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(57) Abstract

Disclosed are catalyst systems comprising one or more transition metals selected from the Group VIII metals and rhenium and one
or more fluorophosphite compounds having general formula (I) wherein R? and R2 are hydrocarbyl radicals. Also disclosed are catalyst
solutions comprising one or more of the above fluorophosphite compounds, rhodium and a hydroformylation solvent, and hydroformylation
processes wherein olefins are contacted with carbon monoxide, hydrogen and the catalyst solution to produce aldehydes. -




-2- conbi nation with rhodium catal ysts for the preparation of
~ al dehydes. wis dgi3l3d phosphi nes have seen nmuch use in | NPOFAUSHSA 8240
hydr of ormyl ati on processes but they typically . produce a limted range
of products and, furthernore, 5 frequently are very oxygen sensitive.

U S. Patent 3,527,809, issued Septenber 8, 1970 to Pruett and Smth,
di scl oses a | ow pressure hydrofornyl ati on process which utilizes
triaryl phosphine or triaryl phosphite |igandslin conmbi nation with
rhodi um catal ysts. The |igands 10 di scl osed by Pruett and Smith,

al t hough used i n many connerC|aI ,ap Ilcatlons have |imitations due

to oxi dative and hy ¥PB°§_ q9ﬁ§35§$§n§ t hese

early disclosures, nunero FEfr--Hrerseidoel 2210 i ncrease
the catal yst stability, catalyst 15 act|V|ty and t he product ratio with
a heavy enphasis on This ;'mvédtmgnl petia insd oy derxidiidiovel editalpst et y

of . COe TS EeRROsBRbE e IRG, BROIRNGRC drle R I e Jigamd, ¢

| i gands suc osp S an bI'sp osp I NES
and pol ydent at e ¢?@Bﬂ%§thVeCQEbhnptépar@dtboa transidiion geathl randiethe

literature. NOtt\i%éfﬁfaﬂﬂéngaEQstt systels ian il HY Y d&il?] a5¢ been

made in the area i nglatlon cat al yst “systens "an emstry,
t here stllYaE&?gfsaﬁ° 8€an tRePEPGYCRo RS & - | ess
expensive and nore sefhethyarbydraidatibal reactdiol,y dilso ¥nown as e have
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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 hiéher a—olefins
such as l-octene, l-hexene and l—decene yield aldehyde
products which are useful feedstocks for the preparation
of detergent alcohols and plasticizer alcohols. 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




- 3- fromthe Goup VIII netals and rhenium and one or nore

fl uor oph | conpounds having the general fornula CLI.%
@&ggﬁ‘f?gﬁz P §91gl€2(§)? al of

wherein are hydrocarbyl radicals which contain

up to 40 carbon atonms and wherein the ratio of gram nol es

fl uorophosphite ligand to gram at ons transition netal is at |east 1:1.
The novel catal yst 20 systens may be used in a wide variety of transition
net al - cat al yzed processes such as, for exangl e, hydro- formyl ati on,
hydr ogenati on, isonerization, hydrocyan- ation, hydrosilation,

car bonyl ati ons, oxi dati ons, acet oxyl ati ons, epoxi dati ons,

hydr oani nat i orfomkrinagsion Wiy shediwm, catal ysho ot thm, preparationt ons,
carbon hyek %&M&L.acwﬁimprmﬁqihé@ﬂw%éen Ghedh A

di meri zations,, ol 1 gongrl zations, olefin ynmerizations, ?ﬁiﬁ?carbon
nonoxi de copmﬁﬂﬂﬂé%ﬁ%qLnﬂidqﬂﬁQﬁﬂ¥}ﬂ?1°n pPraGRsses by they typically

gl i go;reri zat | grodudend arimnited ﬁﬁﬂgéfwh 1 ch't(dﬁbtsif&hd),t f‘ﬁfjrﬂ@émréiir |b9n

on orrd ng tions ch as the Heck reactio rene,_coupling
reacti onrsg. Thefrceglz’ﬁ%&éty siﬁﬁ Z‘Prﬁ?yco%qeg? ngeW%%ﬁa asrb‘agl‘ Ig?‘ﬁ%mfr ansi tion
metal are especiSd7,Bafefigsuest September (8,drkgf10 o Rrwetofand eSmith i o .
produce al dehyges1ubs 3P 104 P Ae WdI¥iRT4 'orf rocess whf&kond  °

~enbodi nent of aqur, jnvention concerns, a novel_ catal yst solution
conpri sing (1%t a&s idi@ryrlphosphine 1, ORI ASPR inkkgands ol a
(1), (2) rhodicembinatiom with aHuginl aatd st sahenigahas enbodi nent
ggr boﬁ?lmyt’z zﬁ%&%ﬁzl?%dsu h(yars‘f%ﬁ%e%%\r/%@}rfsl ati °Ir}{]%?m‘g%gd “in many
et hyl eni cal | yosmmenaigle @ppdimaticnsy have dimikatuions due to
oxidative and hydrolytic stability problems. Since
these early disclosures, numerous improvements have been
made to increase the catalyst stability, catalyst
15 activity and the product ratio with a heavy emphasis on
yielding linear aldehyde product. A wide variety of
monodentate phosphite and phosphine ligands, bidentate
ligands such as bisphosphites and bisphosphines as well
as tridentate and polydentate ligands have been prepared
20 and disclosed in the literature. Notwithstanding the
substantial progress which has been made in the area of
hydroformylation catalyst systems and chemistry, there
still exists a need to develop more stable, less
expensive and more selective hydroformylation catalysts.
25 We have discovered that fluorophosphite diester
compounds are useful as ligands in catalyst systems for
the conversion of olefins to aldehydes. The
fluorophosphite ligands of the present invention can be
substituted for, or used in combination with, known
30 phosphite andsor 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



-4- A third enbodi rent of the present invention pertains

to a hydr 5ﬂ7 og) | ON process utilizing the above- des PCTASA8/E82M8| yst
systens and sSolutions. The process of the present invention therefore
includes a 5 process for preparing an al dehyde whi ch conpri ses
contacting an ol efin, hydrogen and carbon nonoxide with a solution of
a catal yst system conprising rhodiumand a fl uorophosphite |Iigand of
formula (1) wherein the nol e ratio Uf3phosphine | i gand: rhodi umis at

| east 1:1. 10 is generally recognized in the art that the

presence of haI ens dr of atlo ata rmal Ly reduces
substantial |y t #’\ﬁ % Sﬁ‘?ﬁ! ‘és’fshenlﬁiﬁeaﬁ‘ﬁgtg?ﬁt ﬁ¥em85ﬁt ai ns
NUMer ous refereﬁaasrophosphmtendumpanndswhﬂvnmgut@angeneraldﬁormﬁlad as
poi sons 15 in the rhodi um catal yzed hydrofornyl ati on process. For
exanpl e, Fal be ("New Synt heses with Carbon Mnoxi de" edited by J.

Fal be, 1988, Springer-Verlag) on page 73%..gl |ists halogens as poi sons
for hydrofornyl ation catal ysts. ,/U S. Patents 059, 710, 4,595, 753,

4, 605, 781 20 and 4, 642, 395 teadtr hal ogen atoﬁ% generally are
detriment&P to the activity of hydrofor 4on catal yst systens.

U.S. Patent 4,871,878 discloses that hal ogens may be present in the

organi ¢ stsuctu f . l1ga but al_o t.al N .
substituents ty%ﬁggﬁ@ #a gﬂ?h 2 re HXFS&% g gg‘;‘ﬁ?ﬁaé] v?rg)géflg?contaln
non- hydrol yzabl @ §otad, of up tana0 fqmqm@mmmmmeeaimthﬁdratio
sufficiently faps gram H%T&§“¥1d6¥%§ 2" £53Graf gggﬁgactions

can occur. For ,exanple, U atent 871 78 teaches_the
of hal ogen substreRed&ion metal ﬂﬁb§ﬁh 1rast qLilis JBhe %9¥%$t°?36}¥55ases
wher e t hezohl or syetehrsomayehu usedl Nn a widerearietyecopotransieiod) acent

to the benzylic alyzed prdiiddongl 18! OPQPSQQQ{nﬁie‘EOH%%%-S

W th hydrox%llc na are wel m ca
literature. Cot tfomrla'qmmu iy qoenatierd Bsomerization; chyAvaryany' 3rd

Edition, 1972, Wthieh,2hyaYsdilation, carbonylations, oxidations,
acetoxylations, epoxidations, hydroamination, di-

25 hydroxylation, cyclopropanation, telomerizatons, carbon
hydrogen bond activation, olefin metathesis, olefin
dimerizations, oligomerizations, olefin polymerizations,
olefin—carbon monoxide copolymerizations, butadiene
dimerization and oligomerization, butadiene

30 polymerization, and other carbon—carbon bond forming
reactions such as the Heck reaction and arene coupling
reactions. The catalyst systems comprising rhodium as
the transition metal are especially useful for the
hydroformylation of olefins to produce aldehydes and,

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.



- 5- pages 374-375) describe the phosphorus halides as materi al s
that are zed, sonetines violently, in t he prei’%gﬁ?sﬁ’/fsz ter.
Kosolapo??yrepgﬁﬁed many years ago (" Organophosphorus npounﬁ@",

1950, Wley and Sons, 5 pages 180 to 199) that the hal ophosphites are

unst abl e

to heat, and react with water, al cohols, and phenols.

Chl or ophosphi tes have been characterized as "Rapidly hydr ol yzed"
"Reacts violently with water" ("D ctgonary O Organophosphor us

Compounds™, edited by 10 Ednmundson, 198

149, entries C 00063 and C—00092) The reactions with the
hydroxylic materialg maéﬁod&m\@réf B5é pred&ne Piventionne initi

product and hydragen h hal i des have. pbeen descri bed as
poi sons to malﬂFq% %91 f’?ﬁ?é‘f&ﬂ%‘i’aﬂ”}z%@ﬁ%%e‘%&léb’&% Bhet he

and

Chapman and Hal |, pages 144 and

al

hydr of or nyl at |aboveai&smbéaledafaﬁryst tdyes thees e S61lutions&ny THESpPhor us

undest rapl o, - Proceee St Il BRAAY invent A wSBfdfe dnbfudfE R e naye -
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and R2 may beﬂﬂupnnphnsphxhéflxgxnd of fonmu&aeﬁl»cwherﬁﬁmrthb molear e

sel ected from

| Kyl I kyl and aryl
gr oups cont-ai n| ng to#ﬁfa M@tw ﬂ{l?dléé(é; Jedst fa%’t al carbon

content 3 substit déntis quqale}m recognized in the art that the
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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
in the rhodiunm datalyzed hydroformylation process. For
exampie, 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
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
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
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
Inorganic Chemistry", 3rd Edition, 1972, Wiley and Sons,

-
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preferably is in the range of 2 to 35 carbon atons.
Exanpl es ofyg dizadsakyl groups which Rierr] and/or R2 S e ptisdsy18040
i ndi vidual 'y can represent .include ethyl, butyl, pentyl, hexyl,
2-et hyl hexyl, octyl, decyl, 5 dodecyl, octadecyl and various isoners
t her eof . The al kyl groups may be substituted, for exanple, with up
to two substituents such as al koxy, cycloal koxy, fornyl,
al kanoyl, cycloal kyl, aryl, aryloxy, aroyt, 2carboxyl, car boxyl at e
sal ts, al koxycarbonyl, al kanoyl oxy, cyano 10 sul fonic acid, sulfonate

AL SRS TR N R

represent.

The materdadyd tiaduprerhydmolkydexd, tsometimes violéentlkyl ior any

f th bstit
o he.Subst s Uy el xddSied &5 POICRRLY yonrs
Rlerr] and/or RFSPrK"OrgaHQBMﬂsHhﬁﬁHﬁ3FQR99¢QQ§' ehﬁ5%réWbl%ﬁl§nﬁr§°§Fkyl

of “up to
cycl ohept

Is , §a§@vsbqrsoam99t;en:hdt e PRSP N spliEe & Nexd | ufistable
y

0 Ies of ar grou s wnlch err d/ or
i ndi vi dual Iy caf®r QﬁPgseﬁﬁa (ﬂﬁgé igh an %E°£ﬁeny

napht hyl ,

anthrehﬂoxbpaméphﬂtﬁs1hﬂnajbeen chhraatﬁrﬁﬁsdt&sreaép1EX§nples

o e oot bocy Chifgbilseay and TR o TIRTRR, A ST U

- 7= [err] ("Dictionary Of Organop osphorus Compounds", edited by

1o Edmundson, 1988, Chapman and Hall, pages 144 and 149,
entries C—-00063 and C—-00092). The reactions with the
'hydroxylic materials generate phosphoric acid esters as
the initial product and hydrogen halides. Hydrogen
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

0 1
25 _ // R
F—P\ (1)
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 R2



20 [err] 40 wherein R3 and R4 nmay represent one or nore

substituent I ndependently selected from al kyl, al ko ,
58 Broapr, sty ohagH

cycl oal k | , al kanoyl, cycloal kyl, aryl, 45 ary

carboxyl, carboxylate salts, al koxy- car bonyl, al kanoyl oxy, cyano,”
sul fonic acid, sulfonate salts and the |like. The al kyl noiety of the
af oresai d al kyl, al koxy, al kanoyl, al koxycarbonyl and al kanoyl oxy
groups typically contains up to 8 carban atonms. 50 Al though it is
possible for mto represent 0 to 5 and for nto represent 0 to 7, the
val ue of each of mand n usually wll not exceed 2. R3 and R4

E;SL gL agl yh _prefﬁf?si nisltﬂﬂeﬁnal kaghgereapa,tb. 85, carbonghtomsai n and
DL anched Chal g ybs b Bnk aJk BEOpBePRLRE MRS ERE 1 ST o,
col l ectivel y saparapetgear individealljydanczepyesent inclgdeugtbyitai ni ng
of such di val SAFPHF cRsneks: hERLL, 2OBknyanekyy, Ooctyalh RIBYELOTD, AP S,
cycl ohex§l enedodecyindogtyder¥l apdcvardougakruerss theregficy| &R and
?é_cl oal kyl eni‘agkgﬁfgﬁbgﬁé:Jﬂsgegaéisﬁﬂtéﬁitﬁilzégt,h!b?“&xa_mplle, with up to )
phenylethaned#V?,Sﬂpigﬁ£¥??ﬁ§iﬁ?Fbg$§-ééﬁfﬁXéS%§Engngxy'lf%r%&&ﬁl-
alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoiycarbonyl, alkanoyloxy, cyano,
10 sulfonic acid,_sﬁlfonate salts and the like.
Cyclopentyl, cyclohexyl and cycloheptyl are examples of
the cycloalkyl groups R! andor 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 R?
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! andor R?
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



1, 2-cycl ohexyl ene, and the |ike. Exanples of the aryl ene groups which
Rl err] andyog@bdsectively may 5 represent are given her epdfyoken/ysedd

formulas (V), (V) and (M1). The di val ent groups that .
Rlerr] and Rlerr] collectively may represent include radicals having
the formul a [err] 20 wherein each of Alerr] and A2 is
an arylene radical, e.g., a di val ent, carbocyclic aronmatic group
containing 6 to 10 25 ring carbon atonsT #®h&rein each ester oxygen atom
of fl uorophosphite (1) is bonded to a ring carbon atom of Alerr]
and Alerr]; Xis (i) a chemcal bond directly between ring
carbon atons of Alerr] and A2; or (||}¢anﬂs&ygen atom ﬁg group having
t he fornulg (CH2)y- whereiny is 2 ton4 of a grouEI ving the formul a
35 40 45 wherein R5 is hydrogen, alKk or aryl, e.g., the aryl
groups illustrated by fornmulas (I1), (Ijﬁz()ﬁmd (IV) and R6 is
hydrogen &P al kyl. The total carbon content of the group -C(R5) (R6)-
normally will not exceed 20 and, preferably, is in the range of 1 to 8
carbon atggs. 50 Nor mal | y, mhen R[eg;T'agd Rlerr] collectively represent
a . di val ent hydrocar byl ene group,~th ,phosphlte ESt?iII)
-Os 20 ./ .
N 1.7

25 &Y,

30 L] L ]

. o/ \o/ \.—

(R*) ——i— | (IV)
35 NN
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. R3 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,



oxygen atons, i.e. the oxygen atons depicted in formula (1), are

separate ain of atons containing at | east 3 .

Exanplesqu&Vﬁ%ggrylene groups represented by each 5 of 12%§P&%%55A2

i ncl ude the dival ent radicals having the formul as: B

[err] 40 wherein R3 and R4 may represent one or nore substituents

I ndependently selected from al kyl, al koxy, hal ogen, cycl oal koxy,

formyl, al kanoyl, cycloal kyl, aryl, 45 —a& w oxy, aroyl, carboxyl,

carboxyl ate salts, al koxy- car bonyl, al kanoyl oxy, cyano, sulfonic

acid, sulfonate salts and the |ike. The al kyl noiety of such alkyl,

al koxy, al kanoyt3—Rpkanedivbond i 2s@dimetrR¥iod s dxprepanediyl, 1;pRchriy

contai ns up t opesPldthanedipl, /b Iflpllghrii\ei:ﬁ%iﬂl,3-Pﬁéﬁ£5h8d§.9l,IO to

represent O t0142§gd iqﬁ %¥io éeg esi tg 6 ihe vglgg of each of p

and q usual |y =74 CHPIPORRY - ERBecte. éfe ke nExplipLes ,PLs EPgy) v

represent | owearylene agkeupsgrwnpsh R! cand kY aigititeathiarelynmayr anched- chai n B

al kyl of &ip tordpfeEbrg Qf&riivé’ﬂdhgréﬂqbng?CQs5§ormﬁf3§e?9m ?KIi or 2.
t eferred, e.g-, 0

The fl uorophosphite esters at are nost pr e which
exhibit the beA®qsf¥bFltty, are those

The divalent groups that R! and R? collectively may
represent include radicals having the formula

10 Coal
N <,
20
wherein _
each of A! and A? is an arylene radical, e.g., a
divalent, carbocyclic aromatic group containihg 6 to 10
25 ring carbon atoms, wherein each ester oxygen atom of
fluorophosphite (I) is bonded to a ring carbon atom of
Al and aAZ2;

X is (i) a chemical bond directly between ring
carbon atoms of Al and A2%; or (ii) an oxygen atom, a
30 group having the formula —(CHy) 4~ wherein y is 2 to 4 or
a group having the formula

35

40 6

45 wherein R’ is hydrogen, alkyl or aryl) e.g., the aryl
groups illustrated by formulas (II), (III) and (IV), and
RS 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 atonms.

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



- 10 - wherein the fluorophosphite ester oxygen atons are

bonded di r e bos13bg4 2 ri ng carbon atom of a carbocycli c, POT/USPE/18240
group, e.g., an aryl or arylene group represented by any of formnulas._
(I'1) through (Vil). Wen 5 Rlerr] and R2 individually each represents an
aryl radical, e.g., a phenyl group, it is further preferred that 1 or
both of the ring carbon atons that are in a position ortho to the ring -
carbon atons bonded to the . . fluorophospBite ester oxygen atomare
substituted with 10 an aIkyI group, especially a branched chaln al kyl
group such as i sopropy tert-butyl, tert-octyl_and the

Sinilarly, whenPRY9SRdakoms,| e i F8 FRITER A%O depl?’éﬂ‘?cé? F‘&W‘ﬂ@at he
fE)r rmi a 4 A [¢D)] 3Fe sepatriated By @rdlwnratdmrahﬁmstrcydammﬁﬂgcaigs

Alerr] and Aler a are,ln a position ortho to the ring carbon

at ons bonded iLa% %hgaFFﬁﬁﬁgﬁﬁ’ ﬁhlte ester oxygen atom are substituted
30 with an al kyl gEzamplesciodr Aibley axryirens lgxbupsiireprésented byreapghsuch

as "i sopropyl , tSEtAhuaﬁh Aﬂeiﬁc9ﬁ3¥|tﬁ3ddﬁQ%1ent ﬂ&dﬁéaig“thEHgF¥ﬁierred

quorophosphlte esters have he general forrmula J[err]
- 11 - FREPMLASSach R7 |s alkyl of 3 to 8 carbon atons; each R8
PN
10 (R ) _+ i )
NN
15
20 s 2NN
(R) —t+—t— | (V1)
25 LI N AN
30 4 ./.\o/.\o
(R7) —+—— | (VII)
35 9NN
!
40

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

45 aryloxy, aroyl, carboxyl, carboxylate salts, alkoxy-—

' carbonyl, alkanoyloxy, cyano, sulfonic acid, sulfonate
salts and the like. The alkyl moiety of such alkyl,
alkoxy, alkanoyl, alkoxycarbonyl and alkanoyloxy groups
typically contains up to 8 carbon atoms. Although it is

50 possible for p to represent 0 to 4 and for gq to
represent 0 to 6, the value of each of p and q 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 p and g each

55 represent 0, 1 or 2.

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



IS hydrogen al kyl of 1 to 8 carbon atons or al koxy of 1 to 8 carbon

at ons; (|) a chem cal bond directly bet wee Loon

at ons of %Sf(l gﬁhenyl ene group to 5 which X is bonded; %F&ngéahgroup
havi ng the formul a 10 15 wherei n each of R[err] and R6 is
hydrogen or alkyl of 1 to 8 20 carbon atons. The

fl uorophosphite esters of fornula (1) nay be prepared by published
procedures or by techniques anal ggqegs.thereto. See, for exanple, the
procedur es described by Riesel et al., J. Z Anorg. Allg. Chem, 25
603, 145 (1991), Tullock et al., J. Og. Chen1 25, 2016 (1960),

Wiite et al., wHeréih €h€ﬁE16620phB§phIt&5eét&fObxygen atomsMayer et al., Z.

o S BonpghcAuraBtay £ n pigp EREPPSRbmRE el Bocka |

the 30 re5|duemaylcegrenpntGGQby Rheprylamdt RZYdsnebGr@@n'ved from
chiral or Opt#ngkﬁeﬂEEBVBXO?HQOBFd?orﬁh!gboREQSp@h&%ugh (Vﬂﬂ)ganﬁﬁeﬁﬁr'Ved

from chiral enerate chiral ga& Li gands °
consi sti fig of Ripand R 1%¢&Y%@“#1h5r%%ﬁ%sﬁﬁ??%%eEEﬂ 8B asxa AdiERY -
transition 35e, r.n;t al pﬁ&h?h.)’éedupr odesies fubthes pg'efbtﬁ:eﬂottﬂaltrnlt @t to,

hydr of ornyl at | o t|on dro yana | on,
carbonylationb ngPé nﬁc&? gé %gft REe éSbX| égﬁbﬁsk
hydroaninatioortuohydrhhylaungnparbon atpuwisopoogdedatticotthecar bon hydr ogen
bond aCt'Vat'Eﬂuoégphfs%hﬁEbneQEEﬂtB§§b§n QE%&'Qr@'@@HéEﬁEdEE& wik@f 1 n

ol i goneri zati ons, nmeri zati ons, olefin-carb nonoxi de
copolynéplzatFBnélkUétSHPBRe gFReFiaddvoa Rrgnched QHQ%@OEE#W?aﬁFﬁﬂu’
but adi ene pol ¥geni aat iedbprapglgt kert—butyl, tert—octyl and the like.

- 12 Similarly, when R! and R? collectively represent a

radical having the formula

15 1
20 ’{

y X
25

the ring carbon atoms of arylene radicals A! and a2 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 /.—.
a0 RNl
/O/

45 F-P_
\0 —

50 R -7 N,
\-.—_-' 8

55



. carbon-carbon bond form ng reactions such as the Heck reaction to

yi el d enantwo9sshsgki ve product m xtures. The novel peatosss240
systens provided by the present i nvention conprise a conbination of _
one or more 5 transition netals selected fromthe Goup VIII netals

and rhenium and one or nore of the fluorophosphite conpounds descri bed
I n detail herei nabove. The transition netal nay be provided in the
form of various met al conmpounds such—adlcarboxylate salts of the 10
transition nmetal. Rhodi um conpounds that may be used as a source of
rhodi um for the %gtive catal yst |nclude rhodium 1l or rhodiumll]I

. salts of carboxyyRereinqeach R’ ig,alkydsofs 3uwkPcR Fazbede atomsio®agh R®
tetraacetate is Wydydgehs, alkeli ofi( il toagecardon RAbns(dr )alicbptys a e,

hodi un 1) oct S8 5B BERRE; | APdamnaRy I(iapar chenical nopg, directly
Rh4(CO 12, Rh6( dptweemdringdcanboh atoms afeepichc phemgtlent cardupto my be

sui'tabl e rhgdi unghich xf £8dBonadddi bonalihy hoU i QBEP%QPMHE
conpl exes 20 suaﬁ as tris??ripﬁenylggégpﬁi?g?grhgﬁﬁﬁ%ggar ony a

hydri de may be used when the phosphine noieties of the conpl ex fed
are easily displaced by the fluorophosphite _5° | i gands of the present

i nvention.,dess desirable rhodi um sour §es are rhodium salts of strong
m ner al 2§' aci ds such as chlorides, brom — nitrates, sulfates,
phosphates and the |ike. The rati ¢6of gram nol es fl uorophosphite
|igand to 15 gram atons transition nmetal Can vary over a w de range,

e.g., gram nole fluorpphos hite:ggan1ato transition 30 netal ratios of
1:1 to 100: 1. lﬂ%eq?&ﬁrﬁﬁ u and cBnt H% nhyidreden| 95t adkyilemf dh&ogBam
nol e fl uoraphos-carbon Pbome. gram atomrhodiumratio preferably is in the

range of 1:1 u X ith ratios in the range of 1:1 to 50:1
being particularly pplélieérgg‘a&r%ﬁosl) ite e_s!ll_ers of r%%rmula &) may be
13 - prepaed do¥ rpabl ished oprogedurreen biro byc drecinrisues

I ioropnonph = Lyt T (e PCE i, cne piauces
) - J. 2. g. Allg. Chenm.,

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., Z. 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



and (3) a hydrofornylation solvent. This enbodinent 5 conprises a

sol ution actlve catalyst in which a car bonyl Ss such
as the hﬁ%ﬁl@?ﬂ | ation of an et hyl eni cal | y- unsat urgtkg.&%(%%}?r%gﬁn may
be carried out. The hydrofornyl ation reaction solvent may be
selected froma w de variety of conpounds, m xture of 10 conpounds, or
materials that are liquid at the pressure at which the process is
bei ng operated. Such conpounds andipateri al s i nclude various al kanes,
cycl oal kanes, al kenes, cycl oal kenes, carbocyclic aromatic conmpounds,

al cohol s, esters, ketones, acetals, ethers and water. 15 Specific
exanpl es of scatbent-canboni honddfoxmingereagtions sugbl os thecHeskch as

dodecane, dec@éb?téeﬁtﬁaeylbgﬁ enantioQEﬁ§E€1qbXb%B@%ctpﬁﬁ&%ﬂ&%@ﬂe
cycl ooctane, cyclo ecane, net hyl cycl ohéxane;

hydrocar bons such &Be novelpgatajyst; g¥s ﬁ@s RYP¥H eﬁs&ﬂé%?e PEFFE?“%
cunene, 20 1ﬁ{r&ﬁ{:1&ubabmpﬁed ar aasﬁbmataamoumdanwe,lr a®riehe i sonmers

of diisopropylbenzene, tri 0 e _an e enzene;
al kenes 2nd ¢ 5?85FE&H t@ﬂ §g¥ f°8bgg éﬁ?upbylggFopeﬁtadlene
1, 5-cycl ooct adndnehenium andt ene- or norenefzthé—iﬂnyt@&%k@ﬂ%ﬂéwe

cycl ohexene, é8mpouhas; SeQ)SERBQad‘iﬁaP@tﬁﬁ Lredib@Rve.Cf g hydr ocarbon

m xtures such g ha, m ner al erqsene b0|I|ng
esters such asrangikipp metay maysbe provided: iRe&he fGFFSGEht AHOME The

al dehyde prOdﬂEtan cbhi ?ounds sy akoeaybokylater sadts afschemy be used. In
pr actic err

that ar gbnat ur‘ﬁt??‘% E&Pﬁ‘eae‘gaﬁﬁlg ﬁgllblfnot gg'?%&?g%h £hdle lm% %r m%t ati on

reacti on and ahsommricecqgficrhodivps for the @cg1vaMQﬂhaMx§ﬁ<mn91uﬂﬁu are

required for 2heghuiers or rAbAdUA! rTEOaAN of|RArBYyIG Wiias,fOr the
solvent is 35 8

| ssol ves t cat,al yst_.and ol e strate and
- 14 - exggpdeforfa¥high Angd Pél&ndﬂorﬁ?élt‘,’é't def@ Sté’%ﬁ’red
sol vents for HhsyRArateGt rhdddm(aTyt abetaluéehymmm(n) dsphutyrate,
2 ! Onghehy i Al 33 DU LS AL S Sm 17) 1Mot am
rhodium(II) octanoate. Also, rhodium carbonyl species
such as Rh,(CO);,, Rhg(CO),;¢ and rhodium(I)
acetylacetonate dicarbonyl may be suitable rhodium
feeds. Additionally, rhodium organocphosphine complexes
20 such as tris(triphenylphosphine) rhodium carbonyl
hydride may be used when the phosphine moieties of the
complex fed are easily displaced by the fluorophosphite
ligands of the present invention. Less desirable
rhodium sources are rhodium salts of strong mineral
25 acids such as chlorides, bromides, nitrates, sulfates,
phosphates and the like.
The ratio of gram moles fluorophosphite ligand to
gram atoms transition metal can vary over a wide range,
e.g., gram mole fluorophosphite:gram atom transition
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.



5 nost part, in a gas sparged reactor. Solvents and sol vent

. conbi nat i ong donadds4are preferred for use in the pr oduct pCIIUSYS/18240S
vol atil e and non-vol atil e al dehyde products i ncl ude
1-net hyl - 2-pyrrolidi none, dinethyl- f ormam de, perfluorinated
sol vents such as perfluoro- 10 ker osene, sulfolane, water, and high
boi I i ng hydrocarbon liquids as well as conbinations of these
sol vents. W have found that non- hydrixyi c conmpounds, in general,
and hydrocarbons, in partlcular may be used advant ageously as the

- hydrofornylation solvent since 15 their use can mnim ze deconposition of
t he f | uor ophosphiseconst @mkadjment of our inverbionocomceransi an of

the rhodi um andnbivBaNdataiyat sorutvel UGS LARN($P! 4EE! o mbERCLEON

m xture i s not ritical f successful pera i on o our | nvention.
20 As rrentlong'aehgﬁ'éﬁ ?"r'}tfr 195 REBR IR 6Ebm (2) rheddymum
rat io of at | eaanhdl:(B)nar deﬁo&'miﬂlaﬁﬁm@blv‘ent Tﬁi@ éﬁﬁéaiﬁén’&\ xture.

I1% 20501 Ui COBSBLBLEPD, Yopugsan U AALEE GEEEHED T WALECE e

solution may var
the 25 proce§§rb9naﬂ@ﬁa@@dpmqqasstSupnwﬁﬂnthguhyﬂrmtarnmlabion of &his

invention, the &Qﬁ‘ﬁ&h&@a'l%—%s@ﬁfi‘dﬁad rbéxﬁg??und méf%&'& f?%&t 688,

normally is in the range of nce I ons of

rhodi um | ower than tfh& hy rq@%ﬁﬂ?%ﬁ&ﬁ?ﬁﬂK%PQE#QRHSQ4¥$@taﬂéﬁpbﬁble
reaction rates 8electicidh firom aﬂwﬂae1va¥ﬂ§ﬁyﬂdfEﬁﬁﬂﬁﬁuﬁdﬁylﬁfxﬁﬁﬁétef
operatlng enpe r hat 2 h t o be

catal yst stabi | F’? hﬂoﬁidh ('i)n%te%' drs tg}ﬁ]tt:earﬁ? altlr%f‘?s‘gﬁé %? BF%?EPFEd
because of the htgwhlch t@@smm@beﬂaxﬁanhelng operated. Such compounds

- 15 - A4 ar or
preparing the cgggﬁggﬁegggﬁgﬁémgﬁﬁﬁgﬁlutlons Eﬁlﬁ%§2§ é&éfg&iﬁgﬂeé

i nvention, alth BE . SYGlopdkenes « Faxhagyrkic arom%‘aw SemPERNAsgh
activity, that allboh®lispuleatioras Ketidies,5 acathorl Urewnsrd | amd ophesphi te

|19and Coggonenicht eqa bitihples ofWadt W1 hid o A4 RIELS: Sad

cycloalkanes such as dodecane, decalin, octane, iso—

octane mixtures, cyclohexane, cyclooctane, cyclodo—

decane, methylcyclohexane; aromatic hydrocarbons such as
benzene, toluene, xylene isomers, tetralin, cumene,

20 alkyl—substituted aromatic compounds such as the isomers
of diisopropylbenzene, triisopropylbenzene and tert—
butylbenzene; alkenes and cycloalkenes such as
1,7—octadiene, dicyclopentadiene, 1,5-cyclooctadiene,
octene—1, octene-2, 4-vinylcyclohexene, cyclohexene,

25 1,5,9—cyclododecatriene, l1-pentene; crude hydrocarbon
mixtures such as naphtha, mineral oils and kerosene;
high-boiling esters such as 2,2,4-trimethyl-1,3—
pentanediol diisobutyrate. The aldehyde product of the
hydroformylation process also may be used. In practice,

30 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



the like. The desired quantities of a suitable rhodium conpound and

| i gand a ed to the reactor in a sui tabl e sol equence
in mhichﬁﬁhgnggglous 10 catal yst conponents or reactan?gﬁgFgggﬁd?ged to

t he reactor is not critical. The third enbodi nent of the
present invention pertains to a hydrofornylation process utilizing

t he above-descri bed catal yst systens and sol utions. The 15 process
of the present invention therefore is apmd{cess for preparing an

al dehyde whi ch conprises contacting an ol efin, hydrogen and carbon
nonoxi de with a sol ution of a catal yst system conpri sing rhodi um and
a fluorophos- 4oes ngiact |agahPEsIn R the (Gatabystn tPrefexyedof gram

20 noles ||£biﬂdré}ft’§nﬁ10fﬂ}{é1%dﬂﬁdt§1&i deard1atile d1¥ehydes, Ol efins

that may be hydrofor | at ed ns veI rocess conpri se
aliphatic, i n&&in® plon ‘{ﬁlﬁﬂsha‘{% nA%RR FHPSqei ght

pol yners, al i dhalti ararmﬂmmmﬂwmmmmlmqm-re%n, for thel

tri-olefighs ¢ A1 U of .t he
al i phati csnol e?‘m %.r} % %I I |‘£z§e%%é’j}i %aCtoyf'ne %@ .?f&‘? ude
strai ght- and %Jaimted:nmmrwtlons thats #ra mmfarm fomhase uirdche

al i phatic non aaicqa‘lldhs of 1es§%ﬁﬁm&m%ﬁ&ﬂ@ﬂb% ydeanpl es

of the 30 gro that be present. on the su I tuted no- err]
ol efins includ¥ FetG TR RS Lidinene,
al kanoyl oxy mfcdrmmtae,t wfmmatéd wbvents suchibgd iﬁe&ﬂmmno

CELEOY P RGN o EAAL, e, and i YL M iebien
- 16 - 11qu1dq(§que11 ‘as conmkjnptions of{these splventsherWgn
Rlerr] is hydmagen sfundd @i&f‘tnorplhﬁﬁiﬁ*ﬂi! dotgbuidey] Y gerdrapd, tO 8
car bon at ons; err] is str ht- or branched-chai n alky1ene of
up to 18 qgaﬂ%ﬁ?%ﬁ%ﬁh?”%ﬂu}n par ular, 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 1igand§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 mgrliter. Concentrations of rhodium lower than this
‘range generally do not yield acceptable reaction rates

30 with most olefin reactants andr/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.



RO is hydroxy, alkoxy of up to 4 carbon atons, al kanoyl oxy of up to 4
car bon at oy 9opasdaoxyl or 15 al koxycarbonyl of 2 to 10 cargorusdsnss40

Specific exanples of the aliphatic nono-[err]-olefins i ncl ude -
et hyl ene, propyl ene, 1-butene; 1-octene, allyl * al cohol and

3- acet oxy- 1- propene. The aliphatic, di-olefins may contain up to
40 20 carbon atons. Preferred aliphatic, di-olefins have the

general forml a: 25 — 1err] 30 wherein R10 is
straight- or branched-chain al kyl ene having 1 to 18 carbon atons.

The cyclic olefins which nay be used in the hydr of or myl ati on process

of the present |nveanosp#E}aﬂeor unu@palxﬂdqhn&guesgﬁ:ecyequhEQGnﬁor
1,5-cycl ooct adi gﬁpaﬁﬂﬂfirne At gﬁﬁafs@ Oa s il [SOTRVEEHEUSE the

vi nyl - substi t ut oal kane enes, eterog¥cllc and
aromati c cBRBSERYs nm#—ap@s thaugh 14 ds pxeferred | taeobtain a
4-vi nyl cycl ohexgaealysd- afcmbhxadstm&ty% mtfalwmrmampulaeﬁohexafl the

d, h cl rb d, 40 d
175 o- cycl SdodeEAPHAERe aAdrrjusTopngeriifs dgana Sonperents Ba EREGLaN
preferred oubpnndernano1aemtehtmpsnhérelaeuyxxuﬂmtreqemx argon and

especi al [y propypgn . . The & tit table ridadi
M xtures of ole nsgégﬁ gbebeﬁi§§fd,$uﬁ? * les[?f Ti su1 ? ﬁlr um

i nvention. The ﬁP%P9P§§ ﬁﬂ? Bdgand pxe Chaﬁﬁﬂﬁaﬁgiﬁhﬁl E@rshﬁhaas
m xtures of n-oghggapler solvent. Nahe @Hq&ﬁea{ﬁ ria{ Iﬁteiahdtﬁéi{raﬁibﬁs cuts

which wl| 5 csen %lsr% a m xt ure of olrefl ;%‘ ‘%égvﬁl
car bon nummbers. ORRENERTE Pn 0 ®ical for
t he operation oreabeoprasen@tamrnnmuxru|onal hydro-

The third embodiment of the present invention
pertains to a hydroformylation process utilizing the
above—described catalyst systems and solutions. The

15 process of the present invention therefore is a process
for preparing an aldehyde which comprises contacting an
olefin, hydrogen and carbon monoxide with a solution of
a catalyst system comprising rhodium and a fluorophos—
phite ligand of formula (i) wherein the ratio of gram

20 moles ligand:gram atom rhodium is at least 1:1. The
olefins that may be hydroformylated by means of our
novel process comprise aliphatic, including
ethylenically—unsaturated, low molecular weight
polymers, alicyclic, aromatic and heterocyclic mono—,

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:



formylation conditions normally are used. The process 10 requires that an
olefin i ted with hydrogen and carbon nonoxi dgi %} esence
of the n@'\?géméa al yst syst em descri bed herei nabove. g\ﬁﬁbeSB Eseﬁ{)roc_ess
may be carried out at tenperatures in the range of 20 to 200[err]C,
the preferred hydrofornyl ation reaction tenperatures are 15 fromb50 to
135[err]C with the nost favored reaction tenperatures ranging from?75
to 125[err]C. Higher reactor tenmperig wes are not favored because of
i ncreased rates of catal yst deconposition while | ower reactor
tenperatures result in relatively slowreaction rates. 20 The tot al

reacti on pressure _rapge om anbi_e or , at p | gap to 70 bars
absol ute (1000 psi sz?r—w—{”?,ooo klgéﬁrg, preferg{zc%@%n—} —t"gz 28 bars

absol ut e5(100 to 400 psig or 800 to 2800 kPa). The

hydr ogen: car bgp J3gxi de nole ratio in the 25 reactor |ikew se may vary
consi derably ranging from 10: 1 to 1:10 and the sum of the absolute
partial pressures & 1is hydxegepger sk¥radghton oxohsanghedarhadmaliydm 0.3 -
to 36 10 baFfsupb:e & earPort @t} kPa). The partial pressures of

the ratio of the hydrqgen,to.carbon noxi de in the 3 feed j s _selected
according to the | he&%; ﬁi’:é'ﬁ&ﬁg 7 ?553’ anched—chain 53%‘39‘?&‘.3 @g'néﬁpal %, the
partial pressdBecafrbon atamsgr agpdn and carbon nonoxide in the reactor is

mai ntai ned within weigaﬂggfggéhglkg*gﬁg 9? %oat&s@_a'f?o%n atoms( 20 to 200

psia or 140 to_1380 kPa) as. partial pressuré of carbon
monoxi de i n t BEKREYROXY ©f up to carbon atoms, carboxyl or - 18 -
mai nt ai n6d W alkoxydarbongd of b 4d Q0lTa¥Hoi atduwnl ute (20 to 200

psia or 140 to 138Q_kPa)..and _is varie i.nd ndent |y of t.he hydrogen
SRS . b g gkl
e varie epx ’ ! ’ Y
hydrogen and G3ulRe1ngy i3¢%ce'gla§yr_?‘t_ipq.%p(gné.he hydrogen to carbon

nonoxi de and the partial pressure’q . each in the synthesis gas (syngas
- carbon nonoxi de FR¢ 21iPhAfdCogSi et e maydiqaptAdhd®R %8 4%he addition

of 20 carbon atoms. Preferred aliphatic, di—olefins have the
general formula:

- H, C=CH—R" *—CH==CH,
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-cyclohexene—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.



10 ei ther hydrogen or carbon nonoxide to the syngas stream W have
found t hat w doaszbdae f 1 uor ophosphite |igands descri bed hegHuUses/1B8H®
ratio of |linear to branched . products can be varied wi dely by changi ng
the parti al pressures of the carbon nonoxide in the reactor. 15

The amobunt of olefin present in the reaction m xture al so is not
critical. For exanple, relatively hi gh-boiling ol efins such as
1-octene may function both as the ol-efith -+eactant and the process
solvent. In the hydr of ormyl ati on of a gaseous ol efin feedstock such as
20 propyl ene, the partial pressures in the vapor space_in t he
reactor typically ar¥ixturies ofhgleffing ;an Absp be usedrinBBG| ute (7 to

3500 ktF’a)t In pb?eaqufeé o RS (.?Lfnventior{ ?aofﬁe?%:%ﬁtﬁﬁéﬁrﬁdybﬁerbtﬂhthe
concentrations 0 oelnln e .reac n the at i

propyl ene, the $3me In%lﬁ"?rbfa%r’%{?ﬁw p?%f%—ﬂﬁ{: aregge

t han 1.4 mays r&iﬂ-@sleﬁ’a:) refimery raistiMatid) dats wbsohuwell

(140 to 10Q0 kP ol ke f 'ﬁ?ﬁ a he
preferred %art | %%mﬁrggss%r eﬁq%'%r% ot r}ﬂh ene Th t %d#.%f,@%ﬁgkl %égragg?'er t han
0.14 bars 30 carbonunumbersepPa) . Any of the known

hydrof ornyl ation reaghe y&Rtd®h condl@.{ox‘ié)r\iéé&”é’éé Oﬁétnai‘l’éﬁcaieiotn
carrying out the process rOV|ded t he present nveni ﬁx FThus a

gas- spar ged, vajde cpexrafion S s‘&‘?’&gﬁﬁ igna

exanpl es set fotb&:dyafawlla:rrm;odﬁti&mb ndrmdliy are used. The process
- 19 - f o fi I ' i i

hi gh boi | it ng orga%% (}so \B:g’nq" ua(r%ger éeflergg%%e %E)es &ltil &ftﬂ ﬁ?ﬁﬁ%g{thgna
reacti on zone wcarbome mongeiide: iy thetpreserce of thecnoval satajyst

unreact ed gases gyLRendWINE3bdRIRSre fhabdvel amlfélfhédpwcésﬁaﬂﬁ&/ bequi d
Separator to |I%UI fy, the aI dehxflq roduct, and the g ges C%B 200°C

recycled to arpjed ouh at tempe ?F piRdthe rangg;o
at nospheric preshe @ﬁeﬂez&@mwdmfdmywtiém Créacbiby temperatuvest aweal

t echni the The 14 %es_% 3 S;ii%”y Q;l Othé’rlﬁ‘gé cggv&pe& ggggh §€ manner by

contacti n the drogen and car on nonoxi the pr esent
. temperatures ranging from 75 to 125°C. Higher reactor

temperatures are not favored because of increased rates

of catalyst decomposition while lower reactor
temperatures result in relatively slow reaction rates.
20 The total reaction pressure may range from ambient or
atmospheric up to 70 bars absolute (1000 psig or
7,000 kPa), preferably from 8 to 28 bars absolute (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



catalyst in an aut ocl ave. A reactor design where catal yst and
f eedstock a punped into a reactor and allowed to yth 15
pr oduct Al %éﬁ?&%‘, [ i qui [ ?’W,llﬂsg 9’2?22%

i.e. liquid overflow reactor design,
sui tabl e. For exanple, high boiling al dehyde products such a nonyl
al dehydes may be prepared in a continuous manner with the al dehyde
product bei ng renmoved fromthe reactor zone as a liquid in
conbination 20 with the catalyst. Theia dehyde product nay be
separated fromthe catal yst by conventional nmeans such as by
distillation or extraction and the catal yst then recycl ed back to the

reactor. \Wat emaimtalinedawddhise the rangeodifctls 4 slasu:rl3a§ thadrsnabsolute
but yr al dehyde (Br OQ%brz%ozg’ar aa[ Q,%t ?'4%eq:cﬁe o 5% t § I "l }fdedf allyl

al cohol, can € se romt extraction_techniques.
A trickl e- bed indepepdeasdygefathe Mdéi‘tﬂgleébfpérftd-ra]t mressure. n Thess |t

will be appar ﬁi&tlatro ratae &kﬂy'di%d eh it carbon #dndiide Qiah'efbé ast sd

schenmes nay Wi t hi i.nvention arious

embodi neft s 01“’1%}?3- é’é’g’ﬁt“ ﬁ?ﬁ‘t ial prgssure mandes \a‘}ed by the
fol | owi ng examldt&geﬁwend carkm;dmﬁmxnﬂeat | Mhepmaddsss iaf vﬁh&h propyl ene
S hydr @hf%e I in -
a vapor take- g‘& r”o‘gagxt ¥ tcc%r%s ﬁ‘%g‘ééfi a véﬁ:9 %Aﬁm présditie Bt

- 20 - eauqhangved:h@t sSymthesia aas dnsli’él%rnfadf@ls noRQHde and

di ?geger and g 3 d%g@?.gofcah %éT&te%rh ﬁlyT%arr@%a (Hyl’ﬁfe&ddltldn :cdﬁr el errelnt
wel ded into thg si own near t ttom : react or i nl et
of gased®s reL{tRRTs hyfAregsn qxg W%ﬁ%rﬁfﬁ)ﬁfrg%.%é%?

arranged axi aWey have fguriad ttheatr eamtnrthm filvorophicspiitre abigands
measur ement Fidddf HST el z%f&‘%é‘h%féélf ed %fé}{bﬂé‘&‘ﬁ i on

m xture. The b(ﬁst om o

has pressure
connecti on t h@prdénatshean e varied G@@e]%g’)bfcmglfi%et%rﬂ@ﬁ’ﬂ%ﬂs to the
Cross perm ts gl afdid idi tHe carbdwﬁn&ﬁﬁ&(aés it e nactiel, as octene- 1

or rrake-ltép SOIT\ﬁentamounQ:t heg atd’sn tpci:'etshe iﬂ{]'@{ee SPad & fGfnect Ion

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). 1In 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. In this



of a differential pressure (DP) cell that is used to measur e cat al yst

| evel in twoogrmesor and the bottom 15 connection i s used Por/vd9stisaE0Ng

the catal yst solution at - . the end of the run. In the

hydr of or myl ati on of propyl ene in a vapor t ake-of f node of operation,

t he hydrofornyl ation reaction m xture or solution containing the
catalyst is 20 sparged under pressure with the incom ng reactants of

- propyl ene, hydrogen and carbon nonoxi de a¥ W I™ as any i nert feed such

as nitrogen. As butyral dehyde is forned in the catal yst sol ution, it

and unreact ed re@%&gn(t) agergf.ﬁgﬁ,a%ﬁer ‘é%\ﬁ&s%sw% C@P(?Lr | :iloser%glp\f,gédoﬁf

t he reactor vapor removed
pressure separ atlbiglw"k?lellhﬁ emgnapden}uen&r@m Messurecmgmt aI ong

with sone of thejeaveachedreaeeybang thhenenag %‘H}?ﬁ?;ﬂﬁﬁﬁ&

down to atnospher| c pressure vi 2 th WJ'pressure contro val ve 11§aese
gases 30 pass TYFORGRA LY ﬁ’%suarea escgatsfeéps fEheat gases
al dehy ;je prﬁ)duct@sn catréechitled hﬁnpaoéapbrm?mhhe sepdaraﬁijzg E:cpr
separator is co raps, .and.i s _subs y
wei ghed and anal yz%déj]ba\éﬁpdéhs{? agrgn a&hﬁ 8 - pﬁ&é‘eb@n %‘ﬁ&rﬂ/

(G0 the reactor. The 11qu1d product- i3] let down td echni ques

for the net wei aftm EPi 88brésLural Ferogepaﬁatlﬁhea?ﬁt ?\?1%%%[ WCt

The gaseous feeds to he react or_are or via
cyl i nder mani folct':%mé?kl ?1‘?% ptechuigues Theybrecess. alwsee mayiksyen passes
t hr ough aldbm"rermratﬂ:ilced in aveatehwisbBemsaher by( coitalcdiony twrdemar k of

and through a 1ICW L oy PLoSeR pAnd phERRAC AR 88 WU RHE e ERReE o

nonoxi de passes Qﬁ@mtalﬁlwlﬂutgolavaeoxo[err] bed heat ed to 125[err]C
an iron carbonyl remyated®tor des:.éﬂswﬂéfﬁl ES‘EngEtUaﬁdP‘”fte‘ae@st%q%ot #S9) -

Ni trogen can be m xture as an | nert gas rogen,

when added, is ABPEReS g‘h@t%eﬁé#ﬁ‘i‘éﬁ angnaihevpddtegeverflow mddd prior to
the hydrogén Deqpumducy dbdehyopyiecse 13qhed overflow reactor design,

is also suitable. For example, high boiling aldehyde
products such a nonyl aldehydes may be prepared in a
continuous manner with the aldehyde 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



15 to the reactor fromfeed tanks that are pressurized with

hydrogenﬁ% 11358 controlled using an arnored rotaneter in ﬁ)é?g nation
with a ndeurd*htrol val ve. Propyl ene feed rate is neasur %y t he
rate of level drop in the tank in conjunction with the rotaneter -
control point. Al 20 gases and propyl ene are passed through a preheater
to I nsure vapori zation of the |iquid propylene | eaving the

arnored rotaneter. The hydref @mpy ati on of a hi gher-boiling,
l'iquid olefin, 1-octene, is carried out in a high pressure 25

aut ocl ave. The olefln catal yst, and sql vent are seal ed in the

aut ocl ave und8FrAngedgEkainlese. steednPire haying a 2.5 o dnsdde i zed
with hydrogendaaﬁeeaﬁ:behdrrancmhéeh of 1.2n¢hetRAisRd 'hd iRatdvy ehs @action

30 pressur ot 4aFEE BRREPLYRLBRA SRHER SR RAR G MR tha Bottlf P

gas upt ake ceafetheTMeaaapmcEarethbenmlstcaﬁlqaseous naaqndntﬁu The
tenmperatyre a? SE'e @on:EQ‘gngo gt %E?gngfwe&ﬂe which i %ta :?%d"‘ ra‘i:fa@.%i)’ er ed
Qr con

and anal yzed cont ent nti onal
chronatographylt95the reactor in its center for accurate mqugremen

EXAVPLE 1 of the tef &h&-&t o¥0lthlel DY ADFE cringilAtEbrn &e&rctildxr ogen

usi ng a charge,o i um ed a di

di car bonyl acef“&?f%f‘r&:et 3‘\?‘8 %6’% ﬁ%%’% 5 r;ﬁo a'h E#‘}r Yene
bi s( 4, 6- di -t etublingy connegtion that- is coqniems_qeld tto (a4di‘3>ssrml é)nQ oifl
grans) RBgvi Ng¢hRe cdhn'dttiths to the cross permits the addition of

non—gaseous reactants such as octene-l1 or make-up

solvent, another leads to the high-pressure connection
of a differential pressure (D/P) cell that is used to
'measure catalyst level in the reactor and the bottom

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-ligquid phase chromatography (GLC)



[err] 25 (t-Bu=tertiary butyl; Me=nethyl) and 190 nL of _

2,2, 4-tri npigwelisdse3- pent anedi ol nonoi sobutyrate sol vesdTruddeig24o
catal yst solution was charged to the 30 react or under an argon bl anket
and the reactor seal ed. “* The reactor was pressured to 18.9 bars

absol ute (260 psig or 1890 kPa) with hydrogen, carbon nonoxi de and
nitrogen and heated to 115[err]C. Propylene feed then was started and
the flows were adjusted to the foll ow ng 8521 +eported as liters/mnute at
standard tenperature and pressure (STP): hydrogen = 3.70; carbon
nmonoxi de = 3. 70; nitrogen = 1.12 and propylene = 2.08. This is

- equivalent to h&ﬁQH?H9ﬂ9ﬁ(£2nthﬁ;Qﬁ#tW%ﬂgkﬁe%%ﬁr@Qrmnl/iso ratibeof to

t he reactor repthhewugyﬂamaéﬁy&gﬂpg Wet. (psia)[kPa]: hydrogen = 6.6

de = 660 t = 2_(29)[200];
and propyi ene = B8 Saspe Ageds €0 the Tielor FeoRedat o bR e ou

under the aboverﬁamnpr via twim Tcylinder Teenifolds| andyneghr pgassuee rate

fcg'[ a][ Sgt 4651Ct i vi tyg%ﬁ;dg%la ET I'Ig&e ﬁd%@ﬂ%ﬁ%gﬁh %ﬁogrcg%e%Cially

rhodi um hour. #Vaidadkde Deexah (rlé&qxstmeQ Brademark of Engelhard

. 23 - WLEaa:algst bed tod M&\{?%L%ﬂg%%fgs%ﬁﬂ%ﬁﬁlﬁgﬁlsﬁf ect
carbon Jonoxi
ﬁyd?g}g?nslatioﬁ 8f¥§F 9&(%&%1 len | R(® ffedhhsand congredar ed

under nitrogen wsilve.a dhwgranﬁorﬂ&cxrgamide passéé\gﬂxmghaageg%x%aﬁ)
22 ot hylOhene Dooro™ HEE Bt ea o 1201 byt o lEBetit hRReRalbed 10
mole, 2.11 g) 4R& 99@0@49%& Adrp m-rlﬁaxteemym,ﬁ@ 239) pitaegenotan be
monoi sobut yr at eag@kewCitlo thee fled WiStA% as an CIPEdy4®. t hRiELAGERT under
an argon blanket and dﬁed 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 through a preheater to
insure vaporization of the ligquid propylene leaving the
armored rotameter.
The hydroformylation of a higher-boiling, liquiad
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



reactor sealed. The reactor was pressured to 18.9 bars absol ut e (260

psig or wi th hydrogen, carbon 15 nonoxi de and

heat ed tﬁﬁlgﬁﬁgg)] Propyl ene feed then was startggh%kggﬁﬁe fl ows
were adjusted to the foll owing values reported as liters/mnute at
standard tenperature and pressure (STP): hydrogen = 3.80; carbon
nonoxi de = 1.90; nitrogen = 1.93 and propylene = 1.87. 20 This is

equi valent to having the followi ng parH &2 — pressures in the feed to
the reactor reported as bars absolute (psia)[kPa]: hydrogen = 7.6
(110)[ 760]; carbon nonoxi de = 3.8 (55)[380]; nitrogen = 3.9
(56)[390] ; anEXAMPLE dropylene = 3.7 (54)[370]. 25 The process was
operated for 5 hours using t he above flows. The butyral dehyde

production rate for t .3 _hours of er ay 60 6 :
g/ hour for a Eﬁgla)}?tstaéfﬁ\'ft Las %?a%&&?wﬁfut@&% de/gram
of rhodi um hous:.n’g‘ha phadget off: 150 mgacifo rhsiism) chary®d as a

A catal ygt soly oyﬁ,ger c@t%ﬁ:‘? 45 mHRIIY, D OWHY of 15
ng of rh%dlunt E& §§B§§&%c§$hn] Il (ﬂg garbon Ig%eton I acetate
(0. 145 mol e, 20203¢$hgﬂ1dene bis(4, 6—d1—tert—buty1pheny1) fluoro—-_ o,y .

2,2'-ethylide (dl.atset:&nol;@ yl2Rhanyrans)udadring the mtramture (4. 35 -
nnole, 2.11 g , 2,4-trinmethyl -1, 3- pent anedi ol

nonoi sobut yr at e solvent The catalyst solution and 10 nL of purified
1-octen were charged to a,3Q0 nL, high pressure autocl ave under

a mtroé@n bl anket. The reactor Wwa seal eqfeand t hen pressurized to
28.6 bars absolute (400 psig or 2&@0 kPa a 1:1 mxture of

hydr oged5and car bon nonoxi de. The \u=“"reanr6F* s heated to 110[err]C and

mai nt ai ned between 21.7 10 to %P kars atkol e (300-400 psig or 2170 to
2860 kPa)p by the addition of a 1: Yxt e of hydrogen and carbon
nonoxi de. When t he uptake of gas ceased}Ft he: ctor - was cool ed,

vent ed, apd the contents anal yzed. Gas

(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 pars 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

35 reported as liters/minute at standard temperatufe 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

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 butyraldehyder gram
of rhodium-hour. The product N:Iso ratio was 3.3:1.



- chromat ogr aphy of the recovered liquid reveal ed that 92 15 nol e percent
~of the 1-ogipyRasggact ant had been converted to a m xt Uscer/géosigsiel

al dehydes. The nonyl al dehyde fraction had a normal to branched .
i somer ratio of 4.21:1. 20 EXAMPLE 4 Thi s exanpl e
Il lustrates the hydrofornylation of the substituted ol efin, nethyl
nmet hacryl ate. A catal yst ' sol ution was prepared under nitrogen using
15 mg of 25 rhodi um charged as a rhodi umgy4 I) di carbonyl acet ony
acetate (0.145 mmole, 0.0375 g), 2,2'-ethylidene
bi s(4, 6-di-tert-butyl phenyl) quorophosphite (4.35 mmole, 2.11 g) and
100 mL of tol ueBBAMBLEORvent. This solution was charged to a 300 mi,
hi gh pressure auto- 30 cl ave under an nitrogen bl anket along with 10 niL
of met hyl methacrylate. The reactor was seal ed and then

pressurized to 28.6 Bhis syapplec ildostratesothmsariget) of usimghaa 1:1

m xture of hydr@ﬂﬁéraadr%hbﬂﬁnm% Preil presfAify e heated Lo
110[err]C Qtalne ween 21.7°35 to bars absol ut e, (300-400
psig or 21 0 t oB¥SERT RFQY ion of propylene. A catalyst solution wag _

by the additi onpnéparédlunﬂletUh&tcrbghyﬁmeig AECHAJOIof 15 mdoapXxi de.

When the uptake, {R%m ol e ted. and
the contents anaﬁyzegﬁ éggiﬁgd % o%%tdé'grapw)o\fgas?ﬁaer d{'/%? li‘ﬂqw d
reveal ed t hat 4§°e§atenﬁpe1ﬁ§ruvnﬂeofObW@7ﬁb@ﬁylZmaﬂﬁannukidemgd been

converted to a mékure—a&-&a&l&%ut% fexuryat)e,ﬂfiraxfsﬂnospmte (4.35
(2- met hyl - 3- forﬁ§P4 |onat and ne

(2-nethyl19-for - dmage. ai‘ﬁelﬁ?d%égé#at%'(%?4‘trlmﬂﬁ’&ﬂlr& 3Tt hyl
i sobut yrat e, wapeﬁ%nédﬁbe nbndasbbu‘ﬂye-aﬂ sollviaity.de THeGiiBture Swdd % of
mothyl oS (GEHEERBR s8 he roachoB! BRARS R Brdian, HiATiS A he SO
| ess |inear isoreackerngealegd:1. 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 was prepared under nitrogen
using a charge of 15 mg of rhodium charged as a rhodium
35 (II) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),



15 EXAMPLE 5 This exanple illustrates the hydrofornyl ation

of a ) e of cis and trans 2-octene. A catal yst | was
pr epar ed%%é?éir%#l’trogen usi ng 15 ng of .rhodi um 20 chargméggﬁmgdi um
(I'l) dicarbonyl acetonyl acetate (0. 145 mmol e, 0.0375 g), B
2,2 -ethylidene bis(4,6-di- tert-butyl phenyl) fluorophosphite (4.35
nmmol e, 2.11 Q) and 90 nL of 2,2,4-trinmethyl-1, 3-pentanedi ol nonoi so-
butyrate solvent. The catal yst solutiomrt®s—prepared 25 was charged to a
300 L, high pressure autoclave under a ni trogen bl anket along with

4.5 f I Xt f_Cjs: . d_t - 2- oct .. Th t | ed
and © predun i Rghidens wis U barttert et oneny bl ineray .
with a 1:1 m phosphitdy(d 3% mmevle ca2 bbh gpnand d20 MheoSO0 reactor was
heated to 110[.gr ' | : 2. . ol ute
(300- 400 psi g[%'ré Jz%%%’%%%&%gﬁ&%g% h%°%%’d???%€?%$tg ggjié?nﬁgts ore
of hydrogen arfhe fafmlyst solpfion Rnd \iHemk Hef purkfied Yjoectensed, the
reactor s wi¥e (GldRged et £ B oA | NEigR NS LEESuPE 2AWESE1 a @ SuR@er

chr omat ogr aphy_ of, t he recovered |iqyid reveal ed that 7
T8 - A TRIER BT e (e ESRCEOR OtRE craled and sthen
m xt ure of norptessuisigettsto T2e. 61dvarts aabsdlualee p(Ho0gpsig orhasléea kpayal to-

branched i songr. f.at ] : 6 i's npl e
illustrates {Tq';r;elégoér gjfgjf rﬁ?jr’g?f%en %? 5hydr %r og%/ﬁp%azé?oﬂi% %?x%é_%bonfﬁé
monoxi de par t ivfagkel Wpkheated & WA ARAiRaintaingdtbetweeni 23.7A
catal ystigl0 t&5Q8llé Bar@abicht&d(306le400i hé Dgedr US1PE €8 PB60f xPa)

rhodi um char 06d, a2 LRPALUM (1 )2 4 P RERNLAL P Warogen *6Rh 2L &rbIn 140
monoxide. When the uptake of gas ceased, the reactor
was cooled, vented, and the contents analyzed. Gas
chromatography of the recovered liquid 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 E LE 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)



. bis(4,6-di-tert-butyl phenyl) fluorophosphite (4.35 mmole, 2.11 g) and
190 L of olgefrabdsl et hyl -1, 3- 15  pent anedi ol nonoi sobut yred-pussssedet .

The cat al yst solution was charged to the reactor under an argon

bl anket and the reactor seal ed. The reactor was pressured to 18.9
bars absolute (260 psig or 1890 kPa) wi t h hydrogen, carbon nonoxi de
and nitrogen and heated 20 to 115[err] C. Propyl ene feed was then started
and the flows were adjusted to the fol pgwing val ues reported as
liters/mnute at standard tieénperature and pressure (STP): hydrogen =
3.70; carbon nonoxide = 3.70; nitrogen = 1.12 and propyl ene = 2. 08.

This is equi vaI ém the 2xiditikan rrgﬂdnelfblhmtugepaft hyarpges:sands cafrbiohe

feed t t
hsgroggn = 6.6 car o q§§é§*é ggsggg SeSQ?B %égo%eathFbgen =
2 (29)[200]; iﬁe« vented, and the|[gobtents analyzedThersocess
was operated atdﬂrﬁﬁhﬁﬂﬁﬁhﬂhfﬁﬁffﬁﬁearecoveréérlﬂ 94 f#8veaded %ﬁﬁtthgn

br assures. 5 poltad BELCSRE ot the WEMAPE pathasrebab ot Bgen -

(55)[380]; . cocmdntedrdrmm deixturé ¢f lhetHED] isebtutypgates ﬁe&h@i
56) [ 390] : = t
( ')[ bian fqu\?-va%do _3r gfa%rﬂngggi%n?gg aﬁ&’ ﬁLtﬁ nut e. The

reactor was oper@ﬁ&fﬁhﬂ ﬂ21ﬁQ§RxﬂkR%QE&¢@ﬁ§emer@he hyduegepasdonThe

but yral dehyde prediducton met CEsdﬁEtyrate'a§£s33908f5tﬂé PPS&&E&O“ The
catal yst_aclivity of ogr ans

aver aged 2 gl

butyraldeﬁ?’de/glag‘rc‘#%’g‘ﬁa f%q NI LA FF?sBr?ﬁFFES f°FHEdpPBéub?dwas
2.46: 1. BXpveideninkhce of the moratbiyearsbsohes) maeh nepared
under nitrogen A £418% ; char 9 S r hodi um
(I'l) dicarbonyl z:if_g(.a-tmoen ace—t ateﬁ@ %ﬁc}éﬂ%g?ae ‘gg% g%)e Fal %o the

ess 11near 1somer being 2.63: 1.

15 EXAMPL.E §

This example illustrates the hydroformylation of a
mixture 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 g)
and 920 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



2,2 -nmet hyl ene bis(4-nmethyl-6-tert-butyl phenyl) fluoro- 15 phosphi te
(1.94 myle. 0. 75 grans) having the structure [err] (Me

nmet hyl ) %‘angh of 2,2,4-trinethyl-1, 3-pentane- 35 di%qwsn/mu“

nonoi sobutyrate solvent. This catalyst solution was charged to the
react or under an argon bl anket and the reactor sealed. The reactor was
pressured to 18.9 " bars absolute (260 psig or 1890 kPa) w th hydrogen,
carbon nonoxi de and nitrogen and heated-t26 H5[err]C. 40 Propyl ene feed
then was started and the flows were adjusted to the follow ng reported

as liters/mnute at standard tenperature and pressure_ (STP): hydrogen
= 3.70; @pldrpengant qf -the wetene hag been aonvexted toRAgpy| ene =

2.08. This is iy ¢ dchyR\dIdeiyfedS THO! A0 Idehyde BESaset €S in

hvr ocon = 6. diad & ficrmal to Biincnea Teomer Fatio ‘of 6Pl Pl .
(96)[660]; carbon nonoxide = 6.6 (96)[660]; nitrogen = 2 (29)[ 200];
and propyg ene 5él)[370] : The reaction was carried out
under the€ abo for 5 hours. The butyral dehyde production rate
for the 5 | ast 3 hours of operation averaged 264 g/ hour for a :
catalyst activity Ofns. xdnpld flFudttatad dely dydF éfdrmylatPon of
rhodi um hour. The oduct, N-'Jgo ratiq was 1.44; 1. . EXAMPLE 8 10

A catal yst solRRIENLSER 8 JHLANRF (FRRROM AIRKide partial pressures

and demonstrates catalyst stability. A catalyst

10 solution 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 nL 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 nitfogen 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 eguivalent to

25 having the following partial pressures in the feed to
the reactor reported as bars absolute (psia)(kPaj:
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

¥



using a charge of 15 ng of rhodi um charged as a rhodi um (rn)

di car bonyl QefdopRygs acetate (0.145 mole, 0.0375 g), t he@eT/US98/18240

fl uor ophosphite (2.91 mmole, 1.18 grans) having the 15 structure _
30 [err] 35 (Me=net hyl) and 190 nL of
2,2,4-trinmethyl -1, 3- pent ane- di ol nonoi sobutyrate solvent. This
catalyst sol ution was charged to the reactor under an argon bl anket
and the reactor sealed. The reactor— Wag'pressured to 18.9 bar s

absol ute (260 psig or 1890 kPa) wi th hydrogen, 40 * "carbon nonoxi de and

ni trogen and heated t : rop % ne feed then,was arted and
the flows were Tiew j&hé é%?#myﬁ%lgg€t¥ g?ﬁﬁo??ﬁdmaEuFFteri ffi nute at
standar d t enper aleactamdas eperate¢dimtihysteady cperatloﬁs7ﬁerearbon

monoxi de = 3. 70, 4l 11'Tﬁhzghé¥fgfﬁéh dgrﬁp¥&§8€10n rlte fZE

equi valent to haV|ng e oW Nng art ressures 1nt eed to
t he reactor 1asrtet$0rh%§:'%s°%a?ze%%b?%tév?§§9 g[ﬁﬁ’a]? gihensgépr-2as. 6

- 29 - ,a&.agt r@ﬂozt@leknégﬁaﬁa%{xéﬁ%menyaegg&am of
(29)[ 200]; and %%. $ The r ac%lon was
carried out und 4&%@%359& dFaﬁlﬂoﬁfsth?hBrﬂgP? aF8&hyde
proeduction rate 2f.aéstihe 5 Iast 3 hours of operation averaged 99.5 g/ hour
for a catal yst activity of 9.6 kil ograns butyral dehyde/ gram of
rhodi um hour. The product N Iso ratio was 1.59:1
EXAMPLE 7
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

R .
20 27’
N2 TN N e
| oo
25 | +t-BG \E NP
-0~ .
t—ﬁu

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°C.

40 Propylene feed then was started and the flows were
adjusted to the following reported as litersminute 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



EXAMPLE 9 10 A catal yst solution was prepared under nitrogen
using a CF&{ ﬁ - 15 nmg of rhodium charged as a rhodi um x} 3

di car bonylace onyI acetate (0.145 mmole, 0.0375 g), PCT/USI818240
bis(2,4-di-tert-butyl phenyl) fluorophosphite (4.37 15 mol e, 2.01 gramns)
and 190 nL of a NORPAR 13 paraffin solvent. NORPAR 13 is a paraffinic
hydr ocar bon sol vent mar ket ed by Exxon Chemical with a boiling point
range of approxi mately 221 to 232[epg] C. This catal yst sol ution was
charged to the reactor under an argon bl anket and the 20 reactor seal ed.
The reactor was pressured to 18.9 bars absol ute (260 psig or 1890
kPa) with hydrpgen[éeal boaarbon nonoridde=asdenibspgeso0andniezbgent & 2

115[err]C. Pro . t r he fl ows were
adjusted to thgyéfpfoo?bl? ﬁgo €f§n¥aa §s§||$§PzﬁﬂPhute at standard 25
tenperature and pre@bereege#tpn hgsrogenle639ﬂb updepgobhe abovgpfidgwge =

3. 70; nitrogenegr 15 Igoaps, pr’PH¥| Bifyratalfiyde proﬁ{mi:iohsrﬁqw ¥akeihel O
arti al fessures in_the feed the reactor

havi ng t he foli m&ng g €

reported 3s batds Ours oPfit BPEERFLPNKPYRTaged, 8§4nI<hBUE £8F) P660] ;
carbon 30 noeatalipst &cbivREYy[68025. 1i kidagpams 2batPraldeRydeagtan

pr opyl ene 3. Le( eac | ed,Qut, under
t he above flowéf éﬁg&?@%%hguﬁburgkeTﬁgggsférgr%gﬁyﬁﬁgg?o é%t?oﬁgrgte for
t he | ast 3 hours of operation averaged 121.9 g/ hour for a

- 30 - ggég%ﬂgtgactivity of 7.41 kil ogranms butyral dehyde/ gram

of rhodi um hour. e product N Iso ratio was 2.30: 1. EXAMPLE 10 5
A cataly%? sol uti on was prepared under nitrogen using a charge of 15
ng of rhodi um char gedcatazystodobution wésl prdpaselionyneechdbybgenet at e

(0,145 mrole, Q03¢5 Wnarge of "Fs"hyobEPLABAILACchirdda™lR & holul 2"™)
(II) dlcarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
the fluorophosphlte (2.91 mmole, 1. 18 grams) having the

15 structure
Meo\.-. .-11190
20 2N _ 7N,
. \0=./ \c'__.o/
AN
25 t—B4 t—Bu
\\E//
30
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 héated to 115°C.
?ropylene 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 equivalent to having the
following partial pressures in the feed to the reactor
reported as bars absolute (psia)[kPa): hydrogen = 6.6



10 formul a [err] 30 and 190 nL of a paraffin solvent (Norpar

13, Exxon wo oo/abgym cal Conpany). This catal yst sol ution waspehosss@240
to the reactor under an argon bl anket and the reactor seal ed. The

reactor was pressured to 18.9 bars absol ute (260 psig or 1890 kPa)
wi th hydrogen, carbon nonoxi de 35 and nitrogen and heated to 115[err]C.
Propyl ene feed then was started and the flows were adjusted to the
fol |l owi ng reported as |liters/ m nute-at?2%tandard tenperature and
pressure (STP): hydrogen 3.770; carbon nDnOX|de 3. 70; nitrogen =

1.12 d I = Thi 40
parti al presour d36)568017 apFham aanexide L 6 € oL PR Snt pEogen, 2eTd
g_pfl a) [ kPa]: A ?)zlg)a[oggnoa]t‘; &d@@r{c@ﬂﬂ]ene:w a7 n(ﬁbk[il’éo] 6.6 (96)[660];
itrogen = 7 h
uet e é:q{ Qﬂ'}\; ﬁ%o arlﬁed ot (‘%}&? Phe éﬁove_rﬁlowg e

reaction was carried 0 hour s
but yr al dehyde pfoaus: hounsat e The hufyraldehyde production rate for the

Caal yst adtivi Lo, SRS LRt O 0 00ge) a9, 9 borioutoror o
I s, but yr.a) de a
r hodi um hour . TI‘F@%W&RP%‘I‘?S‘% 85 c?v% %%‘)'[ u ra%ﬁggg/ﬁam of

rhodium—hour. The product N Iso ratio was 1.59:1.

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 g),
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 solvent
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)]1[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



A catal yst solution was prepared under nitrogen using a charge of 15

ng of rg%gmsgp‘grged as a rhodi um (I'l) dicarbonyl ac §98 pate

(0. 145 ) 375 g), 10 bi s(2,4-di-tert-butyl phenyl) uorophosphite
(4.37 mmol e, 2.01 grams) and 190 nL of a m xed sol vent conposed
of di phenyl ether and ISOPAR Min a 1.6 to 1 (vol ume: vol une) rati o.

| SOPAR Mis a isoparaffin sol vent marketed by Exxon Chemical with a
boi ling point 15 range of 206 to 253[ers¢C- This catal yst solution was
charged to the reactor under an argon bl anket and the reactor seal ed.
The reactor was pressured to 18.9 bars absol ute (260 psig or 1890

kPa) with hydrqajaﬂ,ysjarmﬁ.vity' ofm7104<1 dei bogirans rogtyrahdehpdesgran 115C.

Propyl ene 20  of hansu iRt e, SUid S Gidet 1f: 1L0VPa Pl wall #2466 [0 the

foll ow ng report st andar enpera ure’and
pressure (STP): hydrogen = 3.70; carbon nonoxi de = 3.70; nitrogen =
1.12 and propyExAMPEE 21§)8. This is equivalent to having the follow ng
parti al pressures in the feed to the reactor reported as bars

absol ute (psia)[ kPa]: hydrogen = 6.6 (96)[660]; carbon nonoxi de = 6.6

(96)[660]; nitrogerd xaﬂ:ﬁ]&@f{ M]ut:'emd was prgpalpgd amder 3nitfogen 370] .

The reaction r The -
but yr al dehyde%% i on %e‘!’? t% qubﬁyg?ﬂlﬁv@‘%o%r% % oglélgé)l##‘oiﬁ
aver aged 147. GP »uﬂﬁcanhonylacetoayﬁeageﬁa%ettwwxgscmmgles Qi 035 @k,
but yr al dehyde/gHeint1uoroptdsphiied Ufg P Mmmd1e, pzwbl A

2.21: 1. P O& C&r FOhéa%fﬁPARATIVE
EXAVPLE 10 formula 1n g exanple illustrates an attenpt to

hydr of ormyl ate 1-octene using an anal ogous 5 chl orophosphite ligand. A
catal yst sol ution was prepggea%under ni tro using 15 ng of rhodi um
char ged 15 as a rhodium(I1) bpnyl ace_u)\ acetate (0.145

/ N7

20 t—Bﬁ  “\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 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 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



mmol e, 0.0375 g), 1,1 -biphenol-2,2"-diyl phospha- chloridite (4.35
nol e, 1. O%vp9o/f3ose Ng the structure 10 [err] 25 apor/DSosns240f
2,2,4-trinethyl-1, 3-pent anedi ol monoi sobutyrate solvent. This was -
charged to a 300 nm, 30 hi gh pressure autocl ave under a nitrogen bl anket
al ong with 10 mL of purified 1-octene. The reactor was seal ed. and
then pressurized to 28.6 bars absolute (400 psig or 2860 kPa) with a
1:1 m xture of hydrogen and carbon rordiki-de. The reactor was heated to
and mai ntai ned at 35 110[err] C. These conditions were naintained for 2

hour s wi thout the uptake of any gas. The reactor was cool ed,
- vented, and thel@gkt 8nhouxsalof, operatdamaragpd -2 97hgur: f@r 8cover ed

ITihQU! d re;/_eal eﬁchl&guy%d&lcdﬁhrxgcig of dz.rarz_)d@n_ tmeryi-@meﬁyl déﬁfgram

e I nvention ha en.described | et al th, rticul a Lerence
to preferred enB%dFﬁEﬁP?mFﬁEPEbf,dke pﬁﬂd“#% ??°tﬁ§f%ﬂé?§?o§a5?h t
variations and nodi fications will be effected within the spirit and 45

scope of tge inﬁm B 11 _ - 34 -

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 gq),
10 bis(2,4-di~tert-butylphenyl) fluorophosphite (4.37
mmole, 2.01 grams) and 190 mL of a mixed solvent
composed of diphenyl ether and ISOPAR M in a 1.6 to 1
(volume:volume) ratio. ISOPAR M is a isoparaffin
solvent marketed by Exxon Chemical with a boiling point
15 range of 206 to 253°C. 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 kXPa) with hydrogen, carbon
monoxide and nitrogen and heated to 115°C. Propylene
20 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 following partial
25 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].
The reaction was carried out under the above flows
30 for 4 hours. The butyraldehyde production rate for the
last 3 hours of operation averaged 147.6 g/hour for a
catalyst activity of 9.05 kilograms butyraldehyde/gram
of rhodium-hour. The product N:Iso ratio was 2.21:1.



25 [err] wherein R3 and
R4 are | tly selected fromal kyl, 30 al koxy, h

cycl oal k%gﬁﬁgf |, al kanoyl , cycl oal kyl, aryl, ar 3’1“32‘%38’5?23% .
car boxyl, carboxyl ate salts, al koxycarbonyl, al kanoyl oxy, cyano,

sul fonic acid and sul fonate salts in which the alkyl noiety of such
al kyl, al koxy, al kanoyl, al koxycarbonyl and al kanoyl oxy 35 gr oups
contains up to 8 carbon atons; mand n eaBk +s O, 1 or 2; and the
total carbon atom content of the hydr ocar byl radicals represented by
Rlerr] and R2 is 2 to 35 and wherein the ratio of gram nol es

f | uor ophosphi t EOMPARATEIVEEIAMBLE 2 m at ons rhodiumis 1:1 to 70:1. 40

4. A catal yst system.conprising rhodium and one or nore

fl uorophosphite conpounds having.the general forpula 50
[e?r] P 5§p | wher e Eﬁagﬁﬁﬂggﬁg&i&?ﬁgFPgéﬁyaPeﬁgg§EﬁF %odi val ent

hydr ocar byl enehgdnoformylatei hgoétene3tsingban ahalegeus wherein the
rati o of gram sphj I igan t t transition °
otal bo 9 e ZhiSRophURERREESPIGhAA’ | IR dataryst! SoShETLA' GHB 117
CLAI MB W Prepared under nitrogen using 15 mg of rhodium charged

as a rhodium (II) dicarbonylacetonyl acetate (0.145

mmole, 0.0375 g), 1,1’-biphenol-2,2’—diylphospha—

chloridite (4.35 mmole, 1.09 g) having the structure

10
7 7N
. =0
15 Ne=.”
1
20 . /o—o\\
\.=. .-o
25

and 90 mL of 2,2,4—trimethyl-1,3-pentanediol
monoisobutyrate solvent. This was charged to a 300 ml,
30 high'pressure autoclave under a nitrogen blanket along
with 10 @L of purified l-octene. 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 and maintained at
35 110°c. These conditions were maintained for 2 hours
without the uptake of any gas. The reactor was cooled,
vented, and the contents analyzed. Gas chromatography
of the recovered liquid revealed that no aldehyde
products had been formed.
40 )
The invention has been described in detail with
particular reference to préferred embodiments thereof,
but it will be understood that variations and
modifications will be effected within the spirit and
45 scope of the invention.



1. A catalyst system conprising one or nore transition 5 metal s sel ected
fromthe Q&BQng%kl nmetal s and rheni um and one or nore pyRisORIVSPhite
conpounds having the general fornula [err] 20 wherein Rerr] and
R2 are hydrocarbyl radicals which contain a total of up to 40 carbon
atons and wherein the ratio of gram nol es fl uorophosphite ligand to
gram at ons transition netal is at least 1:1. 25 2. A catalyst
system according to Claim1 wherein the — 34ransition nmetal is rhodi um and
the total carbon atom content of the hydrocarbyl radicals represented
by R err] and Rlerr] is 2 to 35. 30 3. A catal yst system
according to Caim2 wherein Rlerr] ,'7'agd R2 individually are
i ndependent |y sel ected from al kyl\of 4p to 8 carbo ons, benzyl,
cycl opent yP, cycl ohexyl, cycl oheptyF ~or an aryl grgﬁg£having the 35
formula: ~ [err] 40 N7 - 35 - 5 A
catal yst a@stem according to Claim4 mhe'fin t he rati o of gram nol es
fl uorophosphite ligand to gramatons Xﬁodiun1is 1:1to 70:1 and Rferr]
and R2 coljlgectively represent al kylene of 2 to 12 carbon atons, 5
cycl ohexyl ene, an aryl ene group having the formul a
NN
20 (R4)n : :"
N7\ 7

(IV)
25

wherein R3® and R? are independently selected from alkyl,

30 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

35 groups contains up to 8 carbon atoms; m and n each is O,
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.

40

4. A catalyst system comprising rhodium and one or more

fluorophosphite compounds having the general formula

1
45 //p——R
. F——P\\ (1)

50 : 0—R>
55

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.

60



10 15 20 [err] 25 having the formula
[err] 55wo o9Mdes£i N each ‘m | S arPCR/AU$9818240adi cal
havi ng formula (V), (V) or (VI \ I each ester oxygen

atom of fluorophosphite (1) is bond © a rimgse0* carbon atom of Alerr]

and A2; Xis (i) a chem cal bond directly between ring car bon
atons of Alerr] and A2; or (ii) an oxygen,atom a - group having the
formula -(CH2)[err]- whereiny is 2to 4 B a group having the formula
65 - 36 -
CLAIMS
We claim:

1. A catalyst system comprising one or more transition

5 metals selected from the Group VIII metals and rhenium
and one or more fluorophosphite compounds having the
general formula

10 O—--IR1
F—P/ (I)

15 No—g?

20 wherein R! and R? are hydrocarbyl radicals which contain
a total of up to 40 carbon atoms and wherein the ratio
of gram moles fluorophoéphite ligand to gram atoms
transition metal is at least 1:1.

25
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.

30
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

35 formula:

N
S (1I)

40 li'
(&3

45



~[err] 10 wherei n Rerri s hydrogen—al kyl or aryl; R6 is hydrogen or
- al kyl ; and vdyeo/gogsip - C( [ up to 8 carbon 15 pc@iys9siszadnd
wherein R3 and R4 are in !mrﬂmﬂml ed from al kyl , al koxy, .
1C a y *

hal ogen, cycl oal koxy, fornyl amoy cycl oal kyl, aryl, aryl oxy,
aroyl, carboxyl, carboxylate salts, al koxycarbonyl, al kanoyl oxy,

cyano, sulfonic acid 20 and sul fonate salts in which the al kyl noiety of
such al kyl, al koxy, al kanoyl, al koxyecadbonyl and al kanoyl oxy

groups contains up to 8 carbon atons; p and q each is O, 1 or 2. 25
6. A catal yst systemaccording to Claim5 wherein the, )

f1 uor ophosphi t e 3¢ garftl FALRI¥RE {S¥FLeM accepding tgClaim 4 wherein the
_[erL ] . 50 l\ka I :&; rtiﬁeq&aﬁ[m%ésiﬁlﬁbkybheéfwﬁite ﬁ?gahbotoammé mb RS
i s hydrogen, a i . cal 0 14 2 0 " car bon
atons; and X is%%‘ﬁam%hle%ﬁhfa%%%%rgﬁ?% S%ngx%et%%%eﬂ:ﬁ‘éég%r bon at ons
of each phenyl emeppesent alkylendiefi X te bandarbonratemp,a group having

the fornul g cyclohexylene, an arylene group having the formula
N\ 7/
10 (R3) — i (V)
NP
15
20 4, 2NN
(R") —~—t— | (VI)
RN NP A
25
30 4. NN,
(R) —~+—i— | (VII)
- TSNz
: i
40

or a radical having the formula

1—
45 : )<\
50 A2__

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 A! 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



- 37 - 10 wherein each of Rlerr] and R6 is hydrogen or al kyl of

1to8 n atons and the ratio of gramnoles fluor | 15

| i gand towé)r"gﬁ?%?ons rhodiumis 1:1 to 50: 1. 7. A cgegilegg)isé&stem
according to Claim6 wherein the fl uorophosphite ligand has the -
formul a [err] 35 8. A catal yst solution conprising (1)

one or nore fluorophosphite conpounds having the general fornula
[err] 50 wherein R err] and R efr36 a e hydrocarbyt—Taditals—whi ch

contain a total of up to 40 carbon atons; (2) ' (3) a
hydr of or myl ati on sol vent; wherein the ratio ofllmﬂmﬁgmﬂﬁm
fl uorophosphite |Iigand to gram atons mgodi um i s ate | ea s L.

9. A catalyst solution according to Caim§g wherein 60 t he

fl'uor ophoSphi t e conpounds have. the generar“6 mul a

10
wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or
alkyl; and the group —C(R®) (R®)~ contains up to 8 carbon
15 atoms; and '
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
20 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 q each is 0,
1 or 2. |
25 6. A catalyst system according to Claim 5 wherein the
fluorophosphite ligand has the formula
8
30 e
Noo”
35 /O/
40 F--P\o
\o—-o
45 R=L X
;=.)&R3
50

wherein each R’ is alkyl of 3 to 8 carbon atoms; each RrE
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
55 between ring carbon atoms of each phenylene group to
which X is bonded; or (ii) a group having the formula



- 38 - [Jerr] 10 wher ei n Rferr] and R2 i ndividually are
I ndependen 6’99/13 g4 Selected fromalkyl of up to 8 carbon at onesusmsnayo, 15

cycl opentyl, cyc ohexyl, cycl oheptyl or an aryl group havi ng t he -
formul a: (rr) [err]

55 mhereln R3 and R4 are independently selected fromal kyl, 60

al koxy, hal ogen, cycl oal koxy, fornyl, alkanoyl, cycl oal kyl, aryl,

aryl oxy, aroyl, carboxyl, carboxylate — 3vakts, al koxycarbonyl,

al kanoyl oxy, cyano, sulfonic acid and sulfogggg_salts in which the

al kyl moiety of such al kyl, al koxy, al kanoyl, al koxycarbonyt—and

al kanoyl oxy 65 groups contains up to 8 carfon at mm_mnﬂm s O,

1 or 2; and the total carbon atom content of] the lﬂ"ﬁﬁ"ﬂadlcals

represente8 by Rlerr] and R is 2 to 35 =—C=and whereinth& ratie of gram

nol es fl uorophosphite ligand to gram at rhodiumis 1:1 to 70:1. 70
10

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
./.—.\o—?e - t— u
25 N N7 \./B
7 i i :
t-Bu Nz
30 .
t—éu
35

8. A catalyst solution comprising
(1) one or more fluorophosphite compounds having the
general formula

40 . 0 Rl

45 F—P\ ) (I)
O0—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 fluorophosphite compounds have the general formula



- 39 -

10. A catalyst solution according to Claim9 wherein t he

rati o of es fluorophosphite ligand to gram mis
1:1to 5@%%‘{ he hydr of ornyl ati on solvent is sel ec'%g'ﬁ”#? %ﬂgl kanes,

cycl oal kanes,

al kenes, 5 cycl oal kenes, carbocycl|c“£u4nmu44;4anxnyuﬁ}-

the pressure at which the process is being operated

esters, ket ones, acetals and ethers and water whi c m im
i i i . : st
. | | . O

solution according to Caim8 wherein 16 38tke quoroph

have the general fornula 20 _ [err]
wherein R err] and R2 collectively represent al kylene of 2 25 to 12
carbon atons, cycl ohexyl ene, an aryl eng_ggdup - havi ng the formul a
5 F—P (1)
No—z?
10
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:
2" '
20 -\.i./o— (II)
3
25 R
30 o—
N _
Nl 7
35 '/- -\. (IXII)
N 1.7
40
4
(R%)
45
VAWAN
%0 - R A—i— i (IV)
TN, N\ 2
55 .
wherein R® and R? are independently selected from alkyl,
60 alkoxy, haloggn; cycloalkoxy, formyl, alkanoyl,
cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate
salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic aciad
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,

70

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.

.



[err] 60 - 40- or a

radi cal haypgrids fornul a 5 10 PCTAIS95/18216
wherein each of Alerr] and A2 is an arylene radical having -
formula (V), (M) or (VII) above wherein each ester oxygen at om of

fl uorophosphite (1) is bonded to a ring carbon atom of Alerr] and A2 ;
20 Xis (i) a chemcal bond directly between ring carbon atons
of Alerr] and A2; or (ii) an oxygen atom-—a39 — group having the fornul a
-(CHerr])[err]- whereiny is 2 to 4 or a group having the formul a
[err] wherein R5 is hydrogen, alkyl or aryl; R6 is hydrogen or
al kyl ; and the d®up A caiglrsy )sqhejion capcardingpteoCadamy Bowhereingt ons;
and 40 WL ira s B d¥amkolds cpragesphispRitet 2dghndmMto gradd Kyl ,

al koxy, hal ogen,_.cycl oal koxy. — fornyl, al kanoyl | oal kyl ryl,

aryl oxy, aroyl, a&i%lﬁ)&°£’dé\“ b’t:ﬁ(y*ai o Eg'ga?{’g, tﬁ?kﬁ¥§€8?8ﬁvpﬁ%1°"

al kanoyl oxy, cyaolventl fimiselsctted from alkanes, cycloalkanes, alkenes,
' 5 cycloalkenes, carbocyclic aromatic compounds, esters,

ketones, acetals and ethers and water which are liguid
at the pressure at which the process is being operated.

11. A catalyst solution according to Claim 8 wherein

10 the fluorophosphite compounds have the general formula
o—r1
15 v
F—-—P\ (1)
2
20 O0—R

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

2\ s
30 (®3) 4 V)
PSS
s
40 4. 2NN
(R7) ——— ) (VI)
E SN ANP2EN
45 .
50 s NN
(R7) ~4—i— | (VII)
55 I NN A
|
60

MULLLL



and sul fonate salts in which the al kyl noiety of such 45 alkyl,, alkoxy,

al kanoyl carbonyl and al kanoyl oxy groups cont
e | 2. A ©

car bon at

afid g each is 0O, 1 or yst

solution according to Caim 11 wherein 50 the ratio of gram nol es

fl uorophosphite ligand to gram

hydr of ormyl ati on - 41 -
solvent is selected from al kanes, cycl aal kgnes, al kenes,

cycl oal kenes, carbocyclic aromatic conpounds est ers, ket ones,
acetals and ethers which are liquid at th ressure at which the
process is beidw #peadiesl hdving th&3fofmm@cess f '%mltmmmﬂm

whi ch conpri ses contacting an ol efin, hydrogeh X|de
W th a solution of a catalyst systen1conpr|3|ng r odlun1 dne

nore fluorophosphite conpounds having th® _general 10 formul a 20
[err] 5 wherein RL and R err]/are hydrocarbyl radicals which
contain a total of up to 40 carbon nms; 25 and a hydrofornyl ation
sol vent ;310 wherein the ratio of gragfuanles fluorophosphite Iigand

to gramatons rhodiumis at |east 1:1. 14. Process according to

the ran

d ain113§¥herein t he 30 concentration of rhodiumin the solution is in
to 300, ng per_liter and the process is carried out

wh%ﬁ i

at a tenperature ofeachtof 185[and |2 dis amprasyslene iradieal having

20

25
30

35

40

45

50

formula (V), (VI) or (VII) above wherein each ester
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 Al and Az' or (ii) an oxygen atom, a
group having the formula —(CHz) wherein y is 2 to 4 or
a group hav1ng the formula

wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or
alkyl; and the group —C(R%)(R®)— 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
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,
1 or 2.

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

atons rhodiumis 1:1 to 50:1 and the

| dehyde



range of ambient to 36 bars absolute (3600 kPa). 35 15. Process

accordi ng o éd/abse 14 wherein the concentration of rhopcIusesmsée
solution is in the range of 20 to 300 ng per liter; the process is_ is -
carried out at a tenperature of 50 to 135[err] C~a%— essure in the
range of anmbient to 36 bars absolute (3600 kPa); ““m\‘“m““l\l“‘“l
fl uorophosphite conpounds have the general formula T“

- 42 - Jerr] 10 wherein Rl err] amd4®2 - ndividualflycart "

I ndependent |y selected fromal kyl of up to 8 carbon atﬁns benﬁyl, 15
?gfhﬁrgptyl, cycég EXXL iCyCL 28 gé'f%%m?gl aneé?waJéloalkaSQQJKQ{RS%Qﬁr]

cycloalkenes, carbocyclic aromatic compounds, esters,
ketones, acetals and ethers which are liquid at the
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



55 wherein R3 and R4 are independently selected fromal kyl, 60

al koxy, h cycl oal koxy, fornyl, al kanoyl, cycl |,

aryl oxy, vg%)ggg}%ar boxyl, carboxyl ate salts, al koxycar 12%%/9?/ 18148

al kanoyl oxy, cyano, sulfonic acid and sulfonate salts in which the

al kyl moiety of such al kyl , al koxy, al kanoyl, al koxycarbonyl and

al kanoyl oxy 65 groups contains up to 8 carbon atons; mand n each is O,
1 or 2; and the total carbon atom content ,gf the hydr ocar byl radicals
represented by Rlerr] and Rerr] is 2 to and wherein the ratio of
gram nol es fl uorophosphite ligand to gramatons rhodiumis 1:1 to
70:1. 70 1 -43- 16. Process
according to Caim 13 wherein the_gggppn—ﬁs a nono-a-olefin of 2 to 10
carbon at gns. 17. Process. ording to C aim15 wherein the olefin
Is 5 a nono-a-olefin of 2 to 10 ca\hg__ zons. 18. Process
accordi ngato C aim 14 wherein the. . centration of rhodiumin the
solution™rs in the rang f 20 to 300 ng per liter; the process is
carried out atwherein Rinpedakgrtndﬁvtnuatﬂﬂsﬁteri?daaendeptbssure in the

range of gahbeskat @raﬁ Q§k§1aéiohbt %o( 86eQrbBﬁ) at%@ tmnzy
fl uorophosphite ciggoun genera f or mul Cerr] mhereln

Rlerr] atd R2 E¥F FPVXFy F¥ﬁ}8§ ¥ la GVG&PEﬁPtyl or H?dPGE&rE?P@Eb group
cont ai ni ng 12 havifigcthkofoghala:

27N
*° S o
3
25 *) RN O AR O
* C L M S *
30 & -9
o/ \0—
~ e
35 TN, (I11)
N
40
(R%)_
45
50 4, 2NN Ty
(R ——i— i (Iv)
N N2
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,
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.
70



19. Process according to Claim18 wherein the ratio of 30 gram nol es

f | uor ophosyig oA 3zéds0and to gram at ons rhodi um Is 1:1 to pixrdsoangd2del err]
and Rlerr] collectively represent al kyl ene of 2 to 12 carbon atons, -
cycl ohexyl ene, an aryl ene group having the formura—— " [err] 5

- 44 - 5 [err] 10 or ara

formia 25 ey * "SRR NETENN IHIII
each of Alerr] and A2 is an aryl ene radi cal4havi ng *formuta {V)S, (V)
or (VIl) above wherein each ester 30 oxygen at om of quorophosphlte (I)

is bonded to a ring . ) ..
16. Process according to Claim 13 wherein the olefin is

a mono—a-olefin of 2 to 10 carbon atoms.

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—Rl
-F'—-p\ : (1)
20 0 Rz
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 VAN )
() —+ i
40 PN
45 .
- 4, NN
50 . (RY) g——— ] (VI)
N7 \.-/ N

55



carbon atomof Alerr] and A2, Xis (i) a chemcal bond directly
bet ween [jn - carbon atons of Alerr] and A2; or (ii) atom a
group ha%%"?ﬁ‘é formula -(CH2)[err]- whereiny is 2 to 4P§?"'§éy’%%a group

havi ng the fornul a 40 45 wherein R5 is hydrogen, alkyl or aryl
R6 is hydrogen or 50 al kyl; and the group -C(R5) (R6)- contains up to 8
car bon atons; and wherein R err] and R4 are independently
sel ected from al kyl', al koxy, hal oggp, _cycl oal koxy, fornyl, alkanoyl,
cycl oal kyl, aryl, aryloxy, aroyl, carboxyl, carboxylate 55 salts,

al koxycar bonyl , al kanoyl oxy, cyano, sulfonic acid and sul fonate salts

in which the al kyl npiety of such pr (.alkyl, al koxy, al kanoyl
al koxycar bonyl and alkanoylgﬁggiq . :g dﬁ?s contalns(Q&Iao 8 carbon annB,

p and g sach is 0, 1 . . . _ 45 -
20. Process according to daim 19 ﬁhé}éﬁﬁb?luorophos- phi te conpound
has thelaornula [err] 25

_

R

or a radical having the formula

15 1__
20 <2_
25 '
wherein
each of Al and A2 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 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 —(CHjy),— wherein y is 2 to 4 or
35 a group having the formula -

40

45

wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or
50 alkyl; and the group —C(R®) (R®)— contains up to 8 carbon
atoms; and :
wherein R3 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 o,
1 or 2.



wherein each R7 is alkyl of 3 to 8 carbon atons; each R8 I s hydrogen,
al kyl of %699/%9?‘” bon atons or al koxy of 1 30 t o 8 car borCHMUSHRL824hd X
chem ca

is (i) a bond directly bet ween ring carbon atons of each -
phenyl ene group to which X is bonded; or (ii) a group having the
formul a [err] 45 wherein each of R5 and R6 is hydrogen or al kyl
of 1 to 8 carbon atons; and the olefin is a nono-[err]-olefin of 2 to
10 carbon atons. 50 21. A process for 4®eparing an al dehyde which
conpri ses contacting an ol efin, hydrogen and carbon nonoxide wth

2 soluti on of 8,63 Aot S RBAURYY LI 1 wherein ELSESBHOEEN 1@
[err] 25 whe phiiteec aonpgdund has tH&kyforiulato 8 carbon atons; each R8

i s hydrogen, alkyl of 1 to 8 carbon atons or al koxy of 1 to 8 carbon
atons; and X is a group having the fornul a

> "’\/Rs
7 2
R .\.=./

10

/O/
15 F‘P\o
\.-.
20 R’-.Z }\&R
. ox=e 8
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
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 RS and R® is hydrogen or alkyl of 1 to 8
carbon atoms; and the olefin is a mono—o—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
fluorophosphite compound of the formula
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[err] 40 wher ei n each of Rlerr] and R6 is hydrogen or alkyl of 1 to 8

car bon atgﬂﬁ% the olefinis a nono-[err]-olefin of 3 tg 8 carbon
at ons; ere the ratio of gram nol es of quorophogﬁﬁﬂF@yVFﬂhnd to
gram atons rhodiumis at |east 45 1:1; and the process is carried out "at
a tenperature of 50 to 135C and the normal to iso ratio of the
al dehyde product is controlled by varying the partial pressure of
carbon nonoxide in the reactor gas betwee#63~0 and 8.0 bars absol ute
(300 and 800 kPa). 50
8
5 R7—~I.-’{'
\l=./
/
O
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N\
0,
15 S e
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N,
20 >\R8
25 wherein each R7 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 R® 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 ratioc 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).
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