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- 1HYDROFORMYLATI ON PROCESS USI NG CHLM TAL CATALYST SYSTEM Thi s
i nvent i onwpagoraig’s to certain novel WMW@H NS CONPpEBARGeS438 | €ast
one chl orophosphite Iigand conpound in co@hjppation with a transition netal
and the use of the catal yst systemin the hydrof ornyl ation of various
a-olefins to produce al dehydes. The hydrof ornyl ati on reaction, also known

as the oxo reaction, is used extensively in comercial processes for the
preparation of aldehydes i o by the reaction of one note of an olefin with
one nol e each of hydrogen and carbon nonoxi de. The nbst extensive use of

the reacti QRS rbEM{TIE 10N PRBEESI UG @LoRPEIFFUTE-MEG AL SROrAbNE Y Svrdahyde from
propyl ene. The ratio of the anount of the normal al dehyde product to the

anount of the iso al dehyde product typically is referred to as the nor mal

pr opytene.  The nod i v kertdlne [PATHR pbR St sBbiel (B EEDBene ar e

inturn §0nV§thte@dt bﬁé@hmmcsgpmtem?aﬁdi bdm)b@hmtﬁdnlcmmﬂﬂﬂmmahnthra)ducts such
as, for exa n- but anol et hyl hexanol , n-butyrjc acid, |so but anol ,

neo- pent yl gﬁ@eyﬂonzn@tahamd thﬁaw/pf thematalyst aielamuin the RYAFIABRYI&ER0L yr at e
and di-i sobu&yrg,t,&f@ﬁ %ﬁn‘asrt% &Fdﬁegaf&eh% dethyl -1, 3-pent anedi ol . The
0 [

hydr of or nyl ati on er a I ns su as l-octene, 1-hexene and
1-decene yield al G‘eby@ejr@fbndwmmnmctlbnaaleo usefubsiteedso oeistidmis t he
preparation of det rgent al cohol s asti_cizer al cohols
hydr of or nyl aF?%‘g eryiysY |’\‘Eﬁrﬁ'ﬂi‘eb¢'glf9rﬂges§§§ﬁ° éée foFRﬂraQ‘P%Bf@‘dei?'é’d%ef ul for
t he pr cti 1 s

pr ofy g? _tﬁ%_r%é&gfn &%H%gleg&%%n gﬂ%hh‘@»}?(h 8 molB &%H%f%ga%ﬁb

1! 4- but anedi atent 3 I ssued March 8, 1966, t0 Sl augh and
MUl | i neaux, dhdalarbes neoroxidepr Bes most Eyténmflems@/bétheanaphmasm thsi ng

trial kyl phosphi mbi nat tal ysts t he

or epar 4t | on BTERATaUR) SE80TAL AR rRUNERIBSers plerbi v, c Rha £a g
industrial 3t ByHUN Of e Abintd]l alctyas TRedibito theeymbyitidfahs Ysdor oduce a
limted range of 14 A pR 2003 WD 001 23187 PCT/ LJS99/ 24412 2 products

and, further ﬁiﬂ@hydermr@duﬂtttwcaﬂsels\/r@fqﬂmt?geérthg angmal tedso (NY) oPdeent
3,527, 809, fx%%%iﬁ?g{a%%ﬂ% B)TRA8. S diRklos BRI et fatogRga | oW

pressuré~hydro I'on ss hi'e arylphosp I ne or

triaryl phOSpI‘nd-butyrgai@dydemob@mmﬁbmwnowléme arfedditumm comivertgdtistio The |igands
5 disclosed by Pruett and Smth, although used in many commer ci al

appl i cations m%%lso50mmﬁr9@ﬂinyﬁ§J%cfﬂ%nt9ﬁk RIQENCHS SHARY aﬁy@F@P‘?m%est ability
problens. Sinpggy H}ﬁgez Eﬂg}ﬁéx@hﬁ?' [ §Saci@ UEEhAtRo! rﬂ&o\?ﬂ?ﬁ}?%g ve been

made to increase cat St stab ty, catalyst dctl he product
rati o with ah2arineetpybs, Bspeaﬂauyedabkdthegnbnombua/lramewubdlasobluMateA
20 esters of 2,2 4-trimethyl-1,3-pentanediol. The hydroformylation of higher a-
olefins such as 1-octene, 1-hexene and 1-decene yield aldehyde products
which are useful feedstocks for the preparation of detergent alcohols and
plasticizer alcohols. The hydroformylation of substituted olefins such as
allyl alcohol is useful for the production of other commercially valuable
25 products such as 1,4-butanediol.
U.S. Patent 3,239,566, issued March 8, 1966, to Slaugh and
Mullineaux, discloses a low pressure hydroformylation process using
trialkylphosphines in combination with rhodium catalysts for the preparation
of aldehydes. Trialkylphosphines have seen much use In industrial

30 hydroformylation processes but they typically produce a imited range of
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1 o wide variety of nonodentate phosphate and phosphine |igands, bi Hérﬂi?&t?_&(]}
| i gands such as bi sphosphites and bi sphosphines as well as tridentate and
pol ydent at¥O|003318ds have been prepared and di scl osed i n t hePFTVEVRMtIRe.

Not wi t hst andi ng the substantial progress which has been made in the area of
hydr of ormyl ati on catal yst systens and chem stry, there still exists a need
i s to develop, nore stable, |ess expensive and nore sel ective

hydr of ormyl ati on catal ysts. W have di scovered that chl orophosphite diester
conpounds are useful as ligands in catal yst systens for the conversion of

ol ef i ns 0" al dbyRSand MErALH50PHEGABIPald G3)U5o/BbnIseAsRRRS AN, | nvent i on

can be 2 o substituted for, or used in conb ion"w th, known phosphate
andl or phosphPatentiiya2i61809 rissuad Septembearntd; 187 Octat Rugsitand, Smiths digolasesi ng a

transition metal as _the pri " t Nk T di ment of
the present i fﬁthRrS%Slfrg%Xd%’Eé%‘?ﬁ%%@Qgi%ctegg;r@'ﬁgﬁui'%%gr]ﬁ%m@ﬂgs@ﬂﬁgioﬁati on
of one or nor idryphosphitligaidalia carlbasdtRm Wit mbdianTaaysw.| Thevigahgs and 2
s rhenium and onée or nore chl orophosphite conpounds (al so known as

C .
chf or opho$phoflisciesediy Prigtitans gavibr althewghised in manxmRMmEscia-vo- 001239%

-3 0-R d-P Q= R2 J~909j . I aromatic
hydr ocar byl ra%gat‘sonv%lhc %;P)frtétgoln% %@ﬁ%’ﬁdg’%gh?ﬁ%@%%b@g bon atons
and wher ei n t ipgolslatiso Sihcatiless exdtlyatisgibasel| hemerganinproveanients hansi ti on
nmetal is at least 1.1. The nov cat e?l st ens  may in a wde

t sy be.
vari ety of tr&¥Shm8 eFﬁet“&P@é@i"?f@E\e t%é%@ﬁws<3§t%¥§té§,t'3%g§ﬁg%%p| e,
hydr of fati : fi i & 2l iR i
ydrorornyrta 'p?BducE%Qﬁc?’%ﬁ% H%éﬂlg érﬂﬁﬁé’élé%ﬁ Wé’l@m(g(‘grféé?%@é}%}déjﬁmdgct. A

hydrosi | ati on, carbonyl ations Xl dat1 ons, "acet ations,” epoxi dati ons,,
hydr oani ndl i onwiddivayidtyoodfyinahbdentaty phospliieaand pbosphiekdiganidzabidesjatear bon

hydr ogen bond ,acti,vation, olefin netathesis, olefin dingrization

o1 goner i 2at | JAENISUFR A6 DROPORERTES AN REPTIPPBh TS WEh adrdss es and

copol ymeri zat i \idgderRitearhiaRBe nEl EBebA FrbParedNsh PLisgRITRMI iF #h & Gfbraliitb adi ene
pol yneri zal i on) and ochér carbon-carbon bond form ng reactions such as the

Heck reacti on Neiwithstandingdbplsiubgtandiatpiogiess Wwhichckasibgen myde enthecdepri si ng

mie ratio of SHVSFARRLERT ERANALRIR s ARERlafiahaitedul ded ' e

cat al yst 1gyst egricvelqy, insdrogtathedessreagendiee thdnaoid seledtiteal are especially
useful for the hydrofornylation of olefins to produce al dehydes and,
t herefore, arehﬁﬁfoé'ﬂ‘b/l@@.on,&a $rd enbodi nent of our invention concerns a

novel catal yst sol W%Q%\%%@q%ﬂ%)ﬁgg{}ggﬁgswf ?%iggtetrr&%nﬁ:ﬁglﬂ{d%p sphite

| i gands of fornula (I ornyl at’i on sol vent.
Thi s enbodi mentsefohgs ligaelsdn satalyst eysteing for the toneersidrabiyslefine tohi ch a

carbonyl ati on process such as the hydrafornyl ati on of an .
et hyl eni cal | yu%lgﬁﬁzu‘f%ﬁ'e h%B@ﬁEﬂmsﬁé&a gga%‘gf’?&}? E@F?“ﬁ‘%‘fﬁm'a“&&ﬁ&ﬁ nent of
the preseny i ny@Ntt@BARST, bAUSEd IrPcambindtioh ith, kAbWerpMsspfESant/bt | Zi ng the
above-descri bed catal yst systens and sol utions. The process of the present
i nvention t her phosphinatigantissna widecwsiety of catalyshsysignmutilizieg pdeandiliah
conprises cont %%télna% Gl p%n%{crg/ rc]:atalyst component. Thus, one embodiment of the

present invention is a novel catalyst system comprising a combination of

one or more tfransition metals selected from the Group Vill metals and

25 rhenium and one or more chlorophosphite compounds (also known as

chlorophosphonites) having the general formula
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with a solution of a catalyst system conprising rhodiumand a

chl or ophosphpt@aiggand of formula (1) wherein the nole rati @cgiydabosphi ne
ligand:rhodiumis at least 1:1. 1t is generally recognized in the art that
the presence of hal ogens in s hydrofornylﬁﬁ[on catal ysts normal ly reduces
substantially the activity of the catalyst” The literature contains
nunerous references and citations in which hal ogens are identified at

poi sons in the rhodium catal yzed hydrofornyl ati on process. For exanpl e,
Fal be ("New Syntheses with Carbon Mnoxgde" edited by J. Fal be) 1980,
Springer-Verlag) on page 73 to |ists’ hal ogens as poisons for

hydrof ornyl ation catal ysts. U &)-Bapents 5,0%p, 710, 4,595,753, 4,605,781
and 4,642,395 teach that hal ogen atans generally are detrinental to the
activity of hydrofornylation catalyé@~sF§tenE. U S. Patent 4,871, 878

di scl oses that hal ogens may be present I'n the organic structure of a

| i gand, but these hal ogen-containing substituents 15 typically have the

hal ogen | ocat ed | t apl,ey2 - 0l I r f .

phosphor us cent"éﬁ‘é}gﬁbﬁs %Bfﬁ%l%%%@%ggg @éﬁ%@gaﬁfrggprﬁa[l%%ﬁo@?ﬁ%rﬁhaqgﬁ lt hat
no i nteracti onssfGANOOASALL -4 0FedThEx Ak E and-whe it g ratictoll, 878mbksaches the
use of hal ogen substituted tribenzyl phosphine |igands except those_cases

where the chl or¢hieropbperbiteligand ®diMelwr e | HenBRIOP Helpdis 24 'sast Kdj déént to
t he benzylic gr [ I 0, i & Xyl ~c
materials or \/var'(t?ole{);231 g?ﬁaﬁ\&elsgg%r?g%ﬂ gnb%toﬁgédéﬁe%ﬁggwg r(gts‘ ﬂérlﬂest]thbég%ﬁ'g (()érj! and
W ki nson (" Adveaglgdet mooceutiee sUoRmss foryekandsid, Byldtafomyldiest? hywdgsnaand
Sons, pages 374-375) descr|be tHe hOSﬁhOI‘ us haL%des asb rra[agri als which are
2 5 hydrol yzed, i&brRPRELHATINY ch§?”? o a5 PRIl e CRIDQRIEONS Ko 0l apof f
reported many YeaRstiGO dcetd 1RRB 08 PEHAA Hifor{=0 IRYRMEAInatib A dBinyWdx§hatiand
Sons, pages 180 to i99) tﬁatﬂgmhe hal gphosphi tes are l:Pr;dslt abl le.yto.xﬁeat, and
react with wat eeycleprophobton datpmsiizabdns, cemai by byl aclivelipaepielin
characterized as .\ Ll o] iy . L O i r
("Dictionary O ﬁ'naté;g%%hé?@ﬁ%l@gﬁ%\?&h&ﬁ%ﬂ&gﬁ%@%ﬁ? 8%*‘%‘%)3%%‘?{@?6%? Yﬁt’% ~
-ASR ~' 0~ WO 00bEBh&G2rPaT MiSEidddily hed8ajor@h dpnadicandirdatiratiqreges 144
and 149, entries.C 00063.an% %ch092§ The geacti ﬁns[ wi t h, the ‘gr‘ﬁé‘%i C
material s gener SISPPRUCHIRSE PUBHEE BRYHILZRUCPLENE Hlp¢Ta¢ar BPIEEE

hydrogen hal i de%rnﬁﬁg’r@&ﬂmnhaddcﬁ% thg e dreeactionaridatnecplisgnsadionsany
transition neta [ £ e rofo -
reaction. There %%%?%Sﬁéggwggé{]}%%@%ﬁﬁ%&% ﬁégﬁgn%%lﬁé%%gme@agg&fﬁl rréu}a ®
hydr of or ny! at i SHPFELEES Mf!_’ﬁg% ‘i’g”?@oﬂ’ O RJE8T M RAT & 2 dnt r ary to the
teachi ngs of thghprca@slystdystédis Q@#?ri%ﬁ%ohhﬁﬁ deClrh iR RERAlIdre ester
conpounds having the formila R O/ CI-P (I) O~ R2 to function as

ef fective |igan8sPefiely usely! foi tee hpdredeinadatinn Bt olelmsitoirsadwes aldehydes or m
catal yst syste f r scri bed herei nabove The hydrocar byl

gr oups represeﬁgé%ftr%r%n%%@é%?%ge the sanme or 1 s different, separate
or conbi ned, and ar eAsst@utdembodimeamsilost invetrgidnacshcerns a novel catalyst

soluiion comprising (1) one or more of the chlorophosphite ligands of

30

formula (1), (2) rhodium and (3) a hydroformylation solvent. This
embodiment 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.

A third embodiment of the present invention periains 1o a
hydroformylation process utilizing the above-described catalyst systems
and solutions. The process of the present invention therefore includes a

process for preparing an aldehyde which comprises contacting an olefin,



substituted aryl groups containing a total of up to about 40 carbon aﬁom 2003
The total carbon content of substituents R and R2 préferably Is in the

range of awour/231gZ to 35 carbon atons. Exanpl es of the aryl pgrasps24asi ch R
and/or RZ individually can 2 o represent include carbocyclic aryl such as
phenyl, naphthyl, anthracenyl and substituted derivatives thereof. Exanples
of the carbocyclic aryl groups which R aadlor Rz individuaNy can represent
are the radicals having the formul as WO OO 23187 -6 (R m~R 4)n n R4) 5
(rv) ~ ~AP ~ ~10~~ PCT/US99/2 412 wherein R3 and R4 may represent one or

nore substit yapfreqkA d‘ﬂﬁﬁegﬁﬁnl Moﬁ@kﬁ‘étvﬂﬂw é%@ﬂ]t@nkdf'a cé&bf?@%éfysté]ﬁ' ogen,

cycl oal koxy, fornyl anoyl o cycl oal kyl, , ar oyl ,
carboxyl , cartampfising gwidiwh aaidk@zyhncwmmhlteehglaad@ﬂf@mwlaé aihereiadheé oni c

acid, suI f onate, sal,ts e like. of the aforesaid

ol ol koxanbie Bl of BRgbRns g pa IS B At AT 1oy Greuns tyocal 1y
contain up to aboutt @g@feb@uy @c@gﬁ;zeﬁllhlﬁwshthm ihe meséméa@fﬁaw%éngnﬂ
represent 0 to 5 and for to represent 0 to 7, the ~, 5 val ue each of m

and n usual | yivTpfoTeYIatiRg catelyets ey r@ﬂttﬁeéf%lb&@rwaﬂléﬁ?eeg@wywéltr@ens
andl or tower @Atgw "l‘?téoﬁ‘terétu?e cor?tta'f%' AherdiR! H%fé"r@ﬂcé% 3@&'3?&1091@3?1” al kyl of
arbon atons,

up to about 4 ¢ and m and n each represen
Al t er nat i vel ywhigh laldgensiareddertifieat atqroisoniol thecrhodlelhycatawe@pr esent ~ 4

APR 2003 VO OOIdzro]t’Bzmylgtlon process. Forexample, Falbe ("New Syntheses with

Carbon Monoxide" edited by J. Falbe, 1980, Springer-Veriag) on page 73

10 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

15 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

20 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,
pages 374-375) describe the phosphorus halides as materials which are

25 hydrolyzed, sometimes violently, in the presence of water. Kosolapoff
reported many years ago ("Organophosphorus Compounds”, 1950, Wiley
and Sons, pages 180 to 199) that the halophosphites are unstable to heat,
and react with water, alcohols, and phenols. Chlorophosphites have been
characterized as "Rapidly hydrolyzed" and "Reacts violently with water"

30 ("Dictionary Of Organophosphorus Compounds", edited by Edmundson,



PCT/ US991 24412 a di val ent aryl ene group. The dival ent groups which R and
R2 collectively may represent include radicals having the fornula A XPR2E
wherei n ewWeoB1$¥ and AZ is an arylene radical, e.g., a Gcqal§Rkbasrz
carbocyclic aromatic group containing 6 to 10 ri ng carbon atons, wherein
each ester oxygen atom of chl orophosphite (I) is bonded to a ring carbon
atomof A" 1 o and Az; X is an oxygen atpm a group having the fornul a
-(CH2)y whereiny is 2 to 4 or a group having the formula R5 15 -CRs
wherein RS is hydrogen, alkyl or aryl, e.g., the aryl groups illustrated by

formlas (I '%Qaé'{:hgpﬁﬁf.eérg&r%la%%ﬁg%4‘(z%@ﬁiﬁé’%&n caldaels arhe total

carbon 2 o conten nor nal not exceed 20
and, prefer abtg0092). i The I'@dtlangmtbfthé hydrcﬂyhcamlatﬁﬂaéet g;emerat@phais;biyorw%wen R

d Rz I | ect I t I | e t
Dhosphi te estei! SHUELAL Hs el praduc] REE byt Seiss. o EeBt el mu o
(1), are sepﬁé@é%@ewd%c?ta@ur&sqio@r@rfs rRgHY Bhiifish Mordi2ardyZeaar bon at ors.

2s Exanpl es of the arylene groups represented by each o and A2 incl ude
t he di vabent pmﬁs(sawucbmsetberlwdwf@vnylat@oﬁ (ﬂ&@ﬂ@@sTberefoVl )heantes(emqe) WO

peT/ Usos 247tbuthereehpa e svrgl Y rnbiorbiflatod reatbh o Byt is.ont

i ndependent | yesglRrtiededifapi al kyl , al koxy, hal ogen, cycl oal koxy, formnyl,
al kanoyl , cycloalkﬁ , aryl, aryloxy aroyl car boxyl, carboxylate salts,

al koxycar bonyl EﬁWé&i«he tepahings i thoprier arbive xé‘tﬁ foymgtteattha s and the
(i ke. The al EPﬂIorgQ p&ﬂ eyeﬁrer Bo@ﬁ@ﬁavnﬁé@%rm kanoyl al koxycar bonyl
gr oups

and al kanoyl oxy yplca contai ns out 8 carbon at ons.
Al though it is possible for p to repre gnmvo to 4 and for q to represent O
to 6, the value of each of p and q usuglly will not exceed 2. R3 and R4
preferably represent a hal ogen su@h—a? chloring) a |ower alkyl group, i.e.,
strai ght-chain and O

S~

10 R?
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

15 different, separate or combined, and are selected from unsubstituted and
substituted aryl groups containing a total of up to about 40 carban atoms
The total carbon content of substituents R* and R? preferably is in the range
of about 12 to 35 carbon atoms.

Examples of the aryl groups which R and/or R? individually can

20 represent include carbocyclic aryl such as phenyl, naphthyl, anthracenyl

and substituted derivatives thereof. Examples of the carbocyclic aryl

groups which R' and/or R? individually can represent are the radicals

having the formulas



15 branched-chain al kyl of up to about 4 carbon atons, or |ower al koxy; and
p and g each represent 0, 1 or 2. W have found that better result QE?RQMX
obt ai ned fWO®PRKNGZe | i gands which are unsubstituted or pr ef BIEIIBYS/24412
substituted with an electron withdrawing group in the position that is para
to the oxygen on the aromatic 20 ring. The presence of the el ectron

W t hdrawi ng groups on the aromatic ring-6t-abilizes the catal yst prepared
fromthe chl orophosphite | ~gands. The chl orophosphite esters which are
particularly preferred, e.g., those which exhibit the best stability, are
those of formula (M| 4 ~~pP~ ~D3 WD 00/23187 g OA / 1 Cd-P X
(Vi) 11 s OAZ PCT 9124412 wherein A') AZ and X are defined above and
wherein the ring carbgg atlonmrs of arylene radicals A and A~ which are in a
position ortho togefe niig carbon atons bonded to the chlorophosphite ester
oxygen atom are substltuted wi th a hal ogen atom preferably chloro, or an
al kyl group such as a to branched chain al kyl group such as isopropyl,
tent-butyl, tent-octyl and LE& | i ke. The nost preferred chl orophosphite
esters have the general for a \Ra)r ~ X (RB)f W-- (IX) RfT ~P~~ R~ i Cl
15 wherein R represents hydrogen, hal ogen such as chloro or C, to C 2
preferably C, to C4, alkyl;

, preferably C, to ¢4

is 0, 1 or 2; and X

Ra represent hal ogen such as chloro, C to C z
5y C, to C,z) preferably C, to C4, al koxy; r
having the fornula R5 -C Rs 20 wherein R5 is
hydr ogen, al k)( "o, the aryl groups illustrated by fornul as
(fl), (1f1) and ??L and R6{ i s hydrogen or al kyl The chforophosphite

di ester which is partlcul arly preferred is

a1y

5 (IV)

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

10 cycloalkyl, aryl, aryloxy, aroyl, carboxyl, carboxylate salts, alkoxycarbonyl,
alkanoyloxy, cyano, sulfonic acid, sulfonate salts and the like. The alkyl
moiety of the aforesaid alkyl, alkoxy, alkanoyl, alkoxycarbonyl and
alkanoyloxy groups fypically contain up to about 8 carbon atoms. Although
it is possible for m to represent 0 to 5 and for n to represent 0 to 7, the

15 value of each of m and n usually will not exceed 2. R® and R* preferably
represent halogens and/or lower alkyl groups, i.e., straight-chain and
branched-chain alky!l of up to about 4 carbon atoms, and m and n each
represent 0, 1 or 2.

Alternatively, R' and R? in combination or collectively may represent
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-102, 2' - net hyl enebi s(3, 4, 6,trichl orophenyl ) chl orophosphite which hgs Q%@Nm
structure: CI~SCl C° C C/ Cp~CC d (x) s The chl orophosphite esters
of fornul¥OOPF3¥Ay be prepared by published procedures or E§r/gssohnigues
anal ogous thereto. See, for exanple, the procedures described in the
exanples of U S. Patent 5,059,710, U S. Patent 4,912,155 and Wite et al.,
J. Am Chem Soc., 92, 7125 (1970). The7erganic noiety of the

chl orophosphite conpounds, io i.e., the residues) represented by R and RZ
in formula (1) can be derived fromchiral or optically active conpounds.
Chl or ophosphi HWa'lérQ%’MénQ?Fdd{ﬁd TrHedivaiahnt gtoudsywhich R apbeRPaddtiewtivdly
generate chiral ligands. Ligands consisting of the chiral chlorophoSphites
can be used Mayrfapesenbinsiudpsadigalsdiaving H1e/P8UR ocesses i ncl udi ng, but not
limted to, hyd rofornylation, is hydrogenation, hydrocyanation,
hydr osi | ati on, carbonyl ations, oxidations, acetoxylations, epoxidations,
hydr oam nati on, di hydroxyl ation, cycl ogrnopanati on, carbon hydrogen bond
activation, olefin netathesis, olefirydinerizations, olefin

ol i goneri zations, olefin polynerizat4ons, ol efin-carbon nonoxi de
copol yneri zati ons, butadi ene di nerXzati on and ol i gonmerization, 2 o

but adi ene pol yneri zati on, and other\ggrbon-carbon bond form ng reactions
such as the Heck reaction to yield e é&%ioselective product m xtures. The
novel catalyst systens provided by thé™present invention conprise a

conbi nation of one or nore transition netals selected fromthe Goup VIII
netal s aAd rheni um and one or nore of the chlorophosphite 2 s conpounds
descri bed i nY#6f&iN herei nabove. The transition netal nmay be WD 00/ 23187

PCT/ US99/ 24412 ~ 1, Eg§ﬁ%' 1 he for f i al
conmpounds such aﬁ%@??&éﬁ‘%‘?é éa{”'?\sé 0 Lééul{:?aﬁ'sq)'t ?‘gﬁvar}éﬁglc%%%‘lgm
conmpounds t hatormatic feupseattsining Glout@ engicarbmdatom$ owhéeten @ach\esterat al yst
include rhodium Il or rhodiumlll salts of cayboxylic acids  of ich
exanpl es suc I‘Pxé%e'?j?t-%SH?WJ%QP@PFB@E%{%{S@@‘&%W é‘f"@,carrg?%i%ﬂ’(‘l g}lyNacet ate,
rhodi unglyl) igpgnet yrate, rhodiun(ll) 2-ethyl hexanoate, rhodiun(11l) benzoate
and rhodiun(11) octanoate exist. Al so, rhodium carbonyl species such as
Rh4(CO i 2, Rh6( COK-i6 aanakyghoditomy & greehaviagdhefatsud <athhnyhersin Yoe

sui tabl e rhodj f,eeds,. Additional l rihodi um or ganophosphi ne conpl exes
such as tri s?% ?iq%)ﬁ'e ﬁgfngg\?&%%ﬁéﬁng‘gdi um car bonyl hydride may be used
when the organo phosphi ne noieties ofREhe conplex fed are easily displaced
by the chl orophosphite |igands of the present invention. W have found

r hodi um,2; et hyl hexanoate to be a partgcularly preferred source of rhodium
fromwhich to prepare the catal yst systemof the invention because it is a

15 conveni ent source of soluble rhodi yen and can be efficiently prepared
frominorganic rhodiumsalts such as rhodi um halides. The relative anmounts

of chl or ophospiéreth Rt Baydrayish, allgnst anfre.getiaé apdrgreapy ilQwstrated biyde range,
e.g., anmounts which give phosphorusaransition netal atomc ratios of about
1:1 to 100: 1_fom3wa§r§&),,(legng,(&aomchngqqudrogen or alkyl. The total carbon

20  content of the group -C(R®)(R®)- normally will not exceed 20 and, preferably,
is in the range of 1 to 8 carbon atoms. Normally, when R' and R?
collectively represent a divalent hydrocarbylene group, the phosphite ester
oxygen atoms, i.e. the oxygen atoms depicted in formula (1), are separated
by a chain of atoms containing at least 3 carbon atoms.

25 Examples of the arylene groups represented by each of A' and A?

include the divalent radicals represented by the formulas (V), (V1) and (VII).



20 catal yst systems, the ratio of atoms of phosphorus (provided by the

chl orophosphite) to atonms of rhodiumpreferably is in the range of about -
10:1 up t ohghth ratios in the range of about 15:1 to 50: 1 bei ngl 4 APR 7003
particularl'y preferred. A second enbodi nent of our |nvent|cﬁFYﬂﬁ? ¢efttd a

novel catalyst 25 solution conprising (1 ) one or nore of the

chl or ophosphite Iigands of forrmula (1), (2) rhodiumand (3) a

hydrof ornyl ati on sol vent. This enbodi ment8 conpri ses a solution of the
active catalyst in which a carbonyl ati on process such as the

hydr of ormyl ati on of an et hyl eni cal | yunsaturated conpound may be carried
out. 30 The hydrofornykati on reaction solvent nay be selected froma w de
1' 4 A PR ?A 87 PCT/ US99/ 24412 -12variety of conpounds, m xture
of conpounds, ? s which ar¥)1iquid at the pressure at which the
process i s being operat’ed.>~Such conpounds and materials include various

al kanes, cycl oal kanes, al kenes, cycl oal kenes, carbocyclic aromatic
conpounds, al cohols, esters, ketones, s acetals, and ethers. Specific

exanpl es of such solv-- ncl ude al kanes and cycl oal kanes such as
dodecane, dec I ¢ S g-octane m xtures, cycl ohexane) cycl ooctane,
cycl ododecane) %@t

aromat(Mg) hydr ocarbons such as benzene,

t ol uene, xyl ene isoner , cunene, al kyl-substituted aromatic
conmpounds such as the i somers of dii sopropyl 1 o benzene,

triisopropyl benzene and tert-butyl benzene; al kenes and cycl o al kenes such
as 1, 7-oct adi ene, dicycl] opent adi ene, 1, 5-cycl ooct adi ene, octene-1,
octene-2, 4-vinylcycpohexe cycl ohexene, 1,5, 9-cycl ododecatri ene,

1- pent ene; cr (R, i Xtures sugﬁ as naphtha, mneral oils and
ker osene; high- boi | i Mg s such as 2 A trinmethyl-1, 3-pentane 15 dio
nonoi sobutyrate. The aldehyme product of the hydrofornylation process al so
may be used. In practice, the preferred solvent is the higher boiling

by- products that r II for t he es

arof ooyt at MORrElniR T b ey FebESRa i A sEbSEERR T identy ons,
that are requbél%@téd)lfroﬁh éR‘?V%(dxyOﬂﬁngehS@}c%al J' Tbﬁnylﬂallkaﬁbylt eria for the
2 o solvent is that it dissolves the catalyst and ol efin substrate and does

not act as a EYFlOBHW.AYhandaxyl 3oy, cpft@rXé catboylaje sels fajkoxysarhyduct i on

Those whi ch arlRpRrr ExAno. IBRICAR Slrre B dha e HL TREIE. T 5

a g?s Spgm?ed maiatyt of su&oﬁwhtaﬁamda&ahvﬁnfxlkow&nr?aﬂylfmm a\ﬂ-'tiandwlaxyel |
preferred for use in 25 the productjo ess volatile on-vol atile
al dehyde prod@€P4P? W'E@I’LY ‘?Lorﬁé B’ %%’Lftél GHPAB FEOMy; r?é‘?’ Bd)tr'?ram de,
pert i uori nat e

g) Ib‘{é #&Sp %&?ébé%ﬁﬁ?ﬂ? ftc%)HOJn‘a‘?SF ﬁ%ﬁgﬁé teg.égfn g 'tﬁ é?lﬁé i

pht hal at e, pht hal at €, enzyl pht I ng

hydr ocar bon | |emhdsf s aod mssmﬂypaﬂl ks e@aeq:xhﬁaﬁ%anchhychem)bmrssﬂM@t

mar ket ed by n Chem fo"i Ias 3 O|COI’TbI nat:fgr f t hese sol vents
Ve have f ound NGISTENC ‘”% a lower At SEHD: o Yephaie3id iS00/ 24412

- 13 corrpﬁ,md%rahahgenﬁfam an@nsf @pwts aaautbpé@rbohrat@mrst bE v alkeXy; BRd ysed
advant ageously as the hydrof orgﬁatl on solvent since their use ¢an mnim ze

deconposi ti on &7d greadtniepresgiidhii @e2.est er |i gands.
We have found that better results are obtained from those ligands

which are unsubstituted or preferably, substituted with an electron
withdrawing group in the position that is para to the oxygen on the aromatic
20 ring. The presence of the electron withdrawing groups on the aromatic ring
stabilizes the catalyst prepared from the chlorophosphite ligands.
The chlorophosphite esters which are particularly preferred,

e.g., those which exhibit the best stability, are those of formula (VIll)



The-concentration of the rhodiumand ligand in the hydrofornylationg
sol vent or reaction mxture is not critical for the successful operat Mﬁ’W
our i nvemao am23igs nenti oned herei nabove, a phosphorus: rhodcumsag/psiiz ratio
of at least 1:1 normally is maintained in the reaction m xture. The

absol ute concentration of rhodiumin the reaction m xture or solution may
vary from1 ng/liter up to 5000 ngllitep.or nore. When the process is
operated within to the practical conditions of this invention, the
concentration of rhodiumin the reaction solution normally is in the range
of about 30 and 300 ng/liter. Congenfrati ons of rhodiumlower than this
range generally do not yield acc gptablye reaction rates with nost ol efin
reactants andlor require re ?operaw ng ﬂrperatures that are so high as
to be detrinental to catalys stabifity. gher rhodi um concentrations
are not preferred because of the g p cost of rhodium No special or
unusual >t echni ques are required f e preparation of the catalyst systens
and sol uti oRgheabir he A7 §ﬁ8'7¢a|*e“d§ﬁﬁédoébové|ér’@wﬁ8re'ﬂ meSnrq]%%heaqon%so obtain
a catalyst of high activity, that all manipul ati ons of o rhodi um and
chI or ophospmftaéyllengarﬂdlmﬁ'ﬁbﬂedt&z whicl are ine@ pesition eebe tathe negcasremspher e,

% oo SR bl BSOS o 0

sol vent. Theyigegurilegeh mtddi prefeRblyeiloysr aataky stouposuadnansas or reactants
are charged to the reactor is not critical. 2 s The third enbodi ment of the

pr esentld nvdiansiedahein alkyi arouprsueharsdearrony |, dert-Brivb das-ogivl Bngithg t he
above-descrifed catalyst systens and solutions. The process of the present
invention theréefore is a process for preparing an al dehyde which conpri ses
contacting an ol eTha mbstdsrefrredioklormphbephitmasterslieave the gereod!Uoraniof a
catal yst system conprising 3 o rhodium and a chl orophosphite |igand of
formula (1) wherein the(R8 Ty ~'(BT) 1 JS99124~1~~Ap~ 2003
-14 noles ligand: h' ~~les rho at™y 1:1. The ol efins which may be
hydr of or myl at ed by neans of ovu g/ conprise @{)i phatic, including
et hyl eni cal | y-unsaturated, |ow - cuI ar /el ght pol ymer( alicyclic,
aromatic and heterocyclic nong-, digo_an®tri-olLefins containing up 5 to
about 40 carbon atons. ExamR%es of thg al i phat ol efins which may be

utilized in the process include straight- and branched-chain, unsubstituted
and substituted, aliphatic nono-a-ol efins containing up to about 20 carbon
atons. Exanpl es of the groups which nay be present on the substituted

nono- a- ol efins include hydroxy; al koxy including ethers and acetals; to

al kanoy}®xy w@grﬁlaﬁarm@&@ntsMmqnngalaaen@@n@tqmqm@aCarﬁ)ﬁ?o; car boxy, a

oxyear bonvloERAPES, gk RXpRan GRS ke el €] 158,21 el

nono- a- ol ef i
preferably C, to C,, alkyl or C, to C,,, preferably C, to C,, alkoxy; ris 0, 1 or

: 2; and X is a group having the formula
RS
—C
R6

20
wherein R® is hydrogen, alkyl or aryl, e.g., the aryl groups illustrated by

formulas (i), (It) and (IV), and R® is hydrogen or alky!
The chlorophosphite diester which is particularly preferred s



RO HHH RO is hydrogen or straight- or branched-chairn al kyl of up to

about 8 carbon atons; R is straight- or branched-chain al kyl ene of uﬂ 4t bPR 2003
about 18 cawhkwev231sa atons; and R' is hydroxy, alkoxy of up tr@bssdrdiz
carbon atons, al kanoyl oxy of up to about 4 carbon atons, carboxyl or

al koxycarbonyl of 2 to about 10 carbon atoms. Specific exanples of the

al i phatic nono-a-olefins include ethylengq 25 propyl ene, 1-butene,

1-octene, allyl al cohol and 3-acetoxy-1-propene. WO 00/ 231 87

PCT/ US99124412 -15 The aliphatic, di-olefins may contain up to about 40

12 H's wnor oi ne e engpaRRp. iy ClopRk Rl AR MARE fae g™ o

about 13 carbogtrwtems. The cyclic ol efins which may be used in the
hydr of ormyl ati on process of the present invention may be cycl oal kenes,
e.g., cyclohexene, 1,5-cyclooctCdi enel cl odg?:at riene, and from

aromati ¢ conmpounds. Exanples of s
4-vi nyl cycl ohexene, 1, 3-cycl ohexad
met hyl 4-cycl ohexenecar boxylic aci ¢
1,5, 9-cycl ododecatri ene. The ol eH ch are particularly
preferred conprise nono-a-olefins of z s;2 to 10 carbon atons, especially
propyl ene. M xtures of olefins can also Qg used in b@g practice of this
invention. The m xtures may be of the sane carbon n er such as m xtures
of n-octenes or it may represent refinery distillation cuts which wl|l

contain a g xture ofinelHiémmnayRiicdaauriah REUPHRly GaERamBATRE S, 2 O

The reaction conditions used are not critic eration of the
process and copublghashpiocegddraesf arbwteahnigresamiogounthenetonebey, tore used. The
process requires that .an olefin ig_contacted with hydr n.-and carbon
monoxi de i n ¢ hEXBMEL 10E PipCadries docsribel i i erargeie Af thsc Ptk

her ei nabove. WW5id5p 7@, O SCPafentB)0 12e155dHd §vhitbiét At, & ARRECAEH! SotN the 2
s range of about 20 to 200C, the preferred hgdrof ornyl ation reaction

tenperatures a@ 7idm($87@b TEs@oanitmeirtly eidhe chisrepiepphéigceomrounds,
tenperatunes raaging rééiﬁﬂb(s% b fedéntay bV'l@haGHd REAGHAhuBETPELRbY &S £

from chiral or optically active compounds. Chlorophosphite ligands derived
from chiral glycols or phenols will generate chiral ligands. Ligands
consisting of the chiral chlorophosphites can be used in many transition
metal-catalyzed processes including, but not limited to, hydroformylation,
15 hydrogenation, hydrocyanation, hydrosilation, carbonylations, oxidations,
acetoxylations, epoxidations, hydroamination, dihydroxylation, cyclo-
propanation, carbon hydrogen bond activation, olefin metathesis, olefin
dimerizations, olefin oligomerizations, olefin polymerizations, olefin-carbon
monoxide copolymerizations, butadiene dimerization and oligomerization,
20 butadiene polymerization, and other carbon-carbon bond forming reactions
such as the Heck reaction to yield enantioselective product mixtures.
The novel catalyst systems provided by the present invention
comprise a combination of one or more transition metals selected from the
Group VIiil metals and rhenium and one or more of the chlorophosphite

25  compounds described in detail hereinabove. The transition metal may be



~ ~ ,~'pl~ ~h~~ WD 00/ 23187 PC TNS99/ 24412 -16 not favored because of
i ncreased rates of catal yst deconposition while | ower reactor tenperatures

result iRygeyALsyely slow reaction rates. The total reactign @r essure mely4 ppp 20

range from about’ anbient or atrmospheric up to 70 bars absof&GT&S§¥14412% -
about 1000 psig), preferably fromabout 8 to 28 tiara 5 (about 100 to 400
psig). The hydrogen: carbbon nonoxi de m)l_q,lr_ati o in the reactor |ikew se may
vary considerably ranging from10:1 to 1:10 and the sum of the absolute
partial pressures of hydrogen and carbon nonoxi de may range fromO0.3 to 36
bars. The papidiledrBHEY6@s oPlalid\es ARltAICPhp bt a8 kB0 AERAR EDNOXI de
inthe feed Is selected according to the linear:branched ) isoner ratio
desired. Genefthkltyangitien petali Mhqsliwwaorepodnds/thadgray hadises #da soormexi de i n

t he reactor | i ntai ned wi.t hin,the .ran f .about 1 ) iara
(about 20 tooér(s{é%,&émj rﬁgracgg%ﬁaﬁaa{ggt'?ﬁé’gga{BPFg’anBrO Srpép&m?rg?lﬁg%p%gﬁ
nonoxi de in éél@o&gﬁ@b@iﬁsiwwlﬂi&jrﬂéﬁérﬂpré_svﬂddﬂia‘sﬂhﬁwdd&mleteﬂbaébtwé 1.4 15 to
13.8 bars (about 20 to 200 psi agﬁiand is varied i ndependently of the

hydr oged par €ihyArgieesngiun(liypesiaie afhodimdldsobyiiraigeadiueilbon nonoxi de
b . : bl . _ hvd

od carbon nerhffeXeile, MobFagh Renzbgte ARG RSEMAT BEfaridRlie LRELM L 00N

partial presaAisoce riobdieactarbonyilspesias e as Gig(GOYnIREs(COPs@mdbon nonoxi de

and hydrogen) can readily changed by the additjon of either hydrogen or
car bo% mgox}m@"t’@?lgﬁéeg’ ale O rRaY LS Hiiadle ﬁ'&?‘im qdﬁ)é ?

chl or ophosphiigiloAPdRoRF bl boNBEEHMe ddiipleabl &ugh dd fRRphenp anched
products can be varied w dely by changi ng the reaction paraneters” such as

t he¢/ caiBon nphosphisepehadiuth cprimyylihgdode thay beasedrwizen thepeganaire. The
anount of olefin present.in the r tiqQn.,m xtur | i S,pot, critical. For
exanpl e, rel §[’\P§/%tﬁ)198ﬁpaht}%%9{ﬁhﬁgcoi'ﬁége?(ggd 55% ﬁggﬁy %!S%@?%%%Bxﬁk}gf unction both
as the ol ef i ghiceashddphitanidahis oPtas pRs e int@ntion! WEehRaRYRiedohewiuat i on of
a gaseous ol efin feedstock such as propylene, the 3 o gartl al pressures in

g

the vapor spachyiexpeoaigdedsra PRRiciariyPafeTes spHECe ahgiwdium 00/ 23157
PGT/ US99/ 2441 4iepl B{%Pa“‘ﬁ?gf? &l sﬁlg}{%{?mbﬁf the iho?@ﬁﬁbbﬁﬁ?%@ﬂ icate of

reaction is tavored conce Ions of o Inrn e reactor. In the
hydr of dbny| atbovemienpsayge eheoluble ripativmand cars berafficiently qpgperee fporef er abl y
is greater than 1.4 %i ara eltg., from a(?out 1|.4 to 10 tiara. In the case of
ethyl ene s h{t8RBIGHP b palts e hRR RO Bald8Sy pressure of et hyl ene in
the reactor is gregere|dthamnodtsRAchiorpbodphitd RgdPuRdiysHficd mekat i on

reactor designs or configurations may be used in carrying out the process
provi ded by €HB V&g O¥AL a Widerangsh . dhagiountgahichp aivgephospiptsiture tionf

ueed, 1ot ni SeBhaRioRe el dhddtct S0 TUBTE, PO R el diGleh T 2 R gn

boi | i n@Oor gariaealgst emdmsinberats esatonts dbpRossiiotuedpeovibied tgapki on zone
Wi t)1 t he al dehﬁge ﬁr oduct which iz t aken overhead hy the unreacted gases.
Thé over head SHi¥ERhesRIMtE tR ataM$ PEENQIIUR RIgHRIAPIY Ui dhedBRF&IIRPRE! i qui fy

the al dehyde o7 pdud ARFAHG268S RPIHEABNES JBIRANE P15 50:1 Beideact or . The

liquid product 1s'let down to atnospheri’c pressure tor separation and
purificati on peyticdache ptéfemed. t echni que. The process al so may be practiced

in a batchw se manper by, cont acti ntgfthe.ol efin, h drogen and cz%rglo
monoxi de wi t h t he B SERPAMER ot PULIRuERR oicess & RoVELEAEYtiesi gn
where o3 al yso|aigh é&ﬂﬁﬁ%gg&ygé&: Bgﬁﬂﬁ‘é dfﬁ!ﬁé’ cﬁldr??ﬁé@;ﬁhi@é‘ﬂgéhb@%d to

overflow with product a . liquid overflow reactor design, is
al so suit abl dormmgla @k &2yphedium ghdya) aihygr@fm@ukad@nmm@m sTBigch as nonyl
al dehydes may r j ] cont J: r W . hyde product
o ot ORI Pk RO B cala e AL
carbonylation process such as the hydroformylation of an ethylenically-
unsaturated compound may be carried out. )

30 The hydroformylation reaction solvent may be selected from a wide



25 aliquid in conbination wth the catal yst. The al dehyde product xcﬁ?ﬁ 00
separ at ed wo({p %Eﬂ% catal yst by conventional neans such as by_di s§i |l ati

or extract 'O 4RE "t he cat al yst then recycled back to the r edctigYSPRat e,

sol ubl e al dehyde products, such as hydroxy butyral dehyde products obtained

by the hydrofornylation of allyl alcohol, can be separated fromthe

catal yst by 3 o extraction techni ques. A f2ickl e-bed reactor desi gn also is
suitable for this ~r ~' R~ ~~h~ WD 001 23187 PCT/ US99/ 24412 - 18process. It

wi |l be apparent to those skilled in the art that other reactor schenes nay
be used with whristy ofeornponnds, Mixéureaofi amspeursisdonmateriais winieh mredignid

invention are further 5 illustrated by the foll ow X

yeir of or my1 at 2ol b Pirses i WHieE i pstos e ROl roTe BamPa8nesauce
but yr al dehydeanidsmeggridi€thdude varieuy akahet adcicdlkarnenalidnesonsi sting of a
vertically arranged stainless steel pipe having .5 cminside dianeter

a 2
and a | ength é¥ciPajkenaseearbogyslic appmaic gampPLUnHs alpoRPlEneHErSHIeIeiRRes nt o
t he side wn t m C i eous
react ant S@The& r%gél'%t%’?d %giérgi r@ eﬁ&%@&%% &%Jicéﬁbll\éemgsr ‘rdgrllgée%gg(fggﬁl y with

the reactor irandeydeaikenes suclaaewctistaneadacalimeottanke, istecttameanitures, of
the hydrofornylation reaction m xture. The bottonhof the reactor has a high

pressure tubi riYCIUIMEBE BYClPRBiENEs CrIpfiRdecans MahyFsdehexpre Aroftalic
connections t G fi§c&hd §s%hrEs|tt§eHz'iar{é]?o|%§Plb,t kﬁéh&fsoﬂ%‘sQ?e‘-‘tPé?ﬁ? clifflednt s
such as octene-"1 or make-up sol vent, another l|eads to the high-pressure
connect i on of alkylidubstitutedaromatis sonepqudids)suadl as thiedsomersisédiisepropslsur e
cat al yst I(ﬁvel in thetr.eactor and t he bpttom ct??nnecti,o ki S useﬁ on )
drai ni ng tHe GRS MUSPRRAPYIPSIEePRATKhTE EPUTREIFENCS: PkGTips AfeyClo-

hydr of or nyl at i fiReRés BUSR BseN?-dcladieMaPditydlasentatifeneDd &5-ef cleperafidrid), the
hydr of ornmyl ation reaction mxture or solution containing the catalyst is

spgr gedbunder petessdh @oignar2t Avinyleyriohexsneacyelahexene, pt. oy Pedledodgei-ogen
and carbon nongxi de ) itr :

But yr al denyde TenFo qentene: FRoBRbshSErbebTiRaHE S ol ¥R liral
react ant gasesoity &nd KerosHhedhigh-vojing dsted duoh dsob 2pf-trirhethybdc3-pentanea

si de- port. Theo,v pr(;r re veeg ilg;h chillged in ac{;ﬁi h- resrsurewse arpator wher e
t he butyr aPdeh§enp UtV'?t%oﬂ—Bérfﬂgﬁh%deoH@) O?Hftg'gﬂié/dd?)focr ffeact ed
propyl ene. ThepeadRes Aihoas 63ea! in bRActRe!hd SreRTBPBERERE iPhESRYRE Vi @

the pressure control ese gases pass rough a series

dry-ice traps hbiing bynprooiticts that dedpdturpiyo thuroted duringibeqobe8ss of the

PCT/ US99l 24412, -1 | Lected.. Th duct f t he hi gh-p

separator is Cgmgoigr&ﬁﬂpbﬁg{%atlo&ae@cﬂ Oet g‘é ,qu%H Sﬁeg’sslﬁ%se‘g'{ﬁﬁﬁ%ﬁ{ﬁe%\ét?%}hed
and anal yzed byéfeqilrscdicaasderyad sroahase ortiopMatRImaRhyrite@aGhr treehni ques

for the net weight and normalli'so ratio of the butyral dehyde product. 5 The

gaseous fe&dds Solventisbatitslissales b eajalyseand alafivrsupsirateendedeasigel act )
mani fol ds and %%%‘98{3‘@?1%8&%%% 4t %r@fer?&?s{?&fégﬁ@%ﬂf&bﬁxﬁ@% Eigégﬁ‘f%la%némss

flow control l er "an en through’a comrerci a avai

(registered tratataydespt.d-ngripigidldéingde asdtiad patyrdlddhydey, efrevthosawhioty gen
contam nation. The carbon nonoxi de passes through an iron to carbonyl
renoval bed (afr@issdidutly highipodingss remain, Hodhe awst partsing 198s *AE8R8" bed

heat ed Lo 125Creanr! Beilchi®a it cBiiihbeins Phhomeh-ERlierdddednt o

the feed m xture as an 1 ne : rogen, en a net ere n and
t hen m xedsw t Hhelpeotiyctiaorgeflets edigtiie and nontVwatily dideigacRrodactkeidclude

Propylene is fed to the reactor fromfeed tanks that are 15 pressurized
with” hydrogen ahi§tayl 'ﬁﬁ'FrSﬁ‘i%'@Bnﬁs lﬁbetgyl?qralﬁraldﬁaggrﬂppgmp}%{ g?'."eNSISLQCE‘ses

and propyl ene LA eckdrBsana ORI GR&Y! SrtndiBRH foutyl phthalate, buty!
benzyl phthalate and high boiling hydrocarbon liquids such as Norpar 15°
(a paraffinic hydrocarbon solvent marketed by Exxon Chemical) as well as

30 combinations of these solvents We have found that non-hydroxylic



conpl ete vaporization of the liquid propylene prior to entering the

react or . Rgg)g/e;-bm ling, liquid olefins such as 1-octene, are subj ectlédAﬂRom}
hydr of or 3% in a hi gh pressure autoclave. The ol efi nPCchtSéP/?ﬂl,Z and 2

o0 solvent are sealed in the autoclave under nitrogen. The reaction m xture
then is pressurized with hydrogen and carbon nonoxi de and heated to the
desired reaction tenperature. The aut-odave is nmaintained at reaction
tenperature and pressure selected for a predeterm ned anount of tine or

until gas uptake ceases. The autoclave then is cooled to anbient 2 5

t enper at ur ecomisbwrizt Bgenkigl, e@aatsrirécartbohbeinasdrtichiavanay eeraedver ed and
anal yzed for olefin and al deh de content by conventional gas 1 4 APR 2003

chr onat ogr Afhpntageously %ﬁibe@)momtﬁt@m SPVEVGIRSANISIRISE R TNSO9I 24412 A
catalyst SahithihRe JRnHERRN, tﬁg%ﬁore fegéfewpana‘@arge of 15 mg of
ged as ar I

r hodi um char di calrbonyl acet on acetate (0.145 mol e,
0. 0375 g) chl orime- scém:ernltﬂauomomlnmtﬁqdupmnenm blg;mmphtlfte&)(dttofﬁﬂmwatml e, 1.53

, P]: t. Thi t al 1 | ut
Jhar oo o ST S Seantiongufirans aPE G IoiAE Srinpeenty PRERER iy “Theo

reactor "Vas"'lnpé@tﬁ:'wrﬁgn{é?m@aﬁe@ hfe'ré\hébéx?@oa Bﬁb%h&'u%hhbﬁﬂlh@gﬁﬂmcﬁéﬁgon
nmonoxi de and nitrogen and heated to 115C. Propylene teed then was started

and the fl oviatieass latipognally isonaintained hmmmgsa@pmmmturm Hya abscéu@/ m nut e

at standard_t enp ture.an r.essure dr o = 3. 70 rbo

Tonoxi e - SprghtRRey B i 35 B S huen Fialeiari Ml al ent

t o having tr'ihg/lft@ﬂ bW mmﬁfgfmtéd oPFRFEUVESen thd PRodea8ds bpetdlgd Wael OF
gorted as bars (psia) drogbsn = 6.6 (96); carbon nonoxide = 6.6 (96);

ni t'roge® = @e(mgytlcaéﬁqn@m@wpé m\@nwoom»e camertieatioad rhesiumais Harr i ed
out under t tion rate
for the | as{é%gaﬁg\ér&éﬁ Bﬁ\’l‘%régﬁ i o'ﬂqg\%Z?gg%?f %&% g;)houréj(?bo gﬂggt al yst
activity of CBnBéhtkaitlongrcdmbodlutrylbaledethmddhgIranmg@genbcaﬂyldn hotwieldThe product
N:lso ratio was 2.1:1. 2 o EXAMPLE 2 A c taI st solu é{l on was prepared under
ni trogen usPFREPIAIRAcHEIOrates Wﬁhdf'osrttﬂi@l aPtpeRNG(er ELAUSJrPaRY | | )

G carBon o st il DR B s o
g, [ P]1FRn] sb)litandighe6 rimddiarn G:brmmmrlatlphs laa¢ abe psefbvredtbecause of the
high cost of rhodium.

No special or unusual techniques are required for the preparation of
the catalyst systems and solutions of the present invention, although it is
preferred, to obtain a catalyst of high activity, that all manipulations of the

20 rhodium and chlorophosphite ligand components be carried out under an
inert atmosphere, e.g., nitrogen, argon and the like. The desired quantities
of a suitable rhodium compound and ligand are charged to the reactor in a
suitable solvent. The sequence in which the various catalyst components
or reactants are charged to the reactor is not critical.

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

30 rhodium and a chlorophosphite ligand of formula (I) wherein the ratio of



TS

25 This catal yst solution was charged to the reactor under an argorn bl anket
and t he r ®agvor3iseal ed. The reactor was pressured to 18.9 tp'camsgg(/;’«}gaqﬁﬁ @93
wi t h hydrogen, carbon nonoxi de and nitrogen and heated to 115C. Propyl ene
feed then was started and the flows were adjusted to the foll ow ng reported
as litersimnute at standard tenperature and pressure 3 0 (STP): hydrogen =
3.70; carbon nonoxide = 3.70; ni trogen'imI. 12 and 1 ~AP~~-D-W

001 23187 PCT/ US99124412 -21 propylene = 2.08. This is equivalent to having
the followng partial pressures in the feed to the reactor_reported as
tiara (psia): hydnelgeligangd. gnelsé); dwdisn inenesrsidt 1= Tdieglgltt) Whight r ogen = 2

(29); and pr = . r I ed: r the

above fl ows &géry @Qﬁxg?"z‘ﬂ"rﬂg@&uﬁ’\iF”ah“ﬁér?%@} b?‘%ﬁ%@?%%’érdﬁ@l%gér“pﬁﬁg& ast 3

hours of opejrfinding legiedll3 unSatytatedy lohohorcorlr dlaight puirmyist y of 2. 13
dehyde/ gram of rhodi um hour. The product N Iso ratio was

ki | ograns butyral ! ] )

5.86:1. to EX%NFD]DE. 8TOThaliC andmeteroryqligdpena-edi- @Rd tEfFRfts Nt]IBINA¢Ma | ower
car bon noxj j | ' - Ar ne. A
cat al yst Bsol 1 FBRChAd et ARHAS, ERaafts M bERAERS BhoRIPRYBETT: ¢

r hodi um char géitzexs irathehsrdcess (Hdi)dedstesigiblo ayl dcatched-cladet isabeftuiedd Mol e,
0.0375 g), 1 s . 2,2 -nmethylidenebis(3,4,6-trichlorophenyl) chl ogo hosphite
(4. 35 mol e, @8pdgwibgtityted, ?'Fﬁ}ﬂaﬁﬁdﬁoﬁ‘i’r&'@@ﬁi‘%ﬂﬁ?'”ﬂ?%t&?M’ a%%“r%ﬁ &R'8C80l vent .

The m xture h &ﬁ@% : I t he
reactor seal g?ﬁ““%h?’%@&?:‘%gr&ﬁ%bpr s%‘?'gﬁd]qgg %p@S%?ngt’?gég‘t’%@‘fqgﬁj W th
hydr ogen, camnbhomo-awolefinséncunde hiytiroagealkendinbiediredethersdbdCacétatypyl ene feed
then was 2 o started and the flows were adjusted to the foll owi ng val ues
report edOas EHAMNPHNTHLD as a§?‘é’r’f&lé?'6‘”t°éﬁﬁléid@Q&L@Sﬁﬂd%ﬁ‘&%@r?%m ;
hydrogen = 3.8, . | Ge: . cvind TR ReTike: igne =
1.87. This i %Xa@?gml'%eﬁ%%mdg’%ﬁ%@ﬁéﬁ%w ngﬂsglrkt%i al e%r?%ggjnragéhign t he
feed to the meant-oroldpehayd the genaral f¢rpuilad:: hydrogen = 7.6 (110); carbon
nmonoxide = 2 s 3.8 (55); nitrogen = 3.9 (56) ,,and propylene = 3.7 (54). The
process was operated for 5 hours using_th agove fl ows. The butyral dehyde
production rate for the last 3 hours peration averaged 24.5 g/ hour for
a catal yst activity of 1.63 kil ograns butdral dehydel gram of rhodi um hour.
The product N lso ratio was 7.17:1. 30 1 ~ APR 2t3 WD 00/ 23187 -22
EXAVPLE 4 PCT/ LJS981®4412 This exanple illustrates the effect of using a

hi gher carbon nonoxi de partial pressufe in the h{drof ornyl ati on of

propyl ene. A catal yst solution was prepared un nitrogen using a charge
of 15 nmg of rhodiumcharged s as a i 141) di carbonyl acet onyl acetate
(0. 145 mmol e, 0.0375 g),
2,2' -nmethyl i denebi s(3, 4, 6-trichl orophenyl)chl orophosphite (4.37 nmole, 2.06
g, (P]:[Rh]=30) and 190 nL of dioctyl phthalate solvent. The catal yst

sol ution was wherajed to the reactor under an argon bl anket and the reactor
seal ed. The react ops r ured tg.18.9 tiar 260 i 1.th rogen,
car bon nonoxi de ang( ﬁﬁy@r&@%ﬁaq{dsqrﬁéqj}tég l'l)rgn_cLll c Woﬂgﬁé)ﬁépwgggopﬁgn was
started and t@grbonoawmaere adjusted to the follow ng values reported as
litersl mnute at stqg_dard,terrperature and- pressure (STP): h\v/drogen = 1. 90;
carbon nonoxi de = B'8;stiaightogeRranchedhaittalkylepgiaf v te apogy 18FR1RON s

equi val ent toa{gﬂ{é;%é he follow ng partial pressures in the feed to the

R is hydroxy, alkoxy of up to about 4 carbon atoms, alkanoyloxy of
up to about 4 carbon atoms, carboxyl or alkoxycarbony! of 2 to about
10 carbon atoms.

Specific examples of the aliphatic mono-a-olefins include ethylene,

25 propylene, 1-butene, 1-octene, allyl alcohol and 3-acetoxy-1-propene.



is reactor reported as tiara (psia): hydrogen 3.8 (55); carbon nugg i 7
7.6 (110&, nltro en = 3.9 (56); and propyl ene 3.7 (54). The proce ﬁﬁg?mm
oper at ed b urs using the above flows. The butyral deldé&'S3P@¢Higt i on
rate for the Iast 3 hours of operation averaged 21.5 g/ hour for a catal yst
activity of 1.43 kil ograns butyral dehydel gram of 2 o rhodi um hour. The
product N:Iso ratio was 4.52:1. EXAMPLEI%- A catal yst solution was prepared
under nitrogen using a charge of 15 ng of rhodium charged as a rhodium (I1)
di car bonyl acet onyl acetate (0.145 2 s mmole, 0.0375 g),

di (4-chl or o- 2- netrimg fiptic) dichibAno pgsedithR (FHta3absmecarbohat@hsand 90 ni
of Norpar 15~ solvent. This catal ¥‘st solution and 10 nL of purified

1-oct ene wePeeferadgeliphasicadBolefing hane dhe seastlf@muleocl ave under an

ni trogen bl anket. The reactor was ggal ed a}ad the‘g pressurized to 27.6 tiara
(400 psig) with a 1:1 mxture of hydrogen car bon nonoxi de. The
reactor was heated to 110C and ~ A PR ~aD3 WO 00/ 23187
PCT/ US99I1 24412 -23400 psig (28.6 [bara) 'by the atidition of a 1:1 m xture of
hydr ogen and carbon nonoxi de. Wan the uptake of gas ceased, the reactor
was cool ed, vented, and the contents anal yzed. Gas chronat ography of the
recovered liquid revealed that 95% of the 1-octene reactant had been s
convertedtoamx W.e n dehydes. The nonyl .al dehyde traction had
a normaP t o"BIEEREHBd '?s‘grﬁéqq% éﬁ’ n&ﬁeé-_cg‘@_lria kl":%&@g{aé”r@ fﬁ%éga%i sol ution
was prepar egam&e@t&hgr ogen using a charge of 15 zo ng of rhodi um charged
as a rhodium (I1) dicarbonyl acetonyl acetate (0.145 mole, 0.0375 g),

di (g chl or o- 2- netT'l’}& oyinyolefinswbichpmes b wsed . the hyeimfermygaten g) and 90 ni
of 2,4-trineth nt anedi 0. e solvent. [This catalyst
ol tt 1 on and aeri b RERPRLGVeRial B Seritdrtbied 48" Baalokinehi oh
pressure autiofloyeR dotadiendamd by@@@ébéihéﬁé(%nd fromgidueasiydisupestusseal ed and
then pressurized to 28.6 bars (400 psig) with a 1:1 m xture of hydrogen and

car bon1Ronogya@alkanres. xclogikansgs. h@t&f‘&yoﬂ’ﬁ apgRTORRHCERMACMNAEd at 400 psig
28.6 t b
( tiar \6/1\)Een t% u%f?sg{(e'cg?:llé’%le?n% quoI ?ﬁ\gﬁ}/@g cIBEHAREN @g?%lgar on

nonoxi de. as cease ctor was ¢o vent ed,
and the conﬁerxasilmaldfzgdoheeemeﬁcarb@btyhmamdgnmmw 4dotyddieexeeeovered |iquid
reveal ed that 98% of the, 1- oc r.eact ang erte to a m xture
of nonyl al GERHPEHIC g¢d. ?lnﬁln@f %@W?H@ Eﬁ“rdal:tb’a%ﬁ %q,ofae ﬁ he br anched

i somer rati q&fin teQbtahts FHRAMAE Har%cmﬂaﬁy P?éf@?r)é@tcoﬁﬁﬁrléte'rﬁBnU\@sol@F%)@'F ed

under nitrogen using a charge of r hodi um char ged rhodi um (11)
di car bamsyl acﬁetmﬁ;}lcaibenat@*n(spes;xtﬁ:xaﬁymrepy[en%?S g)

di (4-acetyl - 2- net hen hl or ophos hite .and a
hydr of or nyl ati on &ﬁﬁ;’é‘?ﬁ Xté’ﬁﬁ?%??ﬂ& %b’sﬁf(‘ {hq\Brﬁ? ?e %R%ﬁw%t'ﬂ?_

di octyl pht @ hsixtures manbaloy e S@MmetdapBoRRdnHer BLch a8 rafktupes of | ed

1- octene were charged to a 300 mL, high pressure autocl ave 1 4 APR 2003

80/ 23187 rpemmsfgsapzmay represgiddefingryristiaien cytsawkish wifigentadaét or was
sealed and t éS?% n‘ge&e}% R of s8UEral SaD A Rt h @ 1:1 m xture of

hydrogen an car
The reaction conditions used are not critical for the operation of the

process and conventional hydroformylation conditions normally are used.
The process requires that an olefin is contacted with hydrogen and carbon
monoxide in the presence of the novel catalyst system described
hereinabove. While the process may be carried out at temperatures in the
25 range of about 20 to 200°C, the preferred hydroformylation reaction
temperatures are from 50 to 135°C with the most favored reaction

temperatures ranging from 75 to 125°C. Higher reactor temperatures are



The reactor was heated to 110C and nai ntai ned at 400 psig (28 6 bar s) 4b§vbb M
the addit 1: 1 mxture of hydrogen and carbon m)nox n.s the
upt ake ofwgggggle%sed the reactor was cool ed, vented, and égg}f Wt s

anal yzed. Gas chromat ography of the recover ed liquid reveal ed t hat 97% of
the 1-octene reactant had been converted to a m xture of nonyl al dehydes.

The nonyl al dehyde fraction had a normal®to branched isonmer ratio of

1.94:1. 10 EXAMPLE 8 A catal yst solution was prepared under nitrogen using

a charge of 15 ng of rhodi um charged as a rhodium (I1) dicarbonyl acetonyl
acetate (0. IS favores] b@c&]&?&fg)qredseé@l:am h§/¢qiamsw)ecemlp@tsdmﬁbwbhete (2.46

nmol e, 0. 69 15a vent tion
ona 50 i on et Tefdr Tephreluenr i P pilel St sgatiu ARsh Theslld.
autocl ave undeattign gﬂé@émﬁeﬁa;b}aa@léerrom Hheut aabiant o«mmgph@dcmdtotmn
pressurized to 28.6 tiara (400 psi with a 1:1 mxture of hydrogen and

car bon nonoxiare.absedutedBetdr abeid F@@gtBref_thaﬁembwh&ﬁ@@Baharaoo psi g
(28.6 tlgra)(gt%ykqgogp Ako’i\)dﬁ%él on of a 1:1 m xture of hydrogen and carbon
ake '0

nonoxi de e up gas ceased, the reactor was cool ed, vented,

and the contents mhélmmdger%@rb@hrmmmm@twraﬂo inteerreaouarlikewlidegui d
reveal ed that 97% of the 1-octene reactant had been converted to a ni xture

of nonyl al dBRYESY coReideseRly rangiesyrae 14:adeilot0 rad the seigf the branched

isomer 2 sr I\@L@ ar ed
under nitr og@é\éé&‘éfg}lﬁégﬁ‘gﬁéﬁss’gk%f dﬁgg%on?%f%l um c HJ}?HBk as ar%ﬁgdl um (11)
di car bonyl ackbon I3 tace® abe. (thpért&l presruies, ofAh83Z 8o gf thejh&dmmmtyd phenyl )
chl or ophosphi t

ST Lobbs 459 ot EONG TR e Tepd seIRgiet BCBTERe Tere AR angasd sol uti on
and 20 L of sdmidraRsiodd §ies. ‘@ér%rﬁl'llﬂ'ﬂﬂ,egaﬁlﬁl ére%@.gré"bf h%&fgéﬂ@ﬁ@ur €

aut ocl ave under an nitrogen bl anket”. The reactor was seal éd and then
pressurized tartzs Bavexle indbe peaapr mnumntanmedlwrthmtmeraogemfcatugﬁrﬂ é4nd

gg'r go?zg?goﬁgor g? aoga%gabé) gPﬁn‘%ﬁagfpsé? ioerdet 110 ﬁ r’r@%lg’t&%ﬁgg%da{:afgon

nonoxi de. V%eartidremmidmae mfthgaéa@tsa:seﬁlamtahﬁed w&atrothew@fﬁg@@ﬁ &sbutveat ed,
and the contents analy Gas chromat ography of the recovered |iquid

r eveal edSt hato 935006 (Qb%ltagtt@rggol%é?dta@ﬁt's Nates daderilaitedf 6 a ni xture

iOfsoggpylrat ioo gﬁﬁgy%gﬁfﬂ-g&r%%ﬂana%%@%g\?gg%ghyteﬁbﬁ&e %’(ryz'anchedoi l;gﬁg(rzged

consi sted of nddRoxdewambe tare witely, w2gfdiZest paitial phegsuaa adnges fdrdbe

2 Propy - 1 nexanal o 10 FXAMELE 10,809k ibs SPINS h9Mohs, B ERabed under
monoxide and the partial pressure of each in the synthesis gas (syngas -

20 carbon monoxide and hydrogen) can be readily changed by the addition of
either hydrogen or carbon monoxide to the syngas stream. We have found
that with the chiorophosphite ligands described herein, the ratio of linear to
branched products can be varied widely by changing the reaction
parameters such as the carbon monoxide partial pressure or the reactor

25 temperature.

The amount of olefin present in the reaction mixture also is not
critical. For example, relatively high-boiling olefins such as 1-octene may
function both as the olefin reactant and the process solvent. In the
hydroformylation of a gaseous olefin feedstock such as propylene, the

30 partial pressures in the vapor space in the reactor typically are in the range



ng of rhodi um charged as a rhodium (I11) dicar bonyTacetonyI acetate (10 i 003
nmol e, 2{‘%&%{%2%7 di (2- met hyl phenyl ) chl orophosphite (4.35 mmole, 1.

and 90 0 par 15 solvent. This catal yst sol ution and’cﬁﬂjﬁ?ﬁhﬁlzl, 7 20
oct adi ene were charged to a 300 nlL, high pressure autoclave under an

ni trogen bl anket. The reactor was seal ed and then pressurized to 28.6 tiara
(400 psig) with a 1:1 m xture of hydrdgen and carbon nonoxi de. The reactor
was heated to 110C and nai ntained at 400 psig (28.6 bars) by the addition

of a 1:1 m xture of hydrogen and carbon nonoxi de. When the 2 5 uptake of

gas ceasedof kbeut 6d7 @r35earac 0o pedkticeant edte ah@dddiendeofhestes Bnkighized. Gas
chromat ography of the recovered liquid reveal ed that 99. 3% of the

1, 7- oct adi épaceeHatian ofplefinBdheseadter.t Buthahydrefainuylation od dehydes. The
| dehyde f i iS¢t i i : i b
a’ aenyde ig?ﬁé}'_/lgﬂec S%ﬁ@%r%su‘k%‘fﬂ%ﬁ ghégl%l? 1%&9%?5}{51??9! y 9as

chr omat ogr ap mass scopy ut em ca o I onization
t echni ques biavd, ad, fidm.abbiot tdrtodlOdedrpdds the caseicsidthgehyg t he 14, A PR 200

WO 00/ 231 8 PCth US9 /.244?.]2 -2f6 C terﬁhlni %ue. Thfe ercent ages of the
di al defy de SVAFOORBY BgE e PTERERA RATIRIRSHSAkieeo L BYIENE Boiedeastaring 40. 4%
The 40. 4% fy85idrah 9_1]4, %QaQecanedi al dehyde. 5 EXAMPLE 11 A catal yst
sol ution S prepare nder nitrogen using a charge of 15 ng of rhodi um
charged as a r hofinyinf thel Rnodindayrdvoloyingtadivn meb ctie etesigng Or tdbfigumatiens 0. 0375

, 2,2'"-nmethylidenehpis

O 2 2 oy e e S B LR NS BYl oo B pERFR e °°
1, 3- pent anciha #BASIFARIA Va6 BREUTYeacldt dosidhh BRLcIBRbUtA B and 20

ofy purified 1-octene were charged to a 300 nl, high pressure autoclave
under l&n niexangRigs isieh ot hergmgnay beturedwds thisamedepidbperatopteesuri zed to

The r eaot oy bRt HlsRoBstid alidh ¥hfiB wddHl 80 AL g SRR IRE ) 1
by the addiddeminefleavd tHe raxstion 2oné withdhegtdeidk pesdian WiRiBRYd ttenWhien the
upt ake of gas ceased, the reactor was_cool ed, vented, and the contents

anal yzed. QMTRARGMYIBELAIRAFIaH 23RS  ERQUREIEA] gases tharparaehiledin 73. 29 of
the 1-oct egﬁegéﬁégﬁ@a slapé’ra%% (Iji&gﬁ%ﬂ{et &lﬂebgdg P%é@dg Ofri]c?ih@glagés ahfehydes.

The nonyl e'tfractron ha orma anc SOne o ratio of
17. 32:11s BEXfdVRidycled b thatredgtet. Tlé liuidrprodacpisdepdednuodemasphesgen usi ng a

charge of 15 of . rhodi um char.ged._.as._a rhodium (11) di carbonylacetonyi
acetate (0_ar@gggr%fql’rﬁgpg[atlgn@@9%3%{!,03{5?%E)g_q%llvﬁa 95%@@9?‘}’“%- ofhosphi t e

(4.35 mol g;rro%e§§ albo .[ngg 3b%1_%?]ac?t?&h iﬁ@bﬁ@hmsé)%al?ﬂb?%rg éo%@eia%game Thi s

catal yst solution and of purified 1-octene weré charged to a 300 ni,

hi gh pr essuwlefinubydrioges anddarbeammeinokidganitiv tmkegsertoatalyatinan was seal ed
and t hen pressu[izeed to 28.6 tiara (400 psig) wiwth a 1:1 m xture of

hydr ogen an%lUtoc av

) 20 A reactor design where catalyst and feedstock are pumped into a
reactor and allowed to overflow with product aldehyde, i.e. liquid overflow
reactor design, is also suitable. For example, high boiling aldehyde
products such as nonyl aldehydes may be prepared in a continuous
manner with the aldehyde product being removed from the reactor zone as

25  a liquid in combination 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 obtained by
the hydroformylation of allyl alcohol, can be separated from the catalyst by

30  extraction techniques. A trickle-bed reactor design also is suitable for this



3 o carbon nonoxide. The reactor was heated to 115C and nmi ntai ned at 4-A]’PP4'“)
APR 2003 wWQ0003183187 PGT/1JS99124412 - 27 400 psig (28.6 b aAJSng (1 20
addition of a 1:1 m xture of hydrogen and carbon nonoxi de. the upt ake
of gas ceased, the reactor was cool ed, vented, and the contents anal yzed.
Gas chromat ography of the recovered |IC]UI reveal ed that 44% of the
1-octene reactant had been 5 converted t&°a nixture of nonyl al dehydes. The
nonyl al dehyde fraction had a normal to branched isomer ratio of 2.97: 1.

EXAMPLE 13 A catal yst solution was prepared under ni troggn usi n? a charge
of 15 1 o nﬁf%eﬁ%o@“ﬂwgr%ﬁ%@aéoah@%ék‘ﬁ@ﬁ (1 the & AEBRGT €E&tBny |

acetate (0. 14Re y%é) dad 'ﬂ%é(. Aoyl uor onet hyl phenyl)
e v e it

chl orophosphite ] =30) and 90 niL of Norpar 15
solvent. This cat al yst sol ut| on and 20 nL of purified 1-octene were charged
to a 300 nL, hig ressure a QC;I ave u der an nitrogen bIa ket. The reactor

was seal ed and 15 GEATPY R &5 5’&19'?"5 dhe prgsgni Iny, OBQFG)U ?rh al:1
m xture ©of hyioges b%ﬂﬂ cfanawmg*esza @s The n g@?&&ﬁﬁyl‘é’ﬂén%ﬁé@éé‘s‘i iho 115C and

mai nt ai ned at 400 psi'g titara) he addi tion of 1 m xture of
hydr ogen andvhiah I@mnpyﬂanexs dweremyﬂatedUptmk@uaﬁ bytysaldebydek istdagriadeact or
was cool ed, v nt ed

" gf( ont nts an.at. zeﬁi. Gﬁs hr omat o ra hy of the 2
o recover ed Qtdh PaVaRRIdakEPT IRHCISbSo BR SHNE oY 2 YERkalY Atthtosdt RS een

converted t%taemlﬁéu{awg a@ﬂydmahgﬂléy@tgmetéfr%dﬁawaﬂ taldiqfw%télrsacwwn had
a normal to branched isoner ratio of 1.33:1. EXAMPLE 14 25 A catal

sol uti on wagepegydrasda uHaéelamemb@/@dﬂQctlrﬁgtlw sidardpwibneasthegbatfom p d| um

char e S r hodi car Iaceton acet at 0. 145, nmmol e, 0.0375
o8 InRISSEITt e REOIr SRR aRtaante s TheiBablr kR Ru g, o

[P] [ Rh] =30) thardoRlitkhieh |§lla@f§nded33kmwnmtﬁ@lréaabrmThs&eﬁfetradnyst sol ution

and 20 nmL of purified 1-octene were charged to a 300 nL, 3 o high pressure

aut ocl ave un@@urate measyERmept ghie tameeratuie ¢ithedydrofermylatignpeagtion- ~TJ0-

00/°2: 187 ~~ ﬁ%ﬁ“ﬂué‘boﬁ%{n%?gﬁé"rsgct%?%ats% ligh p‘?§§éﬁrb§8g|n_ggoco%%e@t|{}?rs (400

psig) with a ure o én and car reactor was
heated to 115\@tmdommﬂédltoaicmswmnpmfghéEBnﬁeﬁm)tohyetdnessapichmﬁson of a

1:1 mxture of hydrogen and carbon nonoxi de. When the uptak of gas ceased,
Lhe renbbor MEBAUBPE® rOEao i FTHaNCBRSOGRREy S Bt

chr omat OgrapQ%Iveﬁt R thECIRYESSE thle%!lgﬁ dr@ é%@nf@éﬁﬁ Jgéf fo"i’ffferfeﬂﬁ‘all oct ene

reactant had been converted to a m xture nony hydes e nonyl
al dehyde fr aptéssuré40/R) calt tinat is usbdatnahealsure@atalystdevei infthd r&tdrand 1 ~

Tnt vt eyshebelinfeding 9:{%@?@3@@ A e, Fiaet e fon ahieTi havi ng

the general boffaihgh.~~R~ 1 C P (!) O~ Ra wherein R and R2 are aromatic
hydr ocar byl radicals which contain a total of up to about 40 carbon atons;
and 20 In the hydroformylation of propylene in a vapor take-off mode of

operation, the hydroformylation reaction mixture or solution containing the
catalyst is sparged under pressure with the incoming reactants of
propylene, hydrogen and carbon monoxide as well as any inert feed such
as nitrogen. As butyraldehyde is formed in the catalyst solution, it and

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

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



(2) rhodium wherein the nole ratio of chi orophosahi te ligand to rhooqiyrzﬂamog}
at leéast_1:1...10 2. A catalyst systemaccording to Claim ' he
transitiglg?épézl’iq" i's rhodium and the total carbon atom congpg%%&‘{lﬁ‘te
aromati c hydrocarbyl radicals represented by R and R2 is about 12 to 35.

15 3. A catalyst systemaccording to C ﬁi m 1 wherein the rhodi umand one or
nor e chl or ophosphite conmpounds having f @‘general formula R~ Od-P (!) O
RZ wherein R and R2 individually are independently selected from aryl

groups having the formul a: ~ 4 A PR ?003 v-m c~0i z3ss~ ' JO ~R7 m(Ra) /
~\ R4). n ([c9jlected: ~TheipsoductfreiRdhe highraresaureraeraratar igiep@hestwiih sel ect ed
from al kyl) :C. | kyl ,
aryl, aryl o%@%tjgpr(%ﬁ t?gé:%'r ox'y yfdfgggrgﬁ@‘y”ﬁeﬁé%ﬁ ghgggg%kyggér/@gﬁ@l ,

al kanoyl oxy)gasylauid phaskahronmtography (SLCH) dectirdqued fes thernehweight bed al ky|

noi ety of such al kyl, al koxy, alkanoyl, al ko>cycarbonyl and al kanoyl ox

groupg cont é]qqgqu/(psyq E?t%B&%Bb'été(F Q)ﬂxyé{eoﬁfé’ﬁ”ﬁt-gnd n egch is 0, 1 o%/ 2;yand
the total carbon ' ented by R
and RZ i%s about 1@?%%%8253%%{' %@%ﬁﬁé{aﬁ%@éﬁ%@ gég@%%kgswcﬁi or?ophosphiyte
ligand to meylinder hatiiiotds andtogi-pléksire cegllatbrs.4The Aydadgenysdssey st em

conpounds hA0AHPH ALNSER Y cagialer 31 1hort ReRUS0 Gab ot SY B AI8E  R- O 1
a-p (1) O *D@oxeq{éﬁgﬁ'%ﬂr%%faw@k%if En@elk%'ﬂ&'lrfﬁz.) Eé’ﬂally%%éé! € Yerh&RS esent an

aryl ene group having formul a
any oxygen contamination. The carbon monoxide passes through an iron

“5 10 carbonyl removal bed (as disclosed in U.S. Patent 4,608,239), a similar
"Deoxo" bed heated to 125°C, and then a mass flow contoller. Nitrogen
can be added to the feed mixture as an inert gas. Nitrogen, when added, is
metered in and then mixed with the hydrogen feed prior to the hydrogen
Deoxo bed. Propylene is fed to the reactor from feed tanks that are

15 pressurized with hydrogen and is controlled using a liquid mass flow meter.
All gases and propylene are passed through a preheater to insure
complete vaporization of the liquid propylene prior to entering the reactor.

Higher-boiling, liquid olefins such as 1-octene, are subjected to
hydroformylation in a high pressure autoclave. The olefin, catalyst, and

20 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 pressure selected for a predetermined amount of time or
until gas uptake ceases. The autoclave then is cooled to ambient

25 temperature and vented. The contents of the autoclave are recovered and
analyzed for olefin and aldehyde content by conventional gas

chromatography.



( R3)p 5 \ \ (R&)q / / (W) \ \ {R)a/ / (MI) or a radical havingH\éPR?m

forrrula 1A2-. 15 wherein each of A and Az is
radi cal haV| @é:lllslt?)(rnul (M) or (VI1) above wherein ea’g é%é’rdqb%(ygen

atom of chl orophosphlte {I) is bonded to a ring carbon atomof A and A2
20 X is an oxygen atom a group having the fornula -(CHZ)Y- wherein vy |s 2
to 4 or a group having the formula =~28-A PR 2003 VI|~ 001235 ~7 -32 R5 |
-Cs R6 ~CT/f 35991l k~; 52 wherein R5 is hydrogen, alkyl or aryl; R6 is

hydrogen or al kyl; and the group -C(R5)(Rs)- contains up to about 8 carbon
atons; and E¥XMPOLERB and R4 are independently sel ected from al kyl, al koxy)

hal ogen, cycloalkoxy for al kano ycl oal kyl , aryl, ahglox %royl
so carboxyl, car Kogsiakst Sgﬁltl%‘ wag R& é?@i’r I”'tré‘ﬂ% §¥/‘I90§<§ ﬁf)“
sul foni c aC'nﬁi%arﬁmﬂlﬁﬁ%rﬁgéaalstaSrHoﬂluWLleé%oﬁblléﬁétd@! §E¥ta?é @‘1@5 al kyl',

al koxy, alk oxycarbonyl and al kanoyl oxy” gr oups cont ai s up to
about 8 car lmmnom M37©gam1qrobm¢4nchbrtﬁ2 -nethyipheawbtphoendten(4.8é rati o of

| hl h ' ] ! | 1:1.
15 55 kot YOI o 5% an SEIGEN A G e othel SroEbREnt T Blophosphi 1 o
l'igand has tdaeaier $Biliffor Wals! aha%@t) to“the réé@br‘uﬁéti/%ﬂ éﬁ aijnOoia_nRet ShE&nE! 2 o

wherein R7 represents hydrogen, hal ogen or C , RB represents
hal ogen, C, reecior sealeady| The reactoowds presbiredyto 18. 9sbama (216@)135@,) witid X is a

group havi n%y}d}}ggér?,rcrg%gn l?nSor%x%e and nitrogen and heated to 115°C. Propylene

feed then was started and the flows were adjusted to the following reported

10 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 pressures in the feed to the
reactor reported as bara (psia). hydrogen = 6.6 (96); carbon monoxide =
6.6 (96); nitrogen = 2 (29); and propylene = 3.7 (54).

15 The reaction was carried out under the above flows for 5 hours. The
butyraldehyde production rate for the last 3 hours of operation averaged
88.3 g/hour for a catalyst activity of 5.88 kilograms butyraldehyde/gram of
rhodium-hour. The product N:Iso ratio was 2.1:1.

20 EXAMPLE?2
A catalyst solution was prepared under nitrogen using a charge of 15

mg of rhodium charged as a rhodium (I1) dicarbonylacetonyl acetate (0.145
mmole, 0.0375 g), 2,2'-methylenebis(3,4,6,trichlorophenyl)chiorophosphite
(4.35 mmole, 2.04 g, [P):[Rh]=30) and 190 mL of dioctyl phthalate solvent.

25 This catalyst solution was charged to the reactor under an argon bianket
and the reactor sealed. The reactor was pressured to 18.9 bara (260 psig)
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 temperature and pressure

30 (STP): hydrogen = 3.70; carbon monoxide = 3.70; nitrogen = 1.12 and



14 APR?003"'~JQ OO Z3~87 1'CTi/v59~12~~.g2 -33 wherein R5 is hydt é%R. 2003
atkyl or aryl; and RGis hydrogen or alkyl and the ratio of nvoles

chl orophoé‘ﬁ%W’é"ﬁi gand to ~ol ~s rhodiumis about 15:1 to SOEHUBIR44RR

catal yst systemaccording to Claim5 wherein the chl orophosphite figand is
2,2' -met hyl i denebi s(3,4,6-trichl orophenyl) chl orophosphite. 7. A catal yst
solution according to Claim1 conprisi4iyi {1) one or nore chl orophosphite
conpounds having the general formula O RL CI-P (1) 10 wherein R and RZ
are aromati c hydrocarbyl radicals which contain a total of up to about 40

carbon at onsprdpdlendadi 080 Thigds _éémval_ehvwr@é\nmg?wﬂ@fdu@wmgnbmral; z s wherein
the ratio of noles chlorophosphite ligand to T~ rhodiumis at |least 1:1. 8.

A catal yst spragsuses ictherfaehtp the repeforTepariasas hatan@simi by eieeshti@
conpounds harﬁ);??g’%}p@mbx-éggr@éK?Eﬁilﬁ%rogeg:g(éé%lagdm R2 20 wherein R

and R2 indiv I'ndepende eFecte groups having the
forml a: 1propAffthey €B.7'(84)0 0023 E 87 -34 m(R') / n R4) (IV)

PC g'/ QS99/2C4 P_2 wherein R3 and R4 are independently selected from

al kyl , aPkoxy, hall6geackigrowaacrBied)out snapT thealaimoljews &ich baurs Tharyi
aryl oxy, aro I : | I : anoyl oxy,
cyano, sul fo)rélhglrg@iretgggﬁy %0310?' g‘?\i@éxéa t% slélgtné \alﬂllj%h t equf%%”%{ﬁ%t&; of such
al kyl, al koxy1.agkenwyor, a eatiklysy activity of 2. 1nkil ogiréran dydtyrald efnyalepgraconf ai ns up

2t om cont ent "BFNAENAYE BEPBAHCHIRCHIS WepPeliht ed by R and R2 i o about
12 to 35 and s o wherein the ratio of noles chlorophosphite |igand to m-r~>
rhodiumis about 10:1 to 70:1. 9. A catalyst solution according to Claim38
wher ei n itthe EXAMPYE 3ol es chl orophosphite ligand to nmulr~ rhodiumis about
15:1 to 50:1 This example illustrates the effect of using a lower carbon monoxide
partial pressure in the hydroformylation of propylene. A catalyst solution
was prepared under nitrogen using a charge of 15 mg of rhodium charged
as a rhodium (ll) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
15  2,2-methylidenebis(3,4,6-trichlorophenyl) chlorophosphite (4.35 mmole,
2.06 g, [P)[Rh}=30) and 190 mL of diocty! phthalate solvent. The mixture
was charged to the reactor under an argon blanket and the reactor sealed.
The reactor was pressured to 18.8 bara (260 psig) with hydrogen, carbon
monoxide and nitrogen and heated to 115°C. Propylene feed then was
20  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. This
is equivalent to having the following partial pressures in the feed to the
reactor reported as bara (psia): hydrogen = 7.6 (110); carbon monoxide =
25 3.8 (65); nitrogen = 3.9 (56); and propylene = 3.7 (54).
The process was operated for 5 hours using the above flows. The
butyraldehyde production rate for the iast 3 hours of operation averaged
24.5 g/hour for a catalyst activity of 1.63 kilograms butyraldehyde/gram of
rhodium-hour. The product N:1so ratio was 7.17:1.
30



z s and the hydrofornylation solvent is selected frorp al kanes, APR 2003
cycl oal kapes, alkenes cycl oal kenes, carbocyclic aromatic conpounds
esters, k¥OMBY87acetals and ethers and water which are IlﬁGTﬂﬁaﬁqfﬂé
pressure at which the ~ 4 APP 2003 WO 00/ 23187 - 35 process is being
operat ed. PCT/ US991 24412 10. A catalyst solution according to Claim38
wherei n the chl orophosphite conpounds h3de the general formula R~ OCl-P
(I) O- RZ 5 wherein R and RZ collectively represent an aryl ene group
having the formula (R)P Mio\ \ ~Rd~a , / (M) \' \ (R4)qg (M) or a

radi cal havigpampe E ormul a A~ X A2 wherein 15 each of A and AZ is an

arvLene o0 ol AL Saenolg Hhaubids ne b bl e igmot R
Crvoen. ot peiRe fy b ol ok AR ALRE, Wedayindody X 12 20
group havi ngvashprdparediuadsér RrogéRsusing a charge of 15 mg of rhodium charged
5 as a rhodium (ll) dicarbonylacetonyl acetate (0.145 mmole, 0.0375 g),
2,2'-methylidenebis(3,4,6-trichlorophenyl)chlorophosphite (4.37 mmole,
2.06 g, [P]:[Rh]=30) and 190 mL of dioctyl phthalate solvent. The catalyst
solution was charged to the reactor under an argon blanket and the reactor
sealed. The reactor was pressured {o 18.9 bara (260 psig) with hydrogen,
10  carbon monoxide and nifrogen and heated to 115°C. Propyiene feed then
was started and the flows were adjusted to the following values reported as
liters/minute at standard temperature and-pressure (STP): hydrogen =
1.90; carbon monoxide = 3.80; nitrogen = 1.93 and propylene = 1.87. This
is equivalent to having the following partial pressures in the feed to the
15  reactor reported as bara (psia): hydrogen = 3.8 (65); carbon monoxide =
7.6 (110); nitrogen = 3.9 (56); and propylene = 3.7 (54).
The process was operated for 5 hours using the above flows. The
butyraldehyde production rate for the last 3 hours of operation averaged
21.5 g/hour for a catalyst activity of 1.43 kilograms butyraldehyde/gram of
20  rhodium-hour. The product N:lso ratio was 4.52:1.

EXAMPLE §

A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhodium (Il) dicarbonylacetonyl acetate (0.145

25  mmole, 0.0375 g), di(4-chloro-2-methyiphenyl) chlorophosphite (4.35

mmole, 1.52 g) and 90 mL of Norpar 15% solvent. This catalyst solution
and 10 mL of purified 1-octene were charged to a 300 mL, high pressure
autoclave under an nitrogen blanket. The reactor was sealed and then
pressurized to 27.6 bara (400 psig) with a 1:1 mixture of hydrogen and

30 carbon monoxide. The reactor was heated to 110°C and maintained at



1 o wherein R5 is hydrogen, alkyl or aryl; R6 is hydrogen or alkyl; pﬁﬁheﬁm
group q@?"@ﬁiﬁ contains up to about 8 carbon atons; and wherein

R4 are in Aty selected from al kyl, alkoxy, hal ogen, RGFKYB¥PHXy,
formyl, al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl, carboxyl ate
salts, al ~koxycarbonyl, al kanoyl oxy, cyano, sulfonic i5 acid and sul fonate
salts in which the alkyl noiety of such-aBkyl, al koxy, al kanoyl,

al koxycar bonyl and al kanoyl oxy groups contains up to about 8 carbon atons;

p and g each is 0, 1 or 2. 11. A catalyst solution according to Claim 10

wherein the A0ipsi@{2@6mhara) bg thblseditpnostphi ttembxdt@ganef yrrogen asdr hodi um i s
about 15:1 to 50 1 andgﬁhe hydr of ormy| ati on sol vent, is sel ected from
al kanes, cycFa3HameHNox eke\ﬁ\é?n iecyRiakk ohaas ceasedciiel 'Pacr ¥Wiast i ¢

compounds,  eg e, tgﬁweamm%eé tén@%ﬂié%fse%gﬁ%@éfogré&wtﬁé the

pressure at rocess i s being operated rocess for
preparing anrevdangdehqwkd cdveadnd)thai%"/cohtimchon@rwnraaoeantmadl‘l}eﬁmgen and

carbon nmonoxi de with a sol tion t al stem c r| si_ng.r hodi um
one or nore EHP\S‘?%%H(S U@oﬂfp%?nﬁéff%{vﬂé Qﬂyrhﬂ g fiEctign pr 2003
~X~a 0ol Z““871ad3a7n5rm9 'Jo Qahehéb)ls%eR?atloCo“f“ﬁQgr1“‘“" z \/\herel ” R and R2 are
aromati ¢ hydrocarbyl radicals which contain a total of up to about 40

carbon atons; and a hydrofornylation solvent; wherein the ratio of noles 5

chl orophosph% to nc; 7~~ rhodiumis at least 1:1. 13. Process
according to wherein the concentration of rhodiumin the sol ution

is in the range ofa aheiyst3dihtoBA@smiepared! drider nﬁr@bémamng@pmﬂe@f ggrried
out at a tenperature of about 50 to 135C at a pressure in the range of

anbi ent 0o ale@ of BeodHrschaygediasea rbadism (Ih gicarperyasetpnybacstaly ©dl48 ai m 13
about 50 to 000y GEr7 PR AR bB SR b Therlitt £ 4B mer ot ur e
of about 50 thambdB5©.86 g) andeSB wile of B,2, Hierimathys 1 SpEhtanddict Moriclscabout 36
bara; and hebu(%)r/]rla(t)é %Fo)Rloe?'\t hl‘l'thles ggtnPy%l’f rslcoilsutlgﬁ1 \g%dt 1hOem egfegSJIﬁJdO{ ggtle?\e were
charged to a 300 mL, high pressure autoclave under an nitrogen blanket.
15  The reactor was sealed and then pressurized to 28.6 bara (400 psig) with a
1:1 mixture of hydrogen and carbon monoxide. The reactor was heated to
110°C and maintained at 400 psig (28.6 bara) 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
20  chromatography of the recovered liquid revealed that 98% of the 1-octene
reactant had been converted to a mixture of nonyl aldehydes. The nonyl

aldehyde fraction had a normal to branched isomer ratio of 1.96:1.

EXAMPLE 7

25 A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhodium (I!) dicarbonylacetony! acetate (0.145
mmole, 0.0375 g), di(4-acetyl-2-methylphenyl) chlorophosphite (2.46
mmole, 0.90 g) and a hydroformylation solvent consisting of 90 mL of
Norpar 15® and 10 mL of dioctyl phthalate. This catalyst solution and 20 mL

30 of purified 1-octene were charged to a 300 mL, high pressure autoclave



r R~ 01 C P(l) O~ R2 wherein R and Rz individually are |ndepen&iérﬁHRy2003
sel ected aryl groups having the fornula: 1 4 APR 200 w~ oi z3~a7

PC~~s99i 2¥0t0p.23B8 (R7 m (R4) / \ n R4) (1~ wherein R3 and RT/ds®/24412

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

al kanoyl, cycloal kyl, aryl, aryloxy, aroyl, carboxyl, 5 carboxylate salts,
al koxycar bonyl , al kanoyl oxy, cyano, sulf¢nic acid and sulfonate salts in

whi ch the al kyl noiety of such al kyl) al koxy, al kanoyl, al koxycarbonyl and
al kanoyl oxy groups contains up to about 8 carbon atons; mand n each is O,

1 or 2; and mpertem ﬁiltrog%huﬂémaétonn@@aem wfs ée%@edﬁaﬁa% vdssuagtegabs

represent ed b and I s about to 35 and wherein to the ratio of noles
chl or ophosph¢8.8 nargéﬁao P@lwmaﬂhb(mlﬂﬂfa of hystiogen end caspgomENoMEie.Pr ocess

carbon atom! 4 RSP HEBISIE TG E T oS B p2rEld R tBreli a5
nono- a- ol ef iy fife additioA &f ear.lvcmnxamemf hydrobef ahNdRa2B68 mdhdide ~MWREir7 - 39
~' ' ~Ti'/Q~~9/244 t 1 17. Process according to Claim 13 wherein the

concent rat i ofed#ptake of gasiceasad. ke r@?P‘@hW‘?@ qoﬁle(dhéeﬁ@ﬁ’g@”&thétﬁﬂﬁﬁe@t@ to 300
ng per liter r S 50 to
135C at a praereésI ?%cpl %%%h%‘r?@ﬁ?@@pﬂg 0?%| en fF%[g%béaHr gﬁal?gjr?to the

chl or ophosphottﬂe@uptummielaa&arﬂ v oty cainvbﬁemud) a rﬁixt@e of nonyl

aldehydes. The nonyl aldehyde fraction had a normal to branched isomer
ratio of 1.94:1.
10

E PLE 8

A catalyst solution was prepared under nitrogen using a charge of 15

mg of rhodium charged as a rhodium (l!) dicarbonylacetonyl acetate (0.145
mmole, 0.0375 g), di(2-methylphenyl) chlorophosphite (2.46 mmole, 0.69 g)

15 and 90 mL of Norpar 15%® solvent. This catalyst solution and 20 mL of
purified 1-octene were charged to a 300 mL, high pressure autoclave under
an nitrogen blanket. The reactor was sealed and then pressurized to 28.6
bara (400 psig) with a 1:1 mixture of hydrogen and carbon monoxide. The
reactor was heated to 110°C and maintained at 400 psig (28.6 bara) by the

20 addition of a 1:1 mixture of hydrogen and carbon monoxide. When the
uptake of gas ceased, the reactor was cooled, vented, and the contents
analyzed. Gas chromatography of the recovered liquid revealed that 97%
of the 1-octene reactant had been converted to a mixture of nony!

aldehydes. The nonyl aldehyde fraction had a normal to branched isomer
25 ratio of 1.60:1.

EXAMPLE 9
A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhodium (lI) dicarbonylacetonyl acetate (0.145
30 mmole, 0.0375 g), di(2-methylphenyl) chiorophosphite (2.46 mmole, 0.69 g)



| CI-P (1) Owherein R and R2 col | ectively represent a dival ent ardnhPR 2003
hydr ocar byl ene group contai ning about 12 to 36 carbon atons. to 18. Process
accor di ngW@ 0@ 17 wherein the ratio of noles chl or ophopphitsokisggand t o
M-~e ~ rhodiumis about 10:1 to 70:1 and R and R2 collectively represent

an aryl ene group having the formul a forrrula (R)~ (=~ 15\ \ (RH)qg/ I (W)

\'\ (RY)a/ ~ (M1) 2 0 or a radical gngtheforrmla z WO 001 23187 -40
5 wherein A' X A2 PC f/US99/ 24412 APR 2 each of A" and AZ is an aryl ene

radi cal having formula (~, (V) or (VII) above wherein each ester oxygen

s an oxygen BBom M SR dY: RAVERE Tl Rala e BRI B AL 2% 0,
or a group h@\em@g)dt@@ewrmhard%‘a tb% stmL\Mmgrepmsgareaummiamandealahyl or
aryl; R6 is hydrogen or alkyl; and the group - )-.contains up to

about 8 car b@ﬁr%%hﬁlanéﬂﬂ Do rearipiavas F@‘Qﬁ@nFM ﬁﬂgrﬁﬁ%mzﬁﬁ sel ect ed
aryl s aryl oxyaiasn PEITARE o PACBAER ol and ST MonRUIS eV
al kanoy! axy) reaetnowasdiéaled to 440 and malﬂ\tbmmitet 48Dtpsig (286 ledrad hiey al Kyl
g? l)ﬁ|to>s/ gl;nts ; R%%Igg tiop 03 yrgu lljrléaor}%dfogelnkgﬁ(cy 8grrbtc)>cr)\nr¥1on%>r<]| ealmn%y% Y
uptake of gas ceased, the reactor was cooled, vented, and the contents
analyzed. Gas chromatography of the recovered liquid revealed that
99.3% of the octene reactant had been converted to a mixture of nonyl
10 aldehydes. The nonyl aldehyde fraction had a normal to branched isomer
ratio of 0.15:1. GC-MS analysis revealed that the branched isomers
consisted of 57% 2-methyl-1-octanal, 29% 2-ethyl-1-heptanal and 14%
2-propyl-1-hexanal.

15  EXAMPLE 10

A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhodium (Il) dicarbonylacetonyl acetate (0.145
mmole, 0.0375 g), di(2-methylphenyl) chlorophosphite (4.35 mmole, 1.22 g)
and 90 mL of Norpar 15® solvent. This catalyst solution and 20 mL of 1,7-
20 octadiene were charged to a 300 mL, high pressure autoclave under an
nitrogen blanket. The reactor was sealed and then pressurized to 28.6
bara (400 psig) with a 1:1 mixture of hydrogen and carbon monoxide. The
reactor was heated to 110°C and maintained at 400 psig (28.6 bara) by
the addition of a 1:1 mixture of hydrogen and carbon monoxide. When the
25  uptake of gas ceased, the reactor was cooled, vented, and the contents
analyzed. Gas chromatography of the recovered liquid revealed that
99.3% of the 1,7-octadiene reactant had been converted to a mixture of
aldehydes. The aldehyde fraction consisted of 4 dialdehyde isomers as
determined by gas chromatography-mass spectroscopy utilizing chemical

30 ionization techniques (MS and Cl). No monoaldehydes were visible by the



2 5 carbon atons; p and q each is 0) 1 or 2. 19. Process according tb4gl Rlzb’m
18 wherein chl orophosphl te conpound has the forrrul a ~iJ~1 ~R 23HR7 f
(RA)r \ . W18 _. (M) R O~ ,OR- i1 C ~' C ~'1t)~99r,2A1s9928h1r ei n

R repr esents hydr ogen, hal ogen or C, to C,z alkyl; RB represents hal ogen,

C, to C Z alkyl or C, to C z alkoxy; r is 0, 1 or 2; and X is a group
having the formula RS C5 Rs wherein R52gs hydrogen, alkyl or aryl; and R6

i s hydrogen or al kyl. 20. Process accordin5 to daimi12 10 (Ra)r - (R®)r

(M1l) RT O~ ~Op C wherein Rrepresents hydrogen, chloro or C, to C4
al kyl; RB repf Fe%ﬁmq%eChIPHH Berc@ntégfbs% tﬂle'ﬁ’!ald%’hy@es'irptr@o@e'fgﬂheur is 0, 1
or 2; and X 1's a group ~ havi ng T or mul

~ ~"C | CJSQQ&@&@UWM&AFS%ZB(H% 5@2)% RﬂthOﬂ&’oV\}ﬁbeé@m%ffracélohy%lrogen) al kyl
or aryl; and r alkyl; and the olefin is a nono-a-olefin of
3 to 8 car boﬁﬁif‘iﬁﬁ%aﬁgg‘%y ein the ratio of s noles of chlorophosphite

ligand to m~i ~s rhodiumis at least 1:1; and the process is carried out at

a tenperature of 50 to 135 and the
5 EXAMPLE 11

A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhodium (ll) dicarbonylacetony! acetate (0.145
mmole, 0.0375 g), 2,2'-methylidenebis(3,4,6-trichlorophenyl) chloro-
phosphite (4.35 mmole, 2.05 g, [P]:[Rh]=30) and 90 mL of 2,2 4-trimethyl-
10 1,3-pentanediol monoisobutyrate solvent. This catalyst solution and 20 mL
of purified 1-octene were charged to a 300 mL, high pressure autoclave
under an nitrogen blanket. The reactor was sealed and then pressurized to
28.6 bara (400 psig) with a 1:1 mixture of hydrogen and carbon monoxide.
The reactor was heated to 110°C and maintained at 400 psig (28.6 bara)
15 by the addition of a 1:1 mixture of hydrogen and carbon monoxide. When
the uptake of gas ceased, the reactor was cooled, vented, and the contents
analyzed. Gas chromatography of the recovered liquid revealed that
73.2% of the 1-octene reactant had been converted to a mixture of nony!

aldehydes. The nonyl aldehyde fraction had a normal to branched isomer
20  ratio of 17.32:1.

EXAMPLE 12
A catalyst solution was prepared under nitrogen using a charge of 15
mg of rhodium charged as a rhadium (Il) dicarbonylacetonyi acetate (0.145
25  mmole, 0.0375 g), bis(3-methoxyphenyl) chiorophosphite (4.35 mmole,
1.35 g, [P]:[Rh]=30) and 90 mL of Norpar 15® solvent. This catalyst
solution and 20 mL of purified 1-octene were charged to a 300 mL, high

pressure autoclave under an nitrogen blanket. The reactor was sealed and
then pressurized to 28.6 bara (400 psig) with a 1:1 mixture of hydrogen and

30 carbon monoxide. The reactor was heated to 115°C and maintained at
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bara. to cess according to Claim20 wherein the co j of
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t he chl orophosphite ligand is 2,2 -nethylidenebis(3,4,6-trichlorophenyl)
chl or ophosphite; the ratio of nDIes chl zophosphite Iigand to m-i< 15
rhodiumis about 15:1 to 50:1; the oleffh’is a nono-a-olefin of 2 to 10
carbon atons; and the process is carried out at a tenperature of about 50
to 135C at a ress int ran e of ient t t 36 bars absol ute.
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mmole, 0.0375 g), bis(4-methoxycarbonylphenyl) chlorophosphite (4.37
mmole, 1.61 g, [P}[Rh]=30) and 90 mL of dioctyl phthalate solvent. This
catalyst solution and 20 mL of purified 1-octene were charged to a 300 mL,

30  high pressure autoclave under an nitrogen blanket The reactor was
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a O reactant had been converted to a mixture of nonyl aldehydes. The nony!

aldehyde fraction had a normal to branched isomer ratio of 4.82:1.
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L. A catalyst system comprising
(I)  one or more chlorophosphite compounds having the general formula
o—R!
cl ———P( )
O— R2
wherein R! and R? are aromatic hydrocarby] radicals which contain a total of up to about 40

carbon atoms; and
2 rhodium;

: wherein the mole ratio of chlorophosphite ligand to rhodium is at least 1:1.

10
2. A catalyst system according to Claim 1 wherein the transition metal
is rhodium and the total carbon atom content of the aromatic hydrocarbyl

radicals represented by R’ and R? is about 12 to 35.

15 3. A catalyst system according to Claim 1 wherein the rhodium and one or more chlorophosphite
compounds having the general formula

(1)

wherein R' and R? individually are independently selected from aryl groups

having the formula:
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n
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(V)

wherein R® and R* are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,

5 carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts in which the alkyl moiety of such alkyl, alkoxy, alkanoyl,
alkoxycarbonyi and alkanoyloxy groups contains up 10 about 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 about 12 to 35 and

10 wherein the ratio of moles chlorophosphite ligand to  Moles
rhodium is about 10:1 10 70:1.

4. |A catalyst system according to Claim 1 wherein the rhodium and one or more chlorophosphite
compounds having the general formula
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R2

wherein R' and R? collectively represent an arylene group having the
formula

(R3)”~©: V)

S
(RY), QO (Vi)
or a radical having the formula
10 Al—
/
X
\
AP—
15
wherein
each of A' and A? is an arylene radical having formula (V), (Vi) or
(VIl) above wherein each ester oxygen atom of chlorophosphite (l) is
bonded to a ring carbon atom of A’ and A?
20 X is an oxygen atom, a group having the formula -(CH,) - wherein y

is 2 to 4 or a group having the formula
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wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or alkyl; and the group
-C(R®)(R®- contains up to about 8 carbon atoms; and

wherein R® and R* are independently selected from alkyl, alkoxy,
halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl,

10 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 about 8
carbon atoms; p and g each is 0, 1 or 2 and wherein the ratio of
moles chlorophosphite ligand to  moles transition metal is at least 1:1.

15
5. A catalyst system according to Claim 4 wherein the chlorophosphite

ligand has the formula (VIII)
(R?) (RE),

(VI

R7 P - R7

20  wherein R represents hydrogen, halogen or C, to C,, alkyl; R® represents
halogen, C, to C,, alkylor C, to C,, alkoxy; ris 0, 1 or 2; and X is a group
having the formula

RS
|

_—C —

|

R6
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/
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5 6. A catalyst system according to Claim 5 wherein the chlorophosphite
ligand is 2,2'-methylidenehis(3,4,6-trichlorophenyl) chlorophosphite.

7. A catalyst solution according to Claim 1 comprising

(M one or more chlorophosphite compounds having the general formula

/
CI—P 0)
O— R2
10
wherein R' and R? are aromatic hydrocarbyl radicals which contain a
total of up to about 40 carbon atoms;
(2) rhodium; and
(3) a hydroformylalion solvent;
15 wherein the ratio of moles chlorophosphite ligand to  Moles
rhodium is at least 1:1.
8. A catalyst solution according to Claim 7 wherein the chlorophosphite
compounds have the general formula
O/ R1
/
Ci—P (1)
O— R2
20

wherein R' and R? individually are independently selected aryl groups

having the formula:
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wherein R® and R* are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,
carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts in which the alkyl moiety of such alkyl, alkoxy, alkanoyl,
alkoxycarbony! and alkanoyloxy groups contains up to about 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 about 12 to 35 and
wherein the ratio of moles chlorophosphite ligand to mole>

rhodium is about 10:1 to 70:1.

9. A catalyst solution according to Claim 8 wherein the ratio of

moles chlorophosphite ligand to moles rhodium is about 15:1 to 50:1
and the hydroformylation solvent is selected from alkanes, cycloalkanes,
alkenes, cycloalkenes, carbocyclic aromatic compounds, esters, ketones,

acetals and ethers and water which are liquid at the pressure at which the
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wherein R' and R? collectively represent an arylene group having the
formula
(RY), ~”\ (Vi)
or a radical having the formula
10
2
N
A;
wherein

15 each of A' and A% is an arylene radical having formula (V), (V1) or
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10  wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or alky!; and the group
-C(R*)(R®- contains up to about 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, al'koxycarbon'yl, alkanoyloxy, cyano, sulfonic
15 acid and sulfonate salts in which the alkyi moiety of such alkyl, alkoxy,

alkanoyl, alkoxycarbonyl and alkanoyloxy groups contains up to about 8
carbon atoms; pandqeachis 0, 1 or 2.

11. A catalyst solution according to Claim 10 wherein the ratio of

20 moles chlorophosphite ligand to moles rhodium is about 15:1 to 501
and the hydroformylation solvent is selected from alkanes, cycloalkanes,
alkenes, cycloalkenes, carbocyclic aromatic compounds, esters, ketones,
acetals and ethers which are liquid at the pressure at which the process is
being operated.

25

12. 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 chlorophosphite compounds having the
formula
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wherein R' and R? are aromatic hydrocarbyl radicals which contain a
total of up to about 40 carbon atoms;
and a hydroformylation solvent; wherein the ratio of moles
5 chiorophosphite ligand to  meles rhodium is at least 1:1.

13.  Process according to Claim 12 wherein the concentration of rhodium
in the solution is in the range of about 30 to 300 mg per liter and the
process is carried out at a temperature of about 50 to 135°C at a pressure

10 in the range of ambient to about 36 bars absolute (bara).

14.  Process according to Claim 13 wherein the concentration of rhodium
in the solution is in the range of about 50 to 300 mg per liter; the process is
carried out at a temperature of about 50 to 135°C at a pressure in the range

15 of ambient to about 36 bara; and the chlorophosphite compounds have the
general formula

o— R?

CI——P( 0]

~—

R2
wherein R and R? individually are independently selected aryl groups
having the formula:
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wherein R® and R* are independently selected from alkyl, alkoxy, halogen,
cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyl, carboxyl,

5 carboxylate salts, alkoxycarbonyl, alkanoyloxy, cyano, sulfonic acid and
sulfonate salts in which the alkyl moiety of such alkyl, alkoxy, alkanoy],
alkoxycarbonyl and alkanoyloxy groups contains up to about 8 carbon
atoms:; mand neach is 0, 1 or 2; and the total carbon atom content of the
hydrocarbyl radicals represented by R' and R? is about 2 to 35 and wherein

10 the ratio of moles chlorophosphite ligand to moles rhodium is
about 10:1 to 70:1.

15.  Process according to Claim 12 wherein the olefin is a mono-a-olefin
of 2 to 10 carbon atoms.
15

16. Process according to Claim 14 wherein the olefin is a mono-a-olefin

of 2 to 10 carbon atoms.
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wherein R' and R? collectively represent a divalent aromatic hydrocarbylene

group containing about 12 to 36 carbon atoms.

10
18.  Process according to Claim 17 wherein the ratio of moles
chlorophosphite ligand to  moles rhodium is about 10:1 to 70:1 and R’
and R? collectively represent an arylene group having the formula
formula

i5

(R4)q (V1)
@O

20 or a radical having the formula
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(VIl) above wherein each ester oxygen atom of chlorophosphite (1) is
10 bonded to a ring carbon atom of A' and A%
X is an oxygen atom, a group having the formula -(CH,),- wherein y
is 2 to 4, or a group having the formula
RS

15 —C—

wherein R® is hydrogen, alkyl or aryl; R® is hydrogen or alkyl; and the group
-C(R%)(R®- contains up to about 8 carbon atoms; and

20 wherein R® and R* are independently selected from alkyl, alkoxy,
halogen, cycloalkoxy, formyl, alkanoyl, cycloalkyl, aryl, aryloxy, aroyi,
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 about 8

25 carbon atoms; p and g eachis 0, 1 or 2.

19.  Process according to Claim 18 wherein chlorophosphite compound
has the formula



C109%& ()- 109 ()-J2BI[A<4/ 10! >31 (10%& ()-! 931 (10%

& () - S&S10%& ()-y! G'100& ()- ly! G'10%s& ()- SS FL0% () - -~ T4 XPR Mm%
10! f - 1096VEO (023881 109% & ()-! 9F 10%"~"& ()-3 10 10 10y01ocy&my0399//2wd/& () -
A<= @10!p 1 10%0%%& ()-!1 1 10%@ @& ()- 10% & ()- 10% () - @ P10%b& ()- @
10%K () - . BVaB~ _@10! pL4 10% & () - 923

109% & ()-L110% & ()-& 10% & () - &L' s$109 ¢) - 1 &L' s$109%&’ () - +: 2UbC

10! p3" 109 & ()-y&10% & ()-&10% & ()-3(10% & ()- 10" 10"

10" "610% & () - Ua?bC 10! 1> 109" & ()-!>) 10%R () F10% & ()- @

109 & ()-SGLO% & ()- IR E ()1-—] dEKC :

10% & ()-&10% & ()-&S 10% & 2
10" 7109 & () -1 Ds1Y10% " & () - U633

109KKS () - 9! PLI % 10% " & () - EFS§2{ dj KC 10 ty(slvrm%é}’ﬁb

S10968& ()- @, 10%6& ()-3&1096&7()- Py 109B5& ()\ 10" 10" dgnBzA?KC
103109 () 111095& () -1R8%e () P~ “10968R7) - I N Y 10%

L& () - #&1096& () - z2Uz[ <KC

10" & S1096& () - S891096& ()-!9" 3" 10%‘3(') -11096& ()-!3P&L10% 5 5& ()-! &L10%

wherein R represents hydrogen, halogen or C, to C,,alkyl; R® represents

halogen, C,to C,, alkyl or C, to C,, alkoxy; ris 0, 1 or 2; and X is a group
having the formula

RS
_—C —
R6
5
wherein R5 is hydrogen, alkyl or aryl; and R6 is hydrogen or alkyl.
20.  Process according to Claim 12
10
(R8), (R8),
(VIIH
R7 +»-° R7
|
Cl

wherein R” represents hydrogen, chloro or C, to C, alkyl; R® represents
chloro, C, to C, alkyl or C, to C, alkoxy; ris 0, 1 or 2; and X is a group
15 having the formula
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5 moles of chlorophosphite ligand to mules rhodium is at least

1:1; and the process is carried out at a temperature of 50 to 135° and the
normal to iso ratio of the aldehyde product is controlied by varying the

partial pressure of carbon monoxide in the reactor gas between 3 and 8

bara.
10
21.  Process according to Claim 20 wherein the concentration of rhodium
in the solution is in the range of about 30 to 300 mg per liter; the
chlorophosphite ligand is 2,2'-methylidenebis(3,4,6-trichlorophenyl)
chlorophosphite; the ratio of moles chlorophosphite ligand to moles
15 rhodium is about 15:1 to 50:1; the olefin is a mono-a-olefin of 2 to 10

carbon atoms; and the process is carried out at a temperature of about 60

to 135°C at a pressure in the range of ambient to about 36 bars absolute.



