬁr ((%gltsan ):[ b

(29)[200]; and F‘é‘ﬁé‘s—man92¥ Wi En @Porldehyde product being
removed from the reactor zone as a liquid in combination

20 with the catalyst. The aldehyde product may be
separated from the catalyst by conventional means such
as by distillation or extraction and the catalyst then
recycled back to the reactor. Water soluble aldehyde
products, such as hydroxy butyraldehyde products

25 obtained by the hydroformylation of allyl alcohol, can
be separated from the catalyst by extraction techniques.
A trickle—bed reactor design also is suitable for this
process. It will be apparent to those skilled in the
art that other reactor schemes may be used with this

30 invention.

The various embodiments of the present invention
are further illustrated by the following examples. The
hydroformylation process in which propylene is
hydroformylated to produce butyraldehydes is carried out

35 in a vapor take—off reactor consisting of a vertically



45 The reaction was carried out under the above flows for 5 hours. The :
but yr al dehyde productiop.rate for the | ast 3 Amurs of operfiy}iﬂRR 2002
-averaged 51.9 g/ hour fc{\a catal yst activity of 2.82 ki | ograns

but yr al dehyde/ gram of rhodi um hour. The product N Iso ratio was 1.38:1. 5
EXAMPLE WO #9/13884al yst sol uti on was prepared under nitrogerPGRV$R§/18248har ge
of 15 ng of rhodium charged as a rhodium (11) dicarbonyl acetonyl acetate
(0.145 nmole) 0.0375 g), 10 bis(2,4-di-tert-butyl phenyl) fluorophosphite
(4.37 mole, 2.01 grans) and 190 nL of a m xed sol vent conposed of di phenyl
ether and ISOPAR Min a 1.6 to 1 (volune:;,yolume) ratio. |SOPAR Mis a

| soparaffin solvent marketed by Exxon Chemcal with a boiling point 15
range of 206 to 253C. This catal yst sol ution was charged to the reactor

under an ar QOBrUaQ«@ﬁ s&!&@i sf%@t@élr Etdav:. d eAss ¥m Warss jd@ssured to
18.9 bars absaql.ute 2 ]f%?(@)ppé; dro carbon nonoxi de
and nitrogen SAd Terfe mﬁf’? ﬁb% LRACKIL M3 And the
flows were adjfliatted- teadniantf mdelmmg.nmpdrnecbm |ddvar snedmnuthe dtostemdard
tenperature a%g sggaect'(éTP)or @ﬁ(y q_g‘?hrét oF 79(Ls %3 de =k 70;
nitrogen = propyl ene = IS 1S ur val ent anéglthe

fol | owi n§ par FP&F tog |§=r°é‘§§{}|”§s hegamomedd t"Hut Jr%aﬁﬁltﬂfng AL BE Dbars

absol ute (psi aliftkPahe Pedicrgrn in G.t% (o%@:[ef‘:fi(ﬁor w&mwwsﬂ&em&a@

96) [ 660] ; t 00 7 70]. Th
ﬁea?:% [ on] WagI 83??—?‘& t&ﬂpﬁaﬁ'ﬁ%&‘r" }95 3:5‘5"\/2‘ ﬁo%fé Jf%} Afg %l‘lme ©

but yr al dehydempxtugret.i oTheatbotitom ofe thes tre@dtonr has a)pxargn ipresswreaged
147.6 g/ hour £QLiRgC %to%ln\éa%t:ucl%t e pialey lfgf c%rﬂééﬁéd)%@ras é}l&gfg al %yp gram

of rhodi um hour. The Iso rati o was 2. Tl VE

EXAMPLE®  Thhe &m%%qwsu%r%c&‘ﬁsét tﬂ?rﬁ‘tlttso %rﬂf’f@r"rﬂ;ﬂfht‘# 1- oct ene
usi ng an angl ﬁgﬁugaﬁe@mlsomlahﬁ&mt equhgarHa ocdkerd-al Wi nEMdHupn vvas( )
prepar ed under ge | C e S um (11

di car bonyl ace?o E%de%n[%%%% jl‘%ggg Q"I % Bﬂ%re%sq‘r% c‘%r{n@ délon

1, 1' - bi phenol °2, 2‘ ddufyflemmpﬁécw@slsamee ((D4KP35Q¢dﬁl ghat % @sedationg t he
structure 10 §5asure,batgly%Q level ir0the r&actor and the bottom

15 connection is used for draining 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 catalyst is

20 sparged under pressure with the incoming reactants of
propylene, hydrogen and carbon monoxide as well as any
inert feed such as nitrogen. As butyraldehyde is formed
in the catalyst solution, it and unreacted reactant
gases are removed as a vapor from the top of the reactor

25 by a side—port. The vapor removed is chilled in a high
pressure separator where the butyraldehyde product is
condensed along with some of the unreacted propylene.
The uncondensed gases are let down to atmospheric
pressure via the pressure control valve. These gases

30 pass through a series of dry-ice traps where any other
aldehyde product is collected. The product from the
high pressure separator is combined with that of the
traps, and is subsequently weighed and analyzed by
standard gas-liquid phase chromatography (GLC)



and 90 nmL of 2,2,4-trinethyl-1,3-pentanedi ol nonoi sobutyrate solvent. This
was charged to a 300 m , BQ_hlgh pressure autocl ave upder a n|tereMAR 2002
. bl anket along with 10 mL of purified 1-octene. The reactor was seal ed and
t hen presw@r99218e84t o 28. 6 bars absol ute (400 psig or 2860 kP&Y/USY 240 1: 1

m xture of hydrogen and carbon nonoxi de. The reactor was heated to and
mai nt ai ned at 35 110C. These conditions were nmaintained for 2 hours w thout
t he uptake of any gas. The reactor was cool ed, vented, and the contents
anal yzed. Gas chromat ography of the recovered liquid revealed that no
al dehyde products had been forned. 40 Tie 43nventi on has been described in
detail wth particular reference to preferred enbodi nents thereof, but it

w11 be under stoad, Lol oL akhans Ang, TS 16 et i P LI

within the spiri |on
claim 1. A catabybutyygﬂd#hwd#ppr9ﬁmgtone or nmor e transrtlon met al s

sel ected fromthe Grgep ngbugetfaleasa% r&r@ﬂféac%ra@ W Fed Wik the
f I uor ophosphi te conpounds hayi F--P (1) ~0-R2

neral
wherein R andTR2CLPZ H?Gr&U&PbgVHF eﬂq?ﬂﬁﬂ Sc&ﬁ@apﬁg§ PIESSYEE up to
40 car bonsat onzregndatdeeisei NTheehydriogen passastherdughuar eemmeriaiad 1y gand
to gram atons n o i thm R1
and R2 do not é&%&ﬁ?a%%ougﬁ&g §e§éﬁ#%%%%h%§%ﬁfwkgg B%eﬁﬂp%¥% cals 2. A
cat al yst systeﬁﬂ&edoﬁétﬁéY§§ QPél#Plnﬁmgﬂﬂ ﬁnWh@xwﬂéﬁsFPPGﬂmmﬂﬁﬂlqns

rhodi um and t hankotalroghban fabantceatirdlled! piipe daudr asar kyntiradi cal s
represent ed by and Is 2. to 35. 3., cat al system_ acgor.ding to
G b m 5 wher o NaRVeand The FATPORGBEPAYiLe. BRRRESoRIERERD SomaBiod™  om
al kyl of 10p toD&oxanbndaheatedbeDzynﬁ°cychmpewpmlparpohgﬂexphpva$CEGMEptyI
O{ ?PI?;yl\g;OQQsha&E@QoEQQ EAr fukapatent 4,'60%8),239).3) Witroged? 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
15 to the reactor from feed tanks that are pressurized with
hydrogen and is controlled using an armored rotameter in
combination with a needle control valve. Propylene feed
rate is measured by the rate of level drop in the tank
in conjunction with the rotameter control point. All
20 gases and propylene are passed fhrough a preheater to
insure vaporization of the liquid propylene leaving the
armored rotameter.
The hydroformylation of a higher-boiling, liquid
olefin, 1l-octene, is carried out in a high pressure
25 autoclave. The olefin, catalyst, and solvent are sealed
in the autoclave under nitrogen. The reaction mixture
then is pressurized with hydrogen and carbon monoxide
and heated to the desired reaction temperature. The
autoclave is maintained at reaction temperature and
30 pressure selected for a predetermined amount of time or
until gas uptake ceases. The autoclave then is cooled
to ambient temperature and vented. The contents of the
autoclave are recovered and analyzed for olefin and
aldehyde content by conventional gas chromatography.

35



(4)ni~i~ _ (R4)ny-- i (1V) i~~ O. wherein R3 and R4 are independently
sel ected from al kyl, al kexy, hal ogen, cycl oal koxy, rnyl aIkaanIMAR 2002
~-cycl oal kyl, aryl, aryloky,: aroyl, carboxyl, carboxylate salts,
al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid and sulfonate salts in
whi ch t hewal9Ry398#ni ety of such al kyl, al koxy, al kanoyl, al ReXetWa#yl and
al kanoyl oxy groups contains up to 8 carbon atons; mand n each is 0, 1 or
2; and the total carbon atom content of the hydrocarbyl radicals
represented by R and R2 is 2 to 35 and wherein the ratio of gram nol es
fl uor ophosphite ligand to gram at ons rhgdﬁgnlis 1:1 to 70:1. 4. A catalyst
system conpri sing rhodi um and one or nore tluorophosphite conpounds havi ng
the general formula /ORL F POR2 (1) wherein R and RZ collectively
represent a di hydr ocar byl ene group containing 2 to 35 carbon atons
and wherein the ratio of gram noles fluorophosphite ligand to gram atons
transition netal is at least 1:1, wth the proviso that RL and R2 do not
col l ectively represkntatamlyssubslutiordwds Hirepaied| under-n3srogeng 15 20
25 30 35 40 4 5 tagky S [ e Ak i4rnbeiann the
rati o of ranﬁﬁ%ﬁg§5?l%%?%%ﬁdggh?%éﬁyi§§2%ﬁ§§9%€aﬁ§%%gns ?hogi§n1is 1to

70: 1 and anl Ry dicaekenyiagetenyLsaGetarRy (Qntd3rmBOLg, 19 B3/ BoB at ons,
cycl ohexyl ene,2 g2 SeyheIed€heOUPi S ay | 6gdihtet -putplpheny) / flupré—R ) p--~

M A hdl dodelive (4e35 orfels Ja S qtana) havihg; the(strbabute 1 T

aryl ene radi cal having 60

10 t-Bu
S Me
o// \0—1 . t— u
15 \l=¢/ \n/ \c
7 0 |
t—Bu 6 . .
20 \i—o/ N7
t—éu
25

(t—-Bu=tertiary butyl; Me=methyl) and 190 mL of
2,2,4-trimethyl-1,3— pentanediol monoisobutyrate
solvent. This catalyst solution was charged to the

30 reactor under an argon blanket and the reactor sealed.
The reactor was pressured to 18.9 bars absoclute (260
psig or 1890 kPa) with hydrogen, carbon monoxide and
nitrogen and heated to 115°C. Propylene feed then was
started and the flows were adjusted to the following

35 reported as liters minute at standard temperature and
pressure (STP): hydrogen = 3.70; carbon monoxide = 3.70;
nitrogen = 1.12 and propylene = 2.08. This is
egquivalent to having the following partial pressures in
the feed to the reactor reported as bars absolute

40 (psia) [kPa]: hydrogen = 6.6 (96)[660); carbon monoxide =
6.6 (96)[660]); nitrogen = 2 (29)([200]; and propylene =
3.7 (54)([370].

The reaction was carried out under the above flows

for 5 hours. The butyraldehyde production rate for the

45 last 3 hours of operation averaged 92.5 g-/hour for a
catalyst activity of 5.86 kilograms butyraldehyde-gram
of rhodium-hour. The product N:Iso ratio was 3.3:1.



formula (V), (VI) or (VII)-above wherein each ester oxygen atom of

fl uorophosphite (1) is bonded to a ring carbon atom of Al and A2; 1 % MAR(2NH
. a chem cal bond directly between ring carbon atons of Al and A2; or éll) an
oxygen at %R 9%!138bup having the formula -(CH2)y wherein y PSTASP¥I824¢, 3
group having the formula 65 - 36 5 6 wherein RS is hydrogen, alkyl or
aryl; R6 is hydrogen or alkyl; and the group -C(R5)(R6)- contains up to 8
carbon atons; and wherein R3 and R4 are independently selected from al kyl,
al koxy, hal ogen, cycl oal koxy, fornyl, al kanoyl, cycloal kyl, aryl, aryl oxy,
aroyl, carboxyl, carboxylate salts, alkoxﬁéarbonyl alkanoyloxy, cyano,

sul fonic acid and sul fonate salts in whi ch the aIkyI noi ety of such al kyl,

al koxy, alkanOéﬁégﬁﬁégéycarbonyl and al kanoyl oxy groups contains up to a
car bon atons; 2, and gqis 0) 1 or 2. 6. A catalyst system

according to Gaimb5 wherein the fluorophosphite Iigand has the formula R7-

/[.-.~8 =\ [ F-plol. Thig e'?ta &e ﬂlluEtraf%sWQﬁEeb?f@é‘ih08~ub§.nal kyl of 3 to
8 carbon at ons;. each ﬁ? rogen, yl 8 carbon atons or al koxy

of 1to 8 carbéﬁw&FoﬁéerNdmR"P§1@P)P5r6ﬁé%|BSPSEBH& &Py EBLl y between ring

carbon atgns obya&@rfo&h@maham @lfowomwﬁech X bﬁtprdedsoQUtﬁ.bh) wasgroup

e S0 o Blebaren pudbr, Riisonl, ARG BaRRChe Tooh 80 1 2

f I uor ophosphi t ¥hed inmg shargedgrgmrarbes infod Tdn dgcgrbonulggezonyl A

catal yst SySte%’c@%Q%.d'('bg 148 Emah @, 6ovaerei g)the bl uaeapheaehete |igand has

the formila 20b s(4/6—d1—tert—buty1phenyl) fluorophosphite (4.35

10 mmole, 2.11 g) and 190 mL of 2,2,4—trimethyl-1,3-
pentanediol monoisobutyrate solvent. The mixture was
charged to the reactor under an argon blanket and the
reactor sealed. The reactor was pressured to 18.9 bars
absolute (260 psig or 1890 kPa) with hydrogen, carbon

15 monoxide and nitrogen and heated to 115°C. Propylene
feed then was started and the flows were adjusted to the
following values reported as liters minute at standard
temperature and pressure {STP): hydrogen = 3.80; carbon
monoxide = 1.90; nitrogen = 1.93 and propylene = 1.87.

20 This is equivalent to having the following partial
pressures in the feed to the reactor reported as bars
absolute (psia)[kPa]: hydrogen = 7.6 (110)[760); carbon
monoxide = 3.8 (55)[380)]; nitrogen = 3.9 (56)[390]; and
propylene = 3.7 (54)[370].

25 The process was operated for 5 hours using the
above flows. The butyraldehyde production rate for the
last 3 hours of operation averaged 60.6 g-/hour for a
catalyst activity of 3.86 kilograms butyraldehyde- gram
of rhodium—hour. The product N:Iso ratio was 4.0:1.

30

EXAMPLE 3

A catalyst solution weas prepared under nitrogen
using a charge of 15 mg of rhodium charged as a rhodium
35 (II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 q),



25 ~ ,-.\ ,.~~gut-Bu b ni 30 ~-0~~~t-~u 35 8. A catal yst solution -
conprising (1) one or fl uor ophosphite conpoungSNhaving t he qdndeR 2002
-formula 4 0 /~R1 45 F-p{(Il) ~O-R2 50 wherein RZ and.Rj are hydrocar byl
radi cal s which contain a total of up to 40 carbon atons; (2) rhodiun% and
55 (3) a Wodoahemnyl ati on sol vent; wherein the ratio of gr ZnTfHP#L824
fl uorophosphite ligand to gramatons rhodiumis at least 1:1. f 9. A
catal yst solution according to Claim8 wherein 60 the fluorophosphite
conmpounds have the general fornula - 383 /OR 5FP (I ) ~OR2 10
wherein RL and RZ individually are independently selected from al kyl of up
to 8 carbon atons, benzyl, 15 cyclopentyl, cyclohexyl, cycloheptyl or an
aryl group having the formula: 20 .\. _.%- (Il) . . 25 ( 3ym30 /. .\ 35 )~
~~. - (I11) .\ [2,246dtM)liddne bis(4,6—di-tert—butylphenyl) fluoro—

phosphite (4.35 mmole, 2.11 g) and 90 mL of
2,2,4-trimethyl-1,3—pentanediol monoisobutyrate solvent.
The catalyst solution and 10 mlL of purified l1—octene

5 were charged to a 300 mL, high pressure autoclave under
a nitrogen blanket. The reactor was sealed and then
pressurized to 28.6 bars absolute (400 psig or 2860 kPa)
with a 1:1 mixture of hydrogen and carbon monoxide. The
reactor was heated to 110°C and maintained between 21.7

10 to 28.6 bars absolute (300—400 psig or 2170 to 2860 XkPa)
by the addition of a 1:1 mixture of hydrogen and carbon
monoxide. When the uptake of gas ceased, the reactor
was cooled, vented, and the contents analyzed. Gas
chromatography of the recovered ligquid revealed that 92

15 mole percent of the l-octene reactant had been converted
to a mixture of nonyl aldehydes. The nonyl aldehyde
fraction had a normal to branched isomer ratio of
4.21:1.

20 EXAMPLE 4

This example illustrates the hydroformylation of
the substituted olefin, methyl methacrylate. A catalyst
solution was prepared under nitrogen using 15 mg of

25 rhodium charged as a rhodium (II) dicarbonylacetonyl
acetate (0.145 mmole, 0.0375 g), 2,2’'—ethylidene
bis(4,6—di-tert-butylphenyl) fluorophosphite (4.35
mmole, 2.11 g) and 100 mL of toluene as solvent. This
solution was charged to a 300 mL, high pressure auto—

30 clave under an nitrogen blanket along with 10 mL of
methyl methacrylate. The reactor was sealed and then
pressurized to 28.6 bars absolute (400 psig or 2860 kPa)
with a 1:1 mixture of hydrogen and carbon monoxide. The
reactor was heated to 110°C and maintained between 21.7

35 to 28.6 bars absolute (300-400 psig or 2170 to 2860 kPa)



\ /= 50. (R4)n~ i (1V) 55 wherein R3 and R4 are independently sel ected
from al kyl, 60 al koxy, hahggen cycl oal koxy, fornyl, ‘nganoyI cychodARY2002
_aryl, aryloxy, aroyl, carbdoxyl, carboxylate salts, alkoxycarbonyl
al kanoyl OXY0 9NVIHO, sulfonic acid and sul fonate salts in wACIRSOHES24P kyl
noi ety of such al kyl, al koxy, al kanoyl, al koxycarbonyl and al kanoyl oxy 65
groups contains up to 8 carbon atons; n1and n each is 0, 1 or 2; and the
total carbon atom content of the hydrocarbyl radicals represented by R and
R2 is 2 to 35 and wherein the ratio of gram noles fluorophosphite ligand to
gram atons rhodiumis 1:1 to 70:1. 70 - 25--=39 10. A catalyst solution
according to aim9 wherein the ratio of gramnoles fluorophosphite Iigand
to gramatons rhodiumis 1:1 to 50:1 and the hydrofornylation solvent is

sel ected from Bkdhs additinn hds, 1 HEIres of DAY RIFRsANE FHORYR | i ¢
aronat i ¢ conmpouisifox Rfd ersmé@et&ﬁeaxpm@ A5 il Cddwed, atile iRéstawhi ch are

I dat th b t

T T R N
conpounds have Qmmmpﬁmrmlﬁlﬂﬂp%&ﬂQJ 1iquid Qewe&]sﬁd?ztmr@ n Rl
and R2 colg ectiy®ly ﬁﬂgé&e@f QH@"nﬁ‘éﬁﬁ n?eéﬁéfylla?t&al‘imrbé’é s,

cycl ohexyl ene, an aryl ene group, having the fornul/a ~\ R%QP - 1~ (V)
35 40 /\ [~/ <(°fr¥@15t%fl +aq a mixtyre of; methyl ’ﬁPRuWa}tﬁL hydeie- 17
VI | ) 55 ~ /| \(2émethyB-3=formyl)profibnate -artd) methyl

(2-methyl—2—-formyl)propionate. The hydrogenation
product, methyl isobutyrate, was 3% of the product. The

10 aldehyde fraction was 97% of the products formed and had
a predominance of the more linear isomer, methyl
(2-methyl-3~formyl)-propionate, with the ratio to the
less linear isomer being 2.63:1.

15 EXAMPLE S

This example illustrates the hydroformylation of a
nmixture of cis and trans 2—octene. A catalyst solution
was prepared under nitrogen using 15 mg of rhodium

20 charged as a rhodium (II) dicarbonylacetonyl acetate
(0.145 mmole, 0.0375 g), 2,2'—ethylidene bis(4,6-di-
tert-butylphenyl) fluorophosphite (4.35 mmole, 2.11 q)
and 90 mL of 2,2,4—-trimethyl-1,3—pentanediol monoiso-
butyrate solvent. The catalyst solution thus prepared

25 was charged to a 300 mL, high pressure autoclave under a
nitrogen blanket along with 4.5 g of a mixture of cis-
and trans-2-octene. The reactor was sealed and
pressurized to 28.6 bars absolute (400 psig or 2860 kPa)
with a 1:1 mixture of hydrogen and carbon monoxide. The

30 reactor was heated to 110°C and maintained between 21.7
to 28.6 bars absolute (300—400 psig or 2170 to 2860 kPa)
by the addition of a 1:1 mixture of hydrogen and carbon
monoxide. When the uptake of gas ceased, the reactor
was cooled, vented, and the contents analyzed. Gas

35 chromatography of the recovered liquid revealed that 71



or a radical having the formula 1 5 10 A2 15 wherein each of Al and AZ is
an aryl ene radical having fornula (V), (VI) or (VI bove wher el [l MR 2002
.ester oxygen atom of fl forpphosphite (1) is bonded | ring carbon at om of
Al and A2; 20 X is (i) a~chenical bond directly betmeen ring carbon atons
of Al andv/ggg,ggg,;(l ) an oxygen atom a group having the forariises 16ido?) vy
whereiny is 2 to 4 or a group having the fornula 25 5 30 X 35 wherein RS
i s hydrogen, alkyl or aryl; R6 is hydrogen or alkyl; and the group
-C(R5)(R6)- contains up to 8 carbon atons; and 40 wherein R3 and R4 are

| ndependent|ly sel ected from al kyl, al koxy,_hal ogen, cycl oal koxy, fornyl,

al kanoyl, cycl oal kyl, aryl, aryl oxy, ard?l,edarboxyl, carboxyl ate salts,

al koxycar bonyl , alkanoyloxy, cyano, sulfonic acid and sulfonate salts in

whi ch the al kyI g;[e)i'ég Lg:p tAr?e aégg%,carﬁxyeeﬁlgmé@teal ggxycarbonyl

and alkanoyloxy gro pPs co al'ns n atons each is 0, 1
or 2. 12. A camimwressifutnanyla ehyideso Jhe rﬁq!!YW@PW‘SB PRedpgti o of

gram nol es fl uwafaofaomﬂael Iw%ﬁ&:am&imamlmmsai i.to 50:1 and
t he hydrofornylation . solvent is selected from al kanes,

cycl oal kanes, al kenes, cycloalkenes, carbocyclic aromati c conpounds,

esters, ketonesggﬂggnag§ and ethers which are liquid at the pressure at

whi ch the process is being operated. 5 13. A process for preparing an

al dehyde whi ch conprises contacting an ol efin, hydrogen and carbon monoxide

with a solution of Zhid AXANPLe stEHSEANeS| The MK AFRTTBNER BioRPE
f1 uor ophosphi t propeHataighe ﬁf&mrﬂndﬂd@rﬁ&&maﬂﬂeé@&P (1)

o re s wner o 8 00T 0 MR G el e @ ot

10 solutlon was prepared under nitrogen using 15 mg of
rhodium charged as a rhodium (II) dicarbonylacetonyl
acetate (0.145 mmole, 0.0375 g), 2,2’'—ethylidene
bis(4,6—di-tert-butylphenyl) fluorophosphite (4.35
mmole, 2.11 g) and 190 mL of 2,2,4-trimethyl-1,3—

15 pentanediol monoisobutyrate solvent. The catalyst
solution was charged to the reactor under an argon
blanket and the reactor sealed. The reactor was
pressured to 18.9 bars absolute (260 psig or 1890 kPa)
with hydrogen, carbon monoxide and nitrogen and heated

20 to 115°C. Propylene feed was then started and the flows
were adjusted to the following values reported as
liters/minute at standard temperature and pressure
(STP): hydrogen = 3.70; carbon monoxide = 3.70; nitrogen
= 1.12 and propylene = 2.08. This is equivalent to

25 having the following partial pressures in the feed to
the reactor reported as bars absolute (psia)[kPa]:
hydrogen = 6.6 (96)[660]; carbon monoxide = 6.6
(96) [660]; nitrogen = 2 (29)[200]; and propylene = 3.7
(54) [370].

30 The process was operated at these conditions for a
period of 48 hours and then the feed gas composition was
changed to the following partial pressures, reported as
bars absolute (psia)[kPa)}: hydrogen = 3.8 (55)([380);
carbon monoxide = 7.6 (110){760]; nitrogen = 3.9

35 (56)[390]; and propylene = 3.7 (54)[370]. The total gas



wherein the ratio of gram pel es fl uorophosphite ligand-to gram at mwmg
rhodiumis at least 1:1. 1%_7Process according to O aiim 13 wher eilnt 2802
-concentration of rhodiumin the solution is in the range of 20 to 300 ng
per liter wodstiBes4process is carried out at a tenperature oPCHQSHBISRALC at
a pressure in the range of anbient to 36 bars absolute (3600 kPa). 35 15.
Process according to Claim 14 wherein the concentration of rhodiumin the
solution is in the range of 20 to 300 ny per liter; the process is carried
out at a tenperature of 50 to 135C at a % sure in the range of anbient to
36 bars absolute (3600 kPa); and the 40 1l rophosphlte conpounds have the
general fornula - 42 /ORL 5 F-P (I ~OR2 10 wherein R and R2

'mwmw”yWﬁ%%@%@%&%@%@d@%%ﬁ'%%%%&C%@“NWB
benzyl, 15 cyclogentyl cyclohex or an aryl group having the

formul a: 20 aCtPFIYaS °PES %ﬁﬁéos eady opsratiops| were, ;40 (
4)n 45 /'\ 50a¢RﬂkveE— ITthbUMyralﬂehyﬂe prodhetéon R3atendoRQthee

i ndependent |y se%ggtsd %Ek¥%Er§nghkg6g B% ggn Cé/gggglgoxy formyl,

al kanoyl, cycl oa y, aro Its
aIkoxycarb@nyI Catﬁémgyléﬂylvéyxnef 3uBf bAlegaams anuysaﬂﬂehxﬁe/gaamsofn

whi ch”the al kyl rABiehi-SbusuchrakKk 758! ka¥Yo akkeneybroabkexwaerbonyl and
al kanoyl oxy 65 grou ps contains up to 8 carbon atons; mand n each is 0, 1

or 2; and the tHt4fP:earbon atom content of the hydrocarbyl radi cal s
represented by R1 and RZis 2 to 35 and wherein the ratio of gram noles

fIuorophosphltezkéﬂﬁﬂg_ie gram atons rhodiumis 1:1 to 70: 1.
10
A catalyst solution was prepared under nitrogen
using a charge of 15 mg of rhodium charged as a rhodium
(II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
2,2’'—-methylene bis(4—methyl-6-tert-butylphenyl) fluoro—
15 phosphite (1.94 mmole, 0.75 grams) having the structure

20 7
25 t-B

30

(Me=methyl) and 190 mL of 2,2,4~trimethyl-1, 3—pentane—

35 diol monoisobutyrate solvent. This catalyst solution
was charged to the reactor under an argon blanket and
the reactor sealed. The reactor was pressured to 18.9
bars absolute (260 psig or 1890 kPa) with hydrogen,
carbon monoxide and nitrogen and heated to 115°cC.

40 Propylene feed then was started and the flows were
adjusted to the following reported as liters- minute at
standard temperature and pressure (STP): hydrogen =
3.70; carbon monoxide = 3.70; nitrogen = 1.12 and
propylene = 2.08. This is equivalent to having the

45 following partial pressures in the feed to the reactor
reported as bars absolute (psia)[kPa): hydrogen = 6.6



70 T - 43 16. Process according to Claim13 wherein the olefinis a
nono-a-olefin of 2 to 10.garbon atons. 17. Process ording to i
-wherein the olefin is 5%a nono-a-olefin of 2 to 10 ggﬁ“bon atons.qlgm&%m
Process according to Clam 14 wherein the concentration of rhodiumin the
sol uti on iwoiswiidse range of 20 to 300 ng per liter; the properssIsaseqarried
out at 10 a tenperature of 50 to 135C at a pressure in the range of anbi ent
to 36 bars absolute (3600 kPa); and the fluorophosphite conmpound has the
general formula 15 /OR F-P (1 ) 2 0 ~~R2 25 wherein RL and R2
collectively represent a dival ent hydrocarbyl ene group containing 12 to 36
carbon atons. 19. Process according to Ct @8n-18 wherein the ratio of 30
gram nol es fl uorophosphite Iigand to gramatons rhodiumis 1:1 to 70:1 and

Cycl ohexyl one, G SR SR MRNTG TS frink o638 e0 1T REFRen 122 ()
40 p ~~ /\ 45 \(29){20qF¥4 anad propyBene (=\4.7) @&X)[370)Y.~ /'\ 55 - 44
The reaction was carried out under the above flows
for 5 hours. The butyraldehyde production rate for the
5 last 3 hours of operation averaged 264 g-hour for a
catalyst activity of 25.1 kilograms butyraldehyde gram
of rhodium—hour. The product N:Iso ratio was 1.44:1.

E E 8
10
A catalyst solution was prepared under nitrogen
using a charge of 15 mg of rhodium charged as a rhodium
(II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
the fluorophosphite (2.91 mmole, 1.18 grams) having the
15 structure
Meo\._. ._?90
20 N 7N,
N2l N7
25 t-BG & / “t—Bu
30 \\i
35 (Me=methyl) and 190 mL of 2,2,4-trimethyl-1,3—-pentane-

diol monoisobutyrate solvent. This catalyst solution
was charged to the reactor under an argon blanket and
the reactor sealed. The reactor was pressured to 18.9
bars absolute (260 psig or 1890 kPa) with hydrogen,

40 carbon monoxide and nitrogen and heated to 115°¢cC.
Propylene feed then was started and the flows were
adjusted to the following reported as liters minute at
standard temperature and pressure (STP): hydrogen =
3.70; carbon monoxide = 3.70; nitrogen = 1.12 and

45 propylene = 2.08. This is egquivalent to having the
following partial pressures in the feed to the reactor
reported as bars absolute (psia)(kPa): hydrogen = 6.6



(R4) -~--~ I'- i (MI1,) 5 QI--10 or a radical having the formula 15 2 0 2

25 wherein each of Alhadd A2 is an arylene radical having fo']"i"MﬂR(YuUZ
VI) or (VII) above wherei n each ester 30 oxygen aton13f'fluoraphosph|te

1) is bon®X9%13984 ri ng carbon atomof A and A2; X is (i) a@cTnesysmasdsobond
directly between ring carbon atons of Al and A2; or (ii) an oxygen atom a
group having the fornula -(CH2)y wherein y is 2 to 4 or 35 a group having
the formula 5 40 6 45 wherein RS is hydrogen, alkyl or aryl; R6 is hydrogen
or 50 alkyl; and the group -C(R5) (R6)- conégins up to 8 carbon atons; and
wherein R3 and R4 are independently sel ect from al kyl, al koxy, hal ogen,
cycl oal koxy, fornyl, alkanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl,

carboxyl ate 55 %@ES%666%koéXEEBHOEMhoxihﬁaﬂ0¥|%X¥96§¥%@%],5 ;keBenad ¢ and

sul fonate salts In nol ety of such oxy, “al kanoyl ,
al koxycar bony! éﬁa)é?RQﬂ@yFBQyPEPBHBSnSOHtalﬁs(éﬁ)ﬁ879]carbon atoms; p and
q each is 0, 1 or 2.fThe réactlon was 2errPeaceat asaerdihe hbo@bambi.r%

wherein fluoropposp g gempoun th _
5 om0 RE h8uf2 P OURE, BREvEATaLRVHY' Brogpetioh rate, #ar Hhson

atons; each Rg 1sShyarbgen$ afk9peuatlonoaaecagbdnSat5n9/bpualonyaof 1 30
to 8 carbon at08§ta§9gtxéb€10L{yaofh@”kcm% ﬁ?gm BEE%SX%E%B?@?DQ?&Bgof

carbon atons of each” phenyl ene_group t group
havi ng t he fornﬁha 33m1603r45 The product N:Iso ratlo was 1.59:1

—_—
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EXAMPLE 9

10

A catalyst solution was prepared under nitrogen

using a charge of 15 mg of rhodium charged as a rhodium
(II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 qg),
bis(2,4—di-tert-butylphenyl) fluorophosphite (4.37

15 mmole, 2.01 grams) and 190 mL of a NORPAR 13 paraffin
solvent. NORPAR 13 is a paraffinic hydrocarbon soclvent
marketed by Exxon Chemical with a boiling point range of
approximately 221 to 232°C. This catalyst solution was
charged to the reactor under an argon blanket and the

20 reactor sealed. The reactor was pressured to 18.9 bars
absolute (260 psig or 1890 kPa) with hydrogen, carbon
monoxide and nitrogen and heated to 115°C. Propylene
feed then was started and the flows were adjusted to the
following reported as liters.minute at standard

25 temperature and pressure (STP): hydrogen = 3.70; carbon
monoxide = 3.70; nitrogen = 1.12 and propylene = 2.08.
This is equivalent to having the following partial
pressures in the feed to the reactor reported as bars
absolute (psia){kPa): hydrogen = 6.6 (96)[660); carbon

30 monoxide = 6.6 (96)([660); nitrogen = 2 (29))[200); and
propylene = 3.7 (54)([370].

The reaction was carried out under the above flows

for 5 hours. The butyraldehyde production rate for the
last 3 hours of operation averaged 121.9 g-hour for a



wherein each of R5 and R6 is hydrogen or alkyl of 1 to 8 carbon atons; and
the olefin is a nono-a- g#efln of 2 to 10 carbon at 50 21. A Ar pc

- preparing an al dehyde ch conprises contacting aﬁnggefln hydrog!'e)nng&ofm2
carbon nonoxide with a solution of a catalyst systenrconprising rhodium a
f 1 uor ophasphetmsconpound of the formul a - 46 - ~8 .\ PCTASBUASIY F P/ O
\OR~_/. . > 15\ .\ . 8. . 20 25 wherein each R~ is aIkyI of 3to 8
carbon atons; each R8 is hydrogen al kyl of 1 to 8 carbon atonms or al koxy
of 1 to 8 carbon atons; and X is a group having the formula 30 35 6 40
wherein each of R5 and R6 is hydrogen or gb of 1 to 8 carbon atons; and
the olefin is a nono-a-olefin of 3 to 8 carbon atons; and where the ratio
of gram nol es of f Iuorophosphite ligand to gram atons rhodiumis at | east
45 1:1; and th a r (o) C and

t he nornal to gs§£?g§§ aE?lGﬁ£§a§ eﬁy é %%gggggmgssgg ?théﬂ%4?/q%§;| ng
the partial prefsuhediamchewysn nBhexpPred PﬁttNeIF@aEPBF°QH§Sb@P®@eﬁ -3.0 and
8.0 bars absolute (300 and 800 kPa). 50 -47 22. A catal yst system
according to c|gi2§ é, g or 3, wherein the fluorophosphite |igand has the
formula: t-Bu Bu t-Bu ~ -P (vla). 23. A catal yst system according
to clains54, 5 or 6, wherein the fluorophosphite Iigand has the fornmula: F

a0 t-B a F A catalyst solution was prepared under nitrogen
using a charge of 15 mg of rhodium charged as a rhodium
(II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
the fluorophosphite (4.37 mmole, 2.00 grams) having the

10 formula
t—BQ.—. .—?-)u

15 2N 7N,

\0—0/ \.=‘/

o N

- 20 t-B & d “t-Bu
\\E//

25
30 and 190 mL of a paraffin solvent (Norpar 13, Exxon

Chemical Company). This catalyst solution was charged
to the reactor under an argon blanket and the reactor
sealed. The reactor was pressured to 18.9 bars absolute
(260 psig or 1890 kPa) with hydrogen, carbon monoxide

35 and nitrogen and heated to 115°C. Propylene feed then
was started and the flows were adjusted to the following
reported as liters.minute at standard temperature and
pressure (STP): hydrogen = 3.70; carbon monoxide = 3.70;
nitrogen = 1.12 and propylene = 2.08. This is

40 eguivalent to having the following partial pressures in
the feed to the reactor reported as bars absolute
(psia) [kPa): hydrogen = 6.6 (96)[660); carbon monoxide =
6.6 (96)[660); nitrogen = 2 (29)[200]); and propylene =
3.7 (54)[370].

45 The reaction was carried out under the above flows
for 5 hours. The butyraldehyde production rate for the
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We claim:

1. A catalyst system comprising one or more transition
metals selected from the Group VIII metals and rhenium
and one or more fluorophosphite compounds having the

general formula

F—P (I)

wherein R! and R? are hydrocarbyl radicals which contain
a total of up to 40 carbon atoms and wherein the ratio
of gram moles fluorophosphite ligand to gram atoms
transition metal is at least 1:1, with the proviso that R?

and R? do not simultaneously represent unsubstituted phenyl
radicals.

2. A catalyst system according to Claim 1 wherein the
transition metal is rhodium and the total carbon atom
content of the hydrocarbyl radicals represented by R!
and R? is 2 to 35.

3. A catalyst system according to Claim 2 wherein R?
and R? individually are independently selected from
alkyl of up to 8 carbon atoms, benzyl, cyclopentyl,
cyclohexyl, cycloheptyl or an aryl group having the
formula:

"
>-- (I1)
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wherein R® and R? are independently selected from alkyl,
alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
groups contains up to 8 carbon atoms; m and n each is 0,
1 or 2; and the total carbon atom content of the
hydrocarbyl radicals represented by R! and R? is 2 to 35
and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms rhodium is 1:1 to 70:1.

4. A catalyst system comprising rhodium and one or more
fluorophosphite compounds having the general formula

F—P (I)

wherein R! and R? collectively represent a divalent
hydrocarbylene group containing 2 to 35 carbon atoms and
wherein the ratio of gram moles fluorophosphite ligand
to gram atoms transition metal is at least 1:1, with the

proviso that R' and R? do not collectively represent an
unsubstituted CgH; radical.
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or a radical having the formula

l*
45 )(
2

50 AC —

55 wherein

each of A! and A? is an arylene radical having
formula (V), (VI) or (VII) above wherein each ester
oxygen atom of fluorophosphite (I) is bonded to a ring
60 carbon atom of Al and Az;
X is (i) a chemical bond directly between ring
carbon atoms of Al and A?; or (ii) an oxygen atom, a
group having the formula —(CHy) y— wherein y is 2 to 4 or
a group having the formula
65



10 10 10!'[" " ' 10%& ()-3.!][
' 10%& ()-3. 111 JOKKLWU30P10! " yy&109%&' ()-/! yy&L0%& ()-/!5" yy&109G5&% (' P yvy&
- 109%& ()-/! MLOY&' ()-!OMLOY%5& () - LMNOPQQQMIGO10! 10 14 MAR 2002
10! " yy&109%&' ()-/! yy&10%&' ()-/!" yy&10%&' ()-/! yy&10%65& ()-/! yy&L0%5& () -
/ QQQBQQSTI J910! 10
10'n  sL+ 10%&' ()--!nM sL+' 109& ()--!xsL+ 10%vé& ()--10% ()-!$10%& ()-F
10T\ TTWRWAMU3910! [ “sL+' 10% & ()--!d sL+ 10%& ()--![ sL+ 10941& ()--!d sL+
' 1098 ()--!i sL+ 109& ()--!| sL+ 109KX& () - - WWWAKXXYr P10! [ *sL+ 10% & ! x>y
#100& ()-/!| y#10% ()-/9s10%& ()-!n0Y$10%gg& ()- 10°° 10"
10" YBZZ[\] WU3P10! [ " y#100%& ()-/1V y#10%& BF-+ V' y#10% (& ()-/! " y#10%0& (
)=/ In" y#10%: ()-/!s y#10% ()-/ 56 7 8 : A~ h ~ >0

n: sf#109&' ()-:s10% ()-10%& ()-!'n, $10%& ()- 10g 10g
log‘y#lo%g&f()-/h laEaxV4~_>011>"s&"10%aRe ()- !'| s&" 10%x& () -
I>"s&" 10%iu& () - S&"10% & ()- !Csf#10%&L()-:!C sf#10%&' ()-: Eaaaabc;
czX9~ >0!'1010%& ()-!x S9OB#10%& ()-:!'n sOPHLPUR' ()-:!'i S9OP#L0%UR () - : S9OP#10%&
()-:1s s&10%& ()- ;ccXdydzd[d*d_dfdoP10 18% & ()-nl0% & ()-!' @) 109& () -
10@@ 10@@ 10@ x~ sSN2#10%@a&' () - ! xsN2#10%&' () - f dgdd5el e| ee} *<oP10! " Y
L10%HUHUE () - ¥ {ALPE 9% RY -id WPdLoden)  ADRPUOSE ArylY R® is hydrogen or
alkyl; and the group —C(R®) (R®)- contains up to 8 carbon
atoms; and
wherein R® and RY are independently selected from
alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy

groups contains up to 8 carbon atoms; p is 1 or 2, and q is 0,
1l or 2.

6. A catalyst system according to Claim 5 wherein the
fluorophosphite ligand has the formula

wherein each R’ is alkyl of 3 to 8 carbon atoms; each R®
is hydrogen, alkyl of 1 to 8 carbon atoms or alkoxy of 1
to 8 carbon atoms; and X is (i) a chemical bond directly
between ring carbon atoms of each phenylene group to
which X is bonded; or (ii) a group having the formula
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wherein each of R® and R® is hydrogen or alkyl of 1 to 8 .
carbon atoms and the ratio of gram moles fluorophosphite
15 ligand to gram atoms rhodium is 1:1 to 50:1.
7. A catalyst system according to Claim 6 wherein the
fluorophosphite ligand has the formula
20 t—BQ._. e
7 N
25 \.=./'—°\./’\f7au
/ ] | :
t_Bu L4 .
30 \g_o/ N\, 7
t-ﬁu
35
8. A catalyst solution comprising
(1) one or more fluorophosphite compounds having the
general formula
40 //D~—R1
45 F_P\ " (1)
O—R
50
wherein R! and R? are hydrocarbyl radicals which
contain a total of up to 40 carbon atoms;
(2) rhodium; and
55 (3) a hydroformylation solvent;

wherein the ratio of gram moles fluorophosphite ligand
to gram atoms rhodium is at least 1:1.

9. A catalyst solution according to Claim 8 wherein
60 the fluorcphosphite compounds have the general formula
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wherein R! and R? individually are independently
selected from alkyl of up to 8 carbon atoms, benzyl,

15 cyclopentyl, cyclohexyl, cycloheptyl or an aryl group
having the formula:

R
20 -\.t/ (1I)
3
25 (R7)
30 e
o/ \.-—
N L./
35 PauS (II1)
N |7
40
(%)
45
2NN
> (RY) ——i— ] (1V)
NN
55

wherein R and R? are independently selected from alkyl,

60 alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy

65 groups contains up to 8 carbon atoms; m and n each is 0,
1l or 2; and the total carbon atom content of the
hydrocarbyl radicals represented by R! and R? is 2 to 35
and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms rhodium is 1:1 to 70:1.

70
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10. A catalyst solution according to Claim 9 wherein
the ratio of gram moles fluorophosphite ligand to gram
atoms rhodium is 1:1 to 50:1 and the hydroformylation
solvent is selected from alkanes, cycloalkanes, alkenes,
5 cycloalkenes, carbocyclic aromatic compounds, esters,
ketones, acetals and ethers and water which are liquid

at the pressure at which the process is being operated.

1l1. A catalyst solution according to Claim 8 wherein

10 the fluorophosphite compounds have the general formula
1
O—R
15 v
F—-P\\ (I)
o 2
20 R

wherein R! and R? collectively represent alkylene of 2
25 to 12 carbon atoms, cyclohexylene, an arylene group
having the formula

N/
30 (RB) -+ i (v)
LS NPAEN
35
40 4 2NN s
(R) —+——+ | (VI)
45 RN AN
>0 4 2NN,
(R7) ,——+ | (VII)
55 EINGANGEN

60
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or a radical having the formula

1—
s <~
10 A2
15 wherein
each of Al and A? is an arylene radical having
formula (V), (VI) or (VII) above wherein each ester
oxygen atom of fluorophosphite (I) is bonded to a ring
carbon atom of Al and AZ%;
20 X is (i) a chemical bond directly between ring
carbon atoms of Al and A?; or (ii) an oxygen atom, a

group having the formula —(CHy) y— wherein y is 2 to 4 or
a group having the formula

25 5
30 6
35

wherein R® is hydrogen, alkyl or aryl; RS is hydrogen or
alkyl; and the group —C(Rs)(RG)— contains up to 8 carbon
atoms; and

40 wherein R® and R? are independently selected from
alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such

45 alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
groups contains up to 8 carbon atoms; p and q each is 0,
1 or 2.

12. A catalyst solution according to Claim 11 wherein
50 the ratio of gram moles fluorophosphite ligand to gram
atoms rhodium is 1:1 to 50:1 and the hydroformylation
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pressure at which the process is being operated.

13. A process for preparing an aldehyde which comprises
contacting an olefin, hydrogen and carbon monoxide with
a solution of a catalyst system comprising rhodium; one
or more fluorophosphite compounds having the general

10 formula

15 F—P (I)

20
wherein R! and R? are hydrocarbyl radicals which
contain a total of up to 40 carbon atoms;
25 and a hydroformylation solvent;
wherein the ratio of gram moles fluorophosphite ligand
to gram atoms rhodium is at least 1:1.

14. Process according to Claim 13 wherein the

30 concentration of rhodium in the solution is in the range
of 20 to 300 mg per liter and the process is carried out
at a temperature of 50 to 135°C at a pressure in the
range of ambient to 36 bars absolute (3600 kPa).

35 15. Process according to Claim 14 wherein the
concentration of rhodium in the solution is in the range
of 20 to 300 mg per liter; the process is carried out at
a temperature of 50 to 135°C at a pressure in the range
of ambient to 36 bars absolute (3600 kPa); and the

40 fluorophosphite compounds have the general formula
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wherein R! and R? individually are independently
selected from alkyl of up to 8 carbon atoms, benzyl,
15 cyclopentyl, cyclohexyl, cycloheptyl or an aryl group
having the formula:

Z N
20 '\'i‘/ - (ITI)
3
25 _ (R7)
30 o -
O// \Q-—
N 7
35 ./- -\. (III1)
N 1.7
40 ( 4)
n
45
NP
NN\ Z
55

wherein R3 and R? are independently selected from alkyl,

60 alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy

€5 groups contains up to 8 carbon atoms; m and n each is 0,
1 or 2; and the total carbon atom content of the
hydrocarbyl radicals represented by R and R? is 2 to 35
and wherein the ratio of gram moles fluorophosphite
ligand to gram atoms rhodium is 1:1 to 70:1.
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17. Process according to Claim 15 wherein the olefin is
5 a mono—a-—olefin of 2 to 10 carbon atoms.

18. Process according to Claim 14 wherein the
concentration of rhodium in the solution is in the range
of 20 to 300 mg per liter; the process is carried out at
10 a temperature of 50 to 135°C at a pressure in the range
of ambient to 36 bars absolute (3600 kPa); and the
fluorophosphite compound has the general formula

15 o—r?
//
F——P\\\ (I)
20 0 R2
25 wherein R! and R? collectively represent a divalent
hydrocarbylene group containing 12 to 36 carbon atoms.
19. Process according to Claim 18 wherein the ratio of
30 gram moles fluorophosphite ligand to gram atoms rhodium
is 1:1 to 70:1 and R! and R? collectively represent
alkylene of 2 to 12 carbon atoms, cyclohexylene, an
arylene group having the formula
35 5 PN v
40 NP
45 . .
4. NN
56 (RY) = | (VI)
NG RN

55
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or a radical having the formula

15 1_
o <:2_

25
wherein
each of Al and A? is an arylene radical having
formula (V), (VI) or (VII) above wherein each ester
_ 30 oxygen atom of fluorophosphite (I) is bonded to a ring
carbon atom of Al and A2;
X is (i) a chemical bond directly between ring
carbon atoms of A! and A2?; or (ii) an oxygen atom, a
group having the formula —(CH2)Y— wherein y is 2 to 4 or
35 a group having the formula
5
40 _
+
45

wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or
50 alkyl; and the group —C(Rs)(RG)— contains up to 8 carbon
atoms; and
wherein R?® and R¢ are independently selected from
alkyl, alkoxy, halogen, cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
55 salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid
and sulfonate salts in which the alkyl moiety of such
alkyl, alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy
groups contains up to 8 carbon atoms; p and g each is 0,
1l or 2.
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25
wherein each R’ is alkyl of 3 to 8 carbon atoms; each RE
is hydrogen, alkyl of 1 to 8 carbon atoms or alkoxy of 1
30 to 8 carbon atoms; and X is (i) a chemical bond directly
between ring carbon atoms of each phenylene group to
which X is bonded; or (ii) a group having the formula
35 5
40 6
45
wherein each of R® and R® is hydrogen or alkyl of 1 to 8
carbon atoms; and the olefin is a mono—a—olefin of 2 to
10 carbon atoms.
50 21. A process for preparing an aldehyde which comprises

contacting an olefin, hydrogen and carbon monoxide with
a solution of a catalyst system comprising rhodium, a
fluorophesphite compound of the formula
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25 wherein each R’ is alkyl of 3 to 8 carbon atoms; each R®

is hydrogen, alkyl of 1 to 8 carbon atoms or alkoxy of 1
to 8 carbon atoms; and X is a group having the formula

30 5
35 6
40

wherein each of R5 and R® is hydrogen or alkyl of 1 to 8
carbon atoms; and the olefin is a mono—a—olefin of 3 to
8 carbon atoms; and where the ratio of gram moles of
fluorophosphite ligand to gram atoms rhodium is at least

45 1:1; and the process is carried out at a temperature of
50 to 135°C and the normal to iso ratio of the aldehyde
product is controlled by varying the partial pressure of
carbon monoxide in the reactor gas between 3.0 and 8.0
bars absolute (300 and 800 kPa).

50
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23. A catalyst system according to claims 4, 5 or 6, wherein the

fluorophosphite ligand has the formula:
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o} d
t-Bu \P\
F
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